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Preface to the third edition 

It is pleasant to record that the second edition of Forensic 
Pathology consolidated the international reputation of the 
original book as one of the foremost manuals of forensic 
pathology in the English language. This new third edition 
gefieia!!y f& --.- L. - . . - - - - -" . I  --*-..- w3 ill2 3dlll2 D U C C C I D ~ U I  F~LLCIII ,  biii i h ~ i ~  aiC 
some significant differences. 

The editorship is being transferred to Professor Pekka 
Saukko and this volume is the product of the collaboration 
with the original author. As with previous editions, the text 
has undergone a complete revision to update where neces- 
sary and add new material where relevant. A major change is 
the extensive use of colour to replace original monochrome 
illustrations and in numerous new illustrations, including 
micrographs. More than 300 colour illustrations have been 
added, of which 175 are completely new from the archives 
of both the Cardiff and Finnish institutes, and others. 

Another major improvement has been in the reference 
material where both corrections and numerous additions 
have been made. 'Further reading' is intended for those 
readers who do not have access to electronic libraries and to 
G K C ~  aii G-~*cx~cv~* of i h ~  lir~iartiic oii a p a i ~ i c t i ! ~  i~p ic .  

The new edition maintains the philosophy of evidence- 
based forensic pathology with emphasis on the avoidance 
of over-interpretation, which regrettably still leads to 
instances of miscarriage of justice. 

It is hoped that the new edition of this well-established 
textbook, with its emphasis on practical procedures and 
common-sense evaluation of autopsy findings, will continue 
to be of assistance to forensic pathologists all over the world. 

Pekka Saukko 
Bernard Knight 



Preface to the second edition 

The most gratifying reception accorded in many parts of 
the world to the first edition of this book has led to the need 
for an updated version less than five years later. No radical 
changes have been made in the format, but like an airliner 
during its periodic major service, every part has been scruti- 
nised and replaced where it has become outdated or defective. 
In addition, new material has been added where appropriate. 

Forensic pathology, unlike its sister discipline forensic 
science, does not change quickly or have dramatic develop- 
ments such as the current DNA revolution. Indeed, because 
its base is the interpetation of autopsy findings, forensic 
pathology still rests largely on the principles of morbid 
anatomy founded in the nineteenth century and earlier. 
However, this is not to say that it remains fossilised in the era 
ofvirchow - new findings and techniques appear constantly, 
albeit at a measured pace compared with other disciplines. 
The most useful of these advances have been incorporated 
into this new edition. 

In particular, the sections on chid abuse, head injuries and 
traumatic subarachnoid haemorrhage have been amended or 
supplemented. Sixty new illustrations have been incorp- 
orated, and another area of attention has been the references 
and recommended reading, as there were some textual cita- 
tions not listed in the first edition -and very many more have 
been added. However, the literature is now so vast, both in 
forensic journals and scattered profusely throughout other 
specialist publications, that it is futile to try to capture all of 
even the most seminal papers, which now need computerised 
and other modern library techniques for their retrieval. 

One of the many reviewers of the previous edition com- 
plained that many of the references were old, but I make no 
apology for this. The value of a publication is in its content, 
not in its date, as Harvey's De Mom Cordis and Morgagni's 
De Sedibus clearly demonstrate! Some of the most valuable 
papers in forensic pathology were written decades or even a 
century ago; the critical writings of Morin, Shapiro, Adelson, 
Helpern, Gonzales, Polson - right back to Taylor and Tardieu 
in the nineteenth century - are examples of careful observa- 
tion and logical thinking which some modern pathologists, 
given to overinterpretation, would benefit from studying. 

The critical attitude to every autopsy finding has been 
maintained in this new edition. A number of recent criminal 
uials and Appeals have emphasised the vital need for expert 
medical witnesses to be totally objective in their inter- 
pretation of physical findings. To quote from the new (1996) 
Practice G'ui&i!ines of the Policy Advisory Board in Forensic 
Pathology of the British Home Office: 'The evidence should 
be objective: speculation should be avoided. Unwarranted 
conclusions can never be defended. The role of the expert 
witness is not to provide the evidence which supports the 
case for the Crown nor for the defence, unless that opinion 
is objectively reached and has scientific validity.' Perhaps, in 
the interests of justice, an additional new forensic aphorism 
should be on the frontispiece: 'If you can't prove it, don't 
claim it!' 

Bernard Knight 
1996 

vii 



Preface to the first edition 

This is a textbook of forensic pathology, not forensic medi- 
cine. Though there is a considerable overlap, forensic medi- 
cine includes medical jurisprudence, the legal aspects of 
medical practice and many ethical matters, none of which 
are r'ound - nor arc irlwlded to bc fouad - in these pages. 

Such topics have marked geographical limitations, as 
a result of legal, ethnic, cultural, and even religious varia- 
tions from place to place. Even within the British Isles it is 
almost impossible to write a single book on medical juris- 
prudence that can do equal justice to the different legal 
systems of England and Wales, Scotland and Ireland. 

The subject matter of this volume has no such geograph- 
ical constraints, as it is solely concerned with the examin- 
ation of the dead body for medicolegal purposes. Even in this 
limited sphere, police procedures and the habin of patholo- 
gists will vary considerably with country and with resources, 
but it is hoped that the routines, techniques and philosophy 
offered in this book will offer a guide to good practice that 
can then be modified according to local circumstances. 

The contents are intended to lead the pathologist - and 
in some countries, the non-pathologist - through the proce- 
dures that are needed in the examination of a body found 
under obscure, suspicious, or frankly criminal circumstances. 

In developed countries with sophisticated medicolegal 
systems, such autopsies will be performed only by forensic 
pathologists or by histopathologists with considerable experi- 
ence, but in many areas of the world - especially the develop- 
ing countries - lack of manpower and resources as well as 
considerations of distance and facilities mean that almost any 
doctor may be called upon to perform medicolegal examin- 
ations. For both of these classes of medical men and women 
this book aims to act as a guide and a source of reference. 

The subject matter follows a fairly conventional pattern, 
but the treatment of each topic is designed to offer practical 
advice linked with a philosophical approach that leads the 
doctor to analyse and question the interpretations drawn 
from physical findings. 

AH too often, dogmatic opinions are derived from an 
unsound factual base, learned from lectures or textbooks that 
repeat previous dogma with little sense of critical evaluation. 

In some parts of the world forensic pathology is learned 
by rote from teachers who studied it themselves in the same 
fashion, and who have little or no practical experience in the 
hard schools of mortuary or witness-box. I hope that this 
L - 1- --.:I1 vuon w l u  at !SZSC stimii!ate tiaiiicc f~icilsic pa:ho!ogis:s :G 

think twice, question and disagree - not least about some 
of the material in the following pages. 

Some conventions have been discarded in the format of 
this book. The author feels that it is disruptive for ease of 
reading to have every line clogged with references to other 
authors, except where essential to the topic under discussion. 
Thus most references have been consolidated into groups, 
placed at the end of the appropriate sections in each chapter. 
In addition to actual references, there are many suggestions 
for further reading on the same topic. It is quite impossible 
to be comprehensive in offering relevant tides, as the amount 
published on forensic matters is now overwhelming, several 
hundred new tides appearing each month. A representative 
selection is offered, much of it quite recent - these papers 
themselves will then offer a relevant bibliography, so that the 
topic can be followed in almost geometric progression. 

There is no discussion of forensic serology, as this is now 
a discipline of its own. Similarly, the toxicology is confined to 
a detailed consideration of the pathologist's role in obtaining 
samples and interpreting the results from the analytical labora- 
tory. Though the most common poisons are discussed, this 
is purely from the autopsy aspect. Like serology, toxicology 
is now a vast subject that stands independently and it seems 
futile merely to scratch the surface in a text devoted to foren- 
sic morbid anatomy. 

Another depmure from the conventional text is that con- 
cise reminders of the forensic anatomy of important regions 
are given, adjacent to the topic under discussion. Many 
pathologists learned their anatomy a long time ago and it can 
be useful before an autopsy, or writing the report, or appear- 
ing in court, to have a quick refresher about the relations of 
the aortic arch to the second rib or the exact structure of the 
laryngeal cartilages. Illustrations in forensic textbooks are 
traditionally ~rofuse and often spectacular. The only justi- 
fication for a photograeh is that it instructs, however, rather 



Preface to the first edition 

than entertains or shocks. This book uses photographs only 
where a relevant point is displayed, with a full caption that 
stands alone without having to refer to the text. 

Many line drawings are used, as the author feels that they 
ofien get the message across better than a photograph, which 
of necessity contains irrelevant and perhaps distracting fea- 
tures. Similarly, many books are replete with anecdotal cases; 
these can be valuable, but ofien are more intriguing than use- 
ful. The space devoted to these can usually be put to better 
use and they are employed sparingly in this text. 

Where the pronoun 'he' is used throughout this book, it 
is intended that the word 'she' is equally applicable, unless 
obviously inappropriate from the context. 

Finally, an Appendix is offered with basic reference mater- 
ial on weights, sizes, temperatures, conversion tables and 
other useful facts. Histological and histochemical techniques 
relevant to forensic needs are given in detail. 

Bernard Knight 
1990 
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Though 'necropsy' is semantically the most accurate des- 
cription of the investigative dissection of a dead body, the 
word 'autopsy' is used so extensively that there is now no 
ambiguity about its meaning. 

The term 'post-mortem examination' is a common alter- 
native, especially in Britain, where its meaning is never in 
doubt. Unfortunately, it suffers from a lack of precision 
about the extent of the examination, for in some countries 
many bodies are disposed of after external examination 
without dissection. 

The forensic investigation of deaths was introduced rela- 
tively early from the requirements of the judicial system. The 
earliest known forensic dissections took place in Italy, proba- 
bly in the middle of the thirteenth century, at the University 
of Bologna. The first one was recorded by William of 
Saliceto, a surgeon and a teacher on the medical faculty 
there. He lived from 1210 to 1277 and in his book Surgery 
he mentioned a case examined in about 1275. The principles 
of the modern medico-legal investigation were developed 
based on the codes of the sixteenth century Europe: the 
Bamberg Code in 1507, the Caroline Code in 1532 and 
later the Theresian Code in 1769. The hospital or clinical 
autopsy became meaningfd first after the introduction of 

modern concepts of ~athogenesis of diseases by Carl von 
Rokitansky (1 804-1878) and cellular ~ a t h o l o g  by Rudolf 
Virchow (1 82 1-1 902). Further development of medico- 
legal autopsy has been greatly influenced by the judicial sys- 
tem adopted, the main emphasis in most countries being in 
the detection and investigation of criminal and other unnat- 
ural or unexpected deaths. 

AUTOPSY STANDARDS 

Discussions about the quality of the autopsy started at the 
beginning of the nineteenth century. The Austrian decree 
of 1855 included, in its 134 paragraphs, very detailed 
instructions as to the performance of medico-legal auto- 
psies. The idea of quality control and quality assurance, 
first introduced into industrial producrion of goods in 
the twentieth century, found its way into medicine later 
via laboratory medicine. Although regional and national 
differences in this respect are huge and the pace of progress 
varies, there is need for standards in specialist education, 
continuing professional development, harmonization of 
investigative procedures and quality systems leading perhaps 
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eventually to some form of accreditation of individuals and 
institutions. 

In addition to the national measures to create guidelines 
and to harmonize the medico-legal autopsy, there has been an 
increasing international interest in achieving harmonized 
and internationally recognized rules on the way autopsies 
should be carried out. In 1991, the General Assembly of the 
United Nations endorsed the Model Autopsy Protocol of the 
United Nations. The European Council of Legal Medicine 
(ECLM) document 'Harmonisation of the Performance of 
the Medico-Legal Autopsy' was adopted by the General 
Assembly in London 1995. The latter document served 
largely as basis for the Pan-European Council of Europe - 
Recommendation No. R (99) 3 On the Harmonisation of 
Medco-Lfgal Autopsy Ruks andla Ejcphnatory Memorandum - 
which was adopted by the Committee of Ministers in 
February 1999 (see Appendix 2, p. 610). Although the docu- 
ment is a 'recommendation' by nature, it has legal implica- 
tions, because Council of Europe member countries have to 
implement these principles into their national legislation. 

TYPES OF  AUTOPSY 

Though medical conventions and legal systems vary con- 
siderably from country to country, there are generally two 
main types of autopsy: 

The clinical or academic autopsy is one in which the 
medical attendants, with the consent of relatives, seek 
to learn the extent of the disease for which they were 
treating the deceased patient. In most jurisdictions this 
type of autopsy should not be held to determine the 
nature of the fatal disease because, if this was unknown 
to the physicians, the death should have been reported 
for medico-legal investigation. 
The medico-legal or forensic autopsy, which is 
performed on the instructions of the legal authority 
responsible for the investigation of sudden, suspicious, 
obscure, unnatural, litigious or criminal deaths. This 
legal authority may be a coroner, a medical examiner, a 
procurator fiscal, a magistrate, a judge, or the police, the 
systems varying considerably from country to country. 

or associated with medical and surgical treatment, 
industrial deaths, and so on 

!B the truly forensic autopsy held on suspicious or frankly 
criminal deaths, usually at the instigation of the police. 
These deaths comprise murder, manslaughter, 
infanticide and other categories that vary in different 
j urisdictions. 

The type of pathologist that deals with these categories 
also varies from place to place but, as the systems are so 
diverse, there is little point in discussing the details. What is 
much more important is that whichever pathologist tackles 
each type of case, he or she should be trained and experi- 
enced in that particular field. Unfortunately, either from 
lack of staff and resources or because the system is deficient, 
medico-legal autopsies - especially of major criminal cases - 
are frequendy performed by pathologists incxprricrlccd in 
forensic procedures. 

Another serious defect in many countries is the separ- 
ation of those who practise forensic pathology from those 
who profess to teach it in universities. It is impossible to be 
a credible and convincing teacher unless one has continu- 
ing practical experience of the subject. 

Even more unfortunate is the performance of medico- 
legal autopsies by doctors who have no training in path- 
ology at all. Though lack of resources make this a widespread 
and inevitable practice in many developing countries, the 
same regrettable practice is seen in some parts of Europe, 
the Americas and elsewhere. This is to the detriment of 
the high standard of expertise that is vital for the support 
of law enforcement and the administration of justice. 
A poor opinion is often worse than no opinion at all, as in 
the latter case, the legal authorities will at least be aware 
of the deficiency in their evidence, rather than be misled 
by the often dogmatic inaccuracies of an inexperienced 
doctor. 

T H E  PROCEDURE FOR A 
FORENSIC AUTOPSY 

Though the actual performance of an autopsy is fairly uni- 
form whatever the nature of the death, there are a number 

. . - .  . .  . of associated matters that varv accordine to the circum- 
In most systems the permission of: the relatives is not 'J 

stances. For example, the procedural precautions required 
required, as the object of the legal investigation would be 

in a murder are not necessary in a sudden natural death, 
frustrated if the objections of possibly guilty persons couId 

and the dissection in a criminal abortion or fatal rape is dif- 
prevent the autopsy. 

ferent from that upon a drowned body. 
In many jurisdictions the medico-legal autopsy is often 

There are, however, many facets of the autopsy that are 
hrther subdivided into: 

common to every death. These will be discussed in turn 
FiI those held on apparently non-criminal deaths, such as here, though the full significance of each item is discussed 

accidents, suicides, deaths from sudden natural causes, in detail in other chapters. 



The procedure for a forensic autopsy 

The objectives of an autopsy 

@ To make a positive identification of the body and to 
assess the size, physique and nourishment. 

@ To determine the cause of death or, in the newborn, 
whether live birth occurred. 

&I To determine the mode of dying and time of death, 
where necessary and possible. 
To demonstrate all external and internal abnormalities, 
malformations and diseases. 
To detect, describe and measure any external and 
internal injuries. 

H To obtain samples for analysis, microbiological and 
histological examination, and any other necessary 
investigations. 

B To retain relevant organs and tissues as evidence. 
H To obtain photographs and video for evidential and 

teaching use. 
El To provide a full written report of the autopsy findings. 
D To offer an expert interpretation of those findings. 
:B To restore the body to the best possible cosmetic 

condition before release to the relatives. 

Preliminaries to an autopsy 

Before the body is even approached, a number of prelim- 
inaries are necessary. 

AUTHORIZATION AND CONSENT 

A medico-legal autopsy is carried out at the behest of the 
appropriate authority. The pathologist must not begin his 
examination until he is satisfied that such authority has 
been issued in respect of that particular death. The means 
of delivering such authority will vary from place to place: 
it may be a written document, a verbal or telephoned mes- 
sage, or a tacit standing arrangement. 

Where w o  official organizations are involved, it must be 
clear who has the premier right to order an autopsy. For 
example, in England and Wales, the police may request a 
pathologist to examine a body externally at the scene of 
death, but the right to order an autopsy is the sole preroga- 
tive of the coroner. Though in serious incidents he or she 
should take the advice of the Chief of Police regarding the 
choice of a pathologist, the final decision remains that of 
the coroner. 

As stated earlier, in a medico-legal autopsy the relatives 
are not consulted for their consent to autopsy, as such 
permission cannot be withheld. As a matter of courtesy it 
is usual to inform them before the autopsy is carried out 
unless the circumstances are too urgent. In most cases, 
however, a relative will have attended to identify the body 

before the examination begins. Pathologists should be cau- 
tious about performing autopsies where the authorization or 
consent aspects are not clear. It sometimes happens that a 
'consent document' for a hospital death has been obtained 
but the case has later been reported for medico-legal investi- 
gation. The pathologist should not then proceed under 
the 'consent' authority until the coroner or other official 
has decided whether to order his own autopsy (perhaps 
using another pathologist). If that official decides not to 
proceed, then usually the consent document becomes valid 
once more. 

Permission for the retention of material from an autopsy 
(ranging from small fluid samples to the entire body, if nec- 
essary) is usually covered in a medico-legal case by the 
original authority issued for the examination. There is, 
however, considerable variation in the legal aspects of tissue 
and organ retention in different countries, and each path- 
ologist must become fully conversant with local regulations. 

In the legislation controlling the English coroner, it is 
not only permissible, but also obligatory, for the patholo- 
gist to retain any tissue that may assist in the further invest- 
igation of the death. 

However, the coroner (or procurator fiscal in Scotland) 
has only a negative power to forbid the use of tissues or 
organs for purposes other than the investigation of the 
death, and so cannot give positive consent for the use of 
these for transplantation, teaching or research; such per- 
mission musr be obtained from the relatives, if the coroner 
does not object, under the Human Tissue Act 196 1. 

Who may be present at an autopsy 

Once again, each nation or state has different legislation 
and regulations on the conduct of medico-legal examin- 
ations. Though it is pointless to try to survey these, it must 
be emphasized that every pathologist must learn and abide 
by the laws applicable to his or her position. 

Ofien the relatives of the deceased person, or an accused 
person, must be informed of the place and time of the 
autopsy so that they may be represented by a lawyer or 
doctor acting on their behalf. In some jurisdictions, includ- 
ing Britain, there is nothing that specifically forbids the 
relatives attending in person and the authors have had sev- 
eral experiences of this nature. It is open to the pathologist 
to refuse to conduct the autopsy if he objects to their 
presence. 

In many homicides, a second autopsy is performed by 
another acting on behalf of the defence lawyers 
representing the accused person. This usually takes place at 
a later date, after the accused has been charged and granted 
legal representation, but sometimes the second pathologist 
will attend the original autopsy. This is quite in order and is 
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more valuable than a later exploration of extensively dis- 
sected and autolysed tissues. 

The permission for such attendance is granted by the 
coroner, medical examiner, or equivalent legal authority. 
The first pathologist should grant his colleague every cour- 
tesy and facility in the expectation of similar behaviour 
when the roles are reversed. 

Others entitled to be present naturally include the officials 
or deputies of the department ordering the autopsy - for 
example, a coroner, magistrate or judge. The police, includ- 
ing their technical teams, are also present if the death is 
criminal or suspicious. Whether other doctors and medical 
students are allowed depends upon the wishes of the official 
commissioning the examination. When the deceased has 
been under medical care before death, it is almost invariable 
practice to allow - and indeed encourage - the physician 
to be present, as he has the best knowledge of the medical 
history. 

In a criminal or suspicious case, the pathologist should 
try to limit the number of those present to a minimum. 
Not only is there a greater risk of loss of confidentiality, but 
sheer physical numbers, especially of large policemen, can 
make the mortuary overcrowded. This hampers movement, 
causes distraction, and adds to the risk of infection and 
contamination, especially with the present concern about 
the various forms of hepatitis (B, C, D, E), tuberculosis and 
human immunodeficiency virus (HIV) infectivity. No one 
should be present merely as a casual observer, nor. even senior 
police officers not directly involved in the investigation. 
With the increased sophistication and complexity of foren- 
sic and police procedures, more and more people cram into 
the mortuary, cluttered with cameras, videos, recorders, 
scene-of-crime kits and so on, until there is hardly room for 
the pathologist to move. 

Whoever is present at an autopsy on a criminal or suspi- 
cious death should be listed and named by the pathologist 
on the autopsy report. 

EXAMINATION OF THE SCENE 
OF DEATH 

In homicide, suspected homicide, and other suspicious or 
obscure cases, the pathologist should visit the scene of the 
death before the body is removed. 

Once again, local practice varies but any doctor claiming 
to be a forensic pathologist should always make himself 
available to accompany the police to the locus of the death. 
This duty is often formalized and made part of a contract of 
service for those pathologists who are either full-time or 
substantially involved in assisting the police. In England 

and Wales, the 'Home Office Pathologists' are permanently 
on call for such visits and in many other jurisdictions, such as 
the medical examiner systems in the USA, and the European 
State and University Institutes of Forensic Medicine, there is 
usually a prearranged duty roster for attendance at scenes of 
death. The function of an experienced forensic pathologist at 
the scene of death is generally to assess the environment, the 
local circumstances, and the position and the condition of 
the body. In a large proportion of instances crime can rapidly 
be excluded in favour of accident, suicide or even natural 
causes. This is a most useful and cost-effective function, as 
a spurious murder investigation involving perhaps scores of 
police, many vehicles and other expensive public facilities, 
may be disbanded promptly when the pathologist recognizes 
innocent circumstances. 

The pathologist should always have appropriate equip- 
ment ready to take to a scene investigation at a moment's 
notice. Further equipment may be carried if autopsies have 
to be carried out in places where good mortuary facilities 
are not available. Most forensic pathologists carry a 'murder 
bag' in their car and though every expert has his own choice 
of equipment, the following is a reasonable inventory: 

B waterproof apron and rubber gloves 
@ thermometer, syringes and needles, sterile swabs 
B autopsy dissection set, including handsaw 
@ cutting needles and twine for body closure 
E swabs and containers for blood and body fluids 
@ formalin jars for histological samples 
B plastic bags, envelopes, paper, spare pen and pencil 
El printed body charts for recording external injuries 
EB hand lens, electric torch, mini-tape recorder 

camera, usually 35 mm single-lens reflex with 
electronic flash. The recent advent of compact digital 
cameras or digital video cameras with the facility to 
take still pictures has made instant reviewing possible. 

The thermometer can be either a long chemical mercury 
type, reading from 0 to 50°C, or the more modern elec- 
tronic digital variety with a probe carrying a thermocouple. 
The amount of equipment varies with the facilities likely to 
be available. In developed countries there are likely to be 
good mortuary facilities available in a hospital or municipal 
mortuary and the police forces will have extensive scenes- 
of-crime expertise with photography, specimen containers 
and so on. In developing countries and the more remote 
areas of other states, the pathologist may have to be virtu- 
ally self-sufficient in respect of both crime investigation 
and the subsequent autopsy. 

In addition tc~ medical kit, [he experienced forensic path- 
ologist will always have appropriate clothing such as rubber 
boots and rain- or snow-wear ready to hand for any call. 



Examination of the scene of death 

FIGURE 1.1  The scene of  a rape-homicide. The attending pathologist must record the posture, state of clothing andgeneral relationship of the 
victim to the surroundings, but limit the examination at the scene to avoid any interference with the vitalprocess of  obtaining trace evidence. 
Rectal temperatures should not be taken until all swabs are completed usually in the morniary. 5mperatures can be taken in the ear or &ep 
nostrih, though with severe head injuries (as here) even this must be done with care. 

When at the scene of death, the pathologist's actions are 
dictated by the particular circumstances. Much will depend 
upon the availability or otherwise of police and forensic 
science assistance. In Britain, for example, several teams 
converge on a scene of crime, including photographers 
and video operators, and Scene of Crime Oficers (SOCOs) 
whose function is to collect trace evidence. Scientists from 
the nearest forensic laboratory often attend with their 
police liaison officers, as well as fingerprint officers and, 
of course, the investigating officers from the Criminal 
Investigation Department. 

Where no such backup is available, the pathologist must 
try to collect trace evidence himself, but he should remain 
within the limits of his own expertise. 

The pathologist should accept the instructions of police 
officers in relation to the approach to the body so as to 
preserve the immediate environment as much as possible. 
Out-of-doors access is often limited to a single pathway 
marked by tapes, and in a building a track to the corpse is 
usually pointed out by the detective in charge. 

The doctor should not touch anything unnecessarily and 
certainly not smoke or leave any object or debris of his or 
her own. Increasingly, those visiting the scene of a crime are 
given disposable overalls and overshoes to wear, so that 
fibres, hairs and so on from the visitor are not spuriously 
transferred to the scene. 

If a forensic doctor has to act both as pathologist and clin- 
ical medico-legist or 'police surgeon' (that is, examining live 
victims or suspects), he or she must change clothing or wear 
a new set of protective garments to avoid transferring trace 
evidence, such as fibres or hairs, from victim to suspect. 

The pathologist should observe a great deal, but do very 
little. He or she should note the position of the body in rela- 
tion to nearby objects and establish the plan of the premises 
if indoors. A sketch or his own photograph is sometimes 
useful, and some pathologists use a Polaroid, digital or video 
camera for instant recording of the death scene. 

Any obvious cause of death should be observed, and any 
blood pools or splashes noted in relation to the position of 
the corpse. The shape of such splashes should be observed, 
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FIGURE 1.2 Scene of a homicide-suicide where the locus of bodies shouM be widely marked off by tape to restrict access, and the actual body 
protected by a shelter from the weather and unauthorized onlookers. 

FIGURE 1.3 At a scene of crime, theposition of the body at the time 

of an assault can sometimes be clarified by observing the direction of 

blood splashing that may have been thrown offa weapon or blood- 
stained hands. Blood striking vertically causes round or crenellated 
circles, while bhod hitting at an angle is lance-shaped with the 
narrow endfacing the direction of travel. There is ofien apreceding 
drop of blood in advance of the major splash, forming an 
'exclamation mark'stain. 

as blood striking perpendicularly to a surface leaves a circu- 
lar mark, whilst that landing obliquely is pear-shaped, with 
the sharper end towards the direction of flight. 

When photographs have been taken of the body in its 
original position, the pathologist then approaches it, aker 
checking with the investigating officers that it is appropriate 

for him to do so. Close examination can be made and the skin 
felt to assess temperature. The eyes, neck and hands can 
be examined and where necessary, clothing gently moved 
aside to look at the throat or upper chest. Any relevant 
findings should be photographed by the police before 
further disturbance. 

If forensic scientists or scene of crime officers require any 
samples at this stage, their wishes must be respected. They 
may want to 'tape' the body, that is, press adhesive tape 
across the skin and clothing to capture any loose hairs and 
fibres. The body can then be moved to look at the sides and 
undersurface, again with caution so that no weapon, other 
objecr or trace evidence is disturbed. No set routine can be 
advised, as each case has its own individual aspects. The 
prime object is to assess the whole scene while causing the 
least disturbance to the body and clothing before the scien- 
tific teams have finished their tasks. 

Estimating the post-mortem interval 
at the scene 

The last sentence above raises rhe marter of estimating the 
time since death. The ~roblem is fully discussed in Chapter 3, 
but has relevance here in relation to the pathologist's 
actions at the scene of death. 



Examination of the scene of death 

The general warmth or coolness of the hands and face can 
be assessed by touch, and the degree of rigor mortis felt by 
gently testing the limbs. The ambient (environmental) tem- 
perature must be taken as soon as possible after the discovery 
of the body, preferably by police scene of crime officers who 
usually arrive at the locus before the pathologist. The ambi- 
ent temperature should be taken as near to the body as pos- 
sible, as microenvironments can exist, even inside buildings 
or rooms. Information should be soughr as to how much dis- 
turbance of the ambient temperature might have occurred, 
such as opening doors and windows, or turning fires or cen- 
tral heating on or off, so that some idea of post-discovery dis- 
tortions of temperature can be estimated later. The insertion 
of a thermometer into the rectum at this stage in the investi- 
gation, as advocated by some textbooks, is controversial. 

At a scene of death, this usually means either pulling 
down trousers or pants, and otherwise disturbing clothing, 
often in cramped and ill-lit places, frequently out in the 
open. It also risks contaminating the rectum and perineum, 
by introducing seminal fluid from the anal margin into the 
rectum, making subsequent examination of that area (and 
taking swabs for semen) of reduced value. As so many violent 
crimes now have sexual or homosexual overtones, the prac- 
tice of taking rectal temperatures at the scene should be per- 
formed only if the forensic scientists or police scene of crime 
officers are satisfied that trace evidence from the clothing, 
swabs from the vulva, vagina and anus, etc., can be obtained 
satisfactorily before rectal thermometry is performed. 

In other words, a cost-benefit analysis must be made 
at the scene, to decide if the difficulties of taking a rectal - 
temperature are worth the small potential advantage of an 
earlier measurement. In many cases, where the body has 
obviously been there long enough for the core temperature 
to have reached ambient - or where other circumstantial 
evidence has indicated that the time of death is known to a 
greater degree of accuracy that can be hoped for by thermo- 
metry - then nothing is lost by postponing the procedure 

- - 

until the body arrives at the mortuary for autopsy, which, 
in British practice, is usually directly after the body is 
moved from the scene. 

If the autopsy is to be delayed for many hours owing to 
difficulties with transport or lack of facilities, then much 
more must be done at the scene and temperature measure- 
ments are justified. 

An alternative is to use a place other than the rectum. 
The axilla and mouth give low reading, which cannot reli- 
ably be correlated with the deep temperature because of 
variable exposure to the air temperature. More useful is the 
auditory meatus or nostril, the thermometer or thermo- 
couple probe being inserted as deeply as possible. Reliable, 
reproducible readings can be obtained from these sites, 
which have the great advantage of being easily accessible 

without moving clothing, as well as not being required for 
swabbing to investigate possible sexual assaults. The use of 
temperatures to attempt to calculate the post-mortem 
interval is discussed fully in Chapter 3. 

When the pathologist has made the best examination 
possible in the circumstances, his next function is to ensure 
that the corpse is removed to the mortuary for autopsy with 
the least disturbance and loss of evidence. He should super- 
vise the removal himself or at least delegate the duty to 
another person whom he knows is careful and competent. 
Each hand should be enclosed in a bag, secured at the wrist - 
by adhesive tape or string. A similar bag should be placed 
over the head. The packaging medium may vary, but gener- 
ally paper bags are recommended. 

The body should be placed gently in a 'body-bag', which 
has a zip closure, or moved on to a large, new plastic sheet, 
at least 2 metres square. If a sheet is used, the edges should 
be wrapped over the body and secured with adhesive tape. 
The object of the exercise is to retain any loose objects, 
hairs and fibres that may be adhering to the body or the 
clothing. The sheet or bag is taken by the forensic labora- 
tory after the body is removed in the mortuary so that they 
may screen it for trace evidence. The transport of the body 
is the responsibility of the police or other agency such as 
the coroner or his officer. The body in its plastic wrapping 
should be placed in a rigid fibreglass 'shell' or ordinary cof- 
fin, and taken by hearse, van or police transport to the 
chosen mortuary. 

Physical damage during the removal should be avoided 
as much as possible, though in difficult or inaccessible sites 
this is easier said than done. In fires, the body may be 
seriously damaged before or during recovery, sometimes 
because its presence is not suspected in the smoke-filled, 
often waterlogged, debris of a conflagration. The author 
(BK) has experience of such a scene where firemen walked 
over two bodies for several hours before it was realized that 
they were buried under burnt furniture and other debris. 
Handling brittle, charred, bodies can easily cause the 
splits at joints that may mimic ante-mortem injuries (see 
Chapter 12). 

In summary, the function of a at any scene of 
suspicious death is to observe the situation, to conserve 
any fragile evidence, to supervise the removal of the 
body and offer an opinion, based on experience, about the 
nature of death where this can reasonably be done. He is 
not there to act as a latter-day Sherlock Holrnes, voicing 
unsubstantiated theories on non-medical matters, nor 
attempting to overinterpret the situation from the flimsiest 
of facts. The pathologist is part of a team of specialists, all 
experts in their own field, and it is as a member of such a 
cooperative, coordinated group that his best contributions 
can be made. 



PROPERTY, CLOTHING AND 
IDENTIFICATION 

Whether or not the pathologist has been to the scene of 
a death, he should take notice of the clothing and other 
property of the body upon which he is to carry out an 
autopsy. This applies not only to every criminal or suspi- 
cious death, but also to many traffic and industrial acci- 
dents, as well as to the victims off& from a height, drowning 
and so on. 

In many instances, there will be no opportunity to exam- 
ine the clothed body in the mortuary: if death has occurred 
in hospital or in an accident department, the clothing may 
have been removed before transfer to the mortuary. The 
pathnlngist should make a permanent request that a body 
from any traffic accident, or other case where trauma was 
the provisional cause of death, should be brought to the 
mortuary without having the clothing removed by police 
or nursing staff - unless of course the victim was still alive 
on arrival at hospital, and undressing was performed before 
attempted resuscitation or treatment. As a second best, the 
removed clothing should accompany the body to the mor- 
tuary so that it can be examined, if necessary, for damage, 
stains and other evidence. Unfortunately, such clothing is 
frequently destroyed before it can be seen. 

The mortuary staff should be trained to regard clothing 
and property as important items of evidence, and a system 
should be established to retain, identify and store these, 
both from the evidential aspects and for the safety of valu- 
ables. The contents of the pockets, documents, keys and 
other items all assist in identification. Though primarily 
the task of the police, the pathologist will sometimes have 
an interest in this aspect. The clothes themselves, the style, 
fabric, colour and labels all assisr in identity. 

In trauma deaths, the injuries on the body should be 
matched up with damage on the clothing. Tears, slashes, stab 
wounds and especially firearm wounds in the clothes must 
be compared with the position of external lesions on the 
body, making allowance for movement and displacement 
during life. Some self-inflicted wounds may be confirmed by 
the non-alignment of the clothing damage with the injuries 
(see Chapter 8). 

Blood, seminal, vaginal and other body secretions may 
be found on the clothing, and though this is primarily the 
responsibility of the forensic science laboratory, the patholo- 
gist may be the first or only person to detect their presence. 
In firearm deaths, gunshot residues on the clothing may be 
vital evidence about the range of the discharge and the iden- 
tity of the ammunition. 

In traffic fatalities, tearing of the clothes, grease marks, 
road dirt, broken lamp or windscreen glass, and even 
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metallic or paint fragments from the vehicle may all assist 
in reconstructing the event and in identifying the unknown 
vehicle in a 'hit-and-run' tragedy. 

Other objects associated with the body that may be help- 
ful include medicines, which may assist in determining the 
nature of the disease from which the deceased had suffered, 
for example, arnyl nitrite or insulin. In some suicides, empty 
drug or poison containers may be with the body. Other 
helpfbl artefacts include such items as hearing aids, syringes, 
external pacemakers and inhalers. The clothing must be 
removed carefully and, especially in criminal or suspicious 
cases, the pathologist should supervise and assist the mortu- 
ary technician, especially as some technicians are not always 
aware of the importance of clothing in the reconstruction 
of events. 

If the body is not bleeding or otherwise fouled, it is best 
to remove clothing in the usual way by pulling over the 
head and limbs, unless this might interfere with any 
injuries or soiling. If rigor is intense or if there is blood on 
the face or hands, it may be advisable to cut off some or all 
of the clothing. This should be done after consultation 
with the forensic scientists, if they are present, so that the 
cuts will be made where they will least interfere with later 
laboratory examination. In any event, cuts should avoid 
passing through pre-existing damage or staining of the 
garments. Each item of the clothing should be placed 
separately into a paper bag to allow them to 'breathe'. 

Identification of the body 
The identification of an unknown body is a major forensic 
exercise, and is fully discussed in Chapter 4. Here, however, 
we are concerned with the formal recognition of the subject 
of an imminent autopsy. Before a pathologist makes any 
examination (and certainly before he begins any mutilating 
dissection), it is essential that he ensures that the corpse 
before him is indeed the correct person. 

In every medico-legal case, some responsible person must 
have identified the body. This is usually a relative or close 
friend of the deceased person, who looks at the face of the 
body and verbally certifies to a police officer, mortuary attend- 
ant or doctor that it is indeed 'John Smith'. Where the body 
is burned beyond recognition, mutilated or putrefied, 
attempts at identification must be made by showing the 
relative documents, or items such as clothing or jewellery. 

In non-criminal cases, such as sudden deaths and most 
accidents and suicides, the continuity of identity is carried 
on by a label or tag attached to the body by the police offi- 
cer, nursing staff or mortuary attendant, which carries the 
name, address, serial number and other relevant details. 
This label may be tied firmly to a toe, or a durable wrist or 
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ankle bracelet may be used. Some mortuaries write the 
name on the leg with an indelible marker, but this can be 
smudged or obscured during autopsy. 

The pathologist should always satisfy himself of the 
identity by comparing the documents authorizing the 
autopsy with the toe label or bracelet. The details should . . 

agree and, if they do not, he should not proceed with the 
autopsy until the discrepancy is cleared up, if necessary by 
calling back the police officer or even the relative to make 
absolutely sure of the identiry. 

Many mistakes have been made in the past, with adverse 
publicity, embarrassing enquiries and even legal conse- 
quences. Autopsies on the wrong person, incorrect causes 
of death, relatives attending the wrong funeral and even 
cremation of the wrong body are regularly reported as a 
result of laxity in identification. To avoid confusion, the 
body should always be labelled as soon as it arrives in the 
mortuary. Labels on shrouds become detached and those 
on refrigerator doors are unreliable, as other parties (such as 
night porters) may shift occupants around without the 
knowledge of the pathologist or regular mortuary staff. 

Some large mortuaries use special means of identity. One 
known to the authors has an automatic camera fitted in the 
ceiling of the mortuary entrance. Every new body wheeled 
in is photographed on its trolley with a serial number 
prominently displayed on a board placed across the upper 
chest, so that the face appears with the record number to 
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resolve any later discrepancy. 
In serious cases such as homicide, the pathologist must 

not rely on second-hand evidence of identity such as a toe 
label. Before the autopsy, someone must verbally confirm 
to him that the body they are both then viewing is 'John 
Smith'. This person must be either a relative or the police 
officer to whom a relative has already formally identified 
the corpse. 

The pathologist must record in his autopsy report the 
date, time and particulars of the person identifying the 
body to him, so that 'continuity of evidence' is ensured for 
legal purposes, which cannot successfully be challenged by 

'the defence at a subsequent trial. 

THE USE OF THE HISTORY OF 
THE CASE 

As in clinical medicine, the history of the deceased 'patient' 
or victim is a vital and indispensable part of the investiga- 
tion. The extent to which it should influence the pathologist 
in coming to a decision as to the cause of death, however, 
is more controversial, as is discussed below. 

In medico-legal autopsies - compared with hospital 'clin- 
ical' cases - the history is often scanty, absent or misleading. 

If a person has been found dead, having had no previous 
medical attendant, there may be virtually no information at 
all. In criminal deaths, the person who knows most about 
the death may well be the perpetrator, who naturally may 
remain silent or give a distorted, misleading or totally false 
account of the circumstances. The forensic pathologist then 
often has to contend with a scanty or incorrect history. 

Even when a story is given in good faith by relatives, the 
medical facts are often distorted because of incomplete 
knowledge and understanding. It may be further warped by 
transmission by a police officer or other non-medical per- 
son, so that only a garbled history reaches the pathologist. 
The latter should attempt to supplement deficiencies in 
information by further requests to the commissioning 
authority, such as the coroner or the police. Wherever 
possible, the pathologist should try to contact the doctor 
who may have treated the deceased in the recent past. In 
the urgency of forensic work, however, frequently at night 
or weekends, the autopsy may have to proceed without any 
additional history. 

Though more detail may be obtained afterwards, the 
course of the autopsy might well have been different if such 
knowledge was available beforehand. For example, the 
author (BK) once performed an autopsy on a coal miner 
with no history other than a knowledge of his occupation 
and chronic chest disease. Autopsy revealed sufficient car- 
diopulmonary disease to account for death and the body 
was released for burial. It was not until the following day 
that the police in the rural area where the man had died, 
tardily produced the information that both an empty bottle 
of sleeping tablets and a suicide note had been found with 
the body. Paradoxically, the history is often less important 
in violent deaths where the wounds are self-evident, though 
a good description of the circumstances may assist in inter- 
preting the direction of injuries, the nature of the weapon 
and other aspects. 

In most autopsies the history directs the pathologist to 
the appropriate ancillary investigations, as should have hap- 
pened in the case described above. Some pathologists have 
in the past advocated that the autopsy should be performed 
'blind', so that the history does not prejudice the opinion 
of the pathologist. This is patently impracticable, for every 
autopsy would then have to be totally comprehensive, 
including such techniques as the removal of the spinal cord 
in every case, and all possible ancillary investigations, such 
as toxicology, microbiology, virology, radiology, diatoms, 
histology and so on, as there would be no means of knowing 
what was necessary and what was irrelevant. Apart from the 
intolerable burden ofwork, the expense of such an approach 
would be prohibitive, if applied to all autopsies. 

A particular dificulry often arises in relation to bodies 
returned to a home country after death in a foreign state. 
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The problems vary greatly with the degree of both patho- 
logical and administrative sophistication of the foreign country. 
Where these are poor, then the problems of obtaining a good - 
or even any - history may be great, even after attempts at 
using international police or diplomatic channels. 

Sometimes, a 'doctor-to-doctor' approach by telephone 
or fax may be the best way of obtaining information. Even a 
cause of death from the foreign country may be either 
unobtainable or so vague (such as 'heart failure') as to be 
useless. Previous autopsies may be incomplete, of poor qual- 
ity, or even fraudulent, such as finding a stitched skin inci- 
sion but no underlying dissection of organs. Several surveys 
of such problem autopsies have been published, with a plea 
for some kind of International Death Certificate (Green 
1982; Leadbeatter 199 1). . . 

Cis,&& =ise objec::.,re actOpSjl C;n&2g Ire 
scanty or even absent. The pathologist then has the dilemma 
of choosing between a cause of death based on a subjective 
knowledge of the alleged history (which may be wrong) or 
admitting that the cause of death is unascertained. 

This problem, fully discussed by Leadbeatter and Knight 
(1987), is by no means uncommon. For example, sufferers 
from epilepsy or asthma are known to die suddenly and 
unexpectedly, an autopsy usually revealing no adequate 
morphological cause for their death. Another prime 
example is the sudden infant death syndrome, discussed in 
Chapter 21, where by definition there are no significant 
autopsy lesions and the history is usually essentially barren. 

In hypothermia where the patient is warmed up in hos- 
pital but dies in a day or two, there may be nothing to find 
at autopsy, yet there is firm clinical history of a rectal tem- 
perature of 26°C. Moving to more forensic cases, a body 
may be recovered from a river after clothing and a suicide 
note have been found on the bank - yet at autopsy there 
may be no visible evidence of drowning whatsoever. 

In these cases, should the pathologist - in the absence of 
objective evidence of hypothermia or drowning - decline 
to offer a cause of death and perhaps be accused of being 
obstructive or perverse? Or  should he certify 'hypothermia' 
or 'drowning', and perhaps be challenged in court by a 
lawyer who claims that the pathologist relied only on 
hearsay and has no objective evidence to offer? 

The best course is for the pathologist, if he feels that the 
history is sufficiently strong, to give the most likely and rea- 
sonable cause of death, but make it clear in his discussion 
in the autopsy report that this opinion is based on a con- 
sideration of the circumstances and is not a dogmatic srate- 
ment of the kind that could be offered if the victim was 
shot through the brain. Where a summary of the history 
prefaces the autopsy report, the pathologist should be care- 
ful to indicate what is 'hearsay' as far as he is concerned. 
Thus he should not say 'The deceased was struck on the 

head by two men', but 'I was told that the deceased was 
struck on the head by two men'. 

As is discussed later, the autopsy report should not be 
merely a bald recital of the anatomical findings, but should 
have a final commentary that includes a 'differential diag- 
nosis' where the cause of death is not clear cut, as well as a 
justification for the eventual opinion or an admission that 
there is no way of deciding between alternative possibilities. 

The main difficulty arises with the actual 'cause of death' 
phraseology, which will be entered into the legal and 
national records in the format required by the World 
Health Organization. This gives no opportunity to express 
preferences or give explanations but, on the 'best-guess' 
principle, the pathologist can do no more than enter his 
most reasoned choice or, with legitimate honesty, state that 
the cause is 'unrlemminec!'. 

PRECAUTIONS REGARDING 
POTENTIAL INFECTIVE 
CONDITIONS 

Many forensic situations involve drug abusers and persons 
with promiscuous sexual behaviour, where the statistical 
risk of HIV and hepatitis infection is markedly greater than 
in the general autopsy population. This poses a risk to 
pathologists, mortuary staff, police and laboratory staff 
who may deal with post-autopsy samples. A great deal has 
been written about such risks but no consensus has yet 
been reached, though an excellent survey has been pub- 
lished by the Royal College of Pathologists (1995). 

One school maintains that all autopsies should be car- 
ried out with total precautions against infective risks, so 
that it does not matter what case is handled. However, this 
is almost impossible to achieve in a busy coroner or medical 
examiner practice and does not solve the problem of pos- 
sibly infected material being sent out to other laboratories. 

A more common regime is to carry out pre-autopsy test- 
ing for HIV and hepatitis, using blood from a femoral 
needle puncture. The result can ohen be returned within 
hours, when a decision may be made as how to handle the 
autopsy - or even whether to abandon it, if the risk-benefit 
aspect is high. More usually, a positive result will result in 
the autopsy being carried out with special care, additional 
protective clothing, visors, masks and metal gloves, with 
restriction of access to observers, choice of more senior 
technicians and warnings sent to laboratories liable ro 
handle samples. 

In this respect, hepatitis is more of a risk than HIV infec- 
tion. However, so far, about 100 health-care workers have 
acquired HIV infection from definite occupational expos- 
ure (Sidwell et al. 1999) and one pathologist is known to 
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have become infected from autopsy work (Johnson et a[. 
1997). Also three morticians in the USA have possibly 
contracted occupation-related HIV positivity. 

The time for which a corpse remains potentially conta- 
gious with H N  is variable. Infectious virus has been 
recovered from liquid blood held a t  room temperarure for 
2 months and virus in high concentrations has been found to 
remain viable for 3 weeks (Cao et a[. 1993). Bankowski 
etal. (1992) found 5 1 per cent survival of virus in plasma and 
monocyre fractions from infected cadavers up to 21 hours 
post-mortem. Other series found survival in corpses from 
18 hours to 11 days after death. Virus has been recovered 
from the spleen after 14 days post-mortem. Refrigeration 
seems to make little difference to viability. Douceron et a[. 
(1993) cultured blood and effusions from refrigerated 
bodies and obtained viable virus up to 16 days post-mortem 
and concluded that there was no safe maximum time at 
which corpses ceased to be an infective risk. In industrial- 
ized countries, it has become standard to offer post-exposure 
prophylaxis after significant percutaneous exposure to blood 
or tissues of HTV patients. 

Other infections, such as tuberculosis, hepatitis viruses, 
anthrax, plague, Creutzfeldt-Jakob, Marburg, Green Monkey 
diseases, etc., are usually the subject of specific health and 
safety regulations, which vary from country to country. 

THE AUTOPSY: EXTERNAL 
EXAMINATION 

In contrast to the 'clinical autopsy' performed to evaluate 
natural disease, the importance of the external examination is 
far greater in the forensic case, especially in deaths from 
trauma. In the latter, the medico-legal value of the exrernal 

description may be paramount, as it is often from the outer 
evidence that inferences may be made about the nature of the 
weapon, the direction of attack and other vital aspects. Thus 
the forensic pathologist must spend all the time that is neces- 
sary in a careful evaluation of the body surface and not be too 
impatient to wield the knife mainly to seek material for his- 
tology, which is more justified in the purely clinical autopsy. 

The routine for external examination will naturally vary 
according to the nature of the case but certain general prin- 
ciples apply. The following procedure is a useful baseline 
and may be adjusted according to personal preference. 
Variations in criminal cases to accommodate the needs of 
the investigating and scientific teams are mentioned later. 

B M e r  identification and removal of any clothing, the 
race and gender are noted. The apparent age is assessed 
in children by size and in adults by changes in skin and 
eyes, such as the loss of skin elasticity, senile 
hyperkeratosis, Campbell de Morgan spots, senile 
purpura and arcus senilis. Hair colour, tooth loss and 
arthritic changes are also obvious signs of ageing. The 
apparent age should be compared with the alleged age 
and enquiries made about any obvious discrepancy, in 
case it is the wrong body, an error which plagues most 
auropsy rooms from time to time. 

@ The body length is measured from heel to crown (in 
infants, more detailed measurements are described later). 
Ensure that the attendant does not take the 'undertaker's 
height' from toe to crown, as due to the plantar flexion 
of rigor, this can be a considerable number of 
centimetres more than the live standing height. 

It should also be appreciated that the post-mortem 
height may differ from the known living height by 
several centimetres. There are several opposing causes 
of variation, which do not necessarily cancel each other. 

FIGURE 1.4 Ejcternal examination must 

note every feature; here there is obvious 
abdominal distension in a battered child 
with facial bruising. The intestine had 
been ruptured by a blow, and oxygen 

administered by the ambulance crew 
escaped to distend the peritoneal cavity. 



1: The forensic 

For example, muscle flaccidity allows joints to relax, 
unless rigor is present, but intervertebral discs appear to 
shrink, allowing shortening. 
The body weight in kilograms is measured if facilities 
are available; if not, it should be estimated. The weight 
of infants must always be measured. The general 
nutrition and physique is assessed in terms of obesity, 
leanness, dehydration, oedema, emaciation, and 
SO on. 

El The state of cleanliness, personal hygiene, hair and 
beard length, toenail and fingernail state, and urinary 
and faecal soiling is noted. Any parasitic infestation, 
such as fleas or lice, is combated before proceeding. 

B The general skin colour is noted, especially hypostasis 
(discussed at length in Chapter 2). Congestion or 
cyanosib ol t l l r  fdc~,  hid^ and fse: is soiigh:. Locdized 
discoloration, especially unilateral in a limb, suggests 
arterial embolism or incipient gangrene. Pink or 
brownish pink patches over the large joints may indicate 
hypothermia (Chapter 17). Other abnormal colours 
include the brownish hue of methaemoglobinaemia in 
some poisonings, the bronze speckling of clostridial 
septicaemia and the dark red of cyanide that somewhat 
resembles the cherrypink coloration of . . 

carboxyhaemoglobin. Naturally racial pigmentation 
will modify the ease with which abnormal skin 
coloration can be seen. 

B Congenital deformities of any type are recorded, from 
talipes equinovarus to spina bifida, from a naevus to 
extra toes. 

autopsy 

Acquired external marks may be important for 
identification purposes or in relation to past injuries 
and disease. Tattoos, circumcision, amputations, 
surgical scars, old fracture deformities and scars of 
injuries, burns or suicidal attempts on the wrist and 
throat are noted. These are discussed hrther in Chapter 3. 
Increasingly, artefacts - both external and internal - 
arise from resuscitation attempts and must be carefLlly 
distinguished from original trauma. This.emphasizes 
the importance of the history, to determine whether 
cardiopulmonary resuscitation was attempted by 
trained or untrained persons. 
The hands should be carefully examined for such signs 
as old and new injuries, defence wounds, bruised 

flexed fingers is overcome, either by force or even 
cutting the flexor tendons at the wrist. 
Vomit, froth or blood may be present at the mouth 
and nostrils, and faeces and urine may have been 
voided. This must be correlated with the degree of 
post-mortem decomposition, which ofien leads to 
purging of fluids from orifices; most forensic 
pathologists have had the experience of being called 
by the police to the scene of 'a fatal haemorrhage', to 
discover only bloody fluid being purged by gases from 
a decomposing corpse. 

Vaginal discharge or bleeding is noted and the ears 
examined for leakage of blood or cerebrospinal fluid. 
Post-mortem ejaculation of semen from the external 

FIGUW. 1.5 Post-mortem 
body of a homicide victim. 
&brillator paddles applir 
casualty department. 
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T h e  a u t o p s y :  e x t e r n a l  e x a m i n a t i o n  

meatus is of no significance and can be seen in any type 
of death. It was shown by Mant (1984) not to be 
associated with sexual activity immediately before 
death. It is not particularly associated with asphyxia1 
deaths, as sometimes stated. 

I The degree of rigor mortis is assessed by flexing the 
arms and legs to test the resistance. The significance of 
this and hypostasis is discussed in Chapter 2. 

i73 Recent injuries (other than scars already noted) are 
carefully examined. In fact this part of the autopsy is 
often the most significant element of forensic cases. 
Injuries may be conveniently recorded in the 
mortuary by marking them on printed body 
diagrams. The forms can be secured on a clipboard and 
the data later transcribed into a written description for 
the autopsy report. The original diagrams should be 
retained, as their production may be demanded in 
court if there is controversy about any particular injury. 

All traumatic lesions should be clearly differentiated 
into abrasions, bruises, lacerations, incised wounds, burns 
and so on, according to the definitions given in Chapter 
4. The shape and condition of the margins of each injury 
should be described where appropriate. It must be 
meticulously measured in terms of length, breadth, 
orientation to the axis of the body and the position wich 
reference to surface anatomical landmarks. For example, a 
knife wound of the thorax might be described as follows, 
using ordinary language to explain any medical terms: 

A stab wound was present on the left upper chest, 
placed obliquely, with the inner end lower than the 
upper outer end. The wound was 20 mm in length, 

which extended to 22 mm when the edges were 
opposed. The maximum width at the centre was 4 mm. 
The centre of the wound was just below the line 
joining the nipples, being 6 cm from the midline, 7 cm 
from the left nipple and 18 cm below the centre of the 
left clavicle (collar bone). The wound was 132 cm 
above heel level and was elliptical in shape, with the 
inner lower end slightly more sharply cut than the 
rather blunt upper end. The wound was shelved in a 
downwards direction, with subcutaneous tissue visible 
along the inside of the upper edge. 

This description, along with police photographs, 
will convey an excellent impression of the wound at 
any hture  date, including at the trial, which may be 
many months later. The position of the injury is 
related to obvious anatomical points and the height 
above the ground may have relevance if the stature of 
the victim and assailant, and the angle of attack, 
become legal issues. O n  the scalp, the occiput and the 
tip of the ear can be used as reference points, together 
with the vertex and the centre line of the head. O n  the 
face, the obvious landmarks are the eyebrows, nasion, 
tip of nose, lips, point of chin and angle of jaw. Where 
large areas of abrasion or bruising are present, similar 
measurements of lesion size are needed, but more 
general descriptions of position may be sufficient, such 
as 'covering the external aspect of the left thigh' or 
'extensive bruising 23 cm by 18 cm on the right side of 
the chest extending from axilla to costal margin'. 

Where widespread burns are present, an estimate of 
the total area using the 'Rule of Nine' should be made, 
as described in Chapter 1 1. 

FIGURE 1 .G Full external examination is 

vital, including the interior of the mouth. 

Here a large number of amylobarbitone 

capsules offer apresumptive came of death, 

though analytical conjrmarion is still 

required. 
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Other injuries, such as firearm wounds, are described 
in the same manner, being careful not to clean off any 
powder residues or other trace evidence before the 
forensic scientists have collected their samples. 

With head injuries, the scalp is examined in its original 
condition first and any trace evidence collected. Then any 
clotted blood that frequently obscures the injuries can be 
gently removed, using a sponge and water. After this stage 
has been studied, it is usually necessary to shave off hair 
carefully around the wounds, so that the full extent of the 
lacerations and especially the state of their margins can be 
assessed and photographed. This shaving is best carried 
out with a scalpel fitted with a new blade, the blade being 
kept almost parallel with the surface to avoid making false 
cuts. The procedure should be carried out by the 
p ~ & ~ ! ~ g i s c  hLrse!f m d  nnt delegated tn n mortuary 
technician. In this way any artefactual cuts can be 
recognized as such and not misinterpreted as part of the 
original wound. 
The eyes must be examined carefully, especially to 
detect petechial haemorrhages on the outside of the 

eyelids, conjunctivae and sclera. Though these do not 
necessarily indicate an asphyxial process, such petechiae 
require an explanation. Petechiae should also be sought 
behind the ears and in the skin of the face, especially 
around the mouth, chin and forehead. Care must be 
taken to differentiate these fine petechiae from the 
more coarse intradermal blood spots often seen across 
the shoulders or upper chest, which are caused by post- 
mortem hypostasis in a body with marked agonal 
venous congestion - especially when that surface of the 
body has been dependent. Haemorrhages in postural 
hypostasis are of no diagnostic significance, as true 
ante-mortem bleeding can never be differentiated from 
those that commonly develop after death. 

The size of the pupils is rarely useful, as rigor in the 
iris musculature can produce any degree of 
constriction, which may be unequal on either side (see 
Chapter 2). False eyes, contact lenses, lens opacity and 
other defects are to be noted. It is not possible to 
evaluate the degree of visual acuity during life from any 
rype of post-mortem examination - though obviously a 
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FIGURE 1.7 (a, 6) Typical examples of the many anatomical diagrams available for the recording of externalfindings at autopsy. 
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significant defect such as a cataract or a large vitreous 
haemorrhage is likely to affect vision. 
The mouth may reveal foreign bodies, drugs, damaged 
teeth, injured gums and lips (especially the ruptured 
frenulum of child abuse), and the bitten tongue of epilepsy 
or blows on the jaw. Dentures should be identified and 
removed before autopsy. Gastric contents in the mouth 
need not indicate ante-mortem regurgitation, as discussed 
in Chapter 14, but should be noted. Dried powder on the 
lips may suggest the recent taking of medicaments or 
poisons; corrosion of the mouth, lips and chin may be 

seen in irritant poisons. Bleeding from mouth, nostrils, or 
ears must be recorded, and later investigated as to source 
from internal examination. Frothy fluid, sometimes blood- 
tinged, may be seen issuing from the mouth or nostrils, or 
both, in drowning and from pulmonary oedema due to a 
variety of causes. Froth is sometimes pink or frankly 
blood-tinged. This has no particular significance unless 
gross, as in drowning, sudden infant death and other 
conditions with marked pulmonary oedema; rupture of 
small pulmonary or even pharyngeal vessels can add a litde 
blood to colour the foam. 

FrGuRE 1.8 hamination and 
photograpLy of injuries; afIPrfill 
preliminary examination and forensic 
sampling, the area is cleaned shaved if 
necessary, andphotographed with a scale 

adjacent to the injuries. 

FIGURE 1.9 Where there are numerow 
similar lesions, it assists the clarity of the 
autopsy report ifnumbers wed during 
photogapby match those listed in the 
autopsy protocol. 
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in a 'Y-shape'. This is often done in infants and wherever it 
is desired to avoid disfiguring the front of the neck. In the 
USA in particular, the Y-incision is favoured or even a deep 
'U-shape' carried across the upper chest. 

In strangulation, hanging, and any condition where the 
larynx might be damaged, the Y-incision is to be preferred, 
as the skin of the upper neck can then be dissected off the 
mandible and raised clear to give a wide approach to the 

- - 

neck structures. Here, the incision should not be made until 
the skull-cap and brain have been removed, to avoid the 
congestive artefactual haemorrhages in the neck structures, 
described by Prinsloo and Gordon (1951), which can be 
confused with true ante-mortem trauma. Gordon e t  a/. 

(1988) have further suggested that the brain be removed 
first in all autopsies so that abnormal odours can be detected 
before being swamped by the smell from the opened 
abdominal cavity. 

The Y-incision is also required when dissection of the 
face is necessary, to look for deep bruising or bony damage. 
In fact the whole face can be dissected off completely from 
the skull and replaced with little effect upon the cosmetic 
result, if careful dissection is employed. The Y-incision in 
the neck is made continuous with the transverse scalp inci- 
sion, joining these behind each ear, so that the anterior 
neck and facial skin can be removed in entirety. 

Returning to the autopsy in general, the primary inci- 
sion should be shallow over the neck to avoid cutting 
underlying structures, especially the trachea. The thorax 
can be cut down to the sternum, but care must be taken 
over the abdomen, where a light cut is made, sufficient to 
incise only skin and fat. A small puncture should then be 
made in the peritoneum and a finger inserted to lift it away 
from the intestines. The knife is then used to cut outwards 
along the length of the abdomen, to avoid penetrating the 
intestines. 

The incision for access to the skull is made from behind 
each ear, meeting over the crown of the head. It is well to 
keep this posterior to the actual vertex, again to make the 
stitching less obvious, especially where the hair is scanty or 
absent. With abundant hair - and especially in children - 
the hair should be wetted and then combed backwards and 
forwards from a transverse parting made in the line of the 
prospective incision. Hair is not then severed and can be 
combed back later to cover the stitching. 

Exposing the body cavities 

The skin, subcutaneous tissues and fat are flayed off laterally 
from the main incision, taking care not to let the edge or 
point of the knife come through the skin, especially in the 
neck area, where repair can be unsightly. The tissues are taken 
back to the lateral edge of the neck and to the outer third of 
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FIGURE 1.1 1 Autopsy incisionc (a) standard midline, (b) 'Vshape' 

and (c) subckzvinrlar. 

the clavicles. Over the thorax, the tissues, including pectoral 
muscles, are flayed off to the midaxillary line in the upper part 
and even h t h e r  posteriorly towards the costal margin. 

The anterior abdominal wall is similarly separated. This 
can be done either in nvo stages, first stripping back the 
skin and fat to expose the muscles - or the full thickness of 
skin, fat and muscle can be reflected together. The muscle 
must be cut from the costal margin and, if thick fat over- 
lies, then some transverse relieving incisions can be made 
on the peritoneal surface of the lower abdominal wall, 
taking care not to come through to the skin. 

Opening the thorax 
The thorax is opened by first disarticulating both stern- 
oclavicular joints. This is carried out by moving the 
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shoulder tip with one hand, to identie the joint capsules. The 
point of a knife is then introduced vertically and cut lat- 
erally in a half-circle to separate the joints. If they are anky- 
losed, which often occurs in old age, then the clavicles can 
be cut through at the end of the next operation. This con- 
sists of the severing of the ribs and can be performed either 
with a handsaw or a rib shears. In children and many adults, 
the costal cartilages may be cut through with a knife, 
though this provides a rather narrow exposure of the chest 
contents. In infants, the soft cartilage can easily be divided 
with a scalpel: in older bodies, a stout knife should be kept 
for the to save blunting the knife that is needed for 
organ dissection. Often the first rib has to be sawn through, 
even though the remainder are cut with a knife. 

When a saw is used, the ribs are cut through lateral to 
the costochondral junctions from a point on the costal 
margin to the sternoclavicular joints or nearby. If a saw is 
used, it must be kept at a low angle to avoid the tip lacerat- 
ing the underlying lung, especially if there are pleural adhe- 
sions. When the sternum and medial rib segments are free, 
the section is lifted and dissected away from the medi- 
astinum, keeping the knife close to the bone to avoid cut- 
ting the pericardiurn. The sternal plate is examined for 
fractures or other lesions before it is put aside: damage 
caused by the considerable trauma of resuscitatory cardiac 
massage is frequently found at this point. 

The whole of the thorax and abdomen is now open for 
inspection. The degree of inflation of the lungs should be 
assessed, noting complete or partial collapse, emphysema, 
overdistension and any asymmetry of inflation. 

If a pneumothorax has been suspected beforehand, a 
post-mortem radiograph is the best confirmation. 
Alternatively, the chest wall can be punctured in the mid- 
axillary line after filling the reflected skin with water to 
observe if bubbles escape. This test is rarely successfil and 
cannot succeed if there is a patent communication between 
the pleural cavity and the bronchial tree. If there is a 
marked tension pneumothorax, the hiss of escaping air may 
be heard when the tip of the knife penetrates the intercostal 
muscles and parietal pleura. The pleural cavities are 
inspected for adhesions, effusions, pus, blood, fibrin and 
even gastric contents. 

Examining the abdomen 
The abdomen is then inspected, though ascites, faeculent 
fluid, pus and blood may already have escaped on first 
opening the peritoneal cavity. 

The omentunl may show inflammation or fat necrosis. 
When moved aside, the loops of bowel are inspected for any 
abnormality, especially infarction, peritonitis and the disten- 
sion of ileus. Beware of mistaking post-mortem hypostasis 
for the necrosis of rnesenteric embolism or strangulated bowel. 
Though the dark colour may be similar, hypostasis usually 
has irregular segments when the gut is stretched out, whereas 
infarction occupies one continuous section - and if well 
established, the bowel wall will be lustreless and friable. 

The bowel is gently moved aside to look at the posterior 
part of the abdomen: a retroperitoneal haemorrhage from a 
ruptured aorta may be visible, or an aneurysm itself. 

FIGURE 1.12 The minimum instruments 

neededfirpPrforming an autopsy. Any 

firrther items may be wej i~ l  but not essential. 



The autopsy: internal examination 

The collection of body fluid samples 

In a large proportion of forensic autopsies and virtually 
every one with criminal connotations, samples of blood 
and other body fluids and tissues are needed for laboratory 
examination. In relation to sexual offences, the taking of 
swabs and other samples is described in Chapter 18. Where 
blood and other fluids are required for toxicological, bio- 
chemical, microbiological and serological investigations, 
they are usually collected at the early stages of the autopsy 
(see Chapter 27). 

The site of collection depends on the nature of the test. 
When samples for toxicological analysis are required, con- 
siderable care should be employed in sampling; this is more 
fully discussed in Chapter 27. 

It is not advisable to use visceral blood for sampling, 
especially for small molecule substances that can easily dif- 
fuse after death; these include alcohol and many pharma- 
ceutical products. Though older textbooks advocate the use 
of heart blood as a convenient source of samples, it may be 
conraminated by post-mortem diffusion from the stomach 
and intestine. After death, the cellular barrier of mucosa 
and serous membranes breaks down, and substances in the 
stomach, intestine and air passages can migrate to other 
organs in the main rhoracoabdominal cavity, causing a false 
rise of the true ante-mortern blood level. 

Pounder (1985; see Chapter 27) found that a slurry con- 
taining alcohol and paracetamol, placed in the trachea after 
death to resemble gastric contents, gave rise to appreciable 
concentrations of those substances in blood samples taken 

from thoracic vessels, whereas femoral blood remained 
uncontaminated. 

For substances such as carboxyhaemoglobin this does 
not matter, but alcohol is the prime example of a potential 
source of error if visceral blood is collected. The better 
choices for collection sites are: 

Ei by needle and syringe puncture of the femoral vein 
before the autopsy dissection begins. This requires 
practice but, in adults, 20 ml can usually be aspirated 
without trouble. This is the method of choice if only an 
external examination is possible. 

B from the subclavian or external iliac veins afier the 
body has been eviscerated. By holding a small container 
under the cut end of a subclavian vein and raising the 
arm, blood can be collected directly. If the flow is slow, 
the arm can be massaged towards the shoulder. 
Similarly - and preferably if volume is required - by 
cutting across the iliac veins at the brim of the pelvis, 
a container can be dropped into the pelvis with its 
mouth under the vein and blood massaged into it by firm 
pressure moved up the inner thigh. As all these containers 
will be soiled externally, the blood should be decanted 
into a fresh tube for transmission to the laboratory. 
I when the skin is dissected off the neck, the internal 

jugular vein is exposed, especially if a sternomastoid 
muscle is divided and pulled aside. When cut, a 
copious flow of blood is usually obtained, which can be 
collected directly into a container. The only 
disadvantage of this method is that if the blood wells 

FIGURE 1.13 
(chylomicron) 

vessels suggestil 

White shining fat d r o p h  

I in mesenterial lymphatic 

 postprandial state. 
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up from the thoracic inlet via the superior vena cava, 
heart blood is likely to be admixed, with the possible 
errors mentioned earlier. If the blood is collected from 
the upper segment of the jugular, then blood from the 
head is collected: this flow can usually be stimulated by 
raising and lowering the head during collection. 

Samples for serology, microbiology and for analysis for 
substances such as carboxyhaemoglobin, which are not 
absorbed from the gastrointestinal tract, can be collected from 
any blood vessel, but blood should never be scooped up from 
the general body cavity after evisceration, as this can be con- 
taminated with any leakage from other structures, such as 
gastric or bowel contents, mucus, urine, pus or serous fluids. 

Blood for microbiological culture has traditionally been 
taken from the heart but there is no particular merit in this 
as opposed to peripheral blood. If an infective endocarditis 
is suspected, it is best to open the heart later with a sterile 
scalpel and excise the mitral or aortic valve cusps or vegeta- 
tions for direct culture. Otherwise, blood for culture for a 
suspected septicaemia is taken from a peripheral vein. 

Urine can be collected by catheter before autopsy or even 
by suprapubic puncture with a syringe and long needle. 
However, it is usually obtained after the abdomen is opened, 
but before the organs are removed. If the bladder is full, the 
hndus is penetrated, and urine collected either by syringe or 
directly into a container. If almost empty and contracted, the 
fundus is gripped and pulled upwards so that it stretches, 
then is incised and the contents removed by syringe. Care 
should be taken not to contaminate the urine with blood. 

The removal of vitreous humour and cerebrospinal fluid 
may be required for toxicology or for attempts at estimat- 
ing the time since death by the potassium content (see 
Chapter 2). Vitreous humour must be aspirated with care if 
any reliable results are to be attained. A fine hypodermic 
needle attached to a 5 ml syringe is inserted into the outer 
canthus of the globe after pulling the eyelid aside. When 
released, the lid will cover the small puncture mark, hiding 
any sign of interference. The needle should be entered into 
the centre of the globe to avoid aspirating material near the 
retina, which has a markedly different chemical compos- 
ition due to shreds of detached retina entering the aspirate. 
The fluid should be sucked off slowly and gently, and as 
much taken as possible to obtain a mixed fluid: both eyes 
should be used, as they often differ somewhat in their 
chemical composition. After withdrawing vitreous, the 
globes can be re-inflated with water, to improve the cosmetic 
appearance of the eyes. 

Cerebrospinal fluid may be obtained in the same way as 
in living patients, by passing a needle into the theca 
between the lumbar spines. A baby can be held upright by 
an assistant in a fully flexed position; an adult must be 
pulled into flexion whilst lying sideways on the autopsy 
table. An alternative technique is to perform a cisternal 
puncture through the atlanto-occipital membrane. 

As there is no pressure within the theca in a cadaver, the 
fluid must be actively aspirated: sometimes all attempts at 
obtaining fluid by external puncture fail. The only course 
then is to try to puncture the ventricles through the 
exposed brain surface when the skull is opened. Attempting 
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to obtain clear cerebrospinal fluid from the interior of the 
skull after removal of the brain is generally useless: though 
blood-stained fluid can be centrifuged to clarity, its chemi- 
cal composition is then unreliable. 

Removal of the viscera 

After the body cavities have been inspected, the organs are 
removed en bloc by a modified Rokitansky procedure, more 
accurately described as Letulle's method. First, the intestine 
is removed, as follows. 

The omentum is lifted upwards to expose the coils of 
small intestine. The uppermost part of the jejunum is iden- 
tified, where it passes retroperitoneally to join the termin- 
ation of the duodenum. Here the mesentery is perforated 
with the knife and the gut cut through. If it is essential to 
retain the duodenallgastric contents or the small intestinal 
contents, two string sutures may be passed through the hole 
and tied before cutting the gut between them, but little con- 
tents are lost if this is not done. The intestine is stripped out 
by cutting along the mesentery near the attachment with 
the bowel until the ileocaecal valve is reached. 

The caecum is then mobilized medially using manual 
traction with minimum use of the knife, to avoid punctur- 
ing the lumen. When the hepatic flexure is reached, the 
omentum is pulled downwards to draw the transverse 
colon tense against the mesocolon, which is cut through, 
taking care not to open the adjacent stomach. The splenic 
flexure is then pulled medially and downwards, and the 
descending and sigmoid colon separated from the posterior 
abdominal wall. The upper rectum is cut across, though 
some pathologists merely lay the gut outside the body, 
leaving the sigmoid and rectum attached. 

Removing the neck structures 

To make the removal of the neck structures easier, a block 
10-1 5 cm high should be placed under the shoulders of the 
cadaver. This allows the head to fall back and thus extends 
the neck. This should be done gently, as with all handling 
of the body, to avoid the well-known 'undertaker's fracture', 
which is a subluxation of the lower cervical spine due to 
tearing of the intervertebral disc at about C G C 7 .  This 
can be misinterpreted as an ante-mortem injury, especially 
if the other common artefact of haemorrhage over the 
anterior longitudinal ligament of the cervical spine is present 
(Prinsloo and Gordon 1951). The neck structures are then 
freed by passing a knife under the skin of the upper neck 
until it enters the floor of the mouth. The knife is then run 
around the inside of the mandible to free the tongue. The 
tissues at the back and sides of the pharynx are divided, and 
the tonsillar area cut through. Fingers are then passed up 

behind the mandibular symphysis to grasp the tongue, 
which is then drawn down, the remaining tissues behind 
the larynx being divided to release the neck structures. This 
should be done as far lateral as possible, so that the carotids 
can be removed with the laryngeal structures. It is now 
advisable to look into the pharynx and glottis before any 
further disturbance, to see if any obstruction, bleeding or 
other abnormality is present in the upper airway. 

Removal of the thoracic contents 

The subclavian bundles of vessels and nerves are divided by 
passing the knife from inside the thorax around the medial 
ends of the cla~vicles and first ribs to release the trachea and 
oesophagus. With gentle traction, the neck structures are 
held up and pulled caudally, whilst carefully clearing all 
attachments to the thoracic spine with the knife, taking 
care to keep the blade on the bone and not stray anteriorly 
to damage oesophagus or aorta. 

Traction should be minimal and, as soon as the thorax 
is entered, the hand should move from the neck structures 
to place two fingers under the upper lobes of the lungs, lift- 
ing them and the mediastinum as the knife clears the 
midline structures down to the diaphragm. If the neck 
structures are pulled too hard by using them as a handle to 
drag out the thoracic viscera, they may be ripped off. In 
addition, the descending aorta may suffer transverse inti- 
mal tears from traction, which resemble the genuine 'ladder 
tears' seen in many traffk accidents (Chapter 9). 

Pleural adhesions may prevent clean removal of the 
lungs. If there are only a few, they can be cut through. If the 
whole pleural cavity is obliterated by adhesions, they may 
be pulled away by making a cleavage plane with the hand 
and stripping them off. Sometimes (especially in industrial 
chest disease and old tuberculosis) the adhesions are dense, 
tough or even calcified. Removal of the lung may then be 
achieved by running a knife down the whole length of 
the parietal pleura over the inner anterior aspect of the 
ribs, and forcing a hand through the slit to form a cleavage 
plane to force the parietal pleura off the intercostal muscles 
and ribs. 

Removal of the abdominal organs 

When the chest organs are free, they are laid back in the 
thorax and the diaphragm incised. One hand should pull 
the liver and spleen medially, putting the left leaf of the 
diaphragm on the stretch, while the knife cuts it through 
laterally, near the costal margin. The cut curves posteriorly 
under the organs to reach the spine, where it must cut 
through the cruciate ligaments, then passes caudally behind 
the kidney, which is mobilized forwards. 
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The knife cut then curves up over the psoas muscle and 
ends at the brim of the pelvis. The same is done on the 
opposite side, the operator moving around the body if neces- 
sary. The chest organs are then lified and gently pulled 
forwards to carry the abdominal viscera towards the feet. 
Any resistance is usually due to incompletely severed cruci- 
ate ligaments, which must be transected. 

Eventually the organs will lay inverted across the pubis, 
secured only by the iliac vessels and ureters, which are cut 
through and che whole pluck of viscera taken away to the 
dissecting bench where running water and good illumin- 
ation must be available. 

Removal of the pelvic organs 
The treatment of the pelvic contents depends on the type 
of case. Where the presumed cause of death is unrelated to 
pelvic lesions, then in men the bladder may be opened 
widely and the mucosa and trigone inspected before the 
prostate is incised for examination. The testes are pushed 
upwards through the inguinal canals, which are widened 
with the knife. In women, the ovaries are incised and the 
tubes examined from above before the uterus is sliced in the 
midline from fundus to cervix. 

A more thorough examination of either !gender may be 
made by enucleating the pelvic contents. The knife is 
passed cir~umferentiall~ around the pelvic bowl after 
pulling the bladder away from the pubis. When the walls 
are free, the knife cuts through below the prostate and then 
through the lower rectum to allow the pelvic organs to be 
lifted out. In women the ovaries and tubes are mobilized 
forwards and the knife passed around the wall of the pelvic 
bowl, then in front of and below the bladder. The vault 
of the vagina and rectum is transected, freeing the whole 
contents. In cases where sexual interference or abortion is 
suspected, a special technique described in Chapter 19 is 
employed. 

Removing the brain 
Attention is then turned to the head. The scalp is incised 
across the posterior vertex from a point behind the ear to the 
corresponding place on the other side. Where a Y-incision is 
used on the neck, the limbs of the Y may be continued right 
across the scalp, especially if a face dissection is necessary. 

The tissues are reflected forwards to the lower forehead and 
back to the occiput. The deep scalp tissues may peel off by 
traction, but often require touches of the knife to free them. 
Bruising is sought and, where head injuries are present or sus- 
pected, the scalp should be reflected right back to the nape of 
the neck, paying particular attention to the tissue behind and 
below each ear where injuries causing vertebrobasilar artery 

FIGURE 1.15 Angled sazu-ruts f ir  removal of skull-cap to avoid 

slippage during reronstrucrion. 

damage occur. Where there are facial injuries, the skin of the 
face may be peeled back from the jaw line and downwards 
from the forehead, restoration being excellent if care is taken 
not to perforate the facial skin during removal. 

The skull is sawn through, using either hand or power 
tools. The line of the cut should not be along a circumfer- - 
ence, as it is then impossible to reconstitute the head with- 
out unsightly sliding of the calvarium. There should be an 
angled removal, with a horizontal cut from forehead to 
behind the ears joined by a second, which passes diagonally 
upwards at a shallow angle over the occipitoparietal area. 
Care must be taken not to place this posterior saw-cut too 
vertically (and thus anteriorly) on the skull, or the brain 
may be damaged by forcing its removal through too narrow 
an aperture. 

The calvarium is then removed by leverage after com- 
plete cutting through. A mallet and chisel should not be 
used in forensic autopsies, even to ensure that the dura is 
kept intact. The risk of extending or even causing fractures 
by the use of excessive hammering is too great merely to 
justifj an unmarked dural membrane. A cut dura is easily 
recognized as such by any competent pathologist. What is 
more important is to inspect the surface of the exposed 
dura and brain and assess any oedema, bleeding or inflam- 
matory conditions that may be present. The skull-cap is 
carefully inspected for fractures and the dura peeled off the 
inside to study the inner skull surface. 

To remove the brain, the dura is incised around the line 
of skull removal and two fingers slipped beneath each 
frontal lobe. With gentle traction the frontal lobes are lifted 
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to expose the optic chiasma and anterior cranial nerves. 
The falx may have to be cut to free the brain, then a scalpel 
or blunt-pointed bistoury is passed along the floor of the 
skull to divide the cranial nerves, carotid arteries and pitu- 
itary stalk until the free edges of the tentorium are access- 
ible. A cut is made along each side of the tentorium, 
following the line of the petrous temporal bones to the lat- 
eral wall of the skull. Continuing with traction on the 
brain, but being careful not to impact the upper surface 
against the posterior saw-cut, the knife severs the remain- 
ing posterior cranial nerves and then passes down into the 
foramen magnum to transect the spinal cord as far down as 
can be reached. The hand is now slid under the base of the 
brain, which is rotated backwards for removal, any attached 
dura being severed where necessary. The brain is taken into 
a scale pan and weighed before either fixation or dissection. 

The floor of the skull is now examined and the basal 
dura stripped out with a strong forceps to reveal any basal 
fractures. Discarded dental forceps can be usel l  for this 
purpose. The venous sinuses are incised to search for throm- 
bosis. Where appropriate - and always in infants - the petrous 
temporal bones are sawn, chiselled or cut with bone forceps 
to examine the middle and inner ears for infection. 

Removal and examination of 
the spinal cord 

It is not an invariable routine to remove the spinal cord at 
autopsy unless there are indications that some lesion may 
be present. Where there is the slightest possibility of darn- 
age to the vertebral column, its blood vessels or the con- 
tents of the spinal canal, however, there should never be 
any hesitation in extending the autopsy to include this area. 

There are several methods of removing the cord and for 
full details, the texts of Ludwig (2002) or Knight (1983) 
should be consulted. Briefly, there are two main approaches 
to the spinal canal, the anterior and posterior. 

In the anterior method, the vertebral bodies are removed 
afrer complete evisceration of the body, by sawing through 
the pedicles by a lateral cut down each side. The advantages 
are that the body need not be turned over on to its face and 
an extensive dorsal incision is avoided, which requires sub- 
sequent repair. The author finds this method more labori- 
ous, however, especially in the thoracic region where the 
heads of the ribs make the approach difficult. 

The more usual posterior approach requires a midline 
incision from occiput to lumbar region, the paraspinal 
muscles being reflected along with subcutaneous tissues. 
Two parallel saw-cuts are then made down the length of the 
spine to divide the right and left laminae, and to give access 
to the spinal canal. This is best done with an electric oscil- 
lating saw, taking care not to cut so deeply that the spinal 

dura is penetrated. The strip of bone may be. dissected off 
from below upwards to expose the spinal canal. 

The cuts should be placed sufficiently lateral to allow the 
cord to be removed without difficulty. When the canal is 
exposed, the dura is examined for haemorrhage, infection 
or other abnormalities, then removed - still within its dural 
sheath - by transecting the nerve roots and dural attach- 
ments, and peeling it out progressively from below upwards. 
The dura is then carefully opened with forceps and scissors 
to examine the cord itself. It can be fxed in formalin, as 
with the brain, before cutting, or dissected immediately and 
samples taken for histology. Crushing, infarction, infection, 
haemorrhage and degeneration are the main lesions in a 
forensic context. The empty spinal canal must be carefully 
examined for disc protrusions, tumours, fractures, haemor- 
rhage dislocations and vertebral collapse. 

Where in any autopsy spinal damage is suspected, a good 
preliminary test is to slide the hands under the back of the 
eviscerated body on the autopsy table and lift the dorso- 
lumbar spine upwards, whilst watching the interior vertebral 
bodies. If a fracture or dislocation is present, abnormally acute 
angulation will be seen, instead of smooth bending. The cer- 
vical spine can be tested by manual manipulation. If suspi- 
cious angularion is seen, a slice can be taken along with the 
anterior spine, through the vertebral bodies and discs, with an 
electric or handsaw. This will reveal the interior of the spine 
and exhibit any crushing, haemorrhage, or torn disc spaces: 
if one of these is found, the cord must always be removed. 

EXAMINATION OF ORGANS 

Examination of viscera 

The thoracic and abdominal viscera are laid on a cutting 
bench at a convenient height and under good illumination. 
Ample washing water should be available from a flexible 
pipe, to flush the tissues as dissection proceeds. Some 
pathologists maintain that this should not be done, as the 
water can have an effect on the quality of subsequent his- 
tological sections, but this has recently been disproved 
(Cotton and Stephenson 1988). In any case, the vastly infer- 
ior naked-eye examination that results if blood is not 
removed at frequent intervals greatly outweighs any unsub- 
stantiated objections about the more exquisite details of cell 
structure, especially as in most forensic autopsies the gross 
appearances are usually far more important. 

The viscera should be laid so that the tongue faces the 
pathologist, with the aorta upwards. The same sequence of 
examination should be carried out whatever the nature of 
the case, so that a fixed routine will ensure that nothing is 
left undone. 
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FIGURE 1 . 1  G The two approaches to the spinal canal for the 

removal of the spinal cord a t  autopsy. 

The neck structures 

The tongue is examined for disease and injuries, including 
bites suggesting blows in the jaw or epilepsy. The tongue 
should be sliced to detect deep haemorrhages sometimes 
seen in strangulation. Such haemorrhage is seen mostly at 
the sides and centre of the mid-part of the tongue. Gross 
congestion, which may be due to either pressure on the 
neck or to other congestive modes of death, is usually in the - 
posterior part of the tongue. The tonsils and pharyngeal 
walls are inspected. 

The glottis is examined for mechanical or infective 
obstruction, and the hyoid and thyroid horns palpated for 
fractures. The oesophagus is opened with large (20 cm) blunt- 
nosed scissors, which along with a very sharp 10-15cm 
bladed knife and a long-bladed 'brain knife', are the most 
useful tools for performing an autopsy. 

The carotid arteries on each side are opened, including 
the bihrcations and sinuses. If necessary, the upper portions 
of the carotids are explored in the body itself and followed 
to the base of the skull. If thrombosis is suspected, the 
intracranial part should be examined in the cavernous sinus. 

Returning to the neck structures, the thyroid should be 
sliced and inspected, then the oesophagus opened almost to 
the cardia of the stomach and any suspect material such as . . 

capsules, tablets or ~ o w d e r  retained for analysis. 
The scissors are then passed down the posterior line of 

the larynx and trachea to the carina. If pressure on the neck 
of any type, such as strangulation, is suspected, then special 
examination should be made, as described in Chapter 14. 

The trachea and main bronchi should be inspected for 
disease and obstruction. Gastric contents are often found, 

but the significance of this is discussed in Chapter 13 - it 
should not be assumed that ante-mortem aspiration has 
occurred merely from the presence of gastric contents in 
the air passages. 

The lungs 

The lungs are then removed, after careful examination of 
their external surfaces for patchy collapse, emphysema, 
petechiae and so on. Almost every autopsy will reveal a few 
petechiae, especially around the hilum and in the interlobar 
fissures. Their significance is also discussed in Chapter 13. 

The lungs are removed from the thoracic pluck by passing 
a long-bladed knife (such as a brain knife) under the hilum 
with the blunt edge upwards. The knife is settled in the cor- 
rect posirion hefnre turning the sharp edge upwards to cut 
through the hilum. Before doing this it may be necessary to 
remove adhesions over the diaphragm and to cut through the 
pulmonary ligament, a thin sheet of tissue that ties the infer- 
ior medial edge of the lower lobe to the mediastinum. 

As the hilum is being cut, the pathologist must notice if 
any embolism is visible within the pulmonary arteries. It has 
happened that such an embolism has slid out and been 
washed unnoticed down the sink. Some pathologists insist on 
opening the main pulmonary trunk and even right ventricle 
before removing the lungs, to seek a saddle embolus. This is 
not necessary, as any large embolus will be readily visible on 
examining the heart and the lungs in the usual sequence. 

Both lungs are taken off and the hilurn inspected before 
being laid aside for cutting. The lung should be weighed 
before cutting, as appreciable oedema fluid can run away dur- 
ing dissection. Then each is laid with the hilum down on the 
dissecting board, the opportunity being taken during hand- 
ling to evaluate weight and oedema, as well as emphysema. 

The lung is held on the upper surface by the left hand of 
the operator (or by an interposed sponge) and the organ 
cut across in the sagittal plane from apex to base with the 
large brain knife, held parallel to the board. This produces 
an anteroposterior slice, the lower medial part carrying the 
hilum. The cut surfaces can now be opened like a book and 
the surface examined for oedema, tumour, pneumonias, 
infarction, trauma and so on. The smaller bronchi must be 
inspected for such signs as mucosal thickening, infection 
and blockage. The smaller pulmonary arteries may reveal 
thrombosis or embolism that was not visible in the larger 
vessels. 

INFLATING THE LUNGS WITH FORMALIN 

In some medico-legal autopsies, especially in industrial 
lung disease such as pneumoconiosis or asbestosis, one or 
both lungs need to be inflated with formalin for fixation 
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before cutting. This preserves the shape and histology in 
excellent condition, but delays examination for at least 
several days. It is carried out by holding or tying a cannula 
into the bronchus while 10 per cent form01 saline is per- 
fused through a tube from a reservoir held about 1 metre 
above the lung. The lung is then lefi in a bath of formalin 
covered with a formalin-soaked cloth to prevent drying. 

The heart and great vessels 

There are almost as many ways of examining the heart 
as there are pathologists, and each operator must decide upon 
the method that appeals most. In this summary there is no 
space for discussion of post-mortem angiography, which is 
moving from the field of research and special interest into 
routine use. A common and practical routine for examin- 
ing the heart is described here. 

First, the organ mass minus the lungs is rotated so that 
the lower end now faces the pathologist. The scissors are 
passed into the cut end of a common iliac artery and passed 
right up to the aortic arch and around to a few centimetres 
above the aortic valve, staying outside the reflection of the 
pericardium. The interior of the aorta is studied, especially 
for the degree of atheroma and for any aneurysms or 
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trauma. The inferior vena cava is opened from its lower end 
into the liver. The organ pluck is then turned over so that 
the heart is uppermost. The pericardiurn is inspected exter- 
nally for fluid and blood tamponade, then opened widely 
with scissors. The heart is delivered through the incision 
and inspected externally for pericarditis, adhesions, discol- 
oration of an underlying infarct and cardiac aneurysms, for 
example. In a child, the thymus would be inspected and 
dissected off at this stage. 

The heart is then removed by holding it up with the left 
hand so that its attachment is tensed against the other 
organs. A long knife, such as a brain knife, is then passed 
horizontally across at the reflection of the pericardium, cut- 
ting through the root of the aorta and other great vessels 
just above the atria. 

The now-detached heart is washed externally and placed 
in the anatomical position on the dissecting board, with the 
apex facing the operator and the anterior surface upwards. 
It should not be weighed until all the contained blood and 
clot is removed. The general size, shape and ventricular pre- 
ponderance should be noted. Any dilatation or thickening 
of the pulmonary conus should be noted as an index of 
right ventricular hypertrophy, especially if striae of trans- 
verse muscle fibres are seen crossing the conus. 

Aorta 

Pulmonary 
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FIGURE 1.17 Incisionsfor opening the 
heart at autopsy. (a) The right atrium is 
slit with an incision ( I )  to join the vena 
cava to the appenhge; a cut parallel to the 
interventricular septum is made on the 

anterior wall of the right ventricle 
(2) passing up through the pulmonary 

conw. (6) These cuts are joined through 
the tricwpid valve (3). (c) The heart is 
reversed and the left atrium opened ly a 
cut (4) joiningpulmonary veins. (d) On 
the anterior wall a cut (5) is made parallel 
to the septum through the mitral value and 

joined by (I;) which passes through the 
aortic valve. 



1: The forensic autopsy 

The right atrium is then opened by introducing the scis- 
sors into the inferior vena cava and cutting across to the - 
atrial appendage. The interior of the atrium is examined 
and the septum and tricuspid valve inspected. 

The interventricular septum is then identified externally 
by the vessels running down the outside. With a knife a cut 
is made about 15 mm to the right of and parallel to the 
septum, over the right ventricle. This should be deep enough 
to enter the lumen, but not enough to cut the posterior 
wall. The scissors are now introduced into the cut and run 
up through the pulmonary conus and into the pulmonary 
artery until they meet the transected end. They are also 
extended downwards to the apex of the ventricle. The scis- 
sors are now put in midway down this linear cut and passed 
outwards at right angles, guided by the fingers of the left 
hand passed into the tricuspid valve from the opened 
atrium. The whole of the right side of heart is now open 
and displayed. It should be washed out and the endo- - .  

cardium and valve examined. 
A similar routine is now employed on the left side. The 

scissors are introduced into a pulmonary vein and passed 
horizonrally across to an opposite vein, thus opening the 
atrium. Fingers are introduced down through the mitral 
valve to estimate its size and detect any stenosis. 

The heart is then restored to the anatomical position and 
a cut made again parallel to the septum, but on the left 
side, going deeper as the ventricle is thicker. Guided by the 
fingers still in the mitral valve, the cut is extended upwards 
through that valve and out at the top of the atrium. 

A finger is now passed up the outflow tract to the aortic 
valve to estimate its size. Then the scissors are passed up at 
the side of the mitral valve, and the aortic valve and aortic 
stump opened. The whole heart is now open and can be 
washed out and weighed. 

Various estimates of the normal heart weight exist and 
vary considerably (see the Appendix 1). It has been related 
to gender and body weight, though this is not altogether 
sound, as a fat person of moderate stature does not have a 
heart weight comparable with a large muscular person 
unless there is associated hypertension. This controversial 
matter cannot be pursued here, but as a rule of thumb the 
author (BK) accepts up to 380 g as normal in an adult man 
of average build. 

After weighing, the endocardium and valves are exam- 
ined, then the coronary arteries. Once again, controversy 
exists about methods of opening the coronary vessels, but 
the weight of opinion now lies almost universally with 
those who cut serial interrupted cross-sections with a knife, 
rather than open them longitudinally with small scissors. 
The disadvantages of lengthwise opening are that percent- 
age assessment of stenosis or the recognition of total occlu- 
sion cannot be made once the vessel is flapped open, as 

restoring the cut edges can never reproduce the original 
conditions. In addition, the tip of the scissors may dislodge 
thrombus or an intimal flap. Cutting across the vessels 
allows an estimate of the percentage stenosis. It is admitted 
that this may not be the size of the lumen during life when 
normal blood pressure is operating, but the same disadvan- 
tage applies to longitudinal opening. An estimate of luminal 
size is relatively constant, however, in that the collapsed 
abnormal can still be compared with the collapsed normal. 

The coronaries are therefore cut across at frequent inter- 
vals. Before the first cut, the ostia are examined for congen- 
ital variations (which are frequent) and for obstruction. The 
left coronary artery is then cut across from the epicardial 
surface, starting as close to the ostium as possible, as occlu- 
sion and severe stenosis can occur very near the origin. Serial 
cuts are then made at intervals of not more than 3 mm, first 
into the common trunk, then following the lefi circumflex 
laterally until the vessel becomes too small, usually when it 
dips down from the epicardium to become intramuscular. 
The anterior descending branch is then followed down the 
front of the septum almost to the apex. 

Turning to the right coronary artery, the proximal seg- 
ment is cut back from the point where the right ventricle 
was opened, transecting the artery in its mid-part. The cuts 
are made back to the aorta, then the distal segment is fol- 
lowed laterally until it becomes the posterior descending 
branch. During this process, the dominance of right versus 
left vessels is noted. 

Difficulty arises where severe calcification exists, as the 
knife either fails to cut through the artery or shatters it 
because of the excessive force required. The lumen is 
crushed and the percentage stenosis is difficult or impos- 
sible to assess. Scissors may be used to exert more force 
than a knife, but the only real solution is to decalcify the 
vessels. Except for research purposes, it must be admitted 
that the days or even weeks of delay occasioned by decalci- 
fication provide a formidable deterrent for the busy coro- 
ner's pathologist unless the issues involved are important. 
Post-mortem angiography is the other alternative, though 
where autopsy caseloads are high, this can be difficult to 
arrange. 

Once the coronary arteries have been examined, the 
myocardium can be studied more closely. One useful tech- 
nique is the intramural or 'sandwich' cut through the thick- 
ness of the left ventricle. This is easier when there is some 
ventricular hypertrophy, but can be carried out in any heart. 
The heart is placed open on the cutting board, with the 
endocardium downwards. A long knife such as a brain knife 
is passed carefully into the cut edge of the left ventricle and 
sliced right through the muscle, keeping equidistant 
between endocardium and epicardium. The myocardium 
can then be opened out like a book, showing the interior 
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with any infarcts or fibrotic plaques. If histological blocks 
through the entire wall are needed it is best to take these 
before slicing the heart as described, otherwise a full- 
thickness block will be hard to obtain. Some pathologists 
make a series of transverse heart slices about 8-10 mm thick, 
starting at the apex, before opening the heart. This displays 
the distal myocardium wall, but cannot expose the proximal 
part, as examination of the coronary arteries would then be 
compromised. 

Examining the abdominal organs 

The remaining organs are laid on the dissecting surface in 
the anatomical position, with the liver and stomach away 
from the pathologist, and the anterior surface upwards. 

The stomach is opened and, if there is any question of 
requiring the contents for analysis, a suitable container 
should be ready. The stomach is washed externally with a 
stream of water and a small cut made in the greater curva- 
ture. If the contents are to be saved, this can best be done 
with the edge of the stomach projecting over the raised cut- 
ting board or over the edge of the sink, so that the con- 
tainer can be held underneath. The contents are allowed to 
run into the container, then the greater curvature is opened 
widely with scissors, and any remaining contents drained 
or scraped out. If powder or other substance is adherent to 
the mucosa, this can be scraped off and added to the con- 
tainer, or kept in a separate tube for analysis. 

Some laboratories require the stomach wall to be 
retained for analysis as well as the contents. This can be 

done afier the organ has been fully opened and the lining 
examined. If the contents are not required - or when they 
have been collected - the organ is opened up from cardia to 
pylorus along the greater curvature. The lining is washed 
and inspected. The scissors are now passed through the 
pylorus around the duodenum until they meet the point 
where the gut was detached earlier. The gall bladder may 
be squeezed to demonstrate the patency of the bile ducts. 
In some few cases, bile may be required for analysis, as in 
morphine or chlorpromazine overdose. 

The adrenals are examined next, the right one being on 
top of its kidney, the left being on the medial side. If the 
right kidney is taken in the left hand and lifted against the 
weight of the liver, a single cut into the stretched tissues 
between liver and kidney will transect the adrenal. The lefi 
is buried in the tissue between pancreas, spleen and kidney. 
The amount of cortical lipoid and the absence of bleeding 
or other abnormality is noted in each gland. 

The spleen is removed by cutting through its pedicle and 
is sliced after weighing. The pancreas lies under the stom- 
ach and should be cut lengthwise from the curve of the 
duodenum to its tail lying against the splenic hilurn. 

The kidneys are exposed by incising their capsules, often 
after a thick layer of pe r i r ed  fat is traversed. The kidneys 
can usually be peeled out of their capsules unless these are 
adherent. 

The renal vessels were examined when the aorta was 
opened, but can be re-examined at this stage and the ureters 
inspected. The organs can be detached at their hilum and 
weighed, then cut lengthwise to inspect the interior. The 
width of the cortex is important, being about 1 cm in a 

FIGURE 1.18 Collecting stomach contents 
at  autopsy. The exterior of the stomach is 

washedfiee fiom blood and the viscera 
moved to overhang the dissecting board. A 

chemically clean receptacle is held beneath 
the greater curvature while the latter is 
opened with scissors and the contents 
allowed to drain out. The stomach is then 
opened, the mucosa inspected and any 

adherent material scraped into the 
container. The stomach wall should then be 
dissected offand added to the contents if 
the laboratory is able to deal with tissue 
analysis. 
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healthy subject. The granularity of the surface and the 
clarity of the corticomedullary junctions is assessed, as well 
as the size of the renal pelvis. 

The small intestine may have been examined at the earl- 
ier stage of removal, but can be inspected now. It is not 
usual to open the whole length of the gut in a forensic 
autopsy unless there is any particular indication to do so, 
though ideally this should always be carried out. 

EXAMINATION OF THE BRAIN 

Afier weighing, a decision has to be made whether to exam- 
ine the brain immediately - the so-called 'wet-cutting' - or 
to suspend it in formalin until fixed, a process which takes 
at least several weeks. The advantage of fixation is, of 
course, that the firmness of the tissue allows thinner and 
more accurate knife-cut sections to be taken, as well as 
better histological preservation. Where neurological issues 
are involved, either traumatic or from natural disease, it is 
almost mandarory for the brain to be fixed before cutting. 
Even the impatience of the investigative authorities can 
usually be overcome if the advantages of a higher standard 
of opinion are explained. 

The technique of brain fixation is well known, but to sum- 
marize briefly, the brain is suspended in a container of 10 per 
cent buffered formalin, the volume being at least 5 litres and 
preferably 8. The brain is removed with the dura leaving the 
parasagittal bridging veins and & intact and suspending the 
brain in an upright position by the falx. An alternative 
method is to pass a thread or metal paperclip under the basi- 
lar artery and tie it to a support across the mouth of the con- 
tainer, so that the vertex is clear of the bottom. 

In the majority of autopsies there is no real need for fix- 
ation if no cerebral lesions are either expected or apparent 
on external examination of the brain. Here, 'wet-cutting' is 
sufficient, though if any unexpected lesions are found, the 
process can be stopped and the slices of brain fixed by pla- 
cing them in a large volume of formalin, on cotton wool 
pads, to prevent distortion. 

One lesion is better examined in the unfixed state, 
though the brain may be suspended later; this is subarach- 
noid haemorrhage. It is easier to wash away fresh, u n f ~ e d  
blood with a stream of water and blunt dissection than the 
hardened blood that develops during formalin fixation. 
Further details are given in Chapters 5 and 25. 

Whether the brain is examined 'wet' or fixed, the 
sequence is the same. The weight is first considered, the 
normal for a young male adult being between about 1300 and 
1450 g, the female equivalent being around 100 g less. More 
details are given in Appendix 1. It should be noted that for- 
malin fixation adds about 8 per cent to the original weight. 

FIGURE 1 .I 9 A bnzin sucpended in formalin for f iat ion bpfore 
cum'ng The tank is specially made ofjbreghs,  being cubicalfor 
stacking with a lid (not shown). There are lugs moulded into the sides 

to hold the supensoy strings, which SUPPOTT the brain by means of a 
paperclip hooked undpr the basilar artely. There should be su&ent 
fluid to allow the brain to float clear of  the bottom of the receptacle. 

The brain is first examined for surface abnormalities, 
which in forensic practice usually means haemorrhage. This is 
dealt with in Chapter 5, but suffice to say here that meningeal 
bleeding is one of the most important lesions in forensic 
pathology, be it extradural, subdural or subarachnoid. This 
means that examination of the cerebral vessels, especially the 
arteries of the circle of Willis and the vertebral vessels, is 
vital - especially in the search for berry aneurysms. The general 
symmetry of the brain is then noted as well as any depression 
of the cortex from skull or meningeal masses. An estimate of 
cerebral oedema is made, partly from the weight, but mainly 
from flattening of the gyri, filling of the sulci and evidence of 
hippocampal herniation through the tentorial aperture. In 
lesser degree this may be seen as grooving of one orgoth unci, 
though a normal slight anatomical groove is ofien present. 
True uncal herniation is marked and ofien discoloured as a 
result of incipient infarction. Similarly, herniation or coning 
of the cerebellar tonsils through the foramen magnum must 
be distinguished from the common anatomical pouting of 
many tonsils: true pressure coning is often discoloured by 
local infarction. After careful inspection of the basal vessels 
and the exterior of the brain, and palpation for any fluctuant 
masses under the cortex such as internal haemorrhage, 
abscesses or cystic tumours, the organ is cut. 

The first cut should be made through the cerebral 
peduncles using a long, broad-bladed knife to separate the 
cerebrum from the brainstem and cerebellum. The cerebel- 
lum is then held in one hand with the cut stem upwards. 



Ancillary investigations 

This is examined to assess the substantia nigra and aque- 
duct, as well as to note any primary or secondary haemor- 
rhage, the latter often being due to raised intracranial 
pressure. The cerebellum and pons are then cut down verti- 
cally and opened like a book to display the fourth ventricle, 
dentate nuclei and the interior of the cerebellum. The 
lower pons and medulla can be further sectioned trans- 
versely or longitudinally. 

The cerebral hemispheres are then placed base down on 
the cutting block and serial sections made in the coronal 
plane from the frontal lobes back to the occiput. The sec- 
tions should be about 1 cm thick and each should be slid 
into a sequential place in rows along the cutting board so 
that orientation is preserved. Cuts should be made with care- 
ful but bold sweeps of the knife as erratic sawing motions 
will leave an irregular surface on each section, which 
obscures a good view. Cutting a fresh brain is less satisfactory 
than cutting a firmer fixed brain, especially if there is any 
post-mortem autolysis or softening as in a dead ischaemic 
brain aher mechanical ventilation. 

F~CURE 1.20 An alto 
to have thefah intact 

brain base down info? 

*native r 

and ure 

malin. 
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Microbiology 
Though more common in clinical autopsies than forensic 
work, culture samples for 'bacteriology', virology and (rarely) 
fungi may be needed. Either plain swabs or swabs immersed 
in a transport medium can be employed for sampling a wide 
variety of sites at autopsy. Alternatively, tissue samples may 
be collected in sterile containers and this is the usual method 
for virological culture of lung and brain, for example. Blood 
cultures may be desired, and it is best to take blood with a 
sterile needle and syringe from a large vessel, such as the 
femoral vein, before starting the autopsy with its attendant 
inevitably widespread contamination with putrefactive 
organisms. Alternatively, blood can be taken from a freshly 
opened heart chamber using sterile instruments. 

In all autopsy investigations, unless cultures are performed 
soon after death, there is often widespread contamination by 
organisms that travel rapidly through the dead tissues, espe- 
cially from the gastrointestinal tract. It requires the expertise 
of an experienced microbiologist to advise on what is signifi- 
cant in the subsequent !growth in the laboratory. 

ANCILLARY INVESTIGATIONS 
Toxicology 

A wide range of samples may need to be taken either before, 
during or after the gross examination is completed. The 
nature of such ancillary investigations naturally depends 
upon the nature of the death, the history and the interests of 
the pathologist. 

This has already been mentioned and is further discussed in 
the later chapters of this book but, as far as the collection of 
specimens is concerned, it may be repeated here that sam- 
pling is extremely important if reliable analytical results are 
expected. Blood, urine, stomach contents, organs (especially 



1: The forensic autopsy 

liver), intestinal contents, cerebrospinal fluid, bile and ocu- 
lar fluid may be required. 

The containers in which specimens are collected must be 
chemically clean to a very high standard. They are often 
supplied by the laboratory that will carry out the analyses. 
For example, the Home Ofice Forensic Science Service in 
Britain supply a kit containing two large plastic tubs with 
lids, several universal containers, fluoride tube, syringes and 
needles, together with instructions as to type and quantity 
of sample needed for various tests. 

The pathologist should submit a form with the samples 
indicating the analyses required, the personal details of the 
deceased person, a brief history with details of suspected 
toxic substances, and a statement as to whether the subject 
was known to suffer from any infective condition, includ- 

L-n3r;r;c nr HIV ir?fecrion. "*b "'F .-"" '- 

Histology 
In most autopsies and inevitably in all criminal or litigious 
cases, the pathologist will need to carry out a histological 
examination on a range of tissues, even if only to exclude 
the possibility of some occult natural disease. The Royal 
College of Pathologists as well as the 1999 Council of Europe 
recommendation on the harmonization of medico-legal 

autopsy recommend that histology be taken from every 
autopsy. This advice should be followed wherever possible, 
even though in some medico-legal autopsies, the cost of such 
techniques may provide difficulty if the coroner or other 
commissioning authority declines to h n d  the procedure. 
It is customary to retain samples of liver, spleen, kidney, 
heart, lung, thyroid, adrenal, pancreas, muscle and brain as 
a minimum. Where there are indications to examine other 
parts of the body, these are retained in addition to the routine 
tissues. The tissues are either sampled by taking relatively 
large pieces at autopsy (which are later trimmed down to 
size) or by cutting blocks of a standard size (such as 20 X 

.I 2 X 5 mm) at the time of autopsy. 
The tissue is placed in a large volume of buffered 

formol-saline and allowed to fur for at least several days 
hefnre processing. The volume of fixative should be six 
times the total volume of tissue: it is all too common to see 
a mass of tissue squeezed into a small container, barely cov- 
ered with formalin, half-fured and even semi-dried. There 
are many specialized procedures also in use at present, such 
as histochemistry fluorescent microscopy and immuno- 
histochemical examination; these are used especially in rhe 
pathology of sudden death where evidence of early rnyocar- 
dial infarction is sought. This is discussed in the chapter on 
sudden natural death (Chapter 25). 

REQUEST FOR TOXICOLOGICAL ANALYSIS 

Name Age 

Post Mortem No Date of P.M. 

Date of Death Pathologist 

SPECIMENS SUBMITTED:- B l o o d u r i n e  Liver 

Stomach contents Kidney 

Intestines Brain 

OTHER SPECIMENS 

Any infective conditions suspected 

ANALYSIS REQUIRED 

BACKGROUND INFORMATION: 

FIGURE 1.2 1 Sampfe requestfirm fir 
toxicological analysis. 

I 
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AUTOPSY RADIOLOGY 

The details of radiological findings are discussed in each 
appropriate chapter, particularly in relation to child abuse, 
gunshot wounds, identification and dentistry. In general, 
radiology is similar to photography in the autopsy room, 
though it requires more bulky apparatus, and someone to 
operate the equipment and process the films. 

The quality of radiographic assistance available will vary 
widely from none to the most sophisticated techniques, 
even including computed tomography and even, in very 
few centres, magnetic resonance imaging (MRI). 

The main difference is usually whether the autopsy is 
carried out in the mortuary of a well-equipped hospital 
where there is radiographic apparatus, radiographers to use 
it and radiologists to read the films - or whether the 
autopsy is performed in some remote public mortuary or in 
makeshift premises far from clinical facilities. 

In many developing countries, radiography may be scarce 
for living patients let alone corpses, and the same standard of 
assistance for the pathologist cannot be expected. In larger, 
more affluent countries, remoteness may be the problem; 
here mobile equipment is available and sometimes used by 
forensic pathologists. There are small, portable X-ray kits 
that can be carried in two suitcases, and can function from 
an ordinary domestic power supply or from a portable petrol 
generator. In many instances a mortuary will have a small 
portable machine, sometimes one discarded from clinical 
use. This can be wheeled into position when needed, and 
films and technical assistance obtained from the nearest 
hospital, which is often adjacent. 

For isolated organs and tissues, cabinet-type radiographic 
equipment is available, which can be used without the assist- 
ance of trained radiographers. 

Where there is a large forensic institute, then full radio- 
logical facilities with the staff and equipment to operate 
and process plates will be available at all rimes. Where 
research projects involving radiology, such as post-mortem 
coronary angiography, are being carried out, there will usu- 
ally also be ample facilities for routine use. 

The stage at which radiolog is employed in an autopsy 
will vary according to the individual circumstances, but is 
Uely to be after the external examination is complete, but 
before dissection begins. Straight radiographs for bony injury 
are not often required, as the skeleton can be inspected 
directly by dissection in major trauma. The exception is child 
abuse, where, as fully described in Chapter 22, a full skeletal 
survey is needed before autopsy. Indeed, many forensic and 
paediatric pathologists would consider radiology essential in 
all infants who did not die of some obvious disease. 

Suspected air embolism, pneumothorax, barotrauma, 
gunshot and explosive deaths should have radiological exam- 
ination before the autopsy, and when a traumatic subarach- 
noid haemorrhage is suspected, vertebral artery angiography 
might be necessary, as described in Chapter 5. 

Mutilated remains, especially those from mass disasters, 
may need to be X-rayed, as may victims from fires where the 
external damage makes dissection difficult. Where bombs or 
explosive devices are involved, it is essential to have radio- 
graphs to detect any parts of the mechanism that are 
embedded in the tissues. 

Though the films are usually taken before the autopsy 
begins, some lesions may be better demonstrated on isolated 

FIGURE 1.22 Radiography is essential before 
some autopsies. Here it is being used to X-ray 
a gunshot wound of the chest. 



organs or structures. In child abuse, the callus of old frac- 
tures of posterior ribs may be better visualized on X-ray if 
the chest cage is dissected out, and radiographs taken with- 
out the sot? tissues and the obscuring structures of sternum 
and anterior ribs. Similarly, a block of upper cervical spine 
may better reveal fractures of transverse processes carrying 
the vertebral artery, or a larynx may show fractures of the 
hyoid or thyroid cornuae more clearly when they are 
X-rayed outside the body. 

FORENSIC PHOTOGRAPHY 

Many forensic pathologists take their own photographs of 
both scenes of death and of autopsy appearances. Others 
rely on professional photographers such as the police and 
hospital medical photographers. 

The standard of expertise amongst some doctor photo- 
graphers is excellent, and their pictures grace many lectures 
and textbooks. It is to the more inexpert camera operators 
that these few general tips are offered. 

The type of camera most favoured is the 35 mm single- 
lens reflex, of which there is now a vast range available, in 
all grades of sophistication and price. Some means of exact 
focusing is essential (either automatic or split-screen, for 
example) as picture sharpness is of prime importance. 

The rype of lens is a matter of personal choice, as some 
will prefer interchangeable lenses of various focal lengths. 
The standard 50 mm is most useful, but for scenes of crime 
or talung a full-length shot of a body in cramped conditions, 
a wide-angle lens of 28 or 30 mm is needed. A longer focal 
length of up to about 80 mm can be useful for close-up pic- 
tures of small lesions, but telephoto lenses of 100-200 mm 
are not required, though extension tubes, some with lenses, 
can be obtained for macrophotography. 

Many pathologists, including the authors, prefer ro 
combine lenses into a single variable-focus 'zoom' lens of 
28-80 mm range. This saves time spent in changing lenses, 
and the image resolution of good-quality equipment is 
virtually indistinguishable from fixed focal length lenses. 

Illumination is usually by electronic flash now often an 
integral part of the camera body, and the use of automatic 
thyristor control means that no complicated calculations 
about range are needed. For very close-range work, a flash 
attached to the camera may be unsatisfactory, so an extension 
cable is a useful and cheap accessory to keep the flashgun at a 
distance. Alternatively, the flash can be 'bounced' off the ceil- 
ing in the autopsy room or a 'ring-flash' around the lens used 
to avoid camera shadow. 

Some will prefer tungsten light rather than flash, though 
this is more cumbersome unless a fixed station is installed 
in the autopsy room for taking photographs of organs. It is 
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impracticable to use floodlights at the autopsy table or at a 
scene. 

The type of film depends on the nature of the illumin- 
ation. Speeds of 100 or 200ASA are more than adequate 
for most flash work, though 400ASA is now frequently 
used. Some keen medical photographers carry a separate 
camera body loaded with high-speed 1000ASA film for spe- 
cial circumstances. 

Ultraviolet (UV) and infrared sensitive film has been 
used to demonstrate surface lesions that are not visible to 
the human eye. It has been claimed that occult bruising can 
be revealed by UV photography, such as in child abuse, but 
care must be taken and experience gained to eliminate arte- 
factual false positives. 

Most doctors will want transparencies for projection at 
lectures, which can be made into prinrs, either colour or 
monochrome. If prints are specifically wanted for black 
and white publication in books or journals, it is better to 
take them originally on monochrome film, as colour nega- , 
tives do not provide quite the same quality reproduction in 
black and white. 

Some pathologists use Polaroid cameras either alone or 
together with conventional film. The advantage of instant 
prints is that a record of the scene of death can be obtained 
before the autopsy is carried out, and any findings checked 
back against the original surroundings. For example, if 
some linear mark is seen on the leg at autopsy, the patholo- 
gist can immediately refer to his Polaroid prints to check 
whether that leg had been resting on some object. Again, 
where multiple injuries exist, their number, position and 
size can be checked when writing the autopsy report, with- 
out waiting days or even longer for the police album to 
arrive. Correlation of wounds with blood splashes may also 
be useful. Such Polaroid pictures can be duplicated and 
even turned into transparencies, but it is preferable to have 
a conventional camera for these purposes. 

- - 

Recent advances in electronics are revolutionizing photo- 
graphy, and have wide application and for forensic 
and autopsy work. Electronic cameras of varying grades of 
sophistication, resolution and cost, can now instantly store 
images on a small internal 'memory stick' or CD-ROM, 
which can then be viewed immediately on a computer VDU 
or printed on a colour laser printer. These images can be 
manipulated in many ways to enlarge sections or correct 
colour balance, sent via modems to distant locations, or 
incorporated within textual material and reports. At present, 
good resolution can still be obtained more cheaply with silver- 
based film stock but this situation is changing in favour of 
the digital photography. Alternatively, photographs and 
slides can be electronically scanned within minutes, the optical 
image being digitized into electronic storage for similar 
manipulation. 
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All electronic images can also be stored on CD-ROM or 
DVD equipment, which offers huge storage and retrieval 
capacities for record-keeping and educational display pur- 
poses. In addition, single frames from video camera record- 
ings can be captured as still pictures and electronically 
stored. 

In relation to the actual photography, a marked improve- 
ment in the pictorial quality can be achieved with a little 
care in composition. At scenes of death the viewpoint is 
often limited and the surroundings have to be photo- 
graphed as they exist, without modification. The camera 
position can, however, usually be chosen to cut out as much 
extraneous background as possible. In the autopsy room, 
considerable improvement can be made by using the opti- 
mum viewpoint and by modifying the background. Many 
photographs are spoiled by having irrelevant and distracting 
objects in the background such as observers, buckets, boots 
and the other extraneous paraphernalia of the autopsy 
room. The picture frame should be filled as completely as 

possible with the object under display. A close shot should 
be taken to limit the irrelevant margins though, where neces- 
sary, anatomical landmarks should be included to orientate 
the viewer. The camera should be at right angles to the 
lesion being photographed, whenever possible. Tangential 
shots may foreshorten the required feature and, where size 
needs to be displayed, may distort both shape and length 
because of the foreshortening. A ruler or special white adhe- 
sive tape with centimetre markings should be placed very 
near the lesion or wound to provide a size reference. 

Where a feature is obscured or insignificant, it may be 
pointed out by a probe or finger held in the appropriate 
position. Where part of the picture area consists of the 
metal or porcelain autopsy table or dissection bench, allow- 
ance should be made in exposure, as these very reflective 
areas may give a false reading in the light meter of the 
camera and thyristor of the flashgun. 

If a full length or half shot of a body is required, an 
untidy background may be avoided by turning a mobile or 
rotatable table so that a blank wall forms the backdrop. If 
this is not possible, assistants can hold up a sheet behind 
the table to screen the distant confusion. 

When photographing viscera, the camera should be near 
enough for the frame to be almost completely filled by the 
required object. The shot should be vertical to the lesion 
and it is often necessary either to place the dissecting board 
on the floor, or for the photographer to stand on a stool or 
some elevation to gain the required height. 

Where isolated organs are being photographed, they 
should be placed on a green or blue cloth, such as a dis- 
carded operating gown. White can be used, though it may 
affect the exposure meter if much is visible around the 
periphery. The organ should be placed on the cloth in one 

movement and not moved thereafter, otherwise a wet dark 
stain will obtrude on the green or blue background. The 
organ should not be oozing blood onto its surface or onto 
the background. It should be dabbed with a dry cloth or 
sponge just before the photograph is taken to remove shiny 
wet highlights. 

Ideally a special stage for organs should be used, such as 
a glass-topped table with a coloured (usually green) back- 
ground set sufficiently far below the glass to be out of 
focus. Tungsten lights can be used to advantage on such a 
fixed stage. 

THE AUTOPSY REPORT 

Equally important as the autopsy itself is the report that the 
pathologist provides for whoever commissioned the exam- 
ination. An autopsy is of little value if the findings and opinion 
of the forensic pathologist are not communicated in the 
most lucid and helpful way. The report is an integral part of 
the procedure and should receive as much attention as any 
physical procedure in the autopsy room. Unfortunately, 
some pathologists treat the process of making a report in a 
somewhat cavalier manner, which diminishes the expertise 
that they may otherwise possess. 

The autopsy report is a permanent record of the findings 
and is especially vital for medico-legal purposes, when 
every word may be dissected in a court of law months or 
even years afterwards, and when all recollection of the 
examination has been driven from the mind of the pathol- 
ogist by hundreds of subsequent autopsies. In a clinical 
autopsy in a hospital, the dissection may be demonstrated 
and discussed at the time with the interested physician. 
However, the report of a forensic autopsy becomes a legal 
document of possibly vital significance, and every effort 
must be made at the time to make it as comprehensive and 
useful as possible. 

The form of the autopsy report 

Reports fall into two main types described below, and local 
practice and indeed legislation may determine which is 
used, irrespective of the wishes of the pathologist. The 
choice is, however, often dictated by the nature of the case. 

A free-style 'essay', which usually adheres to a 
conventional sequence, but leaves the pathologist free 
to expand on various aspects according to his estimate 
of their importance. This type is usually used in 
criminal deaths and cases in which litigation is likely. 
It has the advantage that any part of the autopsy can be 
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expanded without constraint; also the form of the H Internal examination. 
report can be turned into a legal statement or a 

deposition for the court with little alteration. 
Ell A printed proforma, in which the various sections of 

the examination and organ systems are already set out 
by title, leaving blank spaces for the insertion of the 
findings. The advantage includes the fact that this 
'shopping list' acts as an aide-mhnoire to those 
pathologists who do not conduct large numbers of 
autopsies - and also the non-medical recipient is more 

E2 A list of specimens and samples retained for further 
examination. Those handed to other agencies, such as 
the forensic science laboratory, should be formally 
identified by means of serial numbers and the name of 
the person to whom they were handed. 

!B The results of Further examinations such as histology, 
microbiology, toxicology and serology. When the main 
report is issued soon after the autopsy, these will not 
yet be available and a supplementary report will be 

- - 

able to follow the set pattern of the report. One necessary. 
disadvantage is that the spacing prevents flexibility of A summary of the lesions displayed by the autopsy - -. 

description unless the proforma is large, when much of 
the space may be left blank. Also there is rarely enough 
space at the end of the form for an expansive discussion 
and opinion about the precediiig facrua! fiiidings. This 
type of form is commonly used for non-litigious 
autopsies - for example, the usual coroner's cases of 
sudden death and suicide. 

Concentrating upon the more serious cases, the report, 
whatever the format, must contain certain information in 
some logical order. Consecutive numeration, computer 
codings and other administrative aspects are naturally con- 
ditioned by local practice, but the following matters must 
be catered for in all autopsy reports, though not necessarily 
in this sequence: 

Full personal details of the deceased subjecr, unless 
unidentified. This includes the name, gender, age, 
occupation and address. 

iil The place, date and time of the autopsy. 
The name, qualifications and status of the pathologist. 
Persons present at the examination. 
Usually, the authority commissioning the autopsy. 

H A record of who identified the body. 
H The name and address of the deceased subject's regular 

(or last) medical attendant. 
The date and time of death, where known. 

El The history and circumstances of the death. The 
inclusion of this on the actual autopsy protocol may 
not be permitted in some jurisdictions as it is hearsay 
evidence, but unless expressly forbidden it should be 
included, as it remains a record for the pathologist's 
own files. It also justifies his eventual cause of death in 

(often coded for departmental computer retrieval). 
Discussion of the findings, if necessary in the light of 
the known history. 

. . 
% op:n:3n as fe che definite or rr?osc !ike!y sequence of 

events leading to the death. 
A formal cause of death, in the format recommended 
by the World Health Organization, suitable for the 
completion of a death certificate. 
The signature of the pathologist. 

The 'external examination' should record those details 
described earlier in the chapter, the major items being: 

El The height, weight and apparent state of nutrition. 
The presence of natural disease such as oedema, 
abdominal swelling, cutaneous disease, senile changes, etc. 

EiI Identifying features such as skin colour, tattoos, scars, 
congenital or acquired deformities, dentures, eye colour 
and hair colour. When identity is an issue, naturally 
this section will be greatly expanded. 
The presence of rigor, hypostasis, decomposition and 
abnormal skin coloration. Body and ambient 
temperature should be recorded where appropriate, 
with calculations concerning the estimated range of 
times since death, though this aspect may well be 
deferred until the final 'Summary and Conclusions'. 

Ei The condition of the eyes, including petechiae, arcus 
senilis, pupil size, and the condition of iris and lens. 

BI Condition of mouth and lips, including injuries, teeth 
and presence of foreign material. 
Condition of external genitals and anus. 

B3 Listing and description of all external injuries, recent 
and old. 

those cases where the morphological findings are scanty The internal examination records all abnormalities, 
or even absent, as his conclusions will be strongly usually in a conventional sequence such as: 
influenced by his pre-knowledge of the mode of death. 
When the autopsy report is converted to a statement or Cardiovascular system: heart weight, any dilatation, 
deposition for legal use, this history may be omitted by ventricular preponderance, congenital defects, the 
those legal authorities responsible for transcribing the pericardium, epicardium, endocardium, valves, 
document. coronary arteries, myocardium, aorra, other great 
External examination. vessels and peripheral vessels. 



Respiratory system: external nares, glottis, larynx, 
trachea, bronchi, pleural cavities, pleura, lungs 
(including weight) and pulmonary arteries. 

@ Gastrointestinal system: mouth, pharynx, oesophagus, 
peritoneal cavity, omentum, stomach, duodenum, small 
and large intestine, liver (weight), pancreas, gall bladder 
and rectum. 

@ Endocrine system: pituitary, thyroid, thymus and 
adrenals. 

@ Reticuloendothelial system: spleen (weight) and lymph 
nodes. 
Genitourinary system: kidneys (weight), ureters, 
bladder, prostate, uterus, ovaries and testes. 
Musculoskeletal system: skull, spine, remaining 
skeleton and musculature where necessary. 

%I Central nervous system: scalp, skull, meninges, cerebral 
vessels, brain (weight), middle ears, venous sinuses and 
spinal cord (when examined). 

The timing of the report 

As with the format, there are two schools of practice in this 
respect. One advocates the issue of as full a report as possi- 
ble on the gross findings as soon as the autopsy is com- 
pleted, usually within a day or two. Obviously this can only 
be a preliminary, provisional report, as it may have to be 
modified (sometimes radically) by the results of ancillary 
investigations that may take days or weeks to return. 
Virological cultures, for instance, may take up to 6 weeks 
before a growth can be reported. 

In a large proportion of forensic cases, however, espe- 
cially those due to violence, the gross findings are unlikely 
to be substantially amended by ancillary investigations, 
though the possibility must always be left open until data 
have been gathered in. 

The other philosophy will delay any report (except per- 
haps a provisional oral opinion) until everything is to hand, 
when a single final document is provided. 

Whichever course is adopted, one aspect is vital to both. 
The descriptive facts must be recorded at or immediately 
after the completion of the autopsy. It is vital that no 
significant interval - certainly no more than few hours - 
be allowed between the physical performance of the examin- 
ation and the setting down of the objective findings. The 
words 'setting down' are chosen carefully as the report may 
be handwritten or typed, or may be dictated to a secretary 
or into a tape recorder or other audio system. What is 
vital is that it is not consigned to the pathologists' memory 
for a few days, even reinforced by notes written on scraps 
of paper. 

In Britain and many other jurisdictions, the court may 
demand to see any contemporaneous notes and even tapes 
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from a tape recorder. Any diagrams, notes or rough drafts 
must be preserved for production on demand of the judge, 
coroner or advocates in court. Where the report is dictated 
(either to a secretary or into a tape recorder), then the first 
typed (or word-processed) draft constitutes the 'original 
report', along with any contemporaneous notes including 
body sketches. 

The use of printed body sketches can be a very useful aid 
in the autopsy room. Many versions exist from the simple 
front and back views of the whole body used in clinical 
neurology to multiple sketches portraying every possible 
view of the body surface. Separate diagrams are available 
for the male and female perineum, and for the different 
body proportions of infants. Used on a clipboard these dia- 
grams can be most useful, especially where there are mul- 
tiple injuries, or large areas of burns or abrasions. Each lesion 
can be drawn in, with a measurement noted alongside each 
and distances from anatomical landmarks recorded. The 
data from the sketches can be transposed to written form at 
the end of the examination. 

Discussion and conclusions in 
an autopsy report 

Some pathologists, usually those not normally concerned 
with criminal and litigious cases, claim that an autopsy 
report should be a bare recitation of the physical findings, 
with no discussion or interpretation of the significance of 
those findings. In the authors' opinion, this is an abdication 
of the pathologist's responsibility because, especially in crim- 
inal deaths, it is these condusions that are of most interest 
and use to che investigating officers, lawyers and courts. 

After the detailed description of the external and internal 
appearances, a short resum6 should be offered of the major 
positive findings and their relationship to the cause of 
death. In many cases this will be obvious, as in a gunshot 
wound of the head. Matters such as the probable type of 
weapon, the range, the direction and the likely rapidity of 
death, however, should also be discussed. 

When the findings are less clear cut, or are multiple, then 
the alternatives should be discussed, giving a differential 
diagnosis of the cause of death and detailing the possible 
sequence of events. If it is possible, a ranking order of prob- 
ability of the various alternatives can be offered. Time of 
death and the limitations of accuracy in this particular case 
should be set out when the issue is relevant to the investiga- 
tion. What is really required is as full an interpretation as 
possible, without venturing into the undesirable fields of 
unwarranted speculation or Sherlock Holmes style of over- 
interpretation, whch was the bane of forensic pathology in 
former years and is still practised too much even today, to 
the detriment of the good reputation of the speciality. 
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POST-MORTEM ARTEFACTS 

Forensic pathology can only be learned by experience but 
no account would be complete without drawing attention 
to common artefacts found at autopsy, which can mislead 
the pathologist with insufficient forensic experience and 
even lead to a miscarriage of justice. 

Some of the 'classic' mistakes were described many years 
ago by Shapiro (1954) and Moritz (1942), but each gener- 
ation of pathologists discovers them a new - or what is 
worse, fails to discover them. Most artefacts are described 
in the various chapters dealing with specific lesions, but a 
reminder of some of the most important is given here: 

The pancreas is one of the first organs to undergo 
autoiysis, becaux ol h e  procedyiic eiiiyiiies tiiirhiii i:. 
The autolysed tissue is often haemorrhagic and can 
easily be mistaken for acute pancreatitis, though 
histology will rapidly resolve the problem. 
Patches of haemorrhage, sometimes quite large and 
confluent, can occur in the tissues behind the 
oesophagus in the neck. These lie on the anterior 
surface of the cervical vertebrae and are caused by 
distension and leakage from the venous plexuses that lie 
in this area. They were described well by Prinsloo and 
Gordon (1 95 1) and are sometimes known by this 
name. Their importance lies in confusion with deep 
neck bleeding in strangulation (and sometimes with 
spurious neck fractures), which is why the skull should 
be opened before the neck in any suspected 
strangulation or hanging, to release the pressure in the 
neck veins before handling the tissues. 
Autolytic rupture of the stomach can occur post- 
mortem in both child and adult, described by John 
Hunter in the eighteenth century. This so-called 
'gastromalacia' appears as a slimy brownish black 
disintegration of the fundus with release of the 
stomach contents into the peritoneal cavity. 
Sometimes, the left leaf of the diaphragm is also 
perforated through a ragged fenestration, with escape 
of gastric contents into the chest. 
Heat fractures of the bones, either skull plates or long 
bones, may be seen in victims of severe fires, but are 
not evidence of ante-rnortem violence. Also in 
conflagrations, the 'heat haematoma' within the burned 
skull can resemble an extradural haemorrhage of ante- 
mortem origin. The site is often at the vertex or 
occiput; however, unlike the usual parietal 
haemorrhage, there is no fracture line crossing the 
middle meningeal artery, the usual cause of a true 
extradural bleed. The frothy brown appearance of the 
false clot, together with heating effects in the adjacent 

brain, should indicate the true diagnosis. Shrinkage of 
the dura due to heat may cause it to split, with 
herniation of the brain tissue into the extradural space. 
Severe burns of the body surface may lead to heat 
contractures of the limbs with tears over joints such as 
the elbow. These must not be confused with ante- 
mortem lacerations or incised wounds. 
The bloating, discoloration and blistering of a ' 

putrefying body must not be misinterpreted as disease 
on injury. Blisters are quite unlike those of burns and 
dark blackish areas of discoloration must be 
distinguished from bruising. The latter can be difficult 
and incision into the tissues to seek blood in the dermis 
is advised. Histological sections may help but, where a 
body is badly decomposed, special stains for blood 
+-- - ~ l d ~ e s  iii ihc h i ~ i d ~ ~ i ~ z !  sec:ior.s rnv xsis?, s d  3s 

alpha-glycophorin to detect red cell envelopes. 
However, ofien it is quite impossible to differentiate the 
discoloration of decomposition from true bruising. 
Blood or bloody fluid issuing from the mouth may be 
due to putrefaction, even if the body surface is not 
overtly decomposed. If the lungs and air passages are 
discoloured and filled with sanguineous liquid, then 
this must be taken to be cause of the purging from the 
mouth and nostrils. 

B Dark red discoloration of the posterior part of the 
myocardium is usually due to post-mortem 
gravitational hypostasis, not early infarction. Similarly, 
segmental patches of dark red or purple discoloration of 
the intestine is hypostasis, not infarction. The latter 
tends to be a single continuous length, the serosa being 
dull and the gut wall friable. 

3 Large petechiae or ecchymoses, sometimes with raised 
blood blisters, are often seen in the dependent skin of 
persons who have died a congestive death or where the 
upper part of the body has been hanging down after 
death. The usual place where these are seen is over the 
front of the upper chest and across the back of the 
shoulders, though in dependent heads the face may be 
shot with haemorrhages. 

El Resuscitation artefacts are of increasing importance to 
the forensic pathologist and are discussed later. 

EXHUMATION 

Exhumation is the retrieval of a previously buried body for 
post-mortem examination. This is usually followed by a 
first autopsy or a re-autopsy following new information. 
The term 'exhumation' is usually applied to the removal of 
a body buried in a legitimate fashion in a cemetery or 
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If poisoning is suspected, samples of the shroud, coffin 
trimming and any loose material such as packing or fluid 
should be retained for analysis. The body is then removed, 
undressed and a full autopsy carried out, as far as the condi- 
tion of the body allows. Putrefaction, adipocere and mummi- 
fication complicate the examination - sometimes, all three 
may be present in the same body. 

The pathologist is sometimes asked by the authorities or 
by lawyers whether a proposed exhumation is worth carrying 
out, because of doubts about the usefilness of the result. 
Certainly the balance between the potential advantages must 

FIGURE 1.24 Exhumation: when the 

cofin is mposed it m w t  be identified Ey the 
fineral director and the cofin plate 

checked. m a t h  from poisoning is 

suspected, samples of earth from above, 
below and the sides of the coffin as well 

as fiom a distant part of the cemetery 

m k t  be taken, together with a sample of 
any grave water. 

FIGURE 1.25 Following exhumarion, the 
body is transported to a momurry for f i l l  
autopsy. The former practice ofautopsy in  
inadequate premises near the cemetery is no 
longer justified. Here the original rotted 

infant coffin is placed within a new coffin 
for transit. 

be weighed awnst  the cost, publicity and distress to relatives 
that might be caused. In general, however, it is surprising 
how much information may be gained even when the body 
has been buried for many months or even a few years. Much 
will depend on the actual environment of the grave: a gravel 
or sandy soil, especially in an elevated position, will allow a 
body to remain in a much better state of preservation than 
one in the waterlogged loam of a valley. The author (BK) has 
seen burials only 20 years old with empty coffins containing 
silt, but no soft tissue or even bones (due to a constantly rising 
and falling water table) in an area of acidic peat. 



Exhumation 

graveyard ('inhumation'), rather than the recovery of an 
uncoffined, clandestinely buried victim of a suspicious 
death. The latter is really a true 'scene of crime' and the 
pathologist should treat it as such. 

Exhumations are required for one of the following 
reasons: 

Where all or part of a graveyard has to be moved for 
some development of the ground. Often no special 
examination of each body is made unless there is some 
historical or anthropological interest. 
Where some civil legal matter needs to be investigated, 
such as personal injuries for insurance or civil litigation 
for negligence - usually after a road, industrial or other 
accident. 
TVTl w IKTC new information or subsranriared aiiegations 
arise to suggest that a death was due to criminal action, 
either from injury or poison. 
In ancient or historical circumstances to investigate 
either the individual or a series of individuals for 
academic interest. A number of such investigations 
have been carried out on medieval and later 
inhumations in England, to study disease patterns 
and nutritional states in old populations - though 
many of these have been from dry vaults, rather than 
earth burials. 

The legal procedures authorizing an exhumation do not 
concern us here, as they vary greatly from country to 
country. In all jurisdictions, however, there must be strict 
safeguards to identify the grave and the coffin, so that 
no mistake can be made. The grave must be positively 
identified by the cemetery authorities by reference to plans 
and records: an official must personally point out the grave 
to be opened. 

Traditionally, exhumations are carried out at dawn but, 
except to avoid spectators and publicity, there is no real 
need to stumble about in a dark cemetery before first light. 
A better plan is for the grave to be dug down to just above 
cofin level by a mechanical digger or workmen on the 
previous day so that, the following morning, the police, 
coroner, pathologist and others can arrive in time to see 
the final exposure of the coffin. The coffin nameplate must 
be cleaned and read to confirm the identity, and, if possi- 
ble, the funeral director who carried out the original burial 
should be present to identify the coffin and the plate. 

If there is a suspicion of poisoning, samples of earth should 
have been taken from the surface of the grave, from other 
parts of the cemetery and from immediately above the cofin. 
When the coffin has been removed, further samples should 
be obtained from the sides and beneath the cofin, but these 
matters will usually be attended to by forensic scientists. 

When the coffin is lifted to the graveside it is as well for 
the lid to be loosened a little by slackening the holding 
screws or prising the lid loose. This allows foul gases to 
escape into the open air, rather than in the mortuary. The 
coffin is then transported to the mortuary; if it is in a bad 
state of decay, it may have to be supported on a rigid base 
such as a trestle, or placed inside an extra large coffin or 
fibreglass shell. Excess earth and mud should be removed 
before transportation to avoid excessive fouling of the 
autopsy room. Where criminal action is suspected or has 
been alleged, a full photographic record must be kept (usu- 
ally by the police) of every stage from identification of the 
grave to the findings during the autopsy. 

At the mortuary, the coffin lid should be completely 
removed and the contents again identified, if possible by 
the funerai director who originaiiy buried: the body. He can 
again confirm the coffin plate, but also identifj the internal 
coffin fittings, such as fabrics and shroud. When the body 
has not been buried for too long, he may be able to identify 
the features of the corpse from personal knowledge. 

FIGURE 1.23 Exbumation: a police oficer making the final 

approach to the coffin. A metal cassion is lowered to protect the 

gravesides. The grave must be identz3ed Ey the cemetery 

superintendent. 
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Even negative information gained at exhumation, such 
as the absence of alleged or suspected fractures, may be of 
considerable legal value. Some poisons, especially heavy 
metals, may persist for many years in a buried body and be 
detectable at exhumation. Even some organic chemicals may 
survive for a long time; barbiturates have been found after 
7 years in a buried body. In all cases of suspected poisoning, 
it is vital that ample control samples are taken from the grave 
and its surroundings, to avoid the later accusation that any 
abnormal substances found were environmental artefacts or 
were unassociated with the corpse. 

THE AUTOPSY O N  THE 
PUTREFIED CORPSE 

In forensic work, decomposed bodies are commonplace, 
especially in warm climates. Though the value of an autopsy 
is progressively reduced as the state of putrefaction advances, 
no short cuts should be taken by the pathologist merely 
because of the unpleasant nature of the examination. 
However bad the condition of the corpse, every effort should 
be made to carry out the autopsy as near to the usual routine 
as possible. It is often surprising - as with an exhumation - 
how much information can be gained. The interior of the 
body is ofien far better preserved than the outward appear- 
ances would suggest, so a policy of defeatism that leads to a 
skimped examination should never be adopted. 

Externally, putrefaction hides bruising to a variable degree, 
the greenish black coloration of the skin masking the usual 

FIGURE 1.26 When the coffin isfirst 
opened in the mortuary, the coffin fitting 
andfabrics should again be identiJied by 
the fineral director, as well as the body and 

its clothes, ifthey can be recollected. This 

infant has been 6uriedf.r 3 years. The 

upperpart of the coffin has leaked 
allowing liquid mud to cover and 

substantially destroy the head. 

features of contusion. Abrasions, lacerations, incised wounds 
and gunshot wounds may, however, survive severe degrees 
of decomposition. Loss of bloody fluid from the mouth and 
nostrils (the so-called 'purging) is often mistaken by public, 
police and even some doctors as evidence of haemorrhage, 
but loss of serous, bloody or frothy fluid from any body ori- 
fice is common in the advanced stages of putrefaction. 

Peeling and slippage of skin may hide some abrasions, 
though they may be visible when the desquamated epidermis 
is removed and the underlying skin examined. Marks around 
the neck from the tissues swelling with gas and becoming 
embedded in a collar have been mistaken for strangulation. 

Where maggot or other insect infestation is present, 
some may be taken for expert entomological examination 
to help in assessing the post-mortem interval, as described 
in Chapter 2. As stated above, the external examination 
should be conducted as near as possible to the routine for a 
fresh body, and the back and perineum not neglected 
because of physical difficulties in handling the body. 

Identity may be a problem when the facial features are 
too bloated for visual recognition. The usual procedures 
described in the next chapter may be employed where neces- 
sary. Fingerprints may be required by the police to assist in 
identity, but decomposition may seriously destroy the fin- 
gertips. These may become swollen and desquamate, or 
may shrivel and become leathery. Several methods of 
restoring the amputated tips have been described: some 
recommend a simple method of immersing the tips in 
20 per cent acetic acid for 2 8 4 8  hours, when the shrivelling 
will swell to normal size. Others recommend immersion in 
glycerine. 
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Internally, much will depend on the state of decay. The 
abdominal and chest organs may be in a better state of 
preservation than the exterior. The subcutaneous tissues 
may be distended and crepitant with gas, as may be the 
swollen abdomen. Judicious penetration of the peritoneum 
with the tip of knife may be needed to release the pressure 
of gas. The technique of lighting the escaping methane 
with a burning newspaper may be spectacular and some- 
times near explosive, but does little to reduce the smell and 
is not to be recommended. 

Examination of the organs follows the usual pattern, modi- 
fied according to state of ~utrefaction. The heart may be 
limp and discoloured, with haemolysis staining of the endo- 
cardium and vessels. The coronary arteries are often very well 
preserved, especially if atheromatous or calcified, or both. 
Ante-mortem thrombi may persist even after the muscle is 
semiglutinous. The larynx may be discoloured, but the hyoid 
and thyroid horns can be examined for fractures and may 
need to be X-rayed. It may be difficult to detecr ante- 
mortem bleeding at the fracture sites. Fractures elsewhere in 
the skeleton naturally persist and may require radiography 
for their detection, as may foreign objects such as bullets. 

The brain often decomposes early, and all too often is 
merely a pinkish-grey paste within the dura. Gross lesions 
like a large meningeal or intracranial haemorrhage may 
survive for examination, but the trauma of removing the 
calvarium and attached dura may seriously damage a semi- 
fluid brain. In Belgium, where exhumations are common 
due to the very low primary autopsy rate, a technique was 
developed in the University of Gent whereby the head of a 
decomposed body was removed from the body and deep 
frozen until solid. The head was then cut across in the 
coronal plane with a band-saw, leaving the brain in two 
halves within the cranium. These were then immersed in a 
large volume of formalin until fixed, when they could be 
removed in a relatively solid state for examination. 

Internally, the detection of true subcutaneous bruising 
may be very difficult due to the discoloration of putrefaction. 
Histology is often highly unsatisfactory because of cellular 
lysis and degeneration; stains for haemoglobin may help in 
revealing focal collections of lysed blood, but are often dif- 
fusely positive even in control areas. Claims have been made 
for staining for glycophorin A to detecr red cell envelopes, 
as opposed to diffuse haemolysis (Kibayashi et al. 1993). 

RESUSCITATION ARTEFACTS 
AT AUTOPSY 

In recent years, the advent of effective, but often aggressive 
and invasive, resuscitation procedures has made the task of 
the pathologist more difficult. At autopsy, injuries and 

abnormalities are now often found that could be due to ter- 
minal and even post-mortem resuscitatory measures. Where 
the pathologist is made aware of these, he can often exclude 
the damage being due to non-resuscitatory injury, though 
even when he is informed of the procedures they can still 
mask or mimic more sinister trauma. When he is not made 
aware -or such information cannot be made available - then 
the difficulties of interpretation are compounded. 

There are now many publications describing resuscita- 
tion artefacts, including the review of Leadbeatter and 
Knight (1988). The following are the main categories of 
damage, for which the pathologist must always be alert: 

Bruising of the anterior chest wall, haemorrhage into 
the subcutaneous tissues and ~ectoral muscles, fractures 
of the sternum, fractures of the ribs, haemothorax, 
bruised lung, lacerated lung, ~ericardial haemorrhage, 
and even fractured dorsal spine, following energetic 
external cardiopulmonary resuscitation (CPR). 
Thoracic cage fractures are rare in children, however, 
because of the pliability of the ribs and costal cartilages, 
but it cannot be denied that they sometimes occur. The 
differentiation is naturally of vital interest where child 
abuse is being alleged. 

Internally all types of damage to the heart may occur, 
including ruptured atria and even ventricles, septal 
rupture and valve damage. The great vessels can suffer 
severe trauma, as described in the now extensive 
publications on resuscitation artefacts. Fat and bone 
marrow emboli in the pulmonary vessels have also been 
reported after cardiac massage (Mason 1993). 

Petechiae in the eyes and intra-ocular haemorrhages 
can occur after CPR, as well as afier violent sneezing or 
coughing; they are well known to occur during 
whooping cough. 
Bruising of the face and neck, finger marks and nail 
marks on the face and neck, and damage to the lips and 
inner gums from mouth-to-mouth resuscitation, when 
the face and neck have been gripped by hands. Damage 
to lips, gums, teeth and pharynx can occur from the 
introduction of an artificial airway or endotracheal tube, 
especially in difficult, hurried emergency situations. 

Injuries to the larynx, even including fracture of the 
hyoid and thyroid cornuae, can occasionally occur 
from these procedures, which are difficult to 
distinguish from manual strangulation if the 
circumstances are obscure. 
Puncture marks for venepuncture may be 
confused with injection marks in drug dependence. 
The introduction of intravenous cannulae into veins 
in the neck may cause large haematomata and more 
diffuse bleeding into the tissues alongside the larynx. 
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Similar bruising may occur around puncture sites 
in the arms and groin. Intracardiac injections leave 
marks on the chest wall and may lead to a slight 
haemopericardium. The effects of injected 
noradrenaline and electrical defibrillation on the 
histological appearance of the myocardium are well 
recorded, with contraction bands being the most 
obvious artefacts which can be mistaken for pre- 
existing myocardial ischaemia. 
Damage to the mouth, palate, pharynx and larynx 
can occur from attempts to introduce a laryngoscope 
or airway. Even fracture of the mandible has been 
caused in this way. In infants, even digital clearance 
of the pharynx can cause mucosal damage. Damage 
to the pharyngeal mucosa may cause bleeding, 
which can seem sinister to police or relatives; this 
may be mixed with -the fluid of pulmonary oedema 
to produce copious pink, bloody froth, seen in a 
number of cases, including sudden infant death 
syndrome. 
Electric defibrillator pads make marks on the chest, 
though these are usually easy to interpret, except where 
there is an unusual shape. Defibrillators and injected 
P-adrenergic catecholamines such as noradrenaline 
can, however, cause widespread histological damage 
to the myocardium, consisting of coagulation necrosis 
and contraction bands, which can be confused with 
infarction or electrocution. When both defibrillation 
and catecholamines have been used to resuscitate, 
the myocardial changes are even more marked 
(Karch 1987). 
During the Heimlich manoeuvre to clear an airway 
obstruction, rupture of the oesophagus, stomach and 
intestines have been reported. The oesophagus can be 
perforated by an incorrectly inserted airway. In the 
abdomen, external cardiac massage may cause ruptured 
stomach, ruptured liver, and damage to spleen and 
pancreas. 
Gastric contents in the air passages may have 
reached there by spontaneous agonal regurgitation 
or by pumping the chest and upper abdomen 
during resuscitation attempts. This makes the 
finding of vomit in the larynx and trachea of even 
less significance as a cause of death, as discussed in 
Chapter 14. 

E2 The administration of oxygen by mask or tube may 
cause damage, as can overenergetic mouth-to-mouth 
resuscitation. Ruptures of oesophagus and lung have 

- - 

occurred, and other types of barotrauma include 
ruptured stomach and intestine. Where a pre-existing 
gut lesion exists, the administered gas may escape into 
the abdomen. The diagnosis of a pre-existing 

pneumothorax may be impossible where forced 
ventilation has been administered. 
In the central nervous system, subarachnoid 
haemorrhage has been described after external cardiac 
massage, and from hyperextension of the neck to pass 
an airway or perform mouth-to-mouth resuscitation. 
The forced posture can tear the vertebral arteries, 
making another source of confusion for the-forensic 
pathologist in this difficult area of potential trauma to 
the neck (Chapter 5). 
Myocardial and pulmonary bone marrow embolism 
has been reported following cardiac massage (Dziecol 
et al. 1992). 
Retinal haemorrhages, classically a sign of raised 
intracranial pressure and of head injury, have also been 
described in whooping cough and after CPR. 
Miscellaneous artefacts of which every pathologist 
should be aware include: skin maceration from a body 
lying in urine, kerosene, etc., post-mortem burns from 
adjacent radiant heat or hot-water bottles; and 
petechiae and larger haemorrhages in the face from 
postural hypostasis. 

MASS DISASTERS - THE ROLE OF 
THE PATHOLOGIST 

With the exception of the more dramatic murders, the 
activity which focuses most public attention on the work of 
forensic pathologists is the mass disaster. Unfortunately, 
such tragedies are becoming more common with the 
increase in terrorism, the expansion of travel facilities and 
the larger size of passenger aircraft. Recent years have seen a 
tragically frequent need for the expertise of mass disaster 
teams, following such events as the Zeebrugge and Estonian 
ferry capsizes, football tragedies like Ibrox Park, Heysel, 
Moscow and Hillsborough, crush tragedies at Mecca, and 
numerous massive aircraft crashes, such as Tenerife, Air 
India, Japan, Lockerbie and most recently the terror attacks 
in the USA. Mass disaster management is a discipline in 
itself and only the briefest summary can be offered here, 
together with useful references at the end of the section. 

Forward planning 
Many pathologists will thankfully spend their entire careers 
without having to participate in a major mass disaster; a 
commonly accepted definition is the death of more than 
12 victims in a single event. No one can predict when such 
a tragedy might occur, however, as typified by the 1988 
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Pan Am sabotage, when almost 300 bodies fell out of the sky 
on a quiet and unsuspecting Scottish village. It is thus essential 
that every forensic institute, department and individual 
pathologist should make some forward provision for such 
an eventuality. In Britain, the Royal College of Pathologists 
(1990) have published a useful booklet on the role of the 
pathologist in these disasters. 

In most advanced countries each region now has a Mass 
Casualty Plan covering medical and hospital services, fire 
service and police. This is often very detailed, covering every 
aspect of transfusion, drugs, casualty transport, emergency 
surgery and anaesthesia. The plans are clinically orientated, 
but often completely ignore provision for the dead - or they 
have some cursory statement at the end such as 'Mortuary 
accommodation will be provided' with obviously no thought 
given to how several hundred corpses are to be accommo- 
dated and examined. Though clinical planning is, of course, 
vital - especially in rail disasters, multiple motorway crashes 
and urban bomb outrages - it has to be appreciated that, in 
many air crashes, there are few if any survivors, and that all 
the clinical planning may be redundant, leaving a massive 
and unprepared crisis in relation to the dead. 

It is therefore essential rhat forensic pathologists should 
ensure that, in the area for which they are responsible, there is 
cooperative preplanning that includes adequate provision 
for collection, accommodation, examination and disposal of 
large numbers of dead victims. Naturally the pathologist is 
usually in no position to do this alone, but he is often the 
person with the most foresight and professional knowledge to 
act as the stimulus and catalyst between the major agencies 
responsible for overall planning These are usually the police 
and the local health administration. When a Mass Casualty 
Plan does exist, but has serious omissions in respect of dealing 
with the dead, or where no such plan exists, the forensic 
pathologist should energetically stimulate the responsible 
authorities into making a comprehensive plan. This entails a 
series of meetings to identify danger areas in the region (such 
as airports, motorways, railways and military installations), 
and to discuss potential buildings for temporary mortuaries, 
the provision of materials such as markers, plastic bags and 
labels, which may be needed in large quantities at a few hours' 
notice. Communications between such groups as police, 
pathologists, mortuary and laboratory technicians, radiogra- 
phers, and dentists also need to be established in advance. The 
expertise of international funeral directors with experience in 
mass disaster fatalities is invaluable. 

The objects of pathological investigation in mass disas- 
ters are: 

to retrieve and reconstruct bodies and fragmented 
bodies decently 

Bi to establish personal identity 

to conduct autopsies on some or all of those bodies 
to establish the cause of death in some or all, especially 
air crew and drivers, and to assist in reconstructing the 
cause of the disaster 
to obtain material for toxicological analysis (especially 
alcohol and carbon monoxide) where appropriate 
to seek evidence of the cause of the disaster from 
autopsy examination, such as bomb or detonator 
fragments that may be embedded in the bodies. 

Outline of necessities in mass disaster 
planning 

PROVISION OF PATHOLOGISTS AND OTHER STAFF 

Depending upon the scale of the tragedy, it may be neces- 
sary to recruit other pathologists to assist. In large cities, 
there may be sufficient persons with expert forensic know- 
ledge, but elsewhere, hospital pathologists may be able to 
assist; forensic pathologists from a distance may also volun- 
teer. It has to be remembered rhat a really large disaster may 
need many days or even weeks of work, and therefore per- 
sonnel may be unavailable for the whole period. In add- 
ition, whatever the degree of willingness and unselfish 
devotion offered by doctors and all other staff, the physical 
and especially psychological stresses of this harrowing work 
mean that strictly limited periods of work should be 
imposed. Apart from the deleterious effect upon the doctor, 
the standard of work declines dramatically with fatigue and 
therefore it is in the interests of the investigation - as well as 
of the pathologists - that sufficient staff be recruited. This 
may, however, be easier said than done. One person must be 
in overall charge of the investigation. Usually a senior police 
officer has the ultimate responsibility, but the medical 
aspects should be firmly under the control of a senior 
pathologist, though he must delegate extensively to avoid 
being swamped by less important tasks and thereby being 
rendered totally inefficient. Again, all these aspects are 
modified by the scale of the disaster. Proper facilities for 
meals, rest and washing must be established, and again for- 
ward planning is essential for these mundane, but vital, fea- 
tures. Forensic dental and radiological expertise will be run 
independently by their own specialists, but there must still 
be a nominal chief in the form of the senior pathologist 
who acts as overall coordinator and arbiter of medical 
matters. 

When a disaster, almost always an aircraft crash, occurs 
in some remote place or abroad where there are no satisfac- 
tory forensic or pathological services, it is the usual practice 
for a team from the country of origin of the aircraft - or a 
volunteer team arranged at governmental level - to fly to 
the scene and provide expertise to the local authorities. 
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In many advanced countries, especially Britain, the armed 
services have permanent aviation pathologists who deal 
with all service aircraft crashes anywhere in the world and 
who are often available to deal with, or attend as advisers, 
any civil air disaster. 

PROVISION OF MORTUARY FACILITIES 

Most hospital mortuaries and even larger public mortuaries 
have limited storage capacity for bodies, and even smaller 
provision for performing simultaneous autopsies. It must 
also be appreciated that the normal business of a mortuary 
has to continue even through a mass disaster, so the massive - 
increase in work is an addition to, not a substitution for, 
the normal handling facilities. Where more than about ten - 

bodies are involved, most mortuaries cannot cope with these 
problems, especially when it has to be remembered that 
some of the corpses may have to be retained for considerably 
longer periods than usual if identification cannot be made 
rapidly. Thus external facilities will have to be provided in 
some temporary accommodation. When the disaster is a 
long distance from the regular mortuary, transport and other 
logistic considerations may make it imperative to store and 
examine the bodies nearer ro the crash site. Again forward 
planning is essential to identify hangars, storehouses, ernpcy 
factories, halls and other buildings near danger 
spots such as airports. Whenever possible, all bodies should 
be taken to one site, as the separation of identification sites is 
a recipe for inconvenience, delay and mistakes. It is some- 
times necessary, especially in remote regions, to set up tented 
mortuaries, but this is a last resort as facilities cannot be laid 
on with the same degree of efficiency Where the crash is 
totally remote, it is usual for the authorities or the armed 
services to bring out the dead by helicopter or other trans- 
port to an urban site. A prime example was the Mount 
Erebus crash in Antarctica, where the dead were flown back 
to New Zealand. If a warehouse, or factory or building of 
similar size, can be used, certain minimum facilities are 
needed. Good electric lighting, portable lights for close 
inspection, and power points for radiographic equipment 
and electric instruments are required. Adequate piped water, 
and washing and toilet facilities are essential. If any of these is 
deficient, then portable generators and water rankers must 
be supplied by the armed services or the police. Telephone 
and, if possible, telex and fax facilities should be available for 
the input of identifying data. 

In hot climates, or in the summer in temperate climates, 
body refrigeration is vital, not only for the decent preserva- 
tion of the dead but for retention of tissues awaiting identi- 
fication. If a disaster is too large to be handled in the usual 
mortuary, then some form of cooling is required. The rent- 
ing of refrigerated trucks used for the transport of foodstuffs 

is the usual answer and, again, preplanning is necessary to 
discover sources of such facilities. Sometimes portable air- 
conditioning units can be installed in part of the mortuary, 
if this is suficient to cool the storage area to an acceptable 
level. In disasters where there are both living and dead vic- 
tims, the mortuary should be sited away from the clinical 
facilities or screened in some way to avoid the distressing 
sight of bodies arriving being visible to survivors or their rela- 
tives, and the press. 

The temporary mortuary should be large enough for the 
expected load, and.the area to be used for examinations and 
autopsies should not be too congested. No one should be 
allowed in who does not have direct business there, no mat- 
ter of what eminence or rank. Security of admission should 
be tight, this being the responsibility of the police. Flooring 
should be waterproof and capable of being hosed down. It 
can be protected against blood, mud and burned fragments 
by covering with polythene from large rolls. Tables for 
examination can be wooden trestles, covered with polythene. 
These should be in rows one metre apart, with 2 metres 
between rows. 

Retrieval of bodies 
This is the task of the police or armed services, but must be 
carried out in a manner approved by the forensic identifjring 
team. It is essential that every body is first certified as dead 
by a doctor at the scene. Often, volunteer casualty surgeons 
may be the first medical persons at the scene, whose 
primary duty is to rescue living survivors and to confirm 
death in the remainder. 

Each body or fragment should be flagged with a sequen- 
tial and unrepeatable serial number and marked on a grid 
plan, being photographed in situ wherever possible. It is 
then bagged and taken with its numbered label to the mor- 
tuary. Different teams will have different methods of dealing 
with the logistics of handling data and, increasingly, this is 
being performed on either microcomputers or on terminals 
linked to a central computer. The police have responsibility 
for these aspects, as they collect and record the clothing and 
personal belongings that play such an important part in 
personal identification. 

Either the same serial number is used from the recovery 
stage or a different 'pathology' number is begun in the mor- 
tuary, which must be matched up with the previous serial 
number. Everything that has come from that body, includ- 
ing clothing, wallets, rings, teeth and jewellery, must carry 
the same number. 

The pathologist and lay assistants undress the clothed 
bodies, and dictate a description ofwhat is found as accom- 
panying artefacts. The clothes are stored in strong paper 
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FIGURE 1.27 Temporary coffins used to 
transport victims of the m/s Estonia disaster 
f fom the archipelago to the a~ top~ fac i l i t y .  

bags to avoid the fungal growth that inevitably appears on 
damp fabric kept in plastic bags. 

Many items will have been found loose at the site, but 
they must all be tagged and an attempt made to relate them 
to a nearby body, though this is obviously fraught with 
error. The objects found on a body are recorded on an 
inventory form and a separate form (usually the Interpol 
document) used for the purely medical and anatopatholog- 
ical aspects. The latter data are acquired by meticulous and 
systematic external examination, followed by an internal 
autopsy if this is to be carried out. 

Whether or not an autopsy is to be performed on some or 
all of the victims will depend upon facilities, availability of 
pathologists, the legal direction and the system prevailing in 
the particular country. The wishes of the legal authority, such 
as coroner, judge, medical examiner or police, will be the 
deciding factor in determining how many victims are sub- 
jected to autopsy. The pathologist should exert his influence 
where there is reluctance to sanction any autopsies, empha- 
sizing the benefit to the crash investigators of autopsy data 
on key victims. Pathology findings may often be of use - it 
has even been claimed that victims can be separated into 
smokers and non-smokers by finding 'smoker cells' in the 
lungs (Reiter and Risser 1994). 

As mentioned, the aircrew or other persons in charge of 
a vehicle or train should always have a full examination and 
analysis of body fluids as part of the accident investigation. 
Full photography of the clothing and bodies should be 
taken, and then all physical features such as height, weight, 
gender, race, colouring, scars, tattoos and deformities must 
be recorded. The forensic dental examination is then carried 

out on those bodies where obvious identity cannot be 
established by non-medical or dental means. 

Radiological examination will almost always be required to 
assist in identification from osteological features and dental 
aspects - and perhaps also to seek foreign bodies that may 
assist in accident reconstruction, such as metal fragments 
blown upwards into the thighs and buttock in a hold explo- 
sion in an aircraft bomb - or even parts of the bomb or det- 
onator itself, more especially in land-based terrorist attacks. 

Toxicology should be taken as extensively as possible, 
even from some of those bodies that are not to have an 
autopsy. The data acquired from this painstaking work is 
then forwarded to the police bureau who have been collect- 
ing personal data from the records and relatives of the 
victims, and efforts are made to match the two sets of data. 
This is increasingly being performed by computer, and 
many efforts have been made by international agencies 
such as Interpol to set up universally compatible systems so 
that data can be acquired and exchanged electronically via 
telephone systems and modems from any part of the world. 

In 1990, the Royal College of Pathologists published a 
definitive guide for pathologists to the problem of mass 
disasters, which is strongly recommended as a standard set 
of procedures. 

THE OBSCURE AUTOPSY 

Several surveys in various countries have shown that where 
a physician offers a cause of death without the benefit of 
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autopsy findings, the error rate is of the order of 25-50 per 
cent, even in deaths in hospital. Thus the value of an 
autopsy in improving the value of death certificates is 
undoubted, but it still has to be conceded that the autopsy 
is by no means infallible in revealing the true cause of 
death. Estimates of the frequency with which autopsies fail 
to deliver an adequate or even any cause of death vary from 
pathologist to pathologist, as well as with definitions of 
what type of case a is included in such series. For example, 
the sudden infant death syndrome (SIDS) could be con- 
sidered to provide 'negative autopsies', in that by definition, 
no significant findings are discovered. 

Even excluding SIDS, there is probably at least a 5 per 
cent 'failure rate' in autopsy series from large medical centres 
and forensic pathology departments. This rate will also vary 
according to the habits, personality and seniority of the 
pathologists involved. Contrary to what might be expected, 
a higher rate of negative conclusions will originate from 
older and more experienced pathologists than from juniors. 
The younger pathologist is often uneasy about failing to 
provide a cause of death, feeling that it reflects upon his 
ability, whereas the more grizzled doctor, enjoying the secur- 
ity of tenure and equality with - or even seniority over - his 
clinical and legal colleagues, is less inhibited in his admis- 
sions of ignorance when the cause of death remains obscure. 

These 'obscure autopsies' are more common in the 
younger age group. Even apart from SIDS, many autopsies 
on infants, especially neonates, are less than satisfactory in 
terms of definite morphological lesions discoverable in the 
autopsy room or the laboratory. The deaths often have a 
biochemical or hypoxic basis and, though inferences can be 
made from the clinical history, even expert paediatric 
pathologists have to make do with minimal or even absent 
findings in a significant proportion of cases. In teenagers 
and young adults, up to the age of about 35 years, there is a 
higher proportion of negative autopsies than in the older 
group, which provides the vast majority of the autopsy 
workload. An example is the obscure syndrome seen in East 
Asia, where Thai construction workers in Singapore sud- 
denly die with no demonstrable pathological cause, similar 
cases occurring in China, Japan and Hong Kong. 

This preponderance in the young may carry an inherent 
fallacy, even though there may be an absolute increase in the 
incidence of obscure fatal causes. The young adult does not - 

have the almost universal overlay of degenerative cardiovas- 
cular disease that is seen in the older group. Thus it is prob- 
able that the same occult disease processes occur in that 
older group as in the young, but as the latter do not have 
other lesions that can be grasped (usually quite legitimately) 
as a valid cause of death, then nothing presents itself to the 
pathologist. For example, on one autopsy table might be the 
body of a man of 22 who dropped dead shortly after taking 

part in a football match. There may be no adverse medical 
history, the gross examination revealed nothing abnormal 
and subsequently full histology with special stains, full toxi- 
cological screening, and microbiological and virological stud- 
ies, were unrewarding. No cause of death can be extracted 
from these negative findings and the case must be recorded 
as 'unascertained' - or, as Professor Alan Usher of Sheffield 
points out, as 'unascertainable', if the pathologist is feeling 
particularly omnipotent! 

O n  the next table in the autopsy room, however, may be 
a man of GO who has been found dead with no available his- 
tory. O n  examination he is found to have 60 per cent sten- 
osis of the anterior descending branch of his left c o r o n 7  
artery, but no recent or old damage to the myocardium. 
Histology may well be performed, with no further informa- 
tion obtained. The cause of death is likely to be recorded as 
'coronary artery disease' by most pathologists, yet he might 
well have died from the same obscure cause as the young 
man, but because he has just sufficient arterial degenerative 
disease to prove fatal, the latter is accepted as the most likely 
cause of death. This feeling of disillusion may be reinforced 
by the presence on the third autopsy table of another man of 
60 who has been killed by a firearm, yet who has 80 per cent 
stenosis of all three coronary vessels, this obviously having 
played no part in the death. 

Whatever the philosophical aspects of this problem, the 
practical difficulty remains of the pathologist's course of 
action when faced with negative findings in an autopsy. 

At the end of the gross examination in the autopsy room, - 
as the depressing realization increases that nothing signifi- 
cant has been found, further action will depend partly 
upon the facilities available to the pathologist, especially in 
relation to toxicological, biochemical, microbiological, 
virological and histological laboratory service. 

Before proceeding Further to review the dissection, atten- 
tion must be paid to obtaining adequate samples for ancillary 
investigations. In many cases, especially where the history 
alerts the experienced pathologist that this might be a diffi- 
cult case - and usually always in young people - samples of 
blood, urine and stomach contents will have been taken as 
routine during the removal and first dissection of the viscera. 

If a blood sample has not already been taken, it should 
now be obtained, preferably from a peripheral vein such as 
the axillary or femoral to avoid contamination from the 
now empty trunk cavities. If urine was not retained from 
the bladder, a few drops may still be found in that opened 
organ by suction with a syringe. Stomach contents may 
well have been lost, but the liver can be retained for toxico- 
logical analysis. It might be useful to take vitreous humour 
if urine and stomach contents have been lost. 

Some blood may be used for inoculation of blood culture 
bortles and swabs can still be taken for microbiological 



1: The forensic autopsy 

investigations. If a lung infection is possible, then either a few 
grams of lung tissue can be removed into a sterile jar, or 
swabs can be taken from peripheral bronchi or from the lung 
parenchyma itself. As the surface of all cut organs will have 
been contaminated during the first dissection, cuts should be 
made into the surface of the lung using a new sterile scalpel 
so that relatively fresh tissue is obtained for culture. At the 
same time, a cube of lung - or other organ if desired - should 
be taken into a sterile container for virus studies. 

Before tissue for histology is taken, a full review of the 
more vital parts of the dissection should be reviewed. Even 
in younger victims the first area to be studied again is the 
coronary system, and in older obscure deaths it is essential . . 

to re-examine these vessels. Although the coronaries should 
have been transected at short intervals (not more than 3 mm 
apart) on the first examination, it is prudent to retrace each 
vessel carefully from the aortic origin distally, looking again 
at each cut segment and, where the interval appears too 
large, to make further intermediate cuts. In addition, it may 
be wise to join the segments longitudinally between cuts, in 
case a small isolated thrombus is lurking in the lumen. This 
should be done for common lefi trunk, anterior descending 
branch, left circumflex and right coronary artery. 

This review of the coronary system sometimes pays 
dividends, especially in the middle-aged group that at first 
sight appears to have good coronary vessels. A tiny segment 
may be occluded or severely stenosed over a distance of 
only 2 or 3 mm, either by pure atheroma or by a subintimal 
haemorrhage, ruptured plaque or a localized thrombosis. If 
nothing is found, then after a quick review of the valves and 
great vessels, the myocardium can be sliced more extensively 
and a number of representative blocks taken for histology, 
to seek a myocarditis or some obscure cardiomyopathy. 

The other organs should be examined again, the pul- 
monary arteries being scrutinized for pulmonary emboli in 
the smaller branches. This is rarely productive, but the author 
(BK) has on several occasions found multiple small emboli 
in more peripheral lung vessels, although whether these 
were a valid cause of death was debatable. The brain should 
be looked at once more, with special attention being paid to 
the basal arteries. These should be opened with coronary 
scissors and the dissection carried up into the middle cere- 
bral arteries where they lie in the Sylvian fissures. It is also 
always worthwhile looking in the carotid arteries in the neck, 
though these should always be opened routinely at the first 
dissection from the aorta to a point just distal to the carotid 
sinuses; even the dificult area above this at the base of the 
skull has provided some surprises in the past. It is a place 
rarely examined, except by neuropathologists, but forensic 
pathologists should add it to their 'repertoire', as occasionally 
total thrombotic occlusion may be found, especially following 
some undisclosed neck injury. 

When a complete review of the gross pathology has 
proved fruitless, then a full histological survey is required, 
especially of the myocardium. Special stains such as phos- 
photungstic acid-haematoxylin, dehydrogenase enzyme 
histochemistry (which requires unfixed, frozen sections), 
acridine-orange fluorescence stains and any other tech- 
nique that the pathologist favours. Admittedly, where no 
cardiomegaly or coronary artery stenosis is present, the 
chances of finding an abnormality ate slight, but an iso- 
lated myocarditis is an outside chance. 

Toxicology may be difficult and expensive if there is no 
cause to suspect any particular drug or poison. A screen for 
unknown substances can be time consuming for the labora- 
tory, which means a large expense to public funds. An 
alcohol estimation and a screen for acidic and basic sub- 
stances, however, though not comprehensive, can at least 
exclude most common poisons. Microbiology and virology 
rarely point to a previously unsuspected fatal disease 
process unless the patient had clinical signs and symptoms 
before death. 

When all the results are available, which may take several 
weeks (especially in the case of virus cultures), the case 
must be reviewed and an honest opinion offered as to 
whether any positive findings are sufficient to have caused 
death. In the experience of the authors, these ancillary inves- 
tigations more often provide no help, than the times when 
they offer some assistance, but they must be carried out 
whenever possible in order to exclude such causes and to 
prevent allegations that the death was not investigated as 
fully as it should have been. 

If at the end of the process no cause of death is apparent, 
then the appropriate investigating authority must be 
informed that no opinion can be offered in the present 
state of medical and scientific knowledge. It can be added, - 

however, that the absence of injuries, evidence of poison- 
ing, lethal infection or well-recognized natural disease is in 
itself significant negative evidence in that it confirms what 
the deceased did not die of, and the assumption is then that 
the balance of probabilities is that it was natural causes, 
rather than some unnatural external event. 

There must be complete honesty on the part of rhe 
pathologist and a readiness to admit that the cause of death 
cannot be determined. The use of some meaningless euphem- 
ism such as 'heart failure' or 'cardiorespiratory arrest' is 
pointless and merely confuses the issue for non-medical per- 
sons such as police or magistrates. As mentioned above, there 
is a tendency on the part of some younger pathologists or 
histopathologists who rarely become involved in medico- 
legal cases to assume some unwarranted disease process or to 
attribute significance to insignificant fin&ngs. A mode of 
death is useless in lieu of a cause of death, so is the dangerous 
practice of using some agonal event such as 'inhalation of 
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vomit' where there is no eyewitness confirmation of such an Braden G. 1975. Aircraft type crash injury investigation of 
event talung place during life. It is also useless and positively a commuter train collision. Aviat Space Environ Med 
dangerous to guess at some totally unprovable process, such 46: 1 157-60. - .  
as 'vagal inhibition', 'reflex cardiac arrest' or 'suffocation', just 
because these conditions are thought to leave no traces and 
therefore a death with no traces must be due to such a cause. 
This is illogical thinking and has led to several miscarriages 
of justice in the pax, as well as to far more family anguish. 

As the pathologist increases in experience and maturity, he 
or she is more ready to concede that he cannot find a cause of 
death, and this is far more satisfactory. In forensic work, this is 
not 'abrogating responsibilities' but being objective, sensible 
and just. There is no point in producing a speculative cause of 
death if that cannot be substantiated in later court evidence or 
legal statements. It is, of course, quite justifiable and indeed, 
part of the pathologist's responsibilities, to discuss the range 
of possible causes with the authorities responsible for investi- 
gating the death, but to be dogmatic about a single cause 
where the grounds for such a decision are tenuous does not 
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Most of the discussion concerning the definitions of death 
belongs to the field of legal medicine and even that of ethics, 
rather than forensic pathology. Notwithstanding this, a 
quick review of this complex problem is appropriate here, as 
when we come to describe the various post-mortem phe- 
nomena, some appreciation is necessary of the zero point 
from which such changes are timed. 

TYPES OF DEATH 

Cellular death follows the ischaemia and anoxia inevitably 
consequent upon cardiorespiratory failure, but it is a process 
rather &an an event, except in the exceptionally rare circum- 
stance of almost instantaneous total bodily destruction, such 
as filling into molten metal or a nuclear explosion. Even frag- 
mentation of a body by a bomb does not kill all cells instantly. 

Different tissues die at different rates, the cerebral cortex 
being vulnerable to only a few minutes' anoxia, whereas 
connective tissues and even muscle survive for many hours, 
even days after the cessation of the circulation. 

It is conventional to describe two types of death: 

@ somatic death, in which the person irreversibly loses its 
sentient personality, being unconscious, unable to be 
aware of (or to communicate with) its environment, 
and unable to appreciate any sensory stimuli or to 
initiate any volunrary movement. Reflex nervous 
activity may, however, persist, and circulatory and 
respiratory functions continue either spontaneously or 
with artificial support so that the tissues and cells of the 
body, other than those already damaged in the central 
nervous system, are alive and functioning. 
cellular death, in which the tissues and their 
constituent cells are dead - that is, they no longer 
function or have metabolic activity, primarily aerobic 
respiration. 

Brain death 
Without trespassing too far into clinical medicine, it may be 
further noted that-somatic death is virtually equated with 
brain death. When the higher levels of cerebral activity are 
selectively lost, either from a period of hypoxia, trauma, or 
toxic insult, the victim will exist in a 'vegetative state'. Here 
the survival of the brainstem ensures that spontaneous 
breathing will continue and therefore cardiac function is not - 
compromised. The victim can remain in deep coma almost 
indefinitely - certainly for years - though debilitating 
complications such as postural skin necrosis, muscle contrac- 
tures, and secondary chest infections may well shorten life. 
Such vegetative patients are not considered 'dead' by most 
standards, though there is a faction of the medical profes- 
sion who claim that, because of the irreversible loss of their 



The indications of death 

awareness of themselves and the world around them, they 
can no longer be considered 'human beings'. 

As they are not on life-support machines, however, there is 
nothing short of euthanasia that can be done about their con- 
dition. Attitudes are changing, however, as evidenced by the 
case ofTony Bland, who declined into a persistent vegetative 
state, with functioning respiration, after hypoxia caused by 
crush asphyxia during the Shefield Hillsborough football 
disaster. After several years in this persistent vegetative state, 
his family obtained the consent of the courts in 1993 to allow 
nutrition to be withdrawn and natural death to supervene. 

It is another matter when brain death spreads below the 
tentorium. When the brainstem (specifically the midbrain, 
pons and upper medulla) suffers neuronal damage, the loss 
of the 'vital centres' that control respiration, and of the 
ascendmg reticular activating system that sustains conscious- 
ness, cause the victim not only to be irreversibly comatose, 
but also to be incapable of spontaneous breathing. Without 
medical intervention, hypoxic cardiac arrest inevitably 
follows within minutes and then the usual progression of 
'cellular death' ensues. This invariably occurred in the past, 
before the advent of sophisticated devices that allowed the 
support of respiration after spontaneous function has ceased. 
Because of continued oxygenation, the heart continues to 
function, though it has been pointed out by Pallis (1983) 
that the vast majority of brainstem-dead patients suffer a 
cardiac arrest within 48-72 hours, even when adequately 
oxygenated. 

This then is the state of 'brainstem death', and almost all 
doctors and most jurisdictions now accept that, once irre- 
versible damage to the brainstem has been proved, the 
patient is 'dead' in the somatic sense. They are, however, not 
yet dead in the cellular sense and it is through this 'physio- 
logical window' that the spectacular advances in cadaver 
donor transplant surgery have been made. 

MEDICO-LEGAL ASPECTS OF BRAIN DEATH 

In relation to forensic pathology and criminal procedure, 
these matters have now a largely historical relevance in that - .  
several decades ago a number of fatal assaults were defended 
in court on the basis that the original head injuries led to 
the victims being placed on life-support machines that were 
later disconnected when brainstem death was diagnosed. 
The defence was that the assailant did not 'kill' the victim, 
because 'death' was caused by the action of the doctors 
switching off the machine. Several judicial decisions have 
disposed of this defence, however, as it was accepted, first, 
that death was diagnosed by the doctors before discontinu- 
ing artificial ventilation and, second, that the criminal act 
rhat initiated the train of events was not remote enough to 
avoid culpability for the death. 

THE INDICATIONS OF DEATH 

Here the signs of somatic death are considered, as those of 
cellular death are manifested by post-mortem changes, to 
be discussed in later sections. When cardiorespiratory arrest 
occurs, brain function ceases within seconds as a result of 
the collapse of cerebral blood pressure and consequent cor- 
tical ischaemia. Within minutes, this loss of brain function 
becomes irreversible. The actual number of minutes for 
which total anoxia will cause cortical damage is controver- 
sial; it was formerly held that 3 minutes was sufficient, but 
this time has been extended to 7 or 9 minutes. Even much 
longer times of total hypoxia, such as immersion under 
water, has been survived without brain damage. In these 
cases, an element of hypothermia is usual, which reduces 
the oxygen needs of the tissues. Thus 20 or even 40 min- 
utes of hypoxia has been claimed as not leading to brain 
damage. All that can be said is that rhe period is very vari- 
able and rhat 3-4 minutes of cardiac arrest or failure of 
respiratory gas exchange carries the risk of cortical damage, 
even though three or four times this period may sometimes 
be survived without ill-effects. 

Unconsciousness and loss of all reflexes occurs, and 
there is no reaction to painful stimuli. Rarely, there may 
be post-mortem coordinated muscle group activity for 
up to one hour afier death, possibly due to surviving 
cells in the spinal cord (Nokes et al. 1989). 
Muscular flaccidity occurs immediately upon failure of 
cerebral and cerebellar function. All muscle tone is lost, 
though the muscles are physically capable of 
contraction for many hours. 

,d Mummification 1 , . . * I A . I I 

Assist I Animal predators]- 

I Complete dissolution 
(unless fossilized) 

FIGURE 2.1 The fate of a body after death. 
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E3 Eye signs include loss of the corneal and light reflexes 
leading to insensitive corneas and f ~ e d ,  unreactive 
pupils. Though the iris responds to chemical 
stimulation for hours after somatic death, the light 
reflex is lost as soon as the brainstem nuclei suffer 
ischaemic failure. The pupils usually assume a mid- 
dilated position, which is the relaxed neutral position of 
the pupillary muscle, though they may later +er as a 
result of rigor. There may be a marked difference in the 
degree of dilatation of each pupil, but this has no 
significance as a diagnostic sign either of a brain lesion 
or of drug intoxication. In conditions such as morphine 
poisoning, where the pupils may be contracted during 
life, dearh may allow this to persist or the pupils may 
dilate to the 'cadaveric position'. 

In d i r i o n  to irregu!~ size, the p q d s  m2.y l ~ s e  their 
circular shape after death as a result of uneven relaxation. 
This is usually easy to differentiate from the more . . 

obvious irregularity caused by ante-mortem abnormality 
of the iris. The eye globe tension decreases rapidly, as it is 
dependent upon arterial pressure for its maintenance. 
The eyeball feels progressively softer within minutes and 
the cornea soon loses its normal glistening reflectivity 
because of laxity and failure of lachrymal moistening. 
Normal tension was measured by Nicati in 1894, who 
found that it halved at death, fell to as low as an eighth 
in 30 minutes, and was nil by 2 hours after death. The 
eyelids usually close, but this is commonly incomplete, 
the flaccid muscles failing to the full occlusion 
that occurs in voluntary closure: Where the sclera 
remains exposed, two yellow triangles of desiccated 
discoloration appear on each side of the cornea within a 

few hours, becoming brown and then sometimes almost 
black, giving rise to the name 'tache noire'. - - 

When viewed with an ophthalmoscope, the retina 
provides one of the earliest positive signs of death. This 
is the well known 'trucking' of blood in the retinal 
vessels, when loss of blood pressure allows the blood to 
break up into segments, similar to trucks in a railway 
train. This phenomenon occurs all over the body, but 
only in the retina is it accessible to direct viewing. 

The test is not easy to carry out, as the retina of a 
corpse seems far more difficult to visualize than in a 
living person. Many observers have described the agonal 
and early post-mortem appearances of the retina, 
though some of their accounts are rather contradictory 
and of little practical value, especially when they 
attempt tn llse them to estimate the time since death. 
Most observers - for example, Keworkian (1956, 1961) 
and Salisbury and Melvin (1936) - confirm that the 
blood flow slows and becomes irregular in density 
before breaking up into segments. This was apparent 
within 15 minutes of death as assessed by other means. 
Kervorkian claimed that colour changes in the retina 
were closely related to the post-mortem interval. Tomlin 
believed that segmentation was more indicative of - 
cerebral death than cessation of the circulation, and 
agreed with others in accepting that 'trucking' was of 
grave prognostic significance. 

One of the best investigations into the phenomenon 
was by Wroblewski and Ellis (1970), who studied 
retinal and corneal changes at dearh in 300 patients. 
About a third of the total exhibited trucking, most of 
them within an hour of death. Part of the difficulty in 

FIGURE 2.2 Post-mortem change in the 
eye, the so-calhd tache noire: These are 
brown arem of scleral dying cawed by 
failure of the l id  to close a f i r  akatb. 
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examining the remainder'was that clouding of the 
cornea occurred in 75 per cent of patients within 
2 hours of death. They concluded that segmentation 
was a purely post-mortem change and any intravascular 
movement of blood, however irregular, was an 
indication for continued resuscitation. 
Cessation of the heart beat and respiratory movements 
was the primary marker of death until the advent of 
mechanical cardiorespiratory support as it led to 
immediate ischaemia and anoxia.of all other tissues. 
Determination of cardiac arrest may be made by 
prolonged auscultation of the chest to exclude heart 
sounds though, as in life, a feeble heartbeat may be 
muffled by a thick chest wall. The electrocardiograph is 
unchallengeable in confirming cardiac arrest. 

Respiration is more difficult to confirm, especially in 
deep coma such as barbiturate poisoning, and prolonged 
listening with a stethoscope over the trachea or lung fields 
is necessary. All archaic procedures such as saucers of water 
on the chest, feathers before the nostrils and tourniquets 
around the fingers are only of historical interest. 

The mode versus the cause of death 

Confusion ofien arises, especially among students and 
younger doctors, about the distinction between the mode 
of death and its cause. This is particularly important in 
relation to the documentary certification of deaths, but the 
same confusion sometimes occurs among pathologists, 
especially those who are not habitually involved in medico- 
legal cases. 

The mode of death refers to an abnormal physiological 
state that pertained at the time of death: for example, 'coma', 
'congestive cardiac failure', 'cardiac arrest' and 'pulmonary 
oedema'. These offer no information as to the underlying 
pathological condition and should not be used as the defini- 
tive cause of death unless further qualified by the more h n -  
damental aetiological process. 

In most cases, the mode is unhelpful and immaterial in 
describing and understanding the cause of death, and some 
modal terms are quire useless, such as 'syncope' or 'cardio- 
respiratory failure'. Even 'bronchopneumonia' is such a com- 
mon terminal event in numerous diseases that, used alone, 
it conveys no information about why the patient died. The 
British Registrar General has recently requested that it 
should be omitted from death certificates, the basic condi- 
tion being preferable and sufficient for statistical purposes. 

In addition to the mode and cause of death, here is also 
the manner of death, which is not really a medical deci- 
sion. Manner refers to the circumstantial events, such as 
'homicide, suicide, accident or natural cause' and is a legal 
or administrative categorization. 

The recommendations of the World Health Organization, 
as given in its publication The medical cert$cation of death, 

should be followed to improve both the comprehension 
and statistical accuracy of the cause of death. Even this 
booklet is inconsistent with the practice of certification in 
many advanced countries, in that it requests the doctor to 
enter the 'manner' of death (for example, homicide, acci- 
dent or suicide) which, for example in the UK, is the pre- 
rogative of the legal authorities after full investigation (see 
Leadbeatter and Knight 1987). 

To the forensic pathologist a number of post-mortem changes 
are of interest and potential usellness, mainly in relation to 
the estimation of the post-mortem interval, possible interfer- 
ence with the body, and an indication of the cause of death. 

HYPOSTASIS 

Post-mortem hypostasis is known under a variety of older 
names, such as 'lucidity', 'staining' or 'cogitation', but the 
current title is most suitable as it indicates the cause. 
Hypostasis occurs when the circulation ceases, as arterial 
propulsion and venous return then fail to keep blood moving 
through the capillary bed, and the associated small afferent 
and efferent vessels. 

Gravity then acts upon the now stagnant blood and pulls 
it down to the lowest accessible areas. The red cells are most 

FIGURE 2.3 Blotchy post-mortem hypostasis, farming in the early 
hours afler death. The patchy diposition has no signifirance and this 
usually sinks down and becomes confltlent in the most dependent 
areas within rr few more hours. 
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affected, sedimenting through the lax network, but plasma 
also drifts downwards to a lesser extent, causing an eventual 
post-mortem 'dependent oedema', which contributes to the 
skin blistering that is part of early post-mortem decay. 

The arrival of erythrocytes in the lower areas is visible 
through the skin as a bluish red discoloration, 'hypostasis'. 
It often begins as blotchy patches on both lateral and 
dependent surfaces, but also on the upper surfaces of the 
legs, especially thighs. These soon coalesce and slide down 
to the lowest areas. 

The distribution of hypostasis 

The pattern of hypostasis depends on the posture of the 
body after death. It is most common when the deceased 
body is lyinz on its back, with the shoulders, buttocks and 
calves pressed against the supporting surface. This compresses 

the vascular channels in those areas, so that hypostasis is 
prevented from forming there, the skin remaining white. 
When the body lies for a sufficient time on the side or face, 
the hypostasis will distribute itself accordingly, again with 
white pressure areas at the zones of support. 

If the body remains vertical afier death, as in hanging, 
hypostasis will be most marked in the feet, legs and to lesser 
extent in the hands and distal part of the arms. In addition 
to pallor of the supporting areas, any local pressure can 
exclude hypostasis and produce a distinct pattern in contrast 
to the discoloured area. Examples include the irregular lin- 
ear marks made by folds in rumpled bedlinen, the pattern of 
fabric from coarse cloth, the pressure of tight belts, brassitre 
straps, pants' elastic and even socks. According to Bonte 
et al. (1986), when electrocution takes place in water (usu- 
ally a bathtub), the hypostasis is sharply limited to a hori- 
zontal line corresponding to the water level. 

FIGURE 2.4 Post-mortem  posta as is in the 
normal distribution. The pale areas are the 

result ofpressure against a hard supporting 
surface. 

FIGURE 2.5 Post-mortem hypostasis in a 
Aathfiom hanging. The discoloration of 
the skin is in the legs and hand, due to the 
verticalposture afier death. 
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The colour of hypostasis 

The usual hue is a bluish red, but variation is wide. This 
depends partly on the state of oxygenation at death, those 
dying in a congested, hypoxic state having a darker tint as 
a result of reduced haemoglobin in the skin vessels. This is 
an unsure indicator of the mode of death, however, and 
no reliance can be placed on a cyanotic darkening of 
the hypostasis to indicate a hypoxic death in the sense of 
'asphyxia'. Many natural deaths from coronary or other 
disease have markedly dark hypostasis. Often the colour of 
the hypostasis varies from area to area on the same body. 
Sometimes a rim of lighter colour may be seen along the 
margin of the lower darker area and sometimes there is a def- 
inite contrast between a bluish zone and a pink margin. This 
may appear and change as the post-mortem interval length- 
ens. Often the whole area of hypostasis is pink or bright red. 
When death has been due to hypothermia or exposure to 
cold in the agonal period, such as drowning, the colour may 
assist in confirming the cause of death; again this is relatively 
non-specific because bodies exposed to cold after death 
(especially in mortuary refrigeration) may turn pink after an 
initial stage of normal bluish-red tint. 

The mechanism is not understood, but is obviously a result 
of oxyhaemoglobin forming at the expense of the darker 
reduced haemoglobin. This is understandable in hypother- 
mia, where the reduced metabolism of the tissues fails to take 
up oxygen from the circulating blood, but its frequent forma- 
tion in the post-mortem period is difficult to explain. 

Several researchers have investigated the colour of 
hypostasis in relation to time since death. Schuller et a/. 

(1987) noted an increasing ~aleness between 3 and 15 
hours post-mortem, measuring this as a change in wave- 
length from 575 nm at 3 hours at an average rate of 2 nm 
per hour. Vanais (1991) has used tristimulus colorimetry 
to study colour changes and secondary shifting of hypos- 
tasis, and claimed that there is a linear relationship between 
the fading colour and time during the first 2 hours after 
death, following which changes are unpredictable. Inoue 
etal. (1994) have also described measurement of hypostatic 
colour as a measure of time since death. 

It may sometimes be noticed that originally bluish 
hypostasis becomes pink along the upper part of the hori- 
zontal margin, the lower parts remaining dark, so a quanti- 
tative change probably occurs, the haemoglobin being 
more easily re-oxygenated where the erythrocytes are 
packed less densely in the upper layers of hypostasis. 

Other changes in the colour of hypostasis are more usell. 
The best known is the 'cherrypink' of carboxyhaemoglobin, 
which is a unique colour and is ohen the first indication to the 
pathologist of carbon monoxide poisoning. Cyanide poison- 
ing is said to have its own characteristic dark blue-pink hue, 

but it is really an index of the congested, cyanotic, mode of 
death and, if the pathologist was not already aware of the 
potential cause from the history - and perhaps the odour of 
cyanide - it is doubtl l  whether hypostasis would be a primary 
indication of the nature of the death. The hypostasis may be a 
brownish red in methaemoglobinaemia and may be various 
shades in aniline and chlorate poisoning. In deaths from septic 
abortions where Closmdiumpnjkngm is the infecting agent, 
a pale bronze mottling may sometimes be seen on the skin, 
though this is not confined to the areas of hypostasis. 

Skin haemorrhages, varying in size from small petechiae 
to large blotches and even palpable blood blisters may 
develop in areas of hypostasis. The most common place is 
the back of the shoulders and neck, though they may appear 
on the front of the chest, even on a body lying on its back. 
They are more common in cyanotic, congestive types of 
death and become more pronounced as the post-mortem 
interval lengthens. Their importance is in not being mis- 
taken for the so-called signs of 'asphyxia'. They appear in the 
most gross form when a body dies or is left with the head 
downwards: the confluent petechiae and ecchymoses may 
be so marked that they virtually blacken the face and neck. 

The timing and permanence of 
hypostasis 

Too much has been claimed in the past for the usefulness 
of hypostasis as an indicator of the time of death and 
post-mortem disturbance of the body. The phenomenon 
appears at a variable time after death - indeed, it may not 
appear at all, especially in infants, old people or those with 
anaemia. It may be so faint as almost to escape detection. 

Hypostasis can appear within half an hour of death or it 
may be delayed for many hours. Its variability is such that 
it is useless for any estimation of the time since death. 
It is claimed that hypostasis can sometimes be observed in 
the living if the heart action is failing or if venous return 
is impaired by the immobility of deep coma. The latter is 
certainly associated with skin blistering caused by depend- 
ent oedema. 

Once hypostasis is established, there is controversy about 
its ability to undergo subsequent gravitational shift. If the 
body is moved into a different posture, the primary 
hypostasis may either: 

B remain fixed 
E2 move completely to the newly dependent zones or 

be partly fixed and partly relocated. 

Thus if a corpse is found with the hypostasis in an obvi- 
ously inappropriate distribution related to the present 
posture, it must have been moved after death. This fact may 
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have important significance in the investigation of criminal 
deaths, such as the return of the culprit or some other per- 
son to the scene. It may also migrate either partly or com- 
pletely, however, thus negating its diagnostic usefulness. 
Older theories about 'furation' of the staining after a certain 
time are not tenable, as there is no constant interval when 
this occurs. 

Mdach (1764) analysed data including onset, confluence, 
maximum intensity, displacement and shifting, taken from 
publications between 1705 and 1963. These are summarized 
in Table 2.1, 'thumb pressure' meaning displacement by 
thumb pressure. Table 2.2 shows the variable opinions on 
hypostasis culled from standard textbooks. 

A considerable amount of research has been devoted to 
the investigation of clotting of post-mortem blood, its sub- 
sequent lysis and inhibition of coagulation by fibrinolysins, 
but this cannot be translated into practice. Formerly, it was 
held that if a body had remained in its original posture for a 
certain minimum length of time, the blood would coagulate 
in the hypostatic areas, so that secondary shifting could not 
then occur if the body was moved. This is not true in the 
majority of instances, as there may be partial or complete 
secondary gravitation at any time - at least, until true stain- 
ing of the tissues due to haemolysis begins as part of early 
decomposition, which is not until the second or third day in 
temperate conditions. 

Suzutani et al. (1778) examined 430 bodies by pressure 
on hypostatic areas, finding that the colour could not be 
squeezed out in 30 per cent where death had occurred 6-1 2 
hours previously. More than 50 per cent were fued after 
12-24 hours and no fading occurred in 70 per cent of those 

FIGURE 2.6 Ectensive conjuent skin 
haemorrbages may occur within the 

+endent Lypostasis. T h y  worsen as the 
post-momm interval lengthens and must 

be taken to indicate so-called hplgma: 
not 

TABLE 2.1 Hypostasis related to the time of death (hpm) as derived 
j h m  preuious literature 

Stage Mean 

Beginning 0.75 
Confluence 2.50 
Maximum 9.50 
Thumb pressure 5.50 
Complete shifting 3.75 
Incomplete shifting 1 1 .OO 

Limits 
Standard 
deviation Lower Upper 

TABLE 2.2 Time of onset ofhypostasis as stated by previous authors 

Reference Onset Maximum 

Adelson 
Polson, Gee, Knight 
Spitz and Fisher 
Taylor (ed. Simpson) 
Taylor (ed. Mant) 
Gradwohl (ed. Camps) 
Glaister, Brash 
DiMaio 
Sydney Smith 
Mant 
Gordon and Shapiro 

3 0  min-4 h 
3 0  min-2 h 
2-4 h 
Oh 
l h  
20-30 min - 
3 0  min-2 h 
Oh 
Oh 
'few' h 

dead for more than 1-3 days. However, in a significant 
number, hypostasis was still mobile for at least 3 days. 

Fechner et al. (1784) found no linear relationship 
between fuation and time of death and also observed vari- 
ations in fuation according to storage temperatures. 



Hypostasis 

Hypostasis in other organs 

Just as blood settles in dependent skin, so it does in other 
tissues and organs. The importance in forensic autopsy work 
is the differentiation of organ hypostasis from ante-mortem 
lesions. In the intestine, dependent loops of jejunum and 
ileum may be markedly discoloured and mislead the inex- 
perienced pathologist into suspecting mesenteric infarction 
or strangulation. This hypostasis is discontinuous, however, 
revealing interrupted segments when the gut is laid out. 
Often loops in the pelvis are worst affected, because of their 
lower position. 

The lungs almost always show a marked difference in 
colour from front to back, the anterior margins being pale 
and the posterior edges lying in the paravertebral gutters 
being dark blue. This is often accompanied by an obvious 
difference in fluid content, congestion and oedema being 
more marked posteriorly. The myocardium often shows a 
dark patch in the posterior wall of the left ventricle that 
must not be mistaken for early infarction. 

One of the most important hypostatic artefacts is haemor- 
rhage behind the oesophagus at the level of the larynx. This 
has many times been confused with the trauma of strangula- 
tion, but the true nature was best investigated by Prinsloo 
and Gordon (1951). Areas of congestion developing into 
haemorrhage appear in the loose tissues on the back of the 
oesophagus lying on the anterior longitudinal ligament of the 
cervical spine. They may be prominent, sufficient to produce 
actual haematomas. They arise in the veins and venous plexus 
on the front of the spine, and can be avoided in cases of stran- 
gulation and suspected strangulation by draining the neck of 
blood before starting the dissection. This can be achieved 
either by removing the brain first or by opening the chesr and 
incising the great veins in the superior mediastinum. 

Differentiation between hypostasis and 
bruising 

This is rarely a problem in fresh bodies, but when decom- 
position begins the two conditions become blurred. In fresh 
material the appearance of hypostasis is of a regular, diffuse 
engorgement of the surface vessels, the colour varying 
between purple-red and bright pink. The density varies from 
place to place but there are no sudden changes in colour nor 
any sharply circumscribed areas as occurs in bruising As 
mentioned above, in the early stages of hypostasis there may 
be mottled blue areas, which later coalesce. This mottling is 
unlikely to be confused with bruising by any but the most 
inexperienced pathologist. The position in dependent areas 
is also characteristic, giving a generally horizontal orienta- 
tion. Bruises may be anywhere on the body, are often discoid 
or have an irregular margin, but rarely cover a large area with 

FIGURE 2.7 White patches within the hypostasis on the face merely 

indicate pressure against the supporting surface after a face-down 
position. As in this case, they are usually post-mortem and are not 
indicators of suffocation. 

uniform density - and do not have a horizontal margin. 
Abrasions may be topographically associated with a bruise, 
but not with hypostasis. When there is difficulty in differen- 
tiating between the two - usually where there is racial 
pigmentation or really deep, cyanotic hypostasis that obscures 
possible bruises - the classic test is to incise the suspect area 
to see if the underlying blood is intravascular (hypostasis) or 
infiltrating the tissues outside the vessels (contusion). 

Fresh bruises may also be swollen and slightly raised above 
the surface. If a post-mortem pressure mark (such as from a 
belt or tight clothing) crosses an area of hypostasis, there will 
be a pale bloodless zone, but a bruise will not be affected. 
Hypostasis is in the most superficial layer of the dermis and 
any exuded blood can be wiped or washed away from the 
incised surface. A bruise is often deeper in the skin or under- 
lying tissues and is fmed, being infiltrated through the tissues 
outside the ruptured vessels. An exception is intradermal 
bruising, but this is usually patterned or linear and rarely can 
be confused with hypostasis. Histological examination may 
be necessary finally to decide the matter. 

When post-mortem autolysis has developed, the diffusion 
of haemolysed blood from vessels makes the differentiation 
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between hypostasis and bruising difficult and eventually 
impossible. Even histological examination may be of little 
help when the tissues become markedly degenerate. 

RIGOR MORTIS 

Unlike hypostasis, the stiffening of the muscles after dearh 
has some relevance in determining the post-mortem inter- 
val. It has been known since antiquiry that immediately 
after death there is general muscular flaccidity, usually fol- 
lowed by a period of partial or total rigidity, which in turn 
passes off as the signs of decomposition appear. The timing 
of this sequence of events is so variable, however, that it is a 
~ G G I  indica:~: ~f the time since dearh. The ~ s u !  ranup D- nf -- 
times when rigor appears can be summarized as follows. 

The flaccid period immediately after death is variable, 
but commonly extends to between 3 and 6 hours 
before stiffening is first detected, depending on 
environmental temperature and other factors. Rigor is 
first apparent in the smaller muscle groups, not because 
it begins there, but because the smaller joints, such as 
the jaw, are more easily immobilized. The sequence of 
spread of rigor is also variable but tends to affect the 
jaw, facial muscles and neck before being obvious in the 
wrists and ankles, then the knees, elbows and hips. 

The usual method of testing is by attempting to flex 
or extend the joints, though the whole muscle mass 
itself becomes hard, and finger pressure on the 
quadriceps or pectorals can also detect the change. 
The onset of rigor may be markedly accelerated or 
retarded by the factors mentioned below, so that 
stiffness may develop within half an hour of death 
(even excluding cadaveric spasm) or may be postponed 

almost indefinitely. Some subjects, usually infants, the 
cachectic and the aged, may never develop recognizable 
rigor mortis, mainly because of the feebleness of their 
musculature. 

32 Rigor spreads to involve the whole muscle mass, 
again within a variable period but in 'average' 
conditions it might be expected to reach a maximum 
within 6-1 2 hours. This state then remains constant 
until the muscle mass begins to undergo autolysis, 
which releases rigor gradually at a stage before overt 
post-mortem changes are visible externally, except 
perhaps for a commencing discoloration of the lower 
abdominal wall. 

The duration of full rigor may be 18-36 hours, until 
it begins to fade in roughly the same order of muscle 
groups as it appeared. However, rhere are many 
exceptions to this rather misleading generalization. 

Factors affecting the timing of 
rigor mortis 

As a chemical process, the speed of onset and the duration 
of rigor is modified by temperature. The colder the envir- 
onment the slower the process and vice versa. In near freez- 
ing conditions rigor will be suspended almost indefinitely. 
The author (BK) has attended a scene outdoors in winter 
where the body was quite flaccid one week after death, 
rigor developing rapidly as soon as the corpse was brought 
into the comparative warmth of the mortuary. Conversely, 
hot weather or tropical conditions can speed up the whole 
cycle so that rigor appears within an hour or even less. Total 
stiffness develops rapidly, then fades during the first day as 
decomposition supervenes. 

The other modifier of the speed of onset of rigor is ~ h ~ s -  
ical activity shortly before death. As will be seen when the 

FIGURE 2.8 Full rigor 
post-mortem. 

hours 



Rigor mortis 

physicochemical basis of the phenomenon is discussed, 
the availability of glycogen and adenosine triphosphate in 
the muscle is a crucial element in rigor formation. Muscular 
exertion affects the interaction of these substances and has- 
tens the onset of rigor. Cadaveric spasm, dealt with later, 
may well be an extreme variant of this accelerated rigor. 

In view of the wide range of times at which the various 
stages of rigor appear and fade, it is a poor determinant of the 
time since death, compared with estimations of body tempera- 
ture. Niderkorn's early work (1874) on 113 bodies showed a 
range of 2-13 hours for rigor to be complete, the main clus- 
ter being from 3 to 6 hours after death, a shorter period than 
would be accepted now. Mallach (1964) compiled a table 
from 150 years of published data, which suffered from gross 
variation in observer methodology (Table 2.3). 

The following is a reasonable 'spot check' for use in aver- 
age temperate conditions: 

E4 If the body feels warm and is flaccid, it has been dead 
less than 3 hours. 

B If the body feels warm and is stiff, it has been dead 
from 3 to 8 hours. 

H If the body feels cold and is stiff, it has been dead from 
8 to 36 hours. 
I If the body feels cold and is flaccid, it has been dead 

more than 36 hours. 

This crude estimate should never be used as a definitive 
statement in legal proceedings, as it is only meant as a 
rough guide 'on the spot'. 

Rigor mortis in other tissues 

Rigor occurs in all muscular tissues and organs, as well as 

the skeletal muscles. The iris is affected so that ante-mortem 
constriction or dilatation is modified. The rigor may be 
unequal in each eye, malung the pupils unequal, confirming 

the fact that the post-mortem position is an unreliable indi- 
cator of toxic or neurological conditions during life. 

In the heart, rigor causes the ventricles to contract, which 
may be mistaken by the inexperienced pathologist for left 
ventricular hypertrophy; this can be excluded by measuring 
the total weight, estimating the relative size of the left side, 
measuring the ventricular thickness (admittedly a rough 
guide) and - where the issue is important - by dissection 
and differential weighing of the two ventricles. 

Rigor in the dartos muscle of the scrotum can compress 
the testes and epididymis which, together with the contrac- 
tion of muscular fibres in the seminal vesicles and prostate, 
may lead to post-mortem extrusion of semen from the ureth- 
ral meatus. This has been wrongly attributed to sexual activity 
and orgasm just before death in cases where a defence of 
provocation against a homosexual advance has been put 
forward. Mant showed that many corpses dying from a 
variety of causes have seminal fluid either at the meatus or in 
the penile urethra (Mant 1953, 1967; Mant and Furbank 
1957). It is also said, without much foundation, that deaths 
from hanging and 'asphyxia' are commonly associated with 
post-mortem seminal emission. 

h g o r  in the erector pili muscles attached to the hair fol- 
licles can cause a pimpling or 'goose-flesh' appearance with 
elevation of the cutaneous hairs. This may have given rise 
to the persistent myth that the beard grows after death, 
though an additional explanation is that post-mortem des- 
iccation and shrinkage of the skin allows the hair stubble to 
appear more prominent. 

Studies by Krompecher and Bergeriow (1988) have 
shown that rigor also sets in more quickly in deaths from 
electrocution - and that it passes off more rapidly. 

The biochemistry of rigor mortis 

Though this has little direct forensic relevance apart from 
the association of the early onset of rigor with muscular 

TABLE 2.3 Time course of cadaveric rigidity as stated by previous literature 

Rigor phase 

- -- - - 

Hours post-mortem 

Limits of 95.5 per cent 
Mean with probability (2s) Variations Number of 
standard publications 
deviation(s) Lower limit Upper limit Lower limit Upper limit evaluated 

Delay period 3 2 2  - 7 .: % 7 26 
Re-establishment possible Up to 5 - - 2 8 - 
Complete rig~dity 8 ?  1 6 10 2 20 28 
Persistence 57+ 14 29 85 24 96 27 
Resolution 76+ 32 12 140 24 192 27 
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exertion, the muscle chemistry of the phenomenon has 
been studied in great detail. 

Szent-Gyorgi (1947) discovered that the essential con- 
tractile substances in muscle were the two proteins actin and 
myosin, arranged in interdigitating filaments. They form a 
loose physicochemical combination called 'actomyosin', 
which is physically shorter than the two substances uncom- 
bined (Hanson and Huxley 1955). If energy is supplied to 
the latter pair, the subsequent combination contracts. This 
energy is obtained by the splitting off of a phosphate com- 
plex from adenosine triphosphate (ATP) which then 
becomes adenosine diphosphate (ADP) (Erdos 1943). The 
free phosphate then engages in a phosphorylation reaction 
that converts glycogen to lactic acid, high energy being 
released in the process. Some is used to resynthesize the ATP 
from *ADE by thc donxion of a phosphate group from 
creatine phosphate; the remainder goes to activate the 
actin-myosin reaction. 

In addition to supplying energy, ATP is responsible for 
the elasticity and plasticity of the muscle. The lactic acid is 
leached away back into che bloodstream and is returned to 
the liver for reconversion into glycogen. All these reactions 
are anaerobic and can continue afier death, albeit in a dis- 
torted form. 

In life there is a fairly constant concentration of ATP 
in the muscular tissues, there being a dynamic balance 
between utilization and resynthesis. At death, however, 
the ADP to ATP reaction ceases and the triphosphate is - .  

progressively diminished, with lactic acid accumulating. 
After a variable period, depending on temperature and the 
amount of ATP remaining, the actin and myosin become 
rigidly linked into a rigid, inextensible gel, with consequent 
stiffening of the muscle (see Bate-Smith and Bendall 1947; 
Forster 1964). 

The resynthesis of ATP is dependent upon che supply of 
glycogen, which is depleted by vigorous activity before death; 
this explains the rapid onset of rigor in these circumstances. 
Normally there appears to be an initial period soon after 
death when the ATP level is maintained or even increased as 
a result of phosphate liberation by glycogenolysis. 

Rigor is initiated when the ATP concentrarion falls to 
85 per cent of normal, and the rigidity of the muscle is at 
maximum when the level declines to 15 per cent (see Bate- 
Smith and Bendall 1949). 

Gross effects of rigor mortis 

There has been some controversy over whether rigor only 
stiffens the muscles or actually shortens them. Sommer, as 
long ago as 1833, claimed that muscles contracted after 
death and the changes were actually known as 'Sommer's 
movements'. There have always been semi-apocryphal tales 

of corpses moving in the mortuary and there seems little 
doubt that, if a limb happens to be poised in unstable equi- 
librium on the edge of a tray or table, the developing 
tension may occasionally cause it to spring off as rigor 
supervenes. The author (BK) has seen athetoid writhing of 
the foot of a corpse, which lasted for 40 minutes, more than 
an hour after death. 

There seems to be no doubt that some shortening does 
occur, but the noticeable effects are slight because both flexor 
and extensor muscle groups oppose each other across most 
limb joints. Bate-Smith and Bendall (1949) decided that 
shortening only occurred when there had been marked 
depletion of glycogen by activity before death, but Forster 
(1964) was of the opinion that, when a muscle was under 
some tension, it did shorten. His experiments showed that 
when the muscle was unloaded there was no change in length 
when rigor set in. Forster fLrther showed that a high environ- 
mental temperature and poisons that increase muscle tone, 
such as parathion, lead to more shortening during rigor. 

When fully established, rigor is 'broken' by forcible move- 
ments of the limbs or neck, then it will not return, a phe- 
nomenon utilized daily by mortuary staff and undertakers 
when preparing a body for a coffin. If rigor is still develop- 
ing, it will continue in the new posture of the limbs after 
they have been stretched. 'Breaking' fully established rigor is 
an accurate description, as the rigid, inelastic fibres are 
physically ruptured -sometimes tearing the muscle insertions 
from the bone. Rarely, rigor can assist in showing that a body 
has been moved between death and discovery. If an arm or 
leg is found projecting into free space without support, in a 
posture that obviously could not have been maintained dur- 
ing primary post-mortem flaccidity, then it must have been 
rolled over or otherwise moved. In these cases, a simple 
restorative movement (afier the scene has been fully exam- 
ined) can usually indicate the original arritude quite simply. 

Conversely, it can never be assumed that the posture of 
rigor in which a body is found was that which obtained at 
the time of death, as any amount of movement during the 
period of primary flaccidity will not be mirrored in the sub- 
sequent rigor. 

Cadaveric spasm 

This topic has received a disproportionate amount of 
notice in textbooks compared with its practical import- 
ance. No doubt this is because of its curiosity value rather 
than its usefulness. Cadaveric spasm is a rare form of virtu- 
ally instantaneous rigor that develops at the time of death 
with no period of post-mortem flaccidity. 

Krompecher (1994), a major authority on rigor mortis, is 
extremely sceptical about the existence of true cadaveric 
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FIGURE 2.9 Cadaveric spasm, an instantaneous form of rigor, in 

the victim of a fall into water. The victim war recovered within a 

short time (as can be seen fiom the absence ofskin maceration) but 

hadgrassfiom the river bank firmly clutched in the hand. 

spasm, but many forensic pathologists claim to have seen 
such a phenomenon far roo soon after death for it to be 
normal rigor mortis. The authors retain a healthy scepticism 
about the controversy, believing that most cases are misre- 
ported because of errors or uncertainties about the true time 
of death, so that early normal rigor could have supervened. 
However, one or two cases within BK's experience seem to 
be genuine enough to be remarkably early for true rigor. 

It seems confined to those deaths that occur in the midst 
of intense physical and/or emotional activity, though how 
the latter can lead to instant post-mortem rigor is quite inex- 
plicable. It presumably must be initiated by motor nerve 
action, but for some reason there is a failure of the normal 
relaxation. The phenomenon usually affects only one group 
of muscles, such as the flexors of one arm, rather than the 
whole body. 

It was shown in the earlier section on the biochemistry of 
rigor that marked depletion of glycogen stores in the muscle 
by violent exertion immediately before death can hasten the 
onset of muscular rigidity. Most cases of cadaveric spasm 
occur in similar circumstances and it was said to be particu- 
larly common on the battlefield amongst soldiers slain in 
combat. In the civilian sphere it is most often seen in per- 
sons who fall into water or drop some distance down a pre- 
cipitous slope such as a cliff. They may clutch at some 
nearby object, such as grass or shrubs, in an effort to break 
their fall and such material may be found held tightly in 
their fingers, even when the body is examined within a few 
minutes. 

Another possibility, more common in detective fiction 
than in practice, is the gripping of a pistol with the finger 
still tightly flexed on the trigger, as evidence of true suicide 
rather than a 'planted' weapon in a homicide where an 
attempt has been made to simulate self-shooting. The 
chances of this actually being encountered by a pathologist 
are less than once in several professional lifetimes. 

If found in the victim of drowning, or of a slide from a 
height, it has some value in confirming that the person was 
alive at the time of the fall, thus excluding the post-mortem 
disposal of an already dead body. Of course the body must 
be examined before ordinary rigor might be expected to 
have developed, or the presence of cadaveric spasm cannot 
then be assumed. 

HEAT AND COLD STIFFENING 

At extremes of temperature the muscles may undergo a false 
rigor. In extreme cold, well below zero, once the intrinsic 
body heat is lost, the muscles may harden because the body 
fluids may freeze solid - as in the commercial or domestic 
preservation of meat in a freezing cabinet. The temperature 
has to be below -5OC for cold stiffening to occur and is usu- 
ally much lower. Part of the apparent stiffness is also due to 
solidification of the subcutaneous fat. When the body is 
warmed up, true rigor may supervene, though it may fail to 
appear as a result of intracellular damage caused by cell 
membranes being punctured by ice crystals. 

Heat applied to the body also causes stiffness of the 
muscles, as the proteins of the tissues become denatured and 
coagulated as in cooking. The degree and depth of change 
depends on the intensity of the heat and the time for which 
it was applied. At autopsy the muscles may be shrivelled and 
desiccated, even carbonized on the surface. Beneath this 
there is a zone (which may be total) of brownish-pink 
'cooked meat' and under that, if the process has not pene- 
trated, normal red muscle. Marked shortening occurs, caus- 
ing the well-known 'pugilistic attitude' of a burned body. 
This is because of the greater mass of flexor muscles com- 
pared with extensors, which forces the limbs into flexion 
and the spine into opisthotonus. These changes are purely 
post-mortem and are no indication of burning during life, 
as similar distortions occur during cremation. 

Hypostasis and decomposition occur relatively soon after 
death when somatic death has occurred, but cellular death is 
incomplete. As discussed earlier, death is a process not an 
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event and, while the cells of some tissues are still alive and PUTREFACTION 
even capable of movement (such as fibroblasts, leucocyces and 
muscle), others are dying or dead. The process of decompos- 
ition begin in some cells while others are still alive, and this 
overlap continues for several days in temperate climates. 

Decomposition is a mixed process ranging from autolysis 
of individual cells by internal chemical breakdown to tissue 
autolysis from 'liberated enzymes, and external processes 
introduced by bacteria and fungi from the intestine and 
outer environment. Animal predators, from maggots to 
mammals, can be included in the range of destruction. 
Decomposition may differ from body to body, from envir- 
onment to environment, and even from one part of the 
same corpse to another. Sometimes one portion of a corpse 
may show leathery, mummified preservation whilst the rest 
is in a state of !iquefying putwfacrion. 

In addition, the time scale for decomposition may vary 
greatly in different circumstances and climates, and even in 
the same corpse: the head and arms may be skeletalized, 
whilst the legs and trunk, perhaps protected by clothing or 
other covering, may be moderarely intact. All permutarions 
may be found, making it even more difficult to estimate the 
probable time since death. 

Within the general description of 'decomposition' there 
are several subclasses, which, as just stated, may merge into 
each other or may be uniform throughout the same 
cadaver. Most unembalmed bodies undergo putrefaction, 
in which the tissues become moist and gas-ridden, and 
eventually liquefy down to the skeleton. 

Alternatives are dry decomposition, termed mummifica- 
tion, or a conversion to waxy substances, called adipocere; 
rarely, tannin occurs by the action of acid, protein-precipitating 
fluids in the anaerobic conditions of a peat bog. In some 
stillbirths an aseptic autolysis of a fetus dead in utero is 
known as maceration. 

The usual process of corruption of the dead body begins at 
a variable time after death, but in an average temperate cli- 
mate may be expected to begin at about 3 days in the unre- 
frigerated corpse. 

Even in temperate zones there can be a wide range of 
ambient temperatures, from below freezing to near blood 
heat. In the tropics, far higher temperatures are common- 
place, but in high latitudes or elevations, deep-freeze condi- 
tions can keep decomposition at bay indefinitely, as in the 
case of modern discoveries of prehistoric mammoths and 
medieval Esquimaux. It is therefore futile to attempt to 
construct a timetable for the stages of decomposition, except 
to point out salient markers for an undisturbed body in an 
'average' indoor environment of about 18°C in temperate 
climates. From this approximate baseline the pathologist 
must then extrapolate for local variations appropriate to his 
climatic and geographical conditions. 

Sequence of putrefactive changes 

Whatever the time scale, the general order of corruption 
is similar, though the degree of advancement may vary 
between different areas-of even the same corpse. 

Usually the first external naked-eye sign is discoloration 
of the lower abdominal wall, most often in the right iliac 
fossa where the bacteria-laden caecum lies fairly super- 
ficially. Direct spread of organisms from the bowel into 
the tissues of the abdominal wall breaks down haemo- 
globin into sulphaemoglobin and other pigmented sub- 
stances. This discoloration spreads progressively over the 
abdomen, which in the later phase begins to become dis- 
tended with gas. 

FIGURE 2.10 Moderately early changes of 
&omposition, showing gaseous distension 
of scrotum and abdomen, and skin slippage 

and blistering in dependent areas. This wm ' 

after about one week since death, but the 
changes vary greatly with environmental 
temperatures. 
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At about this time, more generalized spread of bacteria 
begins to discolour the more moist tissues, which often 
comprise those dependent areas that show hypostatic col- 
oration and oedema. The face and neck become reddish, and 
begin to swell. The putrefactive bacteria, which largely origin- 
ate in the intestines and lungs, spread most easily in fluid so 
they tend to colonize the venous system, haemolysing the 
blood that stains the vessel walls and adjacent tissues. This 
gives rise to 'marbling', a branching outline of arborescent 
red, then !greenish pattern in the skin, seen most clearly on 
the thighs, sides of the abdomen, and chest and shoulders. 
This stage may be about one week in the 'baseline' timetable, 
where the corpse is in air at 18-20°C. 

At or even before the stage of marbling skin blisters may 
appear, at first on the lower surfaces of trunk and thighs 
where hypostatic oedema has loaded the tissues with fluid. 
The upper epidermis becomes loosened, the so-called 'skin- 
slippage' giving rise to large, fragile sacs of clear, pink or red 
serous fluid. These may become so large that they are pen- 
dulous and soon burst, leaving areas of slimy, pink epider- 
mis. Where this skin change occurs in hairy parts, such as 
scalp, axilla and pubis, the hair becomes detached and will 
slide off on slight pressure. Gas formation will now become 
marked, with increased tension in the abdomen. 

The scrotum and penis may swell up to remarkable size 
and the neck and face will become grotesquely bloated, 
making visual identification dificult or impossible. The 
pressure may cause the eye globes and tongue to protrude. 

Purging of urine and faeces may occur due to the intra- 
abdominal pressure and, occasionally, a uterine prolapse 
may be extruded. There are recorded instances of pregnant 

women having a macabre post-mortem 'delivery' of the 
fetus, from the same cause. Bloody fluid, which is tissue 
liquefaction stained by haemolysis, may leak from any ori- 
fice, especially the mouth, nostrils, rectum and vagina. By 
this stage, some 2-3 weeks may have elapsed since death. 

To the inexperienced, this may suggest evidence of some 
lethal haemorrhage and many pathologists have been called to 
a scene of 'crime' because of the understandable concern of an 
investigating police officer that such bloody purging may be 
evidence of a violent mode of death. Pressure inside the chest 
due to gas formation in the abdomen may expel air, so that 
the fluids of decomposition in the trachea and bronchi may be , 

blown into a bloody froth from the mouth and nostrils. 
After several weeks, the reddish-geen colour of the skin 

may deepen to a dark green or almost black, but there is 
marked variation in this aspect. Heavy maggot infestation 
will almost certainly have supervened except in winter condi- 
tions, and the destruction of skin by innumerable maggot 
holes and sinuses gives better access to other bacteria that 
may invade from the environment. The maggots secrete a 
proteolytic enzyme that speeds up the destruction of the 
tissues, in addition to the direct loss from the voracious 
appetites of these predators. Skin slippage causes sheddng of 
the outer layers of the fingers and toes, making identification 
by fingerprints more diffkulr. Finger- and toenails last 
longer than the surrounding skin, but they too become loose 
and eventually fall out. Skin slippage may allow tattoos to 
become more visible and colourful for a time until the moist 
underlying dermis itself decomposes. 

Internally, decomposition proceeds more slowly than at 
the surface. It is often quite surprising how valuable an 

FIGURE 2.11 Post-mortem decomposition 
of about 2 weeks'duration in water in a 
summer temperature. There is marbling'of 
the skin where breakdown products of 
haemoglobin have stained the venous 
channels. 
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autopsy on a putrefying corpse can be, as the internal organs 
may be in far better condition than the exterior would sug- 
gest. Organs putrefy at markedly different rates. The lining 
of the intestine, the adrenal medulla and the pancreas autol- 
yse within hours of death, yet the prostate and uterus may 
still be recognizable in a partially skeletalized body a year 
later. The brain soon becomes discoloured, being a sofi 
pinkish-grey within a week and liquefying within a month. 

Meningeal haernorrhage and haematomata persist well, but 
apart from some tumours, non-haemorrhagic lesions in the 
brain substance vanish quite early. 

The heart is moderately resistant, and examination of the 
coronary arteries for the degree of atheromatous stenosis may 
be well worthwhile for many months, though staining of the 
vessel walls by haemolysis makes recognition of mural throm- 
bosis difficult. Complete occlusion by firm ante-mortem 

FIGURE 2.12 Post-mortem &composition showingputrefactive changes in the face, arms and trunk ajer one week in a warm room. 

The illustration shows the contrast sometimes seen bemeen onepart of the body and another, as the legs are hard4 affected. The face, neck 
and hand are swollen with gas, and the clothing is stained by Leaking skin blisters. The tongue is protruding because ofgas pressure fiom the 
tissues below. Death was due to carbon monoxidepoisoning'ca2Cc~d by faulty installation of a room heater. 

FIGURE 2.13 Almostcomplete&st~~ction 

of the facial so3 tissues by maggots. Post- 
mortem time about 2 weeks in a centrally 
heated apartment. 
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thrombus persists well. The heart may show a curious white 
granularity on the epicardial and endocardial surfaces, seen 
either during putrefaction or even on exhumation after a long 
interval. The nodules are a millinletre or less in size and are 
often called 'miliary plaques'. They were investigated by 
Gonzales et al. (1954) who found that microscopically they 
consisted of calcium and soapy material. The origin is 
obscure, but they seem to be confined to the heart and to be 
some degenerative product of the cardiac tissue. 

In obese people, the body fat (especially perirenal, omen- 
tal and mesenteric) may liquefy into a translucent, yellow 
fluid that fills the body cavities between the organs, and 
makes autopsy even more difficult and unpleasant. 

Later putrefactive changes lead to the breakdown of the 
thoracic and abdominal walls, ofien hastened by the 
perforations of maggots and sometimes larger predators, 
such as rats and dogs. In some tropical countries, such as 
India and Sri Lanka, bodies left in the open are attacked by 
many animals, including monitor lizards, and in other 
parts of the world the indigenous fauna all contribute to 
the natural cycle that returns the body fats and proteins to 
the food chain. 

After several months, the softer tissues and viscera pro- 
gressively disintegrate, leaving the more solid organs, such 
as uterus, hearr and prostare, rogerher with the ligamentous 
and tendinous tissues attached to the skeleton. Often some 
areas of skin persist, especially where protected by clothing 
or under the body against the supporting surface. Much 
depends upon the environment, as a corpse in the open air 
will suffer far more from rain, wind and especially animal 
predators, compared with one in a locked room. 

Eventually, the body will be reduced to a skeleton, but for 
some time, ligaments, cartilage and periosteal -tags will sur- 
vive. The season of year and the location will make a great 
difference to the time scale of skeletalization: a body dying 
outdoors in the late autumn will 'survive' longer through the 
cold winter and spring than one dying in the early summer. 
The effects of animal predators are profound in terms of 
removing soft tissues from the bones. In broad terms, a 
corpse outdoors in a temperate climate is likely to be con- 
verted to a skeleton carrying tendon tags within 12-18 
months, and to a 'bare-bone' skeleton within 3 years; there 
are, of course, numerous exceptions, depending mainly on 
the local environment. In closed conditions indoors, a body 
may never skeletalize, often being converted to a dried, partly 
putrefied, partly mummified shell. 

Decomposition in immersed bodies 

The old rule-of-thumb that bodies decay twice as fast in air 
as in water is grossly inaccurate, but emphasizes the slower 
rate of decomposition of immersed corpses. Though in 
mortuary practice 'drowners' are generally regarded as 
being the major source of offensively rotten bodies, this is 
usually because discovery and recovery is far later than in 

deaths on dry land. Water, in fact, slows up putrefaction, 
mainly because of the lower ambient temperature, and pro- 
tection from insect and small mammal predators. 

'The wa'ter also affects the usual processes of decay in that 
the epideimis becomes macerated and eventually detached, 
as described in the Chapter 16. Gas formation is the reason 

FIGURE 2.14 Bloating office 
of blood-tingedjuid from the 
mouth. A body recoveredfrom 
mortem time approximate& I 

and e - i o n  

nostrils and 
water, post- 

I days. 
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FIGURE 2.16 Adipocereformation in a body afier 3 months in the 

sea. Subcutaneous fat has been releasedfrom crustacean bites on the 

skin and has been converted into adipocere, which has been rolled by 
wave action within the clothing to form ovoid masses. 

for the inevitable flotation of an unweighted body, though 
the time of reappearance at the surface is extremely variable 
and certainly does not follow the speculative timetable of the 
older textbooks. The usual posture of a freely floating body is 
face down, as the head is relatively dense, and does not 
develop the early gas formation in the abdomen and thorax. 
This lower position favours fluid gravitation and hence more 
marked decomposition, so that the face is often badly putre- 
fied in an immersed body, making visual recognition difi- 
cult or impossible at an early stage. As stated, temperature is 
the major determinant of the rate of putrefaction. Though it 

FIGURE 2.1 5 Marine predation in a body 

afier 3 months in the North Sea. The 

victim was fiom an oil rig and hadfloated 

on the surface in a life jacket. Much of the 

skin has been removed by crustaceans, and 

the arm mwclps by larger@ who have 

clpaned out most of  the body cavity. 

is usually claimed that the nature of the water in respect of 
sewage, for instance, is important, it is a minor factor as most 
of the micro-organisms responsible for decay come from the 
alimentary canal and respiratory passages of the body itself. 

Decomposition in buried bodies 
The rate of decay of bodies buried in earth is much slower 
than of those in either air or water. In fact the process of 
putrefaction may be arrested to a remarkable degree in cer- 
tain conditions, allowing exhumations several years later to 
be of considerable value. In this respect the prospect of an 
exhumation should never be dismissed on the grounds that 
because of the lapse of time, it is bound to be worthless. 
It may turn out to be of little value, but this cannot be 
anticipated, and not infrequently the condition of the body 
may be surprisingly good. 

The speed and extent of decay in interred corpses depends 
on a number of factors. If the body is buried soon after 
death, before the usual process of decay in air begins, putre- 
faction is less and may never proceed to the liquefying 
corruption usually inevitable on the surface. A lower tempera- 
ture, exclusion of animal and insect predators, and lack of 
oxygen are important factors. Although most bacteria 
originate in the intestine, there is less access for secondary 
invaders and the restriction of oxygen inhibits aerobic organ- 
isms. If the body is rotting before burial then, although the 
process slows down, it will still severely damage the corpse, as 
enzymatic and bacterial growth have had initial encourage- 
ment from a higher ambient temperature and free access 
of air, thereby producing conditions in which secondary 
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FIGURE 2.17 Decomposition in a body buried in a shallow g-rave for 6 months (spe Figure 1.2). The soil had collapsed into cavities around 

the corpse, partly due to the weight of tractorspassing over it. This allowed access to flies and discovery by a dog. The body ispartlyputrefied, 

but has some adipocere, 

invaders (including anaerobes) can continue their work in a 
good culture medium that is already partly liquefied by the 
earlier stages. 

Deep burial, as in the usual cemetery interment, pre- 
serves the corpse better than the shallow grave seen in some 
concealed homicides. The deep burial is colder (except in 
extremely cold weather), it excludes air better and, unless 
waterlogged, is not directly affected by rain. 

The nature of the soil is not directly relevant except in its 
drainage and aeration properties. Heavy clay will exclude 
air and, if well above the water table, will exclude percolat- 
ing surface water. By contrast, light sandy soil may allow 
access of both air and rainwater, but will drain more effect- 
ively. The soil factor is less important than the topography 
in which it lies - in a valley floor or below the water table, 
waterlogging is inevitable, but on a well-drained hillside 
the grave may remain relatively dry. 

Another factor that aids the presemation of legitimately 
buried corpses is the coffin. Though modern coffins are 
often of wooden laminate or chipboard, which rapidly dis- 
integrates when wet, any kind of coffin helps to exclude 
water and air for a time. A substantial, sound jointed coffin 
may last for years and the modern rarity of a sealed metal 
liner can keep a body in an excellent state of preservation 
for a long time. 

A major factor that helps to slow decomposition is, of 
course, the absence of animal predation in burials. Again, 
if a corpse is buried before insect eggs are laid, the profound 
effect of maggot infestation is avoided. Rodents and larger 
mammals can only reach shallow burials, and in deep inter- 
ments the coffin has to be breached before even the limited 
fauna of that stratum can gain access. 

As in all putrefaction, it is unrealistic to try to construct a 
timetable for the stages of decay in burials. The permutations 
of factors mentioned above make it impossible, especially 
where adipocere formation takes place, as described below. 
The author (BK) has exhumed a chapel cemetery in the 
waterlogged p a t  of a Welsh valley and found not a trace 
of body, even skeleton, in graves with headstones confirming 
death only 20 years previously. By contrast, other bodies 
elsewhere were perfectly recognizable - and a standard 
autopsy could be carried out - one and a half aher death. 

When bodies are buried in coffins in vaults, rather than 
in earth, then again there can be a variable rate of decay. 
Some bodies may develop adipocere, others may wholly or 
partly mummify. 

There are many publications on this subject, mainly 
derived from the examination of historical sites or church 
crypts that have had to be cleared. The subject is of consid- 
erable interest but of limited forensic relevance. 
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FORMATION OF ADIPOCERE 

An important and relatively common post-mortem change 
is the formation of adipocere, a waxy substance derived 
from the body far. The name was given to it by Fourcroy in 
1789, being derived from 'adipo' and 'cire', to indicate its 
affinity with both fat and wax. In most instances the change 
of adipocere is partial and irregular, though occasionally 
almost the whole body may be affected. In small amounts, 
adipocere is more common than usually thought in buried 
or concealed corpses. It is caused by hydrolysis and hydro- 
genation of adipose tissue, leading to the formation of a 
greasy or waxy substance if of recent origin. After months or 
years have passed, adipocere becomes brittle and chalky. The 
colour can vary from dead white, through pinkish, to a grey 
or greenish-grey. The substance itself is off-white, but stain- 
ing with blood or products of decomposition can give it the 
red or greenish hues. The smell was accurately described by 
WED Evans (1962, 1963a, b) as being 'earthy, cheesy and 
ammoniacal'. 

The chemistry of adipocere has been studied extensively. 
It contains palmitic, oleic and stearic fatty acids together 
with some glycerol, though the latter may have been leached 
out in older adipocere. These form a matrix for remnants of 
tissue fibres, nerves and muscles, which give some slight 
strength to the fats (see Mant and Furbank 1957). Crystals 
with radial markings can be found in the adipocere. Body 
fat at the time of death contains only about half of 1 per cent 
of fatty acids, but in adipocere, this may rise to 20 per cent 
within a month and more than 70 per cent in 3 months. 

The formation of adipocere, as an alternative to total 
putrefaction, requires certain environmental conditions. 
A body left exposed in air, unless the conditions are condu- 
cive to mummification, will undergo moist putrefaction if 
the temperature remains above about 5-8°C. In burials, 
immersion in water, and in incarceration in vaults and 
crypts, adipocere often forms to a greater or lesser extent. 

It is usually taught that moisture is necessary for the 
process, and it is undoubtedly a fact that most adipocere 
formation occurs in immersed bodies and those in wet graves 
and damp vaults. Numerous cases have been described, how- 
ever, in which dry concealment also led to adipocere forma- 
tion and here it must be assumed that the original internal 
body water was sufficient for the hydrolysis to proceed. 

It is said that some warmth is necessary for adipocere 
formation, but the process seems to occur even in deep 

FIGURE 2.19 Conversion offacial and orbitalfat into adipocere 

afler several months in water. There is alro apenetrating wound 

on the forehead, obviously ante-mortem fiom the healing margins. 

The body war eventually identified by obtaining hospital 

radiographs of the person suspected of being the victim; these 

matchedpost-mortem radiographs in respect of the injury and 

jontal  sinus outlines. 

FIGURE 2.18 Complete conversion of a 

body to adipocere. The body war recovered 

fiom a deep lake 8 years afler disappearing 

in a boating accident during a hea y storm 
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FIGURE 2.20 Almost complete conversion ofan infant? body to 
adipocere. The body was exhumed after 3 years' burial and was 
found to consist of a hollow shell of stzffadipocere with the skeletal 

elements loose within. 

FIGURE 2.21 Adipocerefonnation in body lefr in diy sewer tunnel 
for about 2 years. External water is not necessaiy for adipocere 
formation, as bodyjluids may be suficient hydrolysis o f f t .  

graves and in cold water. Early activity by anaerobes such as 
Clostridiumpe$ingens assist in the reaction, as the bacteria 
produce lecithinase which facilitates hydrolysis and hydro- 
genation (see Mant 1967). Such bacteria need some warmth 
in the initial stages to reproduce and metabolize and Mant 
suggests that rapid cooling soon after death, such as by immer- 
sion in water, may actually retard the formation of adipocere. 

The frequency with which adipocere forms may be 
gauged by the observations of those who have exhumed old 
cemeteries and vaults, as well as the victims of wartime 
slaughter (see Evans l963a; Mant 1967; Polson et al. 1975; 
Evans 1963a). The latter found that over half the occupants 
of dry vaults had some adipocere. It was present in 63 per 
cent ofwomen and 45 per cent of men. 

The importance of adipocere 
formation 

The process is more than a biochemical curiosity as, once it 
is formed, adipocere may persist for decades or even centuries. 
The usual dissolution of putrefaction is replaced by a perman- 
ent firm cast of the fatty tissues and, although distorted 
compared to the immediate post-mortem shape, it allows the 
form of the body and sometimes even of the facial features to 
be retained in recognizable form. Injuries, especially bullet 
holes, may be preserved in a remarkable fashion (Manr 
1967). Though adipocere mainly affects the subcutaneous 
fat, it may also preserve the omental, mesenteric and peri- 
renal adipose deposits; in addition, organs containing fat 
through pathological or degenerative processes may be pre- 
served by adipocere forming in their parenchyma. 

The time required for the production of adipocere has 
been a matter of controversy. The old authors claimed that 
3-12 months were required, and Casper (1862) suggested 
G months, but it is obvious that the process can occur much 
faster than this. 

There seems little reason to doubt that hydrolysis of 
body fat begins soon after death, as crystals of fatty acids 
have been found in infant bodies lying in water for only a . - 
week. This process is usually overtaken by lique$ing putre- 
faction, however, which allows the fat, especially in obese 
persons, to collect as extracellular pools and pockets of 
triglycerides in the body cavities. 

If the putrefactive process is slowed by burial or immer- 
sion, then hydrolysis and hydrogenation can outpace putre- 
faction. In addition, adipocere formation actually inhibits 
putrefaction, as the increasing acidity of tissues and the dehy- 
dration caused by the consumption of water in hydrolysis 
slow the growth and spread of the usual putrefactive organ- 
isms. The point at which adipocere becomes visible to the 
naked eye varies greatly, but it has been observed as early as 
3 weeks, though 3 months is a more typical period. Adipocere 
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is often mixed with the other forms of decomposition. Even 
within a coffin or other place of sequestration, there may be 
several different 'mini-environments'. One end of the body 
may be putrefied or skeletalized, whilst other parts may be 
mummified or in adipocere. Certain areas tend to develop 
adipocere, such as the cheeks, orbits, chest, abdominal wall 
and buttocks. Only rarely is the face preserved well enough 
by adipocere to be genuinely recognizable, as disintegration 
of the eye globes and shrinkage of the tissues around the nose 
and mouth obscure the most characteristic features. 

MUMMIFICATION 

The third type of long-term change after death is mummi- 
fication; a drying of  the tissues in place of liquefying putre- 
faction. Like the other modes of decomposition, this can be 
partial and can coexist with them in different areas of the 
same body. It is, however, more likely than the others to 
extend over the whole corpse. 

Mummification can only occur in a dry environment, 
which is usually but not exclusively, also a warm place. 
Mummification can occur in freezing conditions, partly 
because of the dryness of the air and partly because of the 
inhibition of bacterial growth. The most widely known forms 
of mummification are those in hot, desert zones. The process 
of artificial mummification practised for millennia in Egypt 
was an imitative process founded on the natural mummifica- 
tion of bodies in predynastic times. The essential requirement 
for mummification is a dry environment, preferably with a 
moving air current. If sterility of the tissues can be attained, 
as in a newborn baby, then putrefaction is held at bay whilst 
drying occurs. The appearances of mummification display 
desiccation and brittleness of the skin, which is stretched 

tightly across anatomical prominences such as the cheekbones, 
chin, costal margin and hips. The skin is discoloured (usually 
being brown), though secondary colonization by moulds 
may add patches of white, green or black. 

The skin and underlying tissues are hard, making 
autopsy dissection difficult. The condition of the internal 
organs is variable, depending partly on the length of time 
since death. They may be partly dried, partly putrefied - 
and adipocere is not uncommon. In fact, slight adipocere 
formation is common in mummification, and perhaps the 
two are related in that the utilization of body water to 
hydrolyse fat in turn helps to dehydrate the tissues. The 
major factor, however, is evaporation from the surface in 
dry conditions. 

Like adipocere, facial recognition may be possible in some 
instances, though the shrunken distortion and loss of eyes 
and full lips considerably alter the features. Mummification 
is likely to occur in temperate climates when the body is 
left undisturbed in a dry, warm place. These include closed 
rooms and cupboards, haylofts, attics and beneath floor- 
boards. Because concealment favours mummification, a 

number of these bodies are hidden homicides - one of the 
best known being the 'Rhyl mummy' in North Wales, when 
a strangled woman was concealed in a cupboard for many 
years, whilst her pension continued to be claimed. Orher 
instances are where a natural death has been concealed for 
some purpose. The author (BK) has also seen two deaths 
in hay barns, where the corpses were undisturbed for over 
a year. 

Most experienced forensic pathologists are familiar with the 
mummified fetus or newborn infant, concealed in domestic 
circumstances, such as a house loft, where complete mum- 
mification has taken place. With small bodies such as these, 
evaporation is faster and more complete, and may extend 
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Post-mortem damage by predators 

to all organs, especially as there would have been no inva- 
sion of putrefactive micro-organisms from the gut. 

The timing of mummification is not well documented, 
as most mummified corpses have been concealed so well 
that discovery does not occur until long after the process 
has reached its maximum effect. It certainly takes some 
weeks and the early stages are often mixed with a degree of 
putrefactive change, especially in the internal organs. 

After complete drying has taken place, the body may 
remain in that state for many years. Eventually, mould for- 
mation and physical deterioration progress, the dried tissues 
becoming split and powdery and gradually disintegrating. 
This process is usually hastened by animal predation. Even in 
the shelter of a barn or house, moths, beetles, mice and rats 
will wreak damage on the corpse. It will eventually skeletalize, 

though tough, leathery shreds of skin, tendon and ligament 
may persist for many years. Mummification allows major 
injuries to be preserved, though as in the putrefied body, the 
detection of bruises and abrasion may be difficult or impos- 
sible to differentiate from discoloration, artefacts and fungal 
damage. The stiff tissues can be softened for better examina- 
tion and histology, by soakmg in a 15 per cent solution of 
glycerine for several days (see Evans 1962). 

POST-MORTEM DAMAGE BY 
PREDATORS 

Animal predation is part of the natural food chain, which 
returns the proteins, fats and carbohydrates of dead bodies 

FIGURE 2.23 The mummified body ofan 
absconderfrom a mental hospital who was 
found a year later in a hay barn. The d y  
environment had inhibited wet 

decomposition. 

FIGURE 2.24 Extensive mouldformation 

and lack ofputrefactive changes in a child 
who accidentally locked himselfin a box 
and asphyxiated. The body was not found 
for 6 weeks. 
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FIGURE 2.25 Loss of all sofi tissues of head 

and neck, in areas not covered by clothing, 

by post-mortem animalpredation. 

to other animals, some of it passing back to the vegetable 
kingdom through soil nutrition. All types and sizes of animal 
are involved, the largest seen by the author (BK) being a 
'near-miss' by a Malayan tiger, who dragged a sleeping soldier 
from his tent. Most animal damage is more mundane, the 
beasts varying from ants to foxes, and from bluebottles to 
monitor lizards. Foxes can drag parts of a body away to a dis- 
tance of at least 2 miles. 

The type of predation varies greatly with geography, 
season, and whether the dead body is indoors or out in the 
open. If it is lying in the countryside, large predators will 
cause prompt and severe damage, even complete destruc- 
tion being possible in a short time. In temperate countries, 
foxes and dogs form the main agents, and the body may 
be dismembered and scattered over a wide area, especially 
if advancing putrefaction makes disarticulation easy. If 
corpses are in inland waters, damage from water rats and 
fish is possible, as well as attacks from dogs and foxes, if the 
body lies exposed on the bank of a river or a lake. 

The type of damage from canine and rodent predators is 
usually obvious, as the local removal of large amounts of flesh 
is usually accompanied by evidence of teeth marks. Rats and 
cats leave a crenated edge to fairly clean-cut wounds, the post- 
mortem nature of which is obvious from the lack of bleeding 
or an inflamed marginal zone. Mice rarely attack bodies, but 
may help to remove the dried, crumbling tissue of a mummi- 
fied corpse. The most active tissue removers are maggots, the 
larval stage of bluebottles (Calliphora) and flies (Mwca). The 
use of the life cycle in timing death is dealt with elsewhere, 
but here we are concerned with their destructive effects on 

FIGURE 2.26 Post-mortem rat bites of the orbit. Such injuries are - 
not unnaturally - ofien regarded with suspicion by the police. The 
complete absence of bleeding or reddPning of the wound margins, as 
well as the unlikely shape and situation of the injury, make itspost- 
mortem origin obvious. 

corpses. In temperate zones their activity is seasonal, but in 
hot countries their predatory work is ever present. The adult 
insects lay eggs on the fresh corpse (or even on a debilitated 
live victim), choosing wounds or moist areas such as the 
eyelids, lips, nostrils and genitalia. Once skin decomposition 
begins, the eggs can be deposited anywhere. The eggs hatch 
in a day or so, and several cycles of maggot develop, shedding 
their cases at intervals, depending on the species. 
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FIGURE 2.28 A post-mortem animal bite that was mistaken for a 

criminal assault. The old lady was found locked in with a cat, 
having diedfiom a gastric haernorrhage. The wound has not bled, 
the margins are not reddened and tooth crenations can be seen 
round its edge. 

FICUKE 2.27 A body recoveredfiom the 
Baltic Sea with numerous superfcial skin 

defects on the face and neck due to post- 

mortem predation, probably by the 
crustacean Saduria entomon, shown in the 

insertedpicture with a srnalkr shrimp in 

the middle. 

The maggots are voracious and energetic, first exploring the 
natural passages, such as mouth and nostrils, then burrowing 
into the tissues. They secrete digestive fluids with proteolytic 
enzymes that help soften the tissues, burrowing beneath the 
skin, and malung tunnels and sinuses that hasten putrefaction 
by admitting air and access to external micro-organisms. 
Successive waves of eggs are laid, producing new generations 
of maggots. Eventually, loss of tissue and drying make the 
host cadaver unattractive to egg-laying insects, and the later 
stages of decomposition become free from maggots. 

Beetles and many other types of insect and arthropod 
join in the destruction, but one particular insect must be 
mentioned. This is the ant, which can attack the body soon 
after death betore putrefaction begins. A common place for 
ant attack is around the eyelids, lips and on the knuckles. 
The lesions are superficial ulcers with scalloped, serpiginous 
margins. They can be mistaken for ante-mortem abrasions, 
but their position, margins and lack of bleeding or inflam- 
matory changes usually make them easily recognizable. 
Shapiro, however, has documented cases where extensive 
linear ant lesions have resembled ligature abrasions around 
the neck (Shapiro et a/. 1988). 

Tropical ants can devour tissues to a considerable extent 
and, although stories of soldier ants reducing horses to 
skeletons within minutes are apocryphal, predation by 
large numbers of insects can be extensive. 

In water, all manner of aquatic animals can mutilate 
immersed bodies, as well as land mammals if the corpse is 
in shallow water or grounded on a mudbank or the beach. 
Large fish can be totally destructive, especially in tropical 
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waters, but even in temperate seas severe damage can occur. 
Some of the victims of the Air India aircrafc disaster near 
Ireland in 1985 were ravaged by sharks. Large gouges from 
the wound edges, punctures from teeth and extensive tissue 
loss, even with fractures of large bones such as the femur, 
characterize shark attacks. 

Smaller fish can wreak severe damage, the prime example 
being piranhas, though many species will devour both fresh 
and decomposing bodies. Crustaceans are also predatory 
and can remove circular areas of skin to expose the subcuta- 
neous fat, which may detach inside the clothing to form 
masses of adipocere. Birds also cause damage, usually to the 
dead, though crows may mutilate live lambs. The habits of 
carrion birds, such as the vulture, are well known, but 
smaller birds will inflict injury on exposed bodies, espe- 
cially when putrefaction sofcens the tissues. 

All animal predation varies in appearance according to 
the size and shape of the teeth or jaws of the s red at or, but all 
such post-mortem injuries have features in common. There 
is no bleeding apart from the minute quantity actually in 
the vessels of the damaged part, and certainly no active 
haemorrhage into the wound margins. Naturally, there is no 
oedema or reddening of the edges as might be seen in an 
ante-mortem wound earlier than the perimortal period. 
Crenation of the edges is a useful guide where small rodents 
or other animals are involved, though large carnivores can 
make totally irregular tears in the tissue. Some animals, such 
as dogs and foxes, may leave punctured wounds adjacent to 
the damaged edge where sharp teeth have penetrated. On 
bones, the incisor teeth of rodents and larger carnivores can 
leave parallel gouges, which must not be mistaken for illicit 
human activities. In domestic surroundings, pets may inflict 
drastic post-mortem injuries if they are locked in with a 
dead person. Dogs and cats can cause injuries that puzzle 
those, such as the police, who are unaware of the possibility. 
Complete decapitation by Alsatian dogs has been seen by 
both of the authors, as well as genital injury. 

THE ENTOMOLOGY OF THE 
DEAD AND POST-MORTEM 
INTERVAL 

This is a highly specialized subject and, when the issue of 
time since death is important, such as a criminal investiga- 
tion, it is essential that, wherever possible, the pathologist 
has the assistance of an entomologist with forensic experi- 
ence. As in forensic toxicology and serology when serious 
medico-legal issues are at stake, there is no place in forensic 
entomology for the 'occasional expert' who dabbles in the 
subject when the opportunity arises. Having said this, it is 

helpful to know suficient about the topic to recognize 
when expert help is required, and to understand what 
information and specimens need to be obtained. 

The rationale of forensic entomology is that after death 
invasion of an unprotected body by sarcosaprophagous insects 
and other small fauna comes in successive waves. Different 
species of arthropods colonize the corpse at different periods 
after death. In addition, some species (including the most 
common blowflies) pass through complex life cycles that can 
be used to determine at least the minimum time since death 
by studying the stage of maturation of the insects. The science 
is inexact and is modified by a number of factors, both di- 
matic and geographical, but in expert hands can sometimes 
yield usefd information about the date of death at a period 
when other indicators have ceased to function. These methods 
have been used since the middle of the eighteenth century, but 
Megnin placed forensic entomology on a sound basis with his 
publication of Lafiune des cadavres in 1894. There are now a 
substantial number of publications on the subject, though 
most of them need specialist zoological knowledge for the 
interpretation of the species involved and their complicated 
maturation cycles. It is essential that the entomologist has the 
fullest possible information about the nature of the environ- 
ment in which the body was found and, if possible, he should 
visit the scene himself. It is also vital to have accurate data on 
the weather, especially the ambient temperature of the area 
during the period in which the body had been lying there, as 

the maturation times of insects (especially blowflies) are 
markedly altered by climatic conditions. 

The most common insect found on relatively fresh 
corpses is the blowfly, a colloquial name for a group of fly- 
ing insects of the order Diptera, with almost worldwide 
distribution. They mainly comprise the bluebottles, the 
greenbottles and the housefly. There are numerous species, 
with variations in life cycles that are altered by climatic 
conditions. The bluebottle (Calliphora) is the most com- 
mon, especially Calliphora vicina Robineau-Desvoidy 
(Calliphora erythrocephala Meigen), the most frequent 
invader of dead flesh. These are large, bristly flies about 
6-14 mm long, with iridescent blue abdomens. 

They do not fly in the dark and thus eggs are laid only in 
daylight. This means that a corpse found at night or in the 
morning with eggs upon it, almost certainly died the previ- 
ous day. Bluebottles rarely fly in winter, but may do on fine 
days, though when the temperature is below 12OC they are 
unlikely to lay eggs. Rain is also a marked deterrent to egg- 
laying, except in the case of the Sarcophagidae. Bluebottles 
prefer fresh rather than decayed carrion and lay their eggs 
soon afier death, which may be of medico-legal significance. 
Indeed, they may lay eggs on the living, especially when the 
victim (man or animal) is debilitated or wounded. A single 
bluebottle may lay up to 300-2000 eggs in clusters of 
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30-150. The eggs are laid on moist areas, such as the eyelids, 
canthi of the eyes, nostrils, lips, mouth, genitals and anus. If 
there are any open wounds or weeping abrasions, these may 
also be colonized. The eggs are yellow and banana-shaped, 
about 1.7 mm in length. 

The many tables and diagrams available for the succes- 
sion of sarcosaprophagous insects on corpses must be read 
in the knowledge that the environment, especially the tem- 
perature, makes a marked difference to the time span of the 
larval and pupal stages. As Nuorteva et al. (1967) state: 

Crimes do not occur under experimental conditions and 
standardized food supplies. Flies, a s  medico-legal 
indicators, must therefore be used in conjunction with 
the records of meteorological conditions existing at the 
time subsequent to the presumed crime. 

Thus the following examples, mainly taken from Glaister 
and Brash's (1937) account of the notorious Ruxton mur- 
der, must be read with this caution firmly in mind - and 
wherever possible, the pathologist must enlist the aid of an 
experienced entomologist. 

Adult bluebottles will begin to lay eggs about 4-5 days 
after emergence from pupation. Eggs will not hatch at 
temperatures below 4"C, but they will develop at 6-7°C. 
The time from laying to hatching is 8-14 hours, depending 
on the temperature. 

The first maggot stage (first 'instar') tries to penetrate the 
tissues or enter any nearby body cavity such as the mouth 
or wounds. Maggots have powerful proteolyric enzymes 
that aid dissolution of the tissues and facilitate penetration. 
The first larval instar persists for another 8-14 hours, then 
the outer skin is shed and the second larger instar feeds for 
another 2-3 days. 

After a final moult, the third instar spends about G days on 
the body before leaving it to migrate some distance to hide in 
the ground or under some other cover (even a carpet) to 
pupate. The pupa is a brown leathery capsule in which the 
insect metamorphoses into the winged fly after about 
12 days. The new bluebottle emerges and leaves the empry 
pupa case behind, ready to begin the cycle over again, which 
thus lasts about 18-24 days from egg to adult. The greenbode 
(Lucilla caesar) and the sheep maggot fly (Lucilla sericata) 
have life histories that are similar to that of the bluebottle. 

The common house fly (Musca domestica) is different in 
that, unlike the bluebottles, it prefers to lay its eggs on 
already decomposed flesh, though it is more attracted to 
garbage and manure than to cadavers. The eggs are much 
smaller and white rather than yellow. Hatching time is 
8-12 hours, the first instar at about 36 hours, the second 
instar at 1-2 days and the third at about 3-4 days. Pupation 
lasts up to 7 days, less in warm weather. The whole cycle 

is thus about 14 days at about Z ° C ,  though again it must 
be emphasized that variations in ambient temperature make 
considerable differences to the speed of maturation. A table 
by Busvine (1980) shows that the total cycle length varies 
from 9 days at 40°C to 32 days at IGOC. 

Entomologists have constructed tables of variation in 
larval length according to age and temperature; expert know- 
ledge and strict identification of the species is needed before 
definite opinions upon minimum times since cadaver death 
are offered. Some of the times quoted above were taken 
from the extensive entomological work performed on the 
Ruxton case in 1935, but do not correspond to the cycle 
periods published by Kamal in 1958. The total maturation 
times that he found in experimental conditions at 22°C are 
much longer, being 1 4 2 5  days (average 18) for Calliphora 
vicina. 

In many of the published cases where Calliphora have 
assisted in the estimate of the time since death, it is an 
assessment of the age of larvae that is made from their size. 
Of  course this can only be a minimum estimate, especially 
if mixed generations are present as a result of successive 
waves of flies laying eggs at different times. As already said, 
however, bluebottles do not favour decomposed tissue for 
oviposition, so egg-laying is likely to cease within a couple 
of days of death. If pupa cases are seen either on or near the 
body, then any larvae present may be from later waves - 
even second- or third-generation insects. 

In addition to maggots on the body, other fauna in the 
soil beneath a corpse leave the area and a reduction in the 
number of species of normal soil insects may be a marker 
for the site of a body, even for some time after the latter has 
been removed. The minimum population of arthropods under 
a corpse is reached after about 2 months; it then revives, but 
with quite a different range of insects from the original 
inhabitants. The absence of eggs or maggots on a body may 
sometimes be of use, as it may indicate that a body has been 
in a sheltered place inaccessible to flies, even if it was later 
moved out. Where a body has been buried, even a shallow 
covering of soil may protect it from oviposition; where part 
of the body protrudes, this may well be the focus of maggot 
infestation. 

Different types of insects invade the body afier the moist, 
stage that is associated with blowfly maggots 

has passed. At different seasons, different insects may be preva- 
lent so that the finding of say, Phoridae and Sphaerocerdiae 
in Europe would suggest that the body had been there in 
the summer months. Larder beetles (Demzestes) may arrive 
3 4  months after death; house moths may attack dried 
tissues such as mummies and can dispose of keratin such as 
hair and beard. Beetles (Coleoptera) are late arrivals and are 
usually found in dried or adipocerous corpses. These and 
many more are related more to season than time, so again 



the considered opinion of an expert is necessary. The absence 
of insects in certain climates may indicate that death took 
place in the winter months when no active colonization was 
occurring. 

Collection of material for 
entomological study 
To the practising forensic pathologist, the main concern in 
this context is the careful collection and dispatch of spec'i- 
mens to an entomologist with forensic experience. 

First, the entomologist needs to know all available facts 
about the environment in which the body was found - 
preferably he should visit the locus himself if the matter is of 
lega! importance. He should be told the temperature of the 
maggot mass and ambient temperature around the time the 
body was found. If no actual temperature measurements 
were taken by the pathologist at the scene - and even if they 
were - local records should be obtained from the nearest 
meteorological centre. Without this information the prob- 
able maturation rate cannot be estimated. The nature of the 
locus should be described, in terms of vegetation, trees and 
undergrowth if outdoors. Where maggots are present, some 
should be placed live in a tube and, if there is delay in tran- 
sit to the entomology laboratory, a fragment of meat should 
be included for food. Any adult flies, other insects and eggs 
should also be collected without preservative. 

In addition, some maggots, adults, pupae, empty pupa 
cases and eggs should be sent after fixation. They can be 
placed directly into 80 per cent alcohol, but preferably in 
three parts 80 per cent alcohol with one part glacial acetic 
acid. Even better is Pimple's fluid, which is six parts 35 per 
cent formalin, cwo parts glacial acetic acid, 1 5  parts 95 per 
cent alcohol and 30 parts water. Form01 saline 10 per cent 
(as used for histological fixation) should not be used. 

If there are different insects on the body, they should be 
placed in separate tubes - especially if they are alive - as some 
may devour the ochers before they reach the laboratory. 

Whatever is sent should be labelled or numbered accord- 
ing to a key that records where on the body they were 
found. If outdoors, the soil beneath the body should be 
sampled and, where a full cycle has occurred, pupae or 
cases should be obtained by shallow trenching in radii 
around the body. 

When the body has been recovered from water, any 
insects or crustaceans should be recovered. Body parasites 
may occasionally be useful. Fleas and lice can survive total 
immersion for some hours, but the advice of an entomolo- 
gist should be sought if parasites are found on an immersed 
body to derermine the minimum survival time of that 
particular species under the existing circumstances. 

ESTIMATION OF THE TIME SINCE 
DEATH BY BODY COOLING 

2: T h e  p a t h o p h y s i o l o g y  of d e a t h  

* 78 * 

Though the study of the rate of cooling of the dead human 
body is essentially an exercise in physiology, its potential 
use in determining the time since death have made it the 
most frequent topic for research in forensic medicine. 

For more than one and a half centuries, papers have been 
published devoted to refining the problem further, which 
has obvious and important connotations in the investiga- 
tion of criminal deaths. Unfortunately, the vast amount of 
iabour in this direction has not been rewarded by compar- 
able improvements in accuracy because of the permutations 
of factors that defeat exact calculation of the post-mortem 
interval. The history of this research is in itself extensive 
(Knight 1988) but a few cardinal points might be men- 
tioned here to mark the various phases of investigation. 

Though the fact that a dead body becomes progressively 
colder after death has naturally been known since earliest 
times, scientific measurements were first published in the 
nineteenth century. Dr John Davey in 1839 recounted 
experiments with dead soldiers in Malta and Britain, using a 
mercury thermometer. Though this pioneer made no prac- 
tical contribution to the problem, some of his comments are 
remarkably pertinent across a gap of more than 150 years: 

Much judgement, however and nice discrimination 
may be requisite on the part of the medical man, in 
appreciating the circumstances likely to modify 
temperature, so  a s  to enable him when called upon 
for his  opinion (of the time of death), to give one 
which will be satisfactory to the legal officers - and to 
himself - on reflection. 

These cautionary words are just as applicable nowadays 
when, unfortunately, some doctors offer a time of death 
with a confidence often inversely proportional to their experi- 
ence. In 1863, Taylor and Wilkes wrote a classic paper 
which introduced many of the current concepts, such as the 
initial temperature plateau, the core temperature, heat gra- 
dient and the effect of insulation. Taylor was, of course, 
Alfred Swaine Taylor of Guy's Hospital, author of the text- 
book that remained the definitive work on forensic medi- 
cine for almost a century. Later in the nineteenth century, 
Rainy of Glasgow first applied mathematical concepts to the 
problem and produced a formula for calculating the time of 
death. He also pointed out that Newton's Law of Cooling 
did not apply to the human body. In 1887, Womack first 
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used centigrade units, though his use of the now familiar 
temperature graphs was anticipated by Burman in 1880. 

In this century, the most quoted papers were those by 
De Saram in Ceylon (De Saram etal. 1955; De Saram 1957), 
who published careful and detailed measurements of con- 
trol cases obtained from executed prisoners. His data are still 
being studied and reworked. The names Fiddes and Patten 
are known to all those interested in this subject as, in 1958, 
they produced a paper that was a classic, as Taylor's had been 
in the previous century. Using repeated temperature meas- 
urements they devised a percentage cooling method and 
explored complex theoretical aspects, such as the 'infinite 
cylinder' model, for the human body. 

Marshall and his collaborators dominated the publica- 
tions in the 1960-1 970 period, with papers that explored in 
depth the mathematical aspects and confirmed the double 
exponential or 'sigmoid' shape of the rectal cooling curve. In 
the last decade or so, many more papers and new techniques 
have been produced, with computer assistance increasingly 
used. Amongst these, Henssge and Madea in Germany have 
been predominant. Microwave and infrared thermography - - 

have been explored and the physics and .mathematics of 
body cooling probed in such depth that often the scientist 

- - 

in the research group has difficulty in explaining the 
concepts to his medical collaborator. In spite of all this 
activity, practical methods of determining the time of death 
continue to lack accuracy. Though some recent publications 
offer firm advice and describe methods, they can do no 
more than provide a 'time bracket' of probability within 
which death is thought to have occurred. 

Post-mortem cooling 

Except where the environmental (ambient) temperature 
remains at or even above 37"C, the human body will cool 
after death. A uniform, homogeneous laboratory 'body' will 
cool according to Newton's Law of Cooling, which states 
that the rate of cooling is proportional to the difference in 
temperature berween the body surface and its surroundings. 
Graphically represented, this will display the curve of a single 
exponential expression, not a straight line. A human body 
does not obey Newon's Law, though the size of the discrep- 
ancy varies according to several factors. When death occurs, 
heat transfer within the body through the circulation ceases. 
Metabolic heat production, occurring mainly in the muscles 
and liver, does not cease uniformly and some heat generation 
continues for a variable time. As soon as the supply of 
warmed blood ceases with cardiac arrest, the skin surface 
immediately begins to lose heat. The rate is variable because 
of clothing, posture and shielding against the supporting 
surface and, of course, the environmental temperature. 

The centre or 'core' of the body cannot begin to cool 
until a 'temperature gradient' is set up by the cooling at the 
skin surface. As the tissues are poor heat conductors, this 
gradient takes a variable time to become established and 
therefore a thermometer placed near the core (usually in 
the rectum) will not register a fall for some time. This is the 
well-known 'plateau', which forms the upper flattened or 
slightly sloping part of the double exponential curve when 

Time 

FIGURE 2.29 Cooling curves: the Newtonian single exponential 

curve (a) does not occur in practice, except on the su$ace of the body. 
Because of the variable plateau (c), the true curve for deep core 
temperature (6) assumes a double exponential shape. 

Time 

FIGURE 2.30 Diapmmatic representation ofsome variables in 
body cooling curves: (a) average body, (b) obese body, (c) heavily 
clothed body, (d) thin body, (e) naked body, (fl hypothermic body 
and @febrile body. 
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rectal temperatures are measured. If skin temperatures are 
used, as in some of the nineteenth century research, no 
plateau is found, and, using cranial temperatures taken 
through the nose, ear or skull, the plateau is less, as the core 
is nearer the surface. 

The central part of the cooling curve approximates to 
Newtonian principles, being fairly straight or only a shal- 
low curve. As the temperature differential between the 
body and environment approaches zero, the graph again 
flattens off into a lower shelf. Unlike the laboratory body, 
the human body rarely reaches the ambient temperature 
unless the latter is at or near freezing. This is probably 
because enzyme and bacterial action starts during early 
decomposition and, much as a compost heap warms up, 
the temperature may actually rise a few days after death. 

Thc qrpicd recta! cooling curve then, is a 'sigmoid' shape 
or 'double exponential' curve. The part that is of use in 
forensic medicine is the central section showing the steepest 
fall. Theoretically, if one assumes that the body tempera- 
ture at the time of death was 37"C, then finding the point 
on this section corresponding to the measured rectal tem- 
perature should allow extrapolation back to the 37°C point 
which is at zero on the time scale, thus giving rhe post- 
mortem interval. 

Unfortunately, a number of variables make this atrractive 
proposition impossible to attain in practice. Not only are 
there variables, but the variables themselves often vary dur- 
ing the period before the body is discovered and examined. 
For example, the ambient temperature may change 
markedly - perhaps several times - and often this may not 
be known to the examiner. Even opening doors and allow- 
ing draughts to play on the body will have profound effects 
on the cooling curve, which cannot be detected or corrected 
retrospectively. 

Factors affecting the cooling curve 

INITIAL BODY TEMPERATURE 

This cannot be assumed to be 37°C and in fact is incapable 
of ever being measured in retrospecr. Not only is there a 
difference between the rectal, liver, brain, axillary, mouth 
and skin temperatures in the living person, but the absolute 
values vary slightly from person to person and from time to 
time, even in health. 

If the oral temperature is taken to be 37°C then that in 
the axilla will be several degrees lower and that in the rec- 
tum at least one degree higher. There is a diurnal variation 
of almost l0C, the temperature being lowest between 0200 
and 0600 and highest between 1600 and 1800. Strenuous 
exercise raises the temperature by up to 3"C, which persists 
for up to 30 minutes after returning to rest. 

When there is illness or trauma, much wider variations 
occur, which again are impossible to detect retrospectively. 
In febrile illness from micro-organisms or parasitic infec- 
tions, the temperature may be 4 or 5°C higher. In the foren- 
sic context, infected wounds or a septic abortion are obvious 
examples. Cerebral (especially pontine) haemorrhage may 
also cause hyperthermia, as may some drug reactions. It is 
tradtionally stated in many textbooks that asphyxia and 
strangulation cause agonal hyperthermia, but there is very 
little hard evidence for this, apart from anecdotal opinions 
passed from one author to another. One explanation may be 
that a homicide victim struggling desperately for life against 
strangulation will generate muscular heat as in any violent 
exercise, irrespective of an asphyxial mode of death. 

At the other end of the scale, hypothermia is common 
even in temperate winters. Many victims of criminal assault 
may be left exposed before death and their temperature 
may be as much as 10°C lower than normal. 

As virtually all methods and formulae for calculating 
the time of death depend upon the body temperature 
being 37"C, even a slight variation can introduce a funda- 
mental error. 

THE BODY DIMENSIONS 

The temperature gradient, which drives cooling, varies with 
the mass of the body and the surface area as well as with the 
conducting properties of the tissues. Some more complex 

- -  - 

calculations correct for mass:surface area ratio by means of 
nomograms (for example, those served by Henssge), but 
these can only be an approximation. The height and weight 
of the body must be known, which is often impossible i t  the 
scene of discovery. The amount of subcutaneous and abdom- 
inal fat will affect the insulating properties and hence the 
temperature gradient, but there is no way of assessing or 
correcting accurately for obesity Oederna and dehydration 
both have a marked effect because of the high specific heat 
ofwater (see Jmes and Knight 1965). In general, a thin person 
cools more quickly because of both the mass:surface area 
ratio and the lack of fatty insulation. Children have a larger 
surface area for a given body weight. 

POSTURE 

The loss of heat from the skin that drives the temperature 
gradient is affected by the access of air to the skin and the 
opportunity for radiation and convection. A body curled 
into a fetal position will expose much less surface than one 
in an extended, spread-eagled posture. Another factor is the 
amount of slcin resting on the supporting surface and the 
nature of that surface. A body lying full length on its back 
will lose heac by conduction faster than one resting serni- 
prone, though radiation and convection may be facilitated. 
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A body on a metal mortuary tray will cool more quickly 
than one lying on straw. 

CLOTHING AND COVERINGS 

All too obvious is the effect of external insulation by clothing 
or other coverings, even a hat. Radiation is a minor path- 
way for heat loss because of the low biological temperatures 
involved, but convection and conduction are markedly 
reduced by coverings. Even more confusion may be added 
when coverings actually contribute heat, such as an electric 
blanket left on after death. A duvet or 'continental quilt' 
will markedly retard cooling and in fact will accelerate 
decomposition to a considerable degree. Wet clothing will 
accelerate cooling, compared with dry coverings, because of 
the uptake of heat for evaporation. 

THE AMBIENT TEMPERATURE 

This is, of course, the major factor in cooling and, as was 
said at the outset, a body will not cool after death if the 
temperature of the environment is higher than the nominal 
37"C, in fact, it may warm up. This may be climatic and 
seasonal, as in large areas of the world, not necessarily in 
the tropics. It may also be due to local heating, usually in 
dwellings or other buildings. This includes radiant heat 
from fires lek burning near the body after death, electric 
blankets, or death in a house or vehicle fire. Where a victim 
dies in a warm bath then the whole cooling process is 
grossly distorted, the opposite of when immersion takes 
place in the cold water of baths, rivers, lakes or the sea. 

AIR MOVEMENT AND HUMIDITY 

Most skin cooling takes place by convection and conduc- 
tion with the adjacent air as the transporting medium. In 
still conditions, a layer of warm air clings to the skin, espe- 
cially if clothed or hairy, blocking the temperature differen- 
tial. Any air movement brings fresh cooler air into contact 
with the skin and encourages the gradient from the core. 
The humidity is a less active factor, but damp air conducts 
heat more readily than dry. A body in a small space will cool 
more slowly than one exposed to the open air, as transfer of 
heat to the small volume of air will reduce the temperature 
differential. 

THE MEDIUM AROUND THE BODY 

This is usually air, but when it is water or (rarely) another 
fluid, skin cooling is far more effective. A body immersed 
in water, especially the moving water of a river or the sea, 
will rapidly lose heat, as is all too familiar during life when 
fatal hypothermia can occur within minutes in a cold sea. It 
is commonly stated that cooling is less rapid in contaminated 

water (such as sewage) than in clean water, but this is hard to 
believe, given the same temperature for each type of medium. 
As mentioned above, death in the warm water of a bath- 
tub reduces the cooling rate - and may even elevate the tem- 
perature, making any attempt at estimating the time of 
death futile. 

HAEMORRHAGE 

It is traditional to say that severe haemorrhage shortly before 
death causes more rapid cooling. As the estimation of the 
time of death is fraught with such inaccuracy, it is difficult 
to see how this opinion can have been derived. The volume 
of blood lost will reduce the mass of the body, but only in a 
minimal fashion. It may be that terminal bleeding may 
cause a shutdown of cutaneous circulation in an effort to 
maintain blood pressure and that this might encourage 
the early formation of the temperature gradient - but such 
vasoconstriction would relax immediately at death and play 
no part in post-mortem cooling. 

Methods of measuring body 
temperature 

Estimation of temperature by touching with the hand is a 
useful first manoeuvre when at the scene of a death. A hand 
placed on the forehead, face or exposed hand may give a first 
impression of whether death occurred recently or not. Even 
if these exposed areas are cold, feeling inside the clothing to 
touch the chest, abdomen or axilla may detect some heat, as 
may sliding a hand under the body where it is in contact 
with the supporting surface. These crude methods are com- 
bined with an estimate of rigor mortis to provide a prelim- 
inary screening of a recent, as opposed to a remote, time of 
death. Though conditions vary enormously, a body indoors 
will feel cold on exposed areas in 2-4 hours and in protected 
areas after some 6-8 hours. The traditional method of tak- 
ing the post-mortem temperature is by placing a mercury 
thermometer in the rectum. This must be a chemical thermo- 
meter (not a clinical instrument) or thermocouple, ideally 
reading from 0 to 50°C. The tip must be inserted to at least 
lOcm above the anus, the instrument preferably having 

' 

most of its gradations still visible when in situ. It should be 
left in place for several minutes for the reading to stabilize 
before being recorded. Where possible, it should be left in 
situ for multiple readings at intervals, though in operational 
circumstances (especially in criminal deaths) this may be 
difficult to arrange. There is considerable controversy about 
when such measurements should be carried out. It is often 
recommended that a doctor at the scene of death should 
measure the rectal temperature at once but logistic difficul- 
ties exist. Many cases where estimation of the time of death 
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examinations are completed. Alternatives are to use the 

FIGURE 2.31 Measuring the rectal temperature at the scene of a 

murder. This should be done only ajerforensic procedures such as 

rectal swabbing have been completed. Normally the temperature 
shouh'be taken at the mortuary where removal of clothing can be 
carried out with fillphotographic andforensic science monitoring 

In this case the body was unclothed at the scene and the 
circumstances did not warrant rectal swabbing. 

is important are criminal or suspicious deaths. These will 
often be associated with at least the possibility of sexual or 
homosexual assaults, and it may not be practicable to inter- 
fere with clothing in the perineal area or to contaminate the 
anal and vaginal region before full trace evidence procedures 
are carried out, usually by police scene of crime officers or 
forensic scientists, which may include adhesive taping of the 
clothing and skin, and the retention of underclothes for 
seminal stains, etc. 

To wrestle with tight clothing, perhaps at night, in 
inclement weather and in confined spaces, and to try to 
introduce a thermometer into the rectum in these circum- 
stances might ruin vital evidence of more importance than 
the admittedly uncertain calculations about time of death. 
However, many pathologists and police teams do carry out 
this manoeuvre as a routine, but each pathologist must 
decide in every individual case, whether it is preferable to 
wait until the body is taken to the mortuary where proper, 
controlled undressing is possible. 

This applies where pathology and criminalistic expertise 
is readily available, but it is acknowledged that in less ideal 
circumstances, when no such expertise is likely to appear 
within a few hours (if at all), then some doctor at the scene 
should take a temperature. The procedure must be tailored 
to the individual circumstances but where there is a possibil- 
ity of sexual interference, the rectum (and vagina) should 
be avoided until after full swabbing for semen and other 

axilla, deep nasal passage or external ear for the insertion of 
a thermometer. 

The technique of introducing a mercury or 'rototherm' 
thermometer through a stab wound in the abdomen to 

measure liver temperature is never justified. It inevitably 
leads to blood contamination of the skin and clothing and 
also leads to intraperitoneal bleeding that might be con- 
fused with existing internal injuries. 

More modern measuring devices include thermocouples, 
which register temperature accurately with minimum stabil- 
ization time. They may be parr of a compact electronic 
instrument, which has a digital readout, or they may be 
connected to a computerized recorder that can analyse several 
other sites at regular intervals (see Morgan et al. 1988). 
p I.---,..-,.- L L ~ , , , , ,  thrxog:aphy cf b:An md liver (see Al-A!.\uzi 

et af. 1986, 1994) and infrared monitoring of skin tempera- 
ture are at present research tools that may lead to practical 
devices in the future. 

The use of thermometry in estimating 
the post-mortem interval 

In spite of the great volume of research and publications 
already mentioned, accuracy in estimating the time since 
death from temperature remains elusive. The old rule-of- 
thumb was that the temperature fell at about 1.5"F/hour, 
something under 1°C/hour. Another rule-of-thumb was 
that the fall in "C from 37OC, ~ l u s  three (to arbitrarily allow 
for the plateau), was equal to the time since death in hours. 
For example, if a rectal temperature was found to be 32°C 
then 37 - 32 + 3 gave a post-mortem interval of 8 hours. 
The only confidence that one could place in these methods 
was that they were almost always wrong and that, if the 
answer happened to be correct, it was by chance rather than 
science! To hope for a linear fall was against all the princi- 
ples of heat loss alluded to earlier. The first method took no 
account of the 'plateau' when rectal temperatures were 
used. This upper part of the double exponential curve is of 
variable length. If the body has been dead for some hours, 
serial temperature recordings fail to identify it, as the meas- 
urements begin on the steeper parr of the curve, but where 
thermometry is begun soon after death, there is a variable 
flat area at the top of the sigmoid graph. 

The length of the plateau has been discussed by several 
authors (see Shapiro 1965; Nokes et a/. 1985). Shapiro in 
particular has drawn attention to the invalidation of many 
formulae by the unknown length of the plateau. He claims 
that this can be as much as 4 hours 'and is possibly consid- 
erably longer'. Marshall and Hoare (1962) admit that the 
plateau may be as long as 5 hours. The plateau is the result 
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of the lag in conducting heat from the core to the skin that 
is caused by the insulating properties of human tissue. This 
delays the establishment of the temperature gradient that 
must be in operation along the radius of the 'infinite cylin- 
der', which is the model for the human body, before the core 
can begin to lose heat to the exterior. There may also be a 
small element of continuing heat production in the liver 
and musculature, as a number of investigators (including 
the first) noted that the body temperature could actually rise 
soon after death. As the length of the plateau is unknown in 
any particular case when there is a delay in starting measure- 
ments, most methods begin within this inbuilt inaccuracy. 

At the lower end of the sigmoid curve, measurements again 
become almost useless, as when the temperature is within 
about 4°C of the environment, the rate of cooling becomes so 
slow that it provides no separation in time (see Fiddes and 
Patten 1958). Another empirical rule-of-thumb was devised 
by James and Knight (1965) to include variation in ambient 
temperature. The fall from 37°C was multiplied by a factor 
of 1, 1.25, 1.5, 1.75 or 2 for ambient temperatures ofO, 5, 10, 
15 or 20°C, respectively, to give the time since death in hours. 
As another linear method, this was doomed to inaccuracy and 
was found to provide too short a post-mortem interval, 
though the authors emphasized that it was meant to be modi- 
fied in each case by an appreciation of all other factors such as 
physique and clothing. 

Nomogram method 

At present one of the most useful practical guides is the 
nomogram published by Henssge. Based on conventional 
calculations such as those of De Saram and Marshall and 
backed up by a great volume of experimental data, Henssge 
has produced a method which can be carried out dther by a 
simple computer program or by a nomogram. Adjustments 
are built in for body weight, ambient temperature, dry or 
wet clothing, still or moving air, or still or flowing water. The 
result is given within different ranges of error, with a 95 per 
cent probability of the true time of death falling within these 
ranges, which vary from 2.8 hours each side at the best esti- 
mate, down to 7 hours at worst. As with most methods, the 
dificulties arise in estimating the strength of the variable 
factors. It also cannot allow for variation of these factors over 
time, especially changes in ambient temperatures during the 
period before the body was examined. Henssge and Madea 
have recently refined their method to reduce the standard 
deviation of their nomograms so that the confidence range 
becomes smaller, by a whole battery of methods not depend- 
ent on temperature, such as electrical stimulation of muscle 
and the reaction of the eye pupils to drugs. 

Another graphical method is that developed by Al-Alousi 
(1987) in Glasgow. In addition to his publications on 

microwave thermography, Al-Alousi has published a simple 
method based on rectal temperatures. He has constructed 
cooling curves for both naked and covered bodies, using the 
concept of 'temperature ratios'. The accompanying cooling 
curves may be used from a knowledge of the rectal tempera- 
ture, ambient temperature and whether or not the body sur- 
face was covered. Again no correction is made for body size, 
posture or other variables, but the author claims that such 
factors made little difference to the standard errors, which 
he gives as shaded errors on each side of his graphs. 

Multiple-site serial measurement 
methods 

In an effort to reduce or eliminate the effect of the external 
variables when calculating the post-mortem interval, 
Morgan et al. (1988) have developed models using multiple 
sites in the body for temperature estimations. These are 
then taken serially at frequent intemals over a period using 
highly sensitive thermocouples and computerized data 
acquisition, and calculation, which is miniaturized suffi- 
ciently for use at scenes of crime. 

The method also attempted to use the deep ear canal and 
nasal passages for temperature measurements, which avoids 
the problems of perineal contamination that occur when 
the rectum is used at scenes of death. The results were not 
encouraging, but recently French workers have revived the 
ear method, with claims of relative success. These methods 
have not been in routine use for sufficiently long to evalu- 
ate their operational accuracy. 

STOMACH EMPTYING AS A 
MEASURE OF TIME SINCE A 
DEATH 

With one exception, this controversial topic could be dis- 
missed summarily as being quite irrelevant. For many years 

\ 
pathologists have argued over the reliability of the state of 
digestion of gastric contents as an indicator of the time 
between the last meal and death, the leading case in modern 
times being that of Truscott in Canada. There is now almost 
a consensus that with extremely circumscribed exceptions, 
the method is too uncertain to have much validity. 

The original hypothesis was founded on the belief that 
food spent a fairly uniform time in the stomach before being 
released into the duodenum. In addition, it was claimed that 
its physical state was progressively altered by gastric juices 
and movements so that its appearance and volume was a 
measure of the time since it had been swallowed. Therefore, 
if the time of the last meal was known from circumstantial 
evidence, the time of death could be estimated. 
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FIGURE 2.34 Cooling curvesfor estimation of the post-mortem interval. In Al-Alowi; 'temperature ratio'method, the graphs above are wed 

as follows. Assume that the body temperature (rectal) is 36 G°C at the time of death (Ib).  Measure the environmental and rectal temperatures 

at the time of examination (T, and Tt). Then the temperature ratio'is T ,  - T,/Tb - T ,  This ratio is then found on the vertical scale of the 
rectalgraph, wing either thegraph for izaked'or 'rouered'as appropriate. The time since death is the point on the lower scalp where a 

perpendicular falls from the point on thegraph where a horizontal line meets it from the temperature ratio level. The shaded area indicates the 
limits of a 68per cent probability at that particular point. For example, ifthe rectal temperature is 23.4"Cand the air temperature 19 O C ,  

then the temperature ratio is 0.25. (f the body is naked, then this gives I8 hours as the time since death, with a margin ofplus 2.5 hours 
and minus 5 hours. (Reprinted with permission from Al-Alousi LM, Anderson RA. 1986 Microwave thermography in forensic medicine. 

Police Surgeon, 30:30-42.) 

It was assumed that the physiological pro,cess of digestion 
of an 'average' meal lasted some 2-3 hours. This is based on 
the consumption of a test meal of gruel, however, hardly a 
representative example of a modern mixed diet. Moreover, 
the subjects of experimental work were healthy and presum- 
ably free from sudden stress during the experiments. More 
elaborate descriptions of digestion times of various foods 
have been drawn up, but they are of dubious value. As an 
example of the great variations offered, Modi (1957) gives 
4-6 hours for a meat and vegetable meal and 6-7 hours for 
a farinaceous meal. Adelson (1974) stated that the stomach 
begins to empty within 10 minutes of swallowing, that a 
'light' meal leaves the stomach by 2 hours, a 'medium' meal 
takes 3-4 hours and a large, heavy meal takes 4-6 hours. He 
noted that the head of an 'ordinary' meal usually reached the 
ileocaecal valve between 6 and 8 hours after ingestion. All 
these values, however, are subject to considerable variation. 

More modern methods of investigation have used 
radioisotope techniques and have shown some interesting 
facts. When a solid meal is eaten and water drunk with it, 
the water leaves the stomach quickly irrespective of the 
nature or calorific content of the solid part. However, 

calorific liq~lids stay longer in the stomach (Brophy et al. 
1986). The emptying rate also increases with the weight of the 
meal, as long as the calorific content remains constant. If the 
latter is increased, then the pyloric opening is delayed. Further 
work by Moore et al. (1984) again emphasized the marked 
variability of emptying times, even in normal circumstances. 

The following factors frustrate the use of gastric empty- 
ing as a measure of time since death: 

Digestion may continue for some time afier death. 
The physical nature of a meal has a profound effect on 
emptying time: the more fluid the consistency, the 
faster the emptying. Liquids entering an empty 
stomach pass through without any appreciable pause. 
The nature of the food modifies emptying time, notably 
fatty substances, which markedly delay the opening of 
the pylorw. Strong alcohol, such as spirits and liqueurs, 
also irritate the mucosa and tend to delay emptying. 
Importantly, any nervous or systemic shock or stress, 
mediated through the parasympathetic (vagus) system, 
can slow or stop gastric motility and digestive juice 
secretion as well as holding the pylorus firmly closed. 
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The intestine, as opposed to the stomach, may increase . . 

its motility with psychogenic upsets, as noted by De Saram 
in his autopsies on hanged criminals. 

The state of digestion, as opposed to the volume and exit 
of food from the stomach, is almost impossible to assess. 
Variations in the type of food eaten make vast differences to . 
the dissolution rate. Hard objects, such as nuts and seeds, 
resist digestion and may even be voided intact per rectum, 

whereas soft carbohydrates can liquefy almost immediately. 
The size and dispersion of particles is crucial, including the 
amount of chewing and admixed saliva. The efficiency of 
the teeth and gastric acid, enzymes and motility are also of 
prime importance, as is the amount of liquid either in the 
original food or drunk during the meal. Fat and oil in the 
meal slow up pyloric opening, and all these variables make 
it impossible to time the rate of digestion. 

One of the most important factors in the forensic 
context is the effect of a physical or mental shock or stress 
during the digestion process. As stated, this can completely 
inhibit digestion, gastric motility and pyloric opening. The 
author (BK) recalls a victim of a traffic accident who lived 
in a coma for a week after a mortal head injury. At eventual 
autopsy, the large volume of gastric contents looked as fresh 
as if it had just been swallowed. 

Even if one accepts an 'average' gastric transit time of 
an 'average' meal as being of the order of 2-3 hours, the 
assumption that death took place within this time can only 
be valid if the death was quite sudden and unexpected, with 
no stressful prodromal event. For example, if an unsuspect- 
ing person was suddenly shot or run down without warning 
and died almost immediately, then one can assume that the 
undisturbed physiological processes of digestion - albeit 
with its many variables - had taken place. If, however, a 
domestic dispute or a developing altercation culminated in a 
strangling or stabbing, the antecedent stresses would almost 
certainly affect gastric function and render invalid any inter- 
pretation of the condition of stomach contents at autopsy. 

What is valid is the nature of the last meal, which may be 
helpful in establishing the time of death. If it was known to 
the investigators that the deceased person ate a certain type 
of meal at a certain time, whether it be chicken curry or 
green beans, the identification of such food in the stomach - 
would be persuasive evidence that he died after talung that 
food and that it was his final meal, before any other sub- 
stantial food of a different type was taken. 

THE USE OF VITREOUS HUMOUR 
CHEMISTRY IN TIMING DEATH 

This topic has been the subject of considerable research in 
forensic medicine over the last 30 years. It has never gained 

FIGURE 2.35 Obtaining vitreous humour for analysis. The lids 
should be retracted and the needle introduced near the outer 

canthus, so that the hole will be covered when the l id  are relead. 

Fluid should be withdrawn slowly, keeping the tip of the needle in 
the centre of the ghbe to avoid dislodging the retina. Water can be 
reintroduced through the needle to restore the tension in theglobe 

f ir  cczzetic r z s s ~ .  

sufficient acceptance to become a routine tool, remaining a 
controversial procedure in spite of the large number of 
reports that now exists. 

The most common chemical estimation performed on the 
vitreous fluid in the context of the post-mortem interval is 
that of potassium. There is a marked and progressive rise in 
the potassium concentration after death, the controversy 
revolving around whether this rise is simply linear or whether 
it is biphasic. The degree of confidence is also in dispute and 
the effect of variable factors is another contentious matter 
(see works by Coe, Sturner, Lange and Madea). First, the 
potassium values from either eye often cfiffer, sometimes by a 
considerable amount. The sampling methods are then 
critical, as small or marginal samples vary greatly; if aspira- 
tion is forcible or from too near the retina, cellular fragments 
distort the values, because the potassium reaches the vitreous 
by leaching out from the retina. The effect of temperature 
changes post-mortem is also undoubtedly important. In 
addition, different analytical techniques used to estimate the 
potassium give different results, the older flame photometric 
methods producing a different range of values compared 
with modern selective-electrode procedures. 

With all these variables, it is little wonder that different 
authors suggest widely different standard errors, varying 
from 1-7 hours to 26 hours either side of the true time of 
death. In addition, the errors seem much greater in persons 
dying of chronic illnesses, with nitrogen retention, com- 
pared with sudden deaths, presumably because of the pre- 
mortal electrolyte disturbances in patients with metabolic 
disorders. 

The rise in infants seems much faster than in adults - yet 
another variable - though in both adults and children the - 
most potent influencing factor seems to be the post- 
mortem body temperature. The most popular calculation 
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for estimating the time since death from vitreous potassium 
is that devised by Sturner, in which post-mortem 
interval =7.14 X potassium concentration (mEq/l) - 39.1. 
This seems most satisfactory when the body has lain in an 
ambient temperature of not more than 10°C (50°F). The 
95 per cent confidence limit during the first day is likely to 
be at least 4.7 hours either side of the true time and prob- 
ably greater. Taking a sample from one eye at a later time 
than the first to attempt to calculate the rate of rise does 
not seem to add any accuracy to a single estimation method 
(see Adjutantis and Coutselenis 1972). 

Hypoxanthine estimation in vitreous humour has also 
been used to attempt to time death, but more often as a 
marker of hypoxia. The results are not convincing, but 
there is an accumulating literature on the subject, more 
recent contributions being Madea et al. (1994) and also 
Rognum etal. (1991). 

POST-MORTEM CHEMISTRY 

The analysis of physiological chemical constituents of the 
body, as opposed to toxic substances, is often useful in 
investigating deaths from metabolic and biochemical 
disturbances. 

Unfortunately, the concentration of many natural chem- 
ical substances in the dead body is rapidly distorted by 
post-mortem autolysis. Cell membranes become permeable 
to small molecules soon after the cells suffer ischaemic or 
anoxic damage, and agonal changes themselves may grossly 
alter the biochemical environment, even in the few minutes 
of the dying process. Thus both terminal and early post- 
mortem changes may render many of the analyses that are 
commonplace in clinical practice of little value - and 
indeed, quite misleading - when applied to body fluids 
obtained at autopsy. Some substances are more stable, how- 
ever, and when results are carefully interpreted, consider- 
able information can be obtained. Urea and creatinine are 
stable post-mortem, with little variation even up to 100 hours 
after death, so the diagnosis of ante-mortem nitrogen 
retention is quite reliable. The normal urea nitrogen range 
found in post-mortem serum is from 4.9 to 5.5 mmol/l, 
creatine being from about 70.7 to 212.2 kmol/l. 

In the context of post-mortem chemistry the work of 
John Coe is best known in forensic pathology and his writ- 
ings should be consulted for detailed information. Another 
very useful source is Madea, especially for vitreous fluid. 
The vitreous humour is much to be preferred to blood for 
post-mortem chemical analyses. Although still influenced 
by temperature changes, the vitreous is far less contam- 
inated by body autolysis and is remote from the large 
organs and blood vessels of the abdominothoracic cavity. 

There is a large body of literature on vitreous potassium, 
much of it centred around the controversy over the in vivo 
concentration of potassium, which can naturally rarely be 
measured directly in healthy persons, and the slope of the 
regression graph for relating potassium levels with post- 
mortem interval. 

After death, intracellular potassium leaches from the 
retina through the now permeable cell membranes, into the 
vitreous body, naturally with an uneven distribution 
depending on the distance from the wall of eyeball (which 
is why all or a substantial proportion of the fluid should be 
withdrawn for analysis, to obtain a mean level). If frag- 
ments of retina are aspirated by the syringe, due to excessive 
suction, then a falsely elevated potassium measurement will 
be obtained. 

Differences in the recommended regression gradient are 
observed between various workers: Madea states that 
0.19 mmol/l/hour should be used, whereas Sturner claims 
0.14 is preferable. The literature should be consulted for 
details (as in the 2002 book by Hennsge et al.); it is also 
pertinent to note that the methods of analysis can make a 
difference to the calculations. Generally speaking, the vitre- 
ous potassium method is of most use after the first 24-36 
hours, when other methods have ceased to have applica- 
tion. Although the errors are great, some information can 
be derived for up to 100 hours post-mortem. 

Caution must be used when interpreting results, as 
different analytical techniques provide different values. For 
instance, in relation to electrolytes, Coe and Apple (1985) 
state that flame photometric methods yield values about 
5 mmol/l less for sodium, 7 mmol/l less for potassium and 
10 mmol/l less for chloride, compared with more modern 
specific electrode methods. Electrolyte concentration dif- 
ferences between left and right vitreous humor samples 
were studied by Pounder etal. (1998) in 200 medico-legal 
autopsies using an ion-specific electrode system. Between- 
eye concentration differences of sodium and chloride were 
tolerable using this methodology, whereas differences in 
potassium, even in biochemically nonputrefied cases 
(potassium < 15 mmol/l), were 0-2.34 mmol/l (0-2 1.8 per 
cent of mean) averaging 0.37mmol/l (3.3 per cent), thus 
undermining the usehlness of vitreous potassium in esti- 
mation of time of death. 

In relation to other vitreous electrolytes, the concentra- 
tion of sodium and chlorides decrease after death, while 
potassium rises. The latter can be used as a check on the 
reliability of the others, as if potassium is < 15 rnmol/l, then 
the sodium and chloride concentrations may be acceptable. 
Chlorides decrease at less than 1 mmol/l/h and sodium by 
about 0.9mmol/l/h, so the loss of this and sodium is 
insignificant in the first few hours, differing from potassium, 
which rises appreciably. 
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With the analysis of glucose in autopsy material, five 
different methods yielded five different results, presumably 
because interfering substances were included in varying 
amounts. 

Returning to vitreous electiolytes, in mmolll measured by 
flame photometry (in mmol/l), sodium > 155, chloride > 
135 and urea >40 is a reliable indication of ante-mortem 
dehydration. When sodium and chloride are normal but 
the urea exceeds 150, a diagnosis of uraemia is acceptable. 
These values can be distinguished from post-mortem 
decomposition, in which sodium is < 130, chloride < 105 
and potassium >20. 

In relation to glucose, a common problem is the autopsy 
diagnosis of uncontrolled diabetes and of hypoglycaemia. The 
vitreous glucose usually falls after death and ,can reach zero 
within a few hours. In 6000 analyses, Coe (1973) found that 
a vitreous glucose of more than 1 1.1 rnmol/l was an invariable 
indicator of diabetes mellitus. The agonal or post-mortem rise 
in blood sugar is not reflected in the vitreous concentrations. 
In relation to hypoglycaemia, a vitreous glucose of less than 
1.4 mrnol/l was taken by Sturner et al. (1 972) to be an indica- 
don of a low ante-mortem blood sugar, but others feel that 
whatever the concentration, no reliable interpretation can 
be made. In hypothermia there is also an elevated vitreous 
glucose, but never greater than 1 1.1 mmol/l. 
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Determination of race from skeletal remains 

The identity of the dead is an essential part of post-mortem medicines, trusses and surgical prostheses. False dentures 
examination, for various reasons. These include: have such central importance that they will be considered 

in the section on odontology. 
the ethical and humanitarian need to know which Identification from anatomical and medical features 
individual has died, especially for the information of comprises two major aspects: 
surviving relatives 

B! to establish the fact of death in respect of that 
individual, for official, statistical and legal purposes 

@ to record the identity for administrative and ceremonial 
purposes in respect of burial or cremation 

@ to discharge legal claims and obligations in relation to 
property, estate and debts 
to prove claims for life insurance contracts, survivor's 
pensions, and other financial matters 

a to allow legal investigations, inquests and other tribunals, 
such as those held by coroners, procurators fiscal, medical 
examiners, judges and accident enquiries to proceed with 
a firm knowledge of the identity of the decedent 
to facilitate police enquiries into overtly criminal or 
suspicious deaths, as the identity of the deceased person 
is a vital factor in initiating investigations. 

The establishment of identity has many facets, some of 
which have no medical content, such as the recognition of 
clothing, documents and personal property. Some aspects, 
though primarily the responsibility of the police, have a 
medical content, including identification of fingerprints 
and personal property such as hearing aids, spectacles, 

The establishment of certain broad groupings, such as 
sex, stature, race and age. These may be determined 
solely from the available bodily remains, though 
corroboration may be obtained from other evidence. 
An obvious example would be sex determination from 
clothing and jewellery, though even this may no longer 
be absolutely reliable. 

El Comparison of the remains with ante-mortem 
information and records from those thought to be the 
victims, which restricts the method by making it 
dependent upon the existence or availability of such 
comparable material. 

The establishment of identity may be required upon: 

Intact fresh corpses. Here visual recognition, directly 
or by photography, may be made. Hair colour, skin 
pigmentation, scars and tattoos can be examined 
without difficulty. 
Decomposed corpses. Many surface features may be 
partially or wholly lost, but more information can be 
obtained than from a skeleton. Direct measurement of 
body height, for example, may be ~ossible, as well as 



serological investigations and organ abnormalities, such 
as past surgical intervention, may be found. 
Mutilated and dismembered corpses. Depending on 
the degree of mutilation and the amount of tissue 
missing, identification may be hampered. If the remains 
are fresh, facts such as racial pigmentation may be 
determined, but direct measurement of stature may be 
impossible. Selective mutilation in some homicides may 
be deliberately directed at frustrating identification, 
such as the removal of teeth and finger-pads. 
Skeletalized material. If all sofi tissues are absent, 
identity depends solely on osteological examination 
and measurements and the recognition of any 

Characteristics useful in identifying the dead 

may be impossible to differentiate from Mediterranean or 
Middle Eastern races. The onset of deathly pallor and post- 
mortem hypostasis is more profound than slight variations 
between sunburnt White people, northern Asians or 
Semitic races. When putrefaction sets in, skin slippage 
progressively removes the pigmented layers and eventually 
pigmentation becomes unavailable as a marker of identity, 
though histologically melanin may still be visible in the 
basal layer of any surviving epidermis. 

Burnt bodies may also lose pigmented skin, either by 
heat destruction or by deposition of soot and other com- 
bustion products on the surface, though it is rare for this to 
be so complete as to obscure all evidence of pigmentation. 

pathological or anatomical abnormalities in bone. 

Hair colour 
CHARACTERISTICS USEFUL IN 
IDENTIFYING T H E  DEAD 

Facial appearance 
Even in perfectly fresh bodies, recognition may be difficult 
because of alterations in the features caused by death. It is a 
common occurrence in mortuary viewing rooms for a close 
relative, even a parent or spouse, to have doubts about - or 
even to deny or mistakenly agree to - the identity of the 
deceased person. Though distress and emotion play a part, 
changes in the features may be profound. Hypostasis, con- 
tact flattening, oedema, muscle flaccidity and pallor may 
all combine to distort the face. Recognition in the living is 
partly a dynamic process, aided by facial muscle tone and 
especially eye contact and movement, all of which are absent 
in the corpse. 

Eye colour 
In the fresh corpse, eye colour corresponds with the living 
state, but it quickly deteriorates. Loss of intraocular ten- 
sion and clouding of the cornea develops progressively 
within a few hours, making the iris harder to observe. 
Collapse of the front of the globe occurs within a day or 
two and, with developing decomposition, all irises tend to 
'darken to brown. It is unsafe to depend on eye colour as a 
criterion of identity later than a few days following death - 
or even much sooner where environmental conditions 
hasten decomposition. 

Skin pigmentation 
In undamaged, unputrefied bodies, the major ethnic differ- 
ences in skin pigmentation are obvious, though the slight 
melanin increase of the misnamed 'yellow' races of Asia 

The head, pubic and axillary hair is one of the most resist- 
ant identifying features, sometimes lasting millennia in 
favourable environments. The original colour may, how- 
ever, alter after burial, becoming a brownish-red or 'foxy' 
colour within as short a time as 3 months. The colour may 
be obscured by dirt or staining and expert treatment (usu- 
ally by a biologist or museum technologist) may be 
required to restore the original colour. The possibility of 
deliberate chemical coloration or bleaching before death 
may have to be considered and again. expert chemical 
analysis in a forensic science laboratory may be needed to 
confirm or eliminate this if the hair colour conflicts with 
other positive evidence of identity. 

Hair structure 

This is more the province of the forensic biologist or 
anthropologist, but factors such as whether the hair ends 

- - 

have been cut or are naturally pointed may sometimes have 
importance in identity. Racial features exist, Negroid head 
hair being dark and having a spiral twist with a flattened, 
elliptical cross-section. Mongoloid hair is less pigmented 
and is straight with a cylindrical cross-section. Caucasian 
hair is round or ovoid in cross-section, but shows great 
variation in colour and morphology compared with the other 
two major ethnic groups. Though head hair in Caucasians 
is round to ovoid in section, eyebrow hair tends to be 
triangular and pubic hair flattened. Where a hair root is 
present, blood grouping and other serological criteria can 
be determined. Grouping of the shafts of hairs has been 
repeatedly attempted and success claimed by some workers. 
The cells of the hair root can give a DNA profile and mito- 
chondrial DNA (mtDNA) has been detected even in a 
sample from a single hair shaft. 

Microscopic examination of the hair can assist in deter- 
mining the species, if not human. Human hair has broad 
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groupings when viewed microscopically. However, the topic 
of individual identity from hair is now the province of foren- 
sic biologists, and has a specialism and literature of its own. 

Tattoos 

Deliberate ornamentation of the skin by introducing pig- 
ments under the epidermis has been practised for millennia 
and in all parts of the world. The word 'tattoo' comes from 
the Polynesian 'ta tau', meaning 'to mark'. Some races such 
as the Ibans of Sarawak may be tattooed over much of their 
body surface, but many men and some women in most 
countries have localized tattoos, which can be of consider- 
able assistance in identification. Many different pigments are 
used, as well as more unusual substances such as soot or 
gunpowder. The colour is pricked into the upper dermis with 
a sharp instrument, usually a needle used manually, or by an 
electric vibrator. 

Once under the outer skin, the material persists for a 
long time. Colours such as blue, green or red may be scav- 
enged by tissue cells and leached into the lymphatic system 
after a number of years or decades. Black pigments, usually 
carbon particles in the form of Indian ink, are so resistant 
as to be virtually lifelong, though some may be transported 
to regional lymph nodes. Thus an original pattern of dif- 
ferent colours may fade differentially over years, the black 
areas standing out in strong relief. 

The patterns are so diverse as to defy classification, 
though much has been written on the subject. From the 
point of view of identity, tattoos may be useful in both a 
general sense and for comparison with potential victims. 

The general applications require a knowledge of ethnic, 
national, cultural, religious and social practices, so that the 
tattoo can be assigned to some particular group of people. 
In Western society, the popularity of tattooing changes 
from time to time. Former statements that tattoos are seen 
mostly in the 'lower social classes' have little current valid- 
ity, though it is obvious that bankers and parsons are less 
likely to sport tattoos than seamen and truck drivers. It is 
also now totally anachronistic to claim that most women 
with tattoos are prostitutes, though the nature and position 
of the tattoo is obviously relevant. 

Certain tattoos have had particular significance such as a 
number, often '13', inscribed inside the lower lip of drug 
pushers or the bluebird on the extensor surface of the web 
of the thumb in homosexuals. The latter design is now so 
common as to be of little significance. 

Tattoos are of most use when individual enough to be 
compared with known designs on a missing person. The 
design is often supplemented by actual names, though 
these are mostly forenames rather than family names. 
Designs are by no means unique and a professional tat- 
tooist may turn out hundreds of identical decorations, so 
names are a bonus when trying to achieve identity. 

Initials may be used, but these can be misleading due to the 
use of nicknames and diminutives, such as 'B' for Bill, rather 
than William. In general, men have the names of girls on their 
tattoos, but initials are usually their own. Conversely, women 
with tattoos almost always display the names of sweethearts, 
rather than their own. Some tattoos may be numbers or 
unadorned names, the most tragic examples being those from 
Nazi concentration camps during the last war. 

FIGURE 3.1 Individualistic tattoos may 

assist the identijcation of unknown persons. 
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The photography, distribution and matching of tattoos 
is police business, but the pathologist's duty is to make 
them accessible and clear to the police. Where decompos- 
ition has set in, tattoos may be obscured by wrinkled, peel- 
ing epidermis, but often this can be wiped off to reveal 
tattoos that are more vivid than on fresh skin. Once the 
tissues become green and slimy then the pattern progres- 
sively vanishes, but early decomposition is no barrier to 
recognition. Where skin pigmentation may hide a design, 
skin slippage may actually enhance the clarity, especially 
of the weaker colours like blue, red and green. Attempts at 
the deliberate removal of tattoos are common, either from 
regret at having disfigured the body during youthful or 
drunken euphoria, or to remove evidence of identity. Many 
methods have been used, from surgical excision to scarifica- 
tion with sandpaper and from caustic soda to electrolysis. 
All methods depend upon damage to the epidermis and 
dermis, with consequent inflammation and scar formation. 
The tattoo can certainly be removed, but always by replacing 
it by a cicatrix to a greater or lesser extent, which will itself 
indicate that something pre-existed at that site. 

It has been suggested (PA Edwards, personal communica- 
tion) that the chemical nature of tattoo pigments might be 
used in identification. Although all manner of substances have 
been used to tattoo, most tattooists use black pigments con- 
taining carbon, green pigments containing potassium dichro- 
mate and red pigments containing mercuric chloride. Others 
use aniline-based dyes, so that microextraction and analysis in 
a forensic science laboratory might confirm or exclude the tat- 
too having been executed by a particular artist in the locality. 

Finger, palm, foot and lip prints 

The science of fingerprints, their classification, retrieval 
from records and methods of recording lie in the domain of 
police procedure, and, as with tattoos, the pathologist's role 
is merely to facilitate the taking of prints by police officers. 
Sometimes, when a strange print is found at a scene of 
crime, the police may wish to take the fingerprints of doc- 
tors who visited the locus to eliminate them from their 
enquiries and there is obviously nothing objectionable 
about this. Indeed, some forensic pathologists who habit- 
ually assist the police leave their prints on file so that they are 
permanently available for exclusion. When called to a scene 
of death, the doctor should take care to avoid handling 
objects and furniture to reduce the need for such laborious 
screening of prints. 

The doctor need know nothing about fingerprints except 
for his own interest, though it is as well to be prepared for 
the inevitable questions - no two fingerprints have ever been 
found to be identical and even identical twins have different 
prints. However, some recent claims point out that some 
prints are so similar that the criteria usually accepted as proof 
of congruence may not be sufficient. Police usually attend 
the mortuary to take full sets of fingerprints in the usual way 
by rolling ink on to the finger-pads and pressing the pulps 
against record cards. 

The pathologist may help when there is strong rigor 
present, by either forcing the flexed fingers back or even by 
slitting the flexor tendons, though this has the danger of 
fouling the fingers with blood. 

FIGURE 3.2 Shoulder region ofa 
decomposed body recoveredfrom the sea 
showing a tattoo with Cyrillic letters 
(a, K, 6, @,) and a flag with a star and 
hammer and sickk suggesting a connection 
with the Russian Baltic Fleet. 
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When the body is putrefied, the doctor can again assist by 
removing desquamated casts from the fingers for the police. 
These may need to be preserved or hardened up so that the 
decaying tissue does not lose further definition from'the 
ridges that form the prints. The skin may be placed in for- 
malin, alcohol or glycerine solution, especially where macer- 
ation in an immersed body has caused swelling and blurring 
of the epidermis. An alternative is immersion in 20 per cent 
aqueous acetic acid for 2-8 hours. Rarely, a criminal may 
attempt to obliterate his fingerprints by scarring the finger- 
pads. To be effective, this must be drastic enough to damage 
the underlying dermis and the consequent cicatrices will be 
more obvious than the original prints. Surgical grafting of 
skin from elsewhere on the body has been reported as a 
means of removing fingerprints, but again the result is self- 
evident proof of nefarious intent. 

As with fingerprints, the skin pattern of palms, soles and 
even lips are said to be unique and have been used in identi- 
fication, but again this is really police business. The pattern 
of veins on the back of hands is also said to be characteristic 
to one individual. 

Identifying scars 

These can be important in the identification of unknown 
bodies, even when some degree of putrefaction exists. The 
author (BK) used a cholecystectomy scar and scars of old 
surgical incisions on the legs to identify the body of a homi- 
cide victim submerged in a river for 6 weeks and many other 
cases are on record where scars provided similar vital infor- 
mation. Probably the best known instance is the Crippen 
case of 19 10 in which much forensic controversy was gener- 
ated over the distinction between a surgical scar and a skin 
crease on a piece of abdominal wall. 

Scars on the skin may arise from any previous injury that 
has breached the epidermis, as superficial injuries to the 
upper layer of skin will heal without a trace. Where the der- 
mis has been entered, healing occurs by organization of the 
plug of blood clot and/or granulation tissue, as described in 
Chapter 4. If the wound is narrow, such as that inflicted by 
a surgical instrument, sharp knife, razor or glass, then if the 
edges are kept together, especially by stitches or dressings, the 
resulting scar will be narrow and insignificant. Gaping or 
infection will widen the scar and obviously larger lacerations 
or burns will result in similarly greater scarring. In relation to 
identification, scars are of use only if those thought to be the 
victims are known to have similar scars, both in nature and 
position. The specificity of scars varies greatly, as many people 
may have appendicectomy scars, and many women have 
had hysterectomies or other gynaecological operations that 
leave lower abdominal scars. As always, scar evidence must 
be taken in conjunction with all other details of identity, 

but where a cicatrix is unusual or even unique in nature or 
position, its value is greatly enhanced. 

Turning to traumatic scars other than surgical, the 
pathologist may be able to recognize the cause, which can 
assist in identity. Naturally the vast majority of non-surgical 
scars are the result of accidental trauma and where family, 
friends, photographs or medical records indicate the exis- 
tence of specific scarred sites on the body, then confirmation 
of identity may be greatly assisted or confirmed. 

Some scars are deliberately produced as part of some ethnic 
or religious tradition, such as the facial scars, in some African 
tribes, as well as deformed or perforated ear lobes or lips. 
Regrettably, another class of scars is becoming more common 
in many parts of the world, due to physical torture; this is dealt 
with in Chapter 10. Linear scars, cicatrices of burns, keloid 
overgrowth (especially in negroid races), hyperpigmentation 
or depigmentation and other persistent lesions may assist in 
identity in the appropriate circumstances. Much depends on 
the accuracy of the information concerning the person 
thought to be the victim; relatives are notoriously vague and 
inaccurate about medical matters and frequently confuse dif- 
ferent surgical operations, thus misleading the investigators 
about scars. Sometimes surgical scars may be almost invisible. 
The author (PS) once worked as surgical assistant in a private 
hospital where one of the surgeons used to perform appen- 
dicectomy (in non-acute cases) through a 1 cm wide incision, 
closing the wound, for cosmetic reasons, with subcutaneous 
catgut sutures. Most of these wounds healed with virtually no 
scar whatsoever, unless the person had a tendency to keloid 
formation. Wlerever possible, old hospital records or the 
notes of a family physician should be obtained. 

The old scars of wrist- or throat-slashing indicate previous 
attempts at suicide. Large areas of scarring on the trunk or 
limbs that have parallel grooves and marginal extensions sug- 
gest severe brush lacerations, probably from a traffic acci- 
dent. Knife stab wounds may scar in an elliptical fashion, 
sometimes even with a blunt and a sharp end indicating the 
position of a single-edged blade. Bullet wound scars may 
persist - and in 1989, became a matter of political controversy 
over the identity of Nazi war prisoner Rudolf Hess, who was 
alleged to have been an imposter because he had no scar 
from an old rifle bullet wound through the chest. Burns may 
provide good evidence of identity, especially if they are wide- 
spread cicatrices that may have been quite noticeable during 
life. Many scars on the fronts of the lower legs may indicate 
the repeated stumblings of a chronic alcoholic, who fre- 
quently walks into or falls over furniture. 

The age of scars 

The age of a scar is very difficult to assess and, once it 
becomes mature, no change will occur for the rest of the 
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person's life. When a linear wound is inflicted, be it a surgi- 
cal operation or a knife slash, the edges become mechan- 
ically strong within a week, assuming that no infection or 
haematoma develops. The wound is brownish red at this 
stage and remains vascular for several months, depending 
upon its width. The pinkness of contained blood vessels 
gradually fades and a narrow surgical incision may be white 
by 4-6 months. The avascular collagen tends to shrink for 
a year or so, but is white-silver after a year and remains in 
this state indefinitely. These times are variable depending 
on the nature of the skin, its pigmentation and the part of 
the body involved. Where a wound crosses a skin crease 
that is frequently flexed or extended, it tends to gape and 
widen, the subsequent scar following suit. 

Histology does not contribute much to the examination 
of scars, except to confirm that a skin mark actually is a 
scar. Stains for collagen or elastin may confirm the discon- 
tinuity in the dermis. Scars do not carry hair follicles, sweat 
glands or sebaceous glands, though an occasional accessory 
skin structure may be present as a result of the inclusion of 
a viable fragment of original skin in an irregular wound - 
or where surgical repair has detached or invaginared a piece 
of the margin. 

Occupational stigmata 

Formerly given prominence in most textbooks, distinctive 
physical marks of occupation have decreased in incidence 
and importance. They are still of use in certain areas, but 
local knowledge of occupations and industries is required. 
The Victorian days of pen callosities in clerks and shoe- 
maker's kyphosis have gone, but many other occupations 
have their stigmata, though most are relatively non- 
specific. The best known is the 'blue scar' of coal-miners, an 
involuntary tattoo caused by dust entering small lacerations 
on the hands and face. Some miners and quarrymen also 
have small facial scars due to rock splinters scattered during 
blasting. Steel workers and foundry men may have tiny 
burn scars on exposed areas from the spattering of hot metal. 
In more general terms, examination of the hands will 
indicate whether the deceased was a manual worker or 
involved in more sedentary occupations. Cuts, scars, callosi- 
ties and hyperkerarosis of the hands are obvious indicators 
of rough work. 

Internally, black, dust-laden lungs - with or without 
pneumoconiosis - points to mining, as coal trimmers no 
longer exist as dock workers. Thickened, pearly plaques on 
the parietal pleura and diaphragm are caused by exposure 
to asbestos, though in recent years the widespread use of 
this substance in so many industries makes it less helpful 
in identifying the occupation. 

FIGURE 3.3 Car&! external examination may yield evidence that 

can assist identifcation. The small 'blue scar' on this forehead 
establishes that the deceased had been a coal-miner; coal dust enters 
small lacerations and remains visible aftpr healing. Virtually every 
coal-worker has such marks on hand orface. 

The stature of an intact body 
The stature of a corpse is not necessarily exactly that of the 
person measured during life. In the mortuary, care must 
be taken to measure the body from heel to crown, and not 
to accept the mortuary attendant's or funeral director's 
'coffin measurement', which is made from toe to crown. 
Because of the usual plantar flexion of the foot, this latter 
height may be as much as lOcm longer than the heel- 
crown length. 

The height of a dead body may differ from the height 
during life in either direction, being slightly longer or shorter, 
though lengthening is much more common. In addition, the 
measured height may change a little at different periods after 
death. Because of the complete loss of muscle tone in the 
first stage of flaccidity, relaxation at large joints, such as the 
hip and knee, together with the lost tensioning effect of 
paraspinal muscles on intervertebral discs, the body may 
lengthen by up to 2-3 cm. Rigor mortis may then replace 
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the muscle tone, shortening the body and tending to flex the 
legs a little. When rigor passes off and decomposition sets 
in, joints become lax. Loss of tension in the intervertebral 
discs tends to shorten the spinal column and hence the total 
height by a centimetre or so. According to Trotter and Gleser 
(1958, 1977), the average increase is about 2-5 cm. The errors 
in getting a really accurate post-mortem length include the 
difficulty of locating the measuring device exactly at the heel 
and the crown of the head, as well as fully extending the 
limbs, spine and neck of a body in rigor. 

Determination of sex in non-skeletalized 
bodies 

This is usually obvious and rarely presents problems. The 
issue of intersex and hermaphroditism is so rare as to be 
discounted in most forensic practice, except in some areas, 
such as South-east Asia, where deliberate transsexualism in 
men, aided by surgical intervention to feminize the genitalia 
and breasts occurs more frequently. Where this problem 
arises, expert advice must be sought. In general, the external 
genitalia remain recognizable until a late stage of putrefac- 
tion. In addition, breasts and general body shape, as well as 
the pattern of pubic hair, reveal the sex. Female pubic hair 
usually grows low on the abdomen, the upper margin being 
a horizontal or semicircular edge above the mons veneris. 
The male pattern rises more in the centre line, sometimes as 
far as the umbilicus. There are, however, always exceptions 
to these generalizations. The presence or absence of cir- 
cumcision should be noted, as it may help in identification 
of certain ethnic and religious groups such as Jews and 
Muslims. Naturally it is of assistance here in eliminating 
only those where the prepuce is present, as many men of 
other religions are circumcised. 

Clothing, hair length, hair style, hair coloration, earrings 
and other jewellery are no longer the reliable guide to sex 
that they once were. In certain cultures and religions there 
are obvious criteria that can assist in the determination of 
sex, but these are rarely needed as the more apparent 
anatomical differences can be used. Where putrefaction is 
advanced, examination of the internal pelvic organs may still 
reveal unequivocal evidence of sex. Internal viscera are often 
in better condition than the outside of the body. The uterus 
is the organ in the body most resistant to decomposition, 
though the prostate is also quite persistent. 

Where almost total dissolution exists, then radiology of 
the pelvis or the criteria used in skeletal assessment can be 
used. Cytological examination of cell nuclei may indicate 
sex where only tiny fragments are available - such as tissue 
found on a road or rail vehicle where impact with a body is 
suspected. Usually it is the species rather than the sex that is 
the first consideration, and this is done by species-specific 

serology. When sex is to be determined, much depends on 
the state of preservation. When stained microscopic smears 
can be prepared or when tissue can be processed for his- 
tological sections, then sex-indicating nuclear chromatin 
may provide a definitive test. The 'drumsticks' of polymer- 
phonuclear leucocytes, and the marginal chromatin masses 
or 'Barr bodies' in epithelial cells, such as the buccal 
mucosa, may indicate the sex, but in decomposed material 
this may be impossible. 

The recent remarkable developments in cytogenetics and 
DNA analysis now give additional powerful tools in sexing 
and determining the human origin of sub-anatomical frag- 
ments, which will partly or wholly replace the older tech- 
niques mentioned above. 

Other more recent techniques include counting the sex 
material within the nucleus stained with a fluorescent dye 
and viewed with ultraviolet light; this may be performed on 
neurones in a brain smear or in cells from the kidney. 

Age of non-skeletalized bodies 
Determining the personal age of a corpse is far harder than 
determining its sex. Ageing a living person can be difficult 
and a wide margin of error exists, especially as age advances, 
so the same exercise in a corpse can be expected to be even less 
exact. Where the body is relatively intact, the usual criteria 
known to the man in the street are applied to make a general 
estimate. Hair colour is of general applicability, though every 
one knows of someone whose hair is grey at 25 or someone 
who is dark haired at 70. The loss of elasticity in the skin, its 
thinness and hyperkeratosis and its red Campbell de Morgan 
spots are indicators of senility. These days teeth are less useful 
than in the past from the point of view of extractions, clear- 
ance, full dentures and oral hygiene, but the general impres- 
sion remains. The objective determination of age from tooth 
attrition is a matter for a specialist forensic odontologist (see 
Chapter 26). 

The eyes are useful, in that a grey or white ring around the 
pupil - the 'arcus senilis' - is rarely seen below 60 years. In 
infants and children, the height and weight may be com- 
pared with standard tables, but developmental defects, dis- 
ease and malnourishment may introduce considerable errors. 
Internally, the evolution of degenerative changes such as arte- 
rial atherosclerosis and arthritis, may give a general impres- 
sion, but personal variation is so great that it offers little 
more than a distinction between 'young' and 'old'. Where a 
distinction has to be made in a double death between two 
people of markedly different ages, however, then these gener- 
alities may be of considerable use. Up to the age of about 
20-25, teeth, ossification centres and epiphyseal fusion are 
good indicators, but these are described in the section on 
skeletalized material, 



Characteristics useful in identifying the dead 

Recent research, aimed mainly at skeletalized bodies but Mongoloid peoples, and the prognathism and nasal 
available for any corpse, is the determination of the racem- differences in Negroid peoples. So many intermediate 
ization ratio of amino acids in teeth, as the preponderance forms exist, however, such as the Slav and the 

- .  

of laevo- and dextro-compounds appears to be a function Polynesian, that only the classic groupings can be 
of personal age. identified with confidence. 

In addition, the Gustafson technique on teeth, described !&3 Body size gives rise to the same uncertainty, especially 
later, is also applicable to a non-skeletalized body, if ageing as racial differences have lessened with better nutrition 
is important. in some groups. It is obvious, however, that Japanese 

are generally smaller than northern Europeans and that 
in Negroid bone structure the femora are proportionately 

Racial and ethnic characteristics longer and less curved than those of other races. Teeth 
are discussed later, but the concave upper central 

Much of the identification of race depends on common incisors of the Mongoloid races can be helphl on 
knowledge and recognition of various ethnic traits, and is occasions, though they are not absolutely specific. 
not primarily a medical problem. Everyone can recognize 
the deep pigmentation of a West African the epicanthic 
folds of the Mongoloid races, the red-haired Celt and the 
pale blond common in Scandinavia. There is a wide and 
almost continuous range of biological variability however, 
not only because of extensive ethnic interbreeding, but also 
because of marked variations even within a coherent racial 
group. 

In the intact or only partially decomposed body, the 
following factors may be used as pointers to ethnic classifica- 
tion, but the non-specificity of most of these must always 
be borne in mind: 

b3 Clothing, ornaments and other associated objects. 
A vast catalogue can be assembled (such as the string 
around the wrist in Hindus), but it must be borne in 
mind that other races may adopt these through choice, 
marriage or deception. 

@ Hair texture, style and length and beards. Examples 
are the hair of the Sikh, the beard of the orthodox Jew, 
the crinkly hair or 'peppercorn' (clumped growth) 
of some Negroids, the multiplaiting of Rastafarian 
West Indians, the straight black hair of Asians and 
the ginger hair most common in Celtic people. With 
affected styles and convincing modern coloration 
and texture alteration, however, these features can be 
most misleading. Forensic science techniques may be 
needed to detect and identify bleaching and dyeing 
changes in hair. 

@ Physical artefacts include penile and vulval 
circumcision, nose and ear piercing, lip perforation, 
tribal facial scars, and earlobe distension in East 
Africans and some tribes in Sarawak. More bizarre 
forms, such as neck-stretching by rings, are now rare. 
Tattoos (mentioned elsewhere) may have an ethnic 
basis, as in the Ibans of Sarawak. 

Finally, skin pigmentation can obviously differentiate 
the Negroid races from the other main groups, though 
again there is a continuous range of skin colour. To a lesser 
extent the slighter melanin content of the skin of Mongoloid 
races is recognizable, but merges into the variable tints of 
Semitic, Asian and Mediterranean peoples. 

It may well be that, in the near future, genetic DNA 
studies will revolutionize this aspect of identification. They 
are also likely to do the same for personal identification. 

Identification by DNA characteristics 

One of the most revolutionary advances in identification in 
recent years is the so-called 'DNA profiling or fingerprint- 
ing'. This is a technique devised by Alec Jeffreys of Leicester 
University, in which virtually unique sequences of bases in 
the DNA strands of chromosomes are used to compare one 
blood or tissue sample with another, and to investigate 
genetic relationships. The details of the technique are com- 
plex and require highly specialized reagents and apparatus. 
The method needs highly trained forensic scientists for its 
application to medico-legal problems. All that the patholo- 
gist needs is a basic knowledge of the principles of the tech- 
nique and how it can be applied in a forensic context. 

The de~x~ribonudeic acid (DNA) that forms genetic mate- 
rial is composed of two strands of sugar and phosphate mole- 
cules that are twisted into a double helix, which is bound 
together by links formed from adenine and thymine and cyco- 
sine and guanine. Each helical twist has ten such links, like 
rungs on a twisted ladder. A single DNA molecule may have 
millions of such links and the permutations of the bases in 
each adjacent link create the genes, the segments of the DNA 
that carry genetic information. A gene consists of a segment 
containing some hundreds or thousands of links, but separat- 

EB Facial appearance is, of course, a major criterion with ing these discrete genes are segments that seem to have no 
the high cheek bones and epicanthic folds of the genetic function, being redundant. There is about a metre of 
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DNA in each human nucleus, but only 10 per cent is used for 
genetic coding, the rest being redundant. Of these silent seg- 
ments (sometimes called 'stutters'), there may be 200-14 000 
repeats of each identical sequence on each DNA strand. 

During investigations into a specific gene (that for synthe- 
sizing myoglobin), Jeffreys found that the adjacent redun- 
dant segments varied geatly in base sequence, but that they 
were constant for a given individual and that they were trans- 
mitted from parents in a regular fashion. In other words, 
they formed a 'signature' that was virtually unique for every 
individual person, except identical (uni-ovular) twins, in 
whom they must be the same as they share the same DNA in 
the fertilized ovum. The chance of two persons sharing the 
same sequence is, according to Jeffreys, about one in a mil- 
lion billion. Even among siblings, the chances are only one in . , .". 
ten thousand bllllon. 

To identify the redundant segment (often called the 
'minisatelhe' or 'hypervariable regions'), a minute amount of . . 

human tissue containing nuclear material is required. A 
small volume of blood containing leucocytes is sufficient, or 
a semen sample, pulp from a tooth or a hair with some 
sheath cells at the root. The DNA from the contained 
nuclear material is broken up into fragments by enzymes 
called 'restriction endonucleases' that cleave the DNA 
strands at predetermined spots. The fragments are then 
separated by gel electrophoresis, which spreads the fragments 
into bands, transferred to nylon or nitrocellulose sheets and 
subjected to a 'DNA probe'. This is a single strand of DNA 
labelled with radioactive phosphorus-32. This latches on to . - 

the separated minisatellite fragments and - by microradio- 
graphy - the position of each band is rendered visible on an 
X-ray plate. 

The end result is a series of parallel bars, similar in appear- 
ance to the 'bar code' printed on goods in a supermarket. 
However, more recently the bar pattern from multilocus 
probes has been supplemented or replaced by simpler pat- 
terns from single-locus probes, though the principles remain 
the same. From the presence of different bars in given pos- 
itions, comparisons can be made with other samples, so this is 
a classic forensic technique of comparison. The test is useless 
without something to be compared with, but the blood on a 
weapon in the possession of a suspect can be matched with 
virtually complete confidence against the blood of the vic- 
tim. Seminal fluid in the vagina of a victim of a murderlrape 
can be matched against the blood DNA pattern of a suspect - - 
there is no need to match semen against semen, as all the 
DNA in a given person must, by definition, be identical. A 
few hair roots found on a blunt instrument in the possession 
of a suspect from a murder can be matched against the 
autopsy blood sample. In sexual crime cases, a great advan- 
tage of DNA testing over conventional blood-group secretor 
tests is that DNA can distinguish between mixed semen and 

vaginal fluids from a swab, which can confuse or negate 
blood-group techniques. 

Another wide medico-legal use is in paternity testing 
where, unlike blood group, haptoglobin and enzyme tests, 
a positive identity of parents can be made, rather than a 
mere exclusion. Every bar in the 'bar-code' must have come 
from either mother or father, half the number from each. 
In testing, the coding is made from child, mother and 
father. The bars in the child's code are first matched with 
those in the mother's pattern. The remaining bars then 
must correspond with those from the father - if not, he 
cannot be the father. 

SAMPLES REQUIRED FOR DNA TESTING 

Aithougii ampiiiication techniques, such as polymerasr 
chain reaction (PCR), etc., now allow minute samples to be 
tested, the larger the sample, the better the chance of a suc- 
cessful DNA test. 

Post-mortem material is inferior to live blood and tissue 
for DNA fingerprinting if any significant post-mortem 
change has proceeded enough to break down nuclear chro- 
matin. Plain blood samples should be taken, however, 
though leucocytes may have already disintegrated. Some 5 ml 
of blood is taken into an EDTA tube, which extracts 
metallic ions and not only prevents clotting, but inhibits 
enzymes in blood or micro-organisms, which may break 
down DNA during storage. The best material is said to be - 

muscle or the spleen and, if decomposition is advancing, 
the bone marrow is recommended. At least 0.5 g of tissue 
should be cut from the parenchyma of an organ and placed 
in a small plastic tube with no fixative or preservative. This 
should be frozen at -20°C if there is likely to be the 
slightest delay in transmission to the laboratory. 

In sexual offences associated with homicide, as much 
material as can be obtained from the vagina should be - 
collected, either fluid by pipette or multiple swabs from 
vagina, rectum and mouth. These again should be frozen if 
there is more than a few hours delay in transit to the labora- 
tory (see also Appendix 1). 

IDENTIFICATION OF 
SKELETALIZED REMAINS 

One of the classic problems of forensic pathology, the iden- 
tification of a whole or partial skeleton, involves techniques 
and expertise that span a number of disciplines from 
anatomy to radiology from archaeology to dentistry. It 
often overshadows the equally important need to identify 
intact or decomposed corpses, but the disproportionate 



Identification of skeletalized remains 

amount of space occupied by skeletal identification in most 
textbooks can be partly justified by the fact that bones can 
survive for decades, centuries or millennia, so that the 
cumulative reservoir of material is vast. As was observed in 
relation to intact bodies, the procedure for identifjhg 
bony remains falls into two distinct sections: 

@ allotting the bones to general categories based on 
absolute criteria concerning species, race, sex, stature, 
age and date 

k3 comparative studies, where the remains are matched 
against ante-mortem data derived from those people 
who might be potential victims. 

The general categorization of 
skeletal remains 

When objects thought to be skeletal remains are found, the 
following questions need to be asked and, where possible, 
answered: 

Are they bones? 
ESJ Are they human bones? 

What is the sex? 
El What is the stature? 
E i l  What is the race? 

What is the age? 
How long have they been dead andlor concealed? 
What was the cause of death? 

Are the remains actually bones? 

This question is not as facetious as it may seem, as untrained 
persons may provide objects that falsely resemble bones. The 
author (BK) has been offered shaped stones, plastic and even 
hard wood, which were thought to be bones. The mistake is 
even more common when these objects are mixed with 
undoubted bones, usually animal in origin, which may be 
found buried or mingled with rubble. 

Recognition is usually easy, by the shape, texture and 
especially weight of the objects. Greater' difficulty may be 
experienced when simulated human 'bones' are found, such 
as the 'radius' brought to the author (BK). This originated 
from a medical student's anatomical skeleton and was made 
from plaster coated with a plastic polymer. Visually it was 
indistinguishable from a real bone, but the abnormal light- 
ness indicated the true nature. 

Are the bones of human origin? 

The recognition of species is important, but deciding on a 
human origin is usually easy, unless marked fragmentation 

FIGURE 3.4 All bones are not human - and not all 'bones'are 

bones. The smdler bones are animal, but the central 'radius'is fiom 

an ersatz student skeleton, made from plartic material, but thought 
by the police to be evidence of a criminal death. 

has occurred. Many animal bones are found by the general 
public and police who are not qualified to decide whether 
they are human. Extensive rebuilding programmes and the 
renovation and demolirion of old sites reveal many caches 
of bones, bur in the authors' experience the majority are of 
animal origin, often originating from butchers' debris. 

First, the size is assessed and many small, slender bones 
excluded on obvious grounds. Even a turkey thigh cannot be 
mistaken for a metatarsal, nor a beef rib for human. The 
gross anatomy is then studied, and even if the 
makes no pretensions to being a comparative anatomist, the 
majority of intact animal bones can be recognized from their 
lack of correspondence to any human bone. Difficulties arise 
with smaller bones from some animals, especially the hands 
and feet, where digits, metatarsals and metacarpals require 
careful study to distinguish them from the human. Several 
errors have been made in respect of bear paws, which closely 
resemble the human hand. 

When bones are incomplete or fragmentary, the prob- 
lems escalate rapidly. If the ends of longer bones are pre- 
sent, then their non-human shape may be more readily 
determined, but cylindrical segments of the central shaft 
have little in the way of distinguishing features, apart from 
size. Burnt bone fragments offer similar problems, added to 
which is the possibility of heat distortion and shrinkage. 

The advice of an anatomist is needed in such cases, 
preferably one with forensic experience and enthusiasm for 
the project. Unfortunately, every anatomist is not necessar- 
ily an osteologist and it may be more effective for the bone 



to be examined by a pathologist who has both enthusiasm 
and the relevant reference books. 

Histological examination may offer a species differenti- 
ation - or at least to exclude a human origin. The Haversian 
architecture is different in many animals, but the few spe- 
cialist papers on this subject must be consulted for details. 

Where the animal species is relevant to the enquiry, then 
a veterinary or comparative anatomist must be consulted. 
If the bones are too fragmentary to provide any anatomical 
data, then serological investigarions must be artempted. 
These depend on species-specific proteins. being extracted 
from the bone into solution where they can be tested against 
specific antisera a re pared by immunizing animals (usually 
rabbits) against a range of animal proteins, usually derived 
from blood. Thus the test is essentially seeking plasma con- 
stituents wichin the bone, the recognition being carried GU 

by techniques such as electrophoresis or gel diffusion. DNA 
can now identify human tissue, if not the alternative species. 

The drawback of such serological tests is that they can- 
not be applied to bones that no longer have extractable 
proteins, and these include burnt or cremated bone and bone 
that has been dead for some years. The length of time for 
which identifiable protein persists is variable, but a negative 
resulr is usually to be expected after 10 years following 
death, though DNA techniques may be more sensitive. 

THE DETERMINATION OF SEX 

3: T h e  e s t a b l i s h m e n t  of identi ty of h u m a n  r e m a i n s  
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The accuracy of determination of the sex of skeletal remains 
varies with the age of the subject, the degree of fragmenta- 
tion of the bones and biological variabiliry (Table 3.1). 

Particularly when studying the skull and pelvis, a subjective 
impression by the experienced observer defies complete analy- 
sis, yet objective measurement may be no more accurate: in 
other words, the processes comprise morphological traits ver- 
sus morphometry. The determination of sex is statistically the 
most important criterion, as ir immediately excludes approxi- 
mately half the population whereas age, stature and race each 
provide points within a wide range of variables. Obvious sex 
differences do not become apparent until after puberty, 

TABLE 3.1 Pfitnerj table of bodily dimensions in the female 
compared with the male (per cent of male dimensions). The common 
generaliurtion that the fmale is 94per cent of the male size varies 
in dzfferent arem of the body 

Stature 93.5 
Head breadth 98.0 
Face breadth 94.0 
Face height 90.0 
Head length 95.5 

Arm length 91.5 
Sitting height 94.5 
Head circumference 96.0 
Head height 96.0 
Leg length 93.0 

usually in the 15-1 8-year period, though specialized measure- 
ments on the pelvis can indicate the sex even in fetal material. 
Sex and age are linked, especially where body size and weighr 
are concerned. Similarly, race confuses sexing, for example, 
the size of the supraorbital ridges in a normal negroid female 
may exceed those in the average Caucasian male. 

The accuracy of sexing is hard to estimate, as various 
loading factors exist. Krogman comments that he scored 
100 per cent accuracy using the whole skeleton, 95 per cent 
on pelvis, 92 per cenr on skull, 98 per cent on pelvis plus 
skull, 80 per cent on long bones and 98 per cent on long 
bones plus pelvis. He admitted, however, that, as most 
anatomy department material has a sex ratio of about 15: 1 in 
favour of men, marked bias could be introduced by assigning 
all doubtful bones to the male category. 

iecoid~ :ha:, fc: the who!e sLP!e~fi, one C;FI 

expect a 90-95 per cent success rate and for the skull alone 
only 80 per cent, but, if the mandible is also present, this 
rises to 90 per cent (Hrdlicka 1939). In general, adult female 
skeletal measurements are about 94 per cent that of the male 
of the same race, but different measurements may vary from 
9 1 to 98 per cenr. 

The skull 
The following features develop after puberty and are modi- 
fied by senility, so are applicable only beween about the 20th 
and the 55th year. Age as well as race has a profound effect. 

General appearance. The female skull is rounder and 
smoother than the rugged male. 
Size. Male skulls are larger, with an endocranial volume 
some 200 ml greater. 

@ Muscle ridges are more marked in male skulls, 
especially in occipital areas where larger muscles are 

Bregma 

Glabella 

N a s i o n a  ,-, ( 

Anterior 
nasal Alveolare spine$L 

- - 

Infradentale 

Gnathion 
/ 

FIGURE 3.5 Anatomical landmarks of the skull. 
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attached to the nuchal crests and in temporal areas for E3 
larger masseter and temporalis muscles. 
Supraorbital ridges are more marked in male skulls 
and may be absent in female. The glabella (central 
forehead eminence above the nose) is small or absent in i3 
the female, and prominent in the male, though this is a 
poor discriminant. 
Mastoid process. This is larger in male skulls (see Hoshi). @ 
Frontal and parietal eminences. These are more 
prominent in female skulls, which resemble the shape 
in an infant more than in a male. a 
Palate. This is larger and of a more regular U-shape in 
men. The smaller female palate tends to be parabolic. 
Orbits are set lower on the face in the male skull, with 
more square and less sharp edges (especially upper i3 
edge) than the female. 

Nasal aperture. This is higher and narrower in the 
male skull and has sharper edges. The nasal bones are 
larger and project further forward to meet at a more 
acute angle than in the female. 
Forehead. This is high and steep in the female 
skull, with a more rounded infantile contour than 
the male. 
Teeth are smaller in the female skull, molars usually 
having four cusps. The male often has a five-cusp lower 
first molar. 
Zygomatic process. The posterior ridge projects back 
beyond external auditory meatus in the male skull. The 
zygomatic arches bow outward more than the female, 
where they remain more medial. 
Mandible. This is large in the male skull, with a squarer 
symphysis region. Female jaws are more rounded and 

FIGURE 3.6 Two recovered and reassembled 

skektont. Aefter ckaning, the bones shoulz' be 
laid out in correct anatomical position, to 

gain an approximate diren measure of the 
stature, allowing as well as possibk fir lost 

sofl tisue. The upper skeleton, obviously 
mak, shows the fiequent loss ofsmall hand 
andfmt bones, but no injuries. The lower 
remains, fiom a hi& 4Oyar-old 
homicide, reweal that the body was sawn into 

six sections, there being cuts above the knees 
and through pine, scapula and humeri. 

FIGURE 3.7 Frontal view ofmale and 
female skull. The male ( le f t )  is larg~f, more 
massive and has heavier eyebrow ridges. 
The chin is squarer and the mandible 
heavier, The female has relatively larger 
height orbits, a smoother cranium, and 
firllerfiontal and parietal eminences. 
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project less at the anterior point. The vertical height at 
the symphysis is proportionately greater in the male. The 
angle formed by the body and the ramus is more upright 
in the male, being less than 125". The condyles are larger 
in the male skull, as is the broader ascending ramus, and 
there is a more prominent coronoid process. 

These sex variations represent the 'typical' White and, to 
a great extent, Asian skull. There is considerable overlap, 

FIGURE 3.8 A typical male skull, with a 
slopingforehead and prominent occipitnl 

ridgesfor large muscle attachment. 
Probably the best male feature is the large 

mastoidprocess; also, the zygomatic process 
extend well behind the auditory meatus. 

FIGURE 3.9 A typicalfemale skull, from a 
murder victim hi&nfor 40 in a 

cave. The cranium is high, roundand 
smooth with insignificant ridgesfor muscle 
attachment. The mastoid is tiny, one of the 
best discriminants. the post-&matic 
ridge does not continue behind the auditory 

meatus and there are no supraorbital ridges. 
The chin is round and smooth. 

especially in subjects from the Indian subcontinent, where 
osteological sex differences are much less marked. The criteria 
set out above exclude prepubertal and senile persons, and 
are less valid for those outside the 20-55 age group. For 
methods of sexing by discriminant function analysis, the 
work of Giles and Elliot (1963) should be consulted. 
In recent years craniometry has been applied to sexing the 
skull and multiple accurate measurements between discrete 
anatomical points have been used to produce discriminant 
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function analysis. The papers of numerous authors must 
be consulted for details of this sophisticated and difficult 
technique that is accurate in 83-88 per cent of cases. The 
frequency of correct sexing is no greater than more subject- 
ive methods, but commands a greater degree of confidence 
level in respect to its accuracy. 

Sex characteristics in the pelvis 

The post-pubertal female pelvis is wider and shallower than 
the rather upright male girdle to allow for the passage of the 
fetus during childbirth. Though as always there is an overlap 
of the appearance and measurements in the least characteris- 
tic individuals, the usual variations are sufficient to allow sex- 
ing of the adult ~elvis to be made with about a 95 per cent 
confidence rate (see work by Genovis). In the pelvis, unlike 
the skull, there are differences, albeit subtle, in immature 
(even fetal) pelves that allow sexual differentiation. The fol- 
lowing features provide the most usefd criteria. One must 
not be used in isolation, however; as many as possible must 
be assessed together. Sex features are independent of each 
other and one may even contradict the other in the same 
pelvis. It is often a first subjective impression by an experi- 
enced eye that determines the answer, though where the sex 
differences are slight, careful measurements may be needed - 
to resolve the problem. 

As in the skull, the male pelvis is more rugged because of 
the attachment of stronger muscles. It stands higher and 
more erect than the smoother, flatter, female pelvic girdle. 
The subpubic angle, measured at the medial intersection of 
two lines drawn along the best approximation of the lower 
border of both inferior pubic rami, approaches 90" in the 
female pelvis, but usually about 70" in the male. 

This is often a subjective measurement, however and 
depends in turn upon the shape of the pubic bone itself. 
When the line of the inferior ramus is projected medially 
and intersected with a horizontal line laid across the upper 
border of the superior ramus, the reverse size of angle is 
seen, the male being wider than the female. 

The body of the pubic bone, the block lateral to the 
syrnphysis, tends to be triangular in shape in the male, 
whilst the female pubis is more rectangular (Phenice 
1969; Iscan and Derrick 1984). Certain sexual variations 
in the pubis have been used by Phenice. In the female 
these are: 

%I a bony ridge ('ventral arc') running down the ventral 
surface from the pubic crest 

LB a concavity of the lower margin of the inferior pubic 
ramus immediately lateral to the lower border of the 
symphysis 

Male Female 

FIGUKE 3.10 Sex dzfferences in the human pelvis. The most 

noticeable features are the narrower suprapubic angle and the higher 

iliac blades in the male pelvis. 

a ridge of elevated bone on the medial aspect of the 
ischiopubic ramus, immediately lateral to the 
symphysis; in the male this area is broad and flat. 

The 'ischiopubic index' devised by Washburn may be 
helpful, in which the pubic length (X 100) is divided by the 
ischial length. The measurements must be catefblly made, 
the pubic length being from the plane of the symphysis to 
the reference point in the acetabulum and the ischial length 
being from the same point to the most distal edge of the 
ischium. The reference point is the site of fusion of the three 
elements of the immature innominate bone, usually marked 
by a notch in the articular surface of the acetabulum (Schula 
1937). If the ischiopubic index (in White races) is less than 
90, the pelvis is male; if over 95, it is female. The acetabulum 
is larger in the male, being an average of 52 mm in diameter, 
compared with 46 mrn in the female. The male joint cup also 
faces more laterally than that of the female, which tends 
to look more forward. Naturally, acetabular size is related 
to that of the femoral head, which will be considered later. 
The greater sciatic notch is an important criterion, being 
deep and narrow in the male, wide and open in the female. 
The angle formed by the margins approaches closer to a right 
angle in the woman than it does in the man. Harrison (1968) 
and Hrdlicka (1939) both felt that the greater sciatic notch 
was one of the best discriminants for sex, the latter claiming 
a 75 per cent success rate using this criterion alone. 

The obturator foramen is somewhat ovoid in the male, 
but triangular in the female. The pre-auricular sulcus, which 
marks the attachment of the anterior sacroiliac ligament, lies 
just lateral to the sacroiliac joint and is usually well marked 
in women but often absent in males. The pelvic inlet, looked 
at from above, is more circular in the female, the male being 
heart-shaped as a result of the protrusion of the sacrum into 
the posterior brim (Greulich and Thomas 1938). A number 
of other pelvic 'indices' have been devised by various authors 
(see, for example, the work of Turner, Greulich and Thomas, 
Caldwell and Molloy, Straus, and Derry). 
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Male Female 

FIGURE 3.12 The variation in shape of the male and female 

sacrum. The female is broader and more triangular. 

FIGURE 3.1 1 Thegreater sciatic notch is narrower in the male 
TABLE 3.2 Dwight? table for sexingfiom humeralandfemoral 

innominate bone. 
head diameters (in mm) 

Sex characteristics in the sacrum 
Female 

The sacrum is functionally part of the pelvis and shares in Male 
its sex variations. The female sacrum is wide and has a shal- 
low curve, again related to the larger ~e lv ic  canal for child- 
birth. It is shorter in the female and the curve is limited 
almost entirely to that distal part below the centre of the 
third sacral vertebra. The male sacrum may have more than 
five segments, which is rare in the female. The curve in the 
male is continuous down the whole bone and there may 
even be a slight forward projection of the coccyx. Fawcett 
(1938) compared the transverse diameter of the first sacral 
vertebra (CW) with that of the base of the sacrum (BW). 
The formula C W  X 1001BW averaged 45 in the male 
and 40 in the female. Kimura (1982) has developed a 
'base wing index', where the relative widths of the wing and 
base provide discriminant function coefficients for sex 
determination. 

Sexing from the long bones 

The femur is the most useful, its length and massiveness - 
themselves being significant. There is, as usual, consider- 
able overlap of all long-bone sex characteristics, but Brash's 
series showed that the maximum (oblique) length in the 
male femur was around 459 mm, while that of the female 
was only 426mm. Other figures from Pearson and Bell 
(1917) suggested mean values of 447 mm for. men and 
409 mm for women. Using the trochanteric oblique length, 
they suggested a range of 3 9 0 4 0 5  mm for women and 
430-450 mm for men, though there was the usual overlap 
in the middle. Race and nutrition (which is related to the 

Vertical Transverse Vertical 
humeral humeral femoral 

Difference 6.09 5.68 5.84 

TABLE 3.3 Pearson and Bell? table for the 'mathematicalsexing of 
the femur: The area of uncertainty extend in increasing degrees of 
confidnce outward fiom the central column to the more definite 
limits on each side. Measurements are given in millirnetres 

Male Male or female Female 

Vertical diameter of head >45.5 43.5-41.5 c41.5 
Popliteal length >I45 114-132 <lo6 
Bicondylar width >78 74-76 <72 
Oblique trochanteric length >450 405-430 ~ 3 9 0  

The size of the lknoral heads is claimed to be a better dis- 
criminant of sex, the vertical diameter being said by Pearson 
and Bell to be greater than 45 mm in the male and less than 
41 mm in the female, though again there is an overlap in the 
distribution curves around the 43mm size (Table 3.2). 
Maltby (1917), however, measured 43-56 mm in the male 
and 37-46 mm in the female. Femoral head size is part of 
Peanon's 'mathematical sexing of the femur', which incor- 
porates several measurements (Table 3.3). Dwight (1904) 
studied the size of both femoral and humeral heads, claim- 
ing that they were more useful than bone length. Once 
again, discriminant function sexing has been carried out, 
using a number of measurements. Details should be sought 
in the work of Black and of Iscan and Miller-Shaivitz. 

Another sex trait in the femur is the angle that the shaft 
makes with the vertical. Because the pelvis is relatively 

era and the place in which the samples were obtained) must wider in the female, the shafts have to slope more to con- 
be allowed for in such measurements. verge at knee level, so that the condyles at the lower end of 
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TABLE 3.4 Long-bone lengths (mm) in White men and women of dzfferent stature 

Men Women 

Humerus Radius Ulna Stature Femur Tibia Fibula Humerus Radius Ulna Stature Femur Tibia Fibula 

Modified by Krogman and lscan (1986) from Hrdlicka (1939). 

the femur sit horizontally on the tibia1 plateau. Thus when 
a female femur is seated on its condyles on a flat surface, 
the angle the shafi makes with that surface is of the order of 
76", while a male bone is more upright, the angle being 
around 80'. The angle of the neck on the shaft of the femur 
(the 'collodiaphyseal angle') was studied by Godycki (1957), 
the results suggesting that a bone with an angle of less than 
40" had an 85 per cent chance of being male, while if the 
angle exceeded 50°, there was a 75 per cent chance of it being 
from a female (Table 3.4). 

Most workers have worked with dry bone specimens; 
when methods using fresh bone are used, allowance must 
be made for articular cartilage where relevant. For example, 
the vertical diameter of a femoral head is 3 mm less in the 
dried specimen. 

Sex determination from other bones 

The sternum may be helpful in that the length of the 
manubrium in the female may equal or exceed half the 
length of the body, while the manubrium of the male is less 
than half the body length (Table 3.5). This was claimed in 
the nineteenth century by Hyrtl, but was denied by 
Krogman and by Dwight. The latter claimed that the ratio 
of manubrium: body was 52:100 in women and 49:100 in 
men, a poor discrimination. However, the method has 
been rehabilitated by Iordanidis (1 96 I), who alleged a suc- 
cess rate of 80 per cent using the sternum alone. Stewart 

TABLE 3.5 Sex determination fi-om the sternum. Mean (range) 
lengths of manubrium and sternal body (mm) 

Male Female 

Manubrial length 5 1.7 (41 -73) 48.4 (39-61) 
Body length 95.4 (74-1 22) 78.6 (59-95) 
Combined length 147 (131-180) 127 (1 07-1 40) 

- 

Taken from Jlt et a/. (1 980) North lnd~an populat~on. 

and McCorrnick (1983) used a radiographic technique and 
claimed total accuracy in stating that a sternal length of less 
than 121 mm must be female and over 173 mm must be 
male. 

The scapula has been studied extensively, but mostly in 
relation to age. There are relatively poor sex variations in 
the vertical diameter of the glenoid cavity: the threshold, 
according to Dwight, is 36 mm, those smaller being female. 
Iordanidis made an extensive study of scapular measure- 
ments and concluded that scapular height was the best 
discriminant, the male usually being greater than 157 mm, 
the female less than 144 mm. 

The humerus, radius and ulna yield little helpful sexing 
evidence, apart from overall size. The presence of a perfor- 
ated olecranon fossa at the lower end of the humerus occurs 
more often in females and more commonly on the lefi 
side, there being a 3.7:l ratio compared with males. Gody& 
studied this and other characteristics of the arm bones as 
sex determinants, but their value is poor. 
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i I 
I , I  

FIGURE 3.1 3 Determination ofsex offemur by anplation of the 
Tho rnn+!es <re set cn c,&t c q ' k  and the angle $the sh4f a,,- .. A .," -".- 

measured. Because of the greater tilt caused by the relatively wider 

pelvis, thefemak angle is usually less than 804 

There are many reports on sexing from limb and girdle 
bones and the best approach seems to be a multiple assess- 
ment using the data for discriminant function analysis. 

Evidence of pregnancy from the 
skeleton 
More accurately, parturition causes some changes in the 
pelvis as a result of the local trauma of childbirth, which is 
reinforced by multiple pregnancies. These include 'pubic 
scars' from the tearing of tendon insertions and periosteum 
around the pubic bone. The dorsal pubic surface and the 
pre-auricular sulcus are best indicators, but most authorities 
agree that it is not possible to determine the number of 
births from osteological appearances. The papers of Angel 
and of Ullrich are most useful in this respect. 

ESTIMATION OF STATURE FROM 
SKELETAL REMAINS 

When a full skeleton is available, then obviously direct 
measurement of the correctly assembled bones will give the 
original height within a few centirnetres. Allowance has to 
be made during assembly, however, for the loss of cartilage 
in joint spaces and especially for missing intervertebral 
discs. The accuracy achieved with direct measurement is 
not great, in that even with an intact body there can be a 
lengthening of up to 2.5 cm compared with the live height. 
The skeleton needs scalp and heel soft tissue thickness 
added - and with the obvious uncertainty about the cumu- 
lative allowances for disc thickness and joint cartilage, it is 

unrealistic to expect accuracy of less than about 4-8 cm 
compared with the living height. 

When incomplete skeletal material is available, calcula- 
tions have to be made on the basis of one or more bones. 
Where possible, all available bones should be used and a con- 
sensus of results assessed, though the accuracy derived from 
different bones varies and the result from - say, a femur - is 
more reliable than that-from an ulna. The descending order 
of usefulness is: femur, tibia, humerus, radius. 

Many formulae have been constructed for the determi- 
nation of stature from the length of long bones. The fol- 
lowing cautions must be appreciated before they are used: 

The tables were constructed from differing ethnic 
groups and at different times, so that racial and 
nutritional factors introduce significant variations. The - 

table most appropriate to the bones under investigation 
should be used, though by definition the exact 
provenance of these bones may be unknown, even 
including their ethnic origins. 
I There is a marked sex difference in stature estimation 

and ageing of the person also reduces stature relative to 
long bone length. Trotter and Gleser (1958) found in 
855 bodies that there was a 1.2 cm loss of height for each 
two decades of age over the age of 30, a loss of height 
equivalent to about 0.6 mm a year after the fourth 
decade. The same investigation showed that the length of 
the cadaver was about 2.5 cm longer than the known 
height during life. The maximum stature (at least in 
American men) was found in 195 1 to be reached at the 
age of 23 years, a change from earlier estimates in which 
the peak was found to occur between 18-2 1 years of age. 

Ed The bone lengths must be measured in exactly the same 
way as that used by the author of the tables. 

El Old dry bones are slightly shorter than recent material, 
even when one excludes the loss of articular cartilage. 
Telkka (1950) stated that 2 mm must be deducted 
from the length of fresh bone before the calculation is 
made, as most tables are based on dried skeletons. 
These differences, however, are slight compared with 
the greater errors likely if incorrect measuring methods 
are employed. 

@ There are inbuilt errors, which are expressed in the 
formulae. These standard errors are given as 'plus or 
minus' a certain figure, which applies only when the 
length of the bone is near the mean of the usual range 
of length for that   articular bone. When the bone is 
near the extremes of the range (that is from a very tall 
or very short person), then the standard deviation must 
be doubled in order to stay within the same range of 
confidence of accuracy. The same holds good if the 
tables used are not from the same ethnic group as those 
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TABLE 3.6 The stature tables of Goner and Gleser. The upper table represents their original 1952&res, the lower their mod$cation of 
1977, as quoted by Krogman and Iscan (1986) 

Male Whites Male Negroes 
-- 

Stature = 63.05 t 1.3 1 (femur t fibula) + 3.63 cm Stature = 67.77 + 1.20 (femur + fibula) + 3.63 cm 
Stature = 67.09 t 1.26 (femur + tibia) 2 3.74cm Stature = 71.75 t 1.1 5 (femur t tibia) + 3.68cm 
Stature = 75.50 t 2.60 fibula + 3.86cm Stature = 72.22 + 2.1 0 femur + 3.91 cm 
Stature = 65.53 t 2.32 femur 2 3.94 cm Stature = 85.36 + 2.1 9 tibia + 3.96 cm 
Stature = 81.93 t 2.42 tibia 2 4.00 cm Stature = 80.07 t 2.34 fibula + 4.02 cm 
Stature = 67.97 t 1.82 (humerus t radius) + 4.31 cm Stature = 73.08 + 1.66 (humerus t radius) + 4.1 8 cm 
Stature = 66.98 t (humerus t ulna) + 4.37 cm Stature = 70.67 t 1.65 (humerus t ulna) f. 4.23 cm 
Stature = 78.1 0 + 2.89 humerus + 4.57 Stature = 75.48 t 2.88 humerus + 4.23 cm 
Stature = 79.42 + 3.79 radius 4.66 Stature = 85.43 t 3.32 radius + 4.57 cm 
Stature = 75.55 t 3.76 ulna? 4.72 Stature = 82.77 t 3.20 ulna 2 4.74 cm 

Female Whites Female Negroes 

Stature = 50.1 2 t 0.68 humerus t 1.1 7 femur + Stature = 56.33 t 0.44 humerus - 0.20 radius t 
1.15tibia+3.51 cm 1.46 femur + 0.86 tibia + 3.22 cm 

Stature = 53.20 t 1.39 (femur + tibia) + 3.55 cm Stature = 58.54 t 1.53 femur t 0.96 tibia + 3.23 cm 
Stature = 53.07 t 1.48 femur t 1.28 tibia + 3.55 cm Stature = 59.72 t 1.26 (femur + tibia) + 3.28 cm 
Stature = 59.61 t 2.93 fibula + 3.57 cm Stature = 59.76 t 2.28 femur + 3.41 cm 
Stature = 61.53 t 2.90 tibia + 3.66 cm Stature = 62.80 t 1.08 humerus t 1.79 tibia + 3.58 cm 
Stature = 52.77 + 1.35 humerus t 1.95 tibia f 3.67 cm Stature = 72.65 t 2.45 tibia + 3.70 cm 
Stature = 54.1 0 t 2.47 femur t 3.72 cm Stature = 70.90 t 2.49 fibula + 3.80 cm 
Stature = 54.93 + 4.74 radius + 4.24 cm Stature = 64.67 + 3.08 humerus + 4.25 cm 
Stature = 57.76 t 4.27 ulna + 4.20cm Stature = 75.38 t 3.3 1 ulna 2 4.83 cm 
Stature = 57.97 + 3.36 humerus + 4.45 cm Stature = 94.51 t 2.75 radius f 5.05 cm 

White males SE Black males SE 

3.08 Humerus t 70.45 
3.78 Radius + 79.01 
3.70 Ulna t 74.05 
2.38 Femur t 61.41 
2.52 Tibia t 78.62 
2.68 Fibula t 71.78 
1.30 (Femur t Tibia) t 63.29 
1.42 Femur t 1.24 Tibia + 59.88 
0.93 Humerus t 1.94 Tibia t 69.30 
0.27 Humerus t 1.32 Femurt 1.1 6 Tibia + 58.57 

- -- 

3.26 Humerus + 62.10 
3.42 Radius t 81.56 
3.26 Ulna t 75.29 
2.1 1 Femur t 70.35 
2.1 9 Tibia + 86.02 
2.1 9 Fibula + 85.65 
1.15 (Femur t Tibia) t 71.04 
0.66 Femur + 1.62 Tibia t 76.1 3 
0.90 Humerus + 1.78 Tibia t 71.29 
0.89 Humerus - 1.01 Radius + 0.38 Femur t 1.92 Tibia t 74.56 

White females SE Black females 

3.36 Humerus + 57.97 
4.74 Radius t 54.93 
4.27 Ulna t 57.76 
2.47 Femur t 54.1 0 
2.90 Tibia + 6 1.53 
2.93 Fibula t 59.61 
1.39 (Femur + Tibia) t 53.20 
1.48 Femur t 1.28 Tibia t 53.07 
1.35 Humerus t 1.95 Tibia + 52.77 
0.68 Humerus + 1.17 Femur t 1.15 Tibia t 50.122 

3.08 Humerus t 64.67 
3.67 Radius t 71.79 
3.31 Ulna t 75.38 
2.28 Femur + 59.76 
2.45 Tibia t 72.65 
2.49 Fibula + 70.90 
1.26 (Femur t Tib) + 59.72 
1.53 Femur + 0.96 Tibia t 58.54 
1.08 Humerus t 1.79 Tib 
0.44 Humerus - 0.20 Radius t 1.46 Femur t 0.86 Tibia + 56.33 

All lengths are in centimetres, valid only for Americans between 18 and 30 years of age. Femur and tibia are maximum lengths. SE, standard error. 

being estimated. Krogman indicated that a 95 per cent Of the many available systems of calculation, those of 
confidence rate applies only if twice the standard error Trotter and Gleser are most widely used, being based on 
is accepted each side of the favoured height - in an Caucasian and Negroid Americans fiom the 1950s (Table 3.6). 
average man, this means a latitude of over 12 cm, which Older tables include those of Rollet whose measurements 
is too great to be of much use in identification. of French people were later reworked by Manouvrier and 
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TABLE 3.7 Pearsoni. (1899) regression tables for calculating stature 

from dried lonf bones 

S = 81.306 t 1.880 Femur 
S = 70.651 t 2.894 Humerus 
S = 78.664 t 3.378 Tibia 
S = 85.925 t 3.271 Radius 
S=71.272t 1.159(FtT) 
S=71.441 t 1.220Ft 1.080T 
S = 66.855 t 1.730 (H t R) 
S = 69.788 t 2.769 H t 0.1 958 
S = 68.397 t 1.030 F t 1.557 H 
S = 67.049 t 0.9 13 F t 0.600 T 

S = 72.844 t 1.945 Femur 
S = 71.475 t 2.754 Humerus 
S = 74.774 t 2.352 Tibia 
S = 81.224 t 3.343 Radius 
S=69.154t 1.126(FtT) 
S=69.561 t 1.117 F t  l . l 25T  
S=69.911 t 1.628(HtR) 
S = 70.542 t 2.582 H t 0.281 8 
S = 67.435 t 1.339 F t 1.027 H 
S = 67.467 t 0.782 F t 1.1 20 T 

by Pearson and quoted in a review by Hrdlicka (1939). 
Pearson allowed a standard addition of 2.5 cm to com- 
pensate for the diiierence between dead and iiving height 
(Table 3.7). More modern tables include those of Dupertuis 
and Hadden (1951) and Trotter and Gleser (1958), 
from American subjects. The latter used casualties from 
World War I1 and later from the Korean War to construct 
their tables (Table 3.8). Other calculation systems include 
Breitinger (1937; Germans), Tel& (Finns) (Table 3.9), 
Allbrook (1961; African Negroids and English), Shiati 
(1983; Chinese), Mendes-Correa (1932; Portuguese) and 
Stevenson (1929; Chinese). Modern critics of the accuracy 
of the estimation of stature from long bones include Wells 
(1959), who suggested that even the preferred method 
of Trotter and Gleser has less accuracy than is generally 
acknowledged. 

Estimation of stature from bones other than the major 
limb bones is far more inaccurate. Measuring the spinal 
column (from the tip of the odontoid to the bottom of the 
fifth lumbar vertebra) has been used by Krogman and by 
Dwight; Fully and Pineau (1960) used the spine plus a long 
bone. Tibbetts (1981), in his more modern study on the 

TABLE 3.9 Telkkai. tabkfor calculating stature ofFinnid men 

and women 

Men SE Women SE 

169.4 t 2.8 (Humerus - 32.9) 5.0 156.8 t 2.7 (Humerus - 30.7) 3.9 
169.4 t 3.4 (Radius - 22.7) 5.0 156.8 t 3.1 (Radius - 20.8) 4.5 
169.4 t 3.2 (Ulna - 23.1) 5.2 156.8 t 3.3 (Ulna - 21.3) 4.4 
169.4 t 2.1 (Femur - 45.5) 4.9 156.8 t 1.8 (Femur - 41.8) 4.0 
169.4 t 2.1 (Tibia - 36.6) 4.6 156.8 t 1.9 (Tibia- 33.1) 4.6 
169.4 t 2.5 (Fibula - 36.1) 4.4 156.8 t 2.3 (Fibula - 32.7) 4.5 

spine, measured 23 individual vertebrae and produced a 
regression formula for both men and women. However, the 
results were far superior when long bones were used. 
Others have employed the clavicle (Jit and Singh 1956) and 
the scapuia(Oiivier i.369). 

The use of fragmentary bones and those immature bones 
from which the epiphyses have been lost have been studied, 
the survey by Krogman and Iscan being the best account of 
the techniques employed by researchers such as Steele and 
McKern (1969) and Muller (1935). The estimation of the 
heights of infants and fetuses is even more difficult when 
working with skeletal material, as substantial parts of these 
bones may be detached and missing because of non-fusion 
of epiphyses and non-appearance of ossification centres. 
Mehta and Singh (1972) have specifically addressed this 
problem, as well as others summarized by Krogman and 
Iscan (1986). 

ESTIMATING THE SUBJECT'S AGE 
FROM SKELETAL STRUCTURES 

The age of the subject at death is usually more important 
than the stature and rivals the sex as the most vital indication 

TABLE 3.8 Dupertuis and Haddeni. (1951) tabksfor estimatingstaturefrom bones. The kngth of the bones 
(measured in centimetres according to the authors'criteria) is multiplied by the factor in the tabk and &d to 
the constant in the right hand column to give the body length (on) 

Men crn Women cm 

2.238 (Femur) 
2.392 (Tibia) 
2.970 (Humerus) 
3.650 (Radius) 
1.225 (Femur t Tibia) 
1.728 (Humerus t Radius) 
1.422 (Femur) t 1.062 (Tibia) 
1.789 (Humerus) t 1.841 (Radius) 
1.928 (Femur) 0.568 (Humerus) 
1.442 (Femur) t 0.931 (Tibia) t 
0.083 (Humerus) t 0.480 (Radius) 

2.3 1 7 (Femur) t 61.412 
2.533 (Tibia) t 72.572 
3.1 44 (Humerus) t 64.977 
3.876 (Radius) t 73.502 
1.233 (Femur t Tibia) t 65.213 
1.984 (Humerus t Radius) t 55.729 
1.657 (Femur) t 0.879 (Tibia) t 59.259 
2.1 64 (Humerus) t 1.525 (Radius) t 60.344 
2.009 (Femur) t 0.566 (Humerus) t 57.600 
1.544 (Femur) t 0.764 (Tibia) t 
0.1 26 (Humerus) t 0.295 (Radius) t 57.495 



Estimating the subject's age from skeletal structures 

of identiry. The estimation of skeletal age falls into various 
groups, which have marked differences in both method and 
accuracy. In general, the greater the personal age the less the 
confidence quotient. There are many publications on the 
subject, many of them arising from archaeological rather than 
forensic interest, as the age structure of a skeletal population is 
of great interest to social anthropologists and historians. 

steometric board 

FIGURE 3.14 Osteometric boardfor accurate measurement of bone 
Length. There is  a central slot in the headboard to accommoahte 
the tibia1 head spines. 

The fetus and young infant 

It is more usual to have to estimate fetal and neonatal age 
on the intact dead body, rather than the skeleton, as the 
immature bones are so easily dispersed, lost and destroyed 
compared to the more robust bones of older subjects. Both 
in archaeology and forensic pathology, however, such fetal 
and immature remains are sometimes present. 

The major dating indices are the appearance of ossifica- 
tion centres in growing cartilage but, as stated above, these 
are rarely available in dried bones as the cartilage disinte- 
grates within weeks or months and small ossification centres - 
both in diaphyses and epiphyses - rarely survive. The bones 
have to be examined with the cartilage still attached to offer 
much hope of ageing the remains. Radiology may provide 
more information than visual inspection. 

Specialized books such as the classics by Fazekas and Kosa, 
Krogman and [scan, and by Stewart and the numerous 
papers and monographs on the subject (a selection of which 
are listed at the end of this chapter) must be consulted where 
fetal issues are complex and important. Once again the help 
of interested anatomists and radiologists can be invaluable, 
especially as biological variation poses a constant trap for the 
inexperienced who slavishly follow printed tables without 
the knowledge to appreciate their limitations. Stewart has 

Femur 
(anterior upwards) 

Lateral 
condyle c 

Tibia Humerus 

Stylotd Bl Radius 

(posterior upwards) 

FIGURE 3.15 Dimensions of dried bonesfor estimations of stature (Trotter and Gleser, Dupertuis and Ha&). The rigbt side bone is used 
for preference. Femur: With the bone lying anterior surface upward, the maximum length is measuredf;om the medial condyle to the most 
proximalpart of the head. Ebia: Maximum length between tip of medial malleolus andface of lateral condyle. The intercondylar eminence 
is  not included. Humerus: Maximum overall lengtbf;om the posterior margin of the trochlea to the upper edge of the head. Radiuc From 
the tip of the styloidprocess to the head, lying with the posterior su face upward. All bones should be measured either with an osteometrir 
board or, ifone is not available, on a flat bench with the maximum lengths taken between two vertical, parallel board placed in contact with 
the bone end. Ifthe bones are not d r ~  but have articular cartilage in place, the following should be subtractedfiom the measured length 
before applying the formulae (Boyd and Trevor): radius and humerus 3 mm each, tibia 5 m m  andfemur 7mm.  
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produced a useful nomogram that relates fetal femoral length 
to crown-rump length and hence to approximate gestational 
age. Teeth are discussed in Chapter 26. Fazeka and Kosa's 
book is particularly useful to the pathologist (as bone lengths, 
etc. are directly related to fetal and infant age), as are the pro- 
fuse illustrations. 

Skeletal age in the child and young adult 
There is no break in the methods used for the fetus 
and small infant and the older child and young adult. 
The appearance of ossification centres is complete by 
around 5 years and after this stage the fusion of epiphyses 
acts as a calendar up to the age of about 25, when the 
medial clavicular epiphysis is usually the last evidence of 
such fusion. 

Lists and diagrams such as those shown here are the 
usual method of tracing the maturity of the skeleton. 
Several cautionary points must be appreciated and where 
possible the advice of a radiologist be obtained if there are 
important issues at stake. The paper by McKern and 
Stewart gives a valuable commentary on personal variation 
in skeletal age determination (Table 3.10). 

Maturity is not synonymous with calendar age. There 
are both sexual, racial, nutritional and other biological 
variations. 
Females are almost always in advance of males, and 
maturity tends to be accelerated in hotter climates, 
though the latter may be tempered by nutritional 
disadvantages. 
There is a marked range of closure dates in epiphyseal 
union, and the year suggested in some charts is merely 
the midpoint of that range. 
Union is a process, not an event. It may be different 
radiologically from gross inspection; it may also be slow 
in completion, so that it may be difficult to pinpoint a 
date that is needed to refer to published data. An 
example is the one that is usually the last to fuse, the 
medial end of the clavicle, which may slowly close 
during any period from about 18 to 31 years. Finally, as 
emphasized by Krogman and Iscan, multiple criteria of 
skeletal age should be used, dependence not being 
placed upon any single measurement. 

Skeletal ageing in later years 
The eruption of the third molar teeth and the h i o n  of the 
last epiphysis occurs approximately in the middle of the third 
decade. This is a watershed in skeletal dating, as the more 
objective markers of age are almost all on the younger side of 

this time. From around 25 years until old age, there are no 
dramatic events such as tooth eruption or the appearance of 
ossification centres. There are more subtle changes available 
for specialized interpretation, but the general decline through 
middle age to senility prevents assessment of age to within the 
nearest half-decade. 

The major advances in this difficult period have been the 
use of the pubic symphysis and sternal ribs and the radiology 
of cancellous bone. However, dental technology may further 
refine the assessment of age. 

Pubic symphysis and age 
The opposing faces of the two pubic bones have been 
extensively studied by Todd (1 920, 192 I), by McKern and 
Stew-ait (1357) a i d  by Ci!bz;~ and P.lcKern (!973), whe 

related the changing topography of the symphyseal faces to 
age. The technique is complex and requires bones that are 
free of cartilage, but not so eroded by drying and damage 
that the surface features are blurred. 

ASSESSMENT OF AGE FROM THE MALE PUBIC 
SYMPHYSIS 

As always, the details given in the original publications 
should be studied and practice gained by examining bones 
of known age. The method as originally devised by Todd 
has been radically modified by McKern and Stewart so that 
the technique is now the most useful in assessing the age of 
post-mature material. It must be noted that their method 
applies only to males and was not applied to female mater- 
ial until the work of Gilbert and McKern. 

In summary, the face of the symphysis is analysed by 
reference to three 'components', each being scored on a scale 
of 6. In component I, the dorsal half of the face is assessed 
on a scale of 0-5; in component 11, the ventral half is 
assessed; and in compoiient 111, the whole surface is con- 
sidered in relation to different criteria to the preceding two 
stages. 

Component I (the dorsal plateau) is scored as follows: 

El 0: dorsal margin absent 
1: slight margin formation appears in the middle third 
of the dorsal border 

@I 2: dorsal margin extends along whole dorsal border 
B 3: grooves filled in with resorption of ridges to form 

an early plateau in the middle third of the dorsal 
demiface 

Ed 4: te plateau, still with vestiges of billowing, extends 
over most of the dorsal demiface 
5: billowing vanishes and the surface of the demiface 
becomes flat and slightly ganular. 
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TABLE 3.1 0 Time ofappearance of major ossifiration centm 

(a) Healthy Caucasian boys 
Birth 
Calcaneus 
Talus 
Femur, distal 
Tibia, proximal 
Cuboid 
Humerus, head 

2 months 
Capitate 
Hamate 
Lateral cuneiform 

3 months 
Femur, head 
Capitulum 
Tibia, distal 

6 months 
F~bula, distal 

7 months 
Humerus, greater tuberosity 
Radius, distal 

10 months 
Triquetrum 

I I months 
Third finger-first phalanx 
First toe-second phalanx 

(b) Healthy Caucasian girls 
Birth 
Calcaneus 
Talus 
Femur, distal 
Tibia, proximal 
Cuboid 
Humerus, head 

2 months 
Capitate 
Hamate 
Lateral cuneiform 

3 months 
Femur, head 
Capitulum 
Tibia, distal 

4 months 
Humerus, greater tuberosity 

6 months 
Fibula, distal 
Radius, distal 

7 months 
First toe-second phalanx 
Third finger-first phalanx 
Fourth finger-first phalanx 

12 months 
Second finger-first phalanx 
Fourth finger-first phalanx 
First finger-second phalanx 

13 months 
Third toe-first phalanx 
Second metacarpal 
Medial cuneiform 

14 months 
Fourth toe-first phalanx 
Second toe-first phalanx 
Fiflh toe-second phalanx 

15 months 
Third metacarpal 
Second toe-second phalanx 
Fifth finger-first phalanx 

16 months 
Fourth toe second phalanx 
Fourth metacarpal 

18 months 
Second finger-second phalanx 
Third finger-second phalanx 
Fourth finger-second phalanx 
Fiflh metacarpal 

8 months 
Second finger-first phalanx 
First finger-second phalanx 
Third toe-first phalanx 

9 months 
Third toe-second phalanx 
Fourth toe-first phalanx 
Medial cuneiform 

10 months 
Second metacarpal 
Second toe-second phalanx 
Fourth toe-second phalanx 
Third metacarpal 
Second toe-first phalanx 
Triquetrum 

11 months 
Fourth metacarpal 
Fifth finger-first phalanx 

12 months 
Fourth finger-second phalanx 
Third finger-second phalanx 

13 months 
Fifth metacarpal 
Second finger-second phalanx 

20 months 
First toe-first phalanx 
Middle cuneiform 

21 months 
Third finger-third phalanx 
Fourth finger-third phalanx 
Navicular of foot 
Fifth toe-first phalanx 

22 months 
First metacarpal 
First metatarsal 

23 months 
First finger-first phalanx 

2 years 
Fiflh finger-second phalanx 
Lunate 

2 years, 2 months 
Second metatarsal 

2 years, 5 months 
Second finger-third phalanx 
Fifth finger-third phalanx 

2 years, 11 months 
Third metatarsal 
Fibula, proximal 

14 months 
First metacarpal 
First toe-first phalanx 
Fifth finger-first phalanx 
Third finger-third phalanx 
Fourth finger-third phalanx 
Navicular of foot 
Middle cuneiform 
First metatarsal 

15 months 
First finger-first phalanx 
Fifth finger-second phalanx 

17 months 
Second finger-third phalanx 
Fiflh finger-third phalanx 

19 months 
Second metatarsal 

21 months 
Fifth toe-third phalanx 

22 months 
Third metatarsal 

23 months 
Patella 

3 years, 1 month 
Femur, great trochanter 
Patella 

3 years, 3 months 
Fourth metatarsal 

3 years, 4 months 
Fifth toe-third phalanx 

3 years, 7 months 
Third toe-third phalanx 
Fourth toe-third phalanx 

3 years, 8 months 
Fifth metatarsal 
Second finger-third phalanx 

3 years, 10 months 
Radius, proximal 

4 years, 2 months 
Multangulate majus 

4 years, 4 months 
Navicular, hand 

4 years, 8 months 
Multangulate minus 

5 yearst  
Humerus, medial epicond 
Ulna, distal 
Fifth toe-second phalanx 

2 years 
Lunate 
Third toe-third phalanx 
Fourth toe-third phalanx 
Fibula, proximal 
Femur, greater trochanter 

2 years, 2 months 
Second toe-third phalanx 
Fourth metatarsal 

2 years, 5 months 
Fifth metatarsal 

2 years, 8 months 
Multangulate majus 

2 years, 9 months 
Humerus, medial epicon 

3 years 
Radius, proximal 
Multangulate minus 

3 years, 2 months 
Navicular, hand 

4 years, 6 months 
Ulna, distal 

5 yearst 
Fifth toe-second phalanx 

After Francis and Werle (1939). 
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Component I1 (the ventral rampart) is scored as follows: 

@I 0: no ventral bevelling 
@ 1: ventral bevelling only at the superior end of the 

ventral border 
B 2: bevelling extends along whole ventral border 
EI 3: ventral rampant starts as bony extensions from either 

or both extremities 
4: extensive rampart, but still gaps, especially on the 
upper two thirds of the ventral border 

El 5: complete ventral rampart. 

Component I11 (symphyseal rim) is scored as follows: 

0: no symphyseal rim 
Fd 1: partial dorsal rim visible, usually at the upper end of 

the border; it is round, smooth and elevated above the 
surface 
2: complete dorsal rim with beginnings of ventral rim, 
which starts at no particular site 

@ 3: complete circumferential symphyseal rim, enclosing 
a finely gained, slightly undulating surface 

1 4: the rim begins to break down, no longer smooth but 
sharply defined. Some lipping on ventral edge 

@ 5: Eurther breakdown of rim, especially along 
superior ventral edge. Rarefaction of symphyseal face. 
Disintegration and erratic ossification of ventral rim. 

In practice, a three-figure score is made from evaluation 
of each component and added together. For example, com- 
ponent I = 3, component I1 = 4, component I11 = 1. Thus 
the score is 3 + 4 + 1 = 8 and by reference to the tables, 
the age suggested is between 24 and 28. 

Since the work of Gilbert and McKern, a method has been 
offered to assess age in both males and females. Stewart has 
pointed out that, although Todd felt that the same criteria 
could be applied to females, there was risk of overestimation 
of age in women because pelvic trauma during parturition 
could deform the dorsal border of the symphysis in a manner 
likely to mimic age changes. 

The other limitation of the method is that the upper 
limit is 50 years, so that a large segment of the range is not 
considered. Also the scoring is naturally subjective, depend- 
ing on the experience and training of the observer. In spite 
of these drawbacks, the method remains the most useful 
ageing technique for post-mature males. 

Gilbert and McKern established standards for females 
in 1973. The same three components are used, but the 
description of the symphyseal faces is different. Details must 
be sought in the original publications or in Krogman and 
Iscan's invaluable book. Gilbert concluded that, if the male 
criteria were used for females, the age assessment would 
be underestimated by about a decade, as the female pubis 
reaches full maturity about 10 years later than the male. 

Several tests of the accuracy of this method have been 
made by Suchey (1979) and Meindl et al. (1985). There 
have been many reports on the subject, but it would seem 
that Todd's system remains the most accurate. Overall 
accuracy obtained by experienced observers lies in the 
range of 5-7 years around the true age. 

The sternal rib methods 

The costochondral junction has been studied by a number 
of physical anthropologists using different techniques. 
Michelson (1934) found that calcificarion in the first 
costal cartilage did not occur under 11 years and that 
after 16 years, males calcified much more quickly until 66, 
when the sexes again became uniform. Iscan and Loth 
(i-386) made detaiied studies o i  the shape o: die rib end 
adjacent to the cartilage and constructed complex criteria 
for age-related changes. The original publications must be 
consulted for derails as well as more recent developments 
such as those by Loth, Iscan and Sheuerman (1 994). 

Skull sutures and age 

The use of skull suture fusion as an index of age has had 
a chequered history, beginning in the first century AD with 
a comment by Celsus. It is now generally discredited, 
except in the most broad terms. 

It is common knowledge that most adults have at least 
part of their suture lines closed and that this tends to become 
more widespread as age increases. There are many exceptions 
and the rate of closure is not linear with time. This generality 
can be useful when skull fragments are found, as any visible 
fusion will at least indicate that the skull came from a mature 
individud, as it is unlikely below the age of 20 (Brothwell). 

The claims of Dwight (1890), Parsons and Box (1905) 
and Todd and Lyon (1924, 1925) (who stated that sagittal 
fusion began at 22 and was complete by 35) for the use of 
fusion as an ageing tool, have been refuted by Singer (1953), 
Cobb (1952), McKern and Stewart (1957) and GenovPs and 
Messmacher (1959). McKern and Stewart found that 25 per 
cent of 18-year-old males had begun closure of their sagittal 
sutures and that by 31-40 years, 90 per cent had some 
fusion. Yet many had no fusion at considerably older ages. 
Since these criticisms were made, much further work has 
been carried out, recorded by Krogman and Iscan's book in 
its 1986 edition. They concluded from the accumulated evi- 
dence of many publications that suture closure is not affected 
by sex, race or rightlleft differences. Only endocranial fusion 
must be studied, as that on the outer side is far more erratic. 
Even so, determination of age from suture closure is unsafe: 
they feel that in the 20-50 age range, it may be possible to 
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FIGURE 3.16 A guide to the age of epiphyseal union in the major 

centres. The commencement and completion of union takes several 

years. The table is only a p ide for  male subjects @ale slightly 

earlier) in non-tropical climates; the two dates are partialand 

compke union (years). 

Head of femur 16-19 Acromion 17-19 
Greater rrochanrer 16-19 Distal femur 17-20 
Lesser trochanrer 16-1 9 Proximal tibia 17-19 
Head of humerus 1 6 2 3  Proximal fibula 1 6 2 1  
Distal humerus 13-16 Disral tibia 1619  
Medial epicondyle 16-17 Distal fibula 1619  
Proximal radius 14-1 7 Metatarsals 15-17 

place a skull within the correct decade only, older material 
being even more variable. 

The basisphenoid synchondrosis cannot be included in 
this class, as its fision is a relatively reliable indicator of 
a minimum age of about 20 years. The metopic suture, 
between the two halves of the frontal bone, usually closes at 
about 2 years of age, but occasionally persists into adult life. 

Radiology can also assist in the determination of age, 
from the internal structure of the cancellous bone and 
cortical thickness of the head of the humerus, for example. 
Schranz (1959) developed a combination of external visual 
examination and radiographic features, indicating that the 
head of the humerus was a better determinator than the 
corresponding part of the femur. He produced a list of 
criteria that helped to age a skeleton from about 15 years 
of age up to one in excess of 75. This was pursued by 
Nemeskeri and later by him in conjunction with Acsadi 
(Acsadi and Nemeskeri 1970), to include the proximal 
parts of both humerus and femur, taking into account the 
radiological thinning of the cortex and the progressive 
rarefaction of the apex of the medullary cavity in the head 
of the bone. The original papers or their full synopsis in 
Krogman and Iscan's book must be consulted for details. 

Histological structure has also received attention and 
remodelling of Haversion systems seem potentially useful 

Proximal ulna 14-1 7 Iliac crest 8-22 F ~ J R E  3.1 7 The interpretation ofcranial suture closure as an 
Distal radius 18-2 1 Primary elements pelvis 14-1 6 

indnc ofage is fraught with error. This person was 23 ofage and, as 
Distal ulna 18-2 1 Sternal clavicle 23-28 

would begenerally expected, no segments offiLsion are shown on the 
Metacarpals 14-1 7 Acromial clavicle 8-2 

exterior of the skull. 
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FIGURE 3.18 Degenerative disease ran assist in providing a general 

estimate of  age, or at least exclusion ofyounger agegroups. This 

grossly arthritic humerus assisted in distinguishing the near- 

skefetalized bodies of a GG-year-OM man and his 22-year-old son. 

for the estimation of personal age. Eriksson and Westermark 
(1990) have claimed that amyloid inclusions in the choroid 
plexus can be used as a simple technique. 

Chemical methods for assessing personal age lie parrly 
within the field of forensic dentistry such as the racernization 
of amino acids in teeth. This has also been applied to bone 
and depends upon the progressive conversion with advancing 
age of aspanic acid from the demo- to the laevo-isomer 
(Ohtani 1994; Ritz et al. 1994). 

DETERMINATION OF RACE FROM 
SKELETAL REMAINS 

This is more dificult than any of the preceding investiga- 
tions, partly because racial traits are not so marked and 
partly because so much ethnic mixing has taken place, 
especially in the large-scale immigrations into Europe and 
North America in recent years. 

As usual, those at the extreme ends of the osteological 
range present little difficulty, as Brothwell (1972) remarks 

when comparing Eskimos with Australian Aboriginals. 
Unfortunately, there is a large proportion of racially neutral 
skeletal material and also some that presents apparently clas- 
sical racial features but turns out to be totally atypical, so 
providing a quite incorrect diagnosis. The following criteria 
are offered, but the usual warnings about dogmatic opinions 
are even more important in this field. 

There are three main racial groups: Caucasian, Mongoloid 
and Negroid. All others are derived from these and skeletally - 
cannot be distinguished, though when archaeologists and 
anthropologists are working within a major race, there may 
well be local criteria that can distinguish racial subgroups 
with varying degrees of confidence. Most work has been per- 
formed in North America and thus most available data are 
derived from Caucasian and Negroid Americans, and Native 
Americans. 

The skull offers the best evidence on racial origins; 
Krogman and Iscan claimed that race can be determined in 
90-95 per cent of cases. The mandible is excluded from 
this, apart from the teeth, which will be dealt with in another 
chapter. It may be mentioned here, however, that one of 
the most useful pointers to a Mongoloid skull is the present 
of posteriorly concave, 'shovel-shaped', upper incisors, which 
may be grooved on the rear surface. These were found 
by Hanihara (1967) to be present in up to 93 per cent of 
Japanese, 85 per cent of Chinese and 68 per cent of 
Eskimos, being absent in Caucasians and occurring in only 
up to 15 per cent in Negroid Americans. 

The wide zygomatic arches that give the typical high- 
cheekboned features of the Mongoloid races can sometimes 
produce a skull in which, uniquely, the transverse ficial 
width is greater than the width of any other part of the head. 
Krogman provides a useful table (Table 3.1 I), outlining 
the major racial differences in the skull. Elsewhere he sub- 
divides the Caucasian group into its three main subgroups: 
Nordic, Alpine and Mediterranean. He points out once again 
that these describe the 'stereotypes' of each group and that 
there is an extensive grey zone of more neutral characteristics. 
Subjects in the Negroid group tend to be long headed 
(dolichocephalic) and broad headed (brachycephalic) in the 
Mongoloid group, with the whole range occuring in the 
Caucasian group. The Negroid orbit is lower and wider, com- 
pared with the higher, rounder eye socket of the Mongoloid. 
The Negroid nasal aperture is wide, and the prognathism of 
the lower face and jaw relatively marked. 

There are racial differences in the pelvis, but specialized 
measurements as described by Todd and Lindala (1928) 
must be made in order to detect these. Iscan suggests that a 
79-83 per cent success rate can .be achieved in differentiat- 
ing between Caucasian and Negroid subjects (see References 
and further reading). The long bones offer some assistance, 
especially the femur. This is straighter in Negroid groups, 
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the anteroposterior bowing being less. Together with 
other long bones, especially those of the lower limb, 
Negroid bones are longer than those of Caucasian or 
Mongoloid skeletons, even for equal total body length, the 
leg proportions being greater. The radius and tibia are 

TABLE 3.1 1 General racialfeatures in the skull (a&-r Krogman 

1939) 

White 
('Caucasoid') 
(excluding 

Feature Alpine) Negroid Mongoloid 

Height of skull 
Length of skun 
Breadth of skull 
Breadth of face 
Height of face 
Sagittal contour 
Nasal opening 
Orbital opening 
Lower nasal margin 
Nasal profile 
Palatal shape 

High 
Long 
Narrow 
Narrow 
High 
Rounded 
Narrow 
Angular 
Sharp 
Straight 
Narrow 

Low Medium 
Long Long 
Narrow Broad 
Narrow Wide 
Low High 
Flat Arches 
Wide Narrow 
Rectangular Rounded 
Troughed Sharp 
Slanted down Straight 
Wide Medium 

relatively longer (Table 3.12). Several writers offer various 
indices of relative bone lengths, such as those of Modi 
(1957), Munter (1936) and Schultz (1937). The scapula 
has been extensively studied, but seems a poor discrim- 
inator of race. 

PERSONAL IDENTITY FROM 
SKELETAL MATERIAL 

After the general groups of race, sex, stature and age have 
been investigated, the bones must be examined for any 
idiosyncratic features that give them a personal identity. 
This is invariably a matter of matching up such feature(s) 
with known pre-existing conditions, and depends upon a 
potential match being available. Circumstances are infin- 
itely variable and the ways in which this suspected matter 
comes to the examiner's knowledge are legion. Sometimes 
there may be one 'good bet' and, indeed, the potential 
identity may be virtually certain from the circumstances, 
the anatomical confirmation being almost a formality. In 

TABLE 3.12 Selected anthropometric dimensions (mm) in White and Black* American~ 

Men Women 

White Black White Black 

Mean SD Mean SD Mean SD Mean SD 

Body 
Stature 
Total arm length 
Upper arm length 
Forearm length 
Hand length 
Leg length (anterior supine) 
Thigh length 
Lower leg length 
Foot length 
Bi-iliac breadth 
Bi-spinous breadth 

Head 
Maximum length 
Maximum breadth 
Auricular height 

Face 
Bizygomatic breadth 
Mandibular breadth 
Interocular breadth 
Total morphological height 
Upper face height 
Nasal height 
Nasal breadth 

'From Todd and Lindala (1 928). Compiled by Krogman and lscan (1 986). 

* 1239 
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FIGURE 3.19 Identifiration ofa homicide victim, buriedfor almost 2 years in a garden, was achieved by matching this callwfiom apreviow 

femoralfiacture, with the medical notes and radiographs obtainedf;om a hospital. The shape and size of the callus, together with the osseow 
spur due to muscle traction, was identical to follow-upjlm taken during life. 
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FIGURE 3.20 Identification of a skektalized body was achieved by matching this callus fiom a previous ulnarfiacture, with the medical notes 
and radiographs obtainedfiom a hospital. The shape and size of the callus, was identical to follow-up f i lm  taken during l$ .  

other cases there may be a list of hundreds of potential cases from ante-mortem sources, identity can be almost assured. 
to search through in the hope of finding a match. The lateral view of a head can be matched with similar views 

Individual characteristics may be of two main types. taken of the skull, and both obvious anatomical landmarks . - 

854 Anatomical shapes that can be matched by radiology, 
measurement or other means. Examples would be 
frontal sinus comparison, craniometry and radiological 
bone architecture. 

3 Discrete abnormalities such as healing fractures, metal 
prostheses, bone disease or congenital defects. Some 
artefacts, such as drill holes or wire, may immediately 

compared and cranial measurements taken. The matter is 
hrther discussed later in relation to radiology, but the pro- 
file of the pituitary fossa as well as various intracranial dia- 
meters can rapidly exclude a match. In fact, a cLrsory glance 
can often confirm that the two skulls are dissimilar; making 
a positive correlation takes more time and requires accurate 
orientation of the radiographs. 

indicate that the bone is an anatomical specimen. 

Anatomical matching depends upon accurate and 
detailed information about the living subject who is thought 

Frontal sinus identification 
- .  - 

to correspond with the skeleton. Such information is usually This has been extensively studied since Schuller suggested 
radiographic and is derived from clinical records. The the technique in 1921, as it is particularly useful in mutilated 
examples par excellence are dental charts and radiographs or burnt bodies, such as those from mass disasters like air . . - - 

obtained from the dentist of the potential match; this is crashes. The sinuses are well protected from all but the most 
discussed in Chapter 26. Where skull films are available extreme damage and are unique in that - as first pointed out 
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by Poole in 1931 - no two persons (not even identical twins) 
have the same profile of these air spaces. They appear in the 
second year of life and increase in size for the first two 
decades. They are absent in about 5 per cent of persons and 
unilateral in another 1 per cent. For the sinuses to be used, 
an ante-mortem anteroposterior skull radiograph must be 
available, the most common source being from a previous 
hospital admission or examination, usually for a head injury. 
The cadaver skull or head must be X-rayed in exactly the 
same orientation and degree of enlargement, so that some 
superimposition technique can be employed. The 'forehead- 
nose' position was recommended by Schuller (1943), with 
the tube axis positioned level with the supraorbital margins. 
The scalloped upper margins of the sinuses are used for 
comparison, these being smaller and more numerous in the 
female. Asherson's thesis of 1965 recommends using the 
Caldwell occipitomental plane for the radiographs, used 
clinically for investigation of the nasal sinuses. This is prefer- 
able to the Wallers occipitofrontal view and the two projec- 
tions are not necessarily identical in terms of sinus profile. 
Asherson recommends outlining the sinus shape in black ink 
on the film or tracing it onto a sheet of paper. Turpin and 
Tisserand (1942) ~rojected their films on to a cardboard - .  

screen and cut out a template, weighing these from both 
ante- and post-mortem films to determine whether they 
were identical. Computed tomography of the sinuses is 
recommended by Reichs (1993). 

Other radiological methods of comparing identity include 
matching of hand and wrist films, matching the profile and 
structure of the first rib and clavicle, and the craniometric 
methods of Sassouni (1959) and of Voluter (1959). The 
methods must be sought in either the original papers or 

FIGURE 3.21 Personal identity of this 

almost skeletalizedjre victim was 

establishedfiom this healed callus on the 

tibia, the site of a well-documentedfiacture 

several years before death. 

F I G U R E  3.22 The facial and cranialskeleton is unique to every 

person. Ifantemortern radiographs can be obtainedfor the person 

likely to be the victim, matching of the fiontal sinus pattern can 

~rovide absolute identification. This body, which was washed up on 

the beach, war eventually matched with hospital radiographs 

through the sinus pattern seen at the top edge of the picture. 

surveys such as the textbook by Evans and Knight (1983). 
However, in general, it may be said that, wherever ante- 
mortem X-rays are available, especially of skull, thorax, hip 
or shoulder, then radiological comparisons of the dead 
material can almost always exclude an identity and, in many 
circumstances, can confirm it. 
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THE DATING OF SKELETAL 
REMAINS 

One of the issues in identity, as well as in estimating the time 
since death, is the date (as opposed to the age) of human 
bones. A knowledge of the time of death, measured in years, 
decades or even centuries, can assist the investigating kthor- 
ities considerably In fact, where skeletal remains are shown 
to be of considerable antiquity, no investigation at all is 
required, as even if the death was criminal, the culprit may 
long since have died. This threshold of investigative interest 
lies at around 70 years and material older than this may be 
of concern only to historians and archaeologists. 

It is the marginal cases that present difficulties, especially 
as the methods of dating'in this period are so approximate. 
For example, the skeleton shown in Figure 3.6 was dis- 
covered 41 years after the woman had been murdered. When 
the police went searching for the suspected killer, they 
found that he had died peacefully 3 years before the dis- 
covery, of coronary disease - thus qualifying for the 'perfect 
murder'. 

The major problem in dating bones is that the environ- 
ment is far more potent than time in changing the state of 
the bone. In Wales, a historic country where a spectrum of 
skeletal material has been found dating back some 18 000 
years, frequent opportunities present for examining bones 
from many periods and many conditions of environment. 
Some Roman or even Bronze Age material, which had been 
concealed in dry sand dunes b r  in well-drained ancient 
burial mounds, appeared almost as pristine as an anatomical 
demonstration skeleton. O n  the other hand, modern mater- 
ial buried in coffins in graves marked with headstones only 
20 years old have completely vanished because acidic, peaty 
water repeatedly eluted the bone as the water table in marshy 
gound rose and fell. An even more striking demonstration 
of the effect of local conditions was the observation that 
some limb bones buried vertically in a rock fall in a cave were 
in excellent condition at the upper ends, yet the lower parts 
were totally eroded where they had been surrounded by 
damp rubble. 

These facts emphasize that vast errors can be made in 
dating bone merely by the gross morphological appearances 
and - as is so often the case - the less experienced the exam- 
iner, the more dogmatic his incorrect opinions are likely to 
be. The following schedule can therefore be nothing more 
than a rough !guide, which must be modified where pos- 
sible, by a knowledge of the environment in which the bones 
lay. Certain physicochemical tests are of assistance, but 
even these are themselves dependent on the environment, 
with the exception of radiochemical tests that are of little 
value in the period of forensic concern. 

Physical appearance 

Recent bones will have soft tissue remnants adhering, in the 
form of tendon and ligament tags, especially around the 
joint ends. Periosteum may be visible as fibrous material 
closely adherent to the shaft surface. Cartilage may also be 
present on articular surfaces. The time for which these 
remnants persist is variable, according to the conditions in 
which the bone has been left. Animal predators may rapidly 
remove all soft tissue and cartilage, sometimes within days 
or weeks. If the body has been left in a protected place, such 
as a vault or closed building, then dried tissue can remain - 
for many years. In temperate climates, bodies left out in the 
open usually become substantially skeletalized within the first 
year, though tendon tags and periosteum may survive for 
5 or more years. If a body dies in the autumn, then the 
preservation is likely to be longer through the colder winter 
months than if it died in the spring or summer. 

Afier all soft tissue has vanished, recent bones may still be 
differentiated from old material by the density and feel of 
the bone. For a variable period, depending on storage condi- 
tions, a bone will feel slightly greasy to the fingers for several 
years, sometimes up to a decade if kept indoors. It will also 
feel heavy compared with older skeletal material because of 
the preservation of the organic stroma. O n  sawing a recent 
bone, it will be hard (especially the shafts of limb bones such 
as the femur). and will be uniform through the whole thick- 
ness. A smell of burning organic tissue will be obvious if 
vigorous sawing produces heat. In an old bone, the loss of 
the collagenous stroma will lighten the bone and make it eas- 
ier to cut. The outer cortex and - to a lesser extent - the zone 
around the marrow cavity, will lose the stroma first, so a 
'sandwich' effect may be seen in which a central ring of hard 
collagenous bone is layered on each side by a zone of more 
porous, crumbling material. This is not seen in less than 
several decades - and sometimes centuries - unless the bone 
has been exposed to the sun and other elements. The fragile, 
brittle appearance of old bones is usually first apparent on 
the ends of long bones, adjacent to the joints, such as the 
tibial plateau or the greater trochanter of the femur. This is 
often because the outer layer of compact bone is thinner 
there than in the shaft, so that the soft -cellous bone of the 
extremities is more readily exposed. This occurs within a few 
decades if the bone has been outside, but may not develop 
for a century in protected material. The aged cortex will feel 
rough and porous and, in really old material, can be crum- 
bled or pitted with a fingernail. 

Another factor that markedly affects the rate of decay of 
bones is the size and type of the bone itself. Whilst thick, 
dense bone, such as femoral or humeral shaft, may last 
for centuries, smaller and thinner items may disintegrate 
rapidly. Skull plates, tarsal and carpal bones, digits and the 
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thin bones of the facial skeleton will rot more quickly, as 
will the small bones of fetuses and infants. 

Physical tests 
In parallel with the physical appearance of the sawn bone, 
fluorescence in ultraviolet light can be a useful preliminary 
test. If a shaft is cut across and inspected in the dark under 
ultraviolet light, such as that from a Wood's lamp, recent 
bone will shine with a silvery-blue tint right across the 
whole section. As the bone ages, the outer rim will cease 
to fluoresce and this will progressively deepen towards the 
centre. As with visual and tactile examination, a similar zone 
will work its way outwards from the marrow cavity until 
only a thin sandwich-filling will survive. This then frag- 
ments and eventually vanishes so that all the cut surface is 
non-fluorescent. The time that this process takes is variable, 
but total loss of ulrraviolet fluorescence takes somewhere 
of the order of at least 100-150 years to complete. Other 
physical tests have been described, including density and 
specific gravity measurements, ultrasonic conduction and 
thermal behaviour when heated under special conditions. 
All these criteria depend on the loss of organic stroma and the 
development of a calcified matrix with a porous structure. 

Serological and chemical tests 

Positive tests for the presence of haemoglobin may be 
obtained for a variable time on either the bone surface or 
powdered bone, this being partly dependent on the sensitivity 

FIGURE 3.23 Fluorescence ofbone in ultraviolet light as afinction 
of time since death. A fieshly sawn cross-section of a dense bone such 
as fernoralshaft is to be preferred. Up to several decades after death 
the whole cut sul;facefluoresces a bluish colour (a). From 3 to 

80 years, greatly depending upon the environmental conditions, the 
outer zone and the zone around the marrow cavity progressively lose 
Juorescence (6). After a century or more, the residualjluorescence 
contracts to a narrowing central sandwich (c) before vanishing 
completely in the second century. Other methods ofattempted dating 

include microscopic examination. Yoshino et al. (1991) cla+n that 
microradiography and electron microscopy reveal vacuoles in 
compact bone lefi in soilfor 5 or Gyears. 

of the technique. Using the dye-peroxide methods (benzidine 
is most sensitive, but is now proscribed by Health and Safety 
regulations, so that the less satisfactory Kastel-Meyer test 
must be used), positive results may be obtained up to about 
100 years. 

Serological activity lasts only a short time in bones 
exposed to the weather. Bone powder eluted with weak 
ammonia and vacuum concentrated, may give a positive 
reaction with antihuman sera, such as Coombs reagent, for 
only about 5-10 years - again depending geatly on the 
environmental conditions. 

The recent development of DNA techniques has led to 
both bone and bone marrow being used to produce profiles 
for identification. There seems to be a wide range of times 
during which this is successful. The author (BK) dealt with a 
case where DNA testing was successful after 8 years' burial, 
but other more recent skeletons did not yield such success. 
  ow ever,‘ far older archaeological material has given DNA 
profiles, so, at present, the DNA criteria cannot be used for 
dating. 

Chemical testing seeks to measure the degradation of the 
proteinous stroma, so knowing the total nitrogen and amino 
acid content can be useful. Fresh compact bone contains 
about 4.5 per cent nitrogen, which progressively diminishes 
with time. If a bone contains more than about 4 per cent 
nitrogen, it is unlikely to be older than 100 years, but if it 
has 2.5 per cent or less, it is likely to be older than 350 years. 

Estimation of the racemization of amino acids in teeth 
(laevo/dextro proportions) is being used to determine age, 
and there is some evidence that it also changes linearly with 
post-mortem interval. Its use on skeletal structures other 
than teeth is being investigated. 

Residual protein can be converted to its constituent amino 
acids by prolonged heating in 6 M hydrochloric acid. The 
digest can then be analysed, either by autoanalytical methods 
or by two-dimensional chromatography. Fresh bone contains 
about 15 amino acids, mosdy derived from collagen. Glycine 
and alanine are predominant, but proline and hydroxyproline 
are more specific markers for collagen. The latter two tend to 
vanish in about 50 years (as always, depending on the storage 
environment), so they are useful markers for the time thresh- 
old of forensic relevance. The other amino acids diminish 
over the succeeding scores and hundreds of years, so that a 
bone containing only four or five amino acids is likely to be 
relatively ancient. Glycine persists for millennia, being found 
in palaeolithic material. 

Paradoxicdy, the methods available for archaeologists to 
use on ancient skeletal remains are proportionately more 
accurate, but of little or no use in forensic science. The radio- 
carbon test, which measures the loss of carbon-14 after death, 
cannot be applied to material less than a couple of centuries 
old, as the loss of radioactive carbon, which has a half-life of 
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FIGURE 3.24 Graphicalsummary of the criteria for estimating the 

approximate date of human skeletal remains. 

well over 5000 years, is too small to be measured in the half- 
century or so that interests the forensic pathologist. 

Another radioisotope technique is the subject of current 
research at Aberdeen University, where Maclaughlin-Black 
et al. (1992) are measuring radiostrontium in skeletal remains, 
the principle being that pre-1945 bones should be free of 
endogenous strontium-90, derived from nuclear weapons 
and atmospheric tests, which was at a maximum in the 
environment in the early 1960s. The possibility exists that 
atmospheric contamination with other isotopes laid down in 
bone from dated tests and nuclear accidents may provide a 
profile that could bring forward the latest date during which 
the person must have been alive. 

PHOTOSUPERIMPOSITION 
TECHNIOUES FOR 

Where potential candidate(s) for the identity of a skull are 
known to the investigating authority and photographs taken 
during life are available, a well established technique used for 
identification is 'photosuperimposition'. In this method, 
photographs of the skull are taken in exactly the same orien- 
tation in three planes as the available photograph. These are 
then enlarged to exactly the same dimensions as the photo- 
graph, and either the negative or a positive print is made on 
transparent film. This is then laid over the photograph and 
adjusted in an attempt to match up the major anatomical 
landmarks such as nasion, supraorbital ridges, angle of the 
jaw, nasal aperture, external auditory meatus and, especially, 
teeth. The actual anatomical markers will depend on what is 
visible, in frontal, lateral or oblique views. The test is mainly 
an exclusory one, in that, if the match cannot be made, then 
the skull is not that of the person in the photograph. If the 

match is good, even excellent, then the two could be the 
same person, though the standard of proof is low unless 
some individualistic feature, such as a distinct dental charac- 
ter, is apparent. 

The photofit method has been used for many years, one 
of the most familiar examples being that reproduced in 
many forensic textbooks, of the skull and face of the wife of 
Dr Buck Ruxton, a notorious murder in 1935 investigated 
by Glaister and Brash in Scotland. 

A more modern variant of the photosuperimposition 
technique is with the use of video cameras where two images, 
one of the photograph and the other of the skull, are mixed 
on one video display unit. By altering the camera angles and 
the degree of magnification of the images, superimposition 
can be tested quickly without the need for laborious photo- 
graphic processing. This method was used in 1994 to identifv 
a number of the 12 victims of the notorious 'House of Horror' 
in Gloucester. This is a rapidly developing field of forensic 
interest, where even the relatively poor-quality images from 
security cameras can be matched with suspects. 

RECONSTRUCTION OF THE 
FACIAL APPEARANCE FROM 
THE SKULL 

The reconstitution of the visage from the skeletal base has 
been a goal for workers in many different fields in recent 
years. The advantages of such a technique are obvious as, 
when a skull is discovered one prime method of identifica- 
tion would be a reliable reconstruction of the face, so that 
direct recognition could be obtained from relatives, friends 
and photographic records. 

The first methods were as much artistic as scientific and 
depended to a great extent on the sculpturing ability of the 
operator. Gerasimov (1971) was a Soviet pioneer of this 
method, though much of his work was archaeological and 
historical, rather than forensic. 

The method depends on a  re-knowledge of the usual 
tissue thickness at a multitude of points on the normal 
skull, an anatomical exercise that now has quite a large 
database. Modelling clay is laid on to the unknown skull 
in layers corresponding to these standard thicknesses, then 
more imaginative modelling added to 'humanize' the basic 
shape. The obvious defects in this technique are the lack 
of knowledge about eyes, lips, nose, ears and head hair, all 
of which contribute greatly to individual characteristics. 
Similar methods have been used by gaphic artists, rather 
than sculptors, who use their portraiture talents to create 
a face on the two-dimensional base provided by the skull 
profile, plus a knowledge of tissue thicknesses at many 



anatomical points. Additional information has been pro- 
vided on tissue thicknesses by radiography of heads. 

The method was used with success in the 1988 investi- 
gation of the murder of Karen Price in Cardiff. Skeletalized 
after being buried for 8 years in a carpet beneath a garden, 
medical artist Richard Neave rebuilt her face upon a skull 
with sufficient accuracy for its display on public television 
to be recognized by her parents. 

Recently, considerable progress has been made by the use 
of computer !graphic techniques, both in drawing reconsti- 
tuted heads and in gathering tissue rhickness data (Vanezis 
et al. 1989). Some devices are mechanical, measuring the 
profile of the skull with a device that converts angles and 
distances into digital data. More recently, a combination of 
video and laser equipment has allowed 20000 measure- 
ments to be taken and stored within 30 seconds. The data 
from an unknown skull are then electronically 'clothed' 
with standard soft tissues from the memory bank and 
modified on screen to produce various images. These can be 
rotated electronically so that various profiles can be seen. 
A variety of stored eyes, ears and noses can be added, and 
any feature altered almost instantaneously to give a viewer 
a number of opportunities to recognize the missing person. 
As with so many techniques in forensic medicine and 
science, the technology is one for super-specialists at pres- 
ent, but the forensic pathologist should be aware that such 
methods exist and are increasing in availability and accuracy. 
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DEFINITION OF A WOUND o f  course, the weapon can be anything, including the body 

itself, as is often seen in the violent deceleration of a fall or 

A wound or injury can best be defined as 'damage to any 
part of the body due the application of mechanical force'. 
Some jurisdictions have a legal definition of a 'wound', 
which usually requires the integrity of the body surface to 
be breached. As this obviously excludes bruising and damage 
to deep organs, it is unrealistic in a medical sense, but there 
is always some legal alternative, such as 'causing serious 
bodily harm', which covers any injury to any tissue or organ. 
Other jurisdictions grade wounds not by their physical 
nature, but by the perceived risk to life or health of the vic- 
tim; this can be an extremely difficult prognostic exercise. 

MECHANISM OF WOUNDING 

The human body is constantly subjected to mechanical forces 
during the normal course of life, varying from unceasing 
gravitational forces to the forceful impacts of a sporting 
contest. The body usually absorbs such forces either by the 
resilience and elasticity of its soft tissues or the rigid strength 
of its skeletal framework. It is only when the intensity of the 
applied force exceeds the capability of the tissues to adapt 
or resist that a wound or injury occurs. 

The intensity of the force obeys the usual laws of 
physics, in that the force varies directly with the mass of the 
'weapon' and directly with the square of velocity of impact. 

in a traffic accident. 
The well-known formula: Force = X mass X velocig, 

means that a one kilogram brick pressed against the scalp 
will cause no injury, but the same brick thrown against 
the head at a velocity of 10 m/s may smash the skull. This 
principle is relevant not only in relation to blunt injury and 
firearm missiles, but also to stab wounds, as is discussed later. 

Another factor of importance is the area over which the 
force acts. If a plank of wood is struck against the skin, the 
damage to the tissues will be far greater if the narrow edge 
is used, than if the impact is from the flat surface. Obviously, 
the force derived from the same mass and velocity is applied 
over a smaller area, thus delivering a greater impact to any 
given unit of tissue. This again is relevant to stab wounds, 
as all the kinetic energy of a moving knife is concentrated 
into the tiny area of the tip of the blade; the same energy 
delivered by the large surface area of a cricket bat might not 
even cause a bruise. 

The effect of excessive mechanical forces on the tissues 
of the body can cause compression, traction, torsion, and 
tangential (shear) and leverage stresses. The resultant dam- 
age depends not only on the type of the mechanical insult 
but also on the nature of the target tissue. For instance, 
violent compression (as in an explosion) may do little harm 
to muscle, but may rupture lung or intestine, while torsion 
may leave adipose tissue unaffected, yet cause a spiral frac- 
ture in a femur. 



F o r e n s i c  a n a t o m y  of t h e  s k i n  

The transfer of kinetic energy from the relative move- - 
ments of the body and the weapon is the source of damage 
to the tissues. If the attacking object comes to rest in the 
tissues, then all its kinetic energy must have been trans- 
ferred. A bullet which passes clean through the tissues thus 
fails to exchange all its energy into trauma production, which 
is the reason for the illegal 'dumdum' or more recent, 
explosive-tipped bullets, the object of which is to expand 
the missile and prevent its exit from the body, so increasing 
its 'stopping power' (see Chapter 8). If such energy transfer 
can be slowed down or spread over a wider area, then the 
intensity of force applied to the tissues per unit of time is 
less. This is part of the function of a seatbelt in a vehicle 
crash, where the stretching of the belt fabric extends the time 
of energy exchange and the considerable area of the belt 
surface is a preferable alternative to transferring all the 
kinetic energy via a few square centimetres of forehead 
against the windscreen. 

Other ways in which the transfer of kinetic energy may 
be modified is in moving the body in the direction of the 
force. When a car strikes a pedestrian, that proportion of 
the momentum of the car that is used in projecting the 
victim along the road is not then available for damaging 
the tissues. 

Similarly, if a boxer 'rides the punch', he is reducing the 
differential velocity between his head and his opponent's 
fist, as well as extending the time over which energy trans- 
fer occurs. With a high-speed impact, such as a bullet and 
- to a lesser extent a stab or violent blow - the inertia of the 
victim's body prevents any significant loss of energy trans- 
fer by movement. If the force does not strike in a linear 
fashion, but leads to a tangential impact - as in a glancing 
blow causing a 'graze' - then only part of the kinetic energy 
is transferred and the damage will.be proportionately less. 

Tangential 

k 
Blunt 

0 

CLASSIFICATION OF  WOUNDS 

This is quite arbitrary, but when writing medical reports 
(especially for legal ~ u r ~ o s e s )  it is essential that every doc- 
tor should use a standardized nomenclature when des- 
cribing wounds. All too often reports are seen - especially 
from clinicians who are not used to medico-legal work - 
where 'laceration', 'incised wound' and 'abrasion' are used 
loosely, the accompanying descriptions making it obvious 
that no clear distinction between them was appreciated by 
the doctor. 

Wounds may also be categorized by the motivation of 
their inflicrion, such as 'suicidal or accidental' (the 'manner' 
index of the WHO International Classification of Disease, 
ICD E-codes), but a pathologist should classify them by 
their appearance and the method of causation, such as 'lac- 
eration' or 'incised wound'. The most usem classification is: 

&I Abrasions - colloquially 'grazes or scratches'. 
Contusions - colloquially 'bruises'. 

Ei Lacerations - colloquially 'cuts or tears'. 
B Incised wounds - colloquially 'cuts', 'slashes' or 'stabs' 

FORENSIC ANATOMY OF 
T H E  SKIN 

As most wounds involve the body surface, a reminder of 
the structure and nomenclature of the skin and subcuta- 
neous tissues is appropriate. Most superficial is the kera- 
tinized dead layer of cells, the stratum corneum, which varies 
greatly in thickness from one part of the body to another. 
That on the soles and palms is the thickest, while that on 
protected areas such as the scrotum and eyelids measures 

Abrasion lntradermal Bruise 
bruise 

FIGURE 4.1 Types of injury to the skin. 

Laceration Incised 
wound 
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only a fraction of a millimetre. This has forensic relevance 
in the amount of injury that is needed to penetrate the skin 
and allow bleeding from the underlying tissues. 

The living layers of the skin combine with the horny 
layer to form the epidermis, which has no blood vessels in 
its thickness. The epidermis is generally corrugated, the 
under surface by papillae that dip into the dermis. The 
degree of undulation also varies greatly from place to place, 
the thinner skin tending to have a flatter junction between 
dermis and epidermis. The dermis (or 'corium') consists of 
mixed connective tissue carrying the skin adnexae, such as 
hair follicles, sweat glands and sebaceous glands. It has a 
rich network of blood vessels, nerves and lymphatics, and 
has numerous nerve endings of various types for tactile, 
pressure and heat sensing. The lower zone of the dermis has 
adipose :issue and - dependizg cn :he site in :he b d j r  - 
deep fascia, fatty tissue and muscle will form strata below 
the skin itself. 

Epidermis 

Dermis 

Subcutaneous 
tissue 

Deep fascia 

.Muscle 

FIGURE 4.2 General structure of skin. 

ABRASIONS 

An abrasion is the most superficial of injuries and, in the 
most restrictive of definitions, is one that does not pene- 
trate the full thickness of the epidermis. Thus the pure 
abrasion does not bleed, as blood vessels are confined to 
the dermis. Because of the corrugated nature of the dermal 
papillae, however, many abrasions enter the corium and 
bleeding commonly occurs. 

Another definition (all of which are arbitrary) would 
describe an abrasion as a superficial injury to 'the skin', 
which would allow penetration of the upper dermis rather 
than only the epidermis, so that bleeding would fall within 
the definition. 

Abrasions are known in lay terms as 'scratches' or 
'grazes', though the former usually indicates a linear mark 
and the latter a 'brush' abrasion caused by wider tangential 
impact. Where these brush abrasions are the result of scraping 
contact with the ground, the lay term is a 'gravel rash'. There 
are many causes of abrasions, which are common every- 
day lesions, especially in children whose legs are rarely free 
from some scratches and bruises. Any contact that rubs across 
the epidermis and removes the keratinized layer and under- 
lying cells will cause that area to become discoloured and 
moistened by exuded tissue fluid, even if bleeding does not 
occur from abraded dermal papillae. 

When death ensues soon afterwards, the abrasion 
becomes stiff, leathery and of a parchment-like brown 
colour as a result of the drying of the moist exposed sur- 
face. This is classically seen, for example, in the ligature mark 
of hanging or strangulation. It is impossible to tell whether 
a superficial abrasion occurred immediately before or after 

FIGURE 4.3 Simple abrasion of the skin 

caused by an almostperpendicular impact 

of the head against the ground. There is 

only slight tangentialscufhg though most 

abrasions have some element ofsideways 

contact that damages the epidermis. 
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death if there was insufficient time for any inflammatory 
reaction to occur at the margins. Post-mortem abrasions 
are common, especially after autopsy when the body is 
re-examined, because mortuary instruments and the mov- 
ing of bodies into refrigerators and coffins can often make 
marks. These abrasions commonly appear yellow and 
translucent, and are absolutely devoid of any colour change 
at the edge. 

Tangential or brush abrasions 

Most abrasions are caused by a lateral rubbing action rather 
than vertical pressure. Where this tangential component is 
marked, the direction of the force can often be determined 
by tags of epidermis dragged to the terminal end of the 
abrasion. For example, in the 'brush abrasion', which is 
common in childhood falls and pedestrian accidents, the 
skidding of the body across a rough surface scrapes linear 
furrows across the skin. Strands and tags of epidermis may 

be peeled along these furrows to the further end where con- 
tact ceased. Visual examination, using a lens if necessary, can 
indicate the direction of movement of the body. Similarly, if 
a victim is struck a glancing blow with a rough object such 
as a stone or brick, similar epidermal tags may indicate the 
direction of the blow. 

The same type of grooved abrasions c.an be caused when 
a victim is dragged along the ground, either in a vehicular 
accident or by an assailant. It may be important, though dif- 
ficult, to attempt to differentiate such drag marks as being 
ante-mortem or post-mortem, a problem which is discussed 
in another chapter. 

Crushing abrasions 

Where the impact is vertical to the skin surface, no scraping 
or tangential marks occur. Instead the epidermis is crushed 
and an imprint of the impacting object is stamped on the sur- 
face. If the impact is substantial and the area of contact small, 

Direction 

FIGURE 4.4 A linear abrasion or haze: 
confned to the upper layen of the skin. The 
tangential direction of impact of the 

weapon was from above downward (along 
the longitudinal axis of the upper arm), as 

can be determined by the shred of 
epidermis peeled toward the lower end. 

Terminal epidermal tag 

- 

FIGURE 4.5 Determination of the direction of impact in an abrasion caused by a tangentialforce. The epidermal tags raised by the 
impact tend to pile up at the distal end. 
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FIGURE 4.6 Brush abrasion'or @zes' 

cawed by tangential contact of a moving 
body with a rough surface. Although most 
are seen in t r a f i  accidents from contact 

with the road surface, this example is  from 

a murdered woman dropped down a mine 
shaft. There are grazes running in two 
directions at rigbt angles, indicating that 
CAP m r , r +  Lnrm rfrrrrk f h ~  llmll h,r;re in -, , - , , . - . , , - - - - . . .. - . . , - - - - - . -- . - - , 
dzfferentpostures. 

FIGURE 4.7 Brush abrasion from skidding contact with the road 
surface during a drunken scufle. The lesion lJ partly abraded and 
partly bruised. The direction of movement can be discerned, as the 
scratches begin more abruptly and deeply near the ruler, and tail off 
superficially at the opposite edge. 

a punctured wound will be made, but otherwise a crushed 
abrasion will occur. The lesion is slightly depressed below the 
surface unless an underlying bruise or local oederna bulges 
the tissues. These abrasions are the ones that most clearly 
reproduce the pattern of the injuring object. An example 

FIGURE 4.8 Drag marks on the back ofa murder victim. Death 
was cawed by a stab wound of the front of the chest - the body wm 
pulled along the groundfor a short distance, obviously in the 
direction of thefeet, as the scratch near the waist is &per near the 
feet end and taik offat the opposite end. 
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would be the marks of a vehicle radiator on a pedestrian 
victim or the pattern of a floor grid on to which a person has 
fallen. If the impact is forcible, then the dermis may also be 
injured: an area of bruising may underlie the abrasion. 

Fingernail abrasions 

These are important because of their frequency in assaults - 
especially child abuse, sexual attacks and strangulation. 
Often associated with focal bruises, fingernail abrasions are 
most often seen on the neck, the face, the upper arms and 
the forearms. They may be linear scratches if the fingers are 
dragged down the skin, or short, straight or curved marks 
when the skin is gripped in a static fashion. As women tend 
to have longer, sharper fingernails than men, they are natur- 
ally more often associated with causing such abrasions. 
A victim resisting a sexual or other attack may rake her nails 
down her assailant's face, causing linear, parallel scratches 
that may be several millimetres wide and placed a centi- 
metre or two apart. The expected pattern may be fragmentary, 
however, as is often seen on the neck when a victim of either 
manual or ligature strangulation attempts to tear away the 
attacking fingers or cord. These marks are usually vertical, as 
opposed to the more random marks that may be inflicted by 
the nails of the assailant in manual strangulation. 

The upper arms are a frequent site for gripping and 
restraint, both in adult assaults and child abuse. Bruising is 
most common, but fingernail marks may be superimposed. 
Static fingernail abrasions may be straight or curved, often 

FIGURE 4.9 Abrasions in manual 

strangulation. The area is more extensive 

than is usually seen in such circumstances. 
The large area of superficial damage to the 
epidermis is cawed by sliding movements 

of the assailant: hand, the area having 
become dried and leathety during thepost- 
mortem interval. The smaller marks are 

fingernail scratches. 

about half to one centimetre long. The direction of curvature 
must be interpreted with care if one wishes to decide which 
way the hand was held at the time of infliction. 

Although it is natural to assume that the concavity of the 
mark indicates the orientation of the fingertip, experiments 
by Shapiro et al. (1962) have shown that this is often not 
the case. Because the skin is put under lateral tension when 
it is indented by the nails, it may distort, so that when the 
tension is released the elasticity of the skin causes it to 
return to its original position, carrying the nail mark with 
it. The curve may then reverse to form either a straight line 
or a convexity. The shape of the free edge of the fingernail 
also affects the mark, as pointed nails are more likely than 
those with straight edges to give these paradoxical results. 
Once again, the pathologist has to be wary of incorrect 
interpretation when, for instance, deciding if nail marks on 
a neck were made by hands approaching from the front or 
passing around the back of the neck. However, ~ersonal 
experiments with the Shapiro et al. contention have shown 
that it by no means always applies. 

Patterned abrasions 

Formerly it was often claimed that abrasions retained the 
pattern of the impacting object more accurately than other 
injuries such as bruises and lacerations. Though abrasions 
undoubtedly do preserve such patterns well, many of the 
examples were not in fact true abrasions, but were intra- 
dermal bruises, mentioned in the next section. 
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FIGURE 4.1 1 Patterned abrasion of thejirehead The victim war struck 
on the head in a public howe with a hea y g h s  ashtray, the bottom of 
which had embossed concentric circles moulded into theghs. 

Patterned injuries occur when the force is applied at or 
near a right angle to the skin surface, rather than with the 
skidding impact of a graze. If a weapon with a patterned 
surface strikes the skin - or the body falls against a pat- 
terned surface - the abrasion of the epidermis follows the 
ridges of the object if it has a profile of varying height. Not 
only may the epidermis be damaged, but the skin may be 
compressed into the cavities of the pattern, with consequent 
capillary damage leading to an intradermal bruise. Probably 
the best example of this is seen when a motor tyre passes over 

FIGURE 4.10 Extensive abrasion of the 

knees and shins, in a drunk who stumbled 
amongstj;m?iture bejzre ajing ofa head 

injury. The damaged skin has exuded tissue 
fluid, which has driedpost-mortem to 

produce the dark, leathery appearance. 

FIGURE 4.12 Abrasions and intradennal bruising on the forehead 
of a swimming bath attendant. He was found drowned when there 
were no witnesses, but the spacing of the marks exactly matched the 
ridged tiles at the edge of the bath, so it waspresumed that he had 
slipped and struck his head before falling unconscious into the water. 

the skin, leaving a pattern where the skin has been squeezed 
into the grooves of the rubber tread. 

There is little point in trying to list all the possible patterns 
that can be distinguished in abrasions on a body, but a fa7v 
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FIGURE 4.14 Patterned abrasion on forehead due to falling down 
steps onto a metalgrid Here the abrasions are notproduced by 
tangential force, but imprinted directly by impan at a right angle 
to the skin. 

have particular medico-legal significance. In former years the 
honeycomb grid of a motor-vehicle radiator provided many 
examples of patterned abrasions, but changes in vehicle 
design have relegated these to historical interest. There may 
still be projections on vehicles that cause damage, but these 
are more likely to inflict bruises and lacerations. The muzzle 
of a firearm can imprint an abrasion on the skin, which is of 
importance in that it confirms that the discharge was contact 
in nature. Impact against ribbed ceramic tiles in a bathroom 
or swimming bath may assist in reconstructing unwitnessed 
events. Blows from a weapon with a recognizable surface may 

FIGURE 4.13 Patterned abrasions from 
the back edge of a serrated 'Rambo'knife. 

Measurements and photographs with a 

scale should always be obtained to assist in 
the identifiation of the weapon. 

help to identify that weapon, such as a plaited rope or leather 
whip, or a solid object with an embossed pattern. Abrasions 
from objects with a recurring pattern, such as bicycle chain 
used in gang fights, or a serrated knife, can readily provide a 

clue to the nature of the weapon. 

Post-mortem abrasions 

Unlike post-mortem bruises, artefactual abrasions are com- 
mon. They may have been inflicted afier death from a variety 
of causes, including dragging a corpse or buffeting in moving 
water. Some post-mortem animal injuries also resemble abra- 
sions such as insect bites, especially by ants. 

Other damage may be caused following autopsy. As the 
post-mortem interval increases, so the skin becomes more 
fragile. Even the normal procedures of post-autopsy recon- 
struction and handling in the mortuary may cause dermal 
damage, especially after washing with hot water. If the path- 
ologist returns for a later examination, or if he is retained to 
perform a second autopsy for the defence, the appearances 
should be checked with the original description or photo- 
graphs, if some injuries suggest a post-mortem origin. 

CONTUSIONS OR BRUISES 

Although often combined with abrasions or lacerations, a 
pure bruise lies beneath an intact epidermis and consists of an 
extravascular collection of blood that has leaked from blood 
vessels damaged by mechanical impact. An extravasation of 
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blood that is (arbitrarily) larger than a few millimetres 
in diameter, is usually termed a 'bruise' or 'contusion'. This 
size overlaps the older and now little used term 'ecchymosis', 
which is r&ly a small bruise. 

Even smaller is the 'petechial haemorrhage', which is the 
size of a pin head or less. Both ecchymoses and petechiae are 
not usually caused by direct mechanical trauma and are often 
seen on serous membranes and conjunctivae as well as on 
skin. However, moderate pressure, impact or, especially, suc- 
tion on the skin can produce a patch of localized petechiae. 

Bruises are caused by darnage to veins, venules and small 
arteries. Capillary bleeding would be visible only under a 
microscope and even petechiae originate from a larger order 
of blood vessel than a capillary. 

The word 'bruise' usually implies that the lesion is visible 
rhrough the skin nr p r e s e x  i11 rhe subc~!tzncour tissues, 
whilst a 'contusion' can be anywhere in the body, such as 
the spleen, mesentery or muscles. The two words are often 
interchanged at random, however, though 'bruise' is to be 
preferred when a doctor gives reports or evidence to a non- 
medical audience. 

Intradermal bruises 

These are important but rarely mentioned in most texts. 
The usual bruise from a blunt impact is situated in the 
subcutaneous tissues, often in the fat layer. When viewed 
through the overlying corium and epidermis, the bruise is 
somewhat blurred, especially at the edge. When a bruise 
is made by impact with a patterned object, however, the 
haemorrhage may be far more sharply defined, if it lies in 

the immediate subepidermal layer. The amount of blood is 
relatively small, but because of its superficial position and 
the translucency of the thin layer that overlies it, the pattern 
is distinct. 

Such bruises are especially likely to occur when the 
impacting object has alternating ridges and grooves, as the 
skin will be forced into the grooves and be sharply dis- 
torted. Intradermal bleeding will occur here and the areas 
in contact with the raised ridges may remain pale, as the 
pressure forces the blood from the small vessels. A good 
example is that of a motor tyre running across the surface. 
Impacts from whips with patterned thongs may also show 
the same phenomenon, as do the ribbed rubber soles of 
'trainer' shoes. 

Factors affecting the prominence 
of a bruise 

Several factors influence the apparent size and prominence 
of a bruise and, because of these, it is not possible to be 
dogmatic about the amount of force needed to produce any 
given bruise. 

As it is a leakage of blood from a vessel, there must be 
sufficient space outside that vessel for free blood to 
accumulate. This explains the ease with which bruising 
appears in lax tissues such as the eye socket or scrotum 
and its rarity in the sole of the foot or palm of the hand, 
where dense fibrous tissue and restrictive fascial planes 
prevent accumulation of blood. Because of the greater 
volume of soft subcutaneous tissue in fat people, they 

FIGURE 4.15 Intradennaf bruising 
showing the pattern of rubber soles of 
trainer'shoes on the neck and T-shirt 
homicide victim. 
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tend to bruise more easily than thin ones, other factors 
being equal (such as vessel fragility and senile changes). 
The apparent prominence of a bruise beneath the skin 
varies with the amount of blood in the extravasation. 
The size of the haemorrhage depends partly, but not 
entirely, on the intensity of the injuring force. The size 
and density of the vascular network varies from place 
to place and the amount of damage that a given blow 
causes to local blood vessels is partly a matter of chance. 
Resilient areas, such as the abdominal wall and 
buttocks, bruise less with a given impact than a region 
where underlying bone acts an anvil with the skin 
between the bone and the inflicting force. The head, 
chest and shins are examples. 

FIGURE 4.16 Multiple bruises on the trunk ofa victim of child 

abuse. The bruises are of the jhgertip'type, cawed by heavy 

prodding @ adult fingers. The child died of a ruptured liver. 

M The depth at which the bruise is placed affects the 
apparent severity. A bruise may be placed superficially 
in the dermis to form the well-patterned intradermal 
bruise mentioned in the previous section; here, a 
minute amount of blood will be obvious. Most bruises 
are in the subcutaneous tissues above the deep fascia 
and will therefore be fairly obvious, but others can be 
confined below deeper fascial membranes so that the 
free blood has to be viewed through the skin and 
underlying adipose tissue. For a given size of extravasation, 
this bruise will be less prominent. Some bruises 
are confined to deep fascial compartments and never 
become visible without dissection. 

Ed For a given impact, the volume of blood lost into 
the tissues can depend upon the fragility of the 
blood vessels and the coagulability of the blood. 
In old persons, vessel fragility may be extreme and 
a large bruise may develop from the slightest of 
knocks. Children tend to bruise more easily than 
adults, presumably because of the softer tissues and 
the smaller volume of protecting tissue that overliesp 

- 

the vessels. Any bleeding diathesis resulting from 
disease, a toxic condition, or certain medication, will 
also retard the normal clotting process that heals 
the breach in the bleeding vessels. Those with scurvy 
and chronic alcoholics bleed easily but, in contrast, 
certain people (such as boxers) seem able to avoid 
bruising from blows that would severely damage 
other people. 

- - 

It is common knowledge among lay people, as well as 
doctors, that a bruise may 'come out' - that is, become 
more prominent with the passage of hours or days. This 
is partly caused by continued bleeding from the 
ruptured vessels, but mainly by percolation of free 
blood from its origin deeper in the tissues upwards 
towards the epidermis. Another factor may be 
haemolysis, when the freed haemoglobin is able to stain 
the tissues in a more diffuse way and become more 
noticeable than intact red blood cells. This latter 
mechanism is certainly the reason not only for the well- 
known post-mortem phenomenon of bruises becoming 
more prominent after death, but of new bruises 
appearing later where none was visible at an autopsy 
performed soon after death. This is further considered 
in the chapter on post-mortem changes, but is repeated 
here because of the importance of recognizing the 
differences in appearance that can occur between two 
autopsy examinations spaced a few days apart. The 
second, usually for a defence opinion, may find new 
bruises not recorded by the first pathologist, but if the 
phenomenon of delayed appearance is appreciated, 
potential disputes may be avoided. 
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Movement of bruises 

A bruise may appear at a different place on the surface from 
the point of impact. When the bruise is superficial, espe- 
cially intradermal bruising, the lesion appears immediately 
- or at least rapidly - and is at the point of infliction. When 
blood extravasates in the deep tissues, however, it may take 
time to reach the surface (if it ever does), and this may be 
some distance away because of deflection and obstruction 
by fascia1 planes and other anatomical structures. 

In addition, bruises may move under gravity. The most 
frequent example is a bruise or a bleed under a laceration 
on the upper forehead. If the victim survives for at least 
some hours, then the subcutaneous haemorrhage can slide 
downwards over the eyebrow ridge and appear in the orbit, 
to give a 'black eye', which might be misinterpreted as direct 
trauma. Similarly a bruise of the upper arm or thigh may 
surface lower down around the elbow or knee. 

Alteration of bruises with time 

As already mentioned, bruises often become more promin- 
ent some hours or days after infliction because. red cells or 
haemoglobin diffuse closer to the translucent epidermis. 
There is another temporal series of changes in bruises in the 
living person, this being part of the healing process. Fresh 
extravasation of blood is obviously dark red, though when 

FIGURE 4.17 Patterned abrasion and 
intradermal bruising of the face during a 

fatal armed robbery. The watchman war 
struck in the face by an assailant wearing 
a hard-corded driving glove with a coarse- 
weave pattern. 

viewed through the skin this may be purple or almost black 
in appearance. In racially pigmented victims, a bruise may 
sometimes be undetectable from the surface, apart from 
swelling caused by a haematoma and tissue oedema. 

With the passage of time, the haematoma breaks down 
under the influence of tissue enzymes and cellular infiltra- 
tion. The red-cell envelopes rupture and the contained 
haemoglobin undergoes chemical degradation, which causes 
a sequence of colour changes. The haemoglobin is broken 
down into compounds including haemosiderin, biliverdin 
and bilirubin, which lead the colour changes through a spec- 
trum of purple to bluish brown, to greenish brown to green 
to yellow, before complete fading. 

A small skin bruise in a healthy young adult might be 
expected to pass through all these stages and vanish in 
about a week, but there is a tendency to overestimate the 
length of time needed as shown by Roberts (1983), who 
observed that 'love bite' bruises in sexual offences could 
become yellow and vanish within a couple of days. Langlois 
and Gresham (1991) reviewed the literature on this subject, 
indicating the wide variation in opinion. They also made 
careful photographic records of the macroscopic appearance 
of bruising on 89 subjects, aged between 10 and 100 years. 
They concluded that the most significant change was the 
appearance of a yellow colour (in persons less than 65 years 
of age), which indicated that the bruise could not be less 
than 18 hours old. Blue, purple and red did not assist in 



FIGURE 4.18 Kicking and stamping injury to the face. The nose is 

bruisedfrom a kick and the patterned rubber sole of the shoe has 
imprinted intraderma1 bruising on the forehead. It is essential to 

obtain accurate photographs and measurements of the shoe-tread 

pattern, to allow identifiration of the footwear. 

dating bruises; brown was held to be a mixture of colours 
and was not considered as useful. 

In the present authors' experience, it is impossible to com- 
ment on the age of a bruise less than 24 hours since inflic- 
tion, except to say that it is 'fresh', as no visible changes occur 
in that time. 

It is not practicable to construct an accurate calendar of 
these colour changes, as was done in older textbooks, as 
there are too many variables for this to be reliable. These 
include: 

the size of the extravasation - changes begin at the 
margin and a larger bruise will take a longer time to be 
absorbed. A large old bruise may contain all the colours 
possible - from purple in the centre to yellow at the 
edges 
the age and constitution of the victim. Aged persons 
may not heal their bruises at all and carry them for the 
remainder of their lives 

C o n t u s i o n s  o r  b r u i s e s  

e 147 4, 

FIGURE 4.19 Extensive bruising of theface due to hitting, kicking 
and stamping G dzys earlier. The uictim had multiple fractures 
of the facial bones, bilateral serial rib fractures and a tension 

pneumothora~. 

@ a personal idiosyncrasy in the rapidity with which such 
changes occur in any one person, including coagulation 
defects. 

Even histological examination is unreliable in the accurate 
dating of bruises, as is discussed later in this chapter. The 
appearance of stainable iron, in the form of haemosiderin, 
however, does not usually appear within the first 2 or 3 days, 
though Simpson suggests that it may be found as early as 24 
hours. In meningeal haemorrhage, it seems to appear from 
around 36 hours. 

Haematoidin, another breakdown product of blood pig- 
ment, can appear in old bruises and haematomas after the 
first week. 

Though an absolute date cannot therefore b e  placed 
upon a bruise, the following observations are legitimate. 

If a bruise appears fresh over all its area, with no 
observable colour change, it is unlikely to have been 
inflicted more than about 2 days before death, except 
in old persons. 

El If the bruise has any green discoloration, it was inflicted 
not later than 18 hours before death (Roberts 1983; 
Langlois and Gresham 199 1). 
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homicide victim, who was killed by manual and ligature 
strangukztion. 

FIGURE 4.20 Bruisesfiom a beating with a broom handle. Thq, 
are approximately parallel and several, especially the lowermost, 
show a double 'tram-line'appearance typical of the impact ofa 
round or square-section rod. The pressure in the centre compresses the 
vessels so that t h y  do not bleed. 

@ If several bruises (of roughly comparable size and site) 
are present and are of markedly different colours, then 
they could not have been inflicted at the same time. 
This is particularly important in suspected child abuse, 
where intermittent episodes of injury have important 
diagnostic significance. 

Bruising of special significance 

Certain types of bruise and bruises at particular sites have a 
specific significance. Clusters of small discoid bruises of 
about a centimetre in diameter are characteristic of finger- 
tip pressure from either gripping or prodding. These 
groups are often seen in child abuse, when an adult hand 
grips the infant by a convenient 'handle'. Once called 'six- 
penny bruises' from their size, the lesions are commonly 
seen on the forearms or upper arms of the child, or some- 
times around the wrist or ankle, though they can occur on 
the abdomen. Similar bruises from fingertips may be seen 
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on the neck of children or adults in manual strangulation, 
though there is often additional diffuse bruising caused by 
a sliding grip on the neck. 

When the skin surface is struck by a rod or rectangular 
sectioned object such as a cane or lath, the consequent 
bruising may be of the 'tram-line' or 'railway line' type. 
This appears as two parallel lines of bruising with an 
undamaged zone in the centre. The mechanism of this 
double line is that the weapon sinks into the skin on impact 
so that the edges drag the skin downwards and the traction 
tears the marginal blood vessels. The centre compresses the 
skin, which, in the absence of underlying bone, causes little 
or no damage to the vessels. When the momentary impact 
is released, blood flows back into the injured marginal 
zones and leaks into the tissues. Impact from broom han- 
dles, narrow planks and wood or metal rods can all cause 
this characteristic lesion. 

As with abrasions, bites can result in bruises; this is dealt 
with in Chapter 26. It might be noted here that the so-called 
'love bites' are often bruises, with or without associated 
abrasions, being a shower of small petechial lesions caused by 
oral suction on the skin. 

The common 'black eye' is dealt with under 'Head injuries' 
in Chapter 5,  but again it is worth repeating that not all black 
eyes are true bruising from a blow in the orbit. Some are from 
fractured orbital roofs and others are the result of gravita- 
tional movement of a forehead injury. 

A bruise below the ear in a death from subarachnoid 
haemorrhqe needs carell examination of the upper cervical 
spine and basilo-vertebral arteries, again as discussed under 
'Head injuries' in Chapter 5. 
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FIGURE 4.23 A black eye (peri-orbital haematoma) ofa live victim 
from a directfit blow, which bar also bruiced the bridge of the 

nose and lacerated the corner of the T e  (iutured). 

KICKING 

The shod foot may leave a patterned bruise on the body, 
most often on the abdomen or chest, though it may be 
recognizable on the neck or face. A glancing kick is more 
likely to cause scuffed abrasions and bruising, and a kick 
from a toecap, a curved abrasion or even laceration. A ver- 
tical stamping action may imprint an intradermal bruise 
corresponding to the sole pattern, especially in these days 
of rubber 'trainer' shoes. As with a motor tyre, the skin can 
be forced into the slots in the sole, creating an accurate pat- 
tern of superficial bruising. There may also be mbre diffuse 
deep bruising if the impact is severe, but this is less useful 
in delineating an identifiable sole pattern. 

Kicking has become increasingly common with the 
increase in violence and vicious hooliganism in society. The 
heavy footwear fashionable among some of the least respon- 
sible citizens adds to the severity of the lesions. 

Though most kicking injuries end up in hospital casualty 
departments, an increasing number reach the pathologist. 

FIGURE 4.22 Formation of baa-liner bruising 
j+om the application of a rectangular or cylindrical 
object. 

Not all victims are drunken youths, as many assaults upon 
old people by intruders and muggers involve severe kicking. 

Obviously, most kicks are delivered with the victim 
already lying or sitting on the gound, having been brought 
there by some other means of violence, including push- 
ing, tripping and fist punches. Once prostrate, the 'boot is 
put in' towards the most convenient targets, which tend 
to be the concavities of the body. The loin, the groin, the 
neck and the face are often attacked, and - when the victim 
assumes a 'fetal position' on his side for protection - swings 
may be taken into the abdominal area. As an alternative 
to swinging kicks, the foot may be brought vertically 
down on the prone victim, the heel being the most damaging 
part, rather than the toecap. A grinding motion can also be 
added, which may tear the skin and cause ragged lacerations. 

Yet another variant is standing on the body or actually 
jumping onto it with one or both feet. The chest is the 
most common target for this practice and fractured ribs or 
sternum, a flail chest and cardiac injuries can result. 

The major characteristic of most kicking injuries is the 
severity of bruising and underlying damage. Even if the 
toecap does not cause lacerations, there may be large haem- 
atomata and intramuscular contusions from heavy kicks. 
Abdominal and thoracic viscera can be ruptured and the 
genitalia are also vulnerable, especially the scrotum and 
sometimes urethra. 

A common danger with kicking to the face is fracture 
of either (or both) mandible and maxilla, nasal bones and 
zygoma, though the cranial vault is seldom fractured and 
kicks to the vertex of the head seem less common. With 
such facial injuries, death may occur from filling of the 
pharynx and air passages with blood. A kick on one side of 
the face can completely detach the lower maxilla - with the 
upper dental arch and palate - from the rest of the maxilla. 
A unilateral kick of the jaw can fracture both rami of the 
mandible, there being no necessity for kicks on either side. 

Post-mortem bruising and other 
artefacts 

It is possible to cause what appears to be a bruise by delib- 
erate violence to a dead body, but the amount of force 
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FIGURE 4.25 Bruising ofthe interior ofthe lipftom a blow in the 
mouth. The lip has been impacted on the underlying teeth, but 
not sufficiently bard to cause a laceration. 

required is great. As there is no internal pressure in the 
small vessels that have to be ruptured, bleeding is a passive 
ooze rather than an active extravasation, so the size of the 
haemorrhage is slight in relation to the amount of effort 
expended. Thus, post-mortem skin bruising is of little 
practical significance to the pathologist - in most instances 
he can be reassured that new or more obvious bruising 
apparent when he returns several days later for a second 
examination of a body is genuine. Post-mortem abrasions 
are common, especially after a first autopsy and additional 
handling of the body in the mortuary, but these procedures 
rarely produce artefactual bruises. 

More important than dermal artefacts are spurious 
bruises inside the body. Especially in congestive deaths, such 

FIGURE 4.24 Afootmark 
imprinted in superficial 
bruising on the back. There is 
another partial mark at waist 
level, both being made Ly 
stamping with the fit of afoot 
through thin clothing, rather 
than by swinging kicks. 

as pressure on the neck, the venous system may be engorged 
at death and a number of artefactual haemorrhages may 
occur. One particularly important area described fully else- 
where is the neck, in which collections of blood berween the 
oesophagus and cervical spine may simulate bruising from 

- - 

manual strangulation. These were fully investigated by 
Prinsloo and Gordon (195 1) and, where neck trauma is sus- 
pected, it is advisable to remove the brain before dissecting 
the neck region to allow drainage of the engorged venous 
plexuses that give rise to the artefact. This phenomenon 
appears to be related to the post-mortem i n t e ~ d  and is 
more likely to arise if there is a delay in autopsy. 

LACERATIONS 

The third major type of blunt injury is the laceration, in 
which the full thickness of the skin is penetrated. 

Lacerations differ from incised wounds in that the con- 
tinuity of the tissues is disrupted by tearing rather than clean 
slicing, but the distinction is often blurred because some 
lacerations are caused by jagged projections ripping into the 
skin in much the same manner as a blunt knife or axe. 

Unless great force is used, most lacerations require a firm 
base to act as an anvil for the skin and underlying tissue to 
be pinned against. It is unusual for a blunt impact to lacer- 
ate the abdomen or buttock, but the scalp, shins, shoulder, 
face and - to a lesser extent - the thorax, are all prone to lac- 
erated injury. Where a soft area such as buttock, thigh, calf 
or forearm is lacerated, the lacerating agent is either a pro- 
jecting point or edge, or a completely blunt object is pulled 
obliquely against the tension of the skin until it tears. 
Because of the crushing and tearing components of a lacera- 
tion, there is usually associated abrasion and bruising, 
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though these may be minimal if the lacerating force acts at 
right angles to the surface. 

The scalp offers the best example of a laceration, as the 
skin and subcutaneous tissue lie over the bony platform of 
the skull and are crushed against it when the force impacts. 
In fact, scalp lacerations can resemble incised wounds, because 
this 'sandwich effect' is so pronounced that a blow from 
a blunt instrument can cleanly split the tissues against the 
skull, leaving a linear wound that appears to the inexperi- 
enced to be a knife or chopper cut. 

A laceration can be distinguished from an incised 
wound by: 

El the bruising and crushing of the margins, though this 
may be a very narrow zone, requiring inspection 
through a lens 
the persistence of tissue strands across the interior of 
the wound, including fascial bands, vessels and nerves. 
In a wound from a sharp weapon these are divided 
the absence of a sharply linear injury in the underlying 
bone, especially if it is the skull. A knife or axe is likely 
to chip or score the base of the wound 
if the area is covered with hair, as on the scalp, intact 
hairs will survive to cross the wound; an incised injury 
would divide them. 

A flat impact may cause a laceration, especially on the 
scalp. If the head falls to the ground or is hit by a wide, flat 
weapon, the skin and subcutaneous tissues are compressed 

FIGURE 4.26 Laceration of 

the eyebrow with surrounding 
bruising. The wound is stellate 
as a result of crushing against 

the underlying bone. The 

victimf.llf;om a low clzffon 
to rocks. The sea has washed 
away the original bleeding. 

FIGURE 4.27 Multiple homicidal lacerations ofthe scalp. The 
unusual shape is dtfficult to interpret, but they were caused by a 
claw hammer. Two are rriangulal: the upper and lower show tissue 
bridges because of thegap between the two claws. 
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FIGURE 4.28 Laceration of the scalp fiom 

a 30 on long hea y torch (insert). The skin 

over the shoulders is reddish due tojrst-  

nnd .r?.mnkde,rnee hurns. The victim w m  

hit on the head whik sleeping in bed, after 

which the husbandpouredpetrol over the 

body and set i t  on fire. 

on the anvil of the skull and may split sideways, often with 
a zone of surrounding bruising. 

Other lacerations are caused by the impact of an edged 
object, be this a rod, a brick, the edge of a kerbstone or the 
wing mirror of a vehicle. Though the impact may be virtu- 
ally perpendicular to the skin surface, there is usually some 
tangential element and this can cause one edge of the 
wound to differ from the other. Where there is a glancing 
element, one edge will be relatively clean-cut, whereas the 
other will be tipped away from the first, suffering more 
tearing of the margin and often showing undercutting of 
the edge. If the impact is significantly asymmetrical, then 
this undercutting may be pronounced enough to form a 
flap of skin and underlying tissue, which is peeled off the 
underlying bone or deep fascia. 

In extreme forms, this produces a 'flaying injury', where 
a large area of skin and subcutaneous tissue is rolled off a 

limb, almost always by the rotary action of a revolving 
motor wheel. A similar injury can occur on the scalp again 
from a rotating wheel - though a similar 'scalping' lesion 
can be caused by traction from hair being trapped in 
machinery This was formerly a common industrial acci- 
dent and was the reason for the 'snood' hairnet being worn 
by women factory workers during the last war. 

Patterned lacerations 

Lacerations do not reproduce the shape of the injuring agent 
nearly as well as do abrasions and intradermal bruises. As with 

FIGURE 4.29 Homicidal lacerations of the scalp penetrating the skull. 

Although some of the injuries resembk incised wound, their margins 

are crushed and hairs and tissue strand moss the injuries. The dzmage 

wasprobably injlicted with a metal rod with sharp edges. 
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FIGURE 4.30 Crushing impact of a blunt object on skin supported 

by bone, such as scalp on skull. The skin is sandwiched between 

weapon and bone and this causes a lacerated split that has bruised 

margins and bridges of hair and tissue in the wound. 

FIGURE 4.31 A healingshallow laceration of the forehead, about 

one week af3er inflction. The base of the injury has filled with 

granulation tissue and the surrounding skin shows puckering due to 

contraction of the centralscab. 

s k d  fractures, the magnitude of the force needed to cause a 
blunt tearing of skin leads to blurring of the impact shape, 
often with radiating or totally irregular tearing. Sometimes 
the shape is recognizable and probably the best example is a 

hammer blow to the head. A circular face may punch out a 
circle or an arc of a circle, which may also be reproduced in an 
underlying depressed skull fracture. The exact size of the 
hammer face may not be accurately reproduced in the lacer- 
ation, which may be slightly larger than the hammer. 

Kicks may cause lacerations, especially if a heavy boot 
with a hard toecap is used. These tend to be tangential and 
may peel up a flange of tissue. They can be clean-cut and are 
sometimes mistaken for knife wounds. Stamping injuries are 
more likely to cause abrasions and bruises than lacerations, 
unless the violence is extreme. A heavy focal blow may cause 
a linear or a stellate laceration, the latter radiating out from 
the focus of impact. The surface may be abraded and the sur- 
rounding tissue deeply bruised, so the final lesion is complex. 

Firearm wounds are a special form of laceration and will 
be dealt with separately. 

BLUNT PENETRATING INJURIES 

These 'puncture wounds' are a hybrid between lacerations 
and incised wounds, and have more of the features of the 
latter. Such injuries can occur from metal spikes, wooden 
stakes, garden or farm forks, and a variety of vehicular and 
industrial accidents. They are occasionally seen in homi- 
cides or suicides when weapons like screwdrivers are used 
as daggers. The interpretation of such skin wounds can be 
difficult, as in the 'Yorkshire Ripper' cases, when some small 
stellate stab wounds were thought to have been caused by a 
Phillips-type screwdriver. A number of fatal wounds, some 
of them homicidal, have been caused by chisels, usually very 
sharp woodworking tools with one face of the edge ground 
to a straight line. The edges of the chisel are squared off and 
the resulting skin defect may be rectangular. 

When a blunt spike is driven through the skin, there will 
be inversion and abrasion of the edges, though the former 
may vanish if the weapon has been withdrawn. Foreign mater- 
ial such as rust, dirt or splinters may be left in the wound, 
and must be carefully preserved for forensic examination if . . 

the weapon has not been recovered. 

INCISED WOUNDS 

Injuries caused by sharp objects are classified as 'incised' 
wounds, though the nomenclature is again somewhat 
confused. Some authors make these a subcategory of lacer- 
ations and, when the weapon is relatively blunt (as in some 
axe or spike injuries), there may be sufficient crushing and 
bruising of the wound margins to make differentiation 
between incised and lacerated wounds difficult. 
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The term 'incised wound' usually covers all types of 
injury from, for example, a knife, sword, razor, glass or 
sharp axe - though some writers would make stab wounds a 
separate category, reserving incised wounds for injuries that 
are longer than they are deep. These semantic variations are 
not important in themselves, but can lead to confusion in 
medical and autopsy reports, as well as in oral testimony if 
the doctor fails to clarify his meaning. The essential feature 
of all incised wounds is the clean division of the skin and 
underlying tissues so that the margins are almost free from 
any damage. Microscopically there is always a narrow zone 
of injury, but this is minimal com$&ed with the tissue 
destruction caused by blunt injury. Healing is affected, as 
well as the extent of subsequent scarring. 

Cuts or slashes 

When an incised wound is longer than it is deep, it may be 
referred to as a 'cut' or 'slash', though a 'cut' may also be 
used by lay persons to describe a laceration. Such slashes 
when inflicted by knife, sword, razor, cleaver, parang, 
machete, panga, broken glass or bottle, are typical of a fight, 
when the assailant strikes out with a swiping action, rather 
than the thrust of a stabbing attack. They are common in 
gang fights and bar-room brawls and the weapon may be 

FIGURE 4.32 

body into two 
level. .The vict 

a high-rise bu 
landed on a$ 

Transection of a 
halves at waist 
.im jumpeflom 
ilding and 
me.  

swung at arm's length in a horizontal arc so that if it contacts 
a body it will slice the skin and tissues as it passes by. They 
are also seen in suicidal injuries, usually on the wrist or 
throat. The characteristics of any given wound are a matter 
of a chance and relative positions. The slash may be deeper 
at the entry end or the exit point, though it seems true that 
many such injuries tend to dig in near the point of first con- 
tact and become progressively more shallow as the wound 
approaches the distal end. There may be a superficial 'tail', a 
shallow scratch, running out of the termination of the slash, 
as the weapon rises out of the wound and is drawn across 
the skin surface before leaving the body altogether. 

There is a tendency among advocates to visualize a fight 
as a static confrontation and to attempt to reconstruct 
events as if the two participants were standing still, the 
assailant merely moving his arm. This is an unrealistic 
interpretation, as all fights are dynamic, with constant 
relative movement of the bodies and limbs of both parties. 
Therefore any relative angles and depths of contact between 
the victim and the weapon can occur and overinterpretation 
and simplification should be avoided. 

Slashed wounds are less dangerous than stabs, as the rela- 
tive shallowness of the wounds is less likely to affect vital 
organs - especially as the arms and face are the common 
targets. The rib cage and skull protects the chest organs and 
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FIGURE 4.34 A knifP slash of the back showing regular scratches 
along the margin. This was inflicted with a 'Rambo'knifp, which 
has dPep serrations along the back edge that have somehow marked 
the skin on withdrawal. 

brain and the more vulnerable abdomen is seldom the 
target for a swung knife. Wounds of the neck are the most 
dangerous and are discussed below. Bleeding is the most 
serious complication of any slashed wound, though it will 
be external and more amenable to immediate treatment 
than the hidden internal bleeding of a stab wound. 

A particular form of slashed wound arises from 'glassing', 
that is, the use of a broken drinking glass or bottle as a weapon. 

FIGURE 4.33 Homicidal slashed wound 
caused by knife; the length is greater than 

the depth, unlike stab wound. The long 
taih are due to the knife rising from the 

skin, thw indicating the direction of 
the slarh. 

The glass may sometimes be broken prior to the attack, to 
produce edges that are exquisitely sharp. There may also be 
spikes of glass, which can inflict deep, almost stab wounds. 
Where, more commonly, a glass or bottle is used as a blunt 
instrument, it may shatter on impact with a victim's head, and 
the resulting injuries may both be blunt and incised. 

Stab wounds and penetrating injuries 

These are of major importance in forensic pathology, as 
they are extremely common in homicide. In Britain, stab- 
bing with a knife is easily the most frequent mode of mur- 
der and manslaughter, primarily in domestic disputes and 
street violence. A stab wound is an incised wound that is 
deeper than it is wide. Though many penetrate only the 
skin and subcuta- neous tissues, those seen by forensic 
pathologists are most often fatal, having entered vital deep 
structures. Several aspects of this important topic need 
discussion. 

THE NATURE OF STABBING W O N S  

Knives are the weapons most frequently involved and their 
physical characteristics are important in shaping the wound. 
A pathologist called upon to examine a knife that may have 
been used in an assault should note and measure: 

El the length, width and thickness of the blade 
El whether it is single or double-edged 
8 the degree of taper from tip to hilt 
E# the nature of the back edge in a single-edged knife (for 

example, serrated or squared-off) 
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B the face of the hilt guard adjacent to the blade 
B any grooving, serration or forking of the blade 

most importantly, the sharpness of the edge and 
especially of the extreme tip of the blade. 

Other knife-like weapons include scissors, chisels, swords, 
open razors and sharp tools of many kinds, including 
deliberately modified tools such as sharpened screwdrivers. 
Larger cutting instruments such as axes, choppers, parangs, 
machetes and pangas and agricultural implements such as 
shears, bill-hooks, hay-knives and many others have been 
used as stabbing weapons when used by the point rather 
the long edge. 

Spiked instruments come in many forms, from icepicks 
to hay-forks, from case-openers to fire-irons. The appear- 
ances of their wounds vary with the physical nature of the 
implement. Some weapons are exquisitely sharp and the 
wounds made by them exhibit extremely fine division of 
the tissues. To razors and razorblades may be added surgical 
and crafi knives, often with a disposable blade, together 
with carpet and general utility and hobby tools, such as the 
'Stanley' knife. Equally sharp is broken glass and sometimes 
porcelain. Both sheet glass and smashed glass utensils can 
provide edges that equal or exceed surgical scalpels in their 
cutting ability. 

A common weapon in a bar-room fight is a smashed beer 
tankard, which when held by the intact handle provides a 
formidable weapon for both slashing and stabbing. Smashed 
china, such as cups and mugs, can also provide sharp cut- 
ting edges. The external glaze can projecr, if the fracture 
line is oblique, producing a glass-like edge. From personal 
experiment, the author (BK) has shown that broken china 
can easily slice through the full thickness of skin and thus 
validate a defence that injuries were the result of falling on 
a broken mug. 

FIGURE 4.35 A stab woundand the 

inflicting knif.. The wound is slightly 
shorter than the width of the blade at the 

d q t h  ofpenetration because ofsideways 
gaping and the contractile elasticity of 

the skin. 

FIGURE 4.36 Two knifP wound in the back. The wound have 
a sharper lower edge compared to a rounder upper edge, due to a 
one-edged blade. 

THE CHARACTERISTICS OF A STAB WOUND 

The surface and internal appearances of a stab wound allow 
the pathologist to offer an opinion upon: 

B3 the dimensions of the weapon 
Ei the type of weapon 
B the taper of the blade 
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E2 movement of the knife in the wound 
% the depth of the thrust 
B the direction of the thrust 
G the amount of force used. 

Dimensions of the weapon 
The dimensions of the knife may be a vital part of the 
investigation of a homicide when the weapon has been 
removed from the scene by the assailant. The pathologist 
can sometimes assist the investigators by telling them, 
within limits, what size and type of knife to seek. When 
suspect weapons are recovered, his inspection of them may 
indicate whether or not they are consistent with having 
caused the wounds in question. As always in forensic medi- 
cine, however, caution must be employed and the cardinal 
sin of overinterpretation avoided. 

FIGURE 4.37 A stab woundgapes across its width and shortens 

in length, especially when across skin or muscle planes. 

The length of the wound should be measured to the 
nearest millimetre as it lies undisturbed on the skin. In 
most instances the wound will have gaped across the centre, 
to form a long ellipse. The extent of gaping will depend on 
the anatomical situation, for example, over joints or in the 
axilla or groin, and whether the axis of the stab is in line 
with or across the tension of Langer's lines or underlying 
muscle bundles. 

When the edges are gently opposed, the length of the 
wound may then extend slightly and should be measured 
again in this position, which more accurately approximates 
to the length when the blade was in  situ. 

An important additional factor, however, must always be 
taken into account because, when the knife is withdrawn the 
elasticity of the skin causes it to retract, malung the wound 
smaller than when the blade was in situ. This mechanism 
may be amplified by contraction of the underlying muscles, 
which, if at right angles to the axis of the wound, may cause 
the wound to shorten from end to end, while gaping more 
widely at the centre. Using wound measurements to predict 
the size of the knife blade, one must take into account the 
other matters discussed below, such as movement of the 
blade in the wound, the taper of the blade and the depth 
of penetration. 

Type of weapon 
The type of blade usually refers to whether it had a single 
or double cutting edge. Most knifes have a single sharp edge, 
the back edge being blunt or otherwise machined. A few 
dagger-like weapons have both edges ground to sharpness, 

FIGURE 4.38 Multiple stabs 

fiom the same knife, showing 

shapes and sizes. 

on the 

: dzffm 
back 

"g 



FIGURE 4.39 A stab wound showing a unilateral Fsh-taii'spiit 

caused by the blunt back edge of the knife blade. This is sometimes 

bilateral due to tearing of the tissues. The other end of the wound is 

pointed due to the cutting edge of the blade. 

some have only the distal part of the back of the blade sharp- 
ened. O n  inspecting the skin wound, the pathologist fre- 
quently finds that both ends of the defect appear sharply cut, 
coming to a fine 'V-point' at the extremities. Unfortunately, 
this does not necessarily indicate that a knife with two sharp 
edges was used, as the skin often splits behind the blunt edge 
to produce a symmetrical appearance. 

If, however, there is an obvious difference between one 
sharply pointed end and a rounded or even square-cut 
opposite extremity, then it can be said with some confidence . . 

that a single-edged knife was employed. 
A knife with a thick blade that is squared off to a flat 

surface on the edge opposite the cutting edge, may some- 
times be identified from the wound, where a definite double 
right-angled end to the skin defect is apparent. The skin 
may split back slightly from each of these corners, forming 
the so-called 'fish-tail' appearance. 

Where a knife with a serrated back edge has been used, - 
such as is found on some boy scout or other Bowie-type 
knives (or the recently fashionable 'Rarnbo' weapons), the 
back edge of the wound may be torn or ragged and - on 
some occasions where the knife has entered very obliquely - 
serrated abrasions may be seen on the skin adjacent to the 
end of the wound. 

If the knife has been plunged into the full extent of the 
blade, then there may be a hilt bruise or abrasion on 
the skin surrounding the wound. This may wen reproduce the 
pattern of the guard at the base of the hilt, if there is one. 
Careful photography, sketches and measurements are needed 
to capture the exact outline of such a mark, which are, admit- 
tedly, unusual. 
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FIGURE 4.40 Multiple stab woundsfiom the same knife, 

showing variatiuns in tbr , h e  rttrd ~hrfpr rif the iiljiriirj. %t!j 

multiple injuries, it is advisable to number each to facilitate 

easy refirence in the autopsy report and when giving evidence in 

court. 

Taper of the blade 
The taper of the blade is naturally related to wound size. 
If a tapered blade is inserted to 4 cm, then the length of the 
wound (ignoring skin retraction for the moment) will 
be that of the width of the blade at that level. If the 
taper continues to the 8 cm level, then the wound will be 
correspondingly longer. Only when the blade edges become 
parallel will the wound size remain constant for further pen- 
etration of the knife. 

Movement of the knife in the wound 
Movement of the knife in the wound can result in loss of 
evidence as to the size of the blade, but can also add other 
information. Where a knife is stabbed directly into the 
body and withdrawn along the same track then, within the 
limits discussed above, the size of the wound will indicate 
the minimum width of the blade at the maximum depth of 
penetration. 

If, however, the knife is 'rocked' in the wound, the skin 
defect will be enlarged, sometimes considerably. The term 
'rocking' means a leverage or angulation in the plane of the 
wound, so that the cutting edge extends the incision. This 
rocking can occur either by the knife being actively moved 
in the wound by the assailant - or by the body moving rela- 
tive to the knife -or by a combination of the two. 

It is sometimes a misapprehension among both doctors 
and (especially) lawyers, that stabbings and other assaults 
occur in static circumstances, with the victim standing in 
the anatomical position. Directions of wounds are all too 
often interpreted as if the only movement came from the 
hand of the assailant, whereas in most fatal assaults the 
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F I G U R E  4.41 A slashedficial woundfiom a knife, showing 

undercutting or ?helvingl on the edge nearest the mouth, indicating 

the angle of the knife rekztive to the surface. The tailed nature of the 

lower end also indicates that that knife was drawn downward 

across the face. 

FIGURE 4.42 Forcible stabbing can indent the body surface so that 

deep structures can be injured that appear to be beyond the reach of 

the knife. 

victim bends, turns and twists, and the assailant often follows 
with similar gyrations. Thus a knife that is thrust into the 
body may itself move or the body may move against it 
before it is withdrawn. 

This relative movement may extend the wound in a 
linear fashion, as described above or there may be twisting of 
the blade in the wound. In the latter case, the resulting skin 
incision may be V-shaped or totally irregular. Rarely, a single 
stab may produce multiple skin wounds, such as a tangential 
stab of the arm, which passes through the superficial tissues 
and then re-enters the chest wall. Another instance is a stab 
through a female breast where, especially if the breast is 
sagging, the knife can pass right through the edge before re- 
entering the thorax. 

Depth of the thrust 
The depth of a stab wound may be important in attempt- 
ing to assess the length of a missing weapon. Again there 
are pitfalls to be avoided. First, if a knife is driven in up to 
the hilt, the depth of the wound as measured at autopsy 
may be greater than the true length of the blade. This is 
common in the abdomen and to a lesser extent in the chest, 
because the impact of a forcell stab may momentarily indent 
the abdominal or chest wall so that the tip of the knife pene- 
trates tissues that apparently should have been out of reach. 
This is particularly so when the hilt guard of the weapon 
impinges on the skin. For example, the author (BK) has seen 
the tip of a broken knife embedded in a thoracic spine, 
where the distance from that tip to the anterior skin wound 
was less than the length of the blade when recovered. 

As with direction, discussed below, the pathologist must 
also allow for differences in the position of internal organs as 
measured at autopsy in a supine body, compared with their 
position in the living body, often in the upright posture. 
Such variations in the in uivo distance from the skin wound 
to the organs penetrated must be taken into account when 
assessing the depth of a wound. In the chest and abdomen, 
visceral relationships vary with the stage of respiration. The 
lower ribs move upwards and laterally, and increase the 
distance between the skin and deeper structures. 

Direction of the thrust 
The direction of a stab wound is often a matter of con- 
tention in homicides, especially as trial lawyers (and their 
medical advisers) sometimes tend to overinterpret the facts 
when trying to reconstruct the scene of the fatal assault. 

As mentioned above, a stabbing incident is often moving 
and dynamic, and the victim is rarely in a static, anatomical 
position. For example, a wound that enters the upper part 
of the left side of the chest and travels steeply downwards, 
is not inevitably the result of the killer being taller or situ- 
ated above the victim, using a downward blow. The victim 
could equally well have been bending or crouching, the knife 
then entering on a horizontal plane relative to the floor. All 
that the pathologist can do is to determine the direction 
of the wound relative to the axis of the body - it is then a 
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FIGURE 4.43 Multiple stab wound from the same knife. &though those at the bottom kp are obviously square-en& the more central ones are 
almost equally sharp at the extremities - illustrating the dangers of being too dogmatic about describing a missing knife to the investigators. 

FIGURE 4.44 Homicidal stab wound mi~diagnosed 4 an 
attending doctor as 'haematemesis or epistams: The lower right 
wound clearly shows evidence of a single-edged blade. The wound in 
the k) milkz is Vshaped because of the twisting knife. 

matter of non-medical evidence to relate that to the posture 
of the victim when struck. 

Determination of the direction relies on both the appear- 
ance of the skin wound and the track in the deep tissues. 

Where a knife penetrates the skin with the plane of the 
blade at appreciably less than a right angle to the surface, the 
wound is often 'undercut', being shelved so that subcuta- 
neous tissue is visible below one edge of the wound. Where 
the knife is plunged in obliquely, but the plane of the blade 
remains perpendicular to the surface, no such shelving can 
be seen at the sides of the wound though it may just be "is- 
ible at the end of the wound. 

More information about direction comes from careful 
examination of the track of the stab wound. This is an 

anatomical exercise during autopsy, the layers of tissue being 
examined in sequence from the surface downwards and 
damage to deep structures and organs compared with the 
position of the surface wound. For example, a stab wound 
of the chest may lie below the left nipple. Dissection of the 
subcutaneous tissues and muscles may reveal that the defect 
in the chest wall lies in the sixth intercostal space and that, 
inside the thorax, the right ventricle of the heart has been 
transf~ed, and that there is a wound in the diaphragm that 
terminates in the liver just to the right of the midline. This 
information obviously indicates that the direction of the 
wound was downwards and from left to right. Similar deduc- 
tions can be made for all other sites, but caution must be 
exercised, as mentioned earlier, in allowing for the change in 
position of organs in the supine post-mortem posture com- 
pared with the erect, living state. A thorough knowledge of 
surface anatomy is required, especially of the thorax, as well 
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FIGURE 4.45 Multiple homicid?l knife woundr, all inflicted with the same weapon. This shows the marked variation in wound sizefiorn the 
same knife, caused by rocking and twisting movements of either weapon or victim. 

as diagrams of the position of internal organs mapped out 
in relation to surface markers; samples of such diagrams are 
given in this book. 

Attempts have been made to delineate the track of a stab 
wound before dissection either by fding the defect with a 
radio-opaque fluid before taking X-rays, or by filling with 
a plastic or even metallic substance that will harden to form a 
cast. In practice, these methods appear to have little advantage 
over carell dissection. When radio-opaque liquids or pastes 
are used, there is often leakage from the stab wound into the 
thoracic or abdominal cavities, leading to a confusing radio- 
logical picture. Recently, magnetic resonance imaging (MRI) 
has been used to visualize the wound track, but such facilities 
are rarely available for dead victims. 

Estimation of the degree of force used in stabbing 
The amount of force required to inflict any given stab 
wound is often a matter of extensive debate in criminal trials. 
The prosecution naturally gains from showing that a stab- 
bing was inflicted with 'considerable force', sometimes 

wen using pejorative terms such as 'violent' or 'frenzied'. This 
tends to confirm the intention to stab, whereas the defence 
proposition is often that the victim inadvertently fell or 
was pressed against a weapon held passively by the accused. 
An expert medical witness has difficulty in replying to the 
almost inevitable question by counsel: 'What amount of force 
was necessary to cause this wound, doctor?' 

Assessment of force is subjective and cannot be quant&ed 
in any satisfactory way that is meaningful to the court. 
Physical units such as dynes/cm2, even if they can be meas- 
ured, mean nothing to a judge and jury. The only measure 
that the medical witness can offer is a broad grading, based on 
common sense knowledge, such as 'slight pressure', 'moderate 
force', 'considerable force' and perhaps 'extreme force', the lat- 
ter being reserved for exceptional cases where the knife has 
impacted in dense bone, penetrated the skull, or left a marked 
bruised impression of the hilt guard on the skin. A number of 
investigators, incluctng the author (BK), have carried out 
measurements on the force needed to inflict stab wounds, 
both in animal, cadaver and surrogate tissues. The usual 
method is to attach some type of dynamometer or transducer 
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to a knife, which records the maximum force applied during 
penetration, preferably with the duration of impact. 

From this work, the following useful generalizations 
can be made. 

El Apart from bone or calcified cartilage, the tissue most 
resistant to knife penetration is the skin (Knight 1975), 
followed by muscle where large muscle bundles 
underlay the fascia. 

El The sharpness of the extreme tip of the knife is the 
most important factor in skin penetration. The cutting 
edge of the knife, once the tip has penetrated, is of 
relatively minor importance. 
The speed of approach of the knife is particularly 
important in achieving penetration. A knife held 
against the skin, then steadily pushed, requires far more 
force to penetrate than the same knife launched against 
the skin like a dart. As in blunt injury, this is an 
example of the physical law that requires that the force 
varies directly not with the mass of the weapon, but 
also with the square of the velociry. 

H Stretched skin is easier to penetrate than lax skin. 
The chest wall, where skin tends to be intermittently 
supported by underlying ribs, is relatively easy to 
puncture with a sharp knife as the skin and tissues are 
stretched over intercostal spaces in the manner of a 

drum membrane. 

El Though the thick skin of the palms and soles is much 
tougher than on the rest of the body, the variation in 
resistance of the rest of the skin to a sharp knife is of 
little importance compared with other factors. 
Similarly, the skin of the aged, or of women, is not 
appreciably less resistant to a sharp point than that 
of men or young persons. 
When a knife-point impacts against skin, the latter 
dimples and resists until penetration suddenly occurs. 
The tension developed in the stretched skin appears to 
act as an 'elastic reservoir' and, when the threshold of 
resistance is exceeded, the knife 'falls' through the - 
subcutaneous tissues without any fimher force being 
imparted to it unless impeded by bone or cartilage. Thus 
no additional effort is needed by the assailant to achieve 
deep or even f d l  penetration up to the hilt. It is 
sometimes incorrectly claimed by the prosecution that a 
deep stab wound must imply extreme force or continued 
pushing after penetration. This is not so and experiments 
have shown that once penetration occurs, it is difficult or 
even impossible to prevent deep penerrarion because of 

the suddenness of the breakthrough. 
El When the knife penetrates the skin rapidly, for example, if 

the body falls or runs on to the blade, the knife does not 
need to be held rigidy in order to prevent it being pushed 
backwards. Its inertia, if the tip is sharp, is quite sufficient 
to hold it in place while the body spears itself on the blade. 

FIGURE 4.46 A stab wound of the centre of the chest. Although each end of the wound is identical, the weapon was a single-edged kitchen 
knrf. The end of the wound adjacent to the back of the bladp has split making it impossible to say $a single- or double-edged knife was wed. 
The sternum beneath was penetrated to reach the heart, so considerable force mwt  have been wed. 
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It has been wrongly argued against a defence of falling or 
running onto a knife, that the hilt would have had to have 
been supported against, for example, the hip of the person 
holding the knife to immobilize it against the advancing 
body. Experiments have shown that this theory is invalid. 

k23 Uncalcified cartilage, especially that in the costal cartilages 
of and middle-aged persons, is easily penetrated by 
a sharp knife, though naturally more force is required 
than if the blade passed through an intercostal space. 
Calcified rib and bone provide a much more resistant 
barrier, but a forceful stab from a strong, sharp knife can 
easily penetrate rib, sternum or skull. Firm tissues like 
myocardium, liver and kidney are easily traversed by all 
but the most blunt of weapons, and their resistance is far 
less than that of cartilage or skin. 

INJURIES BY WEAPONS OTHER THAN KNIVES 

The general features of injuries from knives apply equally 
to other sharp objects that cause incised and stab wounds. 
Razors and broken glass have extremely sharp edges so that, 
when applied tangentially or at a small angle to the skin, 
undercutting may be a marked feature. The wound may 
appear as a shallow slice which bleeds profusely and, in a 
hairy area such as the scalp, it will reveal cut hair bulbs on 
the shelved surface. Deliberate wounds with razors or sharp 
knives may exhibit patterns or even words; these may occur 
in gang fights or sadistic homicides. 

Glass can be employed as a curting weapon, again typic- 
ally in bar fights or gang vendettas, where a broken bottle may 
be beld by the neck or a smashed beer tankard by the handle. 

FIGURE 4.47 Three woundrfiom a single 

stab with a knife, which war in place when 
the body was discovered. The knife bad 
entered obliquely through the inner side of 
the rigbt breast, emerged into the cleavage 

and re-entered the mid-line.Ifthe knife 

had not been in situ, interpretation could 
have been more dzficult. 

FIGURE 4.48 Homicidzlstab wound of 
the throat and head showing the 
pleomorphism of injuries caused by the 
same knife. Tbe wound under the chin is 

Vshaped caused twisting of the weapon; 

the large throat wound consists ofseveral 
superimposed thrusts and over the 

manubrium there is a tail'caused by the 
tip of the knife slipping out of the wound 
on withdrawal. 
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FIGURE 4.50 A woundover the eyebrow caused by impactfiom a 
broken drinkingghs. Although this location is commonly the site of 

heration fiom blunt blows, this injury is sharp-edged and has 
unbruljed margins, indicating that it is an incised wound There is an 
associated abrasion fiom non-cutting contact and there is bkeding into 
the upper eye lielid, probably$om gravitational seepage fi-om the wound 

OfFicial estimates in Britain suggest that between 3400 and 
5400 offences occur annually in which glass is used as a 
weapon. Surveys in London and Bristol by Shepherd et a/. 
(1990a) and Hocking (1989) showed that bar drinking 
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glasses were the most common weapons, and that 75 per cent 
of these were from straight-sided pint glasses. Unexpectedly, 
this research showed that most of the glasses were intact until 
thrown or thrust at the victim - they had not been smashed 
prior to the assaults. Most of these non-fatal injuries were to 
the face. The fragility of these glasses varies greatly from man- 
ufacturer to manufacturer, so that there can be a sivfold dif- 
ference in their propensity to smash on impact. 

Though these formidable weapons are usually used for 
slashing, long slivers of glass can act - sometimes inadvert- 
ently - as stabbing agents. The sliver may break off and 
remain in a deep wound, which may be overlooked if the 
entry is small. 

As many casualty surgeons have learned to their cost - or 
to the cost of their medical protection society or medical 
insurers - glass is almost invariably radio-opaque, even 
though this is either unknown or even denied by the doctor. 
Numerous civil actions for negligence have occurred - 
though usually in non-fatal circumstances - but, on occasion, 
the first person to find a deep fragment of glass in a vital 
position has been a forensic pathologist. 

As mentioned earlier, broken china and porcelain, as 
from a smashed cup, mug or plate, may have a sharp edge 
on the exposed glaze and can easily cause a slashed wound. 

INJURIES FROM SCISSORS 

Stabbing by a pair of scissors is not uncommon and is seen 
most often in domestic circumstances where a woman uses 
a weapon upon her husband or consort which is both farnil- 
iar and near to hand. The appearances of the wound will 
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FIGURE 4.5 1 Incised woundr, which in spite of their large size are 

typical of those injlicted by a sharp-edged weapon rather than a 

crushing laceration. The instrument was a butcher? cleaver. 

FIGURE 4.52 I/ariowprofifes made by scissors stabbed through the 

skin. The cross shapes are caused by blade screws or rivets; the one on 

the right is a fillpenetration of one blade of an open pair ofscissors, 

the other blade impingingflat on the skin. 

differ according to whether the scissors were used open or 
closed. If open and one blade is stabbed into the victim, 
then the appearances will be virtually indistinguishable 
from a knife wound. Some modern scissors, however, have 
a two-part blade in which a steel cutting edge is riveted to a 
carrier continuous with the handles. This may produce a 
stepped wound that may show a notch or variation in lin- 
earity in the margin of the stab wound. 

More characteristic is the wound produced when both 
blades of a closed pair of scissors are plunged through the 
skin. Some scissors have a double-sharp point, but most 
domestic, tailors' or dressmaking scissors are fairly blunt at 
the tips when closed, so considerable force is needed to drive 
them through the skin - tending to work against a defence 
of an accidental movement against a passively held weapon. 

The skin wound made by closed scissors is typically 
shaped like a flat '2' or the usual impressionist sign for a 
flash of lightning. The offset of the two blades gives this 
shallow zigzag pattern, which is unmistakable when pres- 
ent. Some scissors, however, especially long narrow ones in 
which the blades close almost completely over one another, 
may not reproduce this appearance and the wound may 
look more like that from a thick knife. Sometimes, there 
are small lateral splits in the wound centre from a project- 

ing hinge screw. 

DEFENCE WOUNDS 

In assaults of any kind, the natural reaction of the victims is 
to protect themselves. The limbs used for protection can 
themselves be injured and these defence wounds may be 
of considerable medico-legal significance, as they indicate 
that the victim was conscious, at least partly mobile and 
not taken completely by surprise. Defence wounds can be 
sustained from attacks by fists, feet and blunt or sharp instru- 
ments. The classic position for them is on the forearms and 
hands, which are instinctively raised to protect the eyes, face 
and head. Other defence injuries may be inflicted on the 
thighs, when attempts are made to shield the genitals. 

w i th  attacks from blunt instruments or fists, bruises are 
the hallmark of defence attempts. They are common on the 
outer sides of the forearms, the wrists, the backs of the 
hands and knuckles. The size and shape of the bruises 
naturally depends upon the attacking object. Abrasions may 
accompany the bruises but the latter are more common. 
Fractures of the carpal bones, metacarpals and digits may 
occur. If the arm is held in front of the face, the inner (pal- 
mar) side of the forearm may also receive blows. There may 
also be defence bruises and abrasions on the thigh, as blows 
or kicks aimed at the lower part of the body cause the 
victim, especially men, to protect the genitals. The leg may 
be brought across the other or the thigh raised, so that its 
outer side may receive blows or kicks. 

The most obvious defence, injuries are seen in knife 
attacks, as the victim often attempts to ward off the thrusts 

by seizing the weapon. When the fingers are closed around 
the blade, its withdrawal cuts across the flexures of the 
phalanges, slicing through the skin and perhaps tendons, 
or sometimes all four fingers. This may be seen in one, any, 
or even all of the three sets of flexures. 
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FIGURE 4.54 Defence injuries: bruising on the back of the hand in 

an attempt to find offa blunt instrument in this case a metalpoker 

that was wed to inflict fatal head injuries. Such injuries confirm 

that the victim was consciow and active during the attack, and that 

i t  was not made covertly while the victim was unaware. 

4.53 Multiple homicidal 

by closed scissors. 
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The other rypical knife defence wound is in the web 
between the base of the thumb and index finger, when the 
blade is grabbed in an attempted pincer action. Other knife 
wounds can be on the backs of the hands or fingers from non- 
grasping movements trying to ward off the weapon. Defence 
wounds from knives are often sharply sliced, as the blade is 
drawn across the tightly applied skin. They are often markedly 
'shelved', with loose flaps of skin and copious bleeding. 

Defence wounds also occur in firearms injuries, where an 
arm is raised in a desperate attempt to shield the trunk or 
head from the blast. This accounts for some shooting deaths 
where there is an entrance and an exit wound in (often) the 
upper arm, the missile(s) then repenetrating the trunk. 

DATING OF WOUNDS BY 
HISTOLOGY AND 
HISTOCHEMISTRY 

There are many publications on this subject, as it is a 
favourite topic for research. As with time of death, it can be 
an important matter in forensic medical investigations to 
determine whether a wound found at autopsy was inflicted 
before or after death and, if inflicted ante-mortem, how 
long before death it was sustained. 

Unfortunately, as with so many problems, biological 
variability introduces a wide margin of uncertainry, so that 
a range of probabilities can be offered, but never a definite 
time interval. Much of the experimental work has been 
performed on animals and the results are not transferable 
to man - a common defect in all animal work. The smaller 
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the animal, the more rapid the tissue scavenging and repara- 
tive changes: more primitive animals have far greater 
powers of regeneration than man, both in wounds and in 
regrowing organs and even limbs. 

The changes will also vary according to the size of a 
wound, the type of wound (bruise, abrasion, incision or 
laceration), the tissue (epidermal or mesodermal), whether 
there is infection and the age and health of the victim. 

The subject is complex and often contradictory and the 
following schedule of events is offered only as a guideline. 
The original papers should be consulted if any particular 
criterion is to be followed; histological appearances, 
including fluorescence studies may be backed up by histo- 
chemical and biochemical assays. The sequence of changes 
in bruises is far less distinct than in abrasions or lacerations 
and histology is much less helpful. The most useful criterion 

FIGURE 4.55 
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FIGURE 4.5G Typicaldefence injuries in a 

victim ofa  knife attack. In grasping the 

blade to deflect it, there have been cuts 

across the palmar su faces of thejnger 

joints anda  slash between the thumb and 

farejnger, together with a cut a t  the base 

of the thumb. 

in a bruise is probably Perl's reaction for haemosiderin, which 
becomes positive about 3 days after infliction - though 
some workers claim an earlier appearance, even down to 
12 hours. Haemolysis of red blood cells is irregular and 
patchy, many intact cells being seen in some bruises after 
many days, so their rupture and ghosting cannot be used as 
an index of age. 

Chronological histological changes 
after wound infliction 
30 MINUTES--4 HOURS 

Margination of polymorph leucocytes in dilated small ves- 
sels may occur, a feature which is often completely absent. 
It is also not a reliable sign of ante-mortem infliction, as 
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24-72 HOURS 

Leucocyte infiltration reaches a peak at about 48 hours; 

FIGURE 4.57 DPfence wound ofhand in attempts to ward offan 

assault with a meat cleaver. 

leucocytes may congregate for many hours after death, 
especially in skin and around aspirated material in the lung. 

Some extravascular emigration may begin at the end of 
this period, but a significant number of polymorphs usually 
delay for many more hours. Polymorphs tend to appear 
earlier in the subcutaneous fat than in the upper dermal 
layers. Basophilic 'mast cells' lose their granules. Fibrin appears 
in the wound within a few minutes, but this also occurs in 
post-mortem injuries. 

4-1 2 HOURS 

Leucocyre infiltration is likely to be more definite, still 
mostly polymorphs, but some mononuclear cells as well. 
A scanty mixed population of lymphocytes and poorly 
differentiated 'monocytes' appears, usually afier 12 hours. 
Tissue oedema and swelling of vascular endothelium occurs. 
In small wounds involving the skin, the start of epithelial 
regeneration may be seen at the sides at the level of the basal 
layer of epidermis. 

12-24 HOURS 

Leucocytes tend to demarcate the area of the wound by form- 
ing a marginal palisade. The polymorph response declines and 
the macrophage and mononuclear cell population increases 
from now on. Removal of necrosed tissue begins, with 
macrophages evident and a basophilic tinge to the ground 
substance. Mitoses are visible in fibroblasts from about 
15 hours. The epidermis begins to spread across the surface of 
the scab and down the sides of a cut into the wound. 

repair begins concurrently with many fibroblasts appear- 
ing, but rarely before 72 hours. New capillaries then begin 
to bud from vessels, the vascular, infiltrated stroma becoming 
'granulation tissue'. 

3-6 DAYS 

Repair is proceeding apace: collagen begins to form and giant 
cells may be visible around necrotic debris and foreign 
matter. The epidermis is actively growing if the wound 
involves the surface: in animals, it grows laterally at about 
200 pmlday. Haemosiderin becomes stainable from about 
the third day onwards, if there is a bruise or any bleeding 
inro the wound, b u ~  is ofcen not obtainable by I'd's reac- 
tion until the fifth day even though some claim it can appear 
on the first or second day. 

10-15 DAYS 

Cellular reaction subsides in small wounds. Vascularity 
decreases and the cell population drops, especially leucocytes. 
Fibroblasts are most active, with collagen being laid down. 
The epidermis becomes thin and flat, but no papillae ('rete 
pegs') are reformed for many weeks. Elastic fibres are scarce 
for a long time and less than in adjacent undamaged tissue. 

TWO WEEKS T O  SEVERAL MONTHS, DEPENDING ON 

SIZE AND OTHER FACTORS 

Consolidation of the healing tissue continues. The inflam- 
matory response has vanished, unless the wound has 
become infected. Collagen and elastin increase and a vascular 
scar is formed, which gradually becomes more dense and 
avascular. The epithelium remodels and dermal papillae 
reappear unless the wound is wide and irregular. Skin 
adnexae do not reappear in the scar unless islands of viable 
skin survive within the wound area. 

Histochemical changes in injured 
tissues 

Histochemical and immunohistochemical methods have 
been studied widely in recent years, again mainly on animals, 
the transfer to the human situation being suspect in some 
cases. A wide variety of markers have been claimed as reliable 
for both the differentiation between ante-monem and post- 
mortem injuries and for dating of ante-mortem wounds. 

Electrolytes, such as sodium, zinc, magnesium and 
calcium, serotonin, esterases, glycophorin A and especially 
histamine have been used for this purpose. 



Mainly as a result of the pioneering work of Jyrki 
Raekallio in Finland, the histochemical sequence of events 
in wounds has been actively pursued in recent years. Some 
techniques need frozen sections, others can be carried out 
on fixed tissue. Estimations of histamine or serotonin are 
usually 'tube' methods, rather than microscopic, though 
some fluorescent techniques have been developed. Betz 
and his co-workers have also published extensively on the 
immunohistochemistry of wound dating. 

At the present time these methods still remain mainly 
in the realm of the research laboratory, apart from a few 
enthusiasts who employ them in casework. For the histo- 
chemical novice, it would be unwise to put such procedures 
into evidence without first gaining extensive experience 
of control material. Experience emphasizes that strictly 
standard conditions are required for the production of such 
histochemical sections, the end result depends largely on 
laboratory procedures - 'change your technician and you 
change the answer'. 

A list of standard procedures for some of these reactions 
is given in Appendix 1. 

The following are some of the histochemical wound 
changes described by Raekallio and others: 

B In a wound through the skin surface there is a central 
zone 0.2-0.5 mm wide that will become necrotic and 
in which enzyme activity rapidly decreases. This may be 
termed 'negative vital reaction'. Immediately beyond 
this layer, is a 0.1-0.3 mm zone of reaction and 
eventual repair, where a number of enzymes and other 
substances become increased in concentration during 
the reparative process, compared to the normal level in 
the areas outside the wound. Enzymatically, this can be 
called 'positive vital reaction', as no such zone develops 
in a post-mortem wound. 
Within one hour after injury, esterases and adenosine 
triphosphatase increase in the positive zone. At around 
2 hours, aminopeptidase activities increase and, at 
4 hours, acid phosphatase activity increases. Alkaline 
phosphatase activity is delayed another hour or so 
though, of course, all these times are relative and 
subject to the usual biological variability. 

B Where death occurs at some stage of this process, the 
enzyme pattern is 'frozen' at that point and post-mortem 
changes do not substantially alter the reactions within a 
few days after death, especially if autolysis is kept at bay 
by refrigeration. Senility, severe illness and cachexia, as 
well as widespread multiple injuries, may distort the 
usual pattern by reducing the ability to produce these 
reparative enzymes. In contused wounds, the reactions 
are less useful than in cutaneous injuries, as the damage 
is more diffuse and there are no definite 'zones'. 

Survival period after wounding 
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In all wounds, lack of reaction cannot be taken as 
indisputable proof of a post-mortem origin, though, if the 
opposite occurs, positive increase in the outer zone must 
only be the result of a vital reaction. Other enzymes have 
been used for wound dating: the review by Janssen (1984) 
in his authoritative book on forensic histology should be 
consulted for details, as well as the work of Betz. 
Tissue cathepsins are said to increase almost immediately 
if the stroma is damaged, being demonstrable within 
5-10 minutes. Two other substances are of use in 
establishing that wounds are ante-mortem and giving 
some idea as to their age. Both are produced during the 
inflammatory response that accompanies tissue damage - 
histamine and serotonin (5-hydroxytryptamine). They 
tend to be complementary to the enzymes, as they 
appear soon after infliction, within the hour or so before 
adenosine triphosphatase and esterases become detectable. 

These vasoactive amines appear in maximum 
concentration about 10 minutes (serotonin) and 20-30 
minutes (histamine) after wounding. One of the first 
demonstrations of this forensic aid was by Fazekas and 
Varagos-Kis (1965), who showed that a ligature mark in 
hanging revealed increased serotonin; presumably the 
hanging was arypical and the victim took 10 minutes to 
die which is rather unusual. For the employment of the 
test in human autopsy work, about 2 grams of skin freed 
from subcutaneous fat are sampled, together with a 
similar control sample from a nearby normal area of skin 
from the same corpse. This is to allow for the markedly 
different amounts found in different people and, 
indeed, in the same persons at different times. 

To establish that a wound was ante-mortem rather 
than inflicred after death, the level of histamine in 
the wound must be at least 50 per cent greater than the 
control sample - and, for serotonin at least, twice the 
concentration of the control skin. 

SURVIVAL PERIOD AFTER 
WOUNDING 

A pathologist is often asked either by police during an 
investigation, or by counsel at trial, what was the probable 
interval between the fatal injuries and death? A supplemen- 
tary query is how long would the victim have been active, 
even if still alive? 

These are extremely difficult questions to answer, as a 
number of variables enter the estimation. The doctor should 
never give a dogmatic answer, unless the nature and severity 
of injuries are obviously incompatible with continued life or 
activity. 



A person who has his brainstem destroyed by a penetrat- 
ing injury, or his aortic arch completely transected, will be 
inactive and clinically dead almost immediately. It would 
not necessarily be the case if his frontal lobes were damaged 
or his abdominal aorta was crushed by a railway wheel. 
Extraordinary instances of survival in both these latter 
instances are on record. 

An opinion should always err on the side of caution in 
expressing opinions on this subject, as victims can do fir more 
than might be expected after injury. The author (BK) once 
dealt with a homicide in which the victim was stabbed through 
the heart, yet ran more than a quaner of mile before collapsing. 
A wound in the left ventricle can partly seal itself by the con- . . 

traction of the musde around the defect and collapse may only 
occur when sufficient blood has leaked into the pericardium to 
f o r i  a iaiiip~ii&. TYoiiii& of L!P rig!!: ~;.n::id;. x;. &en 
more rapidly fatal as, although the pressure of contained blood 
is less, the thinner w d  is not so effective in preventing the leak. 

Head injuries can present many paradoxical instances of 
prolonged survival, depending partly on what part of the 
brain is injured. As mentioned, frontal lobes seem remarkably 
resistant to darnage and it is often the *generalized head 
impact, rather than focal damage to this area, that causes most 
harm. For example, a Finnish man who committed suicide 
made a home movie of himself firing a pistol into his brain. 
There was immediate collapse but, just at the end of the 
4-minute fdm, the victim opened his eyes and raised his head, 
finally dying some uncertain time after the spool ran out. 

In the more usual stabbing, head injury, cut throat or 
shooting, the pathologist must try to assess the nature and 
severity of the physical damage, and relate that to the age, 
health and environment of the victim. This is naturally an 
imprecise exercise. A senile old lady, or someone with severe 
cardiac or respiratory disease, is less likely to survive multiple 
injuries for as long as a robust young person - though if the 
nature of the injury is grossly life-rhreatening, these factors 
will make little difference. 

A cut artery will lose blood faster than a vein of the same 
general size, especially if it is only partly severed so that it 
cannot retract. Other factors, such as the possibility of air 
embolism occurring in a cut jugular vein, might alter the 
usual pattern of expected events. The heart is less vulner- 
able than great thoracic vessels in many stab wounds, as 
mentioned above. Many wounds of the ventricles are sur- 
vivable. The author (BK) has twice been warned by police 
of an imminent autopsy on victims admitted for emer- 
gency surgery - only to hear later that, thankfully, they had 
walked out of the hospital after a successful operation. One 
had a through-and-through stab wound of the left ventricle 
that transfured the heart from front to back. 

Where a wound has transected a major coronary artery, 
then prolonged survival is unlikely, as is one that interrupts a 
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major branch of the conducting system. Other than injuries 
to the brain or to a large blood vessel, most other injuries can 
rarely be declared to have caused sudden death or rapid loss of 
function. In criminal cases, i t  may be a point of some impor- 
tance to decide whether the victim could have continued 
fighting, have run away, have resisted, or even have inflicted 
injuries on someone else before collapsing and dying. It is dif- 
ficult to swear that at least some activiry was not possible in 
the great majority of instances. In the adrenaline response of 
'fight or flight', the shock element of pain is greatly sup- 
pressed - many soldiers have been quite unaware of having 
sustained severe or lethal wounds until they notice the blood 
or the bade is over. Thus the usual 'shock' effect may be 
damped down considerably in an assault and only the sheer 
physical and haemodynamic sequelae of the injury wiU even- 
* ~ n l l . r  Lu-I """ I--A 3 dnwn ?hen c o l l ~ n r p  rnd dparh. In a - * "A '  ---*- ---r-- 
the interval, injured victims may be able to perform normal 
physical activity, sometimes to an astonishing degree, albeit 
followed by sudden deflation of their capacity for exercise. 

As in most aspects of forensic medicine, it is unwise of 
the doctor to be too definite about these matters - the old 
forensic aphorism 'Seldom say never - seldom say always' is 
even more true here than usual. 

Most issues of this nature revolve around periods of a 
few minutes, the perimortal or agonal time when few 
morphological signs are available. The more sophisticated 
enzyme and serotonin techniques mentioned elsewhere in this 
chapter may give some clue about the survival period, but 
are rarely unequivocal enough to be used as hard forensic 
evidence. If survival is longer, then both gross and histolog- 
ical changes of 'vital reaction', such as thrombosis, inflam- 
mation, infection and healing may, be useful, but they 
usually require hours or even days of survival to appem?=-.: 

The accepted wisdom ofwound dating is that polymorph 
leucocytes begin to appear in wounded tissue within a 'few 
minutes, but it has been shown that this can happen even 
several hours after death, as all leucocytes do not become 
immobile with cardiac arrest. A good, conventional inflam- 
matory response must be a vital reaction, however, though 
several hours survival is needed for it to be convincing. The 
author (BK) has seen a dramatic Bd flare caused by post- 
mortem burning at least 30 minutes after undoubted death 
from strangulation. 

Another problem with differentiating 'ante-mortem' from 
'post-mortem' injuries is the definition of the moment of 
death. Again, lauyers, judges and coroners tend to assume 
that death is an event, whereas, in reality, it is a process 
(Chapter 2). Though in most criminal or accidental deaths 
the moment of death is conventionally - and reasonably - 
taken to be the moment of cardiac arrest, and thus collapse of 
blood pressure and cerebral circulation, the cells of the body 
are still alive and remain so for a variable time - only minutes 
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in the case of neurones, but leucocytes and muscle cells sur- 
vive for many hours, and connective tissue cells, such as 
fibroblasts, for days. Thus, it is unreasonable to expect dra- 
matic changes within minutes in skin wounds, etc., until pro- 
gressive hypoxia alters biochemical processes and enzyme 
activity. Leucocytes may be motile for more than 12 hours 
and can aggregate around chemotactically active material, 
such as gastric contents aspirated into the air passages. This 
makes the 'vital reaction' a dubiously valid phenomenon in 
the perimortal period. Much more research is needed into the 
histology, histochemistry and biochemistry of the perimortal 
period to clarify these issues, but in the mean time, less dog- 
matic reliance must be held upon the old criteria of 'ante-' 
and 'post-' mortem phenomena and the 'vital reaction'. 
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Of all regional injuries, those of the head and neck are the and brain. The usual range of abrasions, contusions and 
most common and most important in forensic practice. lacerations may be inflicted, though a modifying factor is 
Adelson (1974) gives these sound reasons for this dorn- the presence of hair, which may deflect a tangential blow or 
inance of head injuries: partly cushion a direct impact. 

The head is the target of choice in the great majority of 
assaults involving blunt trauma. 

El When the victim is pushed or knocked to the ground, 
he often strikes his head. 

@I The brain and its coverings are vulnerable to degrees of 
blunt trauma that would rarely be lethal if applied to 
other areas. 

A sound practical understanding of the neuropathology 
of trauma is more essential to the forensic pathologist than 
any other aspect of his subject, as head injuries provide the 
major contribution to death in assaults, falls and trans- 
portation accidents. 

INJURY TO THE SCALP 

The scalp is often, though by no means invariably, dam- 
aged in trauma that causes injury to the underlying skull 

When an injury is visible on the forehead, the back of 
the neck, the lower temple or on a bald area, the examin- 
ation is no different from elsewhere on the body. In hair- 
covered areas, care must always be taken at autopsy to 
palpate the scalp in any case in which there is a possibility 
of injury, otherwise abrasions, swelling, bruising and even 
lacerations may be missed. When a lesion is found or sus- 
pected, the hair must be carefully shaved away to expose 
the scalp for further examination and photography. 

Forensic anatomy of the scalp 

Superficially, the skin carries hair follicles, sebaceous glands 
and sweat glands. The skin is attached to the aponeurosis 
(see below) by vertical strands of fibrous tissue that break 
up the subcutaneous layer into pockets filled with fat. The 
blood vessels and nerves lie in this layer, above the epicra- 
nial aponeurosis (formerly called the 'galea aponeurotica'). 
This is a dense sheet of fibrous tissue that lies in the deep 
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layer of the scalp over the whole cranium. It is really a flat- 
tened tendon uniting the frontal and occipital bellies of the 
occipitofrontalis muscle. 

Deep to the aponeurosis is a thin layer of loose connect- 
ive tissue that separates it from the pericranium, which is 
the exterior periosteum of the skull, the dura being the 
internal counterpart. Some veins traverse all the layers 
from the superficial fascia to the pericranium, and go on to 
penetrate the skull and communicate with the intracranial 
venous sinuses, thus forming a route for meningitis and 
sinus thrombosis from infected injuries of the scalp. 

Abrasion of the scalp 
Brush abrasions are less common than in other sites because 
of the protective effect of the hair, which also tends to pre- 
vent or blur the patterned effect of less severe impacts. 
Impact abrasions from a perpendicular force are imprinted 
as usual on ro the scalp, though again the intervening hair 
may reduce the severity. Unless the hair is carefully removed 

/Subcutaneous trssue w~th 
,Superflc~al fascla - Epcran~al aponeurosls 
,\ Loose connectwe tlssue 
)' Pericraniurn (periosteum) 

J 

FIGURE 5.1 Anatomy of the scalp. 

septa 

at autopsy, with a sharp scalpel or razor, and care taken not 
to cause artefactual cuts, lesser degrees of abrasion will 
inevitably be missed. 

Bruising of the scalp 
Bruising may be difficult to detect until the hair has been 
removed. Marked swelling is a common feature of exten- 
sive bruising, as the liberated blood cannot extend down- 
ward because of the rigidity of the underlying skull. 
However, this subsides, or at least diffuses, afier death. 
Commonly, a severe head injury leads to a thick, swollen, 
indurated layer of blood beneath the scalp, which may 
extend over a wide area. The blood is sometimes below the 
aponeurosis, the tough fascia1 layer of the scalp, but is more 
often between this and the epidermis. 

Blood may also be present beneath the pericranium, the 
periosteum that is closely applied to the outer surface of the 
skull. This is often seen in head injuries in infants, usually in 
association with skull fractures, as the source of the blood 
is from the fracture line itself. The close attachment of the 
pericranium to the suture lines in infants may sharply cir- 
cumscribe the extent of the bleeding. 

In addition to frank bleeding beneath the scalp, marked 
oedema may occur afier injury and the layers of the scalp 
may be greatly swollen and thickened by a jelly-like infiltra- 
tion of tissue fluid. 

As will be discussed under 'black eye', bleeding under the 
scalp may be mobile, especially under gravity. Thus a bruise 
or haematoma under the anterior scalp may slide down- 
wards within hours - even minutes - to appear in the orbit, 

FIGURE 5.2 A Laceration o f  the scalp 

caused a blow from an iron bar The 

edges are crwhed and bruised, with strand 
of connective tissue and hairs crossing the 
gap, indicating that it was not caused by a 
sharp-edged weapon. 
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FIGURE 5.3 Lacerations of the scalp from an iron bar. The margins 
are bruised and the scalp tissue is extruding in places. The generally 

paralkl direction of thejve wound indicates that the assailant 
probably delivered the blows in rapid succession with little change of 
orientation between weapon and head. 

FIGURE 5.4 Stellate laceration of the scalp caused by a heavy blow 
with apiece of timber. The support of the underlying skull has 
caused the tissues to split widely. A t  autopsy, f i l l  clearance of the hair 
must be made to allow derailed examination andphotograpLy 

simulating a black eye from direct trauma. Similarly a 
temporal bruise may later appear behind the ear, suggesting 
primary neck impact. As with bruises elsewhere, those under 
the scalp may be obvious immediately after infliction - or 
their appearance may be delayed, either during life or as a 
post-mortem phenomenon. They may first become evident, 
or much more prominent, some hours - or even a day or 
so - after death. This is caused either by movement of the 

FIGURE 5.5 Woundji-am a metalpoker supe$cially resembling 
incised cuts, but having edges and tissue bridges within the wound. 

liberated blood through tissue planes or by haemolysis 
spreading outwards to stain the subcutaneous tissues, malang 
it always advisable to return to examine the body a day or 
rwo following the autopsy. 

The shape of an inflicting weapon or object is poorly 
reproduced on the scalp, again due to the padding effect 
of the hair. Where the scalp is free of hair, as in the upper 
forehead or bald areas, all traumatic lesions are similar to 
elsewhere on the body, with the exception that blunt impact 
may cause very sharply defined lacerations. 

Laceration of the scalp 

Lacerations of the scalp bleed profusely, and dangerous and 
even fatal blood loss can occur from an extensive scalp injury 
if it is not checked by treatment. The most gross injury is 
avulsion of a large area of scalp, which can be torn from the 
head, thereby exposing the aponeurosis or skull. This may 
happen if the hair becomes entangled in machinery, as was 

formerly not u ~ ~ o m m o n  in women working in factories. 
A more common cause nowadays is a traffic accident, where a 
rotating vehicle tyre comes into contact with the head, caus- 
ing a 'flaying injury similar to that seen on limbs. 

Scalp injuries may bleed profusely even after death, espe- 
cially if the head is in a dependent position. A post-morcem 
injury to the head may bleed considerably if inflicted soon 
after death and these facts may sometimes cause confusion 
about the ante-mortem or post-mortem nature of the 
wound, or about the length of time of survival following the 
injury. There is no reliable way of resolving this difficulty. 

Lacerations of the scalp may reproduce the pattern of the 
inflicting object, even though a random splitting is so com- 
mon. Severe blows from shaped objects such as hammers or 
heavy tools may reproduce the profile of the weapon totally 
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or in part. A circular-faced hammer may punch a circle in 
the scalp, but more often only an arc of a circle is seen. In 
such cases, the position of the edge that digs in most deeply 
may give an indication of the angle of the blow. There may 
be a depressed fracture of the underlying skull of the same 
shape and size, though the interposition of the dense scalp 
may cause the skull defect to be slightly larger than the 
weapon. A depressed fracture in these circumstances is not 
inevitable, however, and one or more linear fractures may 
radiate from the impact site. 

FIGURE 5.6 Deep linear incised wounds due to a heavy, sharp 
cleaver. The depth ofpenetration varies, the large wound overlying 
extensive skullfiactures. The wounds on the neck are due to light 
contact with the edge of the same blade. 

the scalp 

A major problem in scalp injuries is the differentiation 
between incised wounds and lacerations from blunt injury. 

The scalp is the best example of a surface tissue lying 
over an unyielding bony support. Violent compression will 
crush the scalp against the underlying skull, so a blow from 
a blunt rod-like weapon may split the skin and underlying 
tissues in a sharply demarcated fashion, which may appear 
remarkably like a slash from a sharp instrument. Close 
examination, using a lens if necessary, will show that this 
blunt laceration has: 

E2 bruised margins, even though this zone may be narrow 
El head hairs crossing the wound, which have not been cut 
B3 fascial strands, hair bulbs and perhaps small nerves and 

vessels in the depths of the wound. 

Scalp injuries from falls 
It is vital for the pathologist to appreciate that falls on to a 
flat surface, or a blow from a wide, flat object such as a 
plank or paving stone, may sometimes leave no external 
mark whatsoever on the exterior of the head, bur commonly 
such an injury will cause a ragged split which may be linear, 
stellate or quite irregular. 

Such injuries on the back point of the head are com- 
monly caused by falling, especially in inebriated ,victims. 
Falls backwards against a ridge, such as a wall or pavement 
kerb, may cause a transverse laceration, which may be 
undercut and partly detached from the underlying bone so 
that a flap of scalp is loosened from the skull. 

Falls usually Rjure the occipital protruberance, the fore- 
head or the parietotemporal areas. Injuries on the vertex 

F I G  UKE 5.7 Sliced incised wound of the 

scalp,fi.om a large knife. The wound is 
markedly undercut, turning a widef ip  of 
scalp. The clean edges, with a lark of any 
abrasion or bruising, indicate the sharpness 
of the weapon. 
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should always raise the suspicion of assault, as it is unusual 
to fall upon the top of the head, even from a considerable 
height. Occasionally, a fall backwards that just happens to 
reach a vertical surface, such as a wall or piece of furniture, 
can cause damage to the top of the head, but there is then 
usually an obvious grazing component to the lesion. 

FACIAL INJURIES 

Damage to the face is common, but unless gross, with 
skeletal damage, is rarely fatal in itself unless it leads to 
bleeding into the air passages. It is often ancillary to fatal 
cranial damage, or it may be the route by which severe 
trauma reaches the brain. 

The usud range of injuries m2y >.be presenr externally: hut 
all degrees of underlying damage may also occur in the facial 
skeleton. Because of the complex contours of the face, the 
various prominences of chin, nose, cheekbones, eyebrows, 
ears and lips may intercept impacts, with consequent char- 
acteristic damage. The eyebrow is particularly vulnerable, 
being exposed during falls and blows. A blunt impact on the 
brow often splits the skin and may cause an underlying 
frontal fracture that can involve the orbital margin. 

The distal part of the nose is flexible and often escapes 
serious damage, though abrasion is common. The bony 
bridge of the nose is often fractured, which may be detected 
by movement and crepitus during external palpation - and 
by dissection at autopsy. Bleeding in the nose is more 
important than structural damage, as profuse haemorrhage 
in an unconscious victim may pass back through the poster- 
ior nares into the throat and cause fatal airway obstruction. 

The maxillae and mandible may be fractured by direct 
blows and again cause dangerous intra-oral bleeding from 
associated soft-tissue damage. A heavy blow or kick to one 
side of the jaw can cause ipsilateral, bilateral or even contra- 
lateral fractures. Gross injury to the face, seen in kicking 
and some transport accidents, may actually detach the facial 
skeleton from the base of the skull. The lower part of the 
maxilla, carrying the palate and upper teeth, may be com- 
pletely separated from the rest of the skull. At autopsy, the 
best view of the facial skeleton may be gained by dissecting 
the whole facial skin upwards from the neck incision and 
reflecting it as far as the orbits, if necessary. Good restora- 
tion can be achieved as long as the skin is not penetrated by 
the knife. 

Injuries to the mouth and lips are very common in 'beat- 
ing-up' incidents, including child abuse. The lips may be 
bruised or lacerated, much of the damage arising from 
compression of the lips against the teeth or bony gums. 
Lacerations on the gingival aspect of the lips may often be 
exactly matched with the edges of teeth and, as discussed in 

spinal injuries 

FIGURE 5.8 Facial injuries caused by kicking The upper lip is split 

and the maxilla jactured on that side. The face and orbital region is 

 gross^ swollen and bruised. Death was caused by blockage of the air 

passages by blood 

Chapter 22, rupture of the frenulum inside the upper lip of 
a child is virtually pathognomonic of a sideswipe across the 
mouth, if damage from clumsy and forceful attempts at intro- 
ducing a feeding bottle, dummy or airway can be excluded. 

Kicking of the face is regrettably common and again the 
prominences suffer most. Bruising, laceration and fractures 
may result from kicking under the side of the jaw: similar 
lesions occur on the maxillary area and the eyebrows. 
Patterned abrasions from boot soles may be seen or crescentic 
marks from toecaps. Brush abrasions from glancing kicks 
may be present on the cheeks or forehead as the sole of 
the shoe scrapes across the skin. It is uncommon to suffer 
a 'pure' black eye from a kick without other facial injuries, 
such as scuffed abrasion on the cheekbones, or marks on 
the brows or bridge of the nose. Teeth may be loosened, 
broken or detached by both kicks and heavy punches and 
black eyes and fractures of the nose are common. A kick on 
the side of the jaw may cause bilateral jaw fractures or even 
a single contralateral fracture. 

It may be difficult or impossible to differentiate in every 
case, berween injuries (especially to the face) caused by kicks 
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F1~uRk5.9 Black tyefiom a direct impact into the orbitfiom a 
punch. This is the third mechanism ofproduction ofaperiorbital 

haematoma, the others being a fiacture of the anterior base of the 

skull and a fiontal scalp wound. 

and those from blows from a blunt object. Toecap marks are 
not all that common, especially since the more flexible 
rubber 'trainer' shoes have become almost universal footwear. 

In stamping, there is the chance that the sole pattern 
may leave an imprint, but a swing from a toe may leave a 
non-specific abrasion, bruise or laceration. It may be that 
the severity of the injury, including underlying bone dam- 
age, may be a better indication of a kick than the shape of 
the injuries, as the force delivered by a swinging foot at the 
end of a muscular leg is greater than that from a fist. 

Black eyes 

The usual periorbital haematoma or 'black eye' is usually 
caused by a direct punch or kick into the eye-socket, but 
the pathologist must always consider the several alternative 
explanations. A black eye may be the result of: 

El direct violence, which may or may not be associated 
with abrasion or laceration on the upper cheek, 
eyebrow, nose or other part of the face 
gravitational seepage of blood beneath the scalp from a 
bruise or laceration on or above the eyebrow. Survival 

FIGURE 5.10 Black eye as a result ofgravitational seepage of blood 

downwards from a forehead injury. The woman was struck with a 

rock on the fionta f area and tyebrow, blood then descending during 

the few hours of coma before death occurred. 

and at least a upright posture of the head must 
have been maintained for at least some minutes, usually 
longer, between the time of injury and death. When the 
scalp lesion is high up on the frontal region, this time 
will probably be measured in hours 
percolation of blood into the orbit from a fracture of 
the anterior fossa of the skull. This is often from a 
contrecoup injury caused by a fall on to the back of the 
head, leading to secondary fracture of the paper-thin 
bone of the orbital roof. It is invariably associated with 
contrecoup contusion of the frontal lobes of the brain, 
as described later in this chapter. 

A simple fall onto the face on a flat surface does not usu- 
ally cause a black eye, as the prominences of the eyebrow, 
cheekbone and nose prevent damage to the orbit. 

Damage to the ear 

~ h ;  external ear often suffers from blows to the head and is 
an obvious target in child abuse. Bruising and laceration of 
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FIGURE 5.11 Bilateral black eyes caused by k-akage of blood into 
the orbits through comminutedfiactures in theji'oor of the anterior 
fossa. This homicide victim was struck on the head with a shovel 
and survivedfir some days. Brain tissue is escapingfiom the nostrils 

through basalskullj;actures. 

FIGURE 5.12 The production of a black Lye: ( I )  A direct blow into 
the orbit. (2) An injury to thefiont of the scalp, draining down over 
the rupraorbital ridge. (3) A fiarture of the base of the skull (direct 

or contrecoup) allowing meningeal haemorrhage to escape through 
the orbital roof: 

the pinna is obvious on examination and - in severe trauma - 
the root of the ear may be detached from the head, usually 
by a tear at the posterior margin where the ear joins the head. 
Where gross damage is present, especially with partial avul- 
sion of the pinna, kicking must be considered. 

The ear may be bitten and even partly detached, a fate 
which occasionally is suffered by the nose. In such cases the 
advice of a forensic odontologist may be invaluable, as 
teeth marks may form vital evidence. 

FALLS 

Falls are extremely common, the severity not necessarily 
being directly related to the distance that the person falls. 
Many people die h e r  falling from a standing position, yet 
others sometimes survive a fall of many metres. 

Falls from a standing position can occur if a person is 
- - 

drunk, from an assault, during illness (such as a fit or faint) 
and for many other reasons. Dearh can follow from a head 
injury, especially onto the back of the head. An occipital 
scalp laceration or a fracture of the skull is not necessary for 
cerebral damage (often frontal contrecoup) to occur. There 
may also be a subdural or (less often) an extradural haem- 
orrhage, the latter more common from a fall on to the side 
of the head. 

The vexed question of head injury from falls in chiIdren 
is discussed in Chapter 22, but here it may be stated that, 
although fatal head injury from a fall usually requires a 
drop of a number of feet, there are well-authenticated 
instances of skull fractures and brain damage from trivial 
falls, including some medically witnessed falls from tables 
and settees. The experimental work of Weber (see Chapter 
22) showed that the skulls of small infants could be frac- 
tured against a variety of floor surfaces from passive falls of 
only 34 inches. It is thus invalid for medical witnesses to 
claim it cannot happen, as even one authenticated case cre- . . 

ates a precedent. In adults, fractures have certainly occurred 
from falls onto very hard surfaces from only a foot or so. 
One such case was a drunk lying on concrete; equally 
drunken friends attempted to lift him but allowed his head 
and shoulders to fall back from about half-sitting position, 
causing occipital fracture. 

Falls in old people very frequently cause fractures of the 
post-cranial skeleton - especially the neck of femur - 
though ribs, arms and pelvis may also suffer. Osteoporosis 
is the major reason for the large number of such injuries 
from falls. More than 47000 fractured femora occur 
each year in Britain, with a 25 per cent mortality rate, 
mainly from subsequent pulmonary embolism or broncho- 
pneumonia. 



Falls from a height 
Falls from a considerable height, usually from a building, 
are common in suicide and in some accidents, especially to 
children. Occasionally deaths from a high fall may be 
homicidal, again especially in children. 

When a person falls or jumps from a height, the trajectory 
is downwards and outwards, and the distance that the body 
strikes the ground from the jumping point is variable. 
Goonetilleke (1980) has published some research on how far 
from the wall a body is likely to land. Much depends on 
whether the victims fell passively from near the wall or pro- 
jected themselves oucwards at the top. The body may 
fall whilst maintaining the same orientation to the ground, 
but usually turns and twists in an unpredictable manner, the 
amount of alteration of posture partly depending upon the 
height of the fall and so the time available for turning. This 
means that the body may strike the ground in a number of 
different attitudes - and may also strike some obstruction part 
of the way down, making interpretation of injuries difficult. 

The primary impact is usually the site of the most severe 
injury, but this is not always the case, as it may strike two 
areas simultaneously, such as the head and shoulder - or it 
may bounce or ricochet so that two or more major impacts 
occur in quick succession. The amount of kinetic energy 
acquired during the fall has to be fully expended by the 
time the body comes to rest so that, if only one impact 
occurs, it is likely to be more damaging than a series of 
lesser impacts, such as a bouncing, rolling strike. 

If the body falls on to the head, there is likely to be a mas- 
sive fracture, often (but not always) a scalp laceration and 
possibly extrusion of brain. Both vault and base can fracture 
and sometimes the base is driven down over the cervical 
spine, the latter projecting into the posterior fossa. The lat- 
ter injury is, however, more common with high falls onto 
the feet when the impact is transmitted up the spinal col- 
umn and the upper vertebrae - together with a ring of bone 
around the foramen magnum - are intruded into the skull, 
causing the classic 'ring fracture' of the occipital bone. 
Where the fall is onto the feet, the deceleration stress can 
break the axial skeleton at a number of points. The legs 
can be broken at any point, at tibid or femoral level, often 
bilaterally. The femoral necks can be snapped off, the hip 
joints can dislocate and over-ride, or the pelvis may fracture. 
The latter is ofien through the sacroiliac joints, the upward 
force (or more accurately, downward force of the body on to 
the legs) driving the sacrum down as a wedge into the pelvis. 

If the lower limbs and pelvic girdle remain intact, the 
transmitted force may then fracture the spine, often at 
mid- or upper thoracic level. 

Where the fall occurs onto the side of the body, any 
combination of injuries can occur. Multiple rib fractures, 
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shoulder girdle or arm fractures, lacerations of back, but- 
tocks or limbs and severe abdominal injuries can occur, 
with consequent internal lesions, such as rupture of the 
liver, lungs, heart or spleen. 

In falls from high-rise building, the injuries can be 
extreme, as in a suicide from the twentieth floor seen by the 
author (BK), where the victim fell onto a fence and was 
completely transected at waist level. 

It must also be remembered that biological and circum- 
stantial variability allows for some remarkable escapes from 
falls; some persons, including children, have fallen from 
great heights yet have virtually walked away unscathed. Once 
again, it is very unwise to over-interpret the relationship 
between observed injuries and the likely length of the fall. 

FRACTURES OF  T H E  SKULL 

Forensic anatomy 

The cranium and facial bones are laid down from mem- 
brane in fetal life. The anterior fontanelle closes hnctionally 
between 9 and 26 weeks afcer birth, though is not tightly 
sealed until about 18 months. The posterior fontanelle 
closes between birth and 8 weeks of age. Suture lines close 
by interdigitation during childhood and osseous fusion 
occurs irregularly at variable dates during adult life. 

The adult cranium consists of two parallel tables of com- 
pact bone called the 'diploe', the outer being about twice 
rhe thickness of the inner. They are separated by a central 
zone of soft cancellous bone, which is often misnamed the 
diploe. This zone is interrupted at suture lines and vanishes 
where the bone becomes particularly thin, especially in the 
floor of the skull. 

The cranium varies in thickness in adults and varies 
from place to place, thin plates being reinforced by stronger 
buttresses, such as the petrous temporal, the greater wing of 
the sphenoid, the sagittal ridge, the occipital protruberance 
and the glabella. This tensile architecture of the skull has 
been well described and illustrated by Rowbotham (1964). 
The more vulnerable thin areas lie in the parietotemporal, 
lateral frontal and lateral occipital zones. 

The average frontal and parietal thickness in a young 
male is between G and 10 mm. The thinnest area is in the 
temporal bone, where it may be only 4mm, while in the 
occipital bone in the midline it may be 15 mm or even 
more. The thickness of the skull is sometimes an issue in 
courtroom propositions about the special vulnerability of 
a victim but, unless it is abnormally thin, such theorizing 
has little forensic relevance as it is well known that fatal 
brain damage can often occur with an intact skull. It has 
even been claimed that a thin skull is less likely to fracture, 
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as it is more flexible and can return to normal after distor- 
tion without cracking; this is certainly true of the skulls of 
infants. This may be irrelevant when assessing intracranial 
damage, however, which is the major issue in head injuries. 

It is rarely the skull fracture itself that is a danger to 
life, but the concomitant effect of transmitted force 
upon the cranial contents. The presence of a skull fracture 
is, however, an indication of the severity of the force 
applied to the head and it is uncommon for a head injury 
that is sufficiently severe to crack the skull not to cause 
some intracranial effect, even if it is only transient concus- 
sion, though, once again, there are many remarkable excep- 
tions to this generalization. 

In skeletal material, fractures of the skull are often seen 
and the differentiation between ante-mortem injury and 
post-mortem damage can sometimes be difficult or even 
impossible in the absence of any soft tissues. Artefactual 
damage to a skull may be caused during recovery or 
exhumation, and even stones in the soil can cause erosion 
and even cracking of the softened, degenerate bone after 
long burial. Zuo and Zhu (1991) have described scanning 
electron microscopic details of microfractures and collagen 
damage, which can differentiate ante- from post-mortem 
injury, but these are unlikely to assist in old decayed 
material. 

The mechanics of skull fracture 

This subject has been extensively studied in living animals, 
isolated human heads and dried skulls. For details, the 
writings of Gurdjian, Webster and Lissner (1949, 1950), 
Weber (1 984) and Rowbotham (1 964) should be consulted; 

FIGURE 5.13 Forensic anatomy of skull and 

meninges. 

Cranium 

FIGURE 5.14 The ?truck hoop' illustration of impact on the skull. 

There is a momentary de$rmation, with the area of impact bending 

inward and compensarory bulging elrewhere. This sets up stresses in 

the inner and outer tables. 
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a concise summary has also been provided by Shapiro et al. 
(1988). These and other workers have shown that: 

When the skull receives a focal impact there is 
momentary distortion of the shape of the cranium, the 
extent of which may be surprisingly large, though 
transient. Infant skulls, which are more   liable and have 
flexible junctions at suture lines, may distort much more 
than the more rigid skulls of adults. The area under the 
point of impact bends inwards and, as the contents of 
the skull are virtually incompressible, there must 
consequently be a compensatory distortion or bulging 
of other areas - the well-known 'struck hoop' analogy. 

Both these intruded and extruded areas can be the 
site of fracturing if the distortion of the bone exceeds 
the limits of its elasticity. 
When the skull is deformed, compression occurs on the 
concavity of the curved bone and tension (rearing) 
forces on the convexity. If the latter exceed the elastic 
threshold, then fracturing takes place. Thus the inner 

Force 
n 

FICURF. 5.15 The skull is more susceptible to traction forces than 

compression, so that convexities tend to fiacture during rbe distortion 
of the ?truck hoop'. 

table will fracture where the skull is indented and the 
outer table will fracture at the margins of the deformed 
area. If the forces are great enough, a depressed 
comminuted fracture will occur. 

Ed In the more common circumstance of a wider impact 
from a blunt injury, the deformation of the skull is less 
localized but, where the force is sufficient, fractures can 
still occur from the same mechanism of exceeding the 
elastic limits. The fractures may be remote from the area 
of impact, following lines of structural weakness - or 
may extend from the area of impact, or even commence 
at a distance and run back to the impact site. 

By using skulls coated with a brittle varnish, Gurdjian 
showed that stress lines developed in the cranium when 
it was struck and that these corresponded with the 
fractures that occurred with heavier impacts. 

Blows in cenain areas of the skull constantly give rise to 
fractures in specific localities - for instance, impact on the 
upper temporal or parietotemporal areas cause fissured 
fractures running obliquely downwards across the 
temporal area. If heavier, another fracture line tends to 
run obliquely contralaterally across the vault of the skull. 

A heavy impact on the side or top of the head often 
leads to the vault fracture running into the base of the 
skull, usually across the floor of the middle cranial fossa 
along the anterior margin of the petrous temporal - 

bone, to enter the pituitary fossa. In major injuries, this 
fracture line may often cross the floor of the skull 
completely to form a 'hinge fracture', separating the 
base of the skull into two halves. These fractures do not 
start at the point of impact unless there is also local 

FIGURE 5.16 Linearfracture of the 
posteriorfossa, due to a fall on rhe occiput. 
Tbeji+acture gpically crosses the thinner 
bone, avoiding the central buttress and 
end  near the foramen magnum. 
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depressed fracturing; they are initiated at a distance due 
to the compensatory deformation, but usually run back 
towards the impact site. 

When the frontal area is struck, the usual course for a 
linear fracture is vertically down the forehead, turning 
around the orbital margin to run backwards across the 
floor of the anterior fossa, perhaps into the cribiform 
plate or air sinuses, or both. A blow or fall onto the 
occiput may produce a fracture that typically passes 
vertically or obliquely downwards just to the side of the 
midline of the posterior fossa, commonly reaching the 
foramen magnum. In addition, the contrecoup element 
of an occipital fall may cause fractures of the orbital 
plates in the anterior fossa, as a result of transmitted 
force through the brain itself, though the mechanism is 
not fully understood. 
When severe local impact causes focal and general 
deformation, a combination of depressed fractures and 
radial fracture lines may form a 'spider's-web' pattern. 
When the focal impact is severe, the depressed fracture 
may follow the actual shape of the impacting object, 
such as a hammer-head. The shape may follow only 
that part of the object that drives into the skull - for 
example, the circular head of the hammer may strike at 
an acute angle, so only a semicircle of bone will be 
punched inwards, the opposite edge sloping downwards 
from an irregular crack. 

The deepest part of the depression will indicate 
where the weapon first struck; there may be 'terracing' 
of the margins. The author (BK) has seen a recent 
instance where a victim was struck with a hammer 
through a thin plastic bag enveloping the head. Parallel 
terracing cracks had opened for a fraction of a second 
during the blow, sufficient to trap lines of plastic into 
the multiple defects in the outer table. Where the 
impact is from a narrow edge or ring, only the outer 
table may be fractured, being punched into the softer 
centre without depression of the inner table. 
The presence of hair and scalp markedly cushions the 
effects of a blow, so that a far heavier impact is required 
to cause the same damage, compared to a bare skull. 
The pattern and nature of the skull fractures are, 
however, the same. It should be noted that the 
interposition of scalp and hair may slightly alter the 
dimensions of the skull lesion from a focal blow. For 
example, the padding effect of the scalp may add a few 
rnillimetres in diameter to the depressed fracture caused 
by a hammer, compared with the actual measured 
diameter of the hammerhead. 
Where two or more separate fractures occur from 
successive impacts and meet each other, the sequence of 
injuries may be determined by 'Puppe's rule', which is 

FIGURE 5.17 Diagram to illustrate Puppei rule for the sequence of 

fractures. The course of a kzterfiacture will be irrterrupted by an 
earlierpre-existing fracture line. 

redly eponymous common sense. The later fracture will 
terminate at (that is, not cross) the earlier fracture line, 
which naturally interrupts the cranial distortion which 
precedes fracturing (Figure 5.17). 

Types of skull fracture 
Arising from the mechanisms described above, it is conven- 
tional to classify skull fractures as follows. 

LINEAR FRACTURES 

These are straight or curved fracture lines, often of con- 
siderable length. They either radiate out from a depressed 
zone, or arise under or at a distance from the impact area, 
from bulging deformation. They may involve the inner or 
outer table, but commonly traverse both. 

Depending on the stress contours of that part of the 
skull and the localization of the impact, they may occur 
anywhere in the skull, but are especially common in the 
weak unsupported plates. The temporal, frontal, parietal 
and occipital plates may all carry single or multiple linear 
fractures. They may exterid downwards into the foramen 
magnum, across the supraorbital ridges, or into the floor of 
the skull. A common basal linear fracture is one that passes 
across the floor of the middle fossa, often following the 
petrous temporal or greater wing of the sphenoid bone into 
the pituitary fossa. This frequently continues symmetrically 
across the other middle fossa separating the base of the 
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Secondary fracture in 
anterior fossa floor 

FIGURE 5.18 Types of skull fracture: (a) linear fracture; (b) ipideri- 

web'jiacture; (c) depressedjiacture; and (4 basejiactures. 

skull into two halves, usually being caused by a heavy blow 
on the side of the head; this lesion was sometimes called the 
'motorcyclist's fracture' for obvious reasons. Linear fractures 
may follow a horizontal course around the skull, usually 

FIGURE 5.19 Li7zearf;artures of the skull in chih'abuse. Blunt impart 

near the vertex has causeda doubkfiarture to run down thepan'etal 

bone and continue into the temporalarea, the course of t h e h r e  

being hermined by lines ofstress and weakness in the skull. The central 

burr-hob was for the surgical euacuation ofa mbdural haernorrbage. 

from one temporal area to the other via the occiput rather 
than around the front. 

In children and young adults, a linear fracture may 
pass into a suture line and cause a 'diastasis' or opening of 
the weaker seam between the bones. This is most often seen 
in the sagittal suture between the two parietal bones, but 
the interfrontal line of weakness left by the earlier fusion 
of the metopic suture can also reopen under mechanical 
stress. In infants, especially in the child abuse syndrome, a 
linear fracture of a parietal bone may reach the sagittal 
suture and continue across it into the opposite plate. The 
continuation may be direct or may be 'stepped', so that 
the two fractures are not in line. This appearance usually 
means a blow or fall onto the vertex, and the two fractures 
may be simultaneous but not continuous, explaining the 
'stepping'. 

RING FRACTURES 

These occur in the posterior fossa around the foramen 
magnum and are most often caused by a fall from a height 
onto the feet. If the kinetic energy of the fall is not 
absorbed by fractures of the legs, pelvis or spine, the impact 
is transmitted up the cervical spine. This may be rammed 
into the skull, carrying a circle of occipital bone with it. 

POND FRACTURES 

This is merely a descriptive term for a shallow depressed 
fracture forming a concave 'pond'. It is more common in 
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DEPRESSED FRACTURES 

FIGURE 5.21 Comminutedskullfiacture with dqpression of the 
central area. This could alro be termed a jondfiacture'in that there is 
an ovoid drpressed zone with radiating linearfiactures. The head war 
struck with a heavy piece of wood along the line of the drpressed area. 

the more pliable bones of infants and, indeed, a depression 
can occur in the absence of a fracture akin to the distortion 
produced by squeezing a table-tennis ball. 

As already described, a comminuted depressed fracture may 
also have fissures radiating from it, forming a spider's-web 
or mosaic pattern. The degree of actual depression may be 
minimal or even absent. 

Focal impact causes the outer table to be driven inwards 
and, unless absorbed in the diploe, the inner table will also 
usually be intruded into the cranial cavity with all the 
dangers of direct damage to the contents. Even sharp-edged 
weapons, such as heavy knives and axes, which may cause a 

clean-cut defect externally, usually split and deflect flaps 
downward from the inner table. 

With axes and heavy cutting weapons such as swords, there 
is a characteristic lesion in the bones, whether skull or else- 
where. The initial impact slices cleanly through the bone on 
one edge, ofien burnishing the bone to an ivory-like gloss. The 
rebound removal of the weapon is at a slightly different angle, 
either from deliberate intent, or from relative movement 
between bone and blade. This cracks off an irregular fragment 
of bone of the opposite face so that the residual defect has one 
smooth and one rough edge. It is often seen in historical and 
archaeological material from battles or massacres. 

The  force required to cause fractures 
of the skull 

Unlike less reliable subjective estimates of the force required 
to cause other injuries, objective quantitative measurements 
have obtained for adult skull fractures. Again, the publica- 
tions of Gurdjian, Webster and Lissner should be consulted 
for detailed information. The following useful facts arise 
from their investigations: 

The tensile strength of the adult skull is of the order of 
100-150 p.s.i., the compressife strength varying from 
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FIGURE 5.22 A depressedfiacture of the 
skullfiom a blow with a heay  club 
hammer. The dpfect is wedge shaped with 

a curved anterior border caused by the 
hammer striking at an angle. The 

depression is concentrically terraced with 

the lowest fragments lacerating the su face 
of the brain. 

5000 to 31 000 p.s.i. (Gurdjian etal. 1949). A simple 
fissured fracture of the skull can be sustained by walking 
into a fxed obstruction (Kerr 1954). This requires a 
force of about 5 foot-pounds (73 N). Fast running into 
an obstruction produces about 70 fi-lb (1020 N). Falling 
to the gound from an erect posture also develops at least 
60 fi-lb (873 N) and can easily produce skull fractures. 
A small stone or golf ball weighing about 100 g (4 oz) 
may also cause a linear fracture when thrown with 
moderate force against the temporal region (Graham 
and Lantos 2002). 
The adult head weighs between 3 and 6 kg (7-14 Ib), 
averaging 4 5  kg (10 lb). When falling through about 
one metre (3 ft), so that the frontal area strikes a hard 
surface, impact energy of about 35 ft-lb (510N) 
develops. This can cause one or two linear fractures 
or a mosaic fracture (Gurdjian et al. 1950). 

@ Only a small additional amount of energy above that 
needed to cause a single crack is required to produce 
multiple fractures. 

In spite of these experimental data, it must never be 
forgotten that, like all biological phenomena, great variation 
is encountered and skull fractures, though they may be caused 
by as little as 5 fi-lb (73 N), may be absent when the impact 
exceeds 90fi-lb (1314N). The area of the skull struck, the 
thickness of the skull, scalp and hair, the direction of the 
impact and other imponderables, all affect the outcome. 

As further discussed in Chapter 22, Weber carried out 
experiments in which he dropped the bodies of dead 
infants from a fixed height of only about 85 cm (34 inches) - 
onto various hard and soft surfaces. A high proportion 
sustained skull fractures, both of the parietal and occipital 
areas, some of them crossing suture lines. 

FIGURE 5.23 Springing of the sagittalsuture of the skull of an 
infant. Though there was no skullfiacture, the suture line has 
widened afier a fall that caused a subdural haemorrhage. 
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FIGUKE 5.24 Diastasis or $ringing' of the sagittal suture of a 

young adult who felf iom a height onto the vertex ofhis head. The 

opening of the interparietal suture has extended anteriorly along the 

line of weakness of the+ed metopic suture between the two halves 

of thefiontal bone. 

FIGURE 5.25 Post-mortem diastasis of the sutures as an art4act due 

to fieeze-up of the brain simulating intra-vital skullfiacture. 

FIGURE 5.26 A 'hinge'fracture of the base of the skull where the 

ji-acture line runsfiom side to side across the floor of the middle 

cranialfossa, passing through the pituitary fosa in the midline, 

following the course of least structural resistance. The victim was a 

youngpedestrian who was hit by a car and then sustained secondary 

injuries by striking the lefl side of the head on the ground. Thzs 

injury is common in road accidents and is sometimes called the 

'motorcyclistj frclcture: 

Dangers of fractures of the skull 

It has been emphasized that, in the majority of cases, 
the significance of a fractured skull is an indicator of a sub- 
stantial insult to the head, with possible injury to the vital 
contents, rather than the fracture itself being a danger 
to life. 

There are occasions, however, when the fracture itself has 
dangerous sequelae. The most common is when the crack 
passes through an embedded meningeal artery, causing a 
meningeal haemorrhage, which is considered later. A 
depressed fracture may impinge upon the brain and its 
membranes, and bone fragments may lacerate or penetrate 
the brain tissue. 

TRAUMATIC EPILEPSY 

A late effect of a depressed skull fracture may be 'traumatic 
epilepsy'. This is of great medico-legal significance, especially 
in the field of civil litigation where an accident or assault 
may result in lifelong neurological disability for which very 
large monetary compensation may be awarded. 
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Traumatic epilepsy usually manifests as tonic and clonic 
fits, which may be difficult to differentiate from idiopathic 
epilepsy, if the injury occurred in early life. When fits begin 
within weeks, or a year or two of a major head injury in a 
mature person who had never had fits before, the diagnosis 
is easier, but all cases need expert neurological examination. 
There must have been a substantial head injury, usually 
with a depressed fracture impinging on the underlying cor- 
tex, often in the parietotemporal area. The epilepsy appears 
usually within a range of a few weeks to up to 2 years. It is 
more common in open head injuries when infection has 
occurred, or when a spicule of bone has penetrated the 
meninges, as the mesodermal scarring of the cortex that 
results is more likely to irritate the brain than the astrocytic 
reaction found in closed head injuries. 

INFECTION FOLLOWING SKULL FRACTURE 

Other complications may occur, even in the absence of 
depression or comminution. The most common is infection 
of the meninges, or the development of a brain abscess, or 
both. Infection can gain access via skull fractures: 

by direct spread through a compound fracture, 
especially where there is a contaminated scalp injury; 
by spread from the nasal cavity when a fracture of the 
cribriform plate has allowed communication with the 
anterior fossa. This fracture is not uncommon as part of 
'contrecoup' lesions, described later. Sometimes the 
cribriform plate is ruptured by objects entering a nostril 
and carrying infected material into the cranium: the 
author (BK) has seen two such fatalities, one from an 
umbrella ferrule and another from a dirty bamboo garden 
cane. Another case was seen by PS where a suicide attempt 
was made with a small calibre pistol. The bullet penetrated 
the right temple and went through the skull just above the 
anterior cranial fossa, which was Fractured and caused a 
leakage of the cerebrospinal fluid through the nose. The 
victim recovered well but, in spite of prophylactic 
treatment with antibiotics, died one year later from 
purulent meningitis. 
by spread from fractures that involve a paranasal sinus, 
such as the frontal or ethmoid, or from the mastoid air 
cells or middle ear cavity. Basal fractures may allow 
these spaces, which communicate with the infected 
outside environment, to reach the meninges, especially 
when the latter are torn by the traumatic event. A 
history of leakage of cerebrospinal fluid from the nose 
or ear must alert both clinician and pathologist to the 
possibility of communicating basal fractures. In any 
autopsy on a suspected head injury, however slight, 
care must be taken to remove the dura from the interior 

of the vault and base so that a close inspection for 
fracture lines can be made. 

The contents of the skull are the most fragile of the vital 
organs, necessitating their enclosure in the strong bony box 
of the cranium. Damage may occur either to the neural tissues 
or to the rich vasculature that surrounds and penetrates those 
tissues. 

FORENSIC ANATOMY OF THE 
BRAIN MEMBRANES 

The pachymeninges consist of the dura mater and the 
leptomeninges, the arachnoid and the pia mater (see Figure 
5.13). The dura is formed of two layers of tough col- 
lagenous tissue, the outer of which is firmly attached to the 
skull and acts as its internal periosteum. The inner layer 
merges with the arachnoid, so that in reality there is no true 
subdural space, only a potential cleavage plane. 

The dura forms the falx and tentorium, and the cranial 
venous sinuses run within it. Branches of the meningeal 
arteries course over and through its substance. The dura is 
penetrated by bridging veins, especially along the vertex 
and at the tips of the temporal lobes, also to a lesser extent 
at the frontal and occipital poles, as well as by random ves- 
sels elsewhere. Polypoid invaginations of the dura penetrate 
the inner walls of the venous sinuses, especially the sagittal 
sinus, to form the 'arachnoid granulations'. 

The arachnoid is a thin, vascular meshwork that is 
intimately applied to the inner surface of the dura by means 
of the 'boundary layer' so that no subdural space exists in 
normal conditions, though their junction is so tenuous that 
they are easily split apart. Sheaths of arachnoid follow ves- 
sels into the brain as they penetrate into the neural surface. 
These vessels and thin strands of connective tissue anchor 
the brain within the subarachnoid space. This is filled with 
cerebrospinal fluid and the width of the space varies from 
less than a millimetre in the young to a centimetre or more 
in the old, in whom cerebral atrophy has developed. This 
means that the anchoring strands and the bridging vessels 
are longer and more vulnerable to shearing and rotatory 
stresses. Even though anatomically in the subarachnoid 
space, rupture of these bridging vessels often manifests 
itself in the subdural space. 

The pia is not a true membrane, but a surface feltwork of 
glial fibres that are inseparable from the underlying brain. 
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EXTRADURAL HAEMORRHAGE 

Also known as 'epidural haemorrhage', bleeding between 
the inner surface of the skull and the dura mater is the least 
common of the three types of brain membrane haemot- 
rhage. According to Rowbotham (1964), only about 3 per 
cent of head injuries have an epidural haemorrhage large 
enough to be of surgical significance; a similar figure of 
between 1 and 3 per cent was recorded by Tomlinson 
(1970). Of the 635 fatal head injuries investigated by 
Adams (see References and further reading) in Glasgow, 
10 per cent had extradural haemorrhages.'The mortality rate, 
even with surgical intervention, averages about 11 per cent 
under the age of 20 years, rising to between 18 and 40 per 
cent in later life. 

The dura is closely applied to the interior of the skull, 
forming the endocranium or periosteum. It is so tightly 
applied to the base of the skull that, except in the posterior 

- - 

fossa, extradural bleeding does not occur over the skull 
floor. In the vault there is a ~otential  space between the 
dura and the bone, which can be separated by both arterial 
and - less often - venous leakage. Most extradural haemor- 
rhages are associated with fractures of the skull, but about 
15 per cent occur in intact skulls (McKissock 1960). 
According to Harwood-Nash et af. (1971), the incidence in 
children without a fracture is only 1 per cent, though 
Adams found that half the children with exrradural bleeds 
in his series of over 600 fatal head injuries had no fracture. 
About 10 per cent of extradural haemorrhages are associ- 
ated with subdural haemorrhages. Bilateral epidural haem- 
orrhages are rare, but have been recorded. 

The usual site is unilateral in the parietotemporal area, 
caused by rupture of a branch of the middle meningeal 
artery where the latter is transected by a fracture line. The 
posterior branch of this vessel is most commonly involved 
as it courses diagonally backwards across the squamous 
temporal bone on the lateral wall of the cranium. The anter- 
ior (frontal) branch is rarely the source of bleeding, occurring 
only twice in Rowbotham's series of 33 cases. The vessel 
usually lies in a deep osseous groove in the first part of its 
course. It has been claimed that almost all ruptures occur 
where the artery is completely roofed over in a bony tunnel 
so that it is unable to escape damage from a fracture, but 
observation does not confirm this contention. 

Leakage of the high-pressure arterial blood strips back 
the underlying dura with progressive accumulation of a 
haematoma, which can reach a volume of several hundred 
millilitres and cover an appreciable part of the hemicranium. 
Adams suggests that a minimum volume of 35 ml is needed 
before clinical signs are apparent, though other writers sug- 
gest 100 ml is usually the minimum associated with fatalities. 

In the less common occipital and frontal sites, smaller 
branches of meningeal arteries may be involved or the 
bleeding may be from torn venous sinuses, in which case 
there need not be a fracture. When bleeding is venous, the 
haematomas rarely reach a large size as the pressure is insuf- 
ficient to tear back much of the dura. 

The clinical signs of an epidural haemorrhage are dassic- 
ally those of a 'lucid' or 'latent' interval, as there may be 
recovery from the initial phase of concussion (see below) 
before sufficient blood accumulates to cause raised intra- 
cranial pressure and consequent relapse into unconsciousness. 
This classic picture is so frequently absent, however, that no 
diagnostic reliance can be placed upon it. The coma from the 
increasing space-occupying lesion formed by the bleed may 
follow the period of concussion without a break so that there 
is no temporary phase of recovery. Only 27 per cent of 
McKissock's series showed the classic history. 

FIGURE 5.27 Fonnation ofan extradural haemorrhage. 

FIGURE 5.28 A large temporoparietal extradural haemorrhage. The 
under su$ace of the scalp on the right shows bruising at the point of 
impart. There was a linearfiacture of the skullpassing through the 
right middle meningeal artery. 
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The latent interval may be of variable duration and, as 
just noted, may not occur if either concussion is prolonged 
or other brain damage coexists. Half an hour may be 
enough for the formation of a significant arterial 
haemaroma, though some slow bleeds have taken more 
than a day to become clinically apparent. In Rowbotham's 
series, the range was from 2 hours to 7 days, but most were 
apparent after 4 hours. 

More recent investigations using computed tomography, 
quoted by Adams, suggest that the old concept of worsen- 
ing clinical symptoms being caused by the progressive 
accumulation of blood is incorrect, as computed tomo- 
grams show that- the major volume of blood may appear 
soonafter the injury and that, as with many space-occupying 
lesions, clinical signs result from other factors, such as cere- 
bral oedema or diffuse neuronal injury. 

Medico-le a1 considerations of 
extradural B aemorrhage 

A medico-legal danger is that a victim may be discharged 
from the care of a doctor or hospital casualty department 
when he recovers from his transient concussion only to 
deteriorare and perhaps die at home; negligence may then 
be alleged against the unsuspecting doctor. Unfortunately, 
even when the diagnosis is made, the results of surgical 
intervention are not good, there being a fatal outcome in 
more than half the cases operated on. Part of the reason for 
this poor prognosis is that many victims of extradural haem- 
orrhage also have other damage such as cerebral contusion. 

When a victim of a head injury recovers from concussion 
and then lapses into coma within the first 24 hours, the dif- 
ferential diagnosis is between an extradural or subdural 
haemorrhage, or cerebral fat embolism, especially if there is 
othe; skeletal damage. At autopsy the lesion is self-evident, 
as most haematomas lie in the temporal or parietal areas, 
and are opened when the usual saw-cut is made to remove 

FIGURE 5.29 An madural  haemowbage in theposteriorfosa. 
This is an unusual site for this type of lesion, as most occur in the 
temporal orparietal area as a result of tearing of the rnidle 
meningeal artery. In this case a fracture line passed down the 
posteriorfosa toward the foramen magnum, but no bleedingpoinr 

could be identif;ed! 

FIGURE 5.30 Afresh extradural 
haemorrhage in the temporoparietal area 
fiom a fracture crossing the middle 
meningeal artery. About 85per cent of 
such haemon-hages are associated with 
skullj?actures. 



5: Head and spinal injuries 

the calvarium. If in the posterior fossa, the dark blood is 
seen through the raised dura. Wherever it is situated the 
dimensions and approximate volume should be measured 
and an estimate made of the inward projection. The brain 
surface will be flattened or otherwise distorted if the 
haematoma is of significant size and may have given rise to 
the usual appearances of raised intracranial pressure, 
described later. The midline of the brain may be shifted lat- 
erally if the bleed is large. 

Extradural haemorrhage is never a 'contrecoup' injury, 
this being purely a cerebral tissue lesion. 

HEAT 

One well-known artefact mimics an extradural haemor- 
rhage. When a head has been exposed to severe external 
heat sufficient to burn the scalp and perhaps the skull, 
blood may be extruded from the diploe and venous sinuses 
into the extradural space to produce a 'heat haematoma'. 

The mechanism is obscure, but may be the result of 
blood being 'boiled' from the diploic layer of bone through 
emissary veins, or shrinkage of the brain may aspirate blood 
from the skull. The false haematorna is brown and friable, 
and the adjacent brain shows hardening and discoloration 
from the heat. 

The importance of the artefact is that it may be mistaken 
for a true epidural bleed from a head injury, and may 
mislead the pathologist and investigators into thinking that 
the fire was started criminally to cover up a fatal assault. 
As most instances are seen in conflagrations in buildings, 

FIGURE 5.3 1 Fire victim with extensive 

dgect of the carbonizedskullshawing 

reddish-brown 'heat haematoma' on the 

inner surface of the skull and shrunken 

brain with brain tissue oozing out through 

a split in the dura. 

there is often a significant level of carboxyhaemoglobin in 
the body if the death occurred when the fire was in progress. 
This should be of the same concentration in the heat 
haematoma as in the peripheral blood; if the victim suf- 
fered a head injury before the fire started, then there should 
be little or no carboxyhaemoglobin in the haematoma. 

SUBDURAL HAEMORRHAGE 

Bleeding beneath the dura is much more common than 
extradural haemorrhage. It is also proportionately less often 
associated with a fractured skull, but in absolute numbers 
far more fractured skulls cover subdural than extradural 
haernorrhages. The Glasgow series of 635 fatal head 
injuries described by Adams included 18 per cent of sub- 
dural haematomata. 

The lesion is traditionally classified into three types: the 
acute, the subacute and the chronic. It is unhelpful to 
subdivide the acute type, however, and only acute and 
chronic haemorrhage need be considered. 

Subdural haemorrhage can occur at any age, but is corn- 
mon at both extremes of life. It is one of the major causes 
of fatal child abuse and the rediscovery of that syndrome 
by Caffey (1946) consisted of an association of subdural 
haemorrhage with long bone fractures. In old people they 
commonly exist in a chronic form and can be mistaken 
either for 'strokes' or for senile dementia. The condition is 
always due to trauma and there is probably no such entiry 
as 'spontaneous subdural haematoma'. Even in states of 
vascular fragility, such as in senility and in bleeding diatheses, 



Subdural haemorrhage 

some minimal trauma must precipitate the bleeding even if 
it was too trivial to be recorded in the history. It is almost 
certain that minor subdural bleeds, insufficient to give rise 
to any neurological or clinical symptoms or signs other 
than a transient headache, occur with the trivial knocks of 
everyday life. Only when the bleeding is extensive enough 
to become either a cortical irritant or a space-occupying 
lesion (probably between 35 and 100 ml) does it become 
clinically apparent. Of  course, many subdural haemor- 
rhages exist in combination with both subarachnoid bleed- 
ing and with cerebral damage, making its contribution to 
the overall symptomatology impossible to assess. 

As with the extradural haematoma, the position of a sub- 
dural can never be interpreted as a 'contrecoup' lesion and 
is thus of no use in differentiating a blow from a fall. 

Acute subdural haemorrhage 

This is a common sequel to any substantial head injury, and 
the presence or absence of a fracture is immaterial except as 
an indicator of trauma to the head. Unlike extradural bleed- 
ing, a fracture plays no part in the pathogenesis of the haem- 
orrhage, which arises from torn communicating veins that 
traverse che subdural space between the cortical vessels and 
the dural sinuses. Less often the sinuses themselves give rise 
to the haemorrhage. 

Naturally in an open head injury or when comminuted 
fractures penetrate the membranes and perhaps the brain 
itself, subdural bleeding is merely part of a complex that 
includes subarachnoid bleeding, and cerebral laceration 
and contusion. 

The lesion is often pure, however, being associated with 
a closed head injury where the only other signs may be 
scalp bruising - or even nothing at all, as blunt impacts 
may leave no signs in the scalp, externally or internally, and 
no skull fracture. 

The latter situation is probably the explanation in most 
of the cases formerly attributed to shaking of the infant. 
Many paediatricians and pathologists have enthusiastically 
adopted the shaking aetiology when there was no overt 
sign of impact (or sometimes even where there was such 
evidence!) to such an extent that it is frequently proffered 
as the favoured diagnosis. However, the concept of the 
shaken-baby subdural has been strongly challenged recently, 
as it has been shown that the shearing force (required 
to rupture subdural vessels) is of the order of 50 times 
less in shaking than in impact (Duhaime et al. 1987). Thus 
it is very probable that perhaps the majority of allegedly 
shaken babies have, in fact, had an occult head impact, 
which has not left any signs on the scalp, subscalp tissues 
or skull. 

Skull 

Dura 

Arachnoid 

Pia and b~ 
surface 

uptured bridging vein 

FIGURE 5.32 Formation of a subdural baematoma. 

Subdural bleeding arises from shear stresses in the upper 
layers of the cerebrum, which moves the communicating 
veins laterally sufficiently to rupture their junctions at 
either the cortical veins or the sinus surfaces. It is very 
rarely possible to identify the bleeding points. Subdural 
bleeding is most often over the lateral surface of a cerebral 
hemisphere, high up in the parasagittal area. 

As with most intracranial damage, the mechanical cause - 
is a change of velocity of the head, either acceleration or 
deceleration, almost always with a rotational component. 
Where a blunt impact strikes the skull, the subdural bleed 
need not be situated directly under the impact area - it need 
not even be on the same side of the head. It is sometimes 
tempting to attribute a localized subdural to either a 'coup' 
or to a 'contrecoup' effect (see below), but this is an unsafe 
interpretation. In addition, a subdural haemorrhage - 
unlike an epidural - is quite mobile. Lesions that have obvi- 
ously originated high on the parietal area commonly drain 
down under gravity and cover the whole hemisphere, with a 
large accumulation in the middle and anterior fossas, and 
even through the tentorial opening into the posterior fossa. 

The haemorrhage may remain fluid or may clot into a 
firm mass: both modes are commonly present. If the bleed- 
ing is relatively slight, then a 'thin-film' subdural may be 
found. If the thickness of blood is less than a few milli- 
metres, it cannot be claimed to be a space-occupying lesion, - .  

even if the area covered is quite large, as the cerebrospinal 
fluid in the adjacent subarachnoid compartment can be 
displaced sufficiently to accommodate an equivalent vol- 
ume of blood. 

Again, Adams suggests that, as in any intracranial space- 
occupying lesion, a minimum volume of about 35 ml is 
required to cause neurological signs, though other writers 
prefer a larger volume, such as 100 ml. 

Whether this film of fresh blood is a sufficient irritant to 
cortical activity - as it undoubtedly is in a subarachnoid 
haemorrhage - to be a danger to life, is uncertain. It is dif- 
ficult to claim that a thin layer of blood in the subdural 
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FIGURE 5.33 Chronic subdural 
haemorrhage in an oldperson. Brown 
liquid escapedfrom the encapsulated lesion 

adherent to the meninges having a 
gelatinous outer membrane, as seen. The 
surface of the rigbt cerebral hemisphere is 

stained brown from oldaltered blood and 
there is some compression of the hemisphere 
with a midline shift to the left. There was 

no history of a head injury and no 
significant neurological deficit. 

space is the sole cause of death, but almost inevitably the 
force that caused the bleeding will also have had a deleteri- 
ous effect on the brain tissue, even if this is macroscopically 
occult such as diffuse axonal damage. 

As with the extradural haemorrhage, there may be a 
latent interval before clinical signs and symptoms appear. 
After the almost inevitable concussion, which may be very 
brief, the victim may recover, then relapse into deepening 
stupor and coma when intracranial pressure rises as the 
subdural bleeding proceeds. Associated brain damage 
may, however, cause uninterrupted coma from the time of 
injury. 

When there is a lucid interval, this may be longer than 
the average 4 hours of the faster arterial bleeding of the 
epidural haemorrhage. In fact, there is no upper limit to 
this interval, as the acute subdural haemorrhage merges 
into the chronic condition, which may recur after weeks or 
even months. In severe acute bleeds, as are commonly 
encountered in criminal cases, such intervals tend to be 
short or non-existent. 

Chronic subdural haematoma 

This lesion is most often found in old people, frequently as 

an incidental finding at autopsy where death was caused by 
some unrelated condition. 

The gross appearance varies with age; recent lesions up 
to several weeks old are tan or red-brown with a gelatinous 
membrane covering the surface. The contents are thick but 
liquid and may have areas of redder, more recent bleeding. 
An older haematoma, up to months or even a year old, is 
firmer, with a tough membrane around both surfaces, 
resembling a rubber hot water bottle filled with jelly or oil. 
The contents are liquid and may be brown or even straw 
coloured. Sometimes the interior may be much firmer and 

FIGURE 5.34 A chronic subdural haemorrhage discovered as an 
inciahalfinding at an autopsy on an oldperson dying of an 
unrelated cause. The blood was brown andgelatinous, but there was 

no membrane. 

variegated in colour due to bleeds of different ages. 
Loculation is common, with different coloured fluids or 
ooze in each locule. The underlying brain will be depressed 
if the haematoma is large (more than 50-lOOml), and is 
often stained brown or yellow from altered haemoglobin. 



Subdural haemorrhage 

Many such subdural bleeds in old people are small and 
obviously gave rise .to no neurological abnormality; the 
mere finding of such a small lesion at autopsy should not 
be used' to provide a cause of death, which should be 
sought elsewhere in the body. Some subdurals are sub- 
stantial, however, reaching a volume of 100-1 50 ml. They 
may still have been asymptomatic, but others give rise to 
neurological symptoms that may have been ascribed to 
some other pathological cause. Examples are 'strokes', when 
unilateral signs were thought to be caused by a cerebral 
thrombosis or haemorrhage; disordered behaviour of the 
old person may have been blamed upon senile confusion or 
dementia, whereas in fact a space-occupying haematoma 
was really responsible. 

The chronic haematoma may become large and press 
down on the cerebral hemisphere sufficiently to dent and 
distort the surface. This may progress, as does the large 
acute haemorrhage, to cause signs of hippocampal and 
cerebellar tonsillar herniation and all the attendant dangers 
to the vital centres in the brainstem. The chronic haemat- 
oma arises from the acute lesion, which, after an interval, 
becomes sheathed in a capsule of connective tissue. The 
haematoma may eventually absorb, it may remain dormant 
at the same size, or it may enlarge at any later date. 

The mechanism of the enlargement is controversial. One 
common explanation, which seems the most reasonable, is 
that it occurs from repeated further bleeding, perhaps from 
new blood vessels that penetrate the mass as part of the 
healing process. The other theory involves osmosis, said to 
operate because the centre of the haemorrhage commonly 
liquefies, forming a haemorrhagic fluid that osmotically 
attracts into it the cerebrospinal fluid from outside the 
capsule, which acts as a semipermeable membrane. 

The first mechanism seems more likely, as areas of fresh 
bleeding are often found inside a substantial haematoma 
but, whatever the cause, the final effect is a worsening of 
the space-occupying effect. 

The dating of a subdural haemorrhage 

An estimation of the date of onset of a subdural haematoma 
may have considerable forensic significance, especially if the 
lesion is obviously mature. There may have been one or 
more episodes of trauma on record, any of which may have 
criminal or civil connotations and the opinion of the 
pathologist will be sought to relate or to eliminate the lesion 
found from the potential causative event. 

For example, in one of the author's cases an old lady was 
struck on the head by intruders and died several weeks 
later. At autopsy, a large chronic subdural haematoma was 
the main finding, but the defence sought to show that the 
haematoma must have been present before the assault by 

claiming that the woman's confused behaviour over the 
previous year was caused by the pre-existing intracerebral 
lesion. Furthermore, in accidents of any type, there may be 
doubt about whether the subdural haematoma arose as a 
result of the injury, or whether a pre-existing lesion caused 
unsteadiness that may have precipitated the accident. 

- - 

Unfortunately, in spite ofseveral claims to reliable methods 
of dating subdural haematomata, such estimations are of 
doubtful value, partly because repetitive bleeding results in 
varying ages within the same haematoma. 

A subdural haematoma gradually changes from dark red 
to a brownish colour, first being apparent not before 5 days 
and sometimes not obvious for 10-12 days (Crom~ton 
1971, 1985). 

Reaction to subdural bleeding begins within a few hours of 
onset, when cellular infiltration begins from the dural surface. 
A delicate 'neomembrane', histologically composed of thin- 
walled capillaries and fibroblastic granulation tissue, grows 
from the periphery to cover the outer (dural) surface of the 
clot during the next few days and weeks. If no hrther enlarge- 
ment occurs, thls capsule becomes more and more fibrous, 
though rarely does it completely absorb the haematoma by 
fusing with the outer capsule. According to Crompton, the 
presence of a membrane firm enough to be picked off with 
forceps makes the subdural haemorrhage at least 12 days old. 

Although claims have been made for accurate dating of 
subdural haematomas by histological criteria (Munro and 
Merritt 1936), these cannot be depended upon, especially 
after a few months, as there is considerable personal variation 
in healing rates. Also, because of the frequency of repeated 
subsequent fresh bleeding, attempts at estimating the date 
of the original bleed are unrealistic. As they are of some use 
as an approximate guide to age, Munro and Merrit's histo- 
logical criteria are summarized briefly here: 

El Fibroblasts appear at the margin of the clot within 
36 hours and in 4 days the neomembrane adjacent to 
the dura is a few cells thick. From 5 to 8 days, the 
membrane becomes well established and fibroblasts 
migrate from it into the clot. 

Fd By 8 days the membrane is 12-14 cells thick and is 
visible to the naked eye. From a few days after onset, 
there is progressive red-cell lysis and after 5 days 
haemosiderin-laden ~ h a ~ o c ~ t e s  are present, which may 
be stained by Perl's reaction. 

B From 11 days the clot is subdivided by strands of 
fibroblasts. By 15 days a membrane is also present on 
the under surface of the clot and the outer 
neomembrane is half to one-third the thickness of 
the dura itself. By day 26 it equals the thickness of 
the dura, but the inner membrane is still only 
half as thick. 
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FIGURE 5.35 Subarachnoid haemo 
fiom a tiny bery aneurysm (arrow) 

right middle cerebral artery. 

rrhage 

of the 

I Between 1 and 3 months the membrane has losr many 
fibroblast nuclei and is becoming hyaline. By 6-12 
months the membrane becomes thick and fibrous, 
resembling the dura itself. 

A number of later writers have pointed to marked vari- 
ations in this chronological scheme. Within the first couple 
of months large sinusoidal vessels appear in the newly 
formed connective tissue. 

From gross appearances, a rough guide is that brown 
colour changes occur between the first and second week, 
when a discrete surface membrane becomes obvious. After 
a month or so a firm capsule develops, forming a cystic 
cavity containing dark brown, watery fluid. According to 
Munro, liquefaction of the contents does not occur in less 
than 3 weeks. Some haematomas remain solid with an 
organizing blood clot within, often with areas of fresher 
haemorrhage of different ages. 

When a substantial subdural bleed has occurred, the 
underlying cerebral cortex may be infarcted, caused by 
either a natural infarct having bled through the arachnoid 
into the adjacent subdural space or, more often when there 
has been a head injury, the pressure of the haematoma on 
cortical blood vessels (Crompton 197 1, 1985). 

SUBARACHNOID HAEMORRHAGE 

The third type of brain membrane bleeding is even more 
common than subdural haemorrhage, but has a mixed aeti- 
ology. Whenever there is damage to the cortex, there will 
be some degree of subarachnoid bleeding, so all penetrating 
injuries of the brain, as well as many blunt injuries that 

give rise to exrradural or subdural haemorrhage, will be asso- 
ciated with traumatic subarachnoid bleeding. 

It is not common, though not unknown, for traumatic 
subarachnoid bleeding to occur as a pure lesion where there 
is no cortical contusion, no neck injury, no deep brain 
lesion and no other membrane haemorrhage. Slight sub- 
arachnoid bleeding probably occurs very frequently after a 
moderate impact upon the head (as with slight subdural 
bleeding), but as the vast majority of such victims survive, 
no autopsy evidence is forthcoming. The increased sensitiv- 
ity of medical imaging techniques, especially nuclear mag- 
netic resonance, can demonstrate such minor bleeds which 
hitherto went undetected. 

The other complicating issue with subarachnoid bleed- 
ing is that it frequently occurs as a result of natural disease, 
especially rupture of vascular malformations of several types. 
When trauma is also present, the complex association of 
either the trauma precipitating the rupture or a rupture 
causing a fall or other accident leading to the trauma, has to 
be considered. This is discussed in a later paragraph. 

Although the pathology of subarachnoid haemorrhage 
is of prime forensic importance, because of the relationship 
to ruptured berry aneurysm, much of the description is 
offered in the chapter on sudden natural death (Chapter 
25), and only the interaction between trauma and this type 
of bleeding is discussed here. 

Appearances and mechanism of 
formation 

The appearance of subarachnoid haemorrhage caused by 
trauma varies greatly according the nature and extent of the 



FIGURE 5.36 An extensive basal subarachnoid hacmowhage arising 
from a traumatic tear of a bmilouertebral artery caused by a blow 
on the side of the neck. 

injury. Where it is secondary to laceration of the brain or 
extensive cortical contusion, then its localization and severity 
depend upon the primary injury. Where it arises from a 
blunt impact, with or without other membrane bleeding 
or cortical bruising, its position is not a good localizing 
sign. Once again, its position cannot be interpreted in the 
same way as contrecoup contusion of the cortex, though 
some pathologists use its position to claim that a head injury 
was sustained either from a fall or from a blow to a mobile 
head; this is unjustified. Although where the circumstances 
are known, the meningeal bleeding may be seen in the cor- 
rect location, this is fortuitous and is equally often sited 
elsewhere. 

Blood in the subarachnoid space mixes with the cere- 
brospinal fluid, which dilutes it, makes it less ready to clot 
and allows more mobility. Thus bleeding high over the 
cerebral hemispheres readily slides down to cover the brain 
and enter the basal skull fossae, but usually not in a con- 
centration sufficient to form a thick clot. The sulci tend to 
collect more blood, especially in the insula. Unlike those with 
subdural bleeding, survivors from subarachnoid haemor- 
rhages rapidly dispose of the blood. Haemolysis turns the 
cerebrospinal fluid a xanthrochromic yellow and, within 
weeks, the blood is gone. There may be some residual brown 
or yellow staining of the pia or arachnoid, similar to that 
seen when a slight dural bleed leaves its signature on the 
inner surface of the dura. A positive Perl's reaction for haemo- 
siderin can develop within 36 hours and may remain for 
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FIGURE 5.37 Cerebral arteries ('circle of Willis3 and common sites 
for aneurysms. 

months or even even after macroscopic discoloration 
of the membranes has vanished. 

This forms a trap for those attempting to date both 
subdural and subarachnoid haemorrhage in infants, as the 
common bleeding arising from head-moulding during 
childbirth may leave a positive haemosiderin reaction for 
at least a year. Thus if a suspected child abuse head injury 
occurs in the first months of life, histological attempts to 
date the bleeding by Perl's reaction may be affected by 
residual haemosiderin from parturition. 

Bleeding in the subarachnoid space is caused by the same 
mechanism as that in the subdural space, as shear stresses 
and rotational movements of the brain, described in a later 
section, shear or rupture the bridging veins that leave the 
cortex and penetrate the arachnoid en route for the large 
draining veins and sinuses that lie in the dura. In addition, 
small cortical arteries may contribute much of the leakage. 
Where laceration, contusion or infarction of the cortex is 
present, bleeding will come from cortical veins and small 
arteries directly into the subarachnoid space. It may also 
arise from intracerebral bleeding breaking out through the 
cortex. The subarachnoid haemorrhage allegedly caused by 
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damage to the vertebral arteries near the foramen magnum - 
will be discussed under spinal injuries. 

The relevance of a subarachnoid haemorrhage in causing 
death may be difficult to decide, though this is of more 
importance in the natural variety caused by a ruptured 
aneurysm. 

In head injuries, death is far more likely to be the result 
of the other concomitant associated injuries to the brain 
substance than to a moderate amount of blood in the 
subarachnoid space. 

In the uncommon instances when a substantial sub- 
arachnoid haemorrhage seems to be the only sequel of a 
fatal head injury it must be accepted as the cause of death, 
though cerebral oedema and microscopic diffuse axonal 
injury should be excluded as competitors even though this 
cxc!csien may be dlEcc!r er imnnqcihl~ r------- when dearh fol- 
lows rapidly after injury. It is indisputable, however, that 
sudden death can occur from massive natural subarachnoid 
haemorrhage in the absence of any traumatic lesions so, 
by analogy, the pure traumatic bleed - if severe enough - 
cannor be excluded as a sole cause. 

Death can be remarkably rapid when a ~rofuse haemor- 
rhage occurs into the subarachnoid space. The mechanism 
is .not understood, but seems to be confined to those cases 
where the brainstem is suddenly exposed to a large volume 
of blood bathing the brainstem in the posterior fossa, usu- 
ally from a ruptured aneurysm or from a torn basilar or 
vertebral artery. Numerous instances of victims virtually 
dropping dead are on record, though many more exhibit 
the familiar signs of headache, neck stiffness, vomiting and 
progressive failure of consciousness, before dying at a vari- 
able period after the haemorrhage. 

FORENSIC IMPLICATIONS 
OF BRAIN MEMBRANE 
HAEMORRHAGE 

Because of its common occurrence, certain medico-legal 
problems associated with bleeding inro the brain mern- 
branes must be considered. 

First, the latent or 'lucid' interval in both extradural and 
subdural haemorrhage may lead to civil suits for negligence 
where a doctor - usually in a hospital emergency depart- 
ment - discharges an apparently well patient who later dies 
at home or is readmitted in extremis. The clinical aspects 
cannot be considered here, but suffice to say that it is highly 
unlikely that such patients would not have suffered concus- 
sion, albeit transient. Radiology of the skull is not manda- 
tory if the clinical indications are not present, but failure to 
X-ray can be a legal impediment for the defence. A subdural 

haemorrhage is commonly present with an intact skull, 
though this is uncommon with extradural bleeding. 

As already mentioned, the dating of subdural haematomas 
may be crucial in both criminal and civil cases when it is 
being either maintained or denied that a particular episode 
of head injury causes the haematoma. Dogmatic adherence 
to any accurate histological dating regimen is unjustified, 
though broad distinctions in terms of days, weeks or months 
may be justified. . . 

The possibility of a previous bleed being the precipitat- 
ing factor in some later accidental injury, which then 
caused further bleeding, must be kept in mind. 

Using a membrane haemorrhage to localize an impact can 
be subject to over-interpretation. An extradural haematoma 
is almost invariably on the same side as the blow, but because 
of the distortion of  rhe skull described earlier. the fracture 
that traverses the meningeal artery can be some distance 
from the point of impact. Using Gurdjian's work, however, 
a reasonable estimate of the zone can be offered. 

Where subdural or subarachnoid bleeding is concerned, 
it can be misleading to offer dogmatic opinions about the 
nature and position of the impact, unless there is scalp or 
skull damage. Though sometimes it is clear from the pres- 
ence of a scalp injury that the haemorrhage is either 'coup' 
or 'contrecoup', there are so many exceptions when the 
bleeding is unrelated to the site of the blow, that a firm 
opinion is not justified. 

RUPTURED BERRY ANEURYSM 
AND TRAUMA 

A major cause of medico-legal problems is the association of 
trauma and subarachnoid haemorrhage from a ruptured 
'berry' aneurysm. The pathology of the latter is described in 
another chapter, but here we are concerned with the allega- 
tions that an injury led to rupture of a pre-existing aneurysm. 

Several variations of this scenario exist. Most commonly, 
an assault is rapidly followed by the signs of subarachnoid 
bleeding and subsequently death. Occasionally death may 
be extremely rapid, as previously described. The question 
of causation then arises, the prosecution claiming that the 
head injury mechanically ruptured the aneurysm. Whether 
this is actually so is virtually beyond absolute proof. 
Aneurysms of the circle of Willis are remote from the skull 
surface and lie deeply protected under the buffer provided 
by the mass of the brain. However, it is hard to deny that a 
heavy blow to the head, jaw or neck could not rupture, 
split or weaken the fragile wall of a large, thin-walled 
aneurysm, but when the bleeding comes from a tiny sessile 
bulge the evidence is not so convincing. 



The rapidity of death in subarachnoid haemorrhage 

The complicating factor is that most assaults occur in 
'fight or flight' conditions in which both aggressor and victim 
are physically and emotionally active, so that the adrenal 
response is likely to be present. Muscle tone, heart rate and 
blood pressure are increased by catecholamines, and it is 
likely that raised internal blood pressure in a weak 
aneurysm is a far more potent reason for rupture than a 
blow on the head. 

A second possibility is that a person with an already 
spontaneously leaking aneurysm may have a rapidly develop- 
ing neurological or even behavioural abnormality that leads 
him into conflict with another person, or into a dangerous 
physical position, such as a fall or traffic accident. If all this 
occurs over a short period of time, autopsy may not be able 
to distinguish the sequence of events and the aneurysmal 
rupture may be blamed on the trauma instead of the 
reverse. This may have profound civil as well as criminal 
legal consequences. 

SUBARACHNOID HAEMORRHAGE 
AND ALCOHOL 

A factor that is ofcen said to increase the chance of rupture 
is alcohol, though there is no objective proof of this claim. 
A high blood alcohol is said to facilitate bursting of an 
aneurysm because it dilates cerebral blood vessels, increases 
cerebral blood flow and raises blood pressure. 

The latter is not true because alcohol does not raise 
systolic pressure, though the pulse pressure - the difference 
between systolic and diastolic - may widen. The fibrous 
wall of an aneurysm is incapable of dilating, neither can the 
major basal arteries do so to any appreciable degree, as they 
possess little muscle in their walls. The pharmacological 
evidence that alcohol has any significant effect on the cere- 
bral circulation is extremely weak. There is no evidence 
that alcohol is associated with completely natural subarach- 
noid haemorrhage from a ruptured aneurysm, though 
intense physical activity, such as sport or coitus, certainly 
does predispose to rupture. 

Where alcohol and ruptured berry aneurysm are con- 
cerned, a more likely explanation is that the association is 
coincidental - as most altercations resulting in 'flight, fight 
and fisticuffs' are catalysed by alcohol. Many of the cases of 
ruptured aneurysm and violence occur within and on the 
pavements outside bars and clubs, where a high blood 
alcohol is virrually inevitable - but not necessarily causative. 

The other aspect of alcohol is that it may cause or con- 
tribute to unsteadiness, a fall or some other traumatic 
event, which itself might lead to rupture of a fragile 
aneurysm. Ataxia and hypotonia are a feature of acute 

drunkenness and, together with the aggressive behaviour 
and alcoholic environment of most physical violence, seem 
sufficient to account for their circumstantial association. 

THE RAPIDITY OF DEATH IN 
SUBARACHNOID HAEMORRHAGE 

The immediacy of death is sometimes surprising, especially 
in association with trauma. It is general clinical experience 
that the victim of a spontaneous rupture of a berry 
aneurysm suffers a severe headache, neck stiffness and 
vomiting, which may resolve or which may progress 
over hours or days to coma and death. Sudden death is cer- 
tainly the exception in these clinical cases - but these are 
from a hospital population, which, by definition, excludes 
the rapid deaths that reach the mortuary rather than the 
wards. 

In forensic practice, much more rapid demise is not 
uncommon. For example, the author (BK) recollects that as 
two men involved in a violent argument in a public house 
emerged through the outer doors, one struck the other a 
heavy blow on the head. The victim fell to the ground and - 
never moved again, being certified dead a few minutes 
later. At autopsy, a typical fresh subarachnoid bleed from a 
ruptured aneurysm was displayed. 

The amount of blood present in most subarachnoid 
haemorrhages, from whatever cause, often seems insuffi- 
cient to constitute a space-occupying lesion, especially as, 
unlike subdural bleeding, it is able to diffuse more widely 
over the brain and displace cerebrospinal fluid into the 
spinal theca. The total volume may be considerable, how- 
ever, and where survival for some hours has occurred, then 
the typical appearances of raised intracranial pressure may 
be seen at autopsy, though some of this may be contributed 
by progressive cerebral oedema. 

Most rapid deaths exhibit substantial bleeding into the 
basal cisterns at autopsy, the brainstem and cranial nerve 
roots being bathed in a thick layer of blood and clot. As 
blood in the subarachnoid space seems irritant even in 
small quantities, it seems possible that such sudden irriga- 
tion of the medulla may lead to a rapid cardiorespiratory 
failure. Where the haemorrhage appears less extensive, the 
mechanism of death is more obscure. 

Crompton points out the sensitivity of cerebral arterioles 
during surgical operations, when a slight touch upon the 
cortex leads to blanching spasm of the vessels. Sub- 
arachnoid bleeding is undoubtedly irritant and a possible 
reason for the sudden collapse and death is a widespread 
vascular spasm, which may have an effect on vital centres in 
the brainstem. 
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ROTATIONAL TRAUMA T O  THE 
HEAD AND UPPER NECK: 
BASILOVERTEBRAL ARTERY ti?a 
INJURY 
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During the last few years it has been recognized that blows 
to the side of the neck and/or head can give rise to fatal 
subarachnoid bleeding. This has been attributed to tearing - 
or dissection of a vertebral artery, allowing blood to track 
along the upper part of the vessel and enter the cranial cav- 
ity where the artery penetrates the dural membrane at the 
foramen magnum. 

The evolution of this concept of traumatic subarachnoid 
bleeding is interesting. Originally, it was thought that most 
cases had a fracture of the transverse process of the first 
cervical vertebra, thus damaging the artery contained in the 
tunnel-like foramen in this bone - indeed, it was often 
called the 'CV-One syndrome'. 

The hypothesis was that a blow to the side of the neck 
caused deep injury, usually manifested by skin bruising and 
bleeding into the muscles deep in the upper neck. This 
same injury was considered to fracture the transverse 
process and lead to tearing or dissection of the wall of the 
contained vertebral artery; blood then tracked upwards and 
medially to penetrate the dura and emerge inside the sub- 
arachnoid space of the posterior cranial fossa to cause a 
fatal haemorrhage. 

Soon cases were being described with no such atlas vertebra 
fracture, but it was still accepted that mechanical forces, espe- 
cially of a tilting and rotational nature, could damage the 
vertebral artery within the foramina of the upper cervical 
spine and lead to the same dissecting lesion, and hence to fatal 
subarachnoid haemorrhage. Until very recently, this was the 
theory - which is still strongly held by many pathologists - 
that satisfied the aetiological needs of this injury. 

However, though it is likely that this classical mechanism 
does account for some of the deaths, there are several prob- 
lems with universal acceptance of the hypothesis: 

Many pathologists - including the authors - find it 
hard to believe that a tiny dissection of a small artery 
like the vertebral artery - a lesion which often needs 
serial microscopic sections to confirm - could allow the 
torrent of blood necessary to enter the cranial cavity 
and produce a massive haemorrhage (sometimes well in 
excess of 100 ml) which may cause death within 
minutes. 
Several instances of a damaged vertebral vein have been 
reported in association with subarachnoid haemorrhage. 
Because of the very much lower intravascular pressure in 
a vein compared with an artery, the possibility of this 
causing a massive intracranial bleed by percolation 

through the dural fenestration is even less credible than 
in the case of the artery. 

El Increasing numbers of cases are being described with 
positive evidence of a blow on the side of the neck or 
head and a large fatal subarachnoid haemorrhage, but 
with completely intact vertebral arteries. 

Thus, if sudden tilting and rotational forces acting on 
the upper spine and head can lead to subarachnoid haem- 
orrhage without damage to the vertebral vessels, then the 
causative link is destroyed. Even where vertebral damage is 
demonstrable, this may be merely a concomitant event, 
the mechanical forces which primarily led to subarachnoid 
haemorrhage by direct injury to intracranial vessels also 
having caused the vertebral artery damage. In other words, 
the two lesions may in some cases - or for all we know, 
every case - be a parallel phenomenon, not a cause-and- 
effect situation. There may well be a further concomitant 
effect, in that direct occult brain damage, manifested later 
by diffuse axonal injury, is the major cause of cerebral dys- 
function, both the subarachnoid haernorrhage and the ver- 
tebral artery lesion (if there is one) being merely markers of 
a heavy impact. 

In these deaths - and certainly where no lesion at all is 
discernible in the upper spinal vessels - we need to look 
elsewhere for an explanation of the subarachnoid bleeding. 

Occasionally, this is quite obvious and is situated in the 
intracranial vertebrobasilar vessels. For example, the author 
(BK) has seen a wide split in the wall of a vertebral artery 
within the posterior cranial fossa, and another where the 
vertebral artery was totally avulsed and transected at the 
internal side of the dural perforation. Both these cases arose 
as a result of trauma to the side of the neck, and both had 
a massive subarachnoid haemorrhage with no damage to 
vessels outside the cranium. 

Bostrom, Helander and Lindgren (1992) published 
details of two cases of rupture of the posterior inferior cere- 
bellar artery due to blunt basal head trauma, and proposed 
that the term 'traumatic subarachnoid haemorrhage' be 
abandoned and replaced by the nature and localization of 
the bleeding site. 

The demonstration of intracranial bleeding from the 
vertebrobasilar system is difficult, as the very process of 
opening the skull at autopsy and removing the brain, 
however carefully performed, inevitably causes vascular . - 
damage. These artefacts cannot be distinguished from orig- 
inal bleeding points due to ante-mortem trauma. 

The use of post-mortem angiography by the injection 
of radio-opaque constrast medium into the lower vertebral 
and carotid arteries has not lived up to its original claims. 
There is almost always diffuse leakage of contrast medium 
from apparently artefactual defects, and localization of true 
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bleeding points is often obscured by a haze of contrast 
opacity. However, occasionally the method reveals a spe- 
cific leak, usually within the posterior cranial fossa. 

The original descriptions of and claims for vertebral 
artery damage as the cause of traumatic subarachnoid 
haemorrhage were published by Cameron and Mant 
(1972), Coast and Gee (1984), Contostavlos (1971, 1995), 
Simonsen (167, 1976) and others. Leadbeatter (1994) drew 
attention to the problems of a universal cause-and-effect 
relationship; Contostavlos (1995) refuted these claims, but 
did not satisfactorily dispose of the concomitant hypothe- 
sis. Pathologists, both from their dissection experience 
and reading of the literature must make up their own 
minds on the matter, but should make a critical evaluation of 
the practicality of a massive subarachnoid bleed appearing, 
sometimes within minutes, from a tiny dissection of a small 
artery outside the dural membrane. 

As many pathologists still adhere to the original concept 
of a subcranial vertebral artery causation for traumatic 
subarachnoid haemorrhage (and in a small number of 
instances, the evidence is persuasive), the topic is further 
pursued here, with the over-riding qualification that most 
traumatic massive meningeal bleeds are due to intracranial 
causes consequent upon a tilting, rotatory impact upon the 
head and/or neck, with or without concomitant damage to 
a vertebral vessel 

Forensic anatomy 

The two vertebral arteries arise from each subclavian artery 
in the region behind the sternoclavicular joints. Each artery 
ascends behind the common carotid to reach the transverse 
process of the sixth cervical vertebra. It enters the foramen 
in that process and passes upwards through each similar 
foramen until it emerges from the upper edge of the second 
(axis) vertebrae. The artery then bends laterally and enters 
the final foramen in the atlas vertebrae. Emerging on the 
upper surface, the artery bends back and medially around 
the superior articular process, and penetrates the postero- 
lateral aspect of the atlanto-occipital membrane and the 
underlying spinal dura and arachnoid, emerging on the 
lateral side of the spinal canal just below the foramen 
magnum. Both arteries then ascend and converge on the 
ventral surface of the medulla and pons to h s e  in the mid- 
line to become the basilar artery. Each vertebral artery is 
often of markedly different size. 

Autopsy appearances 

With the caveats expressed earlier, the possibility of vertebral 
artery trauma, concomitant or otherwise, should always be 
borne in mind when an external bruise is seen on the 
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FIGURE 5.38 The origin and course of the vertebral arreries. They 

arisefiom the subclavian arteries a t  the leuel of the sternoclavicular 

joints and ascent via the foramina in the transverse process. 

side of the neck of the victim of a fatal assault. A blow from 
a fist, foot or blunt weapon may land in the region between 
the angle of the jaw to the side of the back of the neck, 
the area below the ear being the most common place to 
find an injury. 

There may be no external sign at all, but on dissection of 
the neck, a subcutaneous or deep bruise may be found. 
Unfortunately, this is an area that is not routinely dissected 
at autopsy, the usual incision for the removal of the neck 
organs being too far anterior to reveal many of these 
injuries, which usually lie in the strong neck muscles. This 
is probably why the syndrome was not recognized until a 
few years ago - and also an explanation why so many sub- 
arachnoid haemorrhages were said to be due to a berry 
aneurysm that could not be found because the bursting had 
destroyed it. No doubt a number of subarachnoid bleeds 
are due to rupture of non-aneurysmal vessels or to an 
aneurysm too small to find, but equally, unrecognized head 
trauma, with or without vertebral artery damage, must 
have accounted for some of the remainder. 

In some autopsies, there is no external neck injury and 
the cause of death is unknown until the cranium is opened, 
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and a fresh subarachnoid haemorrhage discovered. A deci- 
sion then needs to be made whether to remove the brain to 
search for a ruptured berry aneurysm - or begin specialized 
techniques to seek a rupture of a vertebral artery (described 
below). If there is a history of assault or other trauma, as 
opposed to a presumed natural death, then particular 
methods should be employed. The two avenues are not 
mutually exclusive, as long as the pathologist is aware of his 
objectives. The vessels can be clamped off at the base of 
the brain and the brain removed for a search for an 
aneurysm or other bleeding-point without spoiling the 
other techniques. 

Mechanism of vertebral artery trauma 

When a head is rapidly rotated by a blow that lands at the 
junction of the head and the neck, there may be a sudden FIGURE 5.39 Most vulnerablepointsfor trauma to the vertebral 

lateral rocking (tilting sideways) at the atlanto-occipital arteries: ( I )  atpenetration of &a; (2) a t  exitfrom a t k  transverse 
joint, accompanied by rotation of the head. There may also process; (3) in osseour canal in a r k .  
be an element of hyperextension or hyperflexion, the whole 
episode forming a complex pattern of sudden abnormal 
movement at the atlanto-occipital junction. It may be that 
the unexpected impact may allow more unrestrained rota- 

allowing the large volume of blood seen in most subarach- 
tion and angulation of the head, due to absence of antici- 

noid haemorrhages to flow through the small periarterial 
oatorv muscle tensing in the large ~aravertebral and . . . . , 
1 ,  " . -  I wlndow In the dura. 
sternomastoid musles; this may be exacerbated by alcoholic 
intoxication causing slow protective responses, as most of 
such episodes occur during altercations related to drinking 
sessions. Autopsy demonstration of 

The mechanics are not fully understood and probably basilovertebral artery damage 
differ from case to case but, whatever the mechanism, the When circumstantial evidence suggests a subarachnoid 
vertebral artery can become damaged either: haemorrhage following trauma or where a bruise is seen on 

in the canal within the first cervical vertebra (whether 
or not the transverse process is fractured) . 
just below the axis, in the space between the transverse 
processes of the axis and atlas 
as it emerges from the exit of the canal in the atlas to 
penetrate the spinal dura just below the foramen 
magnum 
probably much more frequently within the 
subarachnoid space above the foramen magnum or 
even higher in its course towards the confluence with 
the basilar artery - and even the basilar itself. The type 
of damage is usually a tear or dissection of the wall of 
the vertebral artery. . 

Vertebral artery damage was originally said to allow 

- - 
the side of the neck, vertebral artery damage should be sus- 
pected, then confirmed or eliminated. The first intimation 
that it may have occurred may be when the skull-cap is 
removed and a subarachnoid haemorrhage is discovered. 

If the view is taken that most subarachnoid haemorrhage 
following upper neck trauma is due to intracranial vascu- 
lar damage, then logically it is unnecessary to use time- 
consuming and laborious procedures which slow up the 
completion of the case. In many such deaths, there will be 
no lesion in the upper cervical spine or extracranial vertebral 
arteries and even if there is, it is likely to be a concomitant 
lesion, occurring synchronously, but with no cause-effect 
relationship with the intracranial vessel rupture. 

However, there may be academic satisfaction in demon- 
strating the concomitant neck lesion, even if it played no - 

blood to track under arterial pressure within the adventitia role in producing the subarachnoid haemorrhage. In such a 

and to appear in the subarachnoid space after the vessel has case, when the deceased has been in a fight or had some 
penetrated the dura and arachnoid, though, as discussed violence applied to the side of his neck, the same routine 
above, the likelihood seems slight of these minute lesions should be employed. 
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Different pathologists have different procedures, but the 
following would be a reasonable method of investigation: 

B Radiographs of the upper cervical region, both 
anteroposterior and lateral, should be taken as these 
may (rarely) reveal a fracture of the transverse process of 
the atlas vertebra. Such a fracture is, however, present in 
only a minority of vertebral artery injuries - and even 
when present, straight X-rays may not reveal it. 

El Post-mortem angiograms should be taken if facilities 
exist. There are several methods of performing these. 
The lower neck is carefully dissected to reach the 
origins of the vertebral art&es. The best method is to 
open the subclavian vessels and identify the ostia of the 
vertebrals, which are the first (most medial) branches of 
the subclavian arteries. These can be cannulated and 
contrast media injected, one side at a time, while 
cervical and skull radiographs are taken. This method 
tends to fill many intracranial vessels and produce a 
confused, blurred picture. 

More satisfactorily, the brain should be carefully lifted 
from the skull and, as soon as the basilar artery is 
accessible, it should be clamped off with surgical forceps 
and/or ligated and the brain completely removed as 
usual after the basilar artery has been rransected just 
above the clamp. Alternatively, each vertebral artery can 
be clamped or ligated in its terminal course. The 
angiogram is now performed, either by perfusing up 
one vessel and forcing contrast medium back down the 
other via the clamped basilar, or by consecutive 
injections on either side. Only sufficient medium to fill 
the system should be introduced to avoid spillage from 
small branches which obscure the films. The object is to 
detect any significant leakage from a vertebral vessel in 
its upper course, usually within the foramen of the atlas 
or just outside the atlanto-occipital membrane or within 
the spinal theca. 

El As by definition, there will have been a substantial 
subarachnoid haemorrhage, this sometimes makes it 
difficult to identify &d ligate the basilar or vertebral 
vessels. The brain should be minutely examined for berry 
aneurysms or other vascular malformations as, if they are 
present (and ruptured), then further investigation of 
vertebral artery damage is pointless. Assuming no such 
bleeding point is found, the upper cervical region is 
dissected to determine whether the vertebrals have been 
injured. When no X-ray or angiogaphic facilities exist, 
this is the only method available. 

The upper cervical spine should be exposed by a poster- 
ior approach, which is continued up to meet the transverse 
scalp incision. The spine should be freed from the sur- 
rounding muscles, taking care to detect and record any 
muscular bruising in the vicinity. It should then be sawn 
through at about C4 level or lower. 

The occipital bone should then be cut through on each 
side from the transverse skull saw-cut and prolonged down 
on each side of the foramen magnum, and then across the 
clivus to release the central part of the floor of the posterior 
fossa, carrying the foramen magnum and attached upper 
spine. Alternatively, using a power saw with a wedge- 
shaped blade, a square may be cut out of the floor of the 
posterior fossa to detach the spinal block. If possible, 
X-rays should be taken of the detached portion, as it may be 
~ossible to see a fracture of the transverse process of 
the atlas better than in the intact body. 

The block of bone removed should then be decalcified 
by prolonged immersion in a large volume of 10 per cent 
formic acid. 

After a week, the spine will be soft enough to slice with a 
scalpel, so that the lateral parts of the transverse processes 
can be shaved away, taking care not to get near the arterial 
foramina. The block is then returned to fresh decalcifying 
fluid for a further week. 
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Once the bone has been softened enough to be cut easily 
by a sharp knife, the transverse processes can be further 
shaved down on each side to the level of the foramina, so 
exposing the artery in its whole course. Both sides should 
be so dissected, the last stages being taken deeper and' 
deeper with extreme care to remove the lateral walls of the 
canals without damaging the underlying vessel. Naturally, 
the crucial area is in the upper one or two vertebrae, but 
though laborious, this method provides the most elegant 
and convincing demonstration. 

Specimens should be taken of any obvious or suspicious 
breach in the wall for histological examination. The usual 
type of damage is either a frank tear of the intima and 
media, or a dissection that allows blood to track through 
the adventitia. 
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Mant, among others, should be consulted for further 
details of the recommended procedures, but the above is 
a practical approach to demonstrating vertebral artery 
lesions. Once again, the relationship must be assessed of 
any tiny dissection, to the volume of blood found in the . . 

cranial meninges - and a decision made as whether this is 
more likely to be a concomitant injury to intracranial ves- 
sels rather than a solitary external vertebral artery lesion. 

HEAD INJURIES IN BOXERS 

It has become increasingly apparent in recent years that 
persons who indulge in boxing are at risk of both acute and 
chronic damage to their brains. In some countries, includ- 
ing parts of Scandinavia, both professional and amateur 
boxing is banned for this reason. The acute injuries are less 
common but occur during or soon after the fight itself. 
A number of boxers have died in the ring or after removal 
to hospital and, in these fatalities, by far the most common 
lesion is a subdural haemorrhage. Extradural bleeding 
almost never occurs, because boxing injuries rarely cause 
skull fractures. Occasionally a subarachnoid haemorrhage 
may occur in rare cases where a berry aneurysm is present. 

Much attention has been paid to the chronic changes in 
boxers' brains, which are very common and give rise to 
what is generally known as the 'punch-drunk' syndrome. It 
appears that the length of time for which a boxer has been 
involved in fighting is more important than the number of 
serious traumatic events he has suffered. It is a cumulative 
process and many episodes of minor head injury add up to 
produce the typical lesions described in the now extensive 
publications on the subject. 

There are both anatomical and microscopic lesions in 
such brains, both in professionals and amateurs exposed 
over a number of years. The clinical symptoms do not concern 

the pathologist, but they are explained by the morphological 
abnormalities. Grossly affected brains may show some cortical 
atrophy and slight hydrocephalus; the septum pellucidum is 
characteristically perforated with enlargement of the cavum 
and tearing of the septal leaves. The fornices and adjacent 
corpus callosum may be thinned or torn, and throughout 
the brain substance there may be scars and patches of gliosis. 
Neurones are lost from the cerebellum and the substantia 
nigra, the latter often losing pigment. 

Another change that has intrigued neur~patholo~ists is 
the development of an Alzheimer's-like condition, with 
neurofibrillary tangles throughout the cerebral cortex and 
brainstem, though no senile plaques are present. 

CEREBRAL INJURIES 

Though bleeding or infected scalp injuries, depressed frac- 
tures, meningitis and substantial meningeal haemorrhage 
can themselves cause death, in most fatal head injuries it is 
damage to the substance of the brain itself that is lethal. 

In medico-legal practice it is sometimes difficult to con- 
vince lawyers that, in most instances, a victim does not die 
of a simple fractured skull, but that the fracture is evidence 
only of a substantial head injury, being a 'marker' for con- 
comitant brain damage, which was the real lethal lesion. 
Similar problems of communication exist with a fracture of 
the hyoid bone in strangulation, lay persons ofken being 
under the misapprehension that a broken hyoid is a mortal 
injury, instead of merely being an inconstant marker of 
pressure on the neck. 

The neuropathology of brain damage is a large and com- 
plex subject, the more subtle varieties requiring both spe- 
cialist techniques for demonstration and expert knowledge 
for interpretation. The textbooks of Graham, Adams and 
Leestma are recommended for detailed description and dis- 
cussion of cerebral trauma. 

The mechanisms of production of some traumatic 
lesions are matters of conflicting theories, but the forensic 
pathologist still has to be aware of the general principles of 
causation in order to offer some interpretation of the 
injuries. 

As always, caution has to be employed, as both the 
pathological and clinical manifestations of a head injury 
may appear to be at variance with the degree of force 
applied to the head. There is a wide range of lesions from a 
given insult to the head and it is dangerous to be too dog- 
matic in theorizing about the magnitude of an injury that 
gave rise to the demonstrable lesions. 

It is similarly unwise to hypothesize too firmly about 
what clinical features must have occurred when the head 
injury was sustained - for example, quite severe head 
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injuries have been known to be unaccompanied by concus- 
sion, while other apparently slight damage has often been 
followed by prolonged unconsciousness even ending in 
death. The well-known aphorism of Munro (1938) must 
be kept in mind that: 'Any type of head injury can give rise 
to any type of intracranial damage.' 

Compression 
Scalp Bone 

The mechanism of brain damage 

Tension Shear 
Vessels Brain 

The brain may be injured in the following ways: 

by direct intrusion, either by a foreign object such as a 

penetrating weapon, bullet or other missile - or 
fragments of skull in a compound fracture where the 
skull is disrupted. In these open wounds the 
mechanism of the damage to the brain is obvious, 
though of course it may be compounded by the second 
type of injury described below 

B by deformation of the brain in closed head injuries. 
Here the mechanism of injury is complicated and 
variable, with several competing theories of causation 
that have been put forward since the eighteenth century 
(Ledran 175 1, Morgagni 176 1). A public debate was 
held in 1766 in Paris, where rival theories of coup and 
contrecoup brain damage were hotly defended at the 
Academy of Surgeons. 

The brain is almost incompressible and purely axial impact 
may give rise to little or no damage. It is extremely rare, 
however, for an impact not to impart some rotatory 

movement and it seems agreed that this component is the 
main culprit in causing brain damage. What is now clear is 
that no actual blow or fall need be suffered by the head to 
cause severe and even fatal brain damage. It is the change in 
velocity - either acceleration or deceleration - with a rota- 
tional rather than solely axial element, that leads to dam- 
age. The surface of the head need never contact any hard 
object or surface, though recent research indicates that the 
quantum of energy delivered by impact is of a far greater 
order of magnitude that non-impact violence, which les- 
sens the former conviction that shaking, as in child abuse, 
is a common and potent mechanism in the production of 
intracranial damage. 

In most head injuries -notably traffic accidents and falls - 
there is marked deceleration of the moving head on contact 
with a fxed surface but, in many criminal and combat 
injuries, the head is accelerated by a blow. In either case the 
initial sudden change in velocity is applied to the scalp and 
skull, the latter then transmitting the change to the brain 
via the anatomical suspensory system within the cranium. 
This system is slightly flexible and consists of the falx and 
tentorium, which divide the cranial cavity into three major 
compartments; these contain the two cerebral hemispheres, 
the cerebellum and the brainstem. When violent relative 
movements take place between the brain and the dura, 
forming the partitions of the cranium, the cerebral tissue 
can become damaged against both the sharp edges and the 
flat surface of these membranes. In addition, vessels travers- 
ing the subdural and subarachnoid spaces can be torn by 
such relative movements, especially in old people where 
cerebral atrophy may have widened these spaces. 

Among the competing theories of impact brain dam- 
age are: 

&% the rotational shear force theory 
El3 the pressure gradient theory 

the vibration theory 
$3 the transmitted wave force theory 
2% the brain displacement theory 
6 the skull deformation theory. 

These hypotheses overlap and most are correct in some 
aspect. Because experiments on primates and mechanical 
models have been pursued vigorously in recent years, it is 
now widely accepted that there are marked pressure changes 
within the cranium on impact (Yanagida etal. 1989). When 
a head falls against the ground, pressure momentarily 
increases at the impact point but falls to a negative value dia- 
metrically opposite. As these suction or cavitation effects are 
more damaging to neural and meningeal tissue than pressure, 
this is good evidence for claiming that contrecoup damage is 
largely a result of this vacuum effect. 
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The actual physical disruption of cerebral tissue is 
caused, according to both Gurdjian and Holbourn, by one 
or more of the following processes: 

compression of the constituent units, by their being 
forced together 
tension of the units, which pulls them apart 
sliding or 'shear' strains, which move adjacent strata of 
tissue laterally. The usual homely example is given of a 
pack of playing cards being displaced, so that each card 
slides upon its neighbour. 

Transient deformation of the skill almost certainly con- 
tributes to brain damage (Rowbotham 1964). The area of 
the skull beneath an impact becomes momentarily depressed 
even if it does not fracture and therefore may impinge on the 
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is responsible for the typical cone-shaped contusions on the 
cortex, with the base at the surface, as the impact - possibly 
via short-lived oscillations of decreasing amplitude - injures 
the cortex and passes a diminishing force down into the 
deeper layers. 

Simultaneously, other areas of the skull must bulge out- 
ward to accommodate the deformation - the so-called 
'struck-hoop' action - when it is suggested that a 'rarefac- 
tion' remote from the impact may cause tension damage, as 
in 2, above. 

More important is 3, being laminar deformity or 'shear 
stress' caused by the angular rotation of the head. As the head 
is pivoted on the first cervical vertebra, almost any impact on 
jaw, face or cranium will produce an angular momentum, 
the acceleration being conveyed first to the skull. 

Alternatively, if the head is moving and is suddenly 
arrested, then the skull will decelerate first and the momen- 
tum of the brain will cause it to continue in motion, again 
almost certainly with some rotatory component. 

In either the deceleration or acceleration mode, the skull 
and brain cannot change their velocities simultaneously 
and the brain will speed up or slow down only by virtue of 
the restraint provided by the dural septa and the configur- 
ation of the interior of the skull. In other words, the brain is 
either retarded or set into motion secondarily by the skull, 
especially by the dural septa and the bony prominences. 

This restraint will occur first - and with maximum effect - 
on the most superficial layers of the cortex. These in turn 
will drag on the next deepest layer and so on until the dif- 
ference in velocity is equalized - but this will have been ar 
the expense of laminar tearing of the cerebral tissue and its 
associated blood vessels. In addition to this shearing dam- 
age, the brain may be forced against the sharp edge of the 
tentorial opening and the lower edge of the falx, causing 
damage to the base of the cerebrum, the corpus callosum 
and the brainstem. Impact against the side wall of the skull 

and against the falx may cause diffuse contusion of the 
cortex. The cerebellum tends to suffer less damage, as it is 
much smaller and lighter than the cerebrum and there is less 
room for relative movement in the more tightly enclosed 
posterior fossa. The configuration of the interior of the cra- 
nium is thought to be partly responsible for the common 
localization of cerebral damage at the tips and undersurface 
of the frontal and temporal lobes. The rough floor of the 
anterior fossa, the sharp edge of the wing of the sphenoid 
and the massive bar of the petrous temporal bone are in 
contrast to the smooth inner surface of the vault of the skull. 

Cerebral contusion 

When either linear or, more often, laminar stresses are 
r?pp!ied to the cortex, this soft tissue may disrupt. Part of the 
injury is directly upon the neurocellular structure, but dam- 
age to vessels is an important component. If the cortex still 
retains its shape, but is bruised and swollen, this constitutes 
'contusion'. A greater degree of disruption, sufficient to pro- 
duce macroscopic tearing, is termed 'laceration', but the dif- 
ference is only one of degree. In gross head injuries, such as 
crushing, missile wounds and other major penetration, the 
degree of laceration may lead to partial or even complete 
extrusion of the brain from the cranial cavity. 

In the usual type of cortical contusion seen in a closed 
head injury, the cortex is blue or red from haemorrhage, 
though if survival has lasted for some time, there may be 
added discoloration from associated cortical infarction. 
The haemorrhage may be diffuse or may be punctate and 
is often a mottled purplish red when confined to the cortex. 
Extension into the underlying white matter tends to be 
pure red in fresh lesions. The lesion is often wedge-shaped, 
with the base on the surface, tapering away into the deeper 
layers. 

Cerebral laceration 

Laceration of the cortex is an extension in severity of contu- 
sion in which mechanical separation of the tissue can be 
seen. When widespread, but relatively superficial, the cortex 
appears to have a 'red velvet' appearance, which becomes 
progressively more tattered as the severity increases. 

When it is even more severe, the cerebral surface becomes 
fissured, fragments of cortex may detach and deep lacer- 
ations run into the depths of the hemisphere, sometimes 
reaching even the deep ganglia or ventricles. There may be 
deep haemorrhage and - especially in the frontal and tem- 
poral lobes - the lacerations may be continuous with areas 
of traumatic haemorrhage. In cerebral lacerations and most 
contusions, the pia rnater and often the arachnoid are torn, 
so that! blood from damaged cortical vessels leaks into the 
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subarachnoid and even subdural spaces. The corpus callo- 
sum is commonly torn, especially at its posterior end. This 
must be distinguished from damage caused by clumsy 
removal of the brain at autopsy (as must tears of the cerebral 
peduncles), but when genuine, may represent either a guil- 
lotine effect of the free lower edge of the falx or differential 
lateral movement of one hemisphere relative to the other, 
again because of unilateral restraint by the falx. Lacerations 
and contusions are most often found in those areas of the 
brain where the cortex is most likely to come into contact 
with irregularities in the internal procle of the skull. The 
undersurface of the temporal lobes and the orbital surface of 
the frontal lobes suffer most often. 

Traumatic intracerebral haemorrhage 

Substantial areas of haemorrhage, either infiltrating the 
brain tissue or forming actual haematomas, are common 
in severe head injuries. Some are primary, occurring at the 
time of impact or soon afterwards; others are secondary 
and caused by changes in intracranial pressure or bleeding 
into infarcts caused by vascular damage. These are all seen 
more often since artificial ventilation has been available, as 
victims of severe head injuries now survive longer so that 
there is time for secondary lesions to become apparent. 

In the cerebral hemispheres, deep haemorrhage can be 
caused by coup or contrecoup mechanisms (see below) and 
may be situated anywhere within the hemispheres. They 
may rupture into the ventricular system or through the 
overlying cortex. In some severe contrecoup lesions, there 
may be large haematomas in one or both frontal lobes with 
overlying cortical contusion and laceration. These may 
rupture through the cortex into the meningeal spaces, 
forming what is sometimes called a 'burst lobe'. Such 
haemorrhages sometimes pose a problem for the patholo- 
gist when they occur in older subjects, especially those with 
hypertension and perhaps cerebral atherosclerosis. When a 

scalp injury is present - and perhaps even a fractured skull 
- it may be difficult to decide if a head injury (such as a 
fall) was responsible for the cerebral haemorrhage, or 
whether a sudden 'stroke' caused by a natural cerebral 
haemorrhage resulted in the fall. The problem is discussed 
further in the chapter on natural death, but briefly, the 
presence of left ventricular (cardiac) hypertrophy, a history 
of hypertension and the site of the (usually solitary) haem- 
orrhage tends to point to a natural bleed. This is especially 
so if the large size of the lesion seems inconsistent with the 
degree of head injury sustained. Hypertensive lesions tend 
to be in the thalamus, external capsule, pons and cerebel- 
lum, and are more often occipital than frontal or temporal. 
Having said that, on occasions it can be impossible to dif- 
ferentiate the two conditions. 

Primary brainstem haemorrhage 

Secondary brainstem bleeding is dealt with under 'cerebral 
oedema' so here we are concerned with haemorrhage that 
occurs at the time of injury As mentioned above, hyperten- 
sive haemorrhages not associated with trauma can occur in 
the midbrain, especially the pons. These tend to be large, 
explosive lesions that greatly swell the pons and disrupt the 
central part of the stem, usually with a ragged rim of white 
matter around the periphery. Traumatic haemorrhage in 
the brainstem is often a well-circumscribed lesion, some- 
times rounded, which lies laterally in the tegmentum, the 
shape of the midbrain being undistorted (unlike a second- 
ary bleed into an elongated stem). 

The typical site is between the aqueduct and the outer 
end of the substantia nigra. Primary stem haemorrhages are 
usually associated with occipital impacts and the victim is 
often unconscious from the time of the injury, as opposed 
to the lucid interval and gradual decline of those who suffer 
secondary stem lesions because of a developing cerebral 
oedema or space-occupying meningeal haematoma. 

Coup and contrecoup damage 

Whatever the underlying mechanics of cerebral damage, 
one aspect is of considerable practical importance to the 
pathologist. When a mobile head is struck with an object, 
the site of maximum cortical contusion is most likely to be 
beneath or at least on the same side as the blow. This is the 
so-called 'coup' lesion. When a moving head is suddenly 
decelerated, as in a fall, though there might still be a 'coup' 
lesion at the site of impact, there is often cortical damage 
on the opposite side of the brain - the 'conttecoup' lesion. 

The mechanism of the 'coup' and 'contrecoup' injuries 
has long been debated - at least since the time of the 
famous Paris meeting of 1766. The controversy has been 
continued, especially by Courville (1942) and by 
Holbourn (1943), but no satisfactory resolution has been 
agreed though the work on intracranial pressures by Yanagida 
et a/. seems to provide proof that a 'vacuum' occurs at the 
contrecoup site. 

The following practical points should be considered: 

&%I There may be no coup damage at all, only contrecoup. 
There need be no fracture of skull, even in the presence 
of severe coup and contrecoup lesions. 
The most common site for contrecoup injury is in the 
frontal and temporal lobes. It is often at the tips and on 
the undersurface of these lobes, and may be 
symmetrical, if a fall on the occiput has occurred. 

E l  In temporal or parietal impacts, the contrecoup lesions 
are likely to be diametrically opposite on the 
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B With severe frontal contrecoup from a fall on the 
occiput, the transmitted force may be sufficient to 
fracture the thin bone of the floor of the anterior fossa. 
Such cracks in the roofs of the orbits may allow 
meningeal haemorrhage to seep into the orbits and 
appear as 'black eyes'. In assaults where a fall has 
occurred, care must be taken not to attribute such 
periorbital bleeding to direct punches. 

El Though contrecoup contusion is classically caused by 
deceleration of a falling head, it can also occur when a 
fixed head is struck. If the victim is already lying on the 
ground or against some other unyielding surface, a 
heavy blow on the upper side may cause typical 
contrecoup lesions either in the contralateral temporal 
or parietal cortex, or against the falx on the inner side 
of the ipsilateral lobe. In these circumstances, there is 
often coup damage as well. No external scalp injury 
need be visible. 
The interpretation of contrecoup lesions is most 
reliable in the form of cortical contusions or 
lacerations. Meningeal haemorrhage, either subdural or 
subarachnoid, may also arise in association with a 
contrecoup lesion, but its diagnostic value is virtually 
nil compared with cortical damage when interpreting a 
falling or fixed head injury. Where no associated 
cortical contusion is present, it is quite unsafe to rely 
upon a unilateral meningeal haemorrhage as an 
indicator of the type of head injury. 

Concussion 

Concussion is a clinical, not a pathological entity, but the 
pathologist must consider it, as it is related to intracranial 
lesions and he is often questioned about it in court pro- 
ceedings. Concussion, according to Wilson (1946), is 'a 
disorder of cerebral function which follows immediately 
upon the impact of a force to the head'. A more full defini- 
tion is offered by Trotter (1914): 'a transient paralytic state 
due to head injury which is of instantaneous onset, does 
not show any evidence of structural cerebral injury and is 
always followed by amnesia from the actual moment of the 
accident'. 

Some neurologists would also include post-concussion 
symptoms within the definition of concussion, even in the 
absence of initial coma, following a head injury. There may 
also be evidence of depressed medullary function, which can 
affect cardiorespiratory action. Denny-Brown and Russell 
(1941) showed that the rate of change of velocity of the 
head was important in producing concussion, which rarely 
developed if the speed threshold was less than -8.5 m/s 
(28 ftls) . 

It is an extremely common, but not inevitable, sequel to any 
significant mechanical insult to the brain. Though in general 
terms its duration is loosely related to the severity of the injury, 
there are many exceptions. Gross s k d  and brain damage have 
occurred with little or no apparent concussion, though con- 
cussion may be so transient that the subject may not even fall 
to the ground. Relatively minor head injuries have given rise to 
prolonged unconsciousness so, once again, it is most unwise to 
be dogmatic about retrospective estimates of concussion. 

There is considerable controversy about the cause of 
concussion, from the unacceptable 'traumatic neurosis' on 
the one hand (which cannot be true) to claims for the 
inevitable demonstration of physical lesions on the other. 

Courville (1953) has discussed the condition in depth 
and there seems to be no reason to doubt that some 
mechanical process does temporarily disrupt the function, 
if not necessarily the structure, of the neuronic apparatus. 
Changes in the nucleus and cytoplasm of neurones, the 
composition of the cerebrospinal fluid and in the electro- 
encephalograph have all been inconstantly reported (see 
'Diffuse neuronal and axonal injury' below). 

True concussion may last for seconds or minutes. If pro- 
longed unconsciousness extends into hours, days or longer, 
then there is likely to be some structural brain damage. 
Occasionally what appears to be simple concussion proves 
to be fatal, causing respiratory paralysis, though at autopsy 
no significant lesions are found. 

Where a victim of 'simple' concussion dies of some inci- 
dental non-neurological condition, autopsy usually reveals 
no macroscopic damage, though sometimes there is slight 
cerebral oedema and scattered non-specific petechial haem- 
orrhages may be found. There seems to be a connection 
between concussion and rotatory movements of the head, 
which are usually responsible for obvious structural damage 
because, when a head is fixed before impact, loss of con- 
sciousness may not occur. The classic example is trapping 
of a head against a wall or being jammed between buffers.. 

That shear stresses are instrumental in causing neurone 
damage seems confirmed by the frequency in which concus- 
sion occurs in boxing contests, where a blow on the jaw is the 
ultimate in producing a rotational movement of the cranium. 

Concussion may be followed by a Lpost-concussion state' 
characterized by headaches, unsteadiness and anxiety. This 
seems a genuine phenomenon, though it has been pointed out 
that it may be overlain by a 'compensation syndrome' wh~lst 
civil litigation is in progress over responsibility for the acci- 
dent, which ofien clears up rapidly once the claim is settled. 

Retrograde amnesia is almost inevitably associated with 
concussion, though, like concussion itself, it may be so 
transient as to escape notice. A protective mechanism, it 
seems to be caused by loss of sensory input before the latter 
is transferred to permanent memory storage in the brain. 
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Though commonly only of minutes' duration, it can 
extend to several days before the head injury. Though 
there is often a later recovery of much of this lost period, 
the memory of events immediately before the incident 
rarely returns, which may fortuitously be a protective 
device. Concussion has been attributed to several causes, 
including the undoubted vasomotor disturbances that take 
place after a head injury. Another theory is the impaction 
of the brain into the foramen magnum or tentorial open- 
ing, but the most acceptable hypothesis is 'diffuse neuronal 
injury'. 

DIFFUSE NEURONAL AND AXONAL INJURY 

According to Graham et al. (2002), diffuse brain damage . . . . e=sts iii fGui piiiicipa farms: &ffi;sc vscu!ai i;;jGrii &f- 

fuse axonal injury, hypoxic brain damage and diffuse brain 
swelling. Diffuse vascular injury consists of multiple small 
haernorrhages throughout the brain and is virtually 
restricted to patients, who die within 24 h, whereas the 
latter three are encountered in patients who survive long 
enough to reach the hospital. Recent research and new 
immunohistochemical methods have shown that traumatic 
axonal injury is much more common than previously realized, 
and that axons can also be diffusely damaged by other 
processes than head injury. Therefore, Geddes etal. (2000) 
suggested new definitions of the terminology to get rid of 
the incoherent use of terms in the literature: 

@l Axonal injury (AI) is a non-specific term referring to 
damage to axons of any aetiology. 
Traumatic axonal injury (TAI), is a damage to axons 
caused by trauma, which may vary from small foci of 
axons to more widespread brain damage, diffuse TAI is 
the most severe form of traumatic axonal damage 
(originally termed 'DM'). 
Diffuse axonal damage (DM), first described as a - 

clinicopathological syndrome of widespread axonal 
damage throughout the brain, including the brainstem, 
should not be used as a term without reference to the 
aetiology, because axonal injury may be caused by other 
pathological processes. 

Experimental work has suggested that diffuse axonal injury 
is primarily a non-impact rotational acceleration-deceleration 
phenomenon, deformation by stretching probably being the 
most significant factor. A low level of injury causes transient 
changes in the permeability of the axolemma, gradually lead- 
ing to ionic changes, accumulation of fluid and axonal 
swelling and eventually, with an increasing grade of injury, to 
intracellular Ca2+ accumulation, proteolysis and collapse of 
the cytoskeleton. 

spinal injuries 

The disruption of axons leads to bulbous and clubbed 
'retraction balls or globes' on the axons in the cerebral hemi- 
spheres, cerebellum and brainstem. Disturbance of axonal 
transport causes accumulation of substances in damaged 
fibres, that can be demonstrated immunohistochemically. 
At present, P-amyloid precursor protein (PAPP) is consid- 
ered to be the most reliable indicator of axonal damage, 
revealing axonal injury within 2-3 hours of the insult, 
whereas it takes about 12-18 hours for axonal bulbs to 
become visible on routine or silver stains. However, one 
should keep in mind that PAPP is not specific to head 
injury but is an indicator of derangement of fast axonal trans- 
port, which has also been demonstrated in other pathological 
conditions. 

It is preferable to examine the brain after proper f ~ a t i o n ,  
usually afier 10-14 days in 4 per cent buffered formalde- 
hyde and, where possible, consultation with a neuro- 
pathologist with experience in forensic practice. Due to the 
diffuse nature of the axonal injury, extensive and systematic 
sampling is essential, as the diagnostic yield is directly 
related to the number of blocks taken. In addition to any 
obvious focal pathology, the minumum set of samples should 
include corpus callosum and parasagittal posterior frontal 
white matter, spleniurn of the corpus callosum, deep grey 
matter to include posterior limb of the internal capsule, 
cerebellar hemisphere, midbrain including the decussation 
of superior cerebellar peduncle, and pons including superior 
or middle cerebellar peduncles. In addition to these, it may 
also be advisable to include corpus callosum and parasagittal 
anterior frontal white matter and temporal lobe including 
hippocampus (Geddes et al. 2000). 

Retraction globes are most numerous in the corpus callo- 
sum, the superior peduncles, the parasagittal white matter, the 
medial lemnisci and the corticospinal tracts, but can be seen 
anywhere in the white matter. The retraction globes or axonal 
bulbs have been shown to lose positive staining for PAPP after 
about a week but to persist in adjacent varicose axons up to 
30 days. After some weeks in those who survive long enough, 
dusters of microglia, presumably part of a repair process, con- 
gregate at the site of ruptured axons. These are best seen in 
20 p,m thicker sections stained with cresyl violet. One prob- 
lem with the microscopic evidence of both microglial clusters 
as well as diffuse axonal injury (as demonstrated by PAPP 
expression), is that neither of them is specific as a marker for 
trauma: retraction globes may also be seen around the periph- 
ery of natural lesions such as cerebral infarcts and haemor- 
rhages and microglial clusters have been reported in viral1HIV 
encephalitis, previous global hypoxia and fat embolism. 
Geddes et a(. (2000) conclude in their excellent review that 
'the demonstration of traumatic axonal damage is likely to be 
of limited use in most forensic situations, except perhaps to 
confirm that there has been a head injury'. 
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Cerebral oedema 

Swelling of the brain tissue may be a local phenomenon 
around almost any lesion, be it contusion, laceration, 
tumour or infarct, but here we are more concerned with 
generalized oedema. Swelling of the brain is extremely 
common after a substantial head injury, especially in chil- 
dren. Though it is an almost inevitable accompaniment of 
almost all intracerebral damage as either a local or general 
phenomenon, ic can occur as the sole abnormality - and 
not infrequently prove fatal, particularly in young victims. 

Oedema may well be related to diffuse neuronal injury and 
to concussion itself. It is the most common cause of raised 
intracranial pressure, being seen more often than localized 
space-occupying lesions such as haematomas and tumours, 
though of course these often coexist with cerebral oedema. 

As with concussion, its cause is obscure and hence is the 
source of considerable controversy. The amount of fluid in 
the brain increases and the total weight may increase by at 
least 100 grams, mainly in the white matter. The site of the 
excess fluid is obscure, as the cut brain surface does not 
appear wet as do connective tissues elsewhere in an oedema- 
tous body. It was formerly thought that there was no true 
extracellular space in neural tissue and that the fluid must 
therefore be intracellular, but electron microscopic studies 
have revealed an extracellular compartment, which is much 
wider in the white matter (up to 80 nm) than in the grey 
matter (up to 20nm), which explains the preference of 
oedema for the white matter. 

The autopsy features of cerebral oedema are readily recog- 
nized. O n  removing the calvarium, the dura is stretched and 
tense, the brain bulging through the first incision in the 
membrane. The gyri are pale and flattened, and the sulci 
filled, giving the normally corrugated cerebral surface a 
smoothness that can easily be felt at autopsy. The cut sur- 
face is pale and, especially in children, the ventricles may be 
reduced to slits by the swelling of the adjacent white matter. 

Severe cerebral oedema causes the larger volume cerebral 
hemispheres to press down upon the tentorium and herni- 
ate through the midbrain opening. The hippocampal gyrus 
may impact in the opening, lesser degrees causing grooving 
of the unci. Both these effects may lead to haemorrhage 
and necrosis at the sites of pressure, especially where the 
sharp edge of the tentorium cuts into the cerebral tissue. 
The tonsils of the cerebellum may be impacted or 'coned' 
into the foramen magnum, and sometimes are forced down 
into the upper part of the spinal canal. The pathologist 
must be carehl not to mistake the normal anatomical 
grooving that often exists around the cerebellar tonsils for 
'coning'. There should be other signs of brain swelling and 
true tonsillar herniation will show discoloration or even 
necrosis of the ischaemic, trapped tissue. 

Cerebral oedema may be the only intracranial abnormal- 
ity found at autopsy after a substantial head injury has 
occurred. This seems to be more commonly found in chil- 
dren and, in the absence of any other demonstrable lesions, 
the cause of death has to be attributed to this swelling of 
the brain, compressing the vital centres in the brainstem. 
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Obviously, many other cases of cerebral oedema resolve 
either spontaneously or with treatment, so that fortunately 
no opportunity arises to prove its existence by post-mortem 
examination. Such oedema is, however, not infrequently 
found during surgical exploration for a meningeal haemor- 
rhage, the latter sometimes being presented though often - 

only brain swelling is demonstrated. 
Cerebral oedema may be self-potentiating, in that once 

it begins as a result of direct brain trauma, the consequent - 
rise in intracranial pressure then impairs the venous return 
from -the intracranial sinuses. The pressure is insufficient to 
restrict the arterial inflow, so further congestion and 
swelling occur. This may lead to worsening cerebral 
hypoxia and oedema to the stage of actual cerebral infarc- 
tion and brain death - again, a distressing common syndrome 
seen especially in child victims of head injuries, usually 
from road accidents. 

In addition to mechanical damage, cerebral oedema can 
be caused or worsened by hypoxia. Many head injuries may 
be associated with damage to other parts of the body, such 
as the thorax - and because the airway may be compromised 
in many unconscious victims, there may be an element of 

FIGURE 5.45 Tonsillar herniation as a 

consequence of lumbarpuncture in a 
patient with increased intracranial 

pressure. The pressure gradient bas forced 

the cerebellar tonsils into foramen 

magnum and caused compression of the 

brainstem andpatienti death. 

(Reproduced by kindpermission of 

Professor H Kirlimo.) 

hypoxia in a considerable proportion of cases of cerebral 
oedema. Capillary permeability may be increased in a 
number of states, leading to weakening of the so-called 
'blood-brain barrier' formed by the capillary endothelium 
and basement membrane, together with the astrocyte foot- - 
plates. Cerebral oedema, either traumatic or hypoxic, can 
develop with surprising rapidity, especially in children. 
Macroscopic evidence of brain swelling can be seen at 
autopsy in cases where the interval between trauma or 
onset of hypoxia and death was less than one hour. . - 

Several methods are available to reverse oedema, includ- 
ing hyperventilation, which acts by providing full oxygen- 
ation and reducing the peripheral carbon dioxide tension, 
thus causing constriction of arterioles and a reduction in 
brain volume and transudation. 

HISTOLOGICAL DIAGNOSIS OF 
EARLY CEREBRAL HYPOXTA 

Unfortunately for the pathologist, most of the hypoxic 
conditions seen in forensic practice cause death too quickly 
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for any recognizable histological changes to develop. Acute 
deaths from strangulation, suffocation and choking occur 
within minutes or less, even excepting the sudden vasovagal 
type of cardiac arrest. 

There are, however, occasions when a longer period of 
survival occurs after an acute hypoxic episode and in some 
of these there may be the opportunity to detect histological 
changes in the central nervous system. Probably a min- 
imum of 2 -4  hours of survival is necessary for unequivocal 
changes to be observed, though some neuropathologists 
claim to detect signs after as little as 1 hour. More cautious 
investigators prefer 4 hours as the minimum. A short post- 
mortem interval is a considerable advantage in searching 
for these changes, as they are subtle and can be overlaid by 
post-mortem autolysis, even if the latter is slight. 

It may be helpful to seek the assistance of a neuropath- 
ologist in detecting or confirming the relatively minor 
changes seen in a brain affected by hypoxia, but with 
experience, a good knowledge of the normal appearances 
and a laboratory that is able to turn out constantly good- 
quality sections and uniform staining, any forensic patholo- 
gist can build up a considerable expertise in this localized 
aspect of neuropathology. The parts of the brain most suit- 
able for seeking evidence of hypoxic damage are the hip- 
pocampus (especially Sommer's area), the cerebellar folia, 
the globus pallidus in the basal ganglia, and the boundary 
zones of the cerebral cortex where the grey matter is most 
vulnerable because it lies at the terminal reaches of the 
arterial supply (for example, at the occipitoremporal junction 
where the watershed between middle and posterior cerebral 
arteries lies). The third and fourth cortical layers are best for 
displaying the histological changes of hypoxia. 

The following is a summary of the stages and changes that 
may be seen using different staining methods. The brain 
should be prefuted by suspension in form01 saline for several 
weeks, though if this is impossible, small blocks should be 
wet-cut from the target areas of the brain mentioned above 
and immediately futed in a large volume of formalin. 

Stage 1 
The earliest change is microvacuolation in the neurone 
cytoplasm, which may be seen in 2-4 hours. The cell out- 
line remains smooth and its size is normal but, internally, 
small vacuoles appear in the cell body, and the proximal 
parts of the axon and dendrites. There may be a slight 
eosinophilia in haematoxylin and eosin stains and a violet 
colour in Luxol Fast Blue. 

The microvacuolar change is said to begin earlier in 
small neurones and last for a shorter time, being present for 
up to 4-6 hours after insult in large cells and 2-4 hours in 
cerebellar Purkinje cells, though these times are arbitrary. 

Stage 2 
In the next stage, more prolonged hypoxia causes distortion 
in the shape of the neurones, the cell body becoming 
shrunken and staining darker with aniline dyes. The Nissl 
granules become fine and are dispersed more widely through- 
out the cell. Some vacuoles remain, the cytoplasm shows 
marked eosinophilia in haematoxylin and eosin, and is bright 
blue to mauve in Luxol Fast Blue stain. The nucleus becomes 
triangular and may be placed eccentrically in the cell body. 
The nucleolus becomes obscured and the nucleus stains a 
darker blue than normal with Luxol Fast Blue. This change is 
seen after up to 6 hours survival or later in large cells. 

Stage 3 
The ischaemic cell stage, described last, becomes worse 
during the following day or two if survival continues. The 
cell shrinks further, becoming narrow and tapered in many 
cases. Eosinophilia and blueness when stained with Luxol 
Fast Blue persists, but small spherical or irregular bodies 
begin to adhere to the exterior of the cell membrane. These 
incrustations persist longer than the remnants of the cyto- 
plasm, which vanish, leaving the bare nucleus. The dark, 
shrunken nucleus becomes more apparent and survives for 
a number of days before karyolysis occurs. 

Stage 4 
Homogenizing cell damage is best seen in the Purkinje cells, in 
which the cytoplasm is uniformly eosinophilic with no Nissl 
granules. The nucleus stays dark and triangular until it vanishes 
and leaves a pale 'ghost' of the cell body with a vague perimeter. 

There are parallel changes in the glial elements as well as in 
the neurones. From 4 to 12 hours after a hypoxic insult there 
may be an increase in the number of astrocytes around dam- 
aged neurones. There is a proliferation of astrocytes (which 
show mitoses) some 4-6 days later if the patient survives. 
This is most noticeable in the cerebellum and persists for 
10-14 days. Fibrous astrocytes proliferate, but not the oligo- 
dendroglia. Microglia transform into rod cells, which may lie 
at right angles to the edge of the cortex, radially in the hip- 
pocampus arid in the molecular layer of the cerebellar cortex. 
A later stage of cerebral hypoxic damage is the accumulation 
of lipid droplets and scavenging of myelin. Groups of 
microglia around dead neurones (neurono~hages) may be 
obvious even at lower powers of the microscope. 

SECONDARY BRAINSTEM LESIONS 

When severe brain swelling (or a space-occupying lesion 
such as a large subdural or extradural haematoma) causes 
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raised intracranial pressure above the tentorium, amongst 
the possible sequelae is compression of the midbrain against 
the free edge of the tentorium. This may be unilateral, caus- 
ing grooving of a cerebral peduncle (called 'Kernohan's 
notch') associated with subpial petechial haemorrhages and 
often hemiplegia. When symmetrical, the oederna forces the 
undersurface of the cerebrum against the tentorium so that 
the hippocampal gyms is squeezed into the opening. This 
elongates the midbrain in an anteroposterior direction as 
well as grooving the uncus and, in extreme cases, infarcting 
part of the parahippocampal gyrus. In addition, the distor- 
tion stretches, and compresses the paramedian and nigral 
vessels that supply the midbrain, leading to haemorrhages 
and infarcts in the upper pons and midbrain. Damage to 
cranial nerves and to the circulation of the cerebrospinal 
fluid may be added complications. The calcarine cortex on 
the medial aspect of the occipital lobe may be infarcted by 
the posterior cerebral artery being trapped around the edge 
of the tentorium by the cerebral herniation. 

Secondary lesions are almost exclusively midline or para- 
median haemorrhages, or haemorrhagic necrosis placed cen- 
trally in the upper pons and midbrain, though some may be 
obliquely placed in the substantia nigra. They may be difficult 
to distinguish from primary brainstem haemorrhages that 
arise at or soon &er the original head injury - the secondary 
lesions tend to obscure the primary, rather than the converse. 
In children, the typical stem haemorrhages may not be 
present as in adults, but instead the medulla oblongata may 
be buckled or kinked due to fixation of the upper spinal cord 
by the denticulate ligaments (see work by Crompton). 

SPINAL INJURIES 

The spine and head should be thought of as part of the 
same system in relation to trauma. In recent years, a closer 
association - both skeletal and neurological - has been 
acknowledged between the two structures. For instance, 
interruption of ascending fibres in the cervical cord has been 
shown to be associated with neuronal chromatolysis in the 
brainstem and Spicer and Strich have shown that haemor- 
rhage into spinal root ganglia may be associated with head 
injury. Electroencephalographic changes have been shown 
to occur in half the victims of cervical spine whiplash injury. 

Though all segments of the spine are vulnerable to 
trauma, the cervical part holds the most interest for the 
forensic pathologist, mainly because of its close association 
with head injuries and vehicular accidents. The upper two 
cervical vertebrae provide most of the rotational movement 
of the head, whilst the lower neck allows flexion and exten- 
sion. Violent force applied to the head tends to damage 
those parts of the neck corresponding with this functional 

distinction. Spinal damage may be caused by compres- 
sional, hyperflexion and hyperextension stress. 

Compression damage 

This occurs when the victim falls from a height either onto 
his feet or his head, though in the latter case, head injuries 
may overshadow damage to the spine, as well as absorbing 
most of the impact. 

When a person falls a long distance onto the feet, the 
kinetic energy of the deceleration may be absorbed by frac- 
tures of the feet, legs and pelvis, but can be transmitted up the 
spinal column. This can be fractured at one or more points, or 
the force may cause the upper cervical spine to impinge on the 
base of the skull and cause a 'ring fracture' around the fora- 
men magnum as the spine is rammed into the posterior fossa. 

A fall onto the head may also cause the 'burst atlas' injury, 
where the impact of the occipital condyles in an axial direc- 
tion wedge the superior atlantal articulating facets apart and 
split the ring of the vertebra. The posterior arch can also be 
fractured in hyperextension by compression between the 
occiput and the posterior spine of the axis. 

Compression fractures of vertebral bodies may occur, 
most commonly in the lower dorsal and upper lumbar zone, 
parricularly T12 and L1. There is less chance of spinal cord 
injury compared with the angulation injuries described 
below, unless posterior extrusion of a disc or backward dis- 
placement of fragments of a disrupted vertebral body occurs. 

Hyperflexion and hyperextension 
injury 

Of the two, hyperextension is much more dangerous in caus- 
ing spinal damage, possibly because flexion is protected by 
contraction of the strong posterior neck muscles, whereas the 
weak anterior longitudinal ligament is incapable of preserving 
the integrity of the cervical spine during hyperextension. In 
frontal or rearward motor vehicle crashes, which comprise 80 
per cent of accidents, there is usually a hyperflexion and hyper- 
extension component to the spines of the occupants, though 
head restraints and seatbelts restrict the range of movement. 

Where a car undergoes violent frontal deceleration, the 
subject's head will swing down into hyperflexion and, 
unless restrained, will then strike the fascia or windscreen, 
and rebound into hyperextension. 

When the vehicle is struck from the rear, the head will 
fly into hyperextension first unless a head-rest is available; 
such collisions often then smash the vehicle into the one in 
front, when a deceleration hyperflexion takes place. 

Whatever the cause, a whole range of lesions can follow, 
both in the cervical, and to a lesser extent into the thoracic 
and lumbar segments. Bleeding into the surrounding muscles, 
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suffer this lesion, even though it is often undetected at 

FIGURE 5.46 Crushing of a thoracic uertebral body with 
disintegration of the adjacent disc following a uioknt bperflPxion in 

a car driver sustaining a deceleration injury. These lesions are best 

dirplayed at autopsy by cutting a longitudinal slice down the 
anterior aspect of the spinal column with an electric saw. 

rupture of the anterior longitudinal ligament, and tearing of 
intervertebral discs and of the annulus fibrosus may occur. 

Nerve roots may be torn or compressed, and the spinal 
canal may be narrowed, distorted or even almost obliter- 
ated by fracture dislocations of the vertebrae. Compression, 
ischaemia, haemorrhage and even pulping of the spinal 
cord is the most serious complication. In older persons 
with cervical spondylosis, further narrowing of the canal by 
trauma may cause neurological effects that would not occur 
in younger subjects. 

The most common part of the spine to be injured is the 
region of the upper two cervical vertebrae. In a series of 
fatal motor car accidents reported by Mant (1978), 35 per 
cent of passengers and 30 per cent of drivers suffered cervi- 
cal spine damage. Of these che most common was a dis- 
location of the atlanto-occipital joint and Mant claims chat 
one-third of all victims of fatal motor vehicle accidents 

- 

autopsy. The mechanism of fracture of the atlas is said to be 
an axial impact via the head, when the occiput is held 
rigidly in line with the spine by contracted neck muscles. 
This most frequently occurs when the vertex of the lowered 
head violently strikes the windshield of a decelerating 
vehicle. Fracture or dislocation of the atlas or fracture of the 
odontoid of the axis can all occur from this type of impact. 
Hyperextension injuries tend to force the vertebral body 
forwards and, if there is significant displacement, the arch 
is intruded into the spinal canal with the consequent risk 
of cord damage. In addition, hyperextension - especially in 
the presence of cervical cord enlargement - can cause the 
ligamentum flavum to corrugate and intrude into the 
anterior part of the spinal canal to impinge upon the cord. 
When the injury is due to hyperflexion, dislocation of a 
vertebra causes it (or its fragments) to tilt backwards, again 
compromising the lumen of the spinal canal. 

Dislocation of cervical vertebra can occur under many 
conditions. An anterior dislocation can be caused by a 
fall onto the back of the head and a unilateral dislocation 
is common when a head strikes a windscreen. Posterior 

dislocation may be caused by blows to the jaw or face that 
jolt the head backwards with a hyperextension element. 
Falling onto the face, especially from a height (such as down 
a staircase), is a likely cause. Fracture of the odontoid peg of 

- - 

the axis can occur from a variety of violent movements of the 
head on the neck, and is sometimes associated with fracture 
of the skull or mandible. Where gross injury to the spinal 
column is inflicted - such as a relatively high-speed motor 
vehicle or railway accident - the cord may be transected by a 
guillotine action of the two displaced fragments. This is most 
often seen on the upper or mid-thoracic region, from direct 
impact or gross 'whiplash' effects. The thoracic aorta at this 
level is often torn at the point where the descending arch 
meets the spine, even in the absence of a spinal fracture. 

Damage to the cervical spine in hanging is rarely seen in 
the usual suicidal hangings in which sudden death is caused 
by carotid compression or - much less often - asphyxia. The 
drop in such cases is small or even absent, the subject merely 
slumping his weight against the neck restraint. Spinal dam- 
age can occasionally occur, however and the author has seen 
a fractured neck when a heavily built soldier stepped from a 
lavatory seat with the rope attached to the overhead cistern. 

Judicial hanging with a long drop causes a severe fracture 
dislocation (rather than fracture) of the cervical spine, often 
with complete severance of the two fragments and transection 
of the spinal cord. Where such hanging is carried out with the 
knot of the suspension point beneath the chin, a violent 
hyperextension is produced that often fractures the axis and 
dislocates it from the third cervical vertebra. With a heavy 
person and a long drop, there may be complete decapitation. 
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FIGURE 5.47 Crushing and transection of the lower spinal cord 
following a hyperflexion fracture of the lower thoracic vertebrae. The 
spinal cord ends at about the lower border o f  thefirst lumbar 
vertebra, the cauda equina occupying the remainder of the lumbar 
spinal canal. This injury occurred severalyears before death, and the 
dura is constricted and adherent to the remnants of the cord. At 
autopsy the cord and its membranes should be pinned out andfixed 
for aproper examination to be made. 

Spinal cord injury 

Most damage to the spinal cord arises from intrusion of 
some part of the spinal column into the canal, be it bony 
fragments or displacement, ligamentum flavum, disc annu- 
lus or extruded nucleus pulposum. 

There may be bleeding into the space outside the spinal 
dura causing a space-occupying lesion in the canal that can 
compress the cord, or bleeding may occur within the dura, 
either from ruptured vessels or from haemorrhage in the 
cord itself. Damage to the cord may also occur in the 
absence of any apparent intrusion into the canal, in a man- 
ner similar to that seen in the brain in closed head injuries 
without a fracture. Haematomyelia and oedema may 
develop without any obvious mechanical defect at that level 
in the spinal column. Such injuries must be attributed to 
some momentary collision of the cord against the wall of 
the canal or a transient deformity of the profile of the canal 
that did not exceed the threshold for either fracture, dis- 
location or ligament rupture of the vertebral column. 

The damage in the cord may extend for several segments 
above and below the point of impact. A haemorrhage within 
the cord tends to occupy the central grey matter more than the 
white columns, because of the softer and more vascular nature 
of the former tissue. Infarction of the cord can occur either 
in association with contusion, or because the local blood 
supply - ofien the anterior spinal artery - has been damaged. 

An originally firm cord may undergo liquefaction 
('myelomalacia') over several days or even longer, with pro- 
gressive worsening of neurological symptoms. 

REFERENCES AND 
FURTHER READING 

Adams JH. 1982. Difhse axonal injury in non-missile 
head injury. Injury 13:444-5. 

Adams H, Mitchell DE, Graham DI, et al. 1977. Diffuse 
brain damage of immediate impact type. Its 
relationship to 'primary brain-stem damage' in head 
injury. Brain 100:489-502. 

Adams JH, Graham DI, Murray LS, et al. 1982. Diffuse 
axonal injury due to nonmissile head injury in humans: 
an analysis of 45  cases. A n n  Neurol12:557-63. 

Adams J H ,  Graham DI, Gennarelli TA. 1983. Head injury 
in man and experimental animals: Neuropathology. 
Acta Neurochir Suppl (Wien) 32:  15-30. 

Adams J H ,  Doyle D, Graham DI, etal. 1984. Diffuse axonal 
injury in head injuries caused by a fall. Lancet 2:1420-2. 

Adams JH, Doyle D, Graham DI, et al. 1985. 
Microscopic diffuse axonal injury in cases of head 
injury. M r d S c i  Law 25265-9.  

Adams J H ,  Doyle D, Graham DI, etal. 1985. The 
contusion index: a reappraisal in human and 
experimental non-missile head injury. Neuropathol 
Appl Neurobiol 1 1  :299-308. 



References and further reading 

Adams JH, Doyle D, Graham DI, et al. 1986. Gliding 
contusions in nonmissile head injury in humans 
[published erratum appears in Arch Pathol Lab Med 
1986 Nov;110: 10751. Arch Pathol Lab Med 110:485-8. 

Adams JH, Doyle D,  Graham DI, et al. 1986. Deep 
intracerebral (basal ganglia) haematomas in fatal non- 
missile head injury in man. J Neurol Neurosurg 
Psychiatry 49: 1039-43. 

Adams JH, Doyle D, Ford I, et al. 1989. Difhse axonal 
injury in head injury: definition, diagnosis and 
gading. Histopathology 15:49-59. 

Adams JH, Doyle D,  Ford I, et al. 1989. Brain damage in 
fatal non-missile head injury in relation to age and type 
of injury. Scott Med J 34:399-401. 

Adams JH, Graham DI, Gennarelli TA, et al. 1991. 
Diffuse axonal injury in non-missile head injury. 
J Neurol Neurosurg Psychiatry 54:48 1-3. 

Adarns JH, Corsellis JA, Duchen LW. 1992. Greenfield? 
neuropathology, 5th edn. Edward Arnold, London. 

Adams JH,  Jennett B, McLellan DR, et al. 1999. The 
neuropathology of the vegetative state after head injury. 
J Clin Patbol 52:804-6. 

Adams JH, Graham DI, Jennett B. 2000. The 
neuropathology of the vegetative state after an acute 
brain insult. Brain 123(Pt 7):1327-38. 

Adams JH, Graham DI, Jennett B. 2001. The structural 
basis of moderate disability after traumatic brain 
damage. J Neurol Neurosurg Psychiatry 71 :521-4. 

Adelson L. 1974. Thepathology ofhomicide. Thomas, 
Springfield. 

Blumbergs PC, Jones NR, North JB. 1989. Diffuse axonal 
injury in head trauma. Neurol Neurosurg Psychiatiy 
52 :8384 l .  

Bostrorn K, Helander CG, Lindgren SO. 1992. Blunt 
basal head trauma: rupture of posterior inferior 
cerebellar artery. Forensic Sci Int 53:61-8. 

Bromilow A, Burns J. 1985. Technique for removal of the 
vertebral arteries. J Clin Pathol38: 1400-2. 

Caffey J. 1946. Multiple fractures in the long bones of 
infants suffering from chronic subdural haematoma. 
Am J Radio1 56: 163-73. 

Cameron JM, Mant AK. 1972. Fatal subarachnoid 
haemorrhage associated with cervical trauma. Med Sci 
Law 12:66-70. 

Casson IR, Siege1 0 ,  Sham R, et al. 1984. Brain damage 
in modern boxers. JAMA 251:2663-7. 

Coast GC, Gee DJ. 1984. Traumatic subarachnoid 
haemorrhage: an alternative source. j Clin Pathol 
37: 1245-8. 

Contostavlos DL. 1971. Massive subarachnoid 
hemorrhage due to laceration of the vertebral artery 
associated with fracture of the transverse process of the 
atlas. J Forensic Sci 1640-56. 

Contostavlos DL. 1995. Isolated basilar traumatic 
subarachnoid hemorrhage: an observer's 25 year 
re-evaluation of the pathogenetic possibilities. [letter; 
comment] Forensic Sci Int 73:6 1-74. 

Corsellis JA, Bruton CJ, Freeman Browne D. 1973. The 
aftermath of boxing. Psyrhol Med 3270-303. 

Courville CB. 1942. Coup-contre coup mechanism of 
craniocerebral injuries: some observations. Arch Surg 
45: 19-43. 

Courville CB. 1953. Commotio cerebri. San Lucas Press, 
Los Angeles. 

Courville CB. 1964. Forensic neuropathology. Callaghan 
and Co, Mundelein. 

Critchley M. 1957. Medical aspects of boxing particularly 
from a neurological standpoint. BY M e d j  1:357-62. 

Crompton MR. 197 1. Brain stem lesions due to closed 
head injury. Lancet 1:669-7 1. 

Crompton R. 1985. Closed head injuries. Edward Arnold, 
London. 

Dalgaard J. 1957. Brain injuries as a cause of 
oesophagogastroduodenal ulceration. J Forensic Med 
4: 1 10-27. 

Dawson SL, Hirsch CS, Lucas FV, etal. 1980. The 
contrecoup phenomenon. Reappraisal of a classic 
problem. Hum Pathol 1 1: 155-66. 

Deck JH, Jagadha V. 1986. Fatal subarachnoid 
hemorrhage due to traumatic rupture of the vertebral 
artery. Arch Pathol Lab Mea' 110:489-93. 

Denny-Brown D. 1945. Cerebral concussion. Physiol Rev 
2 5 2 9 6 3 2 5 .  

Denny-Brown D, Russell WR. 194 1. Experimental 
cerebral concussion. Brain 64:93-164. 

Dowling G, Curry B. 1988. Traumatic basal subarachnoid 
hemorrhage. Report of six cases and review of the 
literature. Am J Forensic Med Pathol9:23-3 1. 

Duhaime AC, Gennarelli TA, Thibault LE, et al. 1987. 
The shaken baby syndrome. A clinical, pathological, 
and biomechanical study. JNeurosurg 66:409-15. 

Duhaime AC, Alario AJ, Layander WJ, et al. 1992. Head 
injury in very young children: mechanisms, injury types, 
and ophthalmologic findings in 100 hospitalized patients 
younger than 2 years of age. Pediatrics 90:179-85. 

Edherg S, Angrist A. 1967. Intra-cranial pressure changes 
following impact of human cadaver heads. J Forensic 
Sci 12:60-8. 



5: Head and spinal injuries 

Editorial. 1973. Boxing brains. Lancet 2:1064-5. 

Farag AM, Franks A, Gee DJ. 1988. Simple laboratory 
experiments to replicate some of the stresses on 
vertebro-basilar arterial walls. An investigation of 
possible mechanisms of traumatic subarachnoid 
haemorrhage. Forensic Sci Int 38:275-84. 

Fell DA, Fitzgerald S, Moiel RH, et al. 1975. Acute 
subdural hematomas. Review of 144 cases. JNeurosurg 
42:3742.  

Flamm ES, Demopoulos HB, Seligman ML, et al. 1977. 
Ethanol potentiation of central nervous system trauma. 
JNeurosurg 46:328-35. 

Ford R. 1956. Basal subarachnoid haemorrhage and 
trauma. J Forensic Sci 1: 1 17-26. 

Freytag E. 1963. Autopsy findings in head injuries from 
blunt forces: statistical evaluation of 1367 cases. Arch 
Pathol 7 5 7 4 8 0 .  

Garfield J. 2002. Acute subdural haernatoma in a boxer. 
Br J Neurosurg 1696-9; discussion 99-1 0 1. 

Geddes JF, Whitwell HL, Graham DI. 2000. Traumatic 
axonal injury: practical issues for diagnosis in medicolegal 
cases. NeuropatholAppl Neurobiol26: 105-1 6. 

Geddes JF, Hackshaw AK, Vowles GH, et al. 200 1. 
Neuropathology of inflicted head injury in children. 
I. Patterns of brain damage. Brain 1241290-8. 

Geddes JF, Vowles GH,  Hackshaw AK, et al. 2001. 
Neuropathology of inflicted head injury in children. 
11. Microscopic brain injury in infants. Brain 
124: 1299-306. 

Gennarelli TA. 1983. Head injury in man and 
experimental animals: clinical aspects. Acta Neurochir 
Sup$ mien )  32:l-13. 

Gennarelli TA. 1993. Mechanisms of brain injury.] Emerg 
Med ll(Supp1 1):5-11. 

Gennarelli TA, Graham DI. 1998. Neuropathology of the 
head injuries. Semin Clin Neuropsychiatry 3: 160-175. 

Gennarelli TA, Thibault LE. 1982. Biomechanics of acute 
subdural hematoma. J Trauma 22:680-6. 

Gennarelli TA, Thibault LE, Adams JH, et al. 1982. 
Diffuse axonal injury and traumatic coma in the 
primate. Ann Neurol12:56474. 

Gennarelli TA, Thibault LE, Tipperman R, et al. 1989. 
Axonal injury in the optic nerve: a model simulating 
diffuse axonal injury in the brain. J Neurosurg 
71:244-53. 

Gentleman SM, McKenzie JE, Royston MC, et al. 1999. 
A comparison of manual and semi-automated methods 
in the assessment of axonal injury. NeuropatholAppl 
Neurobiol 2 5 4  1-7. 

Goonetilleke UK. 1980. Injuries caused by falls from 
heights. Med Sci Law 20:262-75. 

Graham DI. 2001. Paediatric head injury. Brain 
124:1261-2. 

Graham DI, Adams JH. 1971. Ischaemic brain damage in 
fatal head injuries. Lancet 1:265-6. 

Graham DI, Adams JH. 1972. Thepathology of blunt head 
injuries. In: Critchley M (ed.), Scientzjkfounahtion of 
neurology. Heinemann Medical Publications, London. 

Graham DI, Lantos PL (eds). 2002. Greenfzelds 
neuropathology, 7th edn. Arnold, London/ 
New YorWNew Delhi. 

Graham DI, McLellan D, Adams JH, etal. 1983. The 
neuropathology of the vegetative state and severe 
disability &er non-missile head injury. Acta Neurochir 
Suppl (%Zen) 32:65-7. 

Graham DI, Lawrence AE, Adams JH, et al. 1988. Brain 
damage in fatal non-missile head injury without high 
intracranial pressure. 1 Clin Path0141 :34-7. 

Graham DI, Ford I, Adams JH, et al. 1989. Fatal head 
injury in children. j Clin Pathol 42: 18-22. 

Graham DI, Clark JC, Adams JH, et al. 1992. Diffuse 
axonal injury caused by assault. J Clin Pathol 45840-1. 

Graham DI, McIntosh TK, Maxwell WL, et al. 2000. 
Recent advances in neurotrauma. J Neuropathol Exp 
Neurol59:64 1-5 1 .  

Graham DI, Raghupathi R, Saatman KE, et al. 2000. 
Tissue tears in the white matter afier lateral fluid 
percussion brain injury in the rat: Relevance to human 
brain injury. Acta Neuropathol (Berl) 99: 1 17-24. 

Gurdjian ES, Websrer JE. 1958. Head injuries. Churchill, 
London, UK. 

Gurdjian ES, Webster JE, Lissner HR. 1949. Studies on 
skull fracture with particular reference to engineering 
factors. Am JSurg78:73642. 

Gurdjian ES, Webster JE, Lissner HR. 1950. The 
mechanism of skull fracture. Radiology 54:3 13-39. 

Harris LS. 199 1 .  Postmortem magnetic resonance images 
of the injured brain: effective evidence in the 
courtroom. Forensic Sci Int 50: 179-85. 

Harwood-Nash CE, Hendrick EB, Hudson AR. 1971. 
The significance of skull fractures in children. A study 
of 1,187 patients. Radiology 101:151-6. 

Hijdra A, Vermeulen M, van Gijn J, etal. 1984. 
Respiratory arrest in subarachnoid hemorrhage. 
Neurology 34: 150 1-3. 

Holbourn AH. 1943. Mechanics of head injuries. Lancet 
245:438-41. 



Huelke DF, O'Day J, Mendelsohn RA. 1981. Cervical 
injuries suffered in automobile crashes. J Neurosurg 
54:3 16-22. 

Imajo T. 1996. D i h s e  axonal injury: its mechanism in an 
assault case. Am J Forensic Med Pathol 17:324-6. 

Imajo T, Kazee AM. 1992. Diffuse axonal injury by simple 
fall. Am J Forensic Med Pathol 13: 169-72. 

I 
Imajo T, Roessman U. 1984. Diffuse axonal injury. Am J 

Forensic Med Pathol 5:2 17-22. 

Imajo T, Challener RC, Roessmann U. 1987. Diffuse axonal 
injury by assault. Am J Forensic Med Pathof8:2 17-1 9. 

Jafari SS, Maxwell WL, Neilson M, et al. 1997. Axonal 
cytoskeletal changes after non-disruptive axonal injury. 
J Neurocytol26:207-2 1 .  

Jafari SS, Nielson M, Graham DI, et al. 1998. Axonal 
cytoskeletal changes after nondisruptive axonal injury. 
11. Intermediate sized axons. J Neurotrauma 
15:955-66. 

Jamieson KG, Yelland JD. 1968. Extradural hematoma. 
Report of 167 cases. J Neurosurg 29: 13-23. 

Johnson CP, Lawler W, Burns J. 1993. Use of 
histomorphometry in the assessment of fatal vertebral 
artery dissection. ] Clin Pathol46: 1000-3. 

Johnson CP, How T, Scraggs M, et al. 1994. The poor 
biomechanical response of the vertebral artery applied 
longitudinal force. J Pathol Suppl:234. 

Johnson DL, Bod D, Baule R. 1995. Role of apnea in 
nonaccidental head injury. Pediatr Neurosurg 
23:305-10. 

Johnson 1. 1969. Organic psychosyndromes due to 
boxing. BY J Psychiatry 11545-53. 

Johnson P, Burns J. 1995. Extracranial vertebral artery 
injury - evolution of a pathological illusion? [letter; 
comment] Forensic Sci Int 73:75-8. 

Kaur B, Rutty GN, Timperley WR. 1999. The possible 
role of hypoxia in the formation of axonal bulbs. J Clin 
Pathol52:203-9. 

Kerr D. 1954. Forensic medicine, 5th edn. A. & C. Black, 
Edinburgh, p. 114. 

Knight B. 1979. Trauma and ruptured cerebral aneurysm. 
BY MedJ l:1430-1. 

Kubo S, Kitamura 0 ,  Orihara Y, et al. 1998. 
Immunohistochemical diagnosis and significance of 
forensic neuropathological changes. J Med Invest 
44109-19. 

Leadbeatter S. 1994. Extracranial vertebral artery injury - 
evolution of a pathological illusion? [see comments] 
Forensic Sci Int 67:33-40. 

References and further reading 

219 * 

Leadbeatter S. 1995. Letter to editor. Forensic Sci Int 
73:78-9. 

Ledran H. 175 1. Observatis des chirurgies. Osrnont, 
Paris. 

Leestma JE. 1988. Forensic neuropathology. Raven Press, 
New York. 

Li L, Smialek JE. 1994. The investigation of fatal falls and 
jumps from heights in Maryland (1987-1992). Am J 
Forensic Med Pathol 15:295-9. 

Lindenberg R. 1955. Lesions of the corpus callosum 
following blunt mechanical trauma to the head. Am J 
Pathol31:297-301. 

Lindenberg R, Freytag E. 1957. Morphology of cerebral 
contusions. Arch Pathol 63:23-6. 

Lindenberg R, Freytag E. 1960. The mechanism of 
cerebral contusions: a pathologic-anatomic study. Arch 
Pathof 69:440-4. 

Lindenberg R, Freytag E. 1970. Brainstem lesions 
characteristic of traumatic hyperextension of the head. 
Arch I'athol90: 509-1 5. 

Lindsay KW, McLatchie G, Jennett B. 1980. Serious head 
injury in sport. BY Med J 281:789-9 1. 

Lundberg GD. 1985. Brain injury in boxing. Am/  
Forensic Med Pathol 6: 192-8. 

Madro R, Chagowski W. 1987. An attempt at objectivity 
of post mortem diagnostic of brain oedema. Forensic 
Sci Int 35:125-9. 

Maloney AFJ, Whatmore WJ. 1969. Clinical and 
pathological observations in fatal head injuries: a five 
year survey of 173 cases. BY J Surg 56:23-30. 

Mansell PW, Hunt AC. 1968. Major head injuries in 
fights and brawls. Med Sci Law 8: 18 1-7. 

Mant AK. 1978. Injuries and death in motor vehicle 
accidents. In: Mason JK (ed.), Pathology of violent 
injury. Edward h o l d ,  London. 

Mant AK. 1993. Injuries and death in motor vehicle 
accidents. In: Mason JK (ed.), Pathology of violent 
injury, 2nd edn. Edward Arnold, London. 

Marek Z. 198 1. Isolated subarachnoid hemorrhage as a 
medicolegal problem. Am J Forensic Med Pathol 
2: 19-22. 

Marlet JM, Barreto Fonseca JdP. 1982. Experimental 
determination of time of intracranial hemorrhage by 
spectrophotometric analysis of cerebrospinal fluid. 
J Forensic Sci 27:880-8. 

Martland MS. 1928. Punch drunk. JAM 91: 1003-5. 

Mawdsley C, Ferguson SR. 1963. Neurological disease in 
boxers. Lancet 2:795-7. 



5: Head and spinal injuries 

McCormick WE 1980. The relationship of closed-head . 
trauma to rupture of saccular intracranial aneurysms. 
Am J Forensic Med Pathol 1 :223-6. 

McCrory l? 2002. Boxing and the brain. Revisiting chronic 
traumatic encephalopathy. Br JSports Med 36:2. 

McKissock H. 1960. Extradural haemorrhage; 
observations on 125 cases. Lancet 2: 167-74. 

Missliwetz J. 1995. Fatal impalement injuries after falls at 
construction sites. Am J Forensic Med Pathol 16:8 1-3. 

Mitchell DE, Adams JH. 1973. Primary focal impact 
damage to the brainstem in blunt head injuries. Does it 
exist? Lancet 2:215-18. 

Miyazaki T, Kojima T, Chikasue F, et al. 1990. Traumatic 
rupture of intracranial vertebral artery due to 
hyperextension of the head: reports on three cases. 
Forensic Sci Int 47:9 1-8. 

Moar JJ. 1987. Traumatic rupture of the cervical carotid 
arteries: an autopsy and histopathological study of 
200 cases. Forensic Sci Int 34:227-44. 

Morgagni J .  176 1. De sedibus et causis morborum per 
anatomen indagatis. Typographia Academia, Lovanii. 

Morin AR. 1942. Pathology of trauma. Lea & Febiger, 
Philadelphia. 

Munro D. 1938. Cranio-cerebral injuries. Oxford 
University Press, Oxford. 

Munro D, Merritt HH. 1936. Surgical pathology of 
subdural haematoma. Based on a study of 105 cases. 
Arch Neurol Psychiagr 3 5 6 4 7 8 .  

Oehmichen M. 1994. Brain death: neuropathological 
findings and forensic implications. Forensic Sci Int 
69:2O5-19. 

Oehmichen M, Raff G. 1980. Timing of cortical contusion. 
Correlation between histomorphologic alterations and 
post-traumatic interval. Z Rechtsmed 84:79-94. 

Oehmichen M, Eisenmenger W, Raff G, et al. 1986. Brain 
macrophages in human cortical contusions as indicator 
of survival period. Forensic Sci Int 30:28 1-30 1. 

Oehmichen M, Meissner C, Schmidt V, et al. 1999. 
Pontine axonal injury after brain trauma and 
nontraumatic h~poxic-ischemic brain damage. 
Int J Legal Med 112:261-7. 

Oehmichen M, Theuerkauf I, Meissner C. 1999. Is 
traumatic axonal injury (AE) associated with an early 
rnicroglial activation? Application of a double-labeling 
technique for simultaneous detection of microglia and 
ai. Acta Neuropathol (Berl) 97:49 1-4. 

Oehmichen M, Ochs U, Meissner C. 2000. 
Histochemical characterization of cytotoxic brain 
edema. Potassium concentrations after cerebral 

ischemia and during the postmortem interval. Exp 
Toxic01 Path01 52:348-52. 

Oehmichen M, Meissner C, Konig HG. 2001. Brain 
injury after survived gunshot to the head: reactive 
alterations at sites remote from the missile track. 
Forensic Sci Int 115: 189-97. 

Oppenheimer DR. 1968. Microscopic lesions in the brain 
following head injury. J Neurol Neurosurg Psychiagr 
31:299-306. 

Povlishock JT. 1992. Traumatically induced axonal injury: 
pathogenesis and pathobiological implications. Brain 
Path01 2:l-12. 

Povlishock JT. 2000. Pathophysiology of neural injury: 
therapeutic opportunities and challenges. Clin 
Neurosurg 46: 1 13-26. 

Povlishock JT, Christman CW. 1995. The pathobiology of 
traumatically induced axonal injury in animals and 
humans: a review of current thoughts. J Neurotrauma 
12:555-64. 

Raisanen J ,  Ghougassian DF, Moskvitch M, et al. 1999. 
Diffuse axonal injury in a rugby player. Am J Forensic 
Med Path01 20:70-2. 

Roberts AH. 1970. Brain damage in boxers. Pitman 
Medical, London. 

Root I. 1992. Head injuries from short distance f d s  
[see comments]. Am J Forensic Med Pathol 13: 
85-7. 

Rowbotham OF. 1964. Acute injuries of the head, 4th edn. 
Churchill Livingstone, Edinburgh. 

Royal College of Physicians of London. 1969. Report on 
the medical aspects of boxing. Royal Collage of 
Physicians of London, London. 

Schellhas KF: Latchaw RE, Wendling LR, etal. 1980. 
Vertebrobasilar injuries following cervical 
manipulation. JAMA 2441450-3. 

Schellinger PD, Schwab S, Krieger D, et al. 200 1. 
Masking of vertebral artery dissection by severe trauma 
to the cervical spine. Spine 26:314-19. 

Shapiro HA, Gordon I, Benson SD. 1988. Forensic 
medicine - a guide to principles, 3rd edn. Churchill 
Livingstone, Edinburgh. 

Sheffield EA, Weller RO. 1980. Age changes at cerebral 
artery bifurcations and the pathogenesis of berry 
aneurysms. J Neurol Sci 46:34 1-52. 

Sherriff FE, Bridges LR, Sivaloganathan S. 1994. Early 
detection of axonal injury after human head trauma 
using immunocytochemistry for beta-amyloid 
precursor protein. Acta Neuropathol (Berl) 
87:55-62. 



Simonsen J. 1967. Fatal subarachnoid haemorrhage in 
relation to minor head injuries. J Forensic Med 
14:146-55. 

Simonsen J .  1976. Massive subarachnoid haemorrhage 
and fracture of the transverse process of the atlas. Med 
Sci Law 16:13-6. 

Simpson RH, Berson DS, Shapiro HA. 1985. The 
diagnosis of diffuse axonal injury in routine autopsy 
practice. Forensic Sci Int 27:229-35. 

Skold G. 1985. Injuries to pathologically changed cervical 
vertebrae. Am J Forensic Med Pathol 6: 163-6. 

Smith DH, Chen XH, Xu BN, etal. 1997. 
Characterization of diffuse axonal pathology and 
selective hippocampal damage following inertial brain 
trauma in the pig. JNeuropathol E+p Neurof 56:822-34. 

Smith DH, Nonaka M, Miller R, et al. 2000. Immediate 
coma following inertial brain injury dependent on 
axonal damage in the brainstem. J Neurosurg 
93:315-22. 

Somerville A. 1961. Subarachnoid haemorrhage due to 
trauma without visible external injury. Med Sci Law 
2:67-9. 

Spicer EJ, Strich SJ. 1967. Haemorrhages in posterior-root 
ganglia in patients dying from head injury. Lancet 
2:1389-91. 

Spillane JD. 1962. Five boxers. BY Medj2:1205-6.  

Storey PB. 1969. The precipitation of subarachnoid 
haemorrhage. J Psychosom Res 13: 175-82. 

Strassman G. 1949. Formation of haemosiderin and 
haematoidin after traumatic and spontaneous cerebral 
haemorrhages. Arch Pathol47:205- 1 0. 

Strich SJ. 1961. Shearing of nerve fibres as a cause of brain 
damage due to head injury: a pathological study. 
Lancet 2:443-7. 

Strich SJ. 1970. Lesions in the cerebral hemispheres after 
blunt head injury. J Clin Pathol Suppl R Colf Pathol 
4166-71. 

Strich SJ. 1976. Cerebral trauma. In: Blackwood W, 
Corsellis JAN (eds), Greenf;eId's neuropathology, 3rd edn. 
Edward Arnold, London, pp. 327-60. 

Symonds CP. 1940. Concussion and contusion of the 
brain. In: Brock (ed.), Injuries of the skull, brain and 
spinal cord. Bailliere, London. 

Symonds CE 1962. Concussion. Lancet 1:l-5. 

Tatsuno Y, Lindenberg R. 1974. Basal subarachnoid 
hematomas as sole intracranial traumatic lesions. Arch 
Pathol 97:211-5. 

Terespolsky PS. 1972. Post-traumatic epilepsy. Forensic Sci 
1:147-65. 

References and further reading 

* 221 * 

Thiagaraj D, Ming T, Cyn A. 1983. Patterns of injury in 
deaths due to falling from heights. Proc FirstAsian 
Paczfir Congr Legal Med, p. 399. 

Tomei G, Spagnoli D, Ducati A, et al. 1990. Morphology 
and neurophysiology of focal axonal injury 
experimentally induced in the guinea pig optic nerve. 
Acta Neuropathol (Berl) 80: 506-1 3. 

Tomlinson BE. 1970. Brain-stem lesions after head injury. 
J Clin Pathol Supp l R Coll Pathol 4: 1 54-65. 

Trotter W. 19 14. Concussion. BY J Surg 2:271-9 1. 

Vanezis I! 1979. Techniques used in the evaluation of 
vertebral artery trauma at post-mortem. Forensic Sci Int 
13:159-65. 

Vanezis I? 1984. Vertebral artery trauma. Medical Faculty, 
University of Bristol, Bristol. 

Vanezis I? 1986. Vertebral artery injuries in road traffic 
accidents: a post-mortem study. J Forensic Sci Soc 
2628  1-31. 

Vanezis l? 1989. Pathology of neck injury. Buttenvorths, 
London. 

Vanezis P, Chan KK, Scholtz CL. 1987. White matter 
damage following acute head injury. Forensic Sci Int 
35:l-10. 

Voigt GE. 1981. Small hemorrhages in the brain stem. A 
sign of injury? Am J Forensic Med Pathol 2: 1 15-20. 

Wang H ,  Duan G, Zhang J, et al. 1998. Clinical studies 
on diffuse axonal injury in patients with severe closed 
head injury. Chin Med J (Engl) 11 1:59-62. 

Weber W. 1984. Experimentelle Untersuchungen zu 
Schadelbr~chverletzun~en des Sauglings. [Experimental 
studies of skull fractures in infants] Z Rechtsmed 
92:87-94. 

Wilkinson AE, Bridges LR, Sivaloganathan S. 1999. 
Correlation of survival time with size of axonal 
swellings in diffuse axonal injury. Acta Neuropathol 
(Berl) 98: 197-202. 

Wilson JV. 1946. The pathology of traumatic injury. 
Livingstone, Edinburgh. 

Yamashima T, Friede RL. 1984. Why do bridging veins 
rupture into the virtual subdural space? JNeurol 
Neurosurg Psyrhiany 47: 12 1-7. 

Yanagida Y, Fujiwara S, Mizoi Y. 1989. Differences in the 
intracranial pressure caused by a 'blow' andlor a 'fall' - 
an experimental study using physical models of the 
head and neck. Forensic Sci /nt 41: 135-45. 

Zhang X, Niu W. 1993. A study of enzymohisto-chemistry 
of cerebral cortical injury. Forensic Sci Int 59: 19-24. 

Zuo ZJ, Zhu JZ. 1991. Study on the microstructures of 
skull fracture. Forensic Sci Int 50: 1-14. 



C H A P T E R  6 

Chest an abdominal 
injuries 

@I Forensic anatomy 222 Haemopericardium and cardiac tamponade 228 

@! Injuries to the chest wall 223 @ Injuries to great vessels 228 

!$# Haemorrhage and infection in the chest 224 Foreign bodies in the gut 232 

&%l Pneumothorax 225 Injuries to the pelvis and pelvic organs 233 

k# Injuries of the lungs 226 Complications of abdominal injury 233 

Injuries of the heart 226 References and further reading 233 

The major categories of wound previously described can 
be inflicted on any part of the body. In forensic practice 
certain areas are particularly vulnerable or have special 
medico-legal significance. Head injuries are so important 
that they have been discussed in a special chapter, but here 
consideration will be given to other regions, especially the 
chest and abdomen. 

Damage can be sustained to either the chest wall or to the 
contents. 

FORENSIC ANATOMY 

The most important aspect is the relationship of the vis- 
ceral contents to external landmarks. This is best described 
by reference to diagrams, where the relationship of pleural 
cavities, lungs, heart, mediastinum and diaphragm is 
depicted. It should be appreciated that, from the forensic 
aspect, the spleen and most of the liver and stomach are 
thoracic organs in that they lie largely beneath the costal 
margin, and are vulnerable to both stabbing and blunt 
injury to the chest. 

Penetrating injuries, especially by knife to the lower lateral 
wall of the thorax, may enter the peritoneal cavity as well as 

Common carotid Internal carotid 

Lower limit of 
pleural cavity \ Structures of the thorax and neck 

FIGURE 6.1 Surface anatomy of heart, lungs and neck structures. 
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the pleural spaces, perforating the diaphragm en route. The 
stomach, being largely within the rib cage, may often be 
penetrated. The common stab wounds of the heart may also 
include diaphragmatic and upper abdominal injuries. A knife 
can enter the front of the lower thorax, pass through either or 
both ventricles, and exit through the pericardial surface of the 
diaphragm to enter the upper surface of the liver. The orien- 
tation of the heart is often not appreciated after it is removed 
as an isolated organ, as the tendency is to visualize it as hang- 
ing with the apex downwards. In fact, it sits flat on the 
diaphragm on the lateral edge of the right ventricle, with 
the inferior vena cava passing immediately downwards into 
the abdomen. 

INJURIES TO THE CHEST WALL 

Respiration is dependent on the integrity of the rigid'chest 
wall and, if the expansion is prevented or severely limited, 
then air entry will be correspondingly diminished. The 
integrity can be compromised either by severe mechanical 
failure of the rib cage or by penetration of the pleural cavities. 

Fractures of ribs are common, but do not greatly embar- 
rass respiration unless: 

they are so numerous that they prevent expansion of 
the thorax 

@ broken ends penetrate the pleura and lungs 
pleural and muscular pain limit respiratory effort. 

Where many bilateral fractures are present, especially on 
the anterolateral sides of the thorax, the condition of 'flail 
chest' may be present, usually with multiple fractures of 
some ribs and sometimes with added fracture(s) of the ster- 
num. As a result of loss of rigidity of the chest cage, attempts 
at expanding the thoracic volume during inspiration are 
impaired. The loose section is sucked inwards during inspir- 
ation, this clinical sign being known as 'paradoxical respir- 
ation'. Dyspnoea and cyanosis may develop and extreme 
degrees of flail chest are rapidly incompatible with life 
because of progressive hypoxia. 

The flail chest is caused by frontal violence, most often sus- 
tained in motor vehicle accidents - where the victim is thrown 
against the steering wheel or fascia - or in stamping assaults, 
where the shod foot is violently applied to the supine body. In 
any substantial chest injury, broken rib ends may be displaced 
inwards, the jagged tips ripping the parietal and visceral pleura. 
This may cause a pneumothorax or a haemothorax, or both, 
from penetration of the lungs, with the formation of a bron- 
chopleural fistula. In gross chest injuries there may be corn- 
pound fractures of ribs that allow a pneumothorax to form 
from external communication with the atmosphere, but this is 
rare in civil practice, though common in battle casualties. 

Carotid arteries 

Subclavian artery 

~o&mon 
iliac arteries 

FIGURE 6.2 Anterior view of trunk showing surface relations of 

heart and ~zorta. 

Rib fractures are most ofien seen in the anterior or poster- 
ior axillary lines caused by falls onto the side. The upper ribs 
are less often fractured, except by direct violence from kicking, 
heavy punching or traffic accidents. The fracture sites almost 
always show bleeding beneath the periosteum or the ~arietal 
pleura if the fractures occurred during life - though it must be 
admitted that (rarely) undoubted ante-mortem fractures may 
be totally bloodless, whereas some post-mortem cracks may 
exhibit slight oozing from the marrow cavity into the adjacent 
tissues. Attempts at resuscitation, especially external carhac 
massage, now provide a common cause for extensive rib fiac- 
tures (up to 40 per cent) and make the task of the pathologist 
much more difficult when trying to differentiate original 
trauma from the effects of enthusiastic first aid (Leadbeatter 
and Knight 1988). Bleeding may or may not be seen in these 
resuscitation fractures and, as the attempts at revival are, by 
definition, perimortal in timing, it is often impossible to say if 
they were immediately ante-mortem or post-mortem. 

As the bracing action of adjacent intercostal muscles may 
conceal any mobility of the ribs when being examined at 
autopsy, it is a useful procedure to slit all the intercostal 
muscles with a knife when chest injury is suspected to allow 
any mobility to be detected more easily. In the osteoporosis 
of senility and some diseases, the ribs may be so fragile as to 
be breakable by finger pressure. Allowance must be made 
for this fragility in interpreting the cause of the fractures. 
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FIGURE 6.4 Eutmive bruising of the chest caused by kicking and 

stamping, resulting in multiple rib and sternalfiactures. Over the kfi 
costal margin there is apattern sugqestiue of the sok and heel of a shoe. 

In infants, especially victims of child abuse, rib fractures are 
common and may be an important diagnostic sign of abuse in 
doubtful cases. Where a small infant is squeezed from side to 
side, as when adult hands are clamped in each axilla or lower 
on the lateral sides of the chest, the hyperflexion can easily 
break ribs in their posterior segments, usually near their necks. 
The ribs are levered against the transverse processes of the 
vertebrae by excessive anterior flexion, which explains the 
tendency to fracture in the paravertebral gutter. Fresh fractures 
will be obvious, both on radiography and at autopsy. Within 

FIGURE 6.3 Ejrtensive abrasions and 

deformity of the chest in a manfound by 
the roadride. All his ribs and sternum were 

fractured, resulting in a @il chest: It was 

thought to be a road accident untiL bovine 

hairs werefound on his clothing. He had 

been m h e d  by a bull and then tossed over 

tbe je id  wail. 

about 2 weeks (though this is very variable), callus will form 
and be visible both on X-ray and by direct post-mortem 
inspeaion. It is extremely difficult to date such callus. 

It is said by paediatricians and radiologists that anterior 
rib fractures are rare in infancy other than from child abuse; 
though this is probably generalIy correct, care must be taken 
to exclude bony injury from the now almost universal 
attempts at resuscitation (even though infant ribs are very 
pliable). In very young infants, the possibility of older frac- 
tures dating back to birth injury cannot be dismissed, 
though again these are rare. 

The sternum may be fractured by stamping or other 
frontal impacts, but far more force is necessary than with 
ribs. If posterior displacement of a fragment occurs, the 
underlying heart or great vessels may be severely damaged. 

HAEMORRHAGE AND 
INFECTION IN THE CHEST 

Any injury to the chest wall or lung surface that breaches 
blood vessels and the pleural lining can lead to a haernotho- 
rax. Intercostal and, less often, mammary arteries can bleed 
into the pleural cavities, but most massive haernorrhage 
comes from large vessels in the lung or mediastinum. The 
lung hilum can be corn or penetrated by stabs wounds. 
Another obvious source of a haemothorax is the heart itself, 
though there must also be a defect in the pericardial sac 
before the blood can reach the chest cavity. Several litres of 
blood may accumulate in the chest, either as liquid or clot, 
or usually a mixture of both. Death may occur from loss of 
circulating blood volume, even if there is relatively little 
external bleeding. 

Many intrathoracic haemorrhages may be fatal with virtu- 
ally no external blood loss, a fact that the police often find 
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PNEUMOTHORAX 

There are three types of pneumothorax: 

FIGURE 6.5 Penetrating stab wound ofchest, which has traversed 

the lung. The blade has passed through the upper lobe, crossed the 

interlobarjssure and re-entered the lower lobe. Death was cawed Iry 
a haemothorax fiom severed branches of the pulmonary vessek 

within the lung. 

hard to credit if there is little blood at the scene of a fatal 
stabbing. A knife that passes obliquely into the chest through 
intercostal muscles may puncture a great vessel or heart 
chamber, allowing a fatal cardiac tamponade or haemo- 
thorax, yet the valve-like overlap of the tissues after with- 
drawal df the blade may seal up-the external wound almost 
completely and prevent significant bleeding, especially as the 
blood inside the chest is not under any appreciable pressure. 

The same may apply to a gunshot wound, where bleeding 
can be virtually absent if the wound is uppermost after death. 
Where the body lies above the wo~ind, ofwhatever type, then 
considerable post-mortem gravitational leakage can take place. 

Whatever the source of the bleeding, post-mortem haem- 
orrhage can add very considerably to the volume found in the 
chest at autopsy. Due to the great variability of post-mortem 
coagulation - and subsequent lysis - much of the blood 
found at autopsy may not have been there at the moment of 
death. It is impossible to quantify this additional leakage in 
retrospect, but the ever-present possibility makes it unwise to 
be dogmatic about the amount of blood loss prior to death. 

Infection following a chest wound is uncommon in 
forensic practice, as most deaths occur from haemorrhage 
within a relatively short time before infective sequelae 
have time to be established. Where survival is longer, then 
effective medical care usually prevents secondary infection, 
However, cellulitis, pleural inflammation and even empyema 
may supervene, especially where some dirty weapon is used, 
or where clothing or other foreign material has been carried 
into the wound. Infection may be of many types, but 
staphylococci, Proteus, coliforms and Clostridiumperjingens 

are commonly found on culture. 

a simple type where a leakage through the pleura 
allows air to enter the pleural cavity, but where the 
communication rapidly closes. The lung partly 
collapses, but if death does not supervene the air is soon 
absorbed. If the communication remains open, then a 
bronchopleural fistula ensues with air in the pleural 
cavity but, as it is not under pressure, like type 2, it will 
not bubble out when the autopsy 'water test' is 
attempted. Radiology is then the best means of 
demonstrating the air in the pleural cavity. 
when the leak in the pleura (or rarely the chest wall) has 
a valve-like action, air is sucked into the pleural cavity at 
each inspiration, but cannot escape on expiration. This 
pumping action leads to a 'tension pneumothorax', 
which causes complete collapse of the lung onto its 
hilum and a shift of the mediastinum to the opposite 
side. It is this type of pneumothorax that may be 
demonstrated at autopsy by penetrating an intercostal 
space under water, though radiology is a much better 
method of detection of all types of pneumothorax. 
when an injury of the chest wall communicates with 
the pleural cavity, a 'sucking wound' may form with 
direct passage of air from the exterior. This type is most 
often seen in military surgery, and may be complicated 
by haemorrhage and infection. 

-4 common traumatic cause of pneumothorax is a stab 
wound of the chest that allows direct communication with 
the exterior, though usually the layered skin and intercostal 
muscles cIdses the track when the weapon is withdrawn. 
The knife often enters the lung, however, so that air can 
enter the pleural cavity from the bronchi. 

Subpleural abscess 
or tuberculous 

(decompression) 

FIGURE 6.6 Common causes ofpneumothorax. 
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Natural disease can also cause a pneumothorax, which can 

lead to sudden death. Common causes are a ruptured emphy- 
sematous bulla, a tuberculous lesion at the lung periphery, or 
a tear at the site of a fibrous pleural adhesion. This may ini- 
tially appear suspicious, as in a case seen by the author (BK) in 
which a teenage boy bent down to tie a shoelace and fell dead. 
At autopsy the only finding was a pneumothorax that had 
been caused by a single pleural adhesion that had torn the vis- 
ceral pleura. This illustrates the fact that sometimes a pneumo- 
thorax can cause sudden unexpected death, presumably via 
some vagal cardioinhibitory mechanism. 

INJURIES OF THE LUNGS 

Emiskg of h e  !x2s is c c = ~ ~ ~ c n  in b c k  cpen mc! cbsec! 
chest injuries. Any substantial impact on the chest can con- 
tuse the lung surface or deeper parts. This may be beneath the 
area of impact or 'contrecoup' damage on the opposite sur- 
face. Deceleration injuries are seen in falls and traffic acci- 
dents, most commonly along the posterolateral surfaces 
where a vertical line of subpleural bruising occurs, often in the 
paravertebral gutter. The outline of ribs may be imprinted in 
h e s  of contusion on the pleural surface of the lungs. Bruising 
may be so severe as to form subpleural blood blisters, which 
may rupture to release blood or air into the pleural cavities. 

In all severe chest injuries the central parts of the lung may 
show bleeding, sometimes sufficient to form actual haem- 
atomas with breakdown of lung tissue. Osborn describes 'pin- 
cer contusions' of the lung, where the expanded lower margins 
of the lungs become trapped in the narrow costophrenic angles. 

Laceration of the lung can occur in blunt injuries and 
even lobes or parts of a lobe may be detached. The hilum 
may tear and the pulmonary ligament below the hilum is a 
frequent site of haemorrhage. Vessels in the hilum (especially 
pulmonary veins) or those more peripherally, may be ripped, 
causing severe intrapleural or mediastinal haemorrhage. 
In children, lung injuries can occur without fracturing of the 
ribs, because of the greater elasticity of the latter and the abil- 
ity of the chest wall to deform. 

Penetrating injuries of the lungs are common, usually 
from stabbing by knives. The wounds may end in the lung 
parenchyma or in large vessels, or may be 'through-and- 
through' injuries that emerge to cause further damage to 
the heart or great vessels. They assist the pathologist by 
delineating the track and the direction of the stabbing, but 
due allowance must be made for the marked variation in 
topdgraphy during inspiration, compared with the col- 
lapsed state seen at autopsy. 

Blast injury is dealt with elsewhere, but the lungs are the 
most vulnerable organs to this type of injury due to their 
large tissue-air interface. 

INJURIES OF THE HEART 

The heart is vulnerable to both penetrating and blunt 
injuries. A common form of homicide is a stab wound of 
the chest which penetrates the heart. The entry point may 
be anywhere over the praecordium or adjacent areas if the 
angulation of the track is sufficienr. Sometimes the ster- 
num is penetrated by a forceful blow that reaches the 
underlying heart, but most stab wounds enter via the inter- 
costal spaces, or through a rib or costal cartilage. 

Rarely, an upward stab from the abdomen reaches under 
the costal margin to penetrate the diaphragm. The right 
ventricle is often injured by a stab wound as it presents the 
largest frontal area, but the anterior interventricular septum 
and the left ventricle are also vulnerable. A shallow stab 
wound may enter the myocardium and not reach the 
lumen of the ventricle. In such a case there may be little 
disability unless a coronary vessel is severed, which may 
either cause death from myocardial insufficiency (if a major 
artery is transected) or cardiac tarnponade. 

More often - especially in the right ventricle - the knife 
passes into rhe cavity. In the thin right ventricle this usually 

FIGURE 6.7 Even a small penknife can inflict a fatal wound. This 

iljury was cawed by a boy to a police officer when the h e r  was 
apprehending him for some minor offence. Though the blade was 
only about 6nn long, this is suffcient to enter alongsidp the sternum 
andpuncture the ventricular wall. 
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leads to copious bleeding into the pericardial sac even 
though the intraventricular pressure is relatively low 
because of the inability of the thin wall to close the defect 
by muscle overlap and contraction. 

FIGURE 6.8 Stab woundpenetrating the pericardium (reflected 
upward) with a wound in the corresponding point on the heart. 
Death was caused by cardiac tamponadefiom leakage of bloodfiom 
the ventricular lumen. 

In the lefi ventricle, the contraction of the layered thick 
wall may partly or wholly seal the wound, and bleeding can 
be slight. It is, however, more common for persistent bleed- 
ing to occur and, if the drainage from the pericardial 
wound is less than the leakage from the ventricle, eventu- 
ally a tamponade will develop. These variables make it 
impossible to calculate how long the victim was able to 
carry on with his activities, ofien a matter of dispute at a 
criminal trial. In general, wounds in the right ventricle are 
more dangerous than in the left because of the absence of 
the muscular 'self-sealing' effect. 

Many stab wounds of the heart are transfixing or 
'through-and-through' injuries, the knife entering one wall 
and emerging through another. If the lefi ventricle carries 
both wounds, the rapidity of bleeding may still not be tor- 
rential. Some of these wounds pass downwards and t r a n s f ~  
the heart, then exit through the lower wall of the right ven- 
tricle and pass on via the diaphragm to end in the liver. 

Blunt injuries of the heart are seen in civilian practice 
mainly in traffic accidents, falls from a height and in 
stamping assaults, though any heavy impact (including a 
punch) can cause fatal damage. There are usually multiple 
rib and sometimes sternal fractures, with or without a flail 
chest. Occasionally there can be heart damage in an intact 
chest cage, especially in a child with a pliable thorax. Fatal 
blunt damage of the heart may occur, however, without a 
mark on the skin of the thorax nor damage to the bony 
chest cage. The cardiac injuries are usually on the front of 
the organ, especially to the right ventricle, though posterior 
bruising and laceration can occur if the heart is compressed 
against the thoracic spine, as in stamping assaults and steer- 
ing wheel impacts. 

All degrees of damage can occur, from mere epicardial 
bruising to lacerations that open the ventricular lumen widely. 

FIGURE 6.9 Ruptured interventrimlar septum 
as a result of impact on the fiont of the chest. 
The septum can tear without h&ge to the 
outer walls of the heart. 
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Internal damage to the heart may be present, without external 
signs of injury to either the heart or the external chest wall. 
The interventricular septum may be ruptured as a sole lesion, 
the mechanics of which seem obscure. In gross injuries, such 
as aircraft crashes, the whole heart may be avulsed from its 
root, to be found lying loose in the thorax. Histological dam- 
age, especially contraction band necrosis, can be found even 
when there is no macroscopic abnormality. A comprehensive 
review of cardiac contusions has been made by Sagall (1971). 

HAEMOPERICARDIUM AND 
CARDIAC TAMPONADE 

Bleeding into the pericardial sac may occur from the sur- 
f x e  2: the cavities of :he hext, er fzem the incrapericardial 
segments of the roots of the great vessels, particularly the 
aorta and pulmonary artery. Most causes of haemoperi- 
cardium are from natural disease, such as a ruptured 
myocardial infarct or a ruptured dissecting aneurysm of the 
aorta (Chapter 25), but it is nor an uncommon sequel to 
injury to the chest. When the damage has been caused by 
a stab that has perforated the pericardial sac, bleeding 
can escape into the pleural cavities, mediastinum or even 
abdomen if the diaphragm is penetrated. Death may occur 
from sheer blood loss if the haemorrhage can escape from 
the confines of the pericardium, but another common 
lethal condition is 'cardiac tamponade'. 

In the tamponade, blood accumulates in the pericardial 
sac faster than it can escape, either because the bleeding 
rate exceeds the drainage or because the exit hole in the 
pericardium becomes blocked by blood clot. In cases where 
the bleeding is from a contusion or laceration of the heart, 
there is no escape route from the sac. When sufficient 
blood accumulates, the pressure in the pericardial sac 
increases and begins to prevent the passive filling of the 
atria during diastole. The cardiac output falls, as does the 
systemic blood pressure and the venous pressure rises. If 
unrelieved, death will follow, though the time that this 
takes is variable and almost impossible to calculate retro- 
spectively on pathological findings. It has been stated 
(Moria 1942) that about 400-500 ml of blood is sufficient 
to cause death, though this seems a greater volume than is 
usually seen in tamponades. Where trauma to the heart 
co-exists, it is difficult to apportion the relative contribution 
to death of the tamponade as opposed to the other injuries. 

INJURIES TO GREAT VESSELS - 
The most vulnerable vessel is the aorta, which most com- 
monly suffers injury in deceleration trauma from both road 

FIGURE 6.10 The usualsite of rupture of the aorta in deceleration 
inju y. 

and air accidents, as well as from falls from a height. When 
the thorax is suddenly decelerated, the heart - being rela- 
tively mobile in the chest - attempts to continue in the 
original direction. This causes severe traction on the root of 
the heart, and a common sequel is complete or partial rup- 
ture of the aorta in the descending part of its arch. In falls 
from a height, Fiddler (1946) claims that the lesion is the 
result of the abdominal and thoracic viscera being forced 
caudalwards by the abrupt deceleration when landing on 
the feet or buttocks. Tannenbaum and Ferguson (1948), 
however, postulate that the mechanism is a sudden rise in 
intra-aortic pressure. Lasky (1 974) has reviewed the biomech- 
anics of impact injury of the aorta. 

According to Fiddler, rupture occurs almost constantly at 
a point 1.5 cm distal to the attachment of the ligamenturn 
arteriosum, the remnant of the ductus. The lower thoracic 
aorta is closely bound to the anterior longitudinal ligament 
on the front of the dorsal spine, until it reaches the termina- 
tion of the arch, where it curves forwards. This appears to be 

- - 

the weak point and transection occurs at this level, some- 
times so cleanly that it looks like a surgical incision. The tear 
is annular and at right angles to the axis of the aorta. 
Sometimes, there may be multiple parallel intimal tears near 
the main transection, the so-called 'ladder-rung tears'. In 
deceleration trauma, these incomplete tears, which affect 
only the intima and inner media, may be found without 
major transection; where death is delayed, false aneurysms 
and dissections may be diagnosed on aortograms. 

The pulmonary artery is much less vulnerable to blunt 
trauma than the aorta but, in stamping assaults and steering 
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FIGURE 6.1 1 Complete transection of& aorta in the distalpart 

of the arch. The victim war a car driver who suffered a severe 
deceleration impact. There is aho some slight pulmonary bruising; 
the lungs are acthmatic. 

wheel impacts, it may be damaged by depressed rib cage and 
sternal fractures. The pulmonary artery and vein branches 
may also be damaged in the root of the lung, where hilar 
tears are not uncommon. The great vessels are often involved 
in penetrating injuries, notably stab wounds. Stabs of the 
upper part of the chest may pass directly into the arch of the 
aorta, especially on the right side of the sternum. Here even 
a shallow injury may reach the aorta and the authors have 
seen several cases in which a short-bladed penknife has 
caused death in this way. 

Stabs that are either too high, or are directed too laterally 
to puncture the chambers of the heart may penetrate the 
ascending aorta or the pulmonary artery. If the wound is 
below the reflection of the pericardium, a haemoperi- 
cardium and perhaps cardiac tamponade may result. 
Other stab wounds may injure the heart valves or may enter 
the root of the lung to penetrate the large primary branches 
of the pulmonary artery or veins, causing gross bleeding 
into the corresponding pleural cavity or the mediastinum. 

As with the thorax, the damage caused by blunt and pene- 
trating trauma of the abdomen depends upon the location 

4th lumbar 
vertebra 
/ 

FIGURE 6.12 Surface anatomy of liver, stomach and heart. 

of the injury. In addition, the large area of the anterior 
abdomen occupied by the intestine provides a target for per- 
foration with consequent chemical or infective peritonitis. 

Open or penetrating wounds need little description, 
as they follow the characteristics of stab-like injuries in 
general. The liver, and especially the spleen, may bleed 
extensively, causing a haemoperitoneum. The intestine and 
mesentery are the other major targets, wounds often being 
multiple, because of the overlapping nature of the coils and 
their mesentery. The stomach, being partially protected by 
the rib margin, is less often penetrated from the abdomen, 
but is not uncommonly involved in chest stabbings that 
pass downwards through the diaphragm. The kidneys are 
rarely stabbed except from a thrust in the back. 

Closed or blunt injury to the abdomen is common from 
both accidents and assault. Impact on the abdomen by a 
car steering wheel was more common before the wide- 
spread use of safety-belts and air-bags and still occurs in 
severe deceleration accidents. The liver, intestine, spleen 
and mesentery are most vulnerable. Crushing between two 
vehicles, or between a vehicle and a wall is another mech- 
anism for abdominal trauma, and may also be seen in rail- 
way and industrial accidents where squeezing between two 
opposing surfaces occurs. In homicides, assaults and child 
abuse, kicking, stamping and heavy punching can also 
cause blunt injury to the abdomen. 

Whatever the mechanism of infliction, the following 
features may be present: 

C1 Bruising of the abdominal wall, both of the skin and 
the underlying muscles, is ofien (but by no means 
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Anterior abdominal wall 

I 

FIGURE 6.13 Posterior view of trunk to show surjace relations o f  
organs. 

invariably) seen in abdominal trauma. Where 
subcutaneous bleeding is prohse it may track from the 
initial area of impact to become more diffuse and may 
cover a large area of abdominal wall, especially in the 
lower segment. Blood may track down the inguinal 
canal and appear in the scrotum or labia. 

More often there are discrete bruises on the 
abdominal skin, associated in some instances with 
surface abrasions. Kicks will usually leave scuffed 
abrasions if tangential, unless protected by clothing. 
Fingertip or knuckle bruises may be seen, especially 
in child abuse. In infants, bruises may be seen on the 
sides of the abdomen where adult fingers have forcibly 
gripped or lifted the child, though these are more 
common in the axillary line of the chest. 

Severe or fatal intra-abdominal injury may be 
present, however, without any mark on the skin. This 
can occur if clothing protects or if a blunt impact is 
applied over, a relatively large surface. In child abuse, 
for example, the liver, mesentery or duodenum can be 
ruptured with no external sign whatsoever. 

El Extensive bleeding into the peritoneal cavity, usually from 
rupture of a solid viscus or bleeding from the mesentery. 
Bruising or rupture of the stomach and diaphragm. 
The stomach is less vulnerable than the intestines, but 

Intestine 

FIGURE 6.14 Injury or rupture of intestine or mesentery in violent 

blow to the upper central abdomen. Because of its small size and the 

thin abdominal wall, the infant duodenum is especially vulnerable. 

may be lacerated by a heavy blow in the upper abdomen, 
especially when full of food or fluid. 
The intestine and its mesentery are frequently darnaged 
in abdominal trauma. Extensive bruising of the gut and 
its vascular mesentery may occur, mainly from being 
crushed against the prominent lumbar vertebrae in the 
midline. The duodenum and jejunum are particularly 
vulnerable to transection from being compressed 
against the spine, especially in children, where a heavy 
blow in the central or upper abdomen can cut through 
the third part of the duodenum almost as cleanly as a 
scalpel. Laceration of the mesentery is not uncommon 
both in traffic accidents and assaults. The same 
mechanism of compression against the lumbar spine 
causes bruising and tearing of the central parts of the 
mesentery, which usually occurs towards the intestinal 
margin of the membrane. Multiple fenestrations may 
be seen, presumably because folds of mesentery overlie 
each other and are injured when in apposition. 

Severe and intractable bleeding can occur in 
circumstances where surgical treatment is oken not 
offered because the condition is unrecognized. Kicks 
and punches in the abdomen may be sustained by 
drunken persons who may be apparently unaware of 
the seriousness of their injuries until collapse and death 
supervene perhaps hours later. 

In a case seen by the author (BK), a man was 
involved in a fight and then allegedly assaulted the 
police. He was forcibly restrained and may have been 
struck in the abdomen by a knee. He remained 
apparently well, though drunk, in a police cell for more 
than 5 hours, before collapsing and dying on his way 
to the lavatory never having complained of any 
abdominal pain. Autopsy revealed several litres of blood 
in his peritoneal cavity, which had escaped from several 
large tears in the mesentery. Similar bleeding from 
mesenteric lacerations has beep seen in abused infants, 

I 

I 
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FIGURE 6.1 5 Laceration of the spleen following 
lower chest impact during a road traffic accident. 

where the thin abdominal wall provides little 
protection from blows on the abdomen. 

Injury to the mesentery may damage local arteries 
without causing severe bleeding, but may occlude or 
thrombose them, with infarction of the bowel as a 
consequence. Perforation may be delayed for a day or 
two and in children and old people there need not be 
the dramatic symptoms of the onset of peritonitis that 
is usually seen in clinical surgical practice. 

The colon is rarely injured unless the abdominal 
injury is gross. One well-known lesion is rupture of the 
rectum or sigmoid by a high-pressure air hose being 
placed in or near the anus as a practical joke. 

E l  Rupture of the spleen is a common surgical emergency 
after trauma but may be first found at autopsy if 
undiagnosed, or if death occurs from lack of speedy 
surgical treatment, or if other injuries made recovery 
impossible. An enlarged spleen is more vulnerable and 
more fragile than a normal organ. Malaria, glandular 
fever and other infections increase the risk of rupture. 
The 'stiletto' dagger was specifically designed in 

FIGURE 6.16 Abdominal wall bruising 

with fatal intraperitonea l haemorrhage 

from a ruptured mesentery. There is also a 
large haematocele from a gang attack in 
which repeated kicking occurred 

medieval Italy for puncturing the enlarged malarious 
spleen by an upward blow under the left costal margin. 

The spleen can be damaged either from impact on its 
surface or from traction on its pedicle. The rupture 
may be immediate or may be delayed if a large 
subcapsular haematoma and underlying tear are held 
intact for a time by the capsule. This delay can last for a 

number of days or even weeks. 
E3 Rupture of the liver is also a common lesion following 

serious abdominal trauma, such as fall from a height or 
a crush injury between two wagons. It is seen especially 
in traffic accidents, either from impact of the driver 
on the rim or centre of the steering wheel or by the - 
unrestrained passenger being thrown against the fascia. 
A pedestrian can also suffer a ruptured liver either as a 
primary impact from a vehicle or as secondary damage 
from being thrown to the ground. 

A more recent cause of liver injury is enthusiastic 
external cardiac massage. Even if death has already 
taken place, there may still be a significant amount of 
blood oozing from the liver tears into the peritoneal 
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FIGURE 6.17 Compkte bisection of the liver in 

a high-speed deceleration during a trafic 

cavity. Moritz (1942) has described six varieties of 
hepatic laceration, but such a differentiation is of little 
practical use. The liver may show one or more linear 
cracks, most often on the convex upper surface, which 
may be of any severity from superficial subcapsular 
tears to complete transection of the organ. Not 
infrequently, several roughly parallel tears are seen on 
the upper surface, obviously from the same type of 
mechanical stress. The surface lacerations may extend 
deeply into the liver and may even appear on the 
opposite surface. Occasionally, there may be internal 
tears that do not communicate with the surface. As in 
the spleen, a subcapsular haematoma can reach a large 
size before bursting into the peritoneal cavity, causing a 
delay in collapse or death. 

Infants readily suffer liver damage from trauma and 
it is a well-known component of the child abuse 
syndrome. Liver tears can occur during the process 
of birth, particularly in breech presentation. 

El Injuries to the kidney. Being deeply situated at the back of 
the abdomen in the paravertebral gutter, the kidneys are 
rarely damaged by frontal trauma, but may be involved in 
kicks or heavy blows to the loin. Traffic impacts, mainly 
in pedestrians, can damage the kidney, but kicking is 
another cause of this rather uncommon injury. When a 
victim is lying on the ground, a swinging boot can 
conveniently enter the slightly raised arch between the rib 
margin and hip, where the kidney is situated. 

Perirenal haemorrhage is much more common than 
damage to the actual organs themselves, but when they 
are injured, all grades of damage from comminuted 
pulping through transection to shallow surface lacerations 
may be seen. Like the mesentery and spleen, damage to 
vessels may lead to post-injury infarction. The suprarenal 

accident. The abdomen of the driver was hurkd 

against the steering wheel as he was projected 

tbrough the windrrreen. 

vessels can be damaged by impact and, statistically, the 
right suprarenal artery is more often involved in traffic 
accidents in Britain because the direction of traffic tends 
to favour lesions on that side. It is, however, d l c u l t  to 
differentiate direct trauma to the suprarenal vessels from 
the common post-stress haemorrhages, often bilateral, of 
the Waterhouse-Frederichsen type. These occur quite 
commonly a few days h e r  any trauma, surgical operation 
or infection, and are rarely diagnosed by clinicians 
(Knight 1980) (see Chapter 13). 

FOREIGN BODIES IN THE GUT 

Though not usually a feature of trauma, foreign bodies 
and material are not infrequently found in the alimentary 
system in forensic practice, both clinically and at autopsy. 

Disorders of the mental state may lead to extraordinary 
numbers of objects being swallowed, which may be present 
anywhere from mouth to anus, but especially in the stom- 
ach. Betz et al. (1994) describe two such deaths, where, in 
one, 2000 cm3 of debris, including broken glass, was in the 
alimentary tract; the other suffered intestinal obstruction 
due to ingestion of a large quantity of his own hair. 

Similar aberrations may lead to insertion of foreign 
objects into the rectum, urethra, bladder and vagina. The 
authors have seen large objects of various types, e.g. pota- 
toes in the rectum, lengths of broom handle and wood in 
the colon (one penetrating the liver) and a banana and a 
beer can in the vagina. Sexual perversions, masturbation 
and heterosexual or homosexual activities may account for 
these, as well as frank mental abnormality. 

In recent years, the smuggling of narcotics through 
ports and airports has commonly been accomplished by 
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'body-packing', the drugs being concealed in condoms, which 
are then either swallowed or, less often, inserted into the rec- 
tum or vagina. Deaths have occurred in these body-packers, 
usually by rupture of a package within the gut, so that a mas- 
sive dose of heroin or cocaine is released with all the attendant 
toxic effects. Rarely the mass of illicit material may cause intes- 
tinal obstruction, leading to a surgical emergency, which the 
carrier does not wish to be investigated, for obvious reasons. 

INJURIES T O  THE PELVIS AND 
PELVIC ORGANS 

The bony pelvis suffers a variety of fractures and disloca- 
tions in severe trauma: 

@ Where great pressure is applied to the front of the 
abdomen or pubic area - as in running over by a 
vehicle wheel - the pelvis may be splayed open, the 
symphysis parting and one or both sacroiliac joints 
becoming dislocated. 

t3 An impact from the side may shatter the superior and, 
less often, the inferior pubic ramus, and again dislocate 
the sacroiliac joint on that side. 

Bl A fall from a height onto the feet may transmit the force 
up the legs either to dislocate the hips or even to drive 
one or both femoral heads through the acetabulum. 
If the hip joints remain intact, the pelvic girdle may crack 
and again the sacroiliac joints may be sheared apart. 

Q A kick or heavy fall onto the base of the spine may 
fracture the coccyx or sacrum. 

The pelvic organs with the exception of the bladder are 
generally protected from all but the most severe trauma. 
When it is full, the bladder can be ruptured by heavy blows 
or kicks on the lower abdomen. The empty bladder is rarely 
injured by blunt trauma. The male urethra is also vulner- 
able to direct trauma, such as falling astride a solid object 
like a gate, or being kicked in the crutch, both of which 
compress the urethra against the undersurface of the pubis. 

The external genitals may suffer injury, apart from the 
sexual assaults discussed in Chapter 18. The scrotum is 
vulnerable to severe bruising, especially from kicks: a large 
haematocele may develop. Scrotal and vulval injuries can 
occur from falling astride an object or in traffic accidents. 
Impact of a bicycle wheel between the legs is one such cause. 

COMPLICATIONS OF 
ABDOMINAL INJURY 

The most common fatal sequel to intra-abdominal trauma is 
haemorrhage from any of the contained organs. The spleen 

and mesentery tend to bleed most copiously and quickly, 
though even here there can be a delay of many hours before 
serious symptoms are obvious - and, in the case of a subcap- 
sular laceration of the spleen, the time can be far longer. The 
liver tends to ooze more slowly unless a major injury opens a 
large vessel or an extensive area of hepatic tissue. 

The mesentery contains numerous blood vessels that are 
not covered by parenchymatous tissue as in the liver or 
spleen, so bleeding is usually brisk from significant tears - 
although, as illustrated by the case described above, even 
this injury can lead to delayed death. 

Because all bleeding in the abdomen, unless it is from a 
wound of the aorta, takes time to accumulate, restriction of 
the victim's activity immediately after the injury need be 
minimal or absent unless there are other factors involved. It 
is never safe for a pathologist to declare that rapid immobil- 
ity must have ensued, unless there are other gross injuries. 

As mentioned in relation to intrathoracic bleeding, some 
of the blood found at autopsy within the peritoneal cavity 
may have accumulated there after death, adding to the true 
ante-mortem volume. 

In spite of common surgical experience, even severe intra- 
abdominal injuries leading to bleeding need not necessarily 
be painful, especially in the commonly associated circum- 
stance of the victim being under the influence of alcohol. 

Perforation of the gastrointestinal canal is another serious 
complication of trauma, though often death ensues from the 
totality of injuries before infection can become established. As 
in natural perforated peptic ulcer, penetration of the stomach 
or duodenum will cause a chemical peritonitis that can be a 
cause of severe and immediate shock - perhaps a major factor 
in a rapid death. Rupture of the small or large intestine is less 
damaging but, if survival continues, will inevitably lead to 
generalized peritonitis unless vigorously treated. Open 
wounds of the abdomen, including stabbing, will introduce 
organisms from the outside into the peritoneal cavity. In addi- 
tion to infection, trauma to the intestine may cause an 
intractable ileus; if the pancreas is damaged, there may be 
widespread fat necrosis in the mesentery and omentum. 
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Injuries that are deliberately self-inflicted are common and 
their examination is a frequent task for both pathologists 
and clinical forensic practitioners. These events consist of 
suicide, attempted suicide and suicidal gestures, the latter 
lacking the intention to kill though death may inadvert- 
ently ensue. In addition, there is non-suicidal self-inflicted 
trauma, as described below. 

One of the most difficult decisions that can face patholo- 
gists, medical examiners and legal authorities, such as 
coroners, is the differentiation between homicide, suicide, 
accident and other self-inflicted injury. Though it is not 
the legal function of a pathologist to attribute motive, his 
experience and training are often the factors that lead the 
official authority to make a decision as to the classification 
of the manner of death or injury. One such situation is fatal 
auto-erotic activities, described in Chapter 15. 

In addition, when a pathologist is assisting the police in 
the early stages of a death investigation, his opinion and 
decision about the manner of the death may be crucial in 
initiating or aborting a homicide investigation - an oner- 
ous decision which may have serious and expensive conse- 
quences ifwrong. It is therefore a most important function 
of the forensic pathologist to decide on the evidence of a 
death scene and subsequent autopsy whether murder, sui- 
cide or accident is the most likely explanation. 

Self-inflicted injury, when not suicidal, is often not fatal 
and the pathologist is usually not consulted unless he also 
includes clinical forensic medicine in his work. The patholo- 
gist may, however, be asked for his opinion, as he is a spe- 
cialist in trauma and may be able to provide the most 
useful opinion available. In other cases, self-inflicted injury, 
which the victim did not intend to be fatal, may end in 
death from a variety of causes and thus the pathologisr will 
be directly involved. 

SUICIDAL INJURIES 

This discussion is confined to physi"cal trauma, self-poison- 
ing being considered later in the book. 

Suicides may injure themselves in many different ways, 
some bizarre in the extreme. The must always be 
alert to the possibility that such injuries are not true sui- 
cides, but some manifestation of peculiar practices that have 
taken a course unintended by the victim. A prime example 
is masochistic asphyxia, which is still sometimes mistaken 
for suicide (Chapter 15). Even more serious is the homicide 
that appears to be a suicide, though the reverse also occurs. 

Suicides, apart from poisoning, may use one (or even 
more) of the following methods, though the list is by no 
means exclusive: 

stabbing and cutting 
firearms and explosives 

El jumping from a height 
k3 jumping into water 
@ burning 
@ suffocation, e.g. plastic bag 
Ei hanging and strangulation 
El electrocution 
B road and railway injuries. 

Most of these modes are discussed in the appropriate chapters. 

Suicidal knife wounds 
Many incised and stab wounds are self-inflicted, either from 
motives of self-destruction, from mental aberrations or delib- 
erately for some form of gain. These must be differentiated 
from each other, and from accidental and homicidal wounding. 
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Sometimes the distinction may be difficult and even impos- 
sible, but the experience of the forensic pathologist is para- 
mount in assisting investigative agencies to come to the correct 
conclusion. Suicide, attempted suicide and suicidal gestures 
commonly employ cutting weapons as the means of injury. 
There are certain features that are quite reliable pointers to 
these motives, though they are by no means infallible: 

Suicidal knife wounds favour certain 'sites of election', 
which are predominantly the throat, the wrists and the 
front of the chest. As with most violent methods, cut 
throat and chest stabbing is predominantly seen in men - 
though cutting wrists is not uncommon in women. 

a Suicidal wounds are typically multiple, often being 
characterized by a number of preliminary trial cuts, 
called 'tentative incisions'. These are most often seen on 
the throat and wrists, where the person often makes a 
series of shallow incisions, presumably hesitating while 
gaining courage to make a final decisive cut. In many 
suicidal attempts the subject abandons this method 
after a few trial incisions and uses some other method 
of self-destruction. Although the presence of tentative 
incisions is strong presumptive evidence of suicide, 
exceptions do occur, and the pathologist must take all 
other aspects of the scene into account before giving an 
opinion to the investigators. In fact, the almost absolute 
statements of some older textbook that tentative 
incisions must indicate suicide, is to be disregarded. 
The author (BK) has dealt with two recent murders in 
which 'typical1 suicidal injuries were present on wrist or 

FIGURE 7.1 Sites of election in violent suicide. 

* 2 

throat causing considerable doubt to the investigators 
until other factors clarified the situation. 

El A suicidal cut throat usually has these trial incisions; 
there may be only one or two, or there may be scores of 
trial cuts. If successful, there will be one or more deep 
incisions superimposed, which may destroy some of the 
previous shallow cuts. The classical description of the 
cut throat is of incisions starting high on the left side of 
the neck below the angle of the jaw, which pass 
obliquely across the front of the neck to end at a lower 
level on the right. This assumes that the victim is right- 
handed, the obliquity being reversed in a left-handed 
person. The cuts are said to be deeper at their origin, 
becoming shallower as they cross the throat, tailing off 
into surface cuts at the extremity. 

This description, though hallowed by repetition in 
many textbooks, is often incorrect and many cut throats 
have horizontal cuts that show no variation in depth at 
either end. Most suicides appear to raise the chin to 
provide better access to the throat, so that the skin is 
stretched when cut. This tends to cause straight-edged 
incisions, rather than the jagged cut (the so-called 
'dentele' toothed incision) seen when a knife is drawn 
over loose skin. Throwing back the head moves the 
carotid bundle under the protection of the 
sternomastoid muscles and, if the cuts are confined to 
the centre of the front of the neck, only the larynx or 
trachea may be damaged, rather than large blood vessels. 

Death from a cut throat depends on the nature and 
extent of local damage to the neck. Severe haemorrhage 

FIGURE 7.2 Homici&f cut throat, showing single slash with no 
tentative cuts. Clean-cut edges with no sign of repetitive strokes, 
severing muscles, larynx and some large vessels. 
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from the jugular veins, or less often the carotid arteries, 
may lead to death from exsanguination. If the larynx or 
trachea is opened, then even relatively minor 
haemorrhage from local vessels may cause blockage of 
the airways by blood and clot, though many slashed 
air-passage victims survive. A rare cause of death is air 
embolism, caused by aspiration into cut jugular veins 
while standing or sitting with the neck at a higher level 
than the thorax. The possibility that the victim of a cut 
throat may have died from some unrelated cause must 
always be borne in mind. Many suicides either use 

FIGURE 7.3 Gaping laceration in front of neck ofa mentalpatient, 
who on leave from a psychiatric hospital, had used afiame saw to 
commit suicide (see a h  Figure Z 4). 

FIGURE 7.4 Back of neck showing marks of the saw teeth around 

the laceration and medulla at the bottom (arrow). Mentalpatient 
who, on leavefiom apsychiatric hospital, had used a fiamr saw to 

commit suicide (see a h  Figure 7.3). 

multiple methods of suicide to ensure success - or may 
abandon the pain of a cut throat for some other mode, 
such as poison or a fall from a height. 

$3 Deliberate cutting of the wrists is rarely effective as the 
sole method of suicide, but it is a common injury. 
Many suicides from other causes are seen at autopsy to 
have scars on the wrists from previous unsuccessful 
attempts or gestures. The usual site is on the flexor 
surface at the level of the skin flexion creases. As with 
the neck, there may be a number of shallow tentative 
incisions, but commonly several deep gashes are made 
without trial cum. The left wrist is the more common 
target, because of right-handed dominance (86 per cent 
in men, 93 per cent in women). 

As with the neck, there is a tendency for the victim to 
hyperextend the wrist before making the cut, which 
causes the radial artery to slip into the shelter of the 
lower end of the radius. The knife cuts may then miss 
major blood vessels and merely divide flexor tendons, 
though many cuts are too shallow to cause anything 

F I G U R E  7.5 Homicidal cut throat, simulating a suicide. There are 
several apparently 'tentative cuts: but the deep penetrating central 
laceration and adjacent stab wound is atypical. The face is congested 
and shows somepetechiaefiom prior pressure on the neck. 
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FIGURE 7.8 Knife wounds of wrirts in a suicidal attempt. Even 
though these are more severe than u s i l l y  seen, no damage to the 

radial arteries was effected and death was the result of a subsequent 

cut throat. The victim was a woman of31,  unwual in that cut 
wrists and throat are much more common among men. 

FIGURE 7.6 Suicidal cut throat. The wounds are horizontal, rather 
than the more common sloping-down porn left to right in a right- 

handedperson. The numerous 'tentative cuts'are the hallmark of 
self-infliction, though there are rare exceptions. The lalynx has been 
entered and death was due to aspiration of blood into the air 
passages. The great vesseL in  the neck were undamaged. 

FIGURE 7.9 Suicidal stab wound ofheart. Thefiont of the chest is 

one of the suicidal sites ofpredilection; multiple stabs do not exclude 
self-infliction. 

FIGURE 7.7 Numerous self-inflicted cuts on the wrist, aspart of a 
firtile suicide attempt. Most of these attemptsfail and the person 

turns to another method of self-destruction. 

but superficial damage. Most cut wrists are but an 
accompaniment to other more effective methods of 
self-destruction. Once again, the presence of tentative 
cuts, though very significant, cannot be 
unquestioningly accepted as an exclusion of homicide. 
Suicidal injuries of the chest are almost always stab 
wounds. Sometimes linear incised cuts are made over 
the precordium or more widely over the front of the 
chest; these may be multiple, parallel and sometimes 
criss-cross, but rarely do any serious damage. Stab 
wounds are usually over the left side of the chest where 

common knowledge places the heart, but they may be 
alongside the sternum or even on the right side. The 
wound is often single, but multiple wounds are not 
uncommon. Though naturally a series of severe wounds 
always raises the presumption of homicide, many 
undoubted suicides can inflict a number of injuries 
upon themselves, each potentially fatal. The author 
(BK) has seen a suicide in a doctor, where eight severe 
knife wounds of the lower chest had created a large 
external defect and detached a portion of liver. 

Suicidal knife wounds are not often made in the 
abdomen, though they do occur, sometimes to the 
extent of disembowelling. The author (PS) has seen a 
suicide of a person, who removed several meters of the 
gut through a single and relatively small incision before 
dying of exsanguination. There is usually frank mental 
abnormality present in these cases, which merge into 
the self-mutilation described below. 
Stab wounds of the neck are uncommon in suicide, but 
are recorded (such as those described by Gee and Watson 
1989, where actual transfion of the neck was achieved). 
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B The position of the clothing in suicidal knife wounds is 
equivocal. It is more common for the self-stabber to lift 
the garments to expose the area of chest or abdominal 
skin to be attacked, but exceptions are common and 
the point has little diagnostic significance. 

Suicidal firearm wounds 

The characteristics of gunshot wounds are fully discussed 
in Chapter 8 but, as far as suicide is concerned, the follow- 
ing salient features may be repeated: 

Women rarely shoot themselves. In Britain, a shot 
woman is a murdered woman until proved otherwise, 
though - as always - exceptions do occur, especially in 
communities where firearms are commonplace, such as 
farming or hunting areas. 
The weapon must always be present. 
The range must be within arm's length, depending 
upon the nature of the weapon and excluding some 
mechanical device to fire the gun. The pathologist may 
be asked if a dead person could have reached the trigger 
of a rifle or long shotgun, which may have been placed 
against the neck, head or chest. Having first established 
that the entry wound was close contact, the length of 
the gun from muzzle to trigger can be measured and 
compared with the distance from wound to tip of 
finger. It must be remembered, however, that the length 
of the limb after death, especially if rigor is present, is 
not necessarily the same as in Life when mobile joints 
and muscles may have allowed a slightly longer reach 
than that measured after death. Allowance must also be 
made for lateral or other flexion of the trunk, and 
mobility of the shoulder girdle before declaring 
dogmatically that the victim could not have fired the 
gun and therefore did not shoot himself. 
Sites of election are the temple, the neck, the mouth 
and the chest. Suicides rarely shoot themselves in the 
eye or abdomen. The lifting of clothing to expose bare 
skin, usually in the chest, is very variable, and has even 
less significance in differentiating suicide from 
homicide or accident than in knife wounds. 
Shooting in anatomically inaccessible sites cannot be 
suicide. 
It is not true that suicides always shoot themselves in 
the head on the same side as their dominant hand. 
It is difficult to differentiate homicide from accident, 
even though the circumstances may be suggestive. The 
distance of discharge may be beyond arm's reach in 
both, the weapon may be missing in both, inaccessible 
sites may be shot in both and sites of suicidal election 
may not be used in both. 

FIGURE 7.1 0 A combination of two suicide methods, by firearm 

and hanging. The man had stood on a stool with a noose around his 
neck and then shot himselfthrough the forehead. The entrance 
wound is seemin the forehead (white arrow) and the double ligature 

mark around the neck shows ecchymoses on the ridge between the 
twofirrrows (black arrow). 

Suicide by submersion 
This is a common mode of self-destruction, in both men 
and women. It has a marked geographical variation as a 
favoured method of self-destruction, naturally depending 
on the availability of water - it is relatively infrequent in 
Egypt, but very common in the west of Ireland. 

Either large bodies of water, such as rivers, lakes or seas 
may be used - or the bathtub. The pathology of immersion 
deaths are dealt with in Chapter 16, but the following 
features will assist identifying suicides: 

Other means of self-destruction may also be present, 
such as drug overdose: in baths, associated electrocution 
is not uncommon, especially in the former West 
Germany (Bonte 1983). 
Suicide notes may or may not be present, but those 

, who kill themselves usually remove top clothes, hats 
and spectacles that may be left on the river bank; as 
usual, exceptions are commonplace. 
Other injuries on the body may be the result of agonal 
or post-mortem damage in the water. 

Suicide by burning 

Heat injuries are dealt with in Chapter 11, but suicide from 
burns has recently increased in Western countries (where it 
was formerly almost unknown), though in Asia it has always 
been relatively common. The spread to the West followed 
political self-martyrdom modelled on that practised by 
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some Vietnamese protesters. There are no particular medical 
features to distinguish suicide from accident or homicide, 
this being a circumstantial matter. It is almost invariable, 
however, for some container of inflammable accelerant to 
be within reach. The myth of 'spontaneous combustion' is 
discussed in Chapter 1 1. 

Suicide by 'asphyxia' 
The pathology is described in Chapters 14 and 15, but the 
following facts are pertinent to suicide: 

The masochistic or sexual asphyxias must be carefully 
distinguished from homicide and suicide. Some 
asphyxial deaths with sexual aspects appear to be 
suicida! in nardre - or a: leas:, :hc inwitabi!iq- of a fxd 
outcome must have been apparent to the victim 
(Knight 1979). 

H Hanging, though not usually truly asphyxial, is a 
common mode of suicide, especially (though not 
exclusively) in men. It is also common as a sequel to 
homicide, especially in domestic murders, where the 
perpetrator often commits suicide by this means. 

LB Plastic bag suicide is increasing in incidence, the means 
being universaIly available. 

E! Suicidal ligature strangulation is not uncommon and 
sometimes causes difficulty in differentiation from 
murder. The winding of several turns of ligature and 
the tying of multiple knots is still consistent with 
suicide, even though it is hard to understand how, in 
some cases, death appears to have been caused by reflex 
cardiac arrest rather than the more florid 'asphyxial' 
mode of death. 

Sometimes a stick or other object is inserted under a 
ligature and twisted to tighten the cord against the 
neck. This is called a 'Spanish windlass', the stick 
becoming jammed against the body to prevent the 
tightened ligature from becoming loose once the 
twisting is completed. Though usually suicidal, this 
device is sometimes used for murder. 

Jumping from a height 
'Precipitation' -jumping from a height - is another mode of 
suicide where the circumstances rather than the autopsy find- 
ings determine the motivation. It may sometimes be possible 
to deduce, by measuring the distance from the jumping point 
to where the body strikes the ground, the fact that the victim 
must have actively projected himself outwards rather than 
fallen close to the wall or cliff face. Some experiments on 
this aspect have been carried out (Goonetilleke 1980). The 

injuries may be variable, depending on the attitude of the 
body when striking the ground, contact with obsiacles dur- 
ing the fall and the height of the drop. 

Head injuries are common and are described in Chapter 5. 
If the fall is onto the feet, damage may occur at any point 
from the ankles to the skull. The legs may fracture, the hip 
joints may impact, the pelvis may split, the spine may be 
fractured (especially vertebral body compression, hyper- 
flexion or hyperextension lesions), or the base of the skull 
may be imploded as a ring fracture. 

It is extremely difficult, to the point of impossibility, to 
deduce the height of the fall from the nature and severity of 
the injuries, as was evident from the medical testimony in 
the Helen Smith inquest in Leeds in 1982. 

Some persons will be killed from a fall from a standing 
height, whilst other may make remarkable escapes without 
injury from a very high fall. The rare survivals in falls from 
a great height - usually when some cushioning effect, such 
as snow, exists - may still defy mechanical explanation. 

SELF-INFLICTED INJURIES 
OTHER THAN SUICIDE 

Two main classes exist: those where some abnormality of 
mind leads the victim to mutilate his body - and those in 
which deliberate injuries are inflicted for motives of gain. 
Those caused by mental aberration are usually bizarre in 
either their multiplicity or their site. 

Some mentally disordered persons may inflict hundreds 
of small wounds upon themselves, which may be additional 
to the actual cause of death, if death has taken place. 
Forensic physicians, such as police surgeons, may be called 
upon to examine living victims of this type. 

The arms may be covered with scores of parallel superfi- 
cial incisions from a knife, razor or broken glass. These may 
cross each other in groups and again are more frequent on 
the non-dominant side, usually the left. Small stabs may be 
made on the chest or temples. In a case seen by the author 
(BK), there were more than 200 knife-point stabs on each 
temple and the centre of the forehead. Another well-recog- 
nized syndrome is self-mutilation of the genitals, almost 
invariably by men. Paranoid schizophrenics, often with a 
strong religious flavour to their delusions, are known to 
attack themselves in this manner. The penis, scrotum and 
testes may be removed, and death from intractable haemor- 
rhage can follow. In one of the cases illustrated, there was 
also perforation of the eyeballs and 40 stab wounds on the 
top of the head, as well as a complete circumferential cut- 
ting of the throat, all with the same blunt scissors that per- 
formed the castration. The forensic implications arose from 
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FIGURE 7.12 Self-mutihtion thought by thepolice to be a bizarre 

homicide. The genitals have been amputated, the throat cut through 

3603 the Teballrpunctured and the scalp stabbed many times, all 

with scissors. The dead man hadparanoid delusions of a religious 

nature. 

the initial suspicions of the police that a sadistic homicide 
had taken place. 

Self-inflicted injuries, usually non-fatal unless some 
complication has arisen, may be motivated by some form of 
gain. The most common is fabrication of injuries to simulate 
an assault, either to divert attention from the person's own 
theft or to arouse sympathy. Fabricated accidental injuries 

FIGURE 7.1 1 Complete self-amputation of 

the scrotum andpenis with scissors. 

are usually a form of malingering, as in the armed forces, or 
in fraudulent attempts to obrain compensation. In other 
cases, the 'victim' may claim that a specific person assaulted 
them, from motives of hate or spite. Others may injure 
themselves and then waste police time by insisting on a 
futile search for a non-existent assailant, the motive ofien 
being impossible to discover, even by a psychiatrist. 

Though these matters are usually seen by the clinical foren- 
sic physician, the pathologist may be asked for an opinion 
where no other medico-legal doctor is available, or if death 
supervenes. The so-called 'Miinchausen syndrome' consists 
of repeated simulations of illness or the infliction of 
repeated minor injuries, with the object of gaining admis- 
sion to hospital, or obtaining medical care and attention. 

The following features assist in the recognition of 
self-inflicted incised injuries: 

@ The cuts are usually superficial and rarely any danger to 
life, unless they become infected. Occasionally, they 
may penetrate the full thickness of the skin, but not in 
sensitive areas like the face. 
The incisions are regular, with an equal depth at origin 
and termination, unlike more serious wounds that tend 
to be deeper at the start and tail off to the surface. 
The cuts are usually multiple and often parallel. They 
avoid vital and sensitive areas like the eyes, lips, nose 
and ears, usually being drawn on the cheeks and jaws, 
temples and forehead, sides of the neck, chest, 
shoulders, arms and backs of hands and thighs. This 
is inconsistent with an attack by another person, as 
the victim is unlikely to stand still to allow these 
multiple delicate and uniform injuries to be carefully 
executed. 

@ In right-handed persons, most of the injuries are on the 
left side, especially the sides of the face and left hand. 

@ When the incisions are made on areas covered by 
clothing, the relevant garments may show either no 
cuts or cuts that do not match the injuries in position 
or direction. 
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Avoids eyes, 
nose, mouth - 

and ears 

Mostly on back or 
palm of least 
dominant han 

Forehead, neck, jaw 
and cheek (more 
on left side) 

FIGURE 7.15 Characteristics of non-fatal self-inflicted injuries. 

FIGURE 7.13 Self-injicted scissors injury around the f i l l  
circumference of the neck. 

FIGURE 7.16 Cuts on the backs of the hand in the man shown in 

Figure 7.14. He waJ right handed and most of the shallow incisions 
are on the left hand. 

FIGURE 7.14 Self-inflicted injury in an attempt to produce an 
excuse during shop-breaking. Surprised by the police, he cut himself 
with broken glars to claim that he had been assaulted by the robbers 
whilst trying to defPnd the premises. There were similar shallow, 
straight cuts on the other side of the face and on the backs of the 
hand. 

In summary, the whole range of injuries and surround- 
ing circumstances may suggest to the experienced patholo- 
gist that the lesions do not constitute a genuine assault. 
This diagnosis may be virtually immediate on first looking 
at the 'victim' and may be almost intuitive after some 
experience - though this is of little use when giving legal 
testimony, when every opinion has to be backed up by hard 
fact and reasoned opinion. 



References and further reading 

The so-called 'Miinchausen syndrome' and the 
'Miinchausen syndrome by proxy' lie within the realm of the 
forensic psychiatrist, but a pathologist or clinical forensic 
physician may be called upon to confirm - or even first 
detect - that the injuries are self-inflicted. 

The Miinchausen syndrome refers to adults who injure 
themselves or feign signs of illness, in order to gain medical 
attention and often admission to hospital. They can be a 
plague to casualty departments until recognized. More sin- 
ister is the Miinchausen syndrome by proxy, where a parent 
will repetitively injure her child - occasionally fatally - to 
gain the same attention from doctors and medical facilities. 
The relationship with child abuse, of which it is a variety, 
must be recognized. 

FIGURE 7.17 Self-inflicted injury in the living. The 'victim' alleged 
that he had been attacked and robbed. The superj%al, uniform, 
mostly parallel scratches avoid the eyes, nose and mouth. 
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Though the majority of missile wounds are caused by 
firearms, other devices such as crossbows, captive-bolt guns, 
air weapons and even catapults can launch lethal projectiles. 
In the bombing deaths now so commonly associated with 
terrorism, missile fragments cause more deaths than the blast 
effects, so, overall, an understanding of projectile trauma is 
essential. 

THE MECHANICS OF MISSILE 
INJURY 

With the exception of deceleration injuries, all mechanical 
trauma, whether punching, stabbing or kicking, is caused by 
the transfer of energy from an external moving object to the 
tissues and nowhere is this more obvious than in shooting. 
For damage to occur, some or all of the kinetic energy of the 
missile has to be absorbed by the target tissues, where it is 
dissipated as heat, noise and mechanical disruption. When a 
missile passes completely through soh dssues, it may retain 
much of its original kinetic energy and fail to transfer any 
appreciable amount to the tissues, which may remain rela- 
tively intact apart from the immediate bullet track. If the 
latter is in a limb muscle, there may be no serious effects if 

major blood vessels are not involved, though the same track 
in brain, lung or heart may prove fatal. 

To ensure transfer of energy to the dssues, some missiles are 
especially designed or modified to slow up or stop within the 
body. Soft-headed bullets will flatten on impact and some are 
designed to fragment. The 'dumdum' bullet, which has a 
scored nose, and the military missile with an air-cavity within 
the tip are intended to splay open on impact to increase the 
'braking' or deceleration effect, and transfer more energy for 
disruption. Explosive-tipped bullets, such as those used in the 
assassination attempt on President Reagan, are not designed 
to cause damage by the tiny detonation, but drastically to 
deform the missile to cause maximum deceleration. Weapons 
designed to be fired in confined spaces, such as those for com- 
bating hijack attempts in an aircraft, may be of relatively low 
velocity and have a deceleration feature incorporated to ensure 
the absence, of an exit wound, and thus limited travel of the 
missile to avoid puncture of the pressurized passenger cabin. 

The trajectory of the missile also determines how much 
and how fast its energy is given up to the target. Shotgun 
pellets are spherical, so the orientation of impact is not rele- 
vant, but all conical bullets may acquire an erratic course 
in the tissues. They may tumble end-over-end, especially 
when nearing the limit of range; they may 'wag' or 'yaw' 
from side to side of their axial trajectory; the base may 



rotate around the axis, with the tip remaining on the 
straight path; and they may 'precess' or 'nutate' with com- 
plex spiral or circular movements about the axis. 

Whatever the deviation, it offers more contact between 
the projectile and the tissues, allowing more transfer of 
energy and thus greater tissue damage. The amount of 
kinetic energy possessed by a projectile accords to the famil- 
iar formula of half the product of the missile mass and the 
square of its velocity. Modern military science takes advan- 
tage of the squaring of the velocity to develop weapons that 
have a missile of small mass but exceedingly high velocity to 
provide the maximum kinetic energy for tissue damage. 

The mode of injury depends on the velocity of the missile. 
Relatively slow projectiles are those travelling at up to the 
speed of sound in air (340 metreslsecond or 1100 feet1 
secc~cl-), d ~ . i c h  of course inc!r?c!es a!! nnn-explosively pro- 
pelled missiles like crossbow bolts and air-rifle pellets, as well 
as most revolver bullets. These mechanically thrust aside the 
tissues along a track only slightly wider than the missile. The 
tissues are lacerated or crushed, secondary damage occurs 
from rupture of blood vessels and other structures, and sec- 
ondary and tertiary damage is caused by displaced bone and 
cartilage fragments. 

Above the speed of sound in air, a missile passing 
through tissue sends a shock wave of compression ahead 
of the laceration track, this wave being propagated at about 
the speed of sound in water (1 500 metreslsecond or 4800 
feetlsecond). Though this wave lasts only for a brief period, 
it raises the tissue pressure to extreme values, up to thou- 
sands of kilopascals. In tissues like brain, liver and muscle, 
this can cause severe disruption within a wide zone around 
the bullet track, and can be propagated down hollow fluid- 
containing vessels to cause distant vascular damage. 

High-velocity projectiles produce yet another phenom- 
enon, that of cavitation. The missile accelerates the molecules 
of the tissues adjacent to the track, so that they continue to 
move centrihgally outwards even afier the missile has trav- 
elled onwards. This forms a cavity around the track that is far 
wider than the diameter of the projectile. It reaches a max- 
imum size within milliseconds and then pulsates with 
decreasing amplitude so that a fusiform cavity rapidly follows 
in the wake of the bullet. When the bullet stops or leaves the 
organ, the cavity rapidly subsides, but the track of damage 
persists in a tubular zone much wider than the actual 
missile. In high-velocity bullets from military weapons - for 
example, 980 metreslsecond (3 185 feetlsecond) this cavita- 
tion effect is the most damaging mechanism; in addition to 
the physical damage, the near-vacuum sucks infected dirt 
and clothing fibres into the depths of the wound (Owen- 
Smith 198 1). Solid organs such as brain and liver are affected - 
more than spongy matrices like lung. Those tissues that con- 
tain most water are most severely damaged by penetrating 

missiles and high-velocity missile damage is proportional to 
the specific gravity of the tissue injured. 

In most of the shooting cases seen by forensic patholo- 
gists, death will have occurred rapidly but, where it is 
delayed, secondary damage from infarction, local necrosis 
of muscle and organs, and infection must always be borne 
in mind. High-velocity weapons in particular can cause 
vascular damage at a distance from direct trauma, stretch- 
ing and thrombosis, leading in turn to ischaemic lesions 
such as infarcts. 

TYPES OF W O N  

8: G u n s h o t  a n d  exp los ion  d e a t h s  
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The nature of firearm wounds varies considerably with the 
type of weapon empioyed. A generai howiedge of the 
main features of the various types of gun in common use is 
essential, though there is no need for the pathologist to 
master the unnecessary mass of detail on firearm construc- 
tion offered by some forensic medicine textbooks. Indeed, 
much of this is solely the province of the firearms examiner, 
not the doctor. The inordinate amount of detail sometimes 
provided is perhaps symptomatic of the fascination which 
firearms hold for many men - but rarely women. 

In the context of wounding, guns are of two main 

types. 

The smooth-bore weapon or 'shotgun' 

A shotgun consists of one or more metal barrels of relatively 
wide diameter, which are smooth on the inner surface. They 
fire a variable number of spherical lead shot (pellets), which 
emerge from the end (muzzle), from where they gradually 
diverge in the form of a long, narrow cone. Exceptionally, a 
shotgun may fire a few large projectiles or even a single slug, 
but these are rarely met with in forensic practice, the usual 
load of pellets totalling scores or hundreds. Special types of 
projectile are described later. A shotgun often has two bar- 
rels, either side by side or 'up-and-under'. One barrel may be 
parallel sided (the 'cylinder') and the other slightly tapered 
towards the muzzle (the 'choke'). The latter will produce a 
narrower cone of shot and this affects estimates of range 
derived from the size of the wound. There are several grad- 
ations of choke, such as 'improved cylinder', 'modified choke', 
'half-choke' and 'full-choke'. 

Some modern weapons have the facility for removing 
one particular type of barrel and replacing it with another 
degree of choke. Modern accessories can convert a cylinder 
barrel to a choke barrel - for example, variable choke such 
as Poly-Choke, Kutts Compensator and Weaver-Choke are 
available, especially in the USA. 



Types of weapon 

12-bore shotgun 

- 
.410 shotgun 

Pump gun 

FIGURE 8.1 Types ofsmooth-bore weapon. 

FIGURE 8.2 Relative calibre of common weapons. 

12-bore 
(1 9 mm) 

Another typically American modification is the ability to 
fire a single projectile through the smooth bore. A number 
of devices intended for hunting are available, but they may 
be involved in a human fatality. One of the older types is the 
solid round 'pumpkin ball' or the Brenneke rifled slug, but 
more recent devices include the Foster rifled slug and the 
French Blondeau, which is a dumb-bell-shaped projectile. 

Shotguns come in two main sizes, which determine the 
nature of the wound. The first is the 'twelve-bore', usually 
called 'twelve-gauge' in North America, which has a dia- 
meter of about 19mm or 0.738 inches. The other is the 
smaller 'four-ten', usually single-barrelled with a diameter 
of 10.G mm or 0.410 inches. 

SHOTGUN AMMUNITION 

The ammunition for the shotgun is a cartridge made of a 
cardboard or plastic cylinder fitted into a metal base. This 

FIGURE 8.3 Various types ofammunition. From the right, there are 

two twelve-bore shotgun cartridges, .22 rife, .38 automatic pistol 
and .45 revolver bullets and two military rijle shells. On the left is a 

cannon shell, which is unlikely to be encountered in civilian forensic 

pathology 

Revolver . &?JJ 

Q 
'Automatic' pistol 

bl Rifle 

FIGURE 8.4 Types of weapon andammunition. 

carries a percussion detonator that is struck by the spring- 
loaded firing pin when the trigger is pulled. The cartridge 
contains a charge of propellant, above which are 'wads' or 
pistons of felt, and cardboard or plastic discs, or both. 
Above these is the charge of shot, which varies greatly in 
number and size, finally covered by a card or plastic disc. 

This description is of the old, classical cartridge but 
modern ammunition has a variety of devices incorporated 
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into the cartridge to improve efficiency and accuracy. These 
include the Power Piston, a proprietary name for one of a 
class of cartridges which holds the shot inside a polythene 
cup and which itself may contribute to the wound at short 
range. Other modern cartridges may have plastic granules 
as a filler between the shot; this brightly coloured material 
may be found inside the wounds. 

Tampering with the contents of cartridges may markedly 
alter the spread and other characteristics of the shot and 
hence the resulting wound. The shot may be fused into a 
mass by pouring paraffin wax or even molten pitch into the 
cartridge. The cardboard or plastic cylinder may be partly 
cut through at the level of the wads, so that, on firing, the 
upper part of the casing is blown out to restrain the diver- 
gence of the pellets. 

The p:ope!!azr hx -IsG changed in rece.n,< xn=lrr c o  rh lr  
J ----> -- ----- 

the old black gunpowder has been largely replaced by 
cleaner explosives that do not produce the same volume of 
soot and unburnt propellant, which may be deposited in 
and around the close-range wound. 

'Country' guns 

The rifled weapon 

Handguns, rifles, air rifles and military weapons differ from 
shotguns in that they fire one projectile at a time through a 
thicker barrel that has spiral grooves machined on its inner 
surface. The elevations between the grooves are the 'lands', 
which grip the bullet as it passes down the barrel and give it a 
rotatory movement. This has a gyroscopic effect that increases 
the stability of the bullet's trajectory and hence the accuracy. 

Handguns, which cause over 50 per cent of all homicides 
in the USA, comprise the revolver and the automatic pistol. 
The revolver has a rotating cylinder carrying a variable 
number of shells, which are brought into the firing position 
one by one, each time the trigger is pulled. The revolver has 
a low muzzle velocity of the order of 500 feetlsecond (1 50 
metreslsecond). The 'automatic', more accurately called a 
'self-loading' pistol, has its shells in a spring-loaded maga- 
zine, each spent round being ejected and a new one posi- 
tioned by means of the gas pressure developed at each 
discharge. The muzzle velocity may be 1000-1200 feet1 
second (300-360 metres/second). 

Rifles are long-barrelled guns that may be single-shot, 
bolt-loaded or self-loading and used for hunting, target- 
shooting or for military purposes. Military weapons come 

In developing countries, in some rural and poor areas of in a Vast range of  types, most of them either 'self- 

other countries, in subversion and terrorism, and sometimes loading', which means that the trigger has be pulled for 

in juvenile hands, weapons and may be 'home- each shot -or truly 'automatic', when the weapon will con- 

made'. ~h~~~ are common in ~ ~ d i ~ ,  where the name lcoun- tinue to fire while the trigger is depressed until the maga- 

try gun' is well understood; [hey are also made in sri ~~k~ zine is empty. The muzzle velocity varies greatly, from 1500 

and other Asian areas, but may be encountered anywhere. 50°0 (450-1500 metres'sec0nd). 

The author (BK) had experience of such weapons in the 
terrorist campaign in Malaya in the 1950s, where crude 
weapons were made in the jungle from pieces of water-pipe 
attached to roughly carved wooden stocks, with a primitive 
firing mechanism. The guns were muzzle-loaded with black 
powder and the projectiles were often wood-screws, nuts 
and bolts and irregular fragments of metal or even stones. 

In civilian practice in Britain, two similar weapons have 
been seen, both made by juveniles out of electrical conduit 
pipe, using potassium chlorate-sugar propellant. In one, the 
user was killed when the device exploded; the other one suc- 
cessfully propelled a small screwdriver across several fields to 
(slightly) injure a cow. 

Terrorists in Northern Ireland have also manufactured 
some of their own weapons, bur these were relatively 
sophisticated, being made in clandestine but well-equipped 
workshops. 

The problem for the pathologist with such guns is that 
few of the criteria to be described apply to the injuries, 
especially where random, irregular missiles such as wood- 
screws are employed. Local knowledge and experience are 
essential for the interpretation of these wounds. 

AMMUNITION FOR RIFLED WEAPONS 

The variety of types of rifled ammunition is even greater than 
the range of weapons designed to fire them, but all conform 
to a general pattern. There is a metal cylinder, closed at one 
end, which is the 'shell' or cartridge, carrying a percussion 
detonator in the base, either centrally or peripherally. The 
shell is loaded with explosive propellant such as nitrocellulose 
and the bullet is firmly clamped into the open end. The bul- 
let may be composed of a variety of metals, often compound. 
A lead core may be covered in a nickel or steel jacket, but 
there are many other variations. The detonator may contain 
elements such as barium, bismuth mercury or antimony. 

Both shotgun and rifled weapon ammunition have a 
common purpose when detonated - to produce large vol- 
umes of hot gas under pressure that expel the bullet or shot 
from the barrel. One gram of black powder produces about 
3000 ml and nitrocellulose produces some 13 000ml of 
gas, which consists of carbon dioxide, monoxide, nitrogen, 
hydrogen sulphide, hydrogen, methane and many other 
substances, all at high temperatures. 



Wounds inflicted by a smooth-bore shotgun 

Though the construction and performance of weapons is of 
vital interest to the forensic firearms examiner, the relevance 
to the pathologist is concentrated in those aspects which 
affect the nature of the wound: 

23 whether the weapon is smooth-bore or rifled; 
E! if rifled, the muzzle velocity of the weapon; 

the nature of the projectile(s); 
B the nature of the propellant; 

the degree of choke, if any; 
B the range of discharge; 
Ei the angle of discharge. 

WOUNDS INFLICTED BY A 
SMOOTH-BORE SHOTGUN 

The following constituents of the cartridge emerge on 
the discharge of a shotgun and all may contribute to the 
wound: 

lead pellets 
soot in the form of smoke and debris 
unburnt and burning propellant particles 
flame and hot gases under pressure 
carbon monoxide 
wads - either felt, cardboard or plastic 
detonator constituents 
fragments of the cartridge case. 

When a shotgun is fired, a compact mass of shot emerges 
from the muzzle and then begins to disperse, the divergence 
increasing progressively as the distance lengthens. A tongue 
of flame and hot gas follows the shot. High pressure and 
temperature exists just outside the muzzle, but this rapidly 
expands and cools. This gas is composed of oxides of nitro- 
gen, carbon dioxide, hot air and other compounds, but the 
one of interest to the pathologist is carbon monoxide. Soot 
from the combustion of propellant is expelled, along with 
some flakes or grains of propellant that may be still burning. 
The wads are also expelled, their nature depending upon the 
type of cartridge. Some modern ammunition may contain 
other devices that may contribute to the wound. 

Chemical traces of the elements in the detonator or percus- 
sion cap cannot be seen, but may be vital laboratory evidence, 
where barium, antimony and other metals can be recovered 
on analysis or by means of the scanning electron microscope. 
Fragments of the cartridge case may also be ejected, especially 
if it has been tampered with, as described earlier. 

The most important deduction that a pathologist is asked 
to make is the estimation of the range of discharge of the gun, 
as this may substantially influence the distinction between 
accident, suicide and homicide. The appearance of the wound - - 
is greatly modified by variation in range and it is convenient to 
describe them in terms of increasing range of discharge. 

Shotgun contact wound 

SHAPE 

Where the muzzle is placed tightly against the surface of the 
abdomen, thorax, limb or neck, the consequent wound will 

FIGURE 8.5 Variation in appearance of a shotgun wound at.increaring range ofdischarge: ](a), split woundfrom contact over bone; 

I (b), wual round contact wound; 2, close but not contact range up to about 3 0 m  (variable); 3, 'rat-hole' woundfrom 30 m to about a 

metre (variable); 4, satellite pellet holes appearing over a metre; 5, spread of shot increases, central hole diminishes; Q uniform spread with 

no central hole over about 10m. All these ranges vary greatly with barrel choke, weapon and ammunition. 
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be single and circular, of a size approximately equal to the 
bore of the weapon, though a .410 wound may be smaller 
because of the relatively greater effect of elastic contraction 
of the skin. The edges of the wound may be crenated by 
individual shot, but usually this feature is not noticeable. 

SOILING AND BURNING 

In a tight contact wound, the skin forms a seal around the 
muzzle, preventing much escape of hot gas and soot, so that 
soiling and burning are minimal or absent. The recoil, which 
takes the muzzle away from the skin, may, however, loosen 
the seal and, if the muzzle is not pressed firmly, flame, gas and 
soot may escape sideways and &ect the skin in the immediate 
viciniry. Where clothing is interposed between the muzzle 
zc! skc ,  snnr is m ~ c h  more !i!~e!~ to e s q e  sideway< and 
may be found in each layer of fabric, as well as on the under- 
lying skin. The cloth may be singed at the edge of the hole 
and there may be a ring of burning around the skin wound. 

MUZZLE IMPRESSION 

There may be a muzzle impression in a tight contact wound 
made by firm mechanical pressure or impact of the metal rim 
against the skin. Many textbooks quite wrongly attribute this 
to 'recoil', though of course recoil takes the muzzle away from 
the skin, not towards it. The true explanation of a muzzle 
mark is either that the assailant physically kept the weapon 
pressed hard against the skin or - more often - that the sub- 
cutaneous expansion shortly to be described, lifts the skin 
forcibly up against the, muzzle. A muzzle mark is a most use- 
ful indication to the pathologist of a contact wound. Actual 
bruising can occur around the muzzle imprint, though this is 
more likely to be the result of deep contusion from the effects 
of the blast. Rarely, a double-barrelled weapon may make a 
ring-like mark adjacent to the entry wound. 

FIGURE 8.6 Soot-soiling ofband that hadgrmped a shotgun barrel. 

explosion deaths 

CARBON MONOXIDE 

Carbon monoxide in the gases combines with haemoglobin 
and myoglobin to give a pink coloration to the interior of the 
wound track and adjacent tissues. This diminishes in con- 
centration along the track, but can still be present in its 
depths - and even at an exit wound, if there is one. The pres- 
ence of carboxyhaemoglobin and myoglobin has been advo- 
cated as a test for distinguishing the exit from the entrance 
wound, especially where decomposition has blurred the 
morphological appearances. This test must be used with cau- 
tion, though if quantitative measurements are made it can 
still be a valid exercise. 

CONTACT WOUNDS OVER BONE 

When the wound is made over a site with underlying bone, 
the wound may have a different appearance. Especially in 

FIGURE 8.7 Homicihlfiream wound with a twelve-bore shotgun. 
The wound shows a char muzzle impression, the barrel hawing been 

pressed against the skin at discharge. There is almost no smoke soiling, 
the rnu..z.de havingforced a j r m  seal against the thin shirt and skin. 
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the scalp, but also over the back of the neck, sternum, 
shoulder, hip and other areas where the soft tissue lies 
thinly over bone, the large volume of discharge gases can- 
not dissipate, as they can into the abdomen, chest, or mass 
of muscle. When the gas is forced through the skin, it is 
reflected back by the underlying hard layer and momentar- 
ily raises a dome of skin and subcutaneous tissue. This 
is rammed back against the muzzle to increase the pressure 
of contact further, sometimes producing a muzzle mark. 
When the gas volume is large, as with a .twelve-bore gun, 
this dome may then split, causing a cruciate, stellate or 
ragged wound, with skin flaps. This is less likely with a 
,410 because the cartridge is smaller, but it can occur, as 
of course it can with rifled weapons. 

The close shotgun 

When the muzzle is held near the skin, but not actually in 
contact with it, a number of helpful signs are produced. 
Once again the appearance is naturally modified by cloth- 
ing, which must always be carefully preserved and sub- 
jected to forensic scientific examination. Where clothing is 
present, then it will trap most, but not necessarily all, of the 
soot and powder grains. It will reduce the flame effects, 
though if the fabric is ignited even momentarily, this can 
diffusely scorch the skin. 

Assuming that the body surface is uncovered, a close 
discharge - one between actual contact and about 15 crn 
(6 inches) - is likely to show the following features: 

EB Singeing of hairs around the wound, unless the skin is 
hairless. The fine downy hairs of the trunk and limbs 
may be burnt away, though this is unlikely with dense, 
long, head hair. Where the distance is greater, the 
keratin of the hair may melt with the flame and then 

FIGURE 8.8 Suicidalf;rearm woundfiom a twelve-bore shotgun. 
The woundshows a muzzle impression with soot soiling, the double- 
barrelled shotgun having been pressed against the skin a t  discharge. 

solid$ on cooling, causing a 'clubbed' appearance of 
the hairs because of rounded bulges at the tips. 
Burning of the skin, unless protected by head hair. 
There may be a wide flare or narrow rim of hyperaemia 
or even blistering from the flame of incandescent gas 
blown from the muzzle. 

FIGURE 8.9 Finn contact woundjom a twelve-bore shotgun. The 
clothing hasprevented any soot soiling, but there are rninorpmpheral 
abrasionsfiom impact of a belt. As the abdomen was distensibk, the 
gas ocpansion has not cawed splitting of the skin at the wound edges. 

FIGURE 8.10 Contact woundfrom a twelve-bore shotgun $red 
through clothing. There is some abrasion of the wound edges, but no 
irregularity fiom the close-packedpellets, which have not begun to 
dirperse. The clothing has protected the skin fiom smoke andpowder 
soiling. The circular wound indicates discharge at right angles to 
the body surface. 
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The tissues within and around the wound may be in close discharges. The edge of the wound will be 
cherry-pink from absorption of carbon monoxide. blackened and there will be soot in the exposed tissues. 

El There will be 'smoke soiling' or 'soot staining' of the There may be annular bruising around the wound and 
skin, from carbon deposition. This spreads more widely distant bruising a few centimetres away as a result of 
than powder tattooing, but does not carry as far as the tissue damage from the entry of gases. Other bruises or 
heavier propellant grains. This effect is much less or abrasions may be seen in the vicinity from objects such 
even absent with modern 'clean' propellants. 

This soot or smoke soiling is easily washed off the 
dun, and care must be taken at autopsy to obtain all 
photographs and trace samples before allowing the 
bloodstains to be washed from the body. Tattooing will 
not wash off, though adherent unburnt propellant may 
be physically detached from the tiny burns during any 
washing or swabbing process. 

fE Burning, partly burnt and unburnt propellant flakes and 
graix m2y PpePper L~_P sl-!rrnunding of  the wound. As 
stated above, these carry further than smoke staining, 
but usually spread over a smaller area. The incandescent 
particles cause small burns on the skin, but the unburnt 
flakes (such as nitrocellulose) may be seen as small 
glistening particles on rhe skin, sometimes coloured. 
The wound will be circular if the weapon is held at 
right angles to the skin and elliptical if slanted, often 
with undercut edges on one side. Depending partly on FIGURE 8.12 Suicidal twelve-bore shotgun wound. The entrance is 
the size of the pellets, 'nibbling' or crenation of the in one of the jites of election: in the neck, and the circular smoke 
edge may be seen, though this is usually imperceptible fouling indicated a close or men contact discharge. 

FIGURE 8.1 1 Close-range twelve-bore 
shotgun wound of the head. This homicidal 
disrharge was made through thick layers of 

fabric, which has filtered out any smoke or 
powder soiling. However, there is a wide zone 
of skin burning due to the muzzlegases. The 
wound is oval due to the downward 
anplation of the weapon. 
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as buttons or buckles being hurled against the skin by 
the gas pressure. 

Bi Any felt or cardboard wads or plastic cups from the 
cartridge will be within the depths of the wound. 

F I G U R E  8.13 Suiciahl twelve-bore shotgun wound. The entrance 

is one of the iites of election: in the neck (see Figure 8.14). 

Short- to mid-range shotgun discharge 

From about 15 cm (6 inches) to 2 m (6 feet), considerable 
variation occurs in the appearance of the wound. The shorter 
range will provide a similar picture to that of close discharge, 
but the soot soiling diminishes and over 20-40cm it may 
vanish. Powder tattooing near the wound periphery may 
persist for somewhat further than this. 

At the upper end of this range the edges of the wound will 
become crenated and scalloped, especially with larger shot. 
This is sometimes called the 'rat-hole' or 'rat-nibbling' from 
its resemblance to rodent teeth marks. From 2 rn upwards, 
the number of satellite pellet holes will progressively increase 
around the main wound. 

It must be emphasized that these are useful generaliza- 
tions, but that marked variations occur between different 
weapons, different barrels of the same weapon and different 
ammunition fired from the same gun. Only test firing can 
give a measure of the length of rhe flame, the distance and 
pattern of soot staining and powder tattooing, the begin- 
ning of pellet spreading and the distance over which the 
wads are projected. As a rough rule-of-thumb, which is 
often incorrect, hair singeing occurs over the first 30cm 
(1 foot), soot staining can be seen for the first half-metre 
(20 inches) and a single large hole persists for at least 1 rn 
(3 feet). 

Mid- to distant-range shotgun wounds 

Here, test firing is even more vital for an estimate of range, 
as the variation is great. The choke as opposed to cylinder 
barrel on the same gun will provide different appearances at 

FIGURE 8.14 Suicidal contact entrance 

wound in the neck. One b a d  of a 

double-barrelled shotgun was used, the 

unjred barrel causing a muzzle mark 

(see Figure 8.13). 
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FIGURE 8.1 5 Suicidal twelve-bore shotgun wound Not all such 

wound are circular - this one has torn a large defect in the chest wall 

because of its tangential orientation. The smoke smudging is extensive, 

having overshot and been dejh'ectedjom the wound interior. The 

precordium is another site of ekction for suicidal~hootin~. 

the same range. Once beyond 2 m, there will be no burning 
or smoke staining, rarely will there be powder tattooing 
and the presence of the wads will be variable. Sometimes 
the latter fall away within 2 m, but they can sometimes be 
found in a wound up to 5 m distant. Often the wad takes a 
lower trajectory and may strike the body below the shotgun 
wound. It may penetrate the skin, causing a second lacer- 
ated wound or it may only bruise the skin. Some of the 
plastic cup devices now used open up in flight to form a 
square-edged star or capital 'X' shape. This can strike the 
skin at or near the shotgun wound and produce a charac- 
teristic bruise or abrasion of a similar shape. The spread 
of pellets, which usually begins at a metre or two range, 
increases progressively, the central 'rat-hole' diminishing at 
the same rate. 

There is an old (and extremely inaccurate) rule-of-thumb 
which states that the diameter of the spread in inches is 
roughly equal to the range in yards (metric: one-third of the 
spread in centimetres equals the range in metres). This of 
course applies to a circular wound or the narrow diameter of 
an oblique elliptical wound; it is of no use other than a 
quick first check to indicate if suicide can be excluded, but 
expert examination and test-firing are essential. 

At distant ranges, beyond 6-10111, the central hole may 
shrink to nothing. There will naturally be no wad injuries, no 

FIGURE 8.16 Characteristic capital X'-shaped bruise caused by 
opening up of the plastic cup containing the shotgun pellets and 

surrounding the circular entrance woundfiom a homicidal 

short-range discharge. 

smoke, flame or tattooing, and no way of determining range 
except to say that it must be within the maximum discharge 
distance of that particular weapon, which may be 30-50 m. 

At such ranges the shot will not be lethal and the pellets, if 
they penetrate the skin, will lie just in the subcutaneous tis- 
sues. Death may occur, however, from an unlucky shot in 
the eye or from natural disease precipitated by pain and shock. 

The direction of a shotgun injury 
It has already been stated that, where the discharge has been 
at right angles to the body surface, the shape of the wound 
will be symmetrical and circular. A shotgun blast traces out a 
shallow cone from the muzzle and simple geometry demands 
that where this cone intersects a plane (the skin), a circle will 
result only when the cone is at 90" to the plane. In all other 
positions an ellipse will be traced out, its elongation increas- 
ing as the angle between them decreases. This pattern applies 
not only to the pellet spread but to soot deposition and pro- 
vides a ready indication of the direction. In addition to the 
surface features, the internal wound assists in orientating the 
discharge: 

The wound edges may be shelved, the tissues being 
undercut below the margin distal to the origin of the 
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FIGURE 8.17 Shotgun woundfiom a twelve-bore weapon. The 

circular outline indicates that the discharge was perpendicular to the 

skin surj4ace. The central hole was cawed &y the entry of a confluent 

mars ofshot, though there were no wad in the wound. The diameter 

of the peripheralpellet pattern was about 12 cm, which suggests that, 

approximately, the range was about 4m.  Testfiring must always be 

carried out, however, to obtain a more exact estimate. Whatever the 

actual range, it is clear that i t  could not be suicidal. 

discharge. The appearances are similar to those seen in 
some knife wounds, where an oblique stab leaves tissue 
visible at one edge and undercut on the other. In 
firearm wounds this is better seen in injuries from a 
single rifled projectile than from the more diffuse mass 
of shotgun pellets, but is still sometimes apparent in the 
latter. 

El The track of the wound in the deep tissues can be 
established and this line projected backwards to 
indicate the discharge direction relative to the body. 
Again, a missile from a rifled weapon usually gives a 
clearer picture than those from a shotgun, but a general 
estimate can be obtained from a knowledge of the 
positions of the surface wound and the mass of pellets. 
Examination of a radiograph may be of more assistance 
that the laborious search from pellets at autopsy. 
Whatever the type of missile(s), considerable deviation 
caused by deflection by bone and other tissues can 

FIGURE 8.18 Homicidal close-range shotgun woundfiom a twelue- 

bore weapon. 

occur, so that the final resting place of the projectile 
may be far off the initial track. Thus the actual path 
through the tissues before ricochet must be established, 
if possible. 

Other features of shotgun wounds 

Ed Exit wounds are uncommon in the trunk as the energy 
possessed by each pellet is small because of its tiny size 
and the relatively low muzzle velocity of the weapon. 
The 'four-ten' will almost never exit and even the 
twelve-bore rarely causes a through-and-through 
wound of the adult chest or abdomen. The pellets 
often penetrate the distal chest wall, but are held up 
beneath the skin of the further side of the trunk. 
Commonly a bruise may be seen in the deep tissues of 
the frustrated exit site and lead shot may be felt under 
the skin, which is tough enough to prevent the final 
exit phase. 

In the head, neck and limbs, and in children and 
small thin adults, the twelve-bore commonly causes an 
exit wound which may be extremely large and ragged, 
with gross tissue destruction exposed. One of the most 
common is that seen when a twelve-bore is discharged 
suicidally into the mouth; this may disrupt the head, 
and expel most of the brain through a massive skull 
and scalp defect - the so-called 'burst head'. 

El The internal track is more diffuse than that caused by 
a rifled weapon, though where the discharge is contact 
or close, the compacted mass of shot travels as a unit 
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FIGURE 8.20 Tangential shotgun wound office. The edge of the 

dispersal cone ofpellets andgas has ploughed through the cheek, 
and removed the ear. The facial bones and base of the skull were 

Angled direction 
of discharge 

Undercut J Shelved wound 
skin edge edge 

FIGURE 8.21 Shelving and undercutting of entry wound in oblique 
discharge. 

FIGURE 8.1 9 Pellet injuriesfrom a dijtant 

twelve-bore shotgun discharge. The range 
~ f i  ahoiii 25 iii dizd i!je j!joi I k  jiiji i i i iu '~ 

the skin. Death was caused by coronary 
heart disease, cardiac arrest being 

precipitated by the shock of injury. 

for some distance into the tissues before dispersing. 
In general, the internal damage caused by a shotgun is 
diffuse and is caused by direct mechanical disruption 
by the gas and shot, which enter at relatively low 
velocity. There is no cavitation effect as is seen in 
high-velocity injuries, the tissue being physically 
smashed by the impact of a heavy load of pellets and, 
in the case of near discharges, by the large volume of 
hot propellant gases. 
Secondary damage is caused by the mass of pellets 
striking bone and releasing fragments that then act as 
secondary missiles, damaging adjacent tissues and 
sometimes emerging to form exit wounds. These may 
sometimes cause confusion to inexperienced observers, 
including police officers, who may wrongly suspect 
multiple shots or the use of some other type of weapon. 

@ Wad wounds can be caused by the non-metallic 
contents of a shotgun cartridge. These can vary from 
trivial bruises to fatal lacerations. The latter may occur 
when a blank cartridge is discharged at close range, the 
wad and accompanying gas breaching the body surface. 
As mentioned earlier, the new devices now ofcen used 
in shotgun ammunition may cause characteristic 

! : 

wounds, such as the square cruciate mark from the 
wings of the opened plastic cup which contains the shpt. 
Felt and plastic wads travel a variable distance from I 
the gun muzzle, depending on many factors, such as the 
type of cartridge, the amount of propellant load and the 
nature of the wads. The wads fall away much more 
quickly than the lead shot because of their low weight 
and high air resistance. At contact and close ranges 
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FIGURE 8.22 A tangential 

shotgun wound of the side of 
the chest. When the victim 

wasjrstfound it was not 
appreciated that he had been 
shot. The discharge passed 

under the slightly abducted 
arm, injuring the upper arm 

as well as the thorax. Though 

most of the shot passed to the 
rear of the victim, some were 
found in the pleural cavity 

FIGURE 8.23 Radiography should be 
carried out before autopsy in all deaths 
fiom firearms. The extent of dispersal of 
shot can be assessed - as in this film - and, 
in single bullet injuries, the position and 

possible fiagrnentation can be detected in 

order to assist in recovering the missile. 

they will almost always enter the wound and should 
be recovered at autopsy in order to assist in identifying 
the type of ammunition. 

Beyond a metre or two, the wad may drop 
suficiently to miss the main wound and strike the skin 
at a lower point. From 2 to 5 m, the wads may or may 
not strike the body, and further than this distance it is 
almost certain that the wads will fall to the ground. As 
with all variables associated with firearm wounds, 
however, it is essential for test firing to be performed 
wherever possible. The pathologist should not be 

dogmatic or impracticably precise about distances, but 
offer a bracket of reasonable probability. 

@ Tangential wounds can offer considerable dificulry in - 

recognition to the inexperienced observer. Some 
pathologists, as well as clinicians and police officers, have 
attributed certain wounds to knives or blunt injuries, 
when in fact they have been gunshot wounds. The 
shallow cone of a shotgun discharge may pass any part of 
the body so that the central axis is clear of the tissues, but 
the periphery strikes the body surface tangentially. The 
most common position is probably the side of the chest, 
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in the lower axilla. If the arm is raised it may escape 
damage, but sometimes an opposing injury is seen on the 
chest wall and inner part of the upper arm. Another area 
is the side of the face, where a glancing gun blast may 
gouge the face and perhaps carry away an ear. 

The appearance of the wound depends, of course, on 
the range and the depth to which the cone of shot and 
gas penetrates. O n  the side of the chest, a large 
elliptical area may be ripped from the surface to expose 
underlying muscle and ribs. If a close discharge, then 
the nature of the injury will be clear from the usual 
burning and soiling of the muzzle gases, but a more 
distant shot may cause a clean wound that can give rise 
to doubt about causation. Radiography will usually 
reveal lead shot in the tissues, unless the contact is 
extremely superficial. 

In the chest - even if shot penetration is minimal - 
severe damage to the pleura and lungs may occur from 
the impact, and death may occur from a haemothorax 
with or without lung laceration or contusion. When the 
side of the head is hit, shattering of skull or facial bones 
can occur and intracranial damage is common, even 
though no metallic projectiles enter the cranium. Rifled 
weapons can also cause tangential wounds and some 
features of skidding across the surface and re-entry 
wounds have been mentioned earlier. There is not 
usually the wide gouging of tissue seen in smooth-bore 
injuries, but the glancing passage of a high-velocity 
missile can open up a severe longitudinal laceration. 
The lateral transfer of energy can cause severe internal 
damage in both chest and skull, even though the missile 
does not enter the cavities. The skull may be extensively 
fractured, with widespread underlying damage, and in 
the absence of any projectile and a deficient knowledge 
of the circumstances, some such injuries have 
erroneously been ascribed to blunt trauma. 

FIGURE 8.24 Lead pellets andfe t  cartridge wadr fiom a 

twelve-bore shotgun wound It is important to recover at least a 
sampb ofbel1~t.i and the l d  sn that the %be ofcartria'ge can be 

identijed 

FIGURE 8.25 Pellet injuriesfiom a distant twelve-bore shotgun 
discbarge (see also Figure 8.26). The child had been walking behind 

a hunter carrying a shotgun on his shoulder, the barrelpointing 
down. When the hunter was ducking to avoid branches of a tree the 
shotgun was triggered by a branch. 

WOUNDS FROM RIFLED 
WEAPONS 

Contact wounds 

Injuries from rifled weapons vary greatly according to the 
velocity of the projectile, as discussed at the beginning of this 
chapter, but there are some characteristics common to all 

types. Unlike shotguns there is only one missile in each dis- 
charge, though an automatic weapon may well cause mul- 
tiple wounds in close succession which impact upon the same 
area of the body., Occasionally, because of some defect in the 
weapon, two bullets may be fired at once, or a fragment of 
metal may detach from cartridge, barrel or bullet, so that two 
missiles may strike simultaneously; this is described later. 

When a weapon is fired in contact with the skin, the 
appearances can vary according to whether the muzzle was 
firmly pressed against the surface so as to form a tight seal - 
or whether it was merely held in loose contact, so that the 
backward jerk of recoil can permit a small gap to appear. 
Yet another permutation is when clothing is interposed 
between the muzzle and the skin. 

When a rifled weapon is held firmly against the body sur- 
face during discharge, the resulting wound is in many 
respects similar to that from a shotgun. A twelve-bore wound 
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FIGURE 8.26 Pellet injuriespuncturing the oesophagus and both FIGURE 8.28 Suicidal contact wound with m m l e  mark fiom a 
lungs (see also Figure 8.25). 9 mm pistol (see also Figure 8.29for corresponding exit wound). 

FIGURE 8.29 Suicidal exit woundfiom a Y m m  pistol (see also 
Figure 8.28for corresponding entrance wound). 

FIGURE 8.27 Huntingaccident in which the man was hit by four 
pellets fiom a distant twelve-bore shotgun discharge. Pellet no. I 

punctured the abdominal skin and was found in the subcutaneous 
fat;pellet no. 2 bruised the right wrist;pelkt no. 3penetrated the 
chest wall and was found in thepericardialfat tissue without any 
injury to the heart; pellet no. 4 hit the corner of the lefi Pye and 
travelled through the lefi cerebral hemisphere, causing death. 

is usually much larger, but a .4 10 can closely resemble a large- 
calibre rifled weapon injury. Over deep soft tissues, such as 
the limbs, abdomen, neck and usually chest, the wound will 
be small and circular. There will be burning and blackening of 
the immediate wound edges, but if the seal between muzzle 
and skin is tight, there will be little or no sideways escape of FIGURE 8.30 Numerous tears in the lips due to expansion of muzzle 

flame and soiling unless clothing is interposed. gases fiom a 9 mm pistolfired in the mouth. 
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Within the wound, there will be some flecking with soot 
in the tissues, the amount varying with the 'cleanliness' or 
otherwise of the particular ammunition. Most rifled weapon 
ammunition is 'clean', compared with many shotgun car- 
tridges, so that soot may be absent altogether. There is usually 
an areola of hyperaemia that extends beyond the diameter of 
the muzzle and carbon monoxide will be absorbed by the 

FIGURE 8.31 Slightly dPformedfirll-jacketed bullet in the middle of 
the cone-shaped exit wound on top of the skull. Homicidal entrance 
wound under the chin. 

e x p l o s i o n  d e a t h s  

haemoglobin and myoglobin in the vicinity of the skin 
wound and in the deeper track. There may be bruising, sorne- 
times extensive, though this is rarely symmetrical and is often 
absent. The expansion of the tissues by gas entry -tends to 
force the skin even harder against the end bf the barrel and a 
'muzzle imprint' may be formed. In rifled weapons, especially 
handguns, there are more features at the end of the barrel 
than in shotguns, so complex imprints may be made of fore- 
sights and mechanisms for self-loading in 'automatics'. 

If the contact wound is over a bony support, especially 
the skull, then the same phenomenon occurs as in shotgun 
wounds. The muzzle gases entering the subcutaneous tis- 
sues cannot expand by displacing adjacent soft structures 
and are reflected from the bone to raise a dome of gas that 
often splits the entry hole. This results in a linear, cruciate 
or stellais rear chat iiiq KC!! dcstroy the oiigind piinc:ure. 
As the volume of gas produced is usually less than that 
formed by the large mass of propellant in a twelve-bore 
shotgun cartridge, the tear is smaller - though the charge in 
some older rifles and sporting guns may be comparable. 

When the contact is loose, burning and soiling in the 
immediate vicinity of the muzzle may occur - again rnodi- 
fied as in the case of shotguns, by the interposition of cloth- 
ing between muzzle and skin. The fabric allows a lateral 
passageway for difision of soiling, as the muzzle cannot 
make such a good seal as against skin. 

If the skin of the gun hand remains in firm contact with 
the weapon steel for a longer period of time, rust stains may 
develop as seen in Figure 8.34. In experiments carried out 
by Ulrich and Zollinger (2001) in the living as well as 
corpses, the formation of rust stains depends on the firrn- 
ness of the contact, humidity of the skin and the environ- 
ment, contact time and the state of the weapon surface. 
The shortest period of time necessary for the formation of 
rust under the most favourable circumstances, as reported 
by Ulrich and Zollinger, was 135 minutes for a corpse and 
27 minutes for a living person. 

FIGURE 8.32 Wrist of a homicide victim, 
who had raised her kj hand to ward off 
rhe attack, showing a 'rlean'exit wound 
ofa@IIjacketed bullet in the middle and 
soot-soiled entrance wound beneath it. 

! 
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Blow back into the barrel - 
'back spatter' 

Contact wounds - and also close-range discharges - may 
cause blood and tissue fragments to enter the muzzle, 
sometimes penetrating for several centimetres, this being 

FIGURE 8.33 Intravital CTscan of a 23-year-old male who in the 
course of a 'Ruaian rouletre'shot himselfin the right temple with a 
357 calibre Magnum revolver. Extensive injury of the cranium and 
brain with several X-ray positive partides probably due to the 
disintegration of the bullet. (From the files of the Department of 
Radiology of Turku University Hospital reproduced by kind 

permission ofProofsor M Kormano.) 

called 'back spatter'. There appears to be a momentary suc- 
tion effect after the pressure of the gas blast subsides, pos- 
sibly as a result of rapid relative cooling in the barrel. This 
seems to aspirate material into the muzzle and pieces of 
skin, hair and adipose tissue have been found inside the 
weapon. Sometimes blood and tissue may soil the hand or 
arm of the person firing the gun, a matter of considerable 
significance in forensic science. 

Close-range wounds 

When there is a short distance between the muzzle and 
body surface, the appearances of the wound will vary 
accordingly to the type of ammunition used. The wound 

Bone 

FIGURE 8.35 A firm contact discharge against tissue overlying bone 
(such as the skull) causesgas to reboundfiom the rigid base. This 
raises a dome under the skin that can split to give a raged entrance 

wound. This effect is by no means invariable. 

FIGURE 8.34 Rust stains on thegun-hand ofa suicide 
corresponding to the shape of the grip. 

FIGURE 8.36 Suicidal contact wound in the neck (arrow)fiom a 
7.62 calibre rzjle with destruction of the head. 
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will almost invariably be circular as the tearing due to gas 
intrusion is unlikely to occur. The wound edges may be 
inverted, but at close range the rebounding gases may level 
up or even evert the margins. As will be described in 
medium-range wounds, there will be an abrasion collar. 

Burning 

Modern propellant produces less flame than the black pow- 
der of older shotgun cartridges, but within a few centimetres 
of bare skin there is likely to be burning of the skin with 
singeing of hairs. Even where hairs are not destroyed, they 
may be 'clubbed', that is, the keratin melts at the tip and 
resolidifies as a tiny blob. Hyperaemia around the wound 
is usual and some bruising can occur, which may be more 
cvidcr;: as h e  p~s:-mo:rcm i a c e ~ d  increses. 

FIGURE 8.37 A typical slit-like exit wound of a homicidalfirearm 

woundjbm a hunting rzfi with entrance wound in the back. 

Inverted 

Skin abraded 
rim 

Elast~c skm 
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FIGURE 8.38 Entrance and exit wounds. 

It is sometimes claimed that the flame effects extend from 
the muzzle a distance equal to the length of the barrel, but 
the truth of this rule-of-thumb is doubtl l ,  though it may 
be a very rough approximation. 

Soot or smoke soiling and 
powder tattooing 

Though most propellant is now 'clean', some soot may be 
seen around the wound. In addition, there will be tiny burns 
from specks of incandescent propellant, the so-called 'pow- 
der tattooing'. These may pepper the vicinity of the entry 
hole in a roughly symmetrical pattern, which may assist in 

FIGURE 8.39 Entrance woundsfi.om a 7.65 calibre automatic 

pistol in the$rehead and right side of the face (arrow) of a homicide 

victim, with soot soiling. 

Exit 

I 
I 
i 
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determining the angle of impact. Particles of propellant carry 
further than smoke, so tattooing around the entrance wound 
in the absence of soot indicates a greater distance. The soot 
rarely carries more than 15 cm (G inches) from a pistol, 
whereas powder grains will travel 3 0 4 5  cm (12-18 inches). 

These distances are approximate and can be doubled for 
a rifle compared with a handgun. The length of the barrel is 
another variable and a rule-of-thumb for pistols in this 
respect states that the distance from which powder residues 
can reach the skin is about twice the length of the barrel. It 
must be emphasized once again that test firing is essential 
for any hope of accuracy. 

'Fouling' refers to tiny lesions around the entry wound 
caused by fragments of metal expelled by the discharge. These 
come either from the surface of the missile or from the inter- 
ior of the barrel. Friction between the bullet and the rifling 
may gouge off pieces of lead, jacket, or barrel steel and hurl 
them at the skin, where they become embedded. These par- 
tides, like powder burns, will not wipe off at autopsy, whereas 
soot soiling can easily be removed with a damp sponge. Even 
fragments of the shell case may become detached and blown 
out of the barrel. 

Minute flakes of unburnt explosive or inert filler may land 
on the same area of skin; these tend to glisten and may be 
orange or blue, depending on the manufacturer. It is import- 
ant that a forensic scientist or ~o l i ce  scene of crime officer 
has the opportunity to retrieve these before the wound is 
washed. If no such person is available, the pathologist should 
swab the area with a water-damped plain swab, or preferably 
cut out the skin around the wound and preserve it unfixed 
(refrigerated if necessary). These specimens should be sent 
for expert forensic examination, as they may indicate the 
nature of the ammunition and may be matched to that in the 
possession of a suspect. As with contact wounds, carboxy- 
haemoglobin and myoglobin will be present in the wound 
track in diminishing concentrations as the range increases. 

The estimation of range is dealt with later, but here it is 
again emphasized that until test firing is carried out with a 
similar weapon and ammunition, only an approximate esti- 
mate can be offered from the appearances of the wound. 

Medium-distance wounds 

Unlike the shotgun, once the discharge of a rifled weapon is 
greater than a metre, there is nothing to indicate increasing 
range, until perhaps the erratic trajectory of extreme distance 
suggests maximum range. From perhaps less than half a metre 
to up to several kilometres the entry wound of a high-velocity 
rifled weapon appears the same. The typical appearance of the 
entry wound has been likened to that caused by 'driving a 
dirty pencil through the skin'. The central aperture is circular 

and may be inverted - that is, the margins are driven inwards 
by the passage of the missile - though this feature is often 
absent. 

The size of the hole is rarely .equal to the diameter of the 
missile and therefore the calibre of the weapon cannot 
instantly be determined by inspection of the wound - in 
spite of the apparent ease with which television drama 
doctors and detectives can instantly spot 'a thirty-two' or 
a 'thirty-eight'. When the bullet strikes the skin, the latter 
is stretched for a minute fraction of a second until penetra- 
tion occurs, so that the missile perforates expanded skin. 
Immediately after entry, the skin undergoes elastic recoil and 
the resulting hole is usually smaller than the diameter of the 
bullet unless the range is so close that gas entry - or gas 
rebound - contributes to the size of the defect. 

The abrasion collar 

The skin immediately around the central hole is dis- 
coloured, the so-called 'abrasion collar'. This may be o n b  a 
narrow rim or may be equal in width to the central defect. 
The collar is due to the inversion of the skin during pene- 
tration by the missile so that the sides of the bullet are 
'wiped' by a tiny tube of skin, the epidermis of which is 
abraded by heat and fricrion. 

The width of the abrasion collar is determined by the 
degree of inversion and hence the length of the skin tube. 
The collar is caused by friction and heat as the missile chafes 
the skin. 

FIGURE 8.40 Close-range pistol entrance wound. The eyelid and 
Lower forehead show tiny burns fiom propellant flakes landing on 
the skin. The eyes are blackened byj?actures of the floor of the 
anterior fosa. 
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FIGURE 8.42 Entrance ofa .22 rifle bullet at afew inches range. 
There is slight smoke soiling around the wound, which has a well- 
marked abrasion collar. In fact, two shots were fired in quick 
succession through the same hole, which is slightly ovoid because of 
the non-congruence of the two shots (see Figure 8.49). 

In addition to the true abrasion collar, there is often a 
slightly wider circle of peeled keratin, where the stratum 
corneum of the skin is raised to form a slightly frayed edge 
around the entry wound. This appears due to mechanical 

FIGURE 8.41 Multiple entry woundrfrom 

a military self-loading weapon. The wounds 

are in line and approximately evenly spaced. 
Each is a typical en?, with an inverted 

app-mzzcz mdc;; c67akm cclhr. Thc~e 
were massive exit wounds on the back, 
caused by ,303 bullets fiom a Bren gun 

uted by a Malayan patrol. 

FIGURE 8.43 Entrance of a .22 rife bullet in a shooting accident, 

separation of the outer layer, due to the impact of the bullet 
knocking the deeper layers down away from the keratinized 
surface. 

The  grease ring 

The inner edge of the abrasion collar may be black, as a result 
of heating effects and to the rubbing-off of dirt, lubricating 
oil, or grease and metal particles from the bullet. This is often 
called the 'grease ring' or 'ring of dirt', and may be absent if 
the missile was clean. 

There may also be bruising around the wound from 
mechanical damage to adjacent subcutaneous blood vessels, 



Wounds from rifled weapons 

FIGURE 8.44 Entrance wound in the back ofa rife bullet 
firedfiom across a room. There is thus no burning or soiling, and 
only minimal bruising at the margins ofan almost circular 

inverted en?. 

but no other features, apart from the keratin ring, are present 
in the surrounding skin. No burns, soot or powder can be 
found beyond a variable distance that will not exceed a metre 
in the case of a rifle, and half that distance with a handgun. 

Extreme trajectory wounds 

Over most of their flight path, rifled weapon missiles main- 
tain a fairly constant attitude. Soon afier emergence from 
the muzzle, the bullet may 'precess', with the tip on the axis 
of travel and the base rotating in a diminishing circle about 
the axis. This soon settles down and causes no observable dif- 
ference in the contact wound. For most of the distance of 
travel, the bullet remains steady, with only minor variations 
from axial stability. When the extreme range is approached, 
however, the reduced velocity allows instability of the flight 
path. The bullet begins to wobble and yaw, and may even 
tumble, that is, turn end-over-end. If the missile strikes the 
body in this phase, the impact may be sideways or even back- 
wards, as well as being in an irregular lateral motion. A bullet 
striking sideways may leave an almost rectangular entry 
wound. The wound will then be similarly irregular, and there 
may be difficulty in recognizing it as a firearm wound or in 
differentiating it from a laceration caused by other means. 

The direction of discharge 

As with smooth-bore weapons, a close range discharge may 
provide information about the angle of the shot because 
of the geometry of any smoke soiling, powder tattooing, or 

FIGURE 8.45 Disinteption of the head ofa  youngfemale terrorist 
in the Malayan ernergenry fiom a single bullet entering the external 
audito y meatus. The weapon was a F-N rifle with a high muzzle 
velocity; the impact of the missile on the base of the skull instantly 

converted the kinetic energy into a virtual explosion. 

burns on the skin. An impact at right angles will produce a 
circular zone of discoloration on the skin, while an oblique 
angle will result in an elliptical mark, the length of which 
increases as the angle decreases. As rifled weapons produce 
relatively little soiling except at close range, this clue is of less 
assistance than with shotguns. 

Again as with smooth-bore guns, the edges of the wound 
may be shelved or 'undercut' when the discharge enters at an 
oblique angle. Tissue may be seen in the floor of the wound at 
one side, which indicates the direction from which the bullet 
came. Muscular contractions may distort this picture, how- 
ever and it is not always present, though minute inspection 
(using a lens if necessary) may reveal shelving in the deeper 
layers of the skin rather than in the tissues below. More useful 
is the shape of the abrasion collar, which will be asymmetrical 
if the bullet enters at an angle, even through the central hole 
often remains circular. The other means of determining direc- 
tion, which is not usually available with shotguns, is the tra- 
jectory between entrance and exit wounds. These can be 
joined and projected in direction of approach to indicate the 
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site of discharge. Two important conditions attach to this 
interpretation, however: 

If the bullet strikes a solid object, either bone or even a 
firm organ, it may be diverted within the body to exit 
well off the original trajectory. 
The posture of the victim's body at the instant of impact 
must be taken into account. It is too often assumed, 
especially by lawyers, that all persons are injured - in 
whatever fashion -whilst standing passively in the 
'anatomical position'. Nothing is further from the truth, 
as ~eople,  especially in conditions of fight, fright or 
flight, may be moving or dodging in a variety of 
postures, which change by the second. For example, in 
one of the author's (BK) cases, a woman accidentally 
shot by a police officer had the anterior entrance wound 
much higher than the exit in her back. This did not 
mean that she was shot from above, but that she was 
leaning forward when the bullet hit her. Much more 
bizarre examples occur from time to time, such as 
another case seen by the author (BK) in which a 
puzzling high-angle wound in the chest was later 
proved to have been fired from an upstairs window as 
the victim was knocking on the front door below. 

Bullet wounds in bone 

Where a bullet passes through bone, especially the thin bone 
of the skull, the well-known partern of 'cratering can usually 
be seen, though there are exceptions. Using the cranium as 
the best example, the initial contact of the missile punches a 
clean hole through the outer table of the skull. Where the - 
bullet emerges internally, the inner table is then unsupported 
and a cone-shaped plug is detached, forming a crater thar is 
appreciably larger than the external hole. If the bullet tra- 
verses the cranium and penetrates the opposite side, the same 
pattern occurs, this time with the small hole on the inner 
table and the crater on the outside. In addition to these penet- 
rating defects, there are often fissured, sometimes commin- 
uted, fractures running away from the central holes. 

However, though this is the classical picture, a number of 
exceptions have been reported in the literature, where the 
cratering has been reversed or is otherwise atypical (Bhoopat 
1995). 

A shotgun usually destroys a large area of the skull, but 
similar shelving may be seen on the edges of bone frag- 
ments if a bolus of shot strikes the bone. Individual pellets 
rarely penetrate, but the massive cranial damage from close 
range of contact shotgun discharges is largely the result of 
the rapid and violent increase in intracranial pressure 
caused by the entry of a large volume of gas, as well as the 
bolus of shot and wads. 

FIGURE 8.46 Bullet entrance wound showing the removal of a 
wide area of skin far f a r i  examination, tbe hazy having already 
been removed andpreserved before photography. The autopsy 

incision around the wound is wide, to include any discharge residue 

and burned skin. The shape of the incision is obviously 

asymmetrical, 'to indicate the orientation of the sample after removal 

from the body. 

Where several bullets have struck the cranium, the sequence 
of shots can usually be determined using Puppe's rule, which is 
applicable to any multiple blunt force causing skull fractures. 
Madea and Staak (1988) have developed this rule in relation 
to bullet injuries: the test depends on the observations of the 
fracture lines either when they intersect each other or when 
they intersect a cratered lesion, so that one can determine 
which crack or defect must have been formed first. 

Where bones other than skull are hit by a bullet or shot, 
comminuted fractures are frequent and may be the cause 
of extensive secondary injury. Part of the kinetic energy of 
the missile is transferred to the bone and fragments may be 
violently displaced into the adjacent tissues. They may be 
extruded from the body altogether, leaving secondary exit 
wounds in the skin. These may give rise to difficulty in inter- 
pretation, as both lay persons and doctors may mistake them 
for lacerated or even stab wounds, unrelated to the firearm 
incident. Fractures of bone from gunshot impact may be of 
any variety, and radiography is necessary to detect and orien- 
tate fragments of bone and differentiate them from missiles 
and missile fragments. 



Exit wounds 

FIGURE 8.47 The entrance wound ofa bullet into a skull. 

Externally the defict is clean-cut and slightly ovoid because of  the 
oblique impact of the missile. Internally, the inner table of the 
cranium is cratered, the bevel being cawed by lack ofsupport from 

the diploli. The exit hole on the opposite side of the skull showed a 
reuersal of this pattern, with the cratering on the exterior surface. 

EXIT WOUNDS 

When a gunshot wound completely traverses the part of 
the body struck, an exit wound will result. 

Shotgun exit wounds 

When smooth-bore weapons are involved, the residual 
energy of the individual pellets (which have a small mass and 
a relatively low initial velocity) is usually insufficient for them 
to emerge through the wider parts of the body, such as the 
chest and abdomen. Wounds of the limbs, neck and head 

FIGURE 8.48 Cone-shaped exit wound oj'the caluarium, with 
radial~actures in lefiparietal bone. 

may well be 'through-and-through' with a twelve-bore shot- 
gun and occasionally, though rarely, with the small 'four-ten'. 
The range has an effect on the possibility of a shotgun exit 
wound, as contact or close-range discharge will allow the 
compacted mass of shot to act like a single bolus - in addition 
to which, the large volume of intruded gas assists in disrupt- 
ing the tissues and clearing a path for the missiles, especially 
in the head. A shotgun blast into the mouth may well remove 
much of the back of the head as an exit wound, but this is 
in part caused by the explosion of the cranium by the gas, 
the so-called 'burst head', which can occur in any gunshot 
wound of the head, whether into the mouth or elsewhere. 

The appearance of a shotgun exit wound is totally ran- 
dom, depending on the anatomical part injured and the 
addition of any bone or tissue fragments blown out in the 
discharge. Typically, it is a jagged, irregular laceration with 
everted edges that exposes deep tissues and comminuted 
bone fragments beneath. A shotgun injury of the chest or 
abdomen often just fails to exit on the opposite side, 
because the toughest obstruction, ocher than bone, is the 
skin. It is not uncommon to be able to palpate lead shot 
under the skin in the contralateral position after it has tra- 
versed the body and been trapped by the skin. 

As a contact shotgun discharge may produce a large, 
ragged, entrance wound, this may resemble the exit 
wound, if presenc. Differentiation is usually simple, how- 
ever, because of the burning and soiling present around 
the entrance. It has been said that the presence of carbon 
monoxide in the tissues marks the entrance wound, even in 
decomposed bodies, but carbon monoxide can in fact be 
detected right through a close shotgun discharge, though 
the concentration should be greater near the entrance. 
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FIGURE 8.50 Atypical slit-like exit wound of a 7.65 cal. bullet 

(see alro Figure 8.39). 

FIGURE 8.49 The exit wound in the fatality shown in Figure 8.42. 

The t w o  buffets have diverged inside the headfiom their common 

entrance wound and emerged separately. The exit wound are 

typically stellate, everted and clean. With small-calibre missiles, such 

as a .22, there is ofien no exit wound, but here the small head and 

thin skullprovide kss resistance to complete traversing. 

Exit wounds from rifled weapons 

As stated above, many wounds from rifled guns are 'through- 
and-through', especially from high-velocity military weapons. 
The muzzle velocity is important in determining whether 
a single bullet will completely traverse the body. A high- 
velocity missile (of the order of 800 metresisecond or 3000 
feetisecond) is likely to pass right through the body unless 
it strikes a large bony structure like the spine, large limb 
bone or base of the s k d .  As discussed at the beginning of 
the chapter, this may be inefficient in terms of wounding 
capability, as much of the kinetic energy fails to be transferred 
to the tissues to cause damage, although the cavitating effects 
of a high-speed missile in vital tissues may be extremely dam- 
aging. Much modern military ammunition consists of a small 
bullet with a large propellant charge to provide maximum 
muzzle velocity. This, by the familiar physics equation, 
provides substantial kinetic energy. The bullet is designed to 
fragment on impact, so that all the energy is transferred and 
an exit wound may not occur. In some shootings of this 
nature the pathologist may have difficulty in retrieving any 
metallic missile material, even after identifying it radiograph- 
ically, as the fragmentation may reduce the bullet to granules 
and dust. If the missile does not strike bone or cartilage, it is 

likely to emerge on the other side of the body, even through 
the thickness of the chest or abdomen. Of course, in many 
cases where bone is penetrated (especially the s k d  or ribs); 
the bullet will still emerge, but this is considered below. 

If a fairly intact bullet emerges, not having been seriously 
deformed or fragmented, the exit wound is likely to be a small 
everted defect, either circular or with torn edges. The classical 
description is of a stellate wound, with triangular skin flaps at 
the margin, where the bullet has pushed out against unsup- 
ported skin. Many wounds may be cruciate or linear slits, 
however, and others are as circular as the entrance wound, 
which can give rise to some difficulty in interpretation. 

It is naturally important to confirm the direction of the 
shot, but where a bullet has come from any distance between 
half a metre and near the extreme range of the weapon, then 
both entrance and exit wounds can look remarkably similar. 
There will be no burning or soiling to indicate the entry and 
identification will depend upon the close examination of the 
margins of the wounds. Where the entry was covered by 
clothing, fibres of fabric may have been driven into the 
wound, which can never occur at the exit. 

Though the exit is usually everted, this may not occur 
if the skin is supported at the moment of penetration. A 
firm brassiere band or an elasticated trouser waistband can 
press on the skin and prevent eversion, as can a plaster or 
fibreboard wall, if the victim was leaning against it. In these 
instances, there may even be a spurious 'abrasion collar', 
which is really caused by the emerging bullet slamming the 
wound periphery against the resisting surface. In difficult 
cases the pathologist or a deputy should examine clothing 
and the scene, to see if there are any such factors that will 
help in arriving at a definite answer as to direction. 

Usually, the abrasion collar and frayed keratin ring of the 
entrance wound will be of diagnostic significance, as it is 



Exit wounds 

FIGURE 8.5 1 $pica1 exit woundfrom a 9 mm bullet. The wound 
in the scalp is everted stellate and quite clean, the missile having 

been wiped by its passage through the tissues. 

FIGURE 8.52 Exit wound of a 9mmpistolfired into the mouth. 

absent in the exit wound, except as detailed above. Occa- 
sionally, however, the abrasion collar of the entrance wound 
is merely a narrow rim that needs close inspection to detect. 
Where the bullet has struck bone or fragmented, the exit 
wound may be of any size or shape, and may be multiple. If 
bone is shattered, pieces can be driven out through the skin, 
causing wounds that may be mistaken for lacerations from 

FIGURE 8.53 Exit wound of the bullet responsible for the wound 
seen in Figure 8.46, showing the classical everted split edges, with 

no soiling of the surrounding skin. 

blunt or even incised weapon violence. Where the bullet 
has hit bone within the body, the bullet may emerge side- 
ways causing a longer or otherwise distorted exit wound. 

Of the many bizarre findings in gunshot wounds, re-entry 
can pose some problems. One case seen by the author had 
two entrance and one exit wounds, with a single bullet in 
the body. The victim had been standing against a wall when 
shot from the front: the bullet emerged through his back, 
ricocheted from the wall and re-entered his body. 

Penetration of two parts of the body is quite common, a 
single missile causing several wounds. The most usual is 
a through-and-through wound of the arm or leg, the bullet 
then re-entering the abdomen or chest. Placing the limb in 
the appropriate position immediately clarifies the situation 
and can considerably aid an estimation of direction. 

Glancing or tangential rifled weapon 
wounds 

Though the large gaping wounds caused by a glancing blast 
from a shotgun are rarely seen with rifled weapons, some 
strange wounds can occur. A bullet may strike the body 
surface at a shallow angle, enter and then re-emerge some 
distance away, having travelled superficially under the skin. 
Within the skull, a missile may enter, follow the internal 
curve of the calvarium and exit some distance away. Cases 
are on record of such wounds causing relatively little 
damage, having traversed the meninges, rather than the 
brain substance. 

When the body surface is irregular, such as the breast, but- 
tocks or groin, several re-entries and exits can take place. 
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FIGURE 8.54 Diversion of trajectory of bullet on striking bone. The 

secondary effects can be more damaging than thosefiom the missile. 

In these instances, extensive bruising may mislead examiners 
;-en xsumizg scme b!unt inizFr Lqc ~ C C ~ ~ V ~ P C I  if the * A I L "  , , A*- Y--.."--, 

firearm nature of the wound is overlooked. 
A bullet striking at a small angle with the surface may 

follow the curvature of the skull or a rib and emerge some 
distance away after having made a track in the subcuta- 
neous tissues. Alternatively, a bullet can pass tangentially 
across the surface, causing a linear graze or even a lacera- 
tion, which may lead to great difficulties in interpretation if 
the circumstances are unknown. Gunshot wounds in the 
axilla or across the side of the thorax may gape widely, look- 
ing quite unlike a firearm injury to an unsuspecting med- 
ical examiner. 

FIREARM DAMAGE TO INTERNAL 
ORGANS 

is particularly damaging in solid organs, such as the brain 
and liver. The track may be many times wider than 
the diameter of the bullet, and may consist of pulped 
and haemorrhagic tissue left behind by the pulsating 
cavitation effect caused by the lateral transfer of energy 
as the missile passes through. 

ESTIMATING THE RANGE OF 
DISCHARGE 
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This may be of any nature, but broadly falls into two 
categories: 

Contusion and laceration from low-velocity impact. 
Where a mass of shotgun pellets and gas strike tissues 
or an organ the damage is simple mechanical disruption, 
with widespread haemorrhage from local vessels. 
Similar, though less extensive, damage is likely from 
a low-velocity rifled bullet or slug, which pushes the 
tissues apart as it ploughs through an organ or muscle. 
Secondary damage can occur from fragmentation of 
bone or bullet, which produces further traumatizing 
missiles within the tissues. The danger to life that ensues 
naturally depends upon the target tissues - a clean 
wound through the thigh may cause only temporary 
disability whereas the same wound through heart or 
brain may well be rapidly fatal. 

El High-velocity missiles produce disproportionate 
damage relative to their diameter because of cavitation 
effects, described at the beginning of the chapter. This 

.This is one of the most important aspects of the interpret- 
ation of firearm wounds. Though guidelines can be offered, 
it cannot be emphasized too strongly that every weapon 
and batch of ammunition will vary, so that medical opinion 
must always defer to the results of test firing with the same 
gun and similar shells. Allowance must also be made for the 
effect of interposed clothing. 

Rifled weapons 

TIGHT CONTACT OVER SOFT TISSUES 

kZ3 Possible muzzle impression. 
El Circular hole with abrasion collar. 
H Bruising. 
k@ Local reddening from heat and monoxide. 

Little or no surface burning. 
H Little or no propellant soiling or powder tattooing. 

TIGHT CONTACT OVER UNDERLYING BONE 

Split or cruciate wound. 
E3 Local reddening and monoxide. 
Bi Bruising. 

Little or no surface burning or propellant soiling. 
El Abrasion collar partly lost on skin tags. 

Circular hole with abrasion collar. 
Flame burn on surrounding skin. 

El Burnt hairs. 
Soot and smoke soiling (depending on ammunition). 
Small punctate burns from propellant tattooing. 
Unburnt propellant flakes. 
Little or no monoxide in tissues. 

DISCHARGE FROM 15 TO 30 CM (6 TO 12 INCHES) 

!%! No soot, but perhaps powder tattooing, depending on 
barrel length. 



Airgun injuries 

No monoxide. 
!B Rarely, flame burns. 

Circular hole with abrasion collar. 
E? No burning, soiling, burnt hairs or monoxide. 

f 

FAR DISTANT DISCHARGE AT LIMIT OF RANGE 

H Larger, irregular hole with irregular abrasion rim caused 
by tumbling bullet. 
No other features. 

Smooth-bore shotguns 
TIGHT CONTACT DISCHARGE OVER SOFT 

TISSUES 

Single circular wound about diameter of muzzle. 
Smooth margin. 

EEi Ofien muzzle imprint. 
Blackened edge. 

'&I No surrounding smoke soiling unless clothing allows 
leakage. 
Deep bruising. 

El Pink tissues. 
Wads in wound. 

Soot soiling may persist. 
B Powder tattooing present. 
@I Little or no monoxide. 
@ Still burning of skin and hairs. 
@ Wads in wound. 

DISCHARGE FROM 1 TO 5 M (39 TO 

195 INCHES) 

Central 'rat-hole' wound. 
@ Satellite pellet holes around periphery. 

No burning. 
No soot. 

P Maybe slight tattooing at 1 m. 
No monoxide. 

Bl Wads not in wound at upper part of this range. 

DISCHARGE OVER 5 M (1 95 INCHES) 

B Diffuse pellet pattern. 
Eii Probably no central hole. 
BY No burning, soot, tattooing, monoxide, no wads. 

All the foregoing data are very variable, being dependent. 
upon the individual weapon and ammunition. Test firing 
must be used to validate the pathological interpretation. 

AIRGUN INJURIES 

TIGHT CONTACT DISCHARGE OVER SKULL OR Air rifles and pistols produce wounds that have some of the 
BONY AREA characteristics of both shotguns and explosive rifled weapons. - 
As last type, but wound may be ragged and split from gas The missile is single and fired through a rifled barrel, but is 

rebound. small and resembles a shaped (waisted) shotgun pellet. 
The muzzle velocity is relatively low, but some more 

DISCHARGE WITHIN A FEW CENTIMETRES 

LB Circular wound, unless oblique discharge. 
E2 Smooth or slightly crenated margin. 
Kl No satellite pellet holes. 

Surrounding soot soiling. 
M Punctate powder burns. 

May be unburnt powder flakes. 
Burning of surrounding skin. 
Burnt hairs. 
Pink monoxide in tissues. 
Wads in wound. 

DISCHARGE FROM 30 CM (12 INCHES) 

Circular 'rat-hole' wound with nibbled margins. 
No satellite pellet holes. 

sophisticated rifles, such as the German Weirauch, can pro- 
duce more than 12 foot-pounds of energy and the pellet can 
easily penetrate a wooden door - and the human skull. 

Two calibres are common, the .I77 and the .22 inch, 
the latter naturally being the more dangerous. The .I77 can, 
however, penetrate the thin temporal bone of a child. Wounds 
from an air weapon are rarely fatal except when the head is 
struck - and children are the usual victims. The pellet can 
enter the skull and traverse the whole width of the brain, 
but never produce an exit wound, being usually found in 
the contralateral meninges. The track may be surprisingly 
wide for such a low-velocity missile. 

Apart from fatal head wounds, a number of eye injuries 
occur from airguns, the pellet lodging within the globe, the 
orbit or the adjacent air-sinuses. Radiology is obviously of 
prime importance in locating the missile, prior to surgical 
removal. 
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FIGURE 8.55 Track through a childs brain ma& by a ,177 inch 

air-rifle pellet (arrowed). Although a relatively low-velocity missile, 
the track is much wider than the pelletfiom lateral transfpt of 
kinetic energy. 

There are no particular features of an air weapon wound, 
as, of course, there are none of the heat, powder 'or soot 
effects of an explosive gun. The entry wound is small, but 
may show an abrasion ring. There is never an exit wound, 
unless the tissue traversed is extremely narrow. 

HUMANE (VETERINARY) KILLERS 
AND INDUSTRIAL 'STUD-GUNS' 

Explosive weapons of a specialized type are used in abat- 
toirs and by veterinary surgeons to dispatch large animals. 

FIGURE 8.56 Airgun pellet in brain tissue. 

FIGURE 8.57 Radiography can assist in 
locating a missile before autopsy, so that 
random searching does not cause instrument 
damage to the dplicate striation pattern used 
for weapon idennj%ation. Here there is a 
leadpellet in the occipital lobe, with a bone 
defict in the extreme fiont of the skull. 



Humane (veterinary) killers 

They may be of the 'captive-bolt' type, which consists of a 
metal rod, the distal end of which is propelled for a few 
centimetres from the muzzle of the weapon by a blank cart- 
ridge inserted in a chamber behind the proximal end. The 
captive bolt inflicts a clean, penetrating injury, about 5 cm 
deep, which can be mistaken for a stab-like injury. 

Another variety consists of a metal barrel on the distal 
end of which is a heavy flange, which is placed against the 
head of the animal. A cartridge carrying a 0.31 inch (8 mm) 
bullet is inserted into the proximal end of the barrel and a 
firing pin struck with a mallet. The injuries from this resem- 
ble a contact wound from a conventional weapon, though 
the base of the flange may have embossed concentric circles 
to prevent slipping, which may produce an unusual pat- 
terned imprint on the skin surrounding the wound. 

Another type is the Webley veterinary pistol, which is of 
.32 calibre and is virtually identical with a conventional 
gun. Humane killers may cause injuries on humans either 
accidentally or suicidally, homicide being rare. The nature 
of the weapon will almost always be apparent from the cir- 
cumstances, including the presence of the weapon. Death 
may be delayed due to complications, as in one case seen by 
the author (BK) where a farmer died of tetanus after acci- 
dentally shooting himself in the knee with a humane killer. 

Devices used in industry and especially the building trade, 
are similar to humane killers. These are the 'stud-guns' used 

and industrial 'stud-guns' 

FIGURE 8.59 Suiciahl contact woundfiom a humane veterinary 
killer (see also Figure 8.60). 

F I G U R E  8.58 A relariuely un~sualphoro~raph in Britain, in that the suicide is of a woman and an automatic pistol is used Note rhe massive 
haemorrhage on rhejloor, which illustrates the possible extent ofpost-mortem bleeding. 
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FIGURE 8.60 Defert of the rigbtfiontal bone (arrow)fi.om a 
humane ueterinaty kilhr (see also Figure 8.59). 

for driving a hardened metal pin or threaded stud into 
masonry, or other wood or metal structures as a rapid and 
convenient means of attachment. An explosive cartridge, 
ofien of .22 calibre, is used to drive a piston that acts as a 
hammer on the pin or stud. Many accidents and the occa- 
sional suicide have occurred from these tools, which resem- 
ble a long pistol, with a flat faceplate attached to the muzzle 
for pressing against the structure. Some accidents occur 
because the guns are used on relatively flimsy partitions, and 
the stud traverses the structure and flies on to injure or kill 
someone on the other side. 

RUBBER AND PLASTIC BULLETS 

A relatively recent innovation in firearms is the use by police 
and security forces of projectiles for riot control. Originally 
rubber bullets were used, being compressed into smooth- 
bore weapons. These have been abandoned in Britain in 
favour of 'baton rounds', more commonly known as 'plastic 
bullets'. They have been used in large quantities in Northern 
Ireland, some 43 000 having fired up to 1985. These projec; 
tiles have not yet been used in the mainland of Britain, 
though many police forces hold stocks. Elsewhere in the 
world, they are used extensively for riot control. 

The baton round is a solid cylinder of polyvinylchloride 
38 mm in diameter and 10 cm long, weighing 135 g. When 
fired from a smooth-bore weapon it has a muzzle velocity of 
about 250kmlhour and an effective range of 50-70111. It 
should not be fired at a person under about 20 m range. It is 
used to disperse riots and discourage stone-throwers by strik- 
ing them suficiently hard to cause pain and bruising, but no 
serious injury. The bullet is about the same weight a 

cricket ball, but travels twice as fast as the best bowler could 
deliver it. In Britain, the bullets were made by Pains-Wessex- 
Schermuly, but later by Brocks Fireworks and also by the 
Ministry of Defence. Many injuries and some deaths have 
been reported from their use. Fractures of the face and skull, 
eye damage including blinding, broken ribs and limbs, and 
contusions of liver, lung and spleen have occurred. 

Police are instructed to fire at the lower half of the body, 
to avoid the more serious injuries arising from hitting the 
head or chest. The death rate is said to be 1/18 000 rounds 
fired, compared with rubber bullets which had a mortality 
rate of 114000 rounds. 

DEATHS FROM EXPLOSION 

Deaths from the effects of explosive substances or devices 
occur in both civil and 'military1 circumstances, though the 
latter now include a considerable proportion of terrorist 
activities rather than conventional wars. Civil tragedies are 
usually industrial, as in individual incidents in mines and 
quarries, or on a larger scale, such as the detonation of chem- 
ical stores, ships or factories. 

The nature of explosive trauma 

Several different factors cause injury following an explosion, 
and the relative importance of each varies considerably with 
the type of detonation. For example, pure blast effects are 
far more important with high-explosive projectiles designed 
for purely military use than with the home-made terrorist 
bombs, the lethality of which may be primarily caused 
by flying fragments. Death and injury from explosives is 
caused by: 

Ei blast effects 
El impact of projectiles derived from the explosive 

device 
El impact from surrounding objects and debris impelled 

by the explosion 
H burns from hot gas and incandescent objects 
El secondary injuries from falling masonry, beams and 

furnishings dislodged by the explosion. 

A blast consists of a wave of compression passing rapidly 
through the air - or water in the case of a submarine explo- 
sion, such as a mine. The velocity of the shock wave depends 
on the distance from the epicentre, being many times the 
speed of sound at the start, but rapidly decreasing as it 
spreads out. The compression wave is followed by a transient 
zone of low pressure (below atmospheric), so that a rapid 
double change in pressure is suffered by the body. The 



magnitude of the blast varies with the energy released and 
also with the distance from the epicentre, the intensity obey- 
ing the inverse square law. With all but powerful military 
high explosives, the blast effects of most terrorist devices fall 
off so rapidly with distance that only those in the immediate 
vicinity will suffer severe damage from blast. Not uncom- 
monly, this type of victim is the bomb-setter himself, when a 
premature detonation occurs. 

A blast causes the most damage at an interface between tis- 
sues in contact with the atmosphere, which is why the lung 
usually suffers the most. About 100 Ib/inch2 (690 kPa) is the 
minimum rhreshold for serious damage to humans. The 
shock wave can pass through solid, homogeneous tissues such 
as liver and muscle, causing little or no damage, but in the 
lung there is marked variation in density between the alveolar 
walls and the contained air so that damping of the shock wave 
occurs and energy is absorbed, with disruptive effects. 

There is controversy about whether pulmonary damage 
occurs from direct transmission of the shock wave through 
the thoracic wall, or through the oronasal orifices and air 
passages. In any event, the autopsy signs are of subpleural 
patchy haemorrhages, often in the line of the ribs, intrapul- 
monary haemorrhage and bullae at the lung margins. The air 
passages may be filled with bloody froth causing airway 
obstruction and hypoxia in addition to the primary damage. 

Microscopically the alveolar walls can be shredded by the 
acceleration and consequent tearing of the air-sac wall when 
the shock waves traverses the lung. Desquamated alveolar and 
bronchial epithelium is seen lying free. Large areas of haemor- 
rhage are seen, with either the alveolar pattern still visible or 
the architecture completely disorganized. Pulmonary haem- 
orrhage in explosive incidents is often not caused solely by the 
blast, but may be from direct impact on the chest from flying 
objects, aspiration of blood from nasopharyngeal injuries and 
from bleeding following aspiration of stomach contents. 

The ear may suffer severe damage from a blast, but this is 
not easily discernible at autopsy. Clinical examination and 
testing (obviously in the living) reveals many lesions, but 
these are of little relevance to the pathologist. 

The gastrointestinal system suffers from the effects of a 
blast because, like the lung, it contains air and gases, and is 
thus not a uniform medium for transit of the shock wave. 
Once again haemorrhage is the most common lesion, usually 
small foci of the order of a centimetre in size. They may form 
circumferential bands around the intestine or may be con- 
fined to the serous coat as focal haemorrhages. The caecum - 
and colon are more often injured than the ileum, jejunum 
and stomach, probably because they are larger and often con- 
tain more gas. Occasionally ruptures of the gut occur if the 
blast is violent and the victim in near proximity. 

Victims of explosions in water suffer a reverse order of 
gastrointestinal to lung damage. The former is more 
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common and may be manifested as haemorrhages under the 
serous coats and mucosa. Perforations may occur and, in 
survivors, peritonitis is not uncommon. The perforations 
are often multiple and in any part of the intestine. Lung 
damage is less common in water and some instances may be 
caused by impact transmitted up through the diaphragm. 

Missile injuries in explosions 

It is again emphasized that unless a sophisticated high-explosive 
military device is involved, or if the victim is virtually 
adjacent to a lower energy terrorist bomb, blast effects will 
rarely be the sole cause of death. The body will, however, be 
vulnerable to impact from solid fragments originating from 
the bomb casing or a container or conveyance, such as a 
car in which the bomb was concealed. Fragments of metals, 
from tiny splinters to large chunks or sheets, will be pro- 
jected at high speed. The smaller ones will not travel more 
than a few metres, but larger, heavier pieces can fly over con- 
siderable distances and can cause serious or fatal injuries in 
just the same way as projectiles from a firearm. In the open, 
debris is scoured away, including dust and dirt, which can 
impinge on the body to injure and discolour it. At autopsy 
the body may appear pigmented from this dust blasting, the 
clothing causing a shadow effect similar to bathing suit pro- 
tection from sunburn. A more common appearance is a 'pep- 
pering as a result of the numerous small missiles causing 
bruises, lacerations and abrasions. The lacerations are often 
puncture wounds, of varying size and depth. Burns may also 
discolour the body, especially those areas unprotected by 
clothing. Flash burns from the bomb itself only affect those 
nearby unless the device is massive, though singeing of hair 
and eyebrows is not uncommon. Other burns may be caused 
by ignition of clothing, or by the building or vehicle catching 
alight from the bomb effects -o r  from gas or petrol ignition. 

A massive bomb, or one where the victim is virtually on 
top of the device, may totally disrupt the body and fling 
unidentifiable pieces over a wide area. Alternatively, part of 
the body may be totally destroyed, sometimes the remainder 
of the victim being remarkably intact. The legs may be 
blown off or the abdomen,disrupted, or the hands and arms 
torn away. In terrorist attacks these effects may be seen in 
the person who was planting the bomb or carrying it to the 
place chosen for detonation. A premature explosion, some- 
times during the act of setting the timer, may cause these 
localized injuries. 

The pathologist may be able to assist in reconstructing 
the events, as localized severe trauma obviously indicates 
the relative position of the bomb and the victim at the time 
of detonation. If the lower legs are destroyed, then the per- 
son was standing near the device that lay on the ground. 
Punctured wounds and bruises on the front of the thighs 
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and trunk will'indicate that he was facing the bomb. If the 
thighs, pelvic region and abdomen are damaged, the bomb 
may have been carried on the lap - and if the hands, chest 
and face are the most affected areas, the deceased may have 
been bending over the device. 

The autopsy explosion deaths 

The salient features have already been described and much 
of the autopsy is directed at listing the injuries, as in any 

FIGURE 8.61 Localized injury by an explosive device. The soldier 

picked up an apparently 'dzrd'smoke shell, which then detonated 
He livedfor some weeks, the injury havingpartly healed, though 
part of the face and skull were destroyed. 

other trauma death. The interpretation outlined above, how- 
ever, may be most important for the investigators. 

There are some more specific matters in an explosion death 
which the pathologist must bear in mind. Firstly, trace evi- 
dence may be vital to the forensic scientists and bomb 
experts, who are trying to trace the maker of a terrorist device. 
X-rays should be taken of all bodies before autopsy to identify 
any radio-opaque objects. Not only will this assist in detecting 
lethal missiles not visible from the surface, but it may reveal 
small metal objects that form part of the bomb mechanism, 
such as small springs or contacts from the timer or detonator. 
These may be invaluable in allowing the experts to recognize 
the handiwork of a particular bomb-maker or terrorist group. 
Such radiography may also reveal the unexpected, which in 
the past has induded a bullet, the victim having been blown 
~p ~ ! e r  d e ~ h  from shnoting. Even prior to radiography. 
there may be much that the pathologist has to do. Though 
many explosion victims are relatively intact, where extensive 
disruption has occurred, the fragments have to be collected 
and sorted out in the mortuary. 

A major initial problem is to discover how many bodies are 
represented and to try to d o t  the correct fragments to the 
right individuals. Where there are a number of victims and a 
large pile of small fragments, this task may be difficult or 
impossible, but it is naturally of paramount importance to 
determine how many victims are involved and to determine 
the sex of each. This is largely an anatomical exercise, akin to 
the sorting of multiple skeletal remains. Careful identification 
of all recognizable structures, such as prostate, uterus, breasts, 
scalp, eyes, for ex,unple, is needed in addition to more gross 
sorting of limb and trunk fragments. Radiology may again 
assist in matching contained skeletal srructures, but much of 

FIGURE 8.62 Numerous wound and 
peppering by hbris projected in a terrorist 
bomb blast. B h t  injuries occur only in 
close proximity to the device - most 
in juy  is caused by flyingprojectiles. 
(Reproduced Ly kindpennission of 
Professor TKMarshall.) 
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the debris accumulated after a large explosion consists mainly 
of skin and attached tissues. 

In spite of the most thorough police search of the scene, 
considerable proportions of some bodies are never recovered, 
having been disrupted into tiny fragments and mixed with 
the masonry and other debris of the bomb site. The collected 
fragments have to be washed clean from the inevitable dirt 
that coats them and sorted into groups by anatomical simi- 
larity. Non-human tissue is discarded, as animal material is 
not uncommonly admixed. The completed piles of tissue are 
then resorted by any apparent similarity, such as racial pig- 
mentation, hair colour and sex. Limbs and large joints are 
then sorted, allotting them to left and right from anatomical 
considerations. 

The difficulties of such a task was emphasized by 
Professor TK Marshall, whose experiences in Northern 
Ireland make his writings on the subject the definitive guide to 
such tragedies. In one of his incidents, eight victims were 
accounted for, when a single penile fragment forced the inev- 
itable conclusion that there were in fact nine victims, not 
eight, though no other recognizable part of this ninth man 
was ever discovered. He had presumably been the bomb- 
carrier and had been completely disintegrated. 
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Injuries and fatalities occur in all forms of transportation During acceleration or deceleration the tissue damage 
but numerically road traffk accidents account for the great produced will depend upon the force applied per unit 
majority worldwide. In developed countries, they are the area, just as a sharp knife penetrates more easily than a 
most common cause of death below the age of 50 years, blunt one used with the same force. If a car driver is 
and in young men this trend is even more marked. The brought to rest from 80 kmlhour by striking 10 cm2 of 
pattern of injury, fatal and otherwise, varies considerably his head on the windscreen frame, the damage will be 
depending upon whether the victim is a vehicle occupant, vastly more severe than if the same decelerative force 
a motorcyclist, a pedal cyclist or a pedestrian. was spread over 500 cm2 of a safety belt. 

B Between 60 and 80 per cent of vehicular crashes (either 
into a fixed structure or into another vehicle) are 

THE DYNAMICS OF VEHICULAR frontal, causing violent deceleration. Another 6 per 

INJURY cent are rear impacts, which accelerate the vehicle and 
its occupants. Of  the remainder, about half are 
sideswipes and the rest 'roll-overs'. 

A number of elementary physical facts help to explain the 
In the common frontal impact, there is never instant 

complex pattern of traffic injuries, especially those sus- 
arrest of the vehicle, even when it runs into a massive, 

tained by the occupants of a vehicle. 
immovable structure. The vehicle itself deforms from 

2 Tissue injury is caused by a change of rate of the front so that there is always a deceleration distance 
movement. A constant speed, however rapid, has no and time, albeit small. In fact, much of the 
effect whatsoever as is evident from space travel or the manufacturers' design research now goes into making 
rotation of the earth. It is the change of rate that is deliberate provision for the crumpling or 'concertinaing' 
traumatic - that is, acceleration or deceleration. of the front and rear of the car, leaving a central rigid 

Bl Change of rate is conveniently measured in 'gravities' or 
'G forces'. The amount that a human body can tolerate 
depends greatly on the direction in which the force acts. 
Deceleration of the order of 300 G can be sustained 
without injury and even 2000 G can be survived for a 
short time, if it acts at right angles to the long axis of the 
body. The frontal bone may resist 800 G without fracture 
and the mandible 400 G, as can the thoracic cage. 

cell that comprises the passenger compartment. The 
object is to extend the stopping distance and time, so 
that the G value acting on the occupants is reduced. 

@il The value of the G forces can be calculated from the 
formula: C = C ( V 2 ) 1 ~ ,  where Vis velocity in 
kmlhour, D is the stopping distance in metres after 
impact, and Cis a constant 0.0039. (If Vis in mph and 
D is in feet, C becomes 0.034.) For example, if a car 



Cervical spine injury 

Face and head injur 

FIGURE 9.1 Major points of injury to an unrestrained driver ofa 

vehicle in deceleration impact. 

travelling at 80 kmlhour runs into a stone wall that it 
penetrates for 25 cm, plus 50 cm crumpling of the front 
of the car, the deceleration would amount to about 
33 G. If an occupant was rigidly belted into his seat 
(a practical impossibility), he would also suffer the same 
deceleration, which would be survivable. If, however, 
he was unrestrained, he would continue forwards 
momentarily at 80 kmlhour and suffer massive G 
forces, the magnitude of which would depend on his 
deformation stopping distance (a few centimetres-of 
tissue compression) when he struck the internal car 
structures in front of him. 

PATTERN OF INJURY OF VEHICLE 
OCCUPANTS 

9: T r a n s p o r t a t i o n  i n j u r i e s  
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FIGURE 9.2 Facial lacerationsfrom a shattered windrcreen in an 

unrestrained driver. The toughenedghs breaks into smallfagments, 
which produce the characteristic jparrow-foot'marks. The laceration 
on theforehead was made by the winakreen rim. 

the pattern of injury varies according to the position of 
the occupant. 

The driver 

Numerous investigations have been made by road research 
organizations and car manufacturers using dummies and 
actual corpses, together with sophisticated recording equip- 
ment and high-speed cinematography. These have established 
a detailed picture of the sequence of events in automobile 
crashes. When the most common event - frontal impact - 
occurs, the unrestrained driver first slides forwards so that 
his legs strike the fascialparcel-shelf area, and his abdomen 
or lower chest contacts the lower edge of the steering wheel. 
The body then flexes across the steering wheel and begins 
to rise. The heavy head goes forwards, and there is flexion 
of the cervical and thoracic spines. The upward and for- 
ward component causes the head to strike the windscreen, 
the upper windscreen rim or the side pillar. The windscreen 
is often perforated by the head or face, and the whole body 

The type of vehicle (other than motorcycles) in theory 
makes little difference to the mechanism of injury, but 
most statistical surveys divide them into cars and light vans 
under 1.5 tonnes, on the one hand and heavier vehicles, 
such as trucks and buses, on the other, though the latter 
have different features more akin to passenger aircraft. 

Heavy goods vehicles naturally suffer less than cars and 
light vans in crashes because of their far greater mass and 
strength, and also due to their height above the ground. 
Structural damage from impact with other smaller vehicles 
is less and often sustained below the level of the driver. 
Given smaller deceleration forces, however, the cab occu- 
pants are vulnerable to the same injury patterns. 

Light vans are virtually identical to cars with respect to 
the front-seat occupants. In fact they may be more at risk, 
as modern vans tend to be flat-fronted and thus have little 
or no 'crumple' potential to increase the stopping time. 
Concentrating on cars, the most common vehicular casualty, 



Pattern of injury of vehicle occupants 

may be ejected through the broken glass, to land on the 
bonnet or even on the roadway ahead. 

Another factor causing injury is the intrusion of structural 
parts into the passenger compartment. Though modern cars 
are designed to maintain a rigid central passenger compart- 
ment, if the impact is gross, the engine or front-wheel assem- 
bly may be forced back into the seating area, intruding upon 
the driver. Similarly, the roof or front corner pillar (the 
so-called 'A'-frame) may cave in on top of the driver. 

One effect of column, engine, or gearbox intrusion may 
be to force the floor up and backwards against the driver's 
feet and legs. The control pedals also take part in intrusion, 
and, in the usual desperate braking and declutching, the 
reflex pressure of feet on rising pedals and floor may cause 
transmitted force up the legs and into the pelvic girdle. The 
steering column was formerly a more dangerous item for 
intrusion, being forced back to 'stab' or crush the driver's 
chest or abdomen. Modern design has reduced this danger 

FIGURE 9.3 Ringfiacture around the foramen magnum caused try 
an impact on the crown of the head in a car driver, who lost the 
control of his vehicle and crashed into a tree. 

by making the column telescopic, hinged or otherwise col- 
lapsible, but injuries still occur - sometimes from the wheel 
itself breaking and penetrating the chest. Additionally, the 
door may burst open and the driver, if unrestrained, ejected 
sideways onto the road, especially in a crash that has a roll- 
over component. 

In a rear impact, the driver is violently accelerated and, 
if no rigid head restraint is fitted to the seat, severe hyper- 
extension of the neck occurs, often followed by the sequence 
of deceleration events when the car is cannoned into the 
vehicle or other obstruction in front, causing the popular, 
if inaccurate name of 'whiplash'. 

In side impacts, the injuries depend upon the amount of 
intrusion of the driver's door and side panels. Restraint 
devices can offer no protection, though modern vehicles 
usually have strengthened side-impact bars built within the 
doors. 

This range of traumatic events can produce the follow- 
ing lesions in drivers not wearing seatbelts or protected by 
airbags: 

Impact against the fascia can cause abrasions, 
lacerations and fractures of the legs around knee or 
upper shin level. 

B Pressure of feet on the floor, especially when it is 
intruded by the engine, can cause fractures anywhere 
from foot to femur. The leg can also be injured by 
violent contact with the fascia or dashboard and the hip 
joint may be dislocated posteriorly. Not uncommonly 
the pelvis is fractured, often at one or both sacroiliac 
joints. In Mant's (1978) series of 100 driver fatalities 
there were 22 pelvic injuries and 31 of the lower limb. 
Impact of the abdomen and chest against the steering 
wheel may cause severe internal injuries, usually 
rupture of the liver (50 per cent) and, less often, spleen 
(36 per cent). There may be bruising of the skin 
surface, but this is often absent even in the presence of 

lntrusion of roof 
or 'A'-frame 

- 
lntrusion of engine 

and front suspension 

FIGURE 9.4 When vehicle structures impinge on the occupants even belt restraints offer little protection. The engine, fiont suspension, roof 
and 2'f;ame are frequent intrudars. 
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FIGURE 9.5 Bruising, laceration and bilateral legfiactures of a 

car driver in a frontal impact. 

severe internal injuries. Laceration of the skin is rare 
unless the steering wheel snaps and penetrates the 
trunk. Other steering-wheel lesions include bruising of 
the lungs, fractured ribs and sternum, cardiac contusion 
and haemothorax or pneumothorax or both. Almost 
70 per cent of Mant's series had broken ribs. 

B Upper limb injuries are less common but may occur 
from transmitted force through gripping the sreering 
wheel or from impact against the windscreen, pillars, 
intrusive roof, bonnet or ground when held up in a 
reflex protective position. Only 19 per cent of Mant's 
series had arm injuries. 
The most obvious injuries are ofren those to the face 
and head as a result of projection against and ejection 
through, the windscreen. The unrestrained driver rises 
and flexes forwards so that his forehead and skull are 
likely to contact the upper rimdof the windscreen, 
leading to lacerations. The face'frequently suffers 
multiple cuts from contact with the shattered safety 
glass. In most European vehicles the glass is of the 
toughened, not laminated, variety and, when broken, 
it shatters into small cubes with relatively blunt edges. 
These still cause superficial lacerations, often in short 
'V-shaped' or 'sparrow-foot' patterns. In themselves 
they are not a danger to life, but indicate an impact 
sufficient to hurl the driver on or through the glass. 
Damage to the eyes is common. 

FIGURE 9.6 Facial injuries in a car driver unrestrained by a 

seatbelt. Following a deceleration impact his face struck the 

windscreen, cawing the typical small cuts porn broken safety glass 

and lacerations of the templefiom striking the windrcreen rim or 

2 'frame. 

The impact against the windscreen rim or corner 
pillar - or after ejection - can cause any type or degree 
of head injury, including scalp laceration, fractured 
skull, intracranial haemorrhage or brain damage. In 
Mant's series there were 42 skull fractures in 100 drivers. 
This was less than in the front-seat passengers, a figure 
at variance with Eckert's (1959) series of 300 in the 
USA, where drivers suffered twice as many head injuries 
as the passenger, though it is not stated how many 
accidents were to vehicles occupied only by the driver. 
Hyperflexion of the cervical spine when the head 
swings can cause fractures or dislocation. There is often 
a double component in that the hyperflexion of 
deceleration is followed by a rebound hyperextension 
when the head strikes an obstruction in front. Rear 
impacts also cause the double 'whiplash' effect, as 
already mentioned. 

One injury that is frequently overlooked at autopsy is 
the atlanto-occipital dislocation, which Mant found in 
a third of his series. Other fractures can occur anywhere 
in the cervical spine, often at about C5-6. Seatbelt 
restraint cannot prevent cervical spine damage, though 
a rigid head restraint can reduce injuries resulting from 
hyperextension. The thoracic spine is less often 
damaged, but in unrestrained drivers the same 
'whiplash' effect can fracture or dislocate the upper 
dorsal spine, often around T5-6-7. 
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FIGURE 9.7 Mixed injuries in a restrained car driverfiom a head- 

on collision. Death was caused by ruptured aorta. 

I A more common thoracic injury associated with 
deceleration is the ruptured aorta. It may be associated 
with a severe whiplash effect on the thoracic spine, 
as the aorta is tethered to the anterior surface of the 
vertebrae where the distal arch joins the straight 
descending segment. Probably the most common 
reason for aortic rupture, however, is the 'pendulum' 
effect of the heart within the relatively pliable thoracic 
contents. When the thorax is violently decelerated, the 
heavy cardiac mass attempts to keep moving ahead and 
may literally pull itself off its basal mountings, the most 
rigid part of which is the aorta. Separation takes place 
at the point where the aorta is attached to the spine at 
the termination of the arch. 

The appearance of the aortic rupture is often of a 
clean-cut circular break, almost as sharp as if it had 
been transected with a scalpel. Sometimes there are 
additional transverse intimal tears adjacent to the main 
rupture, the so-called 'ladder tears', as they can 
resemble the rungs of a ladder. These may be present 
when no actual rupture has occurred and may be found 
as an incidental finding at autopsy. Sometimes they are 
deep enough to allow a local dissection of blood to seep 
into the intima, when death has not been virtually 
instantaneous. Rarely, a major dissection may lead to 
delayed death some hours or even days later. Ruptured 
aorta is a common lesion in traffic accidents - in a 
rwo-car crash, the author (BK) has seen three 
transected aortas among the four fatalities. 

The frequency of such tears is common enough for a 
warning always to be offered to the autopsy prosector 
not to use undue force on the neck and thoracic 
structures when removing the organ pluck from the 

FKSJRE 9.8 Rzptured aorta in which car occupant, unrestrained by 
seatbelt, suffered severe deceleration. Aorta has torn in the usualplace, 

the distal arch where the curve of the vessel meets the thoracic spine. 

body. Rough handling during this stage can produce 
artefactual ladder tears in the aorta. 
Other chest injuries can be caused by impact with the 
steering wheel, ejection through the windscreen or 
impact with the road. There may be bruising or 
laceration on the chest from the steering wheel, though 
padding, collapsible columns, less fragile wheels, 
airbags and seatbelts have reduced the incidence of this 
formerly common lesion. Beneath the skin, sternal and 
rib fractures are common, though fatal visceral injuries 
can occur without rib fractures in young people because 
their ribs are more pliable. 
The heart may be damaged even in the absence of 
external marks or thoracic cage fractures. Bruising of 
the epicardium and underlying myocardium is not 
uncommon and the posterior surface may be damaged 
from impact against the spine. In high-speed impacts, 
the heart may be completely avulsed from its base and 
be found lying loose in the chest. Less severe degrees of 
damage may lacerate rhe ventricles or atria, and cause 
gross haemorrhage. Coronary artery thrombosis has 
been described following contusion over a coronary 
artery. Penetrating injuries from sternum, ribs or 
external objects may lacerate the heart directly. 
Subendocardial haemorrhages on the left side of the 
interventricular septum and opposing papillary muscles 
are not a sign of impact, but an index of catastrophic 
hypotension. They are also seen in head injuries; they 
can occur within the space of a few bears, as the author 
(BK) has seen these ~rominent  lesions in an avulsed 
heart after a military aircraft crash. 
The lungs are frequently injured, either from stabbing 
by fractured ribs penetrating the pleura or from blunt 
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impact. The latter often leads to a line of bruising down 
the posterior part of the lung where it lies in the 
paravertebral gutter. There may be air bullae or blood 
blisters under the pleura overlying the bruised areas and 
a pneumothorax or haemothorax may result. The 
interior of the lung may be pulped even in the presence 
of an intact visceral pleura, from transmitted force or 
massive variations in int~athoracic pressure during the 
impact. The lung often shows areas of bleeding under 
the pleura, which may be from direct contusion, from 
aspiration of blood from other damaged areas of lung 
or from blood sucked down the air passages from 
injuries in the nose or mouth. 

FIGURE 9.9 Penetration of the wrist and chest by a wooden 

component of a bus seat. The victim drove his car a t  speed into a bus 

andpart of the resulting debris penetrated his l e j  ventricle. 

The major abdominal injury is a ruptured liver, which 
may be damaged in any part. A common lesion is 
central tearing of the upper surface, which may extend 
deeply and even transect the organ. Less serious damage 
is often seen in the form of shallow, sometimes 
multiple, parallel tears on the upper surface of the right 
lobe. Subcapsular tears can occur with the formation of 
a subcapsular haematoma, which can rupture later. The 
spleen also shows shallow tears in some accidents, often 
around the hilum; in rare cases, it may be avulsed from 
the pedicle. The mesentery and omentum often show 
bruising and, rarely, there is laceration and fenestration 
sufficient to cause a lethal haemorrhage. 

Bi3 Ejection injuries are common, and lethal in both driver 
and passengers. This is particularly likely to happen in 
roll-over accidents. Much research has been pursued by 
manufacturers to develop anti-burst door locks, which 
have improved safety Where there has been considerable 
distortion of the vehicle frame, however, nothing can 
prevent the doors from opening or even being torn off. 
It has been shown by Moore and Tourin's study (1954) 
at Cornell that ejection injuries followed steering-column 
lesions as the second most frequent type of trauma and, 
if a victim was ejected, there was a fivefold greater chance 
of dying than if he was retained in the vehicle. Moore 
and Tourin found that when doors burst open a third of 
the car occupants were ejected. 

Almost any kind of injury, usually multiple, may be 
sustained after ejection, either from contact with the 
road surface or (in a significant proportion) from being 
struck by other vehicles, especially on motorways. 

FIGURE 9.10 Large subcapsukzr 

haemorrhage of the liver in a driver who 

struck the rim of the steering wheel during 

severe deceleration. Such subcapsukzr lesions 

can remain intact for hours or men days, 

then rupture into the abdominal cavity. 



F I G U R E  9.11 Anterior tear through the@[[ thickness of the liver; 

there is also a haemorrhage around the suspensory ligament. The 

victim was a car driver who was impacted against the steering wheel 

in a fiontal crash. 

The front-seat passenger 

In Western countries, far more drivers than passengers are 
killed or injured, but this reflects the fact that a high propor- 
tion of cars contain only a driver - a third in Mant's series. 
In countries with a lower ratio of vehicles to population the 
converse is true and indeed many accidents are due to gross 
overcrowdmg of passenger vehicles. The pattern of injuries is 
similar to that of the driver, but this position in the car is even 
more dangerous, as indicated by the title of a safety film made 
by the French Michelin Tyre Company - Laplace du rnort. 

Though there is no steering wheel to impact into the 
chest, its absence also denies the slight protection offered to 
the driver in reducing the collision with the windscreen, 
perhaps by giving him something to brace against. Another 
factor may be that the driver gives his attention constantly 
to the road and so has momentary warning of an impend- 
ing crash, compared with the passenger who may be oblivi- 
ous of imminent disaster and fail to 'brace up' ready for the 

impact. This may explain the greater number of skull fractures 
and brain damage in unrestrained passengers in Mant's 
series, the percentages being 55 per cent and 42 per cent, 
compared with 64 per cent and 53 per cent, respectively. 
However, these figures were compiled before seatbelts and 
airbags became commonplace or even mandatory. 

Rear-seat occupants 

The effect of seatbelts 

* 287 

Before the more widespread use of front seatbelts - now 
mandatory in many countries - it was thought that the 
rear-seat position was fairly safe, as indeed it is compared 
with the front seats. 

When the widespread use of seatbelts dramatically 
reduced the deaths and serious injuries amongst front-seat 
occupants, the dangers of the back seats became much 
more obvious. One series showed that 49 per cent of rear- 
seat passengers in car crashes sustained serious or moder- 
ately serious injuries. Campaigns and legislation similar to 
the previous crusade were waged on behalf of the rear-seat 
occupants, and the use of these has now become manda- 
tory in Britain and some other countries. 

During violent deceleration, unrestrained occupants in the 
rear are projected forwards and strike the back of the front 
seats, including head-rests where fitted. They may be thrown 
over the seats, striking and addmg further injuries to the front- 
seat occupants and may even be ejected through the wind- 
screen, which is broken by them or by the people in front. 

In roll-over accidents, they share in the general trauma of 
being churned inside the passenger compartment, when 
multiple injuries can occur from contact with fitments, 
such as mirrors, door handles and window winders. Design 
changes have reduced these hazards by making handles 
smoother or countersunk and mirrors that easily snap off 
their mountings. Ejection is another common cause of death 
and serious injury in rear-seat occupants, a wide range of 
head, chest and limb injuries being seen. 

THE EFFECT OF SEATBELTS 

As stated, many countries now have legislation making the 
wearing of front and rear seatbelts mandatory. Where no 
laws exist, persuasion seems to have little effect, in spite of 
the fact that it is uncontested that their-use reduces deaths 
and serious injury by a factor of 20-25 per cent, as seen in 
the Australian experience in Victoria and New South 
Wales. A similar reduction was attained in Britain after the 
introduction of mandatory laws. Not only did the death 
rate drop substantially, but facial injuries and especially 
eye damage was dramatically reduced. 
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Seatbelts are now almost all of the lap-strap and shoulder 
diagonal type, the so-called 'three-point attachment belt'. 
The simple lap-strap is now fitted only in aircraft, where it is 
really only of token effectiveness. Most car belts are now of 
the 'inertia-reel' type, which allow slow movement but jam 
at a sudden tug. The advantage, apart from the comfort, 
is that they automatically tighten up around the body, as a 
slack belt is not only less effective but can actually constitute 
a danger. More complex restraints, such as double shoulder 
harness and crotch strap, are fitted only in light aircraft, 
gliders and racing cars. Though far more effective, their use 
would be socially unacceptable in ordinary road vehicles, 
as would head-band restraints, which are almost the only 
way of preventing hyperflexion damage to the cervical spine. 

The various forms of strap restraints act by: 

i3 Holding rhe occupalii back against t h e  seai, so iliat 
forward projection against the steering wheel, 
windscreen and corner 'A' frame is prevented. The head, 
though still subject to hyperflexion, is prevented from 

FIGURE 9.12 Types ofseatbelt restraint: (a) simple lap-strap 
(dangerous to aorta), (b) diagonal only (can slip underneath), 
(c) diagonalplus lap-strap (usual car type), and (d) shoukier harness 
(used in aircraf) and racing cars). 

smashing through the glass and the body cannot be 
projected through the screen onto the bonnet or 
roadway. The belt cannot cope with backward intrusion 
of the engine, floor, roof or corner pillar if those - 

structures reach the occupant sitting in the original seat 
position. The effectiveness of the belt is also dependent 
on the secure fixation of the seat to the vehicle floor. 
The belt restrains the occupants within the vehicle in 
the event of a door bursting, as ejection greatly 
increases the risk of death or serious injury. A belt is 
relatively ineffective in a side impact, except in that it 
reduces injuries from ejection. It has been reported, 
however, that head injuries were fewer in restrained 
victims of side-swipes, though the reason is not clear. 

It has been claimed (mainly in insurance disputes) 
that seatbelts can worsen this sort of injury by holding 
the occupant in more dangerous proximity to the 
intruding impact. There would seem fav occasions, 
however, in which even the unrestrained occupant 
could voluntarily escape from any significant degree of 
sudden lateral intrusion from a speeding vehicle. 
Extending the deceleration time and distance by 
substantial stretching of the belt fabric, which may 
lengthen by many centimetres during a violent arrest. 
To be effective the belt must be held tightly against the 
body to get the maximum restraint, either by adjusting 
the buckle or using an inertia reel. The belt should 
never be used again, as it cannot stretch further and 
may break on the next application of tension. - - 

El Spreading the area of application of deceleration forces. 
As stated earlier, the body has to absorb whatever 
G forces are applied to it, as calculated by the 
G = C(V2)ID equation. If these are absorbed by a focal 
impact covering a few square centimetres over the skull, 
fatal injury may well ensue. The same deceleration 
diffused against the thorax and abdomen by 500 cm2 of 
belt may leave no injury or merely surface bruising. 

Seatbelt injuries 

There is no doubt that seatbelts can themselves cause 
injury, occasionally of considerable severity. This was one 
of the arguments of the vociferous anti-seatbelt lobby that 
opposed legislation in several countries, but it is largely illog- 
ical, because an impact that causes seatbelt injuries would 
almost invariably have caused even worse injuries or death 
if no seatbelt had been worn. 

Another invalid criticism of restraints was that they impede 
escape from a burning vehicle. Fires involving passenger car 
crashes are, however, quite rare. A report by Bako et al. (1 970) 
from Canada showed that, of 1297 vehicle fatalities, only 24 
were from burns, a mere three in passenger cars. 
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Incorrectly adjusted or positioned straps such as a twisted 
belt, which reduces the area of contact, can increase the dan- 
ger of injury. Loose straps allow the body to move relative 
to the belt before sudden restraint occurs, decreasing the 
distance between the passenger and facing structures. 

Where the person is too small for the harness, such as a 
child or a small woman, the body may slide from under the 
strap - the so-called 'submarining - or it may act as a gar- 
rotte around the neck. Some women find that the diagonal 
strap compresses the breast even in normal use, so that the 
greatly increased tension during deceleration is likely to 
injure the gland. 

Pregnant women also have problems with belts but, 
although uterine and fetal injuries have been recorded in 
accidents, the incidence is relatively low and without the belt 
the consequences would have been as bad or probably worse. 

Injuries from seatbelts can vary from the trivial to the 
fatal. Bruising is the most common and may be seen either 
under the diagonal or the transverse component of the three- 
point belt. It is more common with the single aircraft-type 
lap-strap because of the smaller area of pressure. Bruising 
may occur in the abdominal or chest wall, but the danger- 
ous lesions are visceral. The abdominal contents suffer most, 
especially from single lap-straps. Rupture of the mesentery, 
or h e  small or large intestine, usually occurs from acute 
flexion over a lap-strap. The full bladder can be ruptured as 
can the caecum. The abdominal aorta can be crushed and the 
lumbar spine suffer a compression fracture or be dislocated 
through a disc in the midlumbar region. The posterior arch, 
pedicles or transverse processes may also be damaged. 

The diagonal strap usually prevents serious abdominal 
injury as it prevents hyperflexion, but it may contribute to 
thoracic injury. Bruising of the skin and underlying muscles 
and fractures may accompany a broken clavicle or sternum 
where the belt crosses them. Several authors (listed at the end 
of this section) have made detailed studies of seatbelt injuries. 

Airbags 

In recent years, the use of airbags has spread from only the 
most expensive vehicles to many standard production cars. 
The device consists of a large fabric bag, which is normally 
folded into the steering-wheel hub in the case of the driver - 
position and into the fascia in front of the front-seat 
passenger. 

A sensitive deceleration device triggers the ignition of 
sodium azide, a solid and highly toxic explosive propellant, 
which is converted in milliseconds to nitrogen gas. The 
deploying airbag can reach speeds up to over 300 km/h 
(>200 mph). Deflation is also rapid, so that residual car 
control and escape from the vehicle is not impeded. 

The inflated bag is designed to interpose itself between 
the occupant and the frontal structures of the passenger 
cabin, to cushion the impact and prevent forceful contact 
and hyperflexion. 

In addition to the life-saving capabilities, airbags can also 
cause serious and even fatal injuries either by the airbag 
itself or the module cover overlying it in the steering wheel 
or in the fascia on the passenger side. Injuries can be 
inflected at any stage of the deployment process, depending 
on the posture and possible objects between the occupant 
and the deploying airbag or the module cover. They vary 
from facial bruising, partial or complete amputation of 
fingers to dislocated and fractured arms or cervical spine 
and fatal head injuries. Eye injuries are common and range 
from mild corneal abrasions and chemical burns from con- 
tact with unburned sodium azide or the alkaline byprod- 
ucts of combustion, which are released into the passenger 
compartment, to globe rupture from blunt trauma or per- 
foration by interposed objects. 

THE VULNERABILITY OF 
CHILDREN IN VEHICLES 

This is a particular problem with several aspects. Many 
countries have brought in laws to protect children in cars 
because of their special vulnerability 

First, it is an understandable, but highly dangerous, 
indulgence for adults to allow small children to travel unre- 
strained in the front seat of a car. Some parents even allow 
them to stand gripping the fascia edge immediately below 
the windscreen, an invitation to facial and eye damage even 
in minor accidents. The seating of a child on the mother's 
lap is hazardous, as on violent deceleration either mother 
and child pitch against the windscreen - or the child flies 
out of the arms of a belt-restrained mother. The close prox- 
imity to the fascia and windscreen causes many deaths and 
facial injuries, especially to the eyes. 

Adult-secured seatbelts will not properly accommodate a 
child (or even a small adult), because the f ~ a t i o n  point on 
the door pillar is too high even if the straps can be short- 
ened sufficiently to be made tight. The diagonal may pass 
across the throat and, unless special drop-plates are fitted to 
the door pillars, the restraint is often worse than useless. 

Though some European countries already forbid chil- 
dren under 14 years to travel in front seats, the medical 
profession in Britain campaigned for similar legislation, as 
they had done for motorcyclists to wear helmets many 
years before. 

As discussed above, a similar campaign has been success- 
fully waged for rear-seat restraints for children and adults. 
Banished from the front, children were thought to be safe in 
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the back of the car, but many have died and far more have 
been injured from being projected against the seat backs, 
front passengers and internal fitments. Special seats secured 
on top of the regular seating are required and, for a baby, the 
cot must be lashed down with equally robust restraints. In 
1988, legislation was introduced into the British Parliament 
to make compulsory the restraint of children in rear seats: 
from 1991, this law also became applicable to adults. 

INJURIES TO MOTORCYCLISTS 

Though there are fewer motorcycles than four-wheeled 
vehicles, especially in developed countries, the rate of injury 
and death amongst motorcyclists is far higher than among 
car drivers. For example, in England and Wales in 1989 there 
were more deaths amongst male motorcyclists between the 
ages of 16 and 24 than with comparable car drivers (343 
compared with 323) even though the ratio of motorcycles 
to cars is very small in Britain. In the 25-44 age group, 192 
motorcyclists died compared with 381 car drivers. 

The two extremities of the body suffer most in rnotor- 
cycle accidents, though Larsen and Hardt-Madsen's analysis 
in Denmark in 1988 also showed high injury rates for chest 
and abdomen. 

@ Because the rider inevitably falls to the ground, head 
injuries are common and often severe, causing 80 per 
cent of deaths according to Bothwell (1962). Though 
crash helmets are mandatory in most countries, the 
severity of the impact often defeats the protective effect 
of the helmet. 

Impact with the road surface or another vehicle at 
speed causes skull fractures at any part of the head, but 
often temporoparietal. A common complication is a 
basal skull fracture, especially a 'hinge' fracture. This 
transverse crack across the floor of the skull, crossing the 
petrous base or behind the greater wing of the sphenoid 
bones through the pituitary fossa to the opposite side, 
has also been called 'the motorcyclist's fracture'. 

Another type is the ring fracture around the foramen 
magnum in the posterior fossa caused by an impact 
on the crown of the head. The neck suffers quite ofien 
and Mant found cervical spine fractures in over a quarter 
of his series. Brain damage may be severe, even with a 
helmet in place. Cortical contusion and laceration, 
sometimes contrecoup, may be gross enough to cause 
brain tissue to extrude through compound fractures of the 
skull. In Mant's series of motorcyclists, 60 per cent had 
skull fractures and almost 80 per cent had brain damage. 

B The legs are often injured, either by primary impact 
with another vehicle or fixed road structures, or by 

FIGURE 9.13 Severe brush abrasions or piction burns'in a 
muiurrycliji, who ctsiiir ~Jjrhii iiidjiiie aiid jki&uJ acr~ss thr road - 
surface. 

FIGURE 9.14 Pulmonary contusions i n  a motorryrlst, who collided 

with a truck and was hurled into a signpost. Death was caused 

by a cranialfracture and multiple injuries of the internal organs. 

becoming trapped by part of the motorcycle frame. 
Lacerations, friction burns and fractures - often 
compound - are common. Mant recorded leg or pelvic 
fractures in 55 per cent of his cases. 

BI Any part of the body may suffer injury, but less often 
than the extremities. Falling from the machine, 
especially at speed, can cause rib fractures and visceral 
damage, especially rupture of the liver and spleen. 

63 An injury common with motorcycles is the 'tail-gating' 
accident, where a rider drives into the back of a truck 
so that the machine passes underneath, but the head of 
the motorcyclist impacts upon the tail-board. 
Decapitation may occur in the most extreme cases, but 
severe head and neck injuries are almost inevitable. 
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Trucks in many countries must now have strong bars 
fitted at the rear to prevent this 'tail-gating', which may 
also happen to motor cars, the rear of the truck 
smashing into the windscreen and driver. 

Safety helmets act both by providing a rigid barrier 
against impact, which depends partly on the shock 
absorbing padding within the helmet and by providing 
a smooth surface, which is designed to skid across the 
road surface, thus lengthening the stopping distance 
and time to reduce the G force of deceleration. Their 
strength is designed to be finite to control the rate of 
deceleration but in massive impacts seen at high speeds 
the helmet may be penetrated or the head and brain 
damaged by the transmission of blunt force. Crash-bars 
are another safety measure on motorcycles, being fitted 
in front of the engine to project on each side and 
protect the legs if the machine falls over. Unless extremely 
strong, however, such bars can themselves trap the legs 
if they bend backwards on impact. 

INJURIES T O  PEDAL CYCLISTS 

These form a less severe counterpart of motorcycle lesions, 
as the pedal cycle has the same instability but far lower 
speeds. Once again, head injuries figure largely in acci- 
dents, as the height above the ground is considerable and 
the rider suffers from the passive fall, added to by any for- 
ward motion or projection from impact by a motor vehicle. 
Helmets are now worn by many cyclists and naturally 
afford considerable protection. 

Other injuries are from the primary impact from a strik- 
ing vehicle, which may hit the rider around thigh, hip or 
chest level. Secondary damage to the shoulder, chest and 
arm may occur from striking the ground, when friction 
grazes are common. (A unique injury, though not fatal, was 
entrapment of the leg between wheel spokes with compres- 
sion of the soft tissues of the calf, when the leg penetrated 
the wheel.) 

FIGURE 9.15 A pedestrian 

struck by thefiont of a car 

may be projectedforwardr or 

lzFed onto the vehicle. 

INJURIES T O  PEDESTRIANS 

Worldwide these are easily the most common road fatal- 
ities, probably accounting for more than 50 per cent of the 
third of a million road deaths each year. In the densely popu- 
lated areas of the globe where vehicles are greatly outnum- 
bered by people, such as Southern Asia, parts ofAfrica, and 
the Middle East and Central America, pedestrian casualties 
form a significant part of the total mortality. 

Most pedestrians are struck by motor cars or trucks, and 
the type of vehicle makes a difference to the dynamics of 
the impact, which - unlike injuries to vehicle occupants - 
is an acceleration not a deceleration process. 

Primary injuries are caused by the first impact of the 
vehicle on the victim, while secondary injuries are caused 
by subsequent contact with the ground. Some writers 
also use the term 'tertiary injuries' to describe the impact 
with the ground, reserving 'secondary' for additional con- 
tact with the vehicle, as when the pedestrian is hurled up 
against the windscreen. The usual sequence of events is as 
follows: 

B The height of the car bumper bar ('fender') is well 
below the centre of gravity of the adult pedestrian, 
which lies in the abdominal region. Thus the first 
impact tends to knock the legs from under the victim 
and rotate them towards the oncoming vehicle. 
Depending on the profile of the front of the car, the 
struck pedestrian is either thrown forwards in the 
direction of travel if the bonnet-front is high and blunt - 
or scooped up onto the bonnet top, as with many 
slope-fronted modern vehicles. 
If thrown forward, secondary injuries will be suffered as . , 

a result of striking the !ground, as well as the primary 
impact on legs and often the hips. If the car speed is 
appreciable (anything over 20 kmlhour is sufficient), 
the body can be thrown into the air or knocked down 
flat with a severe impact. The secondary injuries may 
fracture the skull, ribs, pelvis, arm or thigh. 
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A further hazard is being run over by the vehicle if 
the victim is projected directly in front. Sometimes he 
may be dragged by the under-belly of the car, and 
seriously soiled and injured, perhaps appearing at the 
rear if the vehicle does not stop quickly. Many impacts 
are on the front corner of the car and the pedestrian 
may then be knocked diagonally out of the path of the 
car. If thrown into the centre of the roadway, the 
person can be run down by a different vehicle 
overtaking in another lane or by one coming in the 
opposite direction on a single carriageway. 
If scooped up, the victim will land on either the bonnet 
or against the windscreen or corner-supporting pillar 
(the 'A' frame). The flat bonnet usually does relatively 
little damage, though linear abrasions, brush grazes, or 
friction burns may be seen. Violent contact with the 
windscreen, especially the rim or side pillars, is the 
most frequent cause of severe head injury from primary 
impact. 

Scooping-up can occur at speeds as low as 
23 krnlhour (about 15 mph; below 19 kmlhour the 
body will usually be projected forwards). If the speed is 
high, the victim can be thrown up onto the car roof, 
sometimes somersaulting so that the head strikes the 
roof. He can then slide or be flung right over the back 
of the car, landing behind it in the roadway. This is - 
more likely to happen if the car does not brake, but 
literally drives from under the body. 
In most cases, the scooped pedestrian falls or is flung 
off on one side of the car or the other, again to suffer 
secondary injuries in the road and perhaps be run over 
by another vehicle. The usual pattern of events is that, 
at the instant of contact - or even slightly before - the 
driver will apply the brakes violently. The scooped-up 
victim will acquire the speed of the car by the time he 
lands on the bonnet, but then the vehicle decelerates. 
As the adhesion to the shiny surface is small, the newly 
acquired velocity of the body will cause it to slide off 
the front of the car as the latter brakes. The victim then 
hits the ground in front of the car, sustaining secondary 
injury - and may even be run over during the residual 
motion of the vehicle before it finally stops. 
In a high-speed impact, which may be anything over 
50 kmlhour (31 mph), the body can be flung high in 
the air and for a considerable distance, either to the side 
or in the path of the car - or even backwards over the 
roof. In general, the severity of the injuries - both 
primary and secondary - will be the more severe the 
higher the speed. 

It is impossible to estimate the speed of impact from 
the nature of the injuries. These can be fatal even at 
slow speeds of the order of 10 kmlhour (6 mph), yet 

FIGURE 9.1 6 At speeds of ouer 23 kdhour (15mph) a pedestrian 

can be icooped up'onto a car, suffering head injuries against the 
windcreen. He may then fall offsideways or - at higher 
speed - be thrown ouer the roof: 

Initial car velocity = V 

Velocitv still V Decelerates: 

2. Violent braking 
Still decelerating 
velocity = V - 2x - 

Decelerated to / 7 r  

Decelerates to velocity 
& V - 3x but still rnovino 

4. Running over 

FIGURE 9.17 Sequence of events when a carriedpedestrian is 
projectedforwards during braking. 

occasionally high-speed impacts can produce only minor 
damage. In Ashton's (1975, 1978) series half the deaths 
occurred at speeds less than 48 kmlhour (30 mph). 

In child victims, although the general pattern of 
injuries is similar, their shorter height and smaller 
weight affects the mechanics of impact. The primary 
contact is higher up their body, so they tend to be hit 
forwards rather than rotated upwards, though many do 
become scooped up onto the bonnet. Children tend to 
be projected further by impact and may be hurled in 
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the air at lower speeds than with adults. They are also 
more prone to be run over by reversing vehicles, 
especially trucks, as they often play between pa;ked 
vehicles and - being small - are less visible to the 
driver. Recent safety measures on trucks include 
audible reversing warnings that are automatically 
linked to the gear-shift lever. 

I When a pedestrian is struck by a larger vehicle, such as a 
van, truck or bus, the initial point of impact is higher 
and may cause primary damage to pelvis, abdomen, 
shoulder-girdle, arm or head. Because of the profile of 
these vehicles, there is no scooping-up effect, and the 
victim is usually projected forwards to suffer secondary 
damage from road contact and sometimes to be run over. 
The nature of pedestrian injuries reflects these dynamic 
effects. 

The most common trauma is to the legs, some 85 per 
cent of pedestrian casualties having lower limb injuries. 
Abrasions and lacerations to the upper shin and knee area 
are typical of car bumper contact, and fractures of the tibia 
and fibula, oft& compound, are so common that they are 
present in a quarter of fatalities, according to Eckert. The 
femur is fractured less often, but is no rarity. The midshaft 
may be broken or the head may be driven into the acetabu- 
lum, together with a fractured pelvis. In children, because 
of their small stature, the femur may be fractured by the 
low bumper bar. At autopsy, the skin of the lower legs should 
be incised to seek deep bruising, as the clothing often protects 
the surface from obvious marking. 

When a bumper (fender) strikes a leg, the tibia is often 
fractured in a wedge-shaped manner; the base of the wedge 
indicates the direction of the impact (often from behind), the 
front of the wedge pointing away from the side of contact. 

FIGURE 9.18 Primary injury to a 

pedestrian srruck by a car. There is damage 
to both legs at about the same level, with a 
compoundfiacture of the right leg. These 
are sometimes called 'bumper fractures: 

The height of the injuries above heel level 
should always be measured at autopsy. 

FIGURE 9.17 Abrasions and laceration at knee level in a pedestrian 

struck by a car bumper. Their anterior position indicates that the 
victim was facing the vehick at the moment of contact, but this may 
be a last-instant turn duringjnal awareness of the car? proximity. 

If the leg is weight-bearing at the time of the impact, the 
tibia1 fracture tends to be oblique, whereas if not stressed, 
as when being lifted during walking, the fracture line is 
often transverse. When both shins are damaged, the level 
may be different on each side; this indicates that the person 
was moving at the time, with one leg raised in walking or 
running. Sometimes the level of injury appears too low for 
the normal bumper height of most cars, but this may indi- 
cate that the vehicle was braking violently at the moment of 
impact, going down on its suspension as the front wheels 
decelerated or locked, unless dip compensators were fitted. 
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Because of impact with the windscreen, pillars and roof, 
together with secondary contact with the ground, the head is 
the next most frequently damaged region - and the one 
which leads to most causes of death. Any type of injury may 
be sustained, as described in Chapter 5. Traffic accidents 
are the most frequent cause of skull fracture, especially of the 
base. Fractures of chest, arm and pelvis and injuries to the 
abdomen follow in frequency Often the injuries are concen- 
trated on one side, usually on the opposite side to the point 
of primary impact, because the body was thrown down onto 
the road. Because of rotation and the variable posture from 
being thrown off the car structure, however, the injuries are 
often widespread and may show no particular pattern. 

Soft tissue injuries are common and, apart from abra- 
sions, bruises and lacerations, muscle laceration and crush- 
ing can occur. A characteristic lesion from running-over, as 
opposed to knocking-down, is the 'flaying' injury, where a 
rotating motor wheel tears the skin and muscle from a limb 
or head. The rotatory effect against a fixed limb may strip 
off almost all tissue down to the bone. When a wheel passes 
over the abdomen or pelvis, multiple parallel striae or shal- 
low lacerations may occur near the contact area because of 
ripping tension in the skin. 

When a wheel passes over the pelvis, abdomen or head, 
there may be great internal damage with little surface injury. 
The weight of a large vehicle can virtually flatten a head, 
crushing the cranial vault. Often the brain is extruded 
through scalp lacerations, as may be the intestine through 
an abdominal wound. The pelvis may flatten out when run 
over, the symphysis or superior rami breaking, and one or 
both sacroiliac joints becoming detached. Any type of intra- 
abdominal injury may occur from ruptured liver and spleen 
to perforated inrestine, lacerated mesentery and fractured 

FIGURE 9.20 Injuries caused by being run 
over by a bus. The large rotating wheel has 

jZzyed' the right leg, stripping the skin and 

subcutaneous tissues from the muscles. The 
passage of the adjacent double wheel over 
the abdomen has extruded the intestines 

through the perineum. 

lumbar spine. In the chest, ribs, sternum and thoracic spine 
may fracture, and heart and lung damage occur from crush- 
ing or laceration from jagged ribs. A 'flail chest' is sometimes 
produced when a heavy wheel runs across the supine body, 
breaking all the ribs on each side in the anterior axillary line. 

Patterned injuries may be important, in that they can 
assist the police in identifying a vehicle in a 'hit-and-run' 
accident. The most common is a tyre pattern outlined in 
intradermal bruising and these should be measured carefully 
and photographed. These marks are usually caused by the 
skin being forced into the grooves of the tyre tread, the edge 
of the raised rubber tracing out the pattern. The elevated 
parts do not leave bruises, but may imprint dirt on the skin. 

Paint fragments and glass shards are also trace evidence 
that must be carefully retained, as the forensic laboratory may 
be able to identi@ the make and model of vehicle involved, 
and match the fragments when a suspect car is examined. 

Parts of the vehicle may leave patterned imprints on the 
skin, such as headlamps, mirrors or other components. 
Safety regulations for manufacturers have now almost elim- 
inated the dangerous devices such as bonnet mascots, pro- 
jecting door handles and non-flexible mirrors that used to 
adorn older cars. Metallic and plastic objects may still be 
found in the tissues from time ro time, however; the author 
(BK) has recovered a door handle from the interior of the 
liver and a chromium bonnet insignia from a cerebral hemi- 
sphere. Any such artefacts must be preserved for the police 
in cases in which the identity of the vehicle is not known. 

In Britain, where traffic drives on the left side of the 
road, it is more common for pedestrians to be struck on the 
right side as they walk off the pavement. Many, however, 
are struck facing the vehicle, from turning during last- 
minute awareness, and some are hit from behind. 
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These factors will all affect the distribution of injuries, 
but it is too hazardous to try to reconstruct unwitnessed 
events in any detail from a study of the injuries. Suprarenal 
haemorrhage is more common in the right gland than the 
left after a traffic injury in Britain (Johnson, unpublished 
communication), but this observation must be modified by 
the fact that many such haemorrhages occur several days after 
the trauma and are usually the result of general systemic 
effects, rather than direct impact. 

CAUSE OF DEATH IN TRAFFIC 
ACCIDENTS 

In gross injuries this is often obvious, as in the crushed 
head with extrusion of brain or rupture of the aorta. Often 

FIGURE 9.21 Apatterned injury in a 

pedestrian struck by a truck. The circular 
bruise and abrasion over the front of the 

shoulder are from a headlamp rim. There is 
alro a well-demarcated imprint around the 

left eye from some other projection on the 

vehiclp. 

FIGURE 9.22 Primary pedestrian injury. 

The pattern is caused by the bumper bar 

striking the leg. The heightfiom the heel 
should always be measured fir the police to 
compare with the vehicle - though during 
extreme braking, many vehicles will dip 
down at thepont, thus lowering their 

bumper height. 

multiple injuries make it difficult to decide which was the 
most serious and mortal lesion, but in such cases it is quite 
acceptable to use the term 'multiple injuries', preferably 
listing several of the most lethal. 

When death occurs on the road or soon afterwards, there 
is usually macroscopic evidence of gross musculoskeletal or 
organ damage, severe haemorrhage, blockage of air passages 
from blood, or traumatic asphyxia from f ~ a t i o n  of the chest 
caused by crushing some part of a vehicle. 

Delayed death can be caused by continuing bleeding, 
secondary haemorrhage, renal failure from hypotension and/ 
or extensive nluscle damage, fat embolism, local infection, 
chest or other systemic infections, myocardial or cerebral 
infarction and other sequelae discussed in Chapter 13. 

The presence of natural disease is always an important con- 
sideration in all transportation deaths, as a possible cause or 
contribution to the accident. In pedestrians, a sudden collapse 
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The autopsy on a road traffic death 

FIGURE 9.23 Intrademal bruising on the forehead of a live boy 
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events. He had been struck try a 'hit-and-run'car, which lefl 
identifiable tyre marks on the skin. An astute casualty officer had a 

photograph taken as the marks faded in afew hours. 

in the roadway may lead to fatal injuries when a vehicle comes 
along - or even a dead body being run over by the next car. 

Similarly, defects in sight or hearing may have contributed 
to the accident, though this is almost never detectable at 
autopsy, unless there are gross corneal or lens abnormal- 
ities. Of course, the possibility of drug or alcohol intoxica- 
tion in the pedestrian victim must always be considered. 

Where drivers or pilots are concerned - or even shipmas- 
ters - the presence of disease or intoxication may be a vital 
element, with both civil and criminal connotations possible. 

Generally speaking, sudden natural disease does not 
often cause road vehicles to go out of control, as there seems 
to be a sufficient warning in most instances of cardiac or cere- - 

bral disablement, to allow the driver to pull over and stop. 
Even the regular medical checks on older drivers legally 

enforced by some countries are no warranty that sudden 
collapse will not occur the very next day. The same applies 
to air pilots, as the VC-10 crash at London Airport proved 
some years ago, when the hypertensive pilot with coronary 
artery disease collapsed on take-off after an altercation with 
his co-pilot. 

Schmidt et a/. (1990) analysed 39 deaths at the wheel in 
Germany and found that 97 per cent had cardiovascular 
disease and 90 per cent had coronary heart disease. This 
was confirmed in a more recent retrospective study cover- 
ing a 15-year time period in Munich, Germany, ranging 
from 1982 until 1996. Ischaemic heart disease was the 
underlying cause of death in 113 (84%) of the 147 natural 
deaths at the wheel. Morild (1994) found that 14 of 133 
traffic deaths in Norway had died of natural disease, again 
predominantly coronary atherosclerosis. 

The autopsy is in general identical to the usual procedure, 
but with special attention to the following points: 

As criminal proceedings against a driver may 
follow, legal matters such as identity of the body and 
continuity of evidence must be assured, as discussed 
in Chapter 1. 

B The body should be seen clothed, if brought dead to 
the mortuary or hospital, so that injuries can be 
matched against soiling and damage to the garments. 
Often this is not possible, especially if temporary 
survival allowed admission to a hospital or accident 
department, but where practicable the clothing should 
be preserved and examined by the pathologist. In any 
event, the clothes should be retained by the police for 
submission to the forensic science laboratory, usually 
when criminal proceedings are likely. 

El Blood samples must be retained for blood grouping and 
now perhaps even 'DNA fingerprinting' in case a 
'hit-and-run' vehicle is found with blood or tissue traces 
upon it. Sometimes hair samples may be required for 
the same purpose. Where death occurs within 12 or 
even 24 hours of the time of the accident, blood 
analysis for alcohol is essential, whether in the driver or 
pedestrian (see Chapter 28). Where possible, screening 
for drugs of dependence and common medicinal 
substances that might have caused drowsiness should be 
carried out. In combination with alcohol, even low 
levels of sedative, hypnotic and antihistamine drugs 
may be relevant in the causation of an accident. In 
certain cases, where leakage of carbon monoxide is 
suspected, the circumstances will suggest analysis of the 
blood for carbo~~haemoglobin concentration. 

@I The external examination, as in all trauma deaths, is 
vital and should be detailed, accurate and fully recorded. 
The height of major or patterned injuries above heel 
level must be noted, in order to compare these against 
dimensions of a vehicle. Patterned injuries must be 
photographed with a scale in view. Any foreign bodies 
or particles, either in the clothing, hair, on the skin or in 
the wounds, must be carefully retained for forensic 
science examination, especially in a 'hit-and-run' 
accident, where the identity of the vehicle may be 
vital. 

All types of trace evidence may be found by a 
pathologist, from paint flakes and glass debris (which 
may be traced to a certain make, age, type and even 
individual vehicle) to parts of the vehicle structure. In 
past years, the author (BK) has retrieved a Renault door 
handle from inside a liver and an Austin bonnet 
insignia from within a brain. 
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@ A full autopsy must be carried out, not merely a 

catalogue of injuries. The presence of any natural 
disease is relevant, especially if it might have 
contributed to the accident, either by causing a driver 
to lose control or ability to drive, or a pedestrian to 
exercise proper caution or behaviour in the roadway. 
Old and recent cardiac and cerebral lesions are 
particularly important, as is any evidence of a fit, 
such as a bitten tongue, or old meningeal adhesions 
over cortical damage. It is almost impossible to assess 
visual acuity at autopsy, but obvious lesions such 
as lens opacities must be noted. Similarly, it is 
virtually impossible to give any opinion on 
acuity of hearing from autopsy findings unless 
there is a gross neurological abnormality in the 
auditory tract. 

SUICIDE AND HOMICIDE BY 
MOTOR VEHICLE 

There is little that the pathologist can contribute to the elu- 
cidation of motivation in traffic accidents, as it is circum- 
stantial and sometimes forensic-laboratory evidence that is 
more likely to reveal a non-accidental cause. Homicidal traffic 
deaths are rare, though the author (BK) has been involved 
in one incident where racial hatred led to the running-down 
of youths of one ethnic group - and anorher where a man 
repeatedly crashed the near-side of his own car in an effort 
to kill his passenger (his wife). There are no specific patho- 
logical features that can assist, except that the incident is 
likely to occur at relatively high speed, without braking 
effects. The victims of homicide by other means - or per- 
sons rendered unconscious first - may be deliberately placed 
in motor vehicles which are then crashed, preferably with a 
subsequent fire. The author (BK) dealt with one such case 
where a husband placed the body of his strangled wife in his 
car and secretly pushed it over the edge of a mountain road. 
Unfortunately (for him), he left the ignition key in the 'off' 
position. This faking of a vehicular 'accident' to conceal 
homicide is by no means unknown, the author (BK) being 
involved in another case where a police officer disposed of 
the body of his wife who died in suspicious circumstances, 
by crashing her car and smashing the windscreen with a 
hammer to add to the effect. 

In such circumstances, the pathologist's role is to match 
the injuries with a traffic accident, to detect any which are 
atypical. For instance, focal depressed fractures of the skull 
of the type caused by a weapon are unusual in a car occu- 
pant unless there was a localized intrusion of the vehicle 
roof. The ante-morrem nature of the injuries should be 
demonstrated, though this is not always possible. When 

there is a fire, some evidence of ante-morcem burns, soot 
inhalation or carbon monoxide absorption should be sought, 
though -as mentioned in Chapter 1 1 - some flash petrol fires 
may kill before any monoxide is absorbed. Where the victim 
was unconscious though not dead, no such differentiation 
is possible. Full analysis for alcohol and stupefying drugs 
must be made if there is any suspicion. 

Attempts at deliberate self-destruction by the use of a 
motor vehicle are said to be not uncommon (Selzer and 
Payne 1962), though this is difficult to prove in most cases. 
Once again, the evidence is more likely to be based on cir- 
cumstantial rather than medical evidence - a matter for the 
investigating authorities rather than the pathologist. Driving 
at speed into the path of an oncoming truck or into a solid 
obstruction at the roadside are the methods employed, 
though it is hard to prove in the absence of definite evi- 
dence. It has been said that the imprint of the accelerator 
pedal on the undersurface of the shoe may be an indica- 
tion, though this can never be the only indication. A wit- 
nessed lack of other causative factors may offer some 
corroboration, but this is police business, not ~athology. 

RAILWAY INJURIES 

These are not uncommon, especially in countries with 
many 'level crossings' (called 'grade crossings' in the USA), 
where a public road crosses a railway track with either no 
barrier at all or with only a flimsy lifting pole. Many vehicles 
are struck each year by passing locomotives. 

Few rail passengers are killed or injured in moving trains 
compared with accidents to railway staff and to other types 
of accident on railway property. Track workers may be run 
down and some die from electrocution from overhead cables. 
The pathology of all these is no different from accidents else- 
where, the interest lying in the occupational epidemiology 
and preventive aspects. 

One worrying development in recent years is the mali- 
cious damage caused to trains, either by placing objects on 
the tracks, which may cause a derailment, or the dropping 
of objects from bridges. The author (BK) has conducted an 
autopsy on a driver killed by a concrete block dropped 
from a'bridge, which smashed through the windshield of 
his cab. 

The other fairly common railway fatality is the suicide 
who lays himself in front of an approaching train. Decapi- 
tation is the most common injury and the obvious features . . 

are the local tissue destruction, usually with grease, rust or 
other dirt soiling of the damaged area. 

The usual search for alcohol and other drugs must be 
made, as suicides often employ multiple methods to ensure 
self-destruction. As well as lying down before a locomotive, 
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FIGURE 9.24 Amputation of the right 
arm and bruising of the face and chest 
pedestrian struck by a passing locomoti 

in a 

ve. 

another common method of suicide in large cities is to 
jump from the subway platform of an underground 'tube' 
or 'metro' system. Here injuries are sometimes complicated 
by high-voltage electrical lesions, as the typical traction 
voltage of an electric railway is in excess of 600 volts. 
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Regrettably, abuse of human rights is so widespread on a 
global scale that some reference must now be made in foren- 
sic pathology texts to the physical manifestations of torture. 
It is stated by Amnesty International (2001) that in a third 
of the member states of the United Nations torture of one 
kind or another is practised, in spite of them being signa- 
tories to United Nations resolutions banning these atroci- 
ties. According to Amnesty International's worldwide report 
on torture based on a 3-year investigation (2OOO), currently 
more than 150 countries routinely torture people compared 
with 98 countries in their previous report in 1984. 

Although most torture does not result in death, there are - 
sufficient cases of physical abuse of human rights that 
progress to fatality that a number of organizations offer 
expertise when any alleged case needs to be investigated, 
usually calling upon forensic pathologists to assist them in 
such circumstances. These include Amnesty International 
(based in London), Physicians for Human Rights (PHR), 
the Medical Foundation for the Treatment of Victims of 
Torture (London) and many others. 

EVIDENCE OF FATAL PHYSICAL 
ABUSE 

In many instances the autopsy appearances of fatal abuse are 
no different from those by any other homicide, and the con- 
firmation of lethal torture must depend upon circumstantial 
and other corroborative evidence, which is no concern of 
this book. For example, if a political detainee is kicked to 
death, the physical findings may be identical to those of a 
murder by kicking in a street crime. Similarly, head injuries, 

shooting and suffocation may show no variation from the 
same modes of death outside a political context. 

Certain features may arouse suspicion or provide definite 
evidence that the death had political overtones. The word 
'political' is used in a wide sense as many abuses of human 
rights are not directed or even condoned by higher levels of 
government, though often there is an indifference to being 
informed about such activities. Many instances of illegal 
death and injury are perpetrated by the military or the 
securiry forces - and even here, the level of command that 
directs or condones the abuse varies greatly. In general, the 
civil police and the regular prisons are usually not the per- 
petrators of gross abuse, though there are many exceptions. 
It tends to be the armed forces, clandestine security police, 
and special detention camps that are most often guilty of 
torture and illegal executions. 

One of the features that characterizes torture and abuse is 
that the victim is usually either in detention or some form of 
custody, or is temporarily in the power of the authorities, 
even if that means that soldiers have just burst into a private 
house. All deaths in custody - discussed later in the chapter 1 
should be examined with care, as much to ensure that the 
guardians are cleared of any suspicion of ill-treatment as to 
discover any ill-treatment itself. The fatal event may be quite 
different from the non-fatal abuse, as a victim who is beaten 
may be disposed of by shooting. As in all forensic work, 
the pathological investigations can only be part of the overall 
enquiry, another example of cooperation and teamwork 
between all disciplines. 

One of the major differences - and great problems - in 
the investigation of torture and abuse of civil rights is that 
the authorities in the state where it occurred may be totally 



uncooperative and, indeed, wholly hostile to impartial 
enquiry. It is through respected international agencies, such 
as the Red Cross, Amnesty International and Physicians for 
Human Rights, that pathologists have the best chance of 
being allowed access to the relevant material, and the organ- 
izations mentioned above are willing to undertake or assist 
legitimate investigations anywhere in the world. 

One particular problem associated with human rights 
abuse is the frequent long delay before being able to examine 
the victim. In the living, they may have been detained for 
months or years after the ill-treatment, or may have been 
exiled or in hiding before they have the opportunity to be 
seen by -an impartial medical observer, by which time acute 
injuries will have healed, bruises absorbed and wounds 
and burns scarred over. In the dead, long-term post-mortem 
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exhumed before examination. 
Even skeletal material is all that is sometimes available, as 

in the 'lost children' of Argentina or in the killing fields of 
Uganda. Problems of identification are often difficult. Con- 
temporary photographs of injuries are often of poor quality 
and the facilities for autopsy are primitive in some of the less 
developed countries. When the suspicion, lack of cooperation 
and often open hostility of the local authorities is added, the 
task for the visiting pathologist is formidable indeed. 

The following types of injury may confirm or arouse sus- 
picion of torture, though, as stated, virtually any type of 
injury can be inflicted deliberately to extract information, 
punish or degrade the victims or to exterminate them. 
Repetition of a particular injury, such as 'tramline' bruises 
from beating, is suspicious, because in ordinary assaults 

and homicides such excessive and perhaps regularly placed 
repetitive lesions would be unusual. 

Beating is one of the most common forms of torture and 
can take many forms, varying both with the weapon 
used and the part of the body injured. Blows both to the 
head and to other parts of the body were present in all 
the cases reported by Hougen (1988). Unless severe and 
repeated, beating is not often the sole cause of death, 
though this can occur from haemorrhage, sepsis, injured 
internal organs, or from sheer exhaustion and pain in an 
already debilitated victim. The blows may. be inflicted by 
fist or foot, but are more often applied with a weapon. The 
use of a whip or lath-like instrument is common, but 
metal or wooden bars, clubs, batons, rifle butts or belts 
rr?ay be used. h h r e  rece-n-dy, !engths nf pla-stic bnsepipe 
or tubing have come into favour in some parts of the 
world. 

Many of these produce a characteristic skin lesion, 
namely a single- or double-edged linear bruise. 
The bruise may be a line of confluent petechial 
haemorrhages or a continuous mark of red skin. The ' 

'tramline' bruise is a double line of parallel marks with 
a pale unbruised zone between them, caused by the 
impact of a rectangular or circular-sectioned object. 
This is described in more detail in Chapter 4. 

The bruising may be intradermal, when it reproduces 
the pattern of the weapon well. If a leather whip with, 
for example, plaited thongs, is struck against the skin, 
the pattern may be imprinted clearly on the skin. 
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FIGURE 10.1 A scar about one year afler the original injury. 
The female victim was shot while escapingfiom anEast Afican 
concentration camp. The wound was opened surgically and healed 
imp4ectly with keloidfonnation. The other surgical incision is of 
more recent origin. Such scars will remain unalteredfor l i f  apart 

from possible increase in the keloidformation. 

FIGURE 10.2 Recent bruising inflirted within theprevious 
2 kys, fiom blowr 6y lengths o fph t i c  tubing about 15mm 
wide. The injuries show parallel 'tramlining'typical of impact 
fiom a cylindrical weapon. The assailants were vigilantes 
administering a punishment beating to an alleged collaborator in 
a Miah'le Eastern country. 
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Buckles on belts and other recognizable artefacts may 
occasionally be useful in identifying the weapon. Where 
the bruising is deeper, no such pattern is likely. The skin 
may be broken, causing abrasions or lacerations and, if 
the fill thickness is breached, healing will cause scars, 
which may even be recognizable as 'tramlines'. 

Repeated beating leaves multiple marks, which 
though overlapping and often criss-crossing, may have 
a generally similar orientation that indicates that the 
attacker stood in a relatively fured position to the victim. 
For example, lashing across the back may leave marks 
running from top right to bottom left, suggesting that a 
right-handed perpetrator stood to the left of the victim. 

The use of a multi-thonged whip, such as a 
'cat-o'nine-tails' will leave a series of marks, again 
generally in the same orientation. The thongs tend to be 
narrow and may cause linear marks with tramlining. 
There may be metal tags or knots on the end of each 
thong, which can cause focal damage. The back is the 
most frequent target, but whipping and beating may be 
applied to the buttocks, thighs, front of chest, breasts 
and abdomen, lower legs, soles of the feet, and even 
perineum and genitals. 

Beating of the soles of the feet with canes or rods is a 
torture rooted in antiquity and this so-called 'falanga' 
may leave relatively little to see, even though it is 
extremely painful and debilitating. The tough tissue 
and thick fascial planes of the foot do not readily reveal 
bruising, though it may be found on deep dissection in 
victims who have been killed by some other means. 

If injuries were inflicted months before examination, 
little or nothing may be found unless the skin was 

FIGURE 10.3 Scarsji-om beating with a thin metal rod in an East 

Afiican torture camp. Though more than a year old, the 'tramline' 

nature of one of the scars is outlined in keloid 

broken, when scarring will have taken place. Sometimes, 
however, faint red lines may be seen in pale-skinned 
people and in those with appreciable racial melanin 
pigment there is often hyperpigmentation along the 
lines of injury. Where severe damage has been caused 
and sometimes where there is scar tissue, depigmentation 
may be seen. 
Burns are unfortunately common and may be either 
the actual cause of death or visible as recent or scarred 
evidence of previous torture. All kinds of burns may be 
suffered. The author (BK) has seen extensive burns 
from molten rubber dripped onto victims from motor 
tyres suspended overhead, hot irons applied to skin, 
ignited kerosene-soaked rags wrapped around limbs 
and numerous burns from cigarettes pressed into the 
skin. Knowledge of local practices, such as the burning 
motor tyre 'necklace', can help identify burns in typical 
sites. Where molten liquids have been dripped from 
above onto a bound-up victim, there may be shadow 
areas that indicate the direction of contact, which 
makes any innocent explanation highly unlikely. In 
survivors, scarring occurs in all but the most superficial 
burns, and may lead to large, unsightly cicatrized areas. 
In victims of African origin, large keloids may form, and 
further complicate the damage and attempts at surgical 
treatment. 
Cutting and stabbing may be inflicted with a variety of 
weapons, but wounds from knives and bayonets are 
most common in the context of torture and 
extrajudicial execution. The features are identical to 

FIGURE 10.4 Keloid scarsfiom extensive bums during torture. The 

elderly lady was tied to a chair and a burning motor tyre suspended 

over her. The shadowed area bemeen the breasts indicdtes the 

downward trickle of molten burning rubber. Her face was alro 

extensively scarred. 
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FIGURE 10.5 The scar of a bayonet stab wound inflirted many months ( 
!i& iii i;;tc;pcti;ig t!ic cau;~ Gft!?~ injzii?; h ~ i c  the d!+tica!;!7r:pe ofthc 

sharp upper end of the blade edge, as opposed to blunter lower end. 

! a r b  in a Ugandzn torture camp. Though scars are usually of little 
, ,, "-.-.-" &.',,,l ;tab wound cr:n ;ti!! bc smn a a kcIoid:car axd m:: tho 

those described in Chapter 4. The site on the body may 
be anywhere, but the chest and upper arms seem to be 
favourite targets. The scars of old stab wounds, such as 
those from a bayonet, may still be recognizably 
elliptical many months or years after infliction. 
Clubbing and blunt injury is extremely common, either 
to cause death or as a form of abuse. It is sometimes 
dispensed almost casually, as when guards lay about 
themselves with rifle butts against the inmates of 
detentibn camps. Again the features are non-specific 
and are described in the chapter on wounding. The 
head is the most common target, but the legs and knees 
are also often struck. Blows on the back or side of the 
neck can be particularly lethal from vertebrobasilar 
artery damage (Chapter 5). 

El Deaths from suffocation and drowning are not common, 
though non-fatal practices of this kind are well-known 
methods of abuse. Repeated dipping of the victim's head 
under water or even foul liquid such as sewage is called 
'submarining', and may cause drowning, air-passage 
occlusion or a later pneumonia. Enveloping the head in 
an opaque plastic bag is more a means of disorientation 
than physical torture, but partial suffocation by similar 
means may eventually prove fatal. 

El Electrical torture is common and well documented. 
Either mains voltage of 110 or 240 V is used - which 
carries the risk of fatal cardiac arrhythmia as well as 
local burning - or a magneto delivering high voltage, 
which is painfil but not lethal. The latter will not leave 
any significant skin marks, as the amperage is so low. 

The later demonstration of electrical injury is 
difficult, as healed lesions have few characteristic 
features. The acute injuries which may cause burns and 

FIGURE 10.6 Exrensive keloidscarsfallo~in~ deliberate burning of 
a I Gyear-old student in an East Afican concentration camp. An 
electric hotplate was pressed against his neck and kerosene-soaked 
rags were ignited on his arm. 

death are described in Chapter 12. Karlsmark and his 
co-authors have made a special study of the pathology 
of electrical torture. The current may be applied 
anywhere, but the genitals are sites favoured by 
torturers, especially the penis and scrotum. The female 
nipples are also targets. 
Injuries to the ears can rarely be demonstrated at 
autopsy, but a favourite torture is the 'telefono', 
consisting of repeated slapping of the sides of the head 
by the open palms of the assailant. This may rupture 
the tympanic membranes and injure the inner ear. 
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Ei Suspension is a common torture, though again not 
often fatal in itself. If the victim is seen relatively soon 
after the ordeal then abrasions, bruises and chafing 
marks may be found at ligature sites, usually on legs, 
arms and sometimes genitals. 

@ Shooting is not a method of torture in the accepted 
sense, but is a common means of execution or of non- 
fatal punishment, such as the 'knee-capping' 
perpetrated in Northern Ireland, where opponents and 
suspected traitors are shot either through the knee joint 
or the lower thigh. 
Sexual abuse is also common and in women, rape - 
sometimes multiple - may leave physical signs as 
described in Chapter 18. 

Medical examiners of alleged victims of torture must be 
careful not to misinterpret non-torture lesions as evidence of 
abuse, as such lapses will be seized upon by opponents wish- 
ing to discredit the medical opinion, either for political or 
immigration reasons. Forrest's guide (Forrest et al. 1995) lists 
most of these, which include innocent occupational, sporting 
or other accidents, tribal marks, skin infections, variations in 
pigmentation, traditional scarification, healing marks, stretch 
marks, etc. 

EXTRAJUDICIAL EXECUTION 

Many hundreds of thousands - indeed probably millions - 
of victims have been assassinated in recent years by govern- 
mental agencies acting quite outside the legal system. 
Because of ethnic origin, tribal feuds or political views, 
whole sections of populations have 'disappeared' on a scale 

- - 

sometimes amounting to genocide as in Rwanda, 
Cambodia, Bosnia and Kosovo. It is common knowledge 
that these disappearances are usually explained by murder, 
either on a mass scale or by continuous individual or group 
extermination by 'extermination squads'. Specific instances 
are not the concern of a textbook, but as recent years have 
shown, severe excesses have taken place in most continents 
leading to several forensic exercises directed towards identi- 
fication of victims and proving methods of torture. 

When vanished people have been presumed to have been 
killed by troops or security agencies, the evidence is usually 
very late in coming to light, so that forensically, much of the 
work consists of skeletal identification and investigations 
into causes of death. Where the bodies have decomposed or 
skeletalized, shooting or head injuries may be the only mode 
of death to leave any telltale evidence on exhumation: 
Autopsy examination may resemble mass-disaster proce- 
dures where there are large numbers of victims. The talents 
of odontologists and anthropologists, and the techniques of 

archaeology may be needed in such cases, as described by 
Clyde Snow in relation to the 'lost children' of Argentina 
or more recently in Bosnia and Herzegovina, Croatia and 
Kosovo. The vast numbers of skeletal remains in the Lowero 
triangle of Uganda have so far had no such attention. 

DEATH IN CUSTODY 

The occurrence of death while a person is either in the cus- 
tody of the police, or the inmate of a prison, raises public 
interest and emotions that require careful handling and 
investigation. There is ofien an immediate complaint or 
rumour of ill-treatment by the relatives or the media. A meti- 
culous autopsy is a necessary part of the investigation needed 
to dispel - or sometimes confirm - allegations that an act of 
commission or omission on the part of the custodians has led 
to, or contributed to, the death. This applies in all countries 
and has no relationship to the preceding section, when 
political issues may be suspected as a cause of the death. The 
two aspects are not always totally separate, however, as coun- 
tries with excellent human rights records have sometimes - 
been suspected of occasional lapses of standards where custo- 
dial dearhs are concerned. 

Most of the cases dealt with by a forensic pathologist will 
concern civil police forces and the regular prison service. 
Many countries, including Britain, have strict legislative 
rules that make all deaths in custody, whether police or 
prison, reportable for medico-legal investigation by the 
appropriate law officer (the coroner in England and Wales), 
in addition to a searching internal enquiry by officers from 
a different police force (e.g, in Finland the National Bureau 
of Investigation). 

An autopsy will inevitably be held, regulations in UK 
making this a case for an accredited forensic pathologist. It 
is sometimes helpful if the pathologist visits the scene of the 
death, especially if it'was caused by hanging or some form 
of mechanical trauma. 

There are several situations in which death may occur in 
custody. The deceased may die during or soon after arrest 
by police officers, as there is ofien a struggle in which the 
offender is resisting arrest, sometimes violently. It may be a 
physical struggle, especially when police officers are anempt- 
ing to control or overpower a resisting offender. In these 
situations, the use of so-called personal defence sprays has 
increased, as they have been shown to be very effective in 
incapacitating an aggressor. They cause acute ocular irritation, 
lachrymation, conjunctivitis, blepharospasm and extreme dis- 
comfort. Most of these sprays contain o-chlorobenzylidene 
malononitrile (CS), 2-chloroacetophenone (CN), oleoresin 
capsicum (OC), or a combination of these ingredients as the 



active agent. Capsacain (8-methyl-N-vanillyl-6-nonenamide) 
is a neurotoxin component of cayenne pepper. It stimulates 
excitatory afferent sensory neurones, causes hypothermia, 
neurogenic inflammation and pain, followed by subsequent 
desensitization. Although these sprays have been considered 
to be relatively safe, unexpected deaths have been reported 
after the exposure to oleoresin capsicum (OC) spray devices. 
Pepper spray has been suspected to induce bronchoconstric- 
tion. Chan and co-workers (2002) tested the effect of (OC) 
spray inhalation on respiratory function in 35 healthy sub- 
jects by itself and combined with restraint but could not 
find evidence of hypoxaemia or hypercapnia in either group. 
O C  exposure did not result in abnormal spiromeuy, hypox- 
aemia, or hypoventilation when compared to placebo in 
either sitting or prone maximal restraint position. In another 
study on clinical toxicity of OC, in Kansas, Watson et af. 
(1996) reported on 8 1 emergency department patients who 
had been investigated after exposure to OC. Ocular burning 
and redness were the most common presenting symptoms. 
None of the patients required hospitalization due to O C  tox- 
icity. Corneal abrasions and respiratory symptoms occurred 
in seven and six patients, respectively. In case of death after 
O C  exposure, a thorough autopsy, with ancillary investiga- 
tions, including complete histology and toxicological analysis 
with assessment of the circumstances and ~~mptomatology, is 
necessary to assess whether the exposure to O C  spray has 
been causative, contributory, or unrelated to death. 

O n  other occasions, the offender may threaten police 
officers with a knife, gun or blunt weapon, and the police 
have to subdue him either by sheer physical force - 
truncheons or riot sticks - or by the use of firearms. The 
most common event is the arrest of a drunken offender and 
this poses extra problems, discussed below. Other drugs, 
such as cocaine, cannabis, amphetamine and hallucinogens, 
rather than opiates such as morphine, heroin and barbiturates, 
may also be involved. 

The physical overpowering of a suspected offender poses 
definite risks to health and life, and has been the subject of 
numerous controversial enquiries and litigation in many coun- 
tries. The police usually outnumber the offender, sometimes 
by a considerable margin, but even a one-to-one struggle 
can be dangerous for either parry. The following risks exist, 
though the list is by no means comprehensive. 

Traumatic asphyxia may occur where several policemen 
fall upon a resisting subject to overpower him. The 
author (BK) has dealt with several deaths where a 
number of large police officers piled on top of a prisoner 
fighting maniacally, to apply handcuffs. When they got 
up, the man was not breathing and died in hospital 
shortly afterwards. Death was caused by traumatic 
asphyxia, the weight of the men on top of him causing 

chest compression and prevention of respiratory 
movements. The appearances are described in Chapter 14. 

B Arm-locks or neck-holds applied by police officers to 
resisting persons are other causes of deaths during 
arrest. These have been particularly notorious in the 
USA, where police officers have been trained to apply 
neck-holds as a form of restraint, but similar deaths 
have been seen elsewhere. The arm-lock is applied 
either from behind or with the head of the offender 
tucked under the police officer's arm against his waist. 
The dangers are compression of the front or sides of the 
neck, and death can occur either from reflex cardiac 
arrest or cerebral ischaemia during carotid compression, 
or asphyxia from airway obstruction, though the 
latter is unlikely as the sole mechanism. According to 
American writers such as Reay and Eisele (1982, 1986), 
there are two types of neck-hold - the 'bar arm control' 
and the 'carotid sleeper'. The former is alleged to be 
more dangerous; the officer's forearm is pulled across 
the front of the larynx to occlude the airway. The 
carotid sleeper uses the two sides of the 'V' formed 
by the flexed upper and lower arm to compress the 
carotids and produce transient cerebral ischaemia. 
Both varieties are dangerous, however, as there is the - 

ever-present hazard of reflex cardiac arrest from 
vagal stimulation from the carotid sinus and sheath, 
as well as the potential danger of neck traction and 
hyperextension causing subarachnoid haemorrhage 
from vertebrobasilar artery damage. 
Postural (positional) asphyxia has been reported to have 
caused sudden deaths in persons after the use of the 
'hogtie', 'hobble' or prone maximal restraint and even 
in situations where a person has been placed in a prone 
position in the rear compartment of a police car. In an 
experiment with healthy subjects, the restraint position 
resulted in a restrictive pulmonary function pattern but 
did not cause clinically relevant changes in oxygenation 
or ventilation. It has been postulated that the hogtie 
restraint position by itself does not cause respiratory 
compromise to the point of asphyxiation but other 
factors, e.g. acute intoxication by alcohol or drugs, are 
responsible for the sudden deaths of individuals placed 
in this position. 

M Blunt injury may occur from the use of fist, arm or leg - 
or the use of a weapon such as a truncheon, riot stick 
or pistol butt. During a struggle, usually with one or 
more police officers who are attempting to subdue a 
fighting offender, injuries may be received by either 
side. All .types of blunt injury may be sustained, some 
potentially fatal and these are discussed in Chapter 4. 
Head injuries may occur during a scuffle from falls 
either against the ground, or against a wall or other 
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obstruction. A heavy punch in the face may cause 
nasopharyngeal bleeding that can block the air 
passages, especially in a person af3ected by alcohol. A 
blow on the side of the neck can cause reflex cardiac 
arrest or a subarachnoid haemorrhage from 
vertebrobasilar vascular damage. 

A backward blow from the point of an elbow can be 
damaging, if it strkes the face, neck or abdomen. Kicking 
and stamping are unusual, but not unknown, in custodial 
deaths. A blow in the abdomen can also be serious if 
delivered with sufficient force. Though in an adult a fist 
blow is not very likely to cause serious harm, it can in a 
slighter young person. The use of the elbow, knee or a 
head butt can deliver extreme force, especially from a fit, 
muscular police officer, as well as from an offender. 

The author (BK) has seen fatal intraperitoneal 
bleeding amounting to three litres in a drunken man 
arrested afier a scuffle with two police officers, in which 
there were allegations that one struck or fell on the 
man with his knee. Several hours later the prisoner 
collapsed and at autopsy there were several large tears 
in the mesentery. . 
Alcohol is a frequent cause of death in custody. Not only 
is it the major factor in provoking aggression and violent 
resistance, with the consequences mentioned above, but 
it can have other effects which lead to death while in the 
care of the police. Acute alcoholic poisoning, described 
more fully in Chapter 28, may lead to death while the 
victim is thought to be 'sleeping it off' in a police cell. 
When blood alcohol levels rise to above 350 mgI100 ml 
there is an increasing risk of coma and central respiratory 
depression. Although most responsible police forces have 
standing orders about placing drunken prisoners in the 
semiprone position and observing them at frequent 
i n t e ~ d s ,  a quiet drunk may still slip into irreversible 
coma and respiratory arrest. 

At lower blood alcohol levels there is still the risk 
of aspiration of vomit and choking on gastric contents. 
Though drunken prisoners are placed in the safest 
posture for drainage, they can still vomit and choke 
when unobserved, between visits by the often busy 
police station officers. At autopsy, caution must be 
observed before ascribing death to aspiration of vomit, 
as this is a common agonal phenomenon in deaths 
from other causes. Where an otherwise healthy person 
dies with a high blood alcohol concentration in these 
circumstances, however, gross blocking of the trachea 
and bronchi with vomit forms one of the most 
convincing arguments for acceptance of aspiration as 
the cause of death if no other factors can be identified. 

Alcohol also contributes to accidents during custody, 
especially head injuries, which come about because of 

falls to the ground, falls down steps and stairs, and 
being run over by traffic, as a result of the ataxia and 
incoordination of the drunken state. Falls onto a hard 
surface are often on the occiput and the frequent 
finding of frontal and temporal contrecoup brain 
damage at autopsy is good evidence of a deceleration 
injury rather than an assault with a weapon. 

Some falls may occur during custody or in transit 
from the site of arrest to the police station - others 
have happened before arrest, but the ill-effects and 
death may become manifest during the stay in the 
police cell, when the police are often blamed either 
for allowing or causing the injury - or for not 
summoning or providing urgent medical attention. 
Drugs, especially those causing excitement, such as 
amphetamine, cocaine or hallucinogens, may also lead 
to physical damage, but alcohol remains by far the 
most common. 

Drugs are commonly available within prisons and 
overdose or hypersensitivity deaths are occasionally seen 
amongst prisoners, as they are in the outside world. 

FIGURE 10.7 Suiciakl hanging in a prison cell. This is an 
inj-equent but regular wagedJ which, in pite of strenuous efforts by 

prison offirers and designers of celh, occurs because of the 
determination of the prisoner to defeat the sajguardr. The belt used 
as ligature has been removed and lies on the bed 



Suicide in custody is not uncommon, and often leads to 
accusations and recriminations from the relatives over 
lack of supervision. There has recently been a spate of 
such deaths in Britain, especially amongst young 
offenders on remand awaiting trial. It is such a well- 
recognized hazard of custody that most police forces 
deprive the prisoner of any objects, such as belts, braces 
(suspenders), cord or even bootlaces, that could be used 
to hang himself in his cell. In addition, the police cell 
may be specifically designed to avoid any convenient 
suspension points, such as hooks, bars or even internal 
door handles. In spite of these precautions, prisoners 
regularly manage to find some means of killing 
themselves. Strips of bedding material, sleeves of clothing 
and handkerchiefs have all been used for self-suspension. 
As described in Chapter 14. hanging can be successfully 
accomplished by traction on the neck at low levels and 
need not occur from high suspension points, so prisoners 
have killed themselves by attaching ligatures to bed- 
heads, chairs and other unlikely objects in the cell. 

Accusations that apparent suicidal hangings were in 
realiry homicides by the custodians can usually be 
resolved by the autopsy showing no signs of bruising, 
abrasions or a struggle. It would seem impossible to 
hang a conscious person against his will without 
leaving some signs of restraint. The proposition that 
the hanging was a ligature strangulation is usually 
disproved by the rising angle of the ligature mark, 
which most commonly sets under the angles of the jaw 
and has a defect in the skin mark where the suspension 
point pulls the ligature away from the surface. A 
homicidal strangulation usually encircles the neck and 
a cross-over point is often seen. The level is lower, 
nearer the horizontal (Chapter 14). 

Where a true hanging mark is caused by a ligature 
with a slip-knot, there may also be a full circle of skin 
abrasion and compression. If the suspension point is 
low, as might happen in a cell using a doorknob or a 
bed-frame, then the direction of pull can be oblique. If 
the body also leans over against the direction of pull, 
the resultant mark can be virtually horizontal and, 
unless the situation is fully assessed - preferably by a 
visit to the scene with the body in situ - confusion can 
occur, as with the controversy over the death of 
Rudolph Hess in 1988, whilst an inmate in Berlin's 
Spandau prison. 
Death may be from purely natural causes, usually 
cardiovascular in origin, which happened to have 
occurred during detention. It must be admitted, though 
it is almost impossible to provide objective proof, that 
the emotional and sometimes physical upset of being 
arrested and confined may have affected the blood 

pressure an heart rate sufficiently, by an adrenaline 
response, to % ave precipitated an acute cardiac crisis in 
the presence of severe pre-existing disease. 

The presence of diabetes, epilepsy, asthma or other 
diseases that can potentially cause sudden or 
unexpected death should be sought by medical history 
and autopsy appearances (Chapter 25). 
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Damage to the tissues arising from the application of heat 
is commonly encountered in forensic pathology and some- 
times provides a challenging problem in the distinction 
between ante-mortem and post-mortem burning, which 
may have serious criminal aspects. 

HEAT INJURY 

This may arise following a defect in body temperature 
control or, more commonly, from the external application of 
heat. Mammalian tissues can survive only within a relatively 
narrow range of temperatures, approximately 20--44°C. 

When external heat is applied, the extent of damage 
depends upon: 

134 the applied temperature 
the ability of the body surface to conduct away the 
excess heat 

El the time for which the heat is applied. 

The temperatureltime relationship is important, for it is 
sometimes forgotten that relatively low temperatures, even 
as little as 44"C, can cause damage if sustained long enough. 
This is attested by many negligence lawsuits concerning 
unconscious patients burned by forgotten hot-water bottles. 

The degrees of thermal damage were investigated by 
Moria and Henriques (1947), who found that the lowest 
temperature that would cause damage was 44'C, though it 
required no fewer than 5 hours beforea burn appeared. Only 
3 seconds was needed, however, if the object was at 60°C. 

Radiant heat can also cause severe damage, as is obvious 
from overexposure to sunlight or artificial sunlamps. The 
long-term effects also include malignant changes, now more 
important because pollution-induced changes in the strato- 
sphere are allowing more ultraviolet radiation to reach the 
earth's surface. In forensic practice it is more often seen when 
an old or disabled person falls unconscious within close 
range of a gas, electric or coal fire, those areas of skin unpro- 
tected by clothing becoming burned, often to a blistered 
state. It can be difficult or impossible to tell how much of 
such a condition is ante-mortem or post-mortem, as the pres- 
ence of reddening and blistering cannot always be depended 
on as criteria of vital infliction. Mottled pigmentation and 
reddening of the fronts of the legs (erythema ab igne) is a 
familiar sign in those addicted to sitting before an open fire. 

CLASSIFICATION OF THE 
SEVERITY OF BURNS 

An arbitrary, but useful, classification is used (mainly for 
surgical purposes) to denote the severity of both burns and 
scalds. The older six-stage classification of Dupuytren has 
given way to Wilson's three-stage nomenclature: 

First degree: erythema and blistering without loss of 
dermis. There is capillary dilatation and transudation 
of fluid into the tissues, causing swelling. A split may 
occur in the epidermis to form a blister with an upper 
cap of pale skin enclosing fluid, surrounded by a zone 
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of hyperaemia. If small (< 1 cm) this blister may resorb, The area involved is traditionally estimated by the surgi- 
otherwise it will burst, leaving a reddened base. A cal 'Rule of Nines', which is sufficient for prognostic pur- 
first-degree burn will heal without scarring. poses, though for the pathologist a more precise anatomical 

33 Second degree: destruction of the full thickness of skin. description of the areas burned is essential for his autopsy 
- 

The epidermis is coagulated or charred, and a central 
zone of necrotic tissue is surrounded by first-degree 
burns or a zone of hyperaemia, or both. The central 
necrosis sloughs in due course and the epidermis grows 
in from the margins. The injury cannot heal without 
scarring, which usually contracts during the healing 
process, causing puckering and distortion of the surface. 
Third degree: destruction of deeper tissues below the 
skin. This can be of any severity, from damage to 
subcutaneous fat to loss of muscle, bone and even a 
whole limb. 

The Rule ofNines'for calculating the area burned. 

report. 
If the burns are widespread, then large areas of skin may 

be damaged and functionless. A large area involved may be 
more dangerous to life than a deeper, more localized burn. 
It is !generally considered that 30-50 per cent involvement 
of the total body surface is incompatible with survival. Old 
people can die at considerably lower percentages than this, 
while children appear more resistant. 

MOIST THERMAL DAMAGE - 
SCALDS 

A 'scald' refers to tissue damage from hot liquids, usually 
water. Other hot fluids include oils, molten rubber, other 
liquid chemicals and steam. Molten metals are usually at such 
a high temperature that the results are similar to dry burns. 
The water scald is a common domestic accident, especially to 
children and old people, that group at the extremes of life 
who are vulnerable to so many types of accident. 

A scald, unless from some superheated oil, does not cause 
charring, carbonization or singeing of surface hairs, as does 
dry heat. It resembles a first-degree dry burn (see later) in 

It does not apply to infants whose body proportions are dtfferent FIGURE 11.2 First- and second-degree burns on the right thigh and 
from adults. About GOper cent surface burns can be survived by scrotum ofa 5-year-olddiabetic child, who had been treated by a 
children andyoung people up to 20 years of age but this rapidly quack, who hadpromised the parents to cure the child by hot baths. 
decreases with advancing age. Death was caused by the untreated diabetes. 
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that there is reddening, desquamation and blistering, but 
the shape of the scald tends to be different. There is usually 
a sharply demarcated edge, corresponding to the limits of 
contact of the fluid. If due to immersion in hot water, such 
as a bath,,there will be a horizontal fluid level, though this 
may be made irregular by splashing When tipped or 
splashed, the hot liquid runs under gravity so that trickle 
patterns may be seen, which may enable the medical exarn- 
iner to determine the posture of the victim when scalded. 

The intensely red base of a severe scald may at first be 
covered by wrinkled, macerated epidermis. The scalded skin 
may swell and exude serum. Infection may supervene but 
where the burns are extensive, death usually results from the 
systemic effects of shock, fluid and electrolyte disturbance, 
and secondary chest infections. The severity of a scald 
depends o:: h e  durzicn cC cccracc with the skin, 2s we!! as 

the temperature. When hot water is splashed, tipped or 
thrown, it has only a momentary contact, falling away under 

gravity. The large surface area allows rapid cooling, so damage 
must occur in a short time, which necessitates the tempera- 
ture being high if severe damage is to be caused. Ofien the 
water is boiling, especially in the kitchen accidents that, sadly, 
occur to children with such regularity. The interposition of 
clothing may have two opposite effects; it may protect the 
underlying skin from the hot liquid, especially if poorIy per- 
meable, but it may also hold the hot liquid in contact with 
the skin for a longer time, especially if the fabric is absorbent. 

The appearance of scalds may resemble dry burns except 
for the distribution and the fact that, if due to immersion, 
the severity of the skin damage is usually uniform over the 
whole of the burnt area up to the sharply demarcated mar- 
gin. When hot or boiling water has been poured or splashed 
onto the body, the worst scalds will be at the area of initial 
contact where the fluid was hottest, but decrease in severity 
as the cooling liquid runs away. In children who pull con- 
tainers of hot liquid down on themselves, the scalds tend to 
be on the face, neck, chest and arms, with 'shadow areas' of 
undamaged skin in the axillae and on the back. 

FIGURE 11.3 Scaldr or wet burns in a childaccidentally lej? in a 
hot bath while her mother went to answer the telephone. This 
illushates that time, ar well as temperature, is a factor in causing 
heat damage to skin. The child died some days laterfiom an 
intercurrent chest infction. 

BURNS FROM DRY HEAT 

More common than scalds, burns due to dry heat may be 
caused by high temperature applied to the body surface by 
conduction or radiation. Convection is merely a variant of 
conduction in this respect; as hot gas impinges on the sur- 
face, the molecules transfer their high energy in a similar 
fashion to the direct contact of a hot solid. 

Radiation causes damage through the conversion of 
infrared frequencies into thermal heat on absorption at the 

FIGURE 11.4 A burn on the inner sides of each upper thigh in a 
young woman. These are suggestive of  the application of a hot-water 
bottle in an attempt at resuscitation afier a criminalabortion. The 
victim died of air embolism following the use of a Higginson syringe. 
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skin interface. As with scalds, the tissue damage is a func- 
tion of temperature and time. A warm water-pipe will 
cause a burn if left long enough in contact with the same 
area of skin, but the vast majority of dry burns are due to 
high temperatures acting for a shorter time. 

Where the time is extended beyond that needed for 
initial burning, the tissues may be charred, carbonized or 
completely destroyed, as in cremation. 

The  severity of dry burns 

The Wilson classification of severity of burns is given above, 
with three degrees according to the depth of tissue damage: 

Erythema leads to redness and swelling of the skin. 
Blisters may form either within the thickness of the 
epidermis or at the epidermal-dermal junction. 

FIGURE 1 1.5 Keloid tissue (dense collagenow overgrowth) more 

oflen follows burns than other injuries. It is especially prevalent and 

profire in negroidpersons. This East African youth was tortured in 

a political camp with hot metal and burning kerosene, resulting 

months later in exuberant keloid. 

Destruction of the full thickness of the skin, which 
may be total or incomplete. If epidermal structures 
survive, such as the deeper parts of hair follicles, then 
epithelialization may occur from islands within the 
burned area. If not, slow coverage with more probability 
of extensive scarring will occur from invasion of 
epidermis at the periphery. 

El Destruction of subcutaneous tissues, such as fit, muscle 
and even bone, is the most serious grade of burning, 
though, as mentioned elsewhere, it may be less dangerous 
to life than larger areas of more superficial burns. 

GROSS APPEARANCES AT 
AUTOPSY 

  he body may present a wide range of damage from mere 
reddening over wide areas to almost total cremation, in 
which a search may have to be made at the scene of the fire 
to collect or even discover the remnants. 

Usually, where leathery coagulation or charring has not 
occurred, ante-rnortem burns will be reddened and often 
blistered. The latter have a marginal red zone of variable 
width, usually 5-20mm across. Blisters may be present 
either in the main burn or as islands beyond the periphery. 
Most ante-mortem blisters will have a bright red base when 
burst and an erythematous areola. The whole of the burned 
area may form one large blister or be a coalescence of blis- 
ters. These are usually collapsed at autopsy, so that sheets 
and shreds of white epidermis lie across an angry red base. 

Where the burns are more severe, the skin may be stiff- 
ened, yellow-brown and leathery, a half-way stage to actual 
carbonization. Drying after death of areas that were weep- 
ing serum leads to a stiff, parchment-like surface. Post- 
mortem heating and deposition of smoke may mimic or 
overlie the ante-mortem appearances, the surface often 
being blackened by soot deposition. 

Hair is singed or completely burnt away in severe burns. 
In lesser degrees it may survive and the ends of the hairs may 
be 'clubbed'. Here the keratin melts at the distal end nearest 
the heat, then resolidifies on cooling, forming a terminal 
blob on the shaft like an unlit match. Eyelashes, eyebrows, 
pubic, axillary and general body hair may all suffer this 
scorching. Where skin has actually ignited, the subcutaneous 
fat acting as a fuel, black brittle masses will occupy rhe tissues 
merging into cooked, dry muscle beneath, which in turn 
grades into more moist and normal-looking soft tissue at 
greater depths. Beneath burns of any degree, the deeper tis- 
sues may be affected, especially muscle, which becomes pale, 
brownish and obviously 'part-cooked'. This is often a post- 
mortem phenomenon caused by the dead body remaining 
in a heated environment and such cooked muscle may 
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FIGURE 1 1 .G Second and third degree burns and singeang of hair 

on a suicide who doused himselfwith petrol and set himelfto fire. 

extensively underlie normal skin, which shows no evidence 
of ante-mortem burning, especially if protected by clothing. 
It is the general high temperature of the environment over a 
relatively long period which produces this 'parboiled' appear- 
ance, similar'to the cooking effect of a slow oven. 

Where heat has been intense and continuous, all soft tissue 
down to bone may be consumed and the bone itself may be 
blackened. The most extreme stage is conversion of the bone 
to brittle greyish-white splinters, sometimes with loss of skel- 
etal structures, leading to absent feet, hands or limbs. It is rare 
for the whole body to be completely consumed, even in delib- 
erate cremations, but only a fraction of the original body mass 
may remain, often almost inseparable from the burned sur- 
roundings. Where much smoke has been generated, as in 
most house fires, the skin will be discoloured where exposed. 
Sharply demarcated areas of soot deposition may coincide 
with burning from hot gas. Even the thinnest layer of cloth- 
ing may protect completely from both these effects. 

Muscle contractures are common where substantial heat 
has reached the body. This is almost always a post-mortem 
occurrence, as deep-heating effects sufficient to cook muscle 
are incompatible with life. The muscle becomes shortened by 
dehydration and protein denaturadon. The flexors, being 

FIGURE 1 1.7 Dead bodies in fires pose a problem for pathologists 

and investigators. Death was shown to have occurred after the 

fire began fiom soot in the lungs and carb~yhaemo~lobin in the 

blood There were no ante-mortem b u m  and there was a high 

blood-alcohol concentration. 

bulkier than the extensors, contract more and force the limbs 
into a position of general flexion, the so-called 'boxer's' or 
'pugdistic' attitude. Contraction of the paraspinal musculature 
often causes a marked opisthotonos. Froth, often pink-stained, 
may appear at the mouth and nostrils as a result of pulmonary 
oedema caused by heat irritation of the air passages and lungs. 
The tongue frequently protrudes and may be scorched. 

SPURIOUS 'WOUNDS' IN BURNS 

Heated skin contracts markedly and splits often appear. This 
may lead inexperienced observers (such as police) to suspect 
that ante-mortem wounds have been inflicted, the fire being 
used to cover up a criminal offence. These splits may be any- 
where, but are especially seen over extensor surfaces and 
joints, as well on the head. Some, especially those at elbows 
and knees when che limbs are flexed across brittle skin, are 
caused by firemen handling the body during recovery. 

The possibility of true wounds being present must 
always be kept in mind, as many homicides have been con- 
cealed in fires. The false split will show no bleeding in the 
deeper tissues and its position is usually suggestive. The dif- 
ferentiation may be difficult or even impossible, however, 
especially when severe heat damage in the area makes 
examination of the underlying tissue impracticable. 
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FIGURE 1 1.8 Heat flexures of the limbs, part way toward the )ugiIistic attitude'fomed when the a m  are raised higher. The elbows, knees 

and wrists are strongly flexed became muscle contraction is stronger in the flexorgroups. The victim was the captain of a Russian ship who 

setfire to his cabin during a bout of hea y drinking. 

The other major false lesion is the 'heat haematoma' in the 
extradural space. When severe heat is applied to the cranium, 
a mass of blood resembling a true extradural haematoma 
may form between the skull and the dura. This may arise 
either from venous sinuses or be virtually 'boiled' out of the 
diploic space in the skull through emissary venous channels. 
The blood is spongy from gas bubbles and tawny or choc- 
olate brown. The exterior of the skull overlying the 
haematoma is usually charred and the scalp burnt away. If it 
is a purely post-mortem phenomenon, the heat haematoma 
will have a similar level of carboxyhaemoglobin to the blood, 
whereas if it was an ante-mortem lesion sustained before the 
fire began, it will be free from monoxide, as discussed in 
more detail below. Where the heat is intense the spurious 
haemaroma may be outside a grossly shrunken dura, which 
compresses the brain into a cooked mass. The dura may split 
under the tension and allow brain tissue to ooze out into the 
large space within the cranium, where it may form a mass of 
frothy paste (Kondo and Ohshima 1994). These changes 
may be present without a haematoma, but the latter is often 
present. In the absence of a skull fracture, other than one due 
to heat, this haematoma should not be ascribed to trauma. 

ANTE-MORTEM VERSUS 
POST-MORTEM BURNS 

In severe conflagrations, either in buildings or vehicles, 
the terminal state of the body often does not reflect the 

condition at the time of death. Indeed, many deaths will 
have occurred before a n y  heat reaches the body, death 
being caused by the inhalation of smoke. It may be difficult 
or impossible for the to determine the extent of 
ante-mortem damage if the ensuing fire later reaches the 
body and causes post-mortem burning. The exposed skin 
surface may be reddened in both ante-mortem and post- 
mortem burns, the classical distinction of a 'red flare' or 
'vital reaction' being unsafe as an index of infliction before 
death. The author (BK) has seen several cases of undoubted 
post-mortem burns, one at least 30 minutes after fatal stran- 
gulation, where an extensive 'red flare' was caused during 
attempts at disposal of the body by fire. 

Blisters can form post-mortem, but are pale yellow 
unless on scorched skin. There is rarely a red base or ery- 
thematous areola, though this sign cannot be depended 
upon absolutely. The contained fluid is thin and clear. 
Traditionally most authors claim that differentiation can be 
made between 'an ante-mortem and a post-mortem blister 
by an analysis !for protein and chloride in the fluid. The 
blister formed in life is said to contain more protein and 
chlorides, but no absolute figures are offered and the 
authors have yet to meet a pathologist who does this as 
a routine. o n ;  suspecrs that the test is another of the 
apocryphal procedures that have been handed down from 
textbook to texlbook without verification. 

I Most useful ,of all in fatalities is the presence of carbon 
monoxide in rqe circulating blood and carbon particles in 
the air passages and lungs, and this is dealt with in the 
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FIGURE 1 1.9 Substantial destruction of the body by fire. The upper 
h a l f f  the victim has virtually vanished, including skeletal 
structures, leaving the lower part intact. The gas stove was ignited 

with a match after a delay whik gas was escaping, cawing a near- 
explosion that consumed the upperpart of the bodj the fat burning 

with clothing acting as a 'wick: Such events have given rise to the 
myth of jpontaneous combustion: 

section on inhalation of fumes. They do not necessarily 
prove that any burns were ante-mortem, but that the vic- 
tim was still alive when the fire was in progress, which is 
not the same conclusion. The extradural heat haematoma 
may be investigated in a different way to determine its time 
of origin. If it is a true traumatic lesion produced before the 
fire began, it should contain no carboxyhaernoglobin. A 
spurious heat haematoma is formed from blood that will 
contain carboxyhaemoglobin if the victim has absorbed 
this gas during the fire. It must be appreciated, however, as 

FIGURE 1 1.10 Post-mortem injuries cawed by heat simulating 

head injuries. The fire service were concerned about an apparent 
preconfigration assault, but such skin splits are commonly seen as a 
result of heat contracture of the tissues. The scalp on the top of the 
head has been burned through and the skull is charred. Beneath this 

is a spurious 'heat haematoma: sometimes con&sed with a 
traumatic extradural haemorrhage. 

FIGURE 1 1.1 1 Post-mortem burns 

in a victim recoueredfiom a house 
fire. Note the raised arms cawed by 
heat contractures and the compkte 
protection against burning afforded 
by clothing on the kgs. There is 
extensive skin splitting on the chest. 
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discussed below, that not all persons alive during a fire 
accumulate carboxyhaemoglobin in their blood. 

If there is carboxyhaemoglobin absorption, then the heat 
haematoma will also yield it on analysis. The use of this 
test, again related in most classical texts, is, however, 
extremely limited. 

FUMES AND FIRES 

The majority of fatal dry burns in civilian practice occur in 
conflagrations in buildings, rather than in vehicles or aircraft. 
In many of these tragedies death is not caused by burns, but 
to inhalation of fumes produced by the combustion of the 

building structure and contents. Indeed, most burns seen by 
forensic pathologists are post-mortem, either because the 
victim was already dead from smoke inhalation or because 
severe post-mortem burning obliterates the lesser degrees of 
burns present up to the moment of death. 

Death from inhaling fumes may be caused in several ways: 

Thermal damage to the air passages and lungs from the 
direct effect of hot gases. At autopsy the tongue, pharynx 
and especially glottis may be scorched, lesser degrees 
causing a greyish-yellow blanching of the mucosa. The 
interior of the larynx, trachea and main bronchi may be 
thickened and blanched, or reddened and inflamed, if 
the temperature is too low actually to burn the lining. 

FIGURE 1 1.12 It can be dzficult or impossible to 
dzfferentiate between ante-mortem andpost- 
mortem burns when thq, are sustained near to the 
time of death. Here the blister with no erythema at 

the base could either be post-mortem or ante- 
mortem, as redd.ening of the margins and adjacent 
skin can occurfor at least an hour aftpr death. It is 

preferable to call doubtjU lesions jeri-mortal: 

FIGURE 1 1.13 Post-mortem smoke soiling and 

sup+cial b u m  on the leg of a house-$re victim who 
died ofsmoke inhalation. Note the compkte 

protection .of the skin, which had been covered only 
by a sock. 
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FIGURE 1 1.14 Post-mom bum on the arm and 

chest caused by a hot-water bonk being lef) over the 

heart in an attempt at resuscitation. The lesion is 
sbarp-edged there is no p~ythematous margin, and 

tbe surjace is brown and kathoy fiom post-mortern 
d ~ i n g .  

FIGURE 1 1.15 Larynx of a house-fire victim showing heat FIGURE 11.16 A small bronchwfiom afire victim, showing 
blanching of the  pigl loft is andglottal entrancefiom breathing hot histological evidence ofsoot deposition, together with desguamation 
gas. The lower cut end of the trachea Jhows Copiow soot-containing of the epithelium clndpluging with cellular debris. wan Gieson; 
mucus, also indicating respiration during the fire. original magnification X 10.) 

Heat effects on the pharynx and epiglottis can occur 
post-mortem through passive percolation of hot gas 
through the open mouth. The lungs usually respond to 
heat damage by marked pulmonary oedema, though this 
is often present in fire victims even when the inhalation 
of hot gas has been insufficient to cause visible damage 
to the bronchial tree. 
Carbon monoxide poisoning is an important aspect of 
most fires - indeed it is the major or even sole cause of 
death in many victims of conflagrations, especially in 

dioxide. Carbon monoxide is also produced, however, 
and, where the access of oxygen is limited or exhausted 
by the ongoing combustion, larger volumes of the 
monoxide are produced. Slow, smouldering fires with 
little flame are likely to produce more monoxide, as 
with burning bedclothes and mattresses. At the other 
extreme, rapid flash fires with flames fanned by moving 
draughts and those involving volatile Leis, such as 
petrol or kerosene, produce relatively little monoxide - 
though much depends upon the free access of air. 

- 
house fires. When any combustible material burns in In many house fires, where the seat of the fire is originally 
air, most of the carbon in organic material, such as remote from the victim, death may occur from carbon 
timber, fabric and furnishings, is converted to carbon monoxide poisoning long before the flames reach the body. 
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FIGURE 1 1.17 Charred body at the scene offire showing the 
jugilistic attitude'andpost-mortem skin splits on the chest. 

A person may be asleep in an apartment or house, and die 
without ever walung if large volumes of monoxide creep 
through the rooms. Burns are often post-mortem in such 
cases and, where extensive charring occurs, the differentiation 
between ante-mortem and post-mortem damage may be 
impossible. 

It is often a comfort for bereaved relatives to be told that 
their loved ones were either already dead or unconscious 
before the agony of burning reached them, A d  the pathol- 
ogist may be able to emphasize this at any inquest or 
inquiry. Unfortunately, where the bodies are found in 
positions obviously indicating escape or concealment, such 
an explanation loses its conviction - though even then it 
may well be that coma from monoxide poisoning overtook 
them before burning began. 

The pathology of carbon monoxide is dealt with in 
another section of this book, but it may be repeated here that 
the autopsy -signs are primarily that of a cherry-pink col- 
oration of the skin, blood and tissues. Where smoke staining 
or extensive charring has occurred, there may be little skin to 
examine, though there is usually some in a protected posi- 
tion under the body. The blood and tissues usually have the 
characteristic colour but, when the person is anaemic or 
exsanguinated, this may be hard to detect. A high saturation 
with monoxide is usually unmistakable at autopsy, though 
sometimes certain types of artificial light in the autopsy 
room, such as some fluorescent tubes, make the cherry-pink 
colour difficult to confirm. The colour may be better seen-if 
blood is diluted with water against a white background, such 
as a porcelain autopsy table or sink. Nothing replaces labora- 
tory analysis of a sample, however, and this must be done in 

FIGURE 1 1.18 Thefinding of a body 
in a burnt-out car is always suspicious, 

but is usually accidental or suicidal. 

RadiograpLy should always be cawied 
out to exclude firearm injuries. 
Carboxyhaemogfo6in levels are often 
low or even absent in a r a p i d w  
gasoline fire; this makes the diagnosis 
of being alive during the fire d@ult, 
especially when there may also be l ink 
soot to foul the air passages. 
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every case of death from fire, irrespective of the subjective 
appearance of the skin, blood and tissues. 

The saturation of haemoglobin with carbon monoxide 
varies greatly from one fatal case to another. Many variable 
factors exist such as the concentration in the atmosphere, 
the time of exposure and local changes in oxygen content. 
When carbon monoxide is the sole cause of death, a blood 
saturation of at least 40 per cent is required, except in old 
and debilitated persons where deaths have been reported at 
25 per cent. Many fatalities will display 50-60 per cent 
saturation, though levels in general are less than in pure 
carbon monoxide poisoning, such as car exhaust suicides 
or industrial exposure, where concentrations of up to 80 per 
cent may occur. In fires, additional factors such as other 
toxic fumes and reduction of the atmospheric oxygen may 
cipciz;c, iesii!Iing in dea& 2: Clrt)Ogrhq~mnnlnhin 

I "--"'- aA"---- 
concentrations. 

Yoshida et al. (199 1) published data from 120 house-fire 
victims in Japan, in which only nine people had carboxy- 
haemoglobin (HBCO) concentrations below 10 per cent, 
the range being from 1 to 95 per cent saturation. O f  3 1 vic- 
tims in whom cyanide analyses were made, two had high 
cyanide and low HBCO. 

The variabiliry of monoxide poisoning may be illustrated 
by the fact that two bodies lying side by side in a burned 
house may have widely differing blood saturations - indeed, 
sometimes one victim may have a zero blood monoxide sat- 
uration. Children often have much lower levels than adults 
in the same situation, but even two adults may differ in their 
carboxyhaemoglobin concentrations, the explanation being 
unclear. Local variations in draughts, levels above the floor 
and respiration rates may account for these anomalies. 

Carbon monoxide in the blood is a valuable indicator that 
the victim was alive after the fire began. Where a dead body 
is disposed of by arson no absorption can take place, as the 
gas can gain entry only through the pulmonary interface. 
Thus the presence of more than a smoker's level of 5 per cent 
saturation of the blood with carboxyhaemoglobin means 
that breathing occurred after the fire began. It is vital, however, 
to appreciate that the converse is not true. The fact that a 
body in a fire does NOT have carboxyhaemoglobin in the 
blood does NOT mean that they must have been dead 
before the fire began. The records of all forensic depm- 
ments have examples of this occurrence and therefore it is 
illogical - and sometimes legally dangerous - to draw the 
unwarranted inference that such a victim must have been 
already dead before the fire began, however common the 
generalization may be. In rapid flash fires, especially where 
gasoline or kerosene are involved, the monoxide level is more 
likely to be low or even negative, than in the slower confla- 
gration with restricted access of oxygen that occurs in a burn- 
ing building. 

Toxic substances in fumes 
In recent years it has been appreciated that a number of toxic 
substances other than carbon monoxide may be present in the 
fumes from fires. Cyanides are predominant and the blood of 
fire victims may often be shown to have high levels of this toxic 
compound. Nitric oxide, phosgene and other more complex 
substances may be liberated, especially when modern plastic 
polymers are burned. Furnishings, upholstery, paints, lacquers, 
varnishes and actual structural components are increasingly 
made from polystyrene, polyurethane, polyvinyl and other 
plastic materials. These are particularly liable to generate toxic 
gases when ignited (Anderson et aL 198 1, 1982). 

Caution must be employed when interpreting the analysis 
of cadaver blood for cyanide, as this substance can be pro- 
duced in significant concentration by post-mortem decom- 
position. Particular care must be taken in preservation of 
samples, which should have fluoride added, and in ensuring 
there is no delay before analysis so that further decom- 
position is kept to a minimum. Where cyanides, oxides of 
nitrogen and other toxic substances are inhaled during a fire, 
carbon monoxide is inevitably absorbed as well. It then 
becomes difficult to apportion the relative blame for the death 
among these different toxic agents - and where there are also 
ante-mortem burns, the differentiation may be impossible. 
If the pathologist considers that he cannot identify any 
ante-mortem burns, then the most logical cause of death is 
'inhalation of smoke'. Ifvital burns are present then, according 
to the circumstances, these can be given as the cause of death, 
with or without the addition of 'carbon monoxide or smoke 
inhalation'. 

INHALATION OF SOOT 

As well as the inhalation of carbon monoxide, victims in a 
fire usually breathe in carbon particles present in the sooty 
smoke. Once again this is more pronounced in a building 
fire than a vehicle blaze, though there are many exceptions. 
The combustion of timber floors, roofs, furniture, and the 
fabric of furnishings and carpets produces large volumes of 
dense black smoke. Every pathologist attending the scene 
of a house fire is aware of the thick layer of soot than clings 
to every surface and may hang in fronds from the ceilings. 
It is little wonder that such material suspended in the air 
finds its way into the respiratory passages of the victims. 

As a marker of ante-mortem inhalation, it is almost as 
useful as carbon monoxide. Soot particles may enter the 
open mouth of a corpse, stain the tongue and pharynx, and 
may even passively reach the glottis. No significant amount 
can pass the vocal cords and enter the trachea after death, 
however, so carbon in the lower respiratory tract is a certain 



Atypical localized burning and 'spontaneous combustion' 

FIGURE 1 1.19 Soot in the tracheal m u m ,  a sign of breathing while 

the fire war in progress. Though soot can passively reach the glottis 

afrer death ifthe mouth is open, it cannot reach the lower air 

passages in any signifcant quantity. Histology of the smaller 

bronchi offen comphe proof of active respiration. 

FIGURE 1 1.20 Soot in oesophagus of a holcse-fire victim indicating 

respiration during the fire. 

indicator of breathing during the fire. Histological demon- 
stration of soot in the more peripheral bronchi, out as far as 
the terminal bronchioles, is absolute proof of such respira- 
tory function. The carbon is usually mixed with mucus 

adherent to the tracheal and bronchial walls because of heat 
irritation of the mucosa. Ofcen there is swallowed soot and 
mucus in the stomach, and again this is evidence of life 
during the smoky phase of the fire. 

ATWICAL LOCALIZED BURNING 
AND 'SPONTANEOUS 
COMBUSTION' 

Some very strange instances of fatal burning occur and 
most experienced forensic pathologists have recollections of 
apparently inexplicable cases. 

A human body may sometimes burn away almost com- 
pletely, yet the surrounding fire damage is minimal. These 
almost invariably occur near a hearrh or open fire-grate or 
chimney. The burning may be confined to the body, its 
clothing, and a narrow zone of floor or carpet. The author 
(BK) has seen a circumscribed hole burned through a 
hearthrug and the floorboards beneath, with an ashed body 
lying in the space under the floor. He also remembers a pair 
of undamaged house slippers, with feet still within, the legs 
burned off at ankle level and no remaining body above, apart 
from ashed material lying on the adjacent floor. Both these 
deaths occurred in front of a fireplace with an open chimney. 

It seems extraordinary that virtually a whole adult body 
can be consumed, including the skeleton, with minimal 
surrounding fire damage, but many such cases are on 
record and have helped to substantiate the myth of 'sponta- 
neous human combustion'. , 

Experiments carried out many years ago by Professor 
David Gee (~ersonal communication) indicated that body 
fat can burn slowly, using the clothing as a 'wick', similar to 
a candle flame. 

Most cases have in common the fact that there was a 
source of ignition in an open fire and a chimney which can 
provide a constant updraught - and often the victims are 
alcoholics. Though it is not suggested that alcohol plays 
any part in the burning process, the confusion, instability 
and lack of judgement which goes with inebriation may 
well precipitate the ignition process. 

As indicated above, the myth of 'spontaneous combus- 
tion' is one which refuses to go away, as endless unsubstan- 
tiated reports, and newspaper, magazine and television 
features have continued to fascinate a credulous public ever 
since Charles Dickens included a description of a case in 
his novel Bleak Home. 

Numerous allegations have been made of people bursting 
into flames as they walk down the street, but as yet, no 
photographs or film has been produced; in fact, the majority 
of the retrospective claims for this phenomenon have been of 



bodies next to some source of ignition and where alcohol was 
involved - as indeed was Dickens' original example. 
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The passage of a substantial electrical current through the 
tissues can cause skin lesions, organ damage and death. 
This injury is commonly called 'electrocution', though 
some would use this term only if death occurs. Fatalities 
are usually accidental, in both a domestic and industrial 
environment. Suicides from electricity have increased in 
recent years, especially in Germany. Homicide is rare but 
is recorded and, in the USA, electricity has again become 
a means of judicial execution. 

PHYSICAL FACTORS . 

The severity of tissue damage 'including death' is directly 
related to a number of physical factors, which include cur- 
rent, voltage, resistance and time. For biological damage to 
occur, the body must be incorporated into an electrical cir- 
cuit, so that there is a passage of electrons through the tis- 
sues. A mere accumulation of electrons in the form of a static 
charge can do no harm; scientists in the ball of a Van de 
Graafstatic generator may be at a potential of more than a 
million volts (V), but experience nothing other than their 
hair standing on end. Similarly, a person outdoors in a 
thunderstorm may accumulate a high charge from the 
capacitance effect of an overhead cloud but, unless the insula- 
tion of the air breaks down to allow a lightning strike at or 
near the person, no ill-effects will occur. 

In electrocution there must be a pathway for electrons 
across part of the body which, in fatal cases, contains vital 
structures. The current enters at one point (most often a 
hand being used to hold, touch or manipulate some elec- 
trical device) and then leaves the body at an exit point, usually 
to the earth or the neutral conductor of the electricity sup- 
ply. The pathway of the current will depend mainly on the 
relative resistance of various potential exit points. It tends 
to take the shortest route between entry and best exit, irre- 
spective of the varying conductiviry of different internal 
tissues. If a person places a finger on a 240V conductor 
while standing with damp shoes on a wet concrete floor, 
then an appreciable current will pass from hand to feet, with 
possibly fatal results. If, however, the person is standing on 
a carpeted upstairs wooden floor, the poor earth return will 
allow only a small current to flow and all that may be 
suffered is a painful muscular spasm. 

In another variant of the upstairs scene, should the neu- 
tral wire of the supply be touching the skin of the same fin- 
ger a few centimetres away from the live conductor, a severe 
local burn may occur but no danger to life, because the high 
resistance through the feet to earth will prevent any signifi- 
cant current flow passing through the thorax. 

Should the person upstairs happen to be turning a bath 
tap with the other hand, the contact with the opposite fin- 
get would allow a current to pass to earth via the tap and 
metal water-pipes from hand to hand across the thorax - 
an extremely dangerous position. 
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FIGURE 12.1 Pathways of current in electrocution. 

The pathologist is concerned with fatal electrocution 
and three major events may occur, which are a threat to life: 

B The most common is the passage of a current across 
the heart, usually when a hand is brought into contact 
with a live conductor, and the body is earthed either 
through the feet or the opposite hand. It has been 
claimed that the most dangerous is contact with the 
right hand and exit through the feet, as this causes the 
current to pass obliquely along the axis of the heart. 
Compared with the other variables of voltage, skin 
resistance and time, this hypothesis seems immaterial, 
though this route increases the current across the heart 
by a factor of 1.5-2.5 compared with lefr-hand entry. 

The fatal process is a cardiac dysrhythmia, usually a 
ventricular fibrillation ending in asystole. 

B Less often, the passage of a current across the chest 
and abdomen may lead to respiratory paralysis from 
spasm of the intercostal muscles and diaphragm. 

E3 Rarely, the current passes through the head and neck, 
usually in circumstances when the head of a worker 
on overhead power lines comes into contact with the 
conductor. [n such instances, there may be a direct 
effect on the brainstem so that cardiac or respiratory 
centres are paralysed. 

It is commonly said that tolerance can be gained to elec- 
tric shock and that professional electricians often work on 
live 240 V conductors with impunity. It seems more likely 
that expectation of a shock decreases sensitivity, but only 
for brief contacts, less than would be required for physio- 
logical or structural damage. 

ELECTRICAL CONSIDERATIONS 

Electrons are moved around a circuit by the 'potential dif- 
ference' between two points, which may be looked upon as 
the 'pressure' of the electricity, measured in volts (V). The 
number of electrons flowing constitutes the 'current', 
analagous to the volume of electricity and is measured in - 
amperes, though in the present discussion, milliamperes 
(mA) are more relevant to biological effects. The tissues 
also have 'resistance' to the electrical flow. There is a math- 
ematical relationship between potential difference, current 
and resistance - the well-known Ohm's law - in which 
the current varies directly with the voltage and inversely 
with the resistance. This law has considerable relevance 
to biological electrical damage. 

Alternating and direct current 

In spite of the folklore of electricians there is no doubt 
that direct current (d.c.) is less dangerous than alternating 
current (a.c.); a current of 50-80 rnAa.c. can be fatal in 
seconds, whereas 25OmAd.c. for the same time is often 
survived. Alternating current is four to six times as likely to 
cause death, partly because of the 'hold-on' effect described 
below, which is rhe result of tetanoid muscle spasm and 
prevents the victim from releasing the live conductor. 

Alternating current is also much more likely than direct - 
current to cause cardiac arrhythmias. The passage of a.c. at 
lOOrnA for only one-fifth of a second is likely to cause 
ventricular fibrillation and arrest. High amperage d.c. (above 
4A) may even cause an arrhythmic heart to revert to sinus 
rhythm, as in medical defibrillation. 
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The usual frequency of ax. is 50 cycles/second (cps), 
though some American and European systems run at 60 cps. 
Alternating current between 40 and 150cps is most dan- 
gerous in terms of ventricular fibrillation, and regrettably 
the usual mains supply lies in the centre of this range. Above 
150 cps, fibrillation is progressively less llkely as the frequency 
increases: at 1720cps the heart is 20 times less likely to 
fibrillate than at 150 cps. 

Current 
The degree of damage to the tissues is proportional to the 
actual quantity of electricity flowing through them. This 
quantity is expressed by the number of electrons per unit 
time and strictly speaking should be measured in 'coulombs', 
which is the product of amperes and seconds, chough 
amperes are usually accepted as an index of the current flow. 
According to Ohm's law, current depends on the applied 
voltage, the resistance of the tissue and, for tissue damage, 
the time for which the current is flowing. 

In forensic pathology, we are concerned with fatal elec- 
trocution and, as most deaths are the result of cardiac dys- 
rhythmias, the most important measure of current is that 
which leads to acute heart failure. Estimates vary among 
authors, but it is generally considered that the passage of 
50-80 rnA across the heart for more than a few seconds is 
likely to cause death. The most that can be tolerated vol- 
untarily by most people is 30mA applied to the hand, 
which results in painful muscle contractions. Conscious- 
ness is likely to be lost at about 40 rnA and, as stated, cur- 
rents sustained for some seconds at over 50-80 mA carry 
a substantial risk of death. 

Vol rage 
To produce a potentially fatal current across the chest, a cer- 
tain minimum voltage must be applied to the skin surface. 
As the latter has a relatively high resistance (see below), 
Ohm's law dictates that an appreciabIe voltage is required 
to produce the 50 mA or so needed for ventricular fibrilla- 
tion. Most fatalities occur with the domestic voltage of 
240, though the common alternative in parts of the USA 
and Europe of 1 10 V is still lethal in many instances. 

It is uncommon to encounter deaths at less than 100V, 
mainly because there are few sources of supply between 1 10 V 
and the 12 V or 24 V used in vehicle electrical systems. These 
are almost always innocuous, though Polson (1963) has 
reported a fatality at 24 V in a man pinned beneath an electri- 
cal vehicle for several hours. That case emphasizes the import- 
ance of the time element in electrical injury. Extremely 
high voltages, such as those encountered in power transmission 

systems and in electronic equipment, may paradoxically 
be safer on some occasions, as the shock may physically fling 
the subject off the conductor, thus reducing the contact time 
below the threshold for cardiac damage. 

Resistance 

The major barrier to an electrical current is the skin, which 
has a far higher resistance than internal tissues. That is why 
skin electric burns occur, as the resistivity causes energy trans- 
fer from the electron flow to the skin. Once inside the dermis, 
the semi-fluid cytoplasm, and especially the vascular system 
filled with electrolyte-rich fluid, passes the current through 
the body quite easily. The resistance of skin varies greatly 
according ro the thickness of the keratin-covered epidermis; 

on :he and f inm-r-n-c lc  uAbu yu-o is bhs.-A n-qr-r thLq the &in sL-;.n. 

elsewhere. The average resistance is between 500 and 10 000 
ohms for areas other than the horny hand and foot pads, 
which may offer 1 million ohms resistance when dry. 

A more potent factor is the dryness or dampness of the 
skin, which greatly affects its resistance. While dry palm 
skin may have a resistance of the order of 1 million ohms, 
when wetted this may fall to only 1200ohms. Jellinek 
(1932) found the horny skin of a workman to have a dry 
resistance of from 1 to 2 million ohms; Jaffe (1 928) stated 
that sweating could reduce skin resistance from 30 000 to 
2500 ohms. When the current begins to pass, there is a fur- 
ther marked drop in resistance, as a resulr of electrolytic 
changes in the skin, which may fall to only 380 ohms. Thus 
for a fued voltage, such as the mains supply of 240V, the 
resultant current will be far greater if the skin is wet from 
sweating or external moisture. This emphasizes the dangers 
of bathrooms and using electrical equipment in damp 
surroundings. Where alternating current is concerned (as in 
most forensic cases), resistance is replaced by 'impedance', 
but this is not relevant to the pathological aspects. 

EFFECTS UPON MUSCLE 

One effect of electricity that has practical implications is the 
spasm that occurs in skeletal muscle if the current reaches 
between 10 and 40 mA at 50 cps. When, as most often hap- 
pens, the entry point is in the hand, the stronger flexor muscles 
of the arm go into spasm and cause a 'hold-on' effect. 
This means that any object being held in the hand is invol- 
untarily clenched and, as it is likely to be the faulry electrical 
appliance or a wire, the object cannot be released and the 
current thus continues to flow. This adds to the time element 
and progressively worsens the risk of both cutaneous 
burns and the risk of cardiac or respiratory arrest. Tingling 
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may be felt in the skin with a current of only 1 mA and 'hold- 
on' can begin at a current as low as 9-1 0 m.4. 

MODE OF DEATH 

As already stated, most deaths from electricity are from car- 
diac arrhythmias, usually ventricular fibrillation ending in 
arrest. This is caused by the passage of current through the 
myocardium, especially in the superficial epicardial layers 
and possibly across the endocardium. The current has a pro- 
found effect directly upon the myocardial syncytium, the 
possible dislocation of the pacemaking nodes and conduct- 
ing systems being ill-understood. When death occurs from 
cardiac arrest, the body remains either pale or only slightly 
congested, the autopsy appearances being unhelpful apart 
from the presence of any external electrical marks. 

The second (and far less common) mode of death is respira- 
tory arrest, in which the passage of current through the 
thorax causes the intercostal muscles and diaphragm to go 
into spasm, or become paralysed. In either case, respiratory 
movements are inhibited and a congestive-hypoxic death 
occurs. The brainstem is affected rarely, when the current 
enters through the head. Either cardiac arrest or respiratory 
paralysis can then supervene. 

Many electrical deaths are not observed, the person being 
found dead later, so that the mode of death is unknown. 
Sometimes the witnessed mode of death is hard to explain on 
physiological grounds, in that there appears to be a delay 
(often some minutes in duration) between the shock and the 
death. In the interval, the victim may be conscious and even 
apparently recovering. It is difficult to know why a sudden 
cardiac arrest should take place after the current is switched 
o& but presumably some fundamental damage has been 
caused on an intracellular level to cardiac or neural tissue. 

Finally, when discussing the mode of death, it must always 
be remembered that non-electrical trauma is quite common. 
In a series reported by Bissig (1 960), some 15 per cent of cases 
had injury from falls and other associated trauma. In indus- 
trial accidents and when working on power lines, victims of 
shock may be thrown from a height, or suffer violent muscu- 
lar spasms that may lead to fractures and other serious injury. 

THE CUTANEOUS ELECTRIC 
MARK 

The point of contact on the body surface may leave skin 
lesions, which are either called 'electrical burns' or 'electrical 
marks', though the term 'Joule burn' is gaining in popularity. 
These are the sites of entry of the current, but another mark 
or marks may also appear where the body was earthed or 
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FIGURE 12.2 (a) Firm contact electric mark, and (6) spark bum 

across air gap. 

'grounded'. It must be emphasized here that fatal electrocu- 
tion may occur with no skin mark whatsoever, making the 
diagnosis entirely dependent upon the circumstances of the 
death. An extreme example is electrocution in the bath, when 
the large surface area for entry plus the low skin resistance 
caused by the water abolishes the possibility of a focal burn. 

An electrical mark may not be externally obvious, as the 
current can be applied to the genitals, anus or abdomen in sex- 
ual perversions or through the mouth, especially in children. 
Infants may place a live plug between their lips and sustain 
electrical burns on the tongue or buccal mucosa, which may 
not be readily apparent on external examination at autopsy. 

When a current passes, there may or may not be a visible 
lesion, depending upon: 

E3 the density of the current passage in terms of skin 
area and 

B the conductivity, usually varying with the moisture 
content. 

The skin lesion is a thermal burn from heating of the epi- 
dermis and dermis as the current passes. Theoretically, the 
heat generated can be determined from the formula 
GC = C2Rl4.187, where GC is the heat in gram calories per 
second, C is the current in amperes and R the resistance in 
ohms. If the electron flood passes through a relatively wide 
area, then the resistance per unit area is small (especially if the 
skin is damp) and thus the heating effect is proportionately 
diminished. For example, a person resting the palm of the 
hand on a flat metal plate which is electrified will pass a far 
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FIGURE 12.3 Firm contact electric marks on afingertip. Two 
blisters have been formed by the heat of locaiskin resistance; they 
have collapsed on cooling. 

smaller current per square centimetre of skin than another 
touching the plate with the tip of a finger. The first is likely to 
have no demonstrable lesions, while the second will have a 
blistered burn or a keratinized nodule, depending on the 
firmness of the contact. 

The temperature in the tissues directly under the con- 
tact point can easily reach 95°C. Tissue damage can occur 
within 25 seconds when the temperature reaches a mere 
50°C. The focal electric mark is largely a thermal burn and 
even some of the histological features to be described later, 
which were once thought to be peculiar to the electrical 
current, are now generally ascribed to thermal effects. There 
are some features, however, which are characteristic of an 
electrical cause. 

@I When the skin has been in firm contact with an 
electrical conductor, the passage of the current through 
the high skin resistance heats up the tissue fluids and 

FIGURE 12.4 Firm contact blister and adjacent spark burn jam 
240 Vmains suppiy. The victim was holding a f i u i q  eiectric driii. 

There were no other marks on the body 

produces steam. This may split the layers of the 
epidermis or the epidermal-dermal junction and 
produce a raised blister. This may rupture if the 
current continues or if the area is relatively large. 

When the current ceases, the blister cools and 
collapses, giving the familiar appearance seen at autopsy. 
The collapsed blister is often annular, producing a 
raised grey or white ring with an umbilicated centre. 
The mark sometimes reproduces the shape of the 
conductor, especially where this is a linear wire or a 
shaped metal object. Where the tip of a wire or rod is at 
right angles to the skin, a focal pit is created, sometimes 
penetrating quite deeply into the skin. 

El Where the contact is less firm, so that an air gap 
(albeit narrow) exists between skin and conductor, the 
current jumps the gap as a spark. In dry air 1000 V 
will jump several millimetres and 100 kV about 35 cm. 
This is at extremely high temperatures (about 4000°C), 
as in the sparking plug of a petrol engine, and causes 
the outer skin keratin to melt over a small area. O n  
cooling, the keratin fuses into a hard brownish nodule, 
usually raised above the surrounding surface, the 
so-called 'spark lesion'. 
In many electrical burns these two types are 
combined, as a result of movement of the hand or 
body against the conductor and sometimes because of 
irregularity of the shape of the conductor. Where the 
time has been prolonged, the voltage is high, or the 
conductor is large, the burn may be correspondingly 
severe with large areas of peeled blistered skin, charred 
keratin, and a mixture of hyperaemia, deep scorching 
and shed epidermis. 



The cutaneous electric mark  

FIGURE 12.5 Collapsed blisters and a spark burn from holding 

afaulp  power tool. 

FIGURE 12.6 Multiple electrical b u m  on a hand, with blisters 

showing the typical pale raised margins and areas ofpeeling 

epidPrmir. There is a blackeningj?om metallization as the current 

waspassingfor seueral hours; the victim was an electrician who 

fell into an air-conditioningpkznt. 

B A characteristic feature of the electric mark, which is 
the most useful indicator of the nature of the lesion, is 
the common occurrence of an areola of blanched skin 
at the periphery. Presumably because of arteriolar 
spasm from the direct effects of the current on vessel- 
wall musculature, the pallor survives death and is 
virtually pathognomonic of electrical damage. Often 
there is a hyperaemic border outside the blanching, 
though reddening may also be seen inside the pale 
zone, as the outermost rim of the heated burn area. 
Occasionally, an alternating spectrum of blister- 
reddening-pallor-reddening can be observed 
centrifugally from the centre of the lesion. When the 
burn is linear, such as that from a bare wire pressed 
against the skin, the 'areola' takes the form of a pale 
zone parallel to the central burn. 

When the marks are minimal, all that may be seen are 
tiny white discs representing minute flat blisters where 
the epidermis has split, but no reddening or areola has 
formed - or at least, has not persisted until the time of 
autopsy. These can be hard to find and, as they are 
likely to be present on the palmar surface of the hands 
(the usual site from grasping an electrical appliance), 
the strong flexion of rigor mortis may bring the fingers 
down to the palms, so obscuring any lesions. It is 
essential in all autopsies to examine the flexor surface 
of the fingers by forcible breaking of the rigor - and, 
where electrocution is a possibility, minute inspection 
of the hands must be carried out, even if the flexor 
tendons at the wrist have to be cut to release the rigor 
clenching of the fingers. 
In high-voltage burns, such as those sustained from 
high-tension grid transmission cables, where the 
voltage is in the multi-kilovolt range, sparking may 
occur over many centimetres. This can cause multiple 
spark lesions giving rise to a 'crocodile-skin' effect. 
Both linesmen and copper thieves working on high 
pylons may suffer non-electrical injuries from being 
thrown to the ground, or they may sustain gross 
charring bums or even limb fractures from both direct 
electrical energy and the muscle spasm caused by 
a massive bolt of electricity. 
Earthing or 'grounding' lesions are not often seen, 
but should be looked for on the contralateral hand 
and on the feet. The lesions may be similar, though 
less severe. In a case seen by the author (BK), in which 
a workman pushed a metal wheelbarrow over a live 
cable lying in a pool of water, the entry burns were on 
the hands, but on the soles of both feet the electrical 
burns matched the metal studs in his boots where the 
current earthed through damp socks and leather. 

In another case, a homicide in a bath, there were 
no entry burns but the current went to earth by 
contact of the breasts with the metal taps. 
When the current has flowed for an appreciable time, 
even at a domestic voltage of 240, the effects may be 
severe. Charring and more extensive peeling and 
blistering of skin may occur, with deep muscle 
damage and cooking of the tissues. This is partly 
because of the fact that the initial damage lowers 
skin resistance so that progressively more current - - 

flows and therefore more burning and necrosis 
follows. 

Much of this damage seen at autopsy may have occurred 
post-mortem, if death from cardiac arrest occurs early in 
the event and, where the victim is alone, there is no one to 
remove his body from the source of the current. It has been 
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FIGURE 12.7 Multiple burns f i m  high-voltage (multi-kilovolt) 

suppiy lines ufthe y i r m  The appiiiiiiit i j  j ~ i i i k i i i t i  ~ ~ l l e d  

'crocodile skin'and is cawed by arcing of the current over a 
considerabh distance. The victim was a boy who went bird-nesting 

amongst the switch gear of a power station. 

FIGURE 12.8 Reconstruction of afataf ehctrocution. Whik 
replacing a bulb a workman dropped dead, men though the light 
was not illuminated. The circuit had been improperly ,wired 
through'- that is, the switch had been placed in the neutral wire, 
instead of the live. Theporcehin hoHer was broken so that his l ink  

finger touched the brass base of the bulb, thuj completing the circuit 
across the chest to the other hand, which held an earthed base-plate. 
The only electrical mark was on the little finger. 

conclusively shown by Polson and others that post-mortem 
burns can be inflicted on a dead body, the appearances 
being similar in terms of blistering and burning, though 
the red flare of 'vital reaction' will be absent if death has 
occurred some time before. 

PATTERNED ELECTRIC MARKS 

As with many other injuries, a pattern of the shape of 
the causative object may sometimes be identified. When 
the electrical conductor is a wire, a linear burn may occur. 
The shape and spacing of electrical plugs or contacts may 
be seen, and faulty electrical equipment may impress its 
shape into the skin. These marks may be useful when the 
pathologist tries to reconstruct the events - and indeed, 
may indicate for the first time that the death was caused by 
electricity when the unwitnessed events are particularly 
obscure. 

As electric shock and burns are commonly seen in tor- 
ture victims in abuse of human rights, a pattern may be 
useful in determining what object was used and give evi- 
dence of deliberate repetition. The deliberate use of a male- 
pin plug connected to the mains supply, then pressed 
against the skin, may give a series of regularly spaced marks, 
consisting of hyperaemia, blistering, areola formation or 
even charring. 

METALLIC TMCES IN 
ELECTRICAL MARKS 

When a current passes from a metal conductor into the 
body, a form of electrolysis occurs so that metallic ions are 
embedded in the skin and even in the subcutaneous tissues. 
This occurs with both d.c. and a.c. because of the combin- 
ation of metallic ions with tissue anions to form metallic 
salts. These may be invisible to the eye, but detectable by 
chemical, histochemical and spectrographic techniques. 
They persist for some weeks during life and resist a moder- 
ate amount of post-mortem change. Where gross they may 
be observed directly on the skin, and where copper or brass 
conductors are involved a bright green imprint may be 
obvious. Where an electric arc forms, vaporized metal may 
be deposited on the skin, often extensive enough to be vis- 
ible to the naked eye. In high-voltage contacts, the skin of a 

wide area may be brown or greyish, partly from heat effects, 
but partly from metallization. 

Recently, using the scanning electron microscope, it has 
become possible to see tiny globules of molten metal on the 
skin at and near an electrical mark, deposited there by the 
almost inevitable 'mini-arcing' that accompanies any electrical 



Electrocution in the bathroom 

contact. Chemical tests for metallic deposits include that 
devised by Adjutantis and Skalos (1962), which is a simple 
touch-test using elution on strips of filter paper. Copper, 
iron, aluminium, zinc or nickel are dissolved in nitric or 
hydrochloric acid, and the solution tested with a variety of 
simple but specific reagents. 

INTERNAL APPEARANCES 

In fatal electrocution, gross findings in the internal organs 
may be absent and even histological changes are a matter of 
controversy. Because the internal tissues are largely aqueous 
and contain conductive electrolytes, the current pathway is 
usually too diffuse to cause thermal damage. The absence 
of visceral damage is made up for by physiological and 
functional abnormalities, mainly in muscle and nervous 
tissue. 

The usual mode of death is cardiac arrhythmia leading 
to ventricular fibrillation and arrest. In these deaths there is 
little to find at autopsy apart from the skin lesions. It is 
claimed that epicardial petechiae may occur, but these are 
too non-specific to be of any use. The body is either pale or 
only slightly congested, in contrast to the few deaths that 
occur from respiratory paralysis. 

In the latter group the intercostal muscles and diaphragm 
go into spasm or are paralysed, which leads to marked con- 
gestion and cyanosis of the face, with similar changes in the 
lungs. There may be some petechiae on the pleura, though 
this again is such a non-specific finding as to be unhelpful 
as a diagnostic sign. At autopsy, the usual signs of a congest- 
ive death are found, with dark blue-red post-mortem 
hypostasis. 

A number of other signs of electrocution have been claimed, 
but they are rarely confirmed by personal experience. These 
include intracerebral petechiae, which are probably part of 
the general congestive state in respiratory paralysis. 

HISTOLOGICAL APPEARANCES 

These are rather controversial, as some changes formerly 
claimed to be specific for electrical lesions have been shown 
to be thermal. 

The skin mark consists of vacuolation in the epidermis 
and sometimes dermis, caused by the gas spaces from the 
heated tissue fluids splitting the cells apart. The affected tis- 
sues become more eosinophilic. The cap of epidermis may 
be detached and raised into a blister, with a large space 
beneath. The cells of the epidermis are often elongated, with 
the nuclei of the lower layers orientated and horizontally 
stretched; this was once claimed to be an electromagnetic 

effect, but the same appearance can be seen in purely ther- 
mal burns and in hypothermic lesions. 

Changes in the brain have been described, even when 
the cause of death was cardiac. Focal petechial haernor- 
rhages, spaces around small blood vessels and tears in white 
matter have been described. Electron microscopy reveals a 
variety of changes, especially in the nuclei of 'skin cells, 
which are deformed with clumped chromatin. Janssen 
(1984) has compiled a review of electrical histological 
lesions in his book on forensic histology, but it seems evi- 
dent that there is little that is absolutely pathognomonic of 
electrical as opposed to purely thermal burns. 

Histochemical reactions for metallization can also be 
carried out, though, again, metals can be transferred into 
the skin by purely thermal means if hot metallic objects are 
pressed against the skin. 

Scanning electron microscopy appears to be the best way 
of distinguishing between electrical and thermal damage, as 
the punctate nature of the deposition and the possibility of 
chemical analysis by electron microprobes offer a sophisti- 
cated means of identifying the metallic deposit. Internal 
organs reveal no true diagnostic lesions of electricity. 
The wavy appearance of the myocardial fibres and their 
fragmentation may be suggestive, but by no means diag- 
nostic. Contraction bands within the fibres, especially of a 
'bark-like' appearance, have been described but, again, are 
non-specific, though they are often seen in the subepicar- - 

dial myocardium after resuscitation that includes electrical 
defibrillation. However, they are identical to catecholamine 
effects on the myocardium and so may not be electrical 
in origin. 

ELECTROCUTION IN THE 
BATHROOM 

The bathroom is a common site for electrical tragedies. 
Accidents, suicides and even homicides occur there because 
of its vulnerability to electrical shock. The bathroom is elec- 
trically the most dangerous place in a house as there is a 
moist atmosphere, ample water, good earthing through 
metal taps and pipes, and a wet, unclothed body - all of 
which are conducive to low electrical resistance and hence 
high tissue currents. Accidents are common, usually as a 
result of the careless use of electrical appliances, such as 
hairdryers and room heaters. Most European countries have 
strict regulations about electrical installations in bathrooms 
because of the danger. In Britain, no wall switch is permitted 
for the light, a ceiling switch operated by an insulating cord 
being mandatory. No power sockets are allowed except for a 
shaver sock& which incorporates a step-down transformer 
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FIGURE 12.9 Homicidal electrocution in the bath. An electric 
heater was dropped into the water with the wire to the earth 

terminal deliberately disconnected. The 240 Vsupply entered the 
body dzfisely through the water and completed the circuit by 
earthing through contact with the breasts against the metal taps, 
leaving electrical marks on the skin. 

with a low maximum current output. In spite of this, people 
unwisely use extension leads or plug into light sockets to 
operate a variety of appliances. 

SUICIDE ELECTRICITY 

There has been a remarkable increase in the number of sui- 
cidal electrocutions in recent years, especially in the bath. 
Bonte et al. (1986) have described an increasing number of 
cases in the former West Germany, drawing attention to 
the unusual demarcation of post-mortem hypostasis in 
such deaths, where the water level during electrocution 
appears to limit the subsequent appearance of the hyposta- 
sis. Various circuit arrangements are made by suicides in 
baths: these range from the ~ul l ing  of an electrical appli- 
ance into the water to complex connections to metal soap 
dishes and wiring up contacts on the body. There may even 

- - 

be arrangements to break the circuit when the bathroom 
door is opened to safeguard those who find the body. The 

FIGURE 12.10 Suicide by electricity. Both wrists were wired in this ' 

JWhn io u 2 4  V ~ p p l y  johei, the iiiruit &iig i~iii+idj?~iii 
arm to arm across the chest. 

circumstances are rarely in doubt except that some less 
sophisticated cases may be difficult to differentiate from 
the many other accidents that occur in bathrooms. Rarely, 
other more bizarre deaths associated with electricity occur, 
as seen in Figure 12.1 1. 

HOMICIDE BY ELECTRICITY 

Homicide is occasionally committed by electricity, the 
author (BK) having dealt with two such incidents and his 
co-author (PS) with one. The first took place in the bath 
and provided good illustrations of the electrical aspects of 
fatal shock. A young woman was found dead in her bath, 
slumped forwards in a kneeling position with one breast 
resting against a chrome tap. The left arm was trailing over 
the edge of the bath, in which was the usual level of water 
plus an electric fan-heater immersed near the feet. The 
heater was connected by a long cable to a 240V 13A 
socket in an adjacent bedroom. Significantly, the third 
'earth' wire had been deliberately disconnected from the 
earth pin inside the plug. Subsequent forensic tests showed 
that the enamel lining of the metal bath was an excellent 
insulator so that earthing of the current through the bath 
water could only occur via the chrome waste pipe. The cir- 
cuit was completed, however, with fatal results, by the 
woman falling (or being pushed) against the tap, so thar she 
sustained an electrical burn on the breast. She also had 
another typical burn on the inside of her left arm near the 
axilla, where the insulating enamel of the bath ceased at the 
turned-over edge. Forensic tesrs showed thar there was a 
progressive gradient of voltage down the bath from over 
200V near the heater to virtually zero near the earthed 
waste pipe. The current had preferentially taken a course 



Homicide by electricity 

FIGURE 12.1 1 (a) The deceased man had electrical marks on his fingers and lips, which were stainedgreenjivm metallization from the 
brass fittings of the table lamp. (6) In addition, he had a metal comb resting over a large elecmic bum on his abdomen, also wired up to the 
hmp socket. No circumstantial evidence of suicidal intent could be discovered and some masochistic exercise was suspected. 

through the victim's body from feet to exit through breast 
and arm, rather than through the higher resistance of the 
fresh water. 

It was also shown that, when the earth safety wire was 
reconnected, the voltage at the top of the bath fell to negli- 
gible levels, even though the fuse did not blow. The woman's 
husband, after several denials, eventually confessed to drop- 
ping the heater into the bath - and also to borrowing a book 
from the public library the previous day entitled The do-it- 
yourzeIfhome electrician! 

The other homicide, which could not be proved for lack 
of evidence or a confession, concerned the wrapping of 
bare electric wires around a woman's neck. The wire was 
thick 30A cooker cable with 40 cm of insulation stripped 
except for the extreme tips. The woman's husband, a pro- 
fessional electrician, provided the unlikely explanation that 
he was using this to test his electric shaver! 

The third homicide went first undetected as the perpetra- 
tor, the husband of the victim, had staged it as an accident. 

The wife was supposed to have been ironing in the kitchen 
early one morning and been electrocuted by a faulty cord of 
the iron, the water-pipe of the sink providing the contact to 
the earth. In addition to the SOCs, an electrician, but not the 
pathologist, was called to the scene to investigate the faulty 
device, but nothing suspicious was detected. Ironically, in 
spite of the clumsy way in breaking the insulation of the cord 
and leaving only a couple of millimetres of the naked wire 
visible, a picture of the faulty cord and iron landed in a text- 
book for electricians, pointing out the dangers of faulty 
household appliances. At autopsy the only finding was an 
electrical burn on the chest. Eight years later, when the hus- 
band was in detention in the course of an investigation due 
to a stolen money transport, he wrote a very detailed confes- 
sion of the murder of his wife. He had attached two copper 
electrodes to an extension cord and, while the wife was 
asleep, pressed them to her chest. In court, in spite of the 
withdrawal of his confession, he was sentenced to a long 
imprisonment. Several details, which came out in the course 
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FIGURE 12.12 Electrical burn around the neckfiorn a mains 

wire being held against the skin. The typical pale areola andpeeled 

skin blistering can be seen. There was suspicion of homicide, but 

it could not be proved. 

of the criminal investigation, implied, although it was never 
proven, that the man had first attempted to kill his wife by 
feeding her diazepam tablets without her knowledge, and 
when this had failed, electrocuted her. It is hindsight and 
fruitless to contemplate what might have happened if the 
pathologist had been to the scene. The lesson of the case is, 
however, that if electrocution is suspected, it certainly is 
worthwhile to take a look at the scene of death. 

In tropical and subtropical countries deaths from light- 
ning are not uncommon and, even in higher latitudes, 
occasional tragedies occur where numbers of people are 
killed or injured in single episodes. An example was at the 
Ascot race meeting in 1955. The physics of a lightning 
strike are complex and not fully understood. Gigantic volt- 
ages and amperages are involved when a highly charged 
thundercloud discharges via a huge arc to the ground. 

Lightning deaths cannot be other than accidental and 
provide no real problems for the forensic pathologist. 
Occasionally the nature of the death may be uncertain if a 
dead body is discovered in the open with no marks upon it, 
but usually there will be reports of a lightning strike nearby 
and artefacts, such as torn and scorched clothing and mag- 
netized metallic objects in the pockets, may assist in 
explaining the event. 

It is well known that injury from lightning is capricious 
and unpredictable. Two people can stand side by side dur- 
ing a flash and one may be mutilated and killed while the 
other is unharmed. The physical damage in fatal cases can 
vary from virtually nil to gross burning, fractures and tissue 

FIGURE 12.13 Thefern-like, arb~res~uepanern seen over the 

shoulders and chest in a victim of lightning stroke. Although this is 

always mentioned in descriptions of lightning deaths, it is seen only 

in a small minority of cases. 

destruction. Cutaneous marks may be present, the well- 
known 'fern-like' or 'arboresque' pattern, also referred to as 
'Lichtenberg' figures (because of their similarity to the 

- .  

pattern described by a German physicist, Georg Christoph 
Lichtenberg, in 1777) being much less common than the 
standard texts suggest. Irregular red marks, often linear 
first-degree burns, may follow skin creases, especially if 
damp from sweating. These marks may be many inches 
long and generally follow the long axis of the body towards 
the ground. Fr'ank blisrered or charred burns are also 
present in some cases. 

An excellent picture of the Lichtenberg figures was taken 
by Domart and Garet, published in the New England 

Journal of Medicine in 2000, showing a 54-year-old man 
struck by lightning. With the exception of numbness and 
paraesthesia of the left shoulder, flank and leg, he felt well 
on the arrival at the emergency department. The serum 
creatine kinase and myoglobin concentrations were slightly 
elevated. After a 24-hour observation period, the patient 
was sent home and two days later, on a follow-up visit, the 
fern-leaf pattern of marks had disappeared. 

The clothing may be torn off and this can sometimes 
raise the suspicion of foul play if the lightning aspect is 
obscure. The clothing is typically ripped open as if by an 
internal explosion, and belts and boots may be similarly 
ruptured. Metal objects in the pockets may be fused or 
magnetized, as may be metal buttons and tooth fillings. 
Burns on the skin may be adjacent to metal objects in or on 
the clothing. 
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There is ofien a smell of singeing or burning about the 
body and its clothing. The hair may be scorched and there 
is ofien a head injury, caused either by the lightning strike 
itself or by falling to the ground. 
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Compli ations of injury 

Haemorrhage 339 @ Disseminated intravascular coagulation 

Infection 340 # Air embol~sm 

Pulmonary embolism 340 Subendocardlal haemorrhage 

Fat and bone marrow embollsm 343 Sudden death from suprarenal haemorrhage 

8 Adult respiratory distress syndrome 345 References and further readlng 

@ Renal fallure following trauma 345 

Serious bodily injury, from whatever cause, may either lead 
to virtually instantaneous death from destruction of vital 
organs and structures, or may cause delayed death from 
complications of the original injury. This delay may be short, 
as in torrential haemorrhage or acute respiratory failure, or 
it may be progressively longer, stretching into hours, days, 
weeks or even years. For example, the author (BK) dealt with 
a death in which a glider crash 15 years previously had to be 
implicated as the sole reason for the death, as the victim 

and free bleeding into body cavities, notably the peri- 
cardium, peritoneum, pleura and cranium. 

The volume varies greatly, from the tiny petechiae of 
ruptured venules to the massive amounts seen in a rup- 
tured aorta. As a primary cause of death it is not only the 
total volume that is lethal, but rhe rapidity and the site of 
the bleeding. When the leakage is slow the body can com- 
pensate for the loss of a far greater volume, both by adjust- 
ment of the vascular bed and by restoration of the blood 

suffered a fractured spine, a paraplegia, paralysed bladder volume by transfer from other aqueous compartments. 
and recurring ascending urinary infection leading to death As to site, it is obvious that a small quantity of bleeding 
in renal failure from bilateral pyelonephritis. into the brainstem is likely to be lethal, whereas the same 

Many even more delayed deaths can be found in the volume exuded into the pleural caviry would be of little 
records of most experienced forensic pathologists. As long as consequence. Bleeding usually begins at the time of injury, 
a direct chain of events can be traced from the injury to the though there is often a momentary delay at the instant of 
death, then the former must be considered to be the basic infliction. When a sharp blade cuts the skin, it is a matter 
cause, a fact which may have profound legal implications of common observation that the blood may hesitate for a 
both for civil compensation and criminal responsibiliry. Some second or so before welling out. This is caused by transient 
of the most difficult problems in forensic pathology - and spasm of local vessels from the stimulus of the injuring 
some of the most arduous testimony and cross-examination object. Bleeding then continues until normal haemostasis 
in court - concern deaths from which post-traumatic com- plugs the vessels. . - 

plications are disputed as being causative factors. In some injuries involving arteries, the musculoelastic 
vessel may retract and its wall invaginate, so that an almost 

HAEMORRHAGE immediate seal prevents copious haemorrhage. Occasionally 
even gross injuries, such as the amputation of a limb by a 
railway wheel, may be almost devoid of significant bleeding 

Bleeding may occur externally through lacerations and because the crushing effect may combine with arterial wall 

incised wounds or via natural passages, such as the bronchi retraction to seal the cut vessel effectively. It can sometimes 

and trachea, oronasal passages, ears, vagina, urethra or be more dangerous partly to transect an artery than to 
rectum. Internal bleeding comprises contusions, which are divide it completely, as retraction cannot then take 'place. 
leakages of blood into tissue spaces from rupture of vessels Failure of haemostasis is a haematological matter, but may 
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have medico-legal connotations if an injury (which includes 
a surgical procedure) is performed on someone who has a 
haemorrhagic diathesis either from natural disease, or from 
therapeutic anticoagulant treatment, such as heparin or 
warfarin. 

Delayed bleeding may be seen in a number of conditions. 
In trauma, especially tr&c accidents, organs, such as the 
liver, spleen or (sometimes) lung, may be injured within their 
capsules or covering membranes, which initially remain 
intact. A good example is a subcapsular haematoma of the 
liver, which may be large and grow even larger as continued 
bleeding strips more capsule from the parenchymal surface. 
Eventually, the blister may rupture and the now unrestrained 
bleeding area can pour into the peritoneal cavity. Trauma can 
also weaken the wall of an artery or vein, leading to a false 
aneurysm, which can later rupture. An arteriovenous fistula 
can also form and later burst. 

Infections can also develop in trauma sites and involve 
vessels in the vicinity, so that an abscess or cellulitis can sec- 
ondarily lead to severe haemorrhage when the vessel wall is 
eroded. This is rare except among poorly treated accident 
or battle casualties, as are mycotic aneurysms that result 
from infected emboli impacting in a branch of an artery 
and causing local septic necrosis. 

It is sometimes difficult to know how much of a haem- 
orrhage found at autopsy may be accounted for by post- 
mortem bleeding. There is little doubt that the volume may 
increase after death, but, except in serous cavities, such as 
the pleura and peritoneum, or externally from the body 
surface, in most cases this is a small proportion of that 
which leaked under arterial pressure during life, due to the 
tissue pressures opposing passive bleeding. 

However, a haemothorax from a ruprured aorta may 
amount to several litres and much of this may be in the 

FIGURE 13.1 Massive intra-abdominal bleedingfiom a subcapsular 
haematoma of the liver due to blunt abdominal trauma. 

form of a large shaped clot. A clot can form post-mortem, so 
its presence cannot be taken as an index of in vivo forma- 
tion, but the source of the bleeding will usually be obvious 
and any post-mortem addition will not affect the interpret- 
ation. Copious external bleeding can continue after death, 
especially from the scalp, particularly if the head is depend- 
ent after death. 

INFECTION 

Infection used to be so common after open wounds that it 
was the norm rather than the exception. Prior to the intro- 
duction of sulphonamides and antibiotics, many criminally 
inflicted wounds, which in themselves were not a danger to 
life, became fatally infected so that an assault became a 
homicide. This illustrates the fallacy of comparing murder 
rates in the last century with today, as the survival rate 
because of rapidly available ambulance and resuscitation 
services, blood transfusion, emergency operations and anti- 
biotics is vastly greater now than in former times, when even 
a trivial injury was often fatal. 

The types of post-traumatic infection are legion and vary 
greatly from country to country. Purulent wound infecrion 
from Gram-positive cocci, Gram-negative bacilli, anaerobes, 
such as Closhidium p@ngens, and other more common 
organisms, is the most frequent, but in some countries 
tetanus and anthrax are common dangers. The whole matter 
is one of clinical microbiology, and the main forensic rele- 
vance is to prove a chain of causation between the original 
injury and a death from intercurrent infection. There may be 
medico-legal issues involved, such as failure to give or delay 
in giving anribiotic cover, which can have both civil and 
criminal legal consequences. A criminal assault that ends in 
death because of a neglected infecrion does not exonerate the 
perpetrator from all responsibility, even though there has 
been a novus actus interveniens in the form of defective med- 
ical treatment. 

PULMONARY EMBOLISM 

This is a most important topic in forensic pathology, as the 
medico-legal implications of a fatal pulmonary embolus are 
common and profound. Pulmonary embolism is the most 
underdiagnosed cause of death where no autopsy is per- 
formed; it has been estimated that, in the USA - and prob- 
ably elsewhere - less than half of fatal pulmonary emboli 
are recognized clinically. 

As with infection, an originally non-lethal injury may end 
in death because of venous thrombosis and pulmonary 
embolism, making what might be a simple accident or a 



Pulmonary embolism 

common assault into a grave legal issue. The victims of many 
forms of trauma are at risk from pulmonary embolism 
because: 

Tissue trauma increases the coagulability of the blood 
for several weeks, the peak being between one and 
two weeks. 
Injury to the tissues, especially the legs or pelvic region, 
may cause local venous thrombosis in the contused 
muscles or around fractured bones. 
The injury may confine the victim to bed, either because 
of general shock and debility (especially in old people) 
or because the trauma itself necessitates recumbency, as 
in head injuries, severe generalized trauma or injury 
affecting the legs. In either case, recumbency leads to 
pressure on the calves and immobility causes reduced 
venous return and stasis because of lessened muscular 
massage of the Leg veins. The common result is 
thrombosis of the deep veins of the legs, which can 
extend proximally into the popliteal and femoral vessels, 
forming a dangerous source of venous thromboemboli. 
Small emboli may break off and impact in more 
peripheral branches of the pulmonary arteries, 
sometimes causing pulmonary infarcts that may be 
precursors of a massive embolus that impacts in the 
major lung vessels and causes rapid death. 

At autopsy, such large emboli are readily visible and can 
usually be easily distinguished from post-mortem clot. The 
latter is dark red, soft and jelly-like, with a shiny, glistening 
surface. It is often separated into 'chicken-fat' plasma clot 
and dark red-cell clot by sedimentation after death. When 
pulled out of the vessels it forms a cast of the branches, albeit 
shrunken by clot retraction. It is less evident in peripheral 
branches and, when the lung is sliced post-mortem, clot 
does not pour out of cut small vessels. 

Conversely, ante-mortem embolus (especially if a num- 
ber of days old) is firm, though brittle and has a dull, matt, 
striated surface from fibrin lamination. Older thrombus 
tends to be greyish-red and varies in colour from place 
to place. Although it may appear to be a cast of the large 
vessel in which it is impacted, -it may often be unravelled 
to form a long length that obviously originated in a leg vein. 
Side branches, or the stumps thereof, may be seen that do 
not correspond to the branches of the pulmonary artery in 
which they lie. 

Post-mortem clot may be adherent to the ante-mortem 
embolus and sometimes forms a sheath around it, so that 
the true nature is obscured unless a careful examination is 
made. On cutting the lung with a knife, ante-mortem emboli 
may be seen in the more peripheral vessels, often standing 
up slightly 'proud' above the surface, like toothpaste coming 
from a tube. 

The importance of the differentiation between ante- 
mortem emboli and post-mortem clot is emphasized, as 
the legal issues hanging upon the unequivocal diagnosis 
may be very important. Histological confirmation of an 
ante-mortem origin must be made if there is any doubt. 
Pulmonary infarction does not occur from fatal massive 
pulmonary embolism, as death is too rapid. There may be 
infarcts present in the lungs but these must be caused by 
previous smaller emboli, at least a day earlier and probably 
much longer. 

Medico-legal aspects of pulmonary 
embolism 

Pulmonary embolism is the most underdiagnosed condition 
in British death certification, frequently being unsuspected 
as the cause of death by clinicians. Several investigations into 
the medico-legal aspects have been made (Knight 1966; 
Knight and Zaini 1980; Zaini 198 1) and the peak incidence 
at about 2 weeks after trauma confirmed. In Knight's survey, 
more than three-quarters of the victims had predisposing 
factors such as injury, surgical operation or immobility in 
bed, but the remaining 20 per cent were ambulant and appar- 
ently healthy. This has important medico-legal implications 
because, if fatal pulmonary embolism can strike an apprecia- 
ble proportion of the population who have not suffered one 
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of the recognized predisposing factors, then the cause-effect 
relationship after trauma is weakened. If the standard of 
proof in criminal trials must be 'beyond reasonable doubt', 
then the fact that up to 20 per cent of pulmonary embolism 
deaths have not followed trauma or immobility must surely 
remove the cause-effect relationship from near-certainty to 
mere probability, which is sufficient for a civil decision, but 
not for a criminal conviction. This is a legal matter for the 
judge, however, who may or may not let the marter go to the 
jury - and if ir does, for the jury to decide. There is marked 
variation in these decisions from case to case. 

After the lung appearances have been examined and 
pulmonary embolism confirmed, the source of the embolus 
must be sought. In almost all cases this will be found in the 
vessels draining into the femoral veins, though rarely pelvic 
vessels are involved (usually in relation to pregnancy or 
abortion). Here pelvic veins may be thrombosed, with 
extensions into the iliac system and exceptionally into the 
inferior vena cava. An even more rare source is from jugu- 
lar thrombosis, sometimes seen as extensions of intracranial 
venous sinus thrombosis. Axillary and subclavian vein throm- 
bosis is equally unusual, the legs accounting for the vast 
majority of emboli. 

In the usual leg vein thrombosis, various autopsy tech- 
niques are available to seek the site of obstruction. Extensive 
dissection is favoured by some, in which the femoral vein is 
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exposed through a skin incision, this being continued dis- 
tally as far as necessary to find the residual thrombosis. Of 
course, after a massive pulmonary embolus, by definition a 
large part of the source thrombus has been detached and 
therefore the pathologist has to search further distally to 
find the remnants. This makes dissection an extensive and 
disfiguring process, so alternative techniques can be used. 

Zaini found that many thrombi begin far distally, even in 
the dorsum of the foot. He used a flexible wire with a blunt 
terminal knob (a Bowden cable from a bicycle brake) 
inserted down the femoral vein until it was arrested, then cut 
down from the skin at that point to examine the peripheral 
veins. Alternatively, transverse or longitudinal incisions can 
be made into the calf of the leg to examine the deep veins. 
The soleus and gastrocnemius muscles are transected to view 
their c ~ n t ~ i ~ l c d  veins, Dnt cften t!~c L ~ . ~ O I T ? ~ L I S  is CO~LEC! in the 
interosseous veins between tibia and fibula. If ageing of the 
thrombus is attempted histologically, then it should not be 
expressed from the vein, but the vein should be taken out 
with adjacent muscle, as it is the junction between thrombus 
and vein wall that offers the most information about the 
maturity of the thrombus. 

Dating of pulmonary emboli and 
deep vein thrombi 
As discussed above, it can be a matter of considerable 
medico-legal importance to know if a pulmonary embolus 
arose prior to, or subsequent to, some traumatic event. A 
major difficulty is that the embolus may be the most recent 
addition to an extending venous thrombosis that is consid- 
erably older. 

It is also difficult to use histological criteria to date the 
free embolus from the lungs, as it is the thromboendothelial 
junction that provides the most information. The best 
method, therefore, is to examine the residual thrombus, 
almost always in the leg veins, to see if the oldest part could 
have formed as far back in time as the suspected traumatic 
event. For this, the vein wall with the contained thrombus is 
required. A segment of thrombosed vein, if necessary with 
adjacent muscle, should be dissected out of the leg. The 
presence of thrombus will have been confirmed prior to 
removal by transverse cuts across the calf or thigh muscles 
containing the veins. Sometimes the original site of throm- 
bosis may be as far distal as the dorsum of the foot. 

The thrombus-containing vein is processed in the usual 
way and subjected to various histological stains. Though 
accuracy about dating is impossible, the following is a use- 
ful scheme to provide at least an approximate idea of the 
duration of thrombosis in the section of vein under study - 
remembering always that other segments or other veins 
may have thrombi of different dates. 

Platelet and red-cell appearances give no useful 
information. Red cells begin to haemolyse between 
24 and 48 hours to form amorphous masses, but many 
intact red cells survive for weeks. 
Using phosphotungstic acid-haernatoxylin stain 
(PTAH), fibrin can be seen as purplish strands on the 
first day, but they aggregate into small masses with a 
meshwork of thicker strands and sheets by 4 days. After 
2 weeks, the fibrin becomes more deeply purple 
stained, but begins to be absorbed by about the twenty- 
fifth day. Using Martius Scarlet Blue stain (MSB), the 
early pink fibrin strands become fringed by scarlet in 
about a week. 
Endothelial proliferation is most useful in the first 
week, as buds begin to arise from the vessel wall about 
the second day and proliferate during the first week. 
Clefts lined by endothelium are seen around the 
periphery of the thrombus against the vein wall. 
Artefactual contraction caused by f~vation shrinkage 
must be excluded by seeking endothelial nuclei. These 
endothelial buds anchor the thrombus to the vein wall, 
and represent the first stage of healing and 
recanalization. They are usually noticeable by about the 
fourth day when they begin growing into the fibrin 
mass and breaking it up into compartments. 
Collagen fibres do not appear for about 5-10 days, 
often much later. Fibroblasts may be seen as early as 
2 or 3 days, but tend to appear towards the end of the 
first week and reach a maximum at 2 or 3 weeks, 
reaching a maximum at about 4 weeks. Elastic fibres 
appear late, not before 28 days and often much later. 
They reach their maximum density in about 2 months, 
mainly in the walls of recanalizing vessels. 
Haemosiderin, blue granules demonstrated by Perl's 
reaction, may be seen by the end of the first week and 
reach a maximum in 3 weeks. It does not seem to be 
present as early in thrombi as in extravascular 
haemorrhages, such as bruising or meningeal bleeding, 
where it can be seen in 2 or 3 days. 
Capillaries begin to appear on the second day as 
endothelial buds, but do not contain red cells until 
about 2 weeks. Over the next 3 months, substantial 
canalization occurs by widening and merging of these 
channels. The full lumen may be restored within 6-12 
months, but endothelial thickening and haemosiderin 
deposits in the vein wall may form permanent evidence 
of a former thrombus. 
Leucocytes, both polymorph and mononuclear, are 
inconsistent markers; sometimes they do not appear at 
all. Polymorphs may be seen within the first day - 
sometimes in profusion - but they vanish rapidly, often 
by the next day when mononuclears take their place. 



E2 Covering of the thrombus surface by endothelium is 
rapid and may begin on the first day and be complete 
within a few days. Various authors have given 24-72 
hours as the time required. Naturally, the size of the 
thrombus surface is a variable factor. Also, only sections 
taken where the thrombus does not fully fill the vein 
lumen will provide an opportunity for observing the 
endothelial covering. 

FAT AND BONE MARROW 
EMBOLISM 

Another important sequel to trauma - fat embolism - is 
the subject of considerable controversy about the source of 
the lipoid; this does not, however, detract from the autopsy 
significance of its detection. 

A great deal has been written about the pathophysiology 
of fat embolism and it is now evident that it is not just a 
simple extrusion of marrow or adipose tissue material by 
mechanical trauma. The work of Sevitt (1962), Bergentz 
(1961), Edland (1971), Ellis and Watson (1968), Buchanan 
and Mason (1982), and many others must be studied for 
detailed accounts of the suggested pathogenesis. 

Wherever the fat comes from, embolism is most often 
seen after injury to bone or fatty tissue. In simplistic terms, 
where skeletal structures containing fatty marrow are dam- 
aged or where subcutaneous fat is compressed or lacerated, 
fat globules commonly appear in the pulmonary capillaries - 
and where they are numerous they somehow leak through 
the lungs into the systemic circulation where they can cause 
severe disability or death from impaction in vital organs, 
such as brain, kidney or myocardium. Not only fat, but cel- 
lular haematopoietic tissue from bone marrow, can be liber- 
ated into the venous system and reach the lungs. 

The clinical manifestations of fat embolism depend on 
the volume of fat reaching the lungs. If substantial, ventila- 
tory problems can ensue because ofvascular obstruction and 
pulmonary oedema. The most dramatic symptoms occur, 
however, with systemic fat embolism when globules reach 
the brain and cause a range of neurological abnormalities, 
usually coma and death from brainstem involvement. 

There is usually a delay between trauma and cerebral fat 
embolism while fat builds up in the lungs, so that a 'lucid 
interval' occurs, which may be confused clinically with the 
development of an extradural or subdural haemorrhage. 
Sevitt stated that of patients with multiple bone fractures, 
no fewer than 45 per cent had pulmonary fat emboli and 
14 per cent had cerebral embolism. 

Fat embolism is also associated with burns, barotrauma, 
soft tissue injury, osteomyelitis, diabetes, surgical operations 

Fat and bone marrow embolism 
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on fatty tissues (especially mastectomy), septicaemia, steroid 
therapy, acute pancreatitis and the fatty liver of alcoholism, 
though fractures remain the most potent cause of the condi- 
tion. In burns, there is some doubt whether pulmonary fat 
embolism is a true ante-mortem process, or whether fat can 
be melted out of tissues and organs in the perimortal period. 
Mason's (1968) experience in rapid air-crash fires was that 
fat embolism was not present, but Sevitt's hospital series 
revealed embolism in 47 per cent of deaths from burns. 

Pulmonary fat embolism 

After trauma, fat commonly appears in the lungs and can be 
demonstrated there histologically in the majoriry of cases of 
fractures and injury to fatty parts of the body such as the 
buttocks. Indeed, Lehman and Moore (1927) showed that 
half of a series of non-trauma deaths had histological evi- 
dence of fat in the lungs. Mason found fat in the lungs of 
20 per cent of his series of non-trauma deaths, but emphasized 
that quantitatively the amount was small in contrast to that 
found in cases of fatal trauma. He used a simple scale for 
assessing the histological severity of embolism as seen in 
Oil Red-0 frozen sections of lung: 

I Grade 0: no emboli seen 
Grade 1: emboli found after some searching 

@ Grade 2: emboli easily seen 
@ Grade 3: emboli present in large numbers 
E4 Grade 4: emboli present in potentially fatal numbers. 

In systemic fat embolism, no such gading is possible; 
they are either absent or scanty, or they are abundant. 

In most instances, pulmonary fat embolism is merely a 
phenomenon and not a clinical syndrome and the difference 
between the two seems closely related to the amount of 
fat impacted in the lung vessels. When clinically manifest it 
appears as acute respiratory insufficiency, the incidence being 
up to 2 per cent in long bone fractures and as much as 10 per 
cent in multiple fractures, especially with pelvic injuries. In 
small to moderate amounts, fat in the lungs gives rise to no 
disability, but large amounts, easily seen by a cursory glance 
at any field of a fat-stained histological section, give rise to 
acute respiratory distress. Marked pulmonary oedema is the 
pathological marker for this syndrome, but caution must 
be employed, as cerebral fat embolism can also cause pul- 
monary oedema by its effect upon the brain. 

Systemic fat embolism 

Here the fat penetrates the lung capillaries and appears in the 
major circulation, so that it can be carried to any organ or 
strucrure, including the skin, where it can cause petechial-like 
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lesions. Systemic fat embolism is the fatal manifestation, 
except where pulmonary loading is so great that it causes 
respiratory distress. The brain, kidneys and myocardium are 
the most vulnerable target organs, the brainstem being the 
one that is most likely to lead to death from impaction of 
fat globules in its capillaries. 

Autopsy findings in fat embolism 

When fat is released through the lungs into the systemic 
circulation, a number of target organs and tissues exhibit 
abnormalities demonstrable at autopsy, either by gross or 
histological examination. 

Petechial haemorrhages are the typical lesion, caused by the 
impaction of fat droplets in small venules. These may be seen 
in the skin of any pact of the body, but especially over the 
front of the chest and on the face and eyelids. Internally they 
can be widespread but are classically seen in the white matter 
of the brain, both cerebral and cerebellar hemispheres, as well 
as the brainstem. Microscopically, when frozen sections are 
stained by Oil Red-0 or other fat stain, the cerebral petechiae 
will show a central fat globule or globules, and others will be 
visible without haemorrhage. 

In the myocardium, fat may be seen in the interfibre 
capillaries and in the kidney glomeruli may be stuffed with 
stained fat. There can be fat in the retina and in the optic 
nerve, which, in survivors, can cause visual impairment. 

Fat embolism is markedly underdiagnosed, both clin- 
ically and at autopsy. The more often and the more thor- 
oughly it is sought, the more often it is found. Mild to 
moderate degrees of pulmonary fat embolism, without 
systemic overspill, however, must not be given as a cause of 
death unless there are corroborative clinical features. 

FIGURE 13.3 Pulmonary bone marrow embolism (van Gieson 
. . 
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Bone marrow embolism 
Bone marrow embolism is almost wholly a pulmonary phe- 
nomenon, as only in quite exceptional circumstances can 
cellular material penetrate the lung capillaries. It is quite 
common in association with fractures of long bones or in 
multiple bone injuries, though again the frequency with 
which it is seen is directly related to both awareness and the 
thoroughness of the search. Where marrow is found, the 
degree of fat embolism is usually substantial. The common 
concurrence of fat and cellular embolism is strong evidence 
of a marrow source for embolic fat, as pointed out by 
Mason, who found marrow cells in 81 per cent of his cases 
that had a grade 2 or more lung loading with fat, on a scale 
of 0-4. According to both Sevitt and Mason, the finding of 
both substantial fat and marrow emboli in the lungs is def- 
inite evidence of ante-mortem infliction of any discovered 
trauma. For these elements to reach the lungs there must be 
a competent circulation, albeit for a short time after the 
trauma. 

With the possible exception of burns, any injury inflicted 
afier cessation of effective cardiac function cannot transmit 
fat or marrow to the pulmonary capillary bed. This is there- 
fore a useful forensic marker on some occasions, such as 
differentiating between ante-mortem and post-mortem 
fractures in a body recovered from water. Systemic embolism 
is not seen in rapid deaths following trauma: there is an 
interval averaging 24 hours before lung percolation takes 
place. 

Foreign body embolism 

A number of other objects may be found as emboli during 
forensic autopsies and histology. The lung granulomata of 
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FIGURE 13.4 Smallforeign body granuloma with giant cells and 
bir@ingentparttrttcles as seen in polarized fight in the lung of a drug 
addict (HE, origanal magnifiration X2O). 

talc, etc., seen in the lungs of intravenous drug users, are 
emboli from contaminants introduced into the venous 
system by syringe and needle. Shotgun pellets and bullets 
may enter the circulation via tissue damage and embolize to 
various sites including coronary arteries. In fat and bone 
marrow embolism, even fragments of bone and cartilage have 
been found as emboli in the lungs. 

Amniotic fluid embolism is discussed elsewhere. 

ADULT RESPIRATORY DISTRESS 
SYNDROME 

Following severe lung injury, such as gross impact upon the 
thorax or blast injury from explosion, or from aspiration of 
gastric contents, infections, toxins, systemic shock, irritant 
gases, near-drowning and many other causes, the lung 
epithelium may suffer 'difise alveolar damage'. Clinically 
the victim may suffer marked dyspnoea and progressive 
respiratory failure, becoming hypoxaemic. Pathologically 
the lungs show a stiff oedema that progresses to a rigid, infil- 
trated lung if survival is long enough. At autopsy the lungs 
are hard and retain their shape after removal, having a 'dry- 
oederna' appearance, being almost double in weight in some 
instances. 

. Histologically the initial changes are shedding of type I 
pneumocytes with intra-alveolar exudates, the formation 
of hyaline membrane and patchy alveolar haemorrhage. This 
destructive phase is then replaced after a few days with a 
proliferative stage, when type I1 pneumocytes begin to fill 
the alveoli and a mononuclear response infiltrates the inter- 
stitial areas. The alveolar proliferation organizes, if survival 
continues, and eventual pulmonary fibrosis may seriously 

incapacitate the half who survive. A typical progression is 
seen in paraquat poisoning, though here there are virtually 
no long-term survivors. 

A condition that is similar ro the appearances of adult 
respiratory distress syndrome is the so-called 'respirator 
lung', which develops when a patient dies after an apprecia- 
ble period of mechanical ventilation. It may appear within a 
few days, but usually supervenes after many days or weeks 
on a ventilator. The gross appearances are of a stiff, rigid 
lung, which, though heavy, does not usually appear obvi- 
ously oedematous. Microscopically, proteinaceous fluid and 
a mixture of proliferative cells may be seen in the alveoli. 

RENAL FAILURE FOLLOWING 
TRAUMA 

Known for many years, this is a common sequel to exten- 
sive muscle damage or to burns that affect considerable 
areas of skin, as well as from certain poisons. It was for- 
merly ascribed most often to 'acute tubular necrosis', but 
recent experimental work has thrown some doubt upon 
this as an accurate clinicopathological entity. When muscle . 
is crushed, severely torn or otherwise rendered ischaemic, 
where extensive burns are suffered, or where poisons, such 
as mercuric salts or carbon tetrachloride are given, destruc- 
tion of the renal tubular epithelium may be seen. 

Unfortunately for histological diagnosis, a similar change 
occurs during post-mortem autolysis. In burns and muscle 
damage, the tubules may also be blocked with brown casts 
of myoglobin and these two changes of distal tubular necro- 
sis and casts were thought to cause the profound oliguria 
or anuria often associated with trauma and burns. In biopsy 
as opposed to autopsy material, however, the tubular damage 
has been found to be minimal and the casts may be a sequel 
to reduced filtration rather than to tubular damage, so the 
validity of 'acute tubular necrosis' as an explanation of renal 
failure following trauma has been questioned. The true 
mechanism is still obscure, but may well involve the juxta- 
glomerular apparatus and the renin-angiotensin system, as 
well as disseminated intravascular coagulation effects on the 
glomeruli. 

DISSEMINATED INTRAVASCULAR 
COAGULATION 

The importance and frequency of this condition has been 
increasingly recognized in recent years, as it may follow a 
whole range of traumatic, infective and other acute events. 
Widely known as 'DIC', it has a number of other names 



indicating that it is a consumption coagulopathy associated 
with the blood clotting mechanism. 

In DIC there is an abnormal activation of the coagula- 

is usually immediate, but can be delayed by up to about 
2 hours. 

In the surgical context, aspiration of air into neck veins 
tion process within the blood vessels caused by a wide var- 
iety of factors related to the blood itself, the vessel walls and 
to blood flow. Damaged tissue from trauma and burns can - 
trigger thromboplastin-initiated coagulation: entry of tis- 
sue cell elements, especially from erythrocytes, brain and 
placenta are particularly potent. Particulate matter such as 
micro-organisms or microemboli of all types (including fat 
and air emboli, especially those from decompression) can 
precipitate coagulation via factor XII. Vascular endothelial 
damage and stasis of blood flow can have a similar effect. 

Whatever the causes - and they are extremely complex - 
fibrinogen is consumed and fibrin precipitated in vessels, 
leading to both vascular obstructive effects and to a haem- 
orrhagic diathesis from depletion of the coagulation sys- 
tem. Platelets are also consumed, adhering to the fibrin 
thrombi. Fibrinolysis is activated and there is a dynamic 
contest between intravascular coagulation and its removal. - 

Afier death there can be post-mortem fibrinolysis (Mole 
1948), which lessens the ease with which fibrin deposits 
can be detected: staining techniques are also an imperfect 
method of visualizing the fibrin, so that a careful search 
must be made in autopsy histology for fibrin remnants. 
Lungs, kidney, liver and adrenals are the most likely organs 
to yield positive results. 

Microvascular obstruction, leading sometimes to frank 
infarction as well as reduced function, together with bleed- 
ing, form the major dangers of DIC in a forensic context. 

AIR EMBOLISM 

Most examples of air embolism have a medico-legal signifi- 
cance as the entry of air into the circulation usually comes 
about as a result of trauma, sometimes surgical or thera- 
peutic, from barotrauma or from criminal intervention. 

Air embolism consists of an interruption of the circula- 
tory system by bubbles of air (or other gas) that gain access 
to the circulation, usually through the venous side. It is an 
'airlock', familiar to plumbers and owners of diesel engines, 
where the normal flow of liquid through tubes is wholly or 
partially blocked by air. 

In the animal body the major disability is in the heart, as 
air is compressible and the contractions of the heart fail 
to move on the bolus of gas, being designed to pump an 
incompressible liquid. The air must enter on the venous side 
to be sucked towards the heart, causing pulmonary air 
embolism. The air usually remains in the right side of the 
heart, pulmonary trunk and arteries, and in the pulmonary 
vessels, rarely emerging on the pulmonary vein side. Death 
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may occur while operating on the head or neck (especially 
thyroid and neurosurgical operations) with the patient in a 
sitting position. When the atria are below any breach in a 
vein, there is a suction effect that can draw in air; this can 
also happen in suicidal or homicidal cut throat. Refilling 
of a therapeutic pneumothorax has also led to fatal air 
embolism, either because the lung is punctured or an adhe- 
sion has torn the visceral pleura. In either case air under 
pressure may enter an exposed vein. 

Some accidents have arisen during transfusion or inh -  
sion, and may form the basis for a medical negligence 
action. Now that flexible, collapsible fluid or blood con- 
tainers are widely used the danger is less, but where rigid 
bottles are still used, the need for a vent tube may allow air 
to enter the connecting tubing when a bottle is allowed to 
empty completely. This in itself is innocuous, but if a fresh 
bottle is then connected, the new flow will drive all the air 
in the tubing into the vein. 

Even more dangerous is the practice of connecting pres- 
surized air or oxygen to the vent in order to hasten the 
transfusion speed: if the bottle is allowed to empty, gas 
under pressure enters the vein. ' 

Arterial air embolism is rare, but can occur in lacerations 
of the lungs, refilling of an artificial pneumothorax or in 
some forms of barotrauma where the lung is ruptured in 
a diver who ascends too rapidly from a great depth. The 
'bends' are also a type of gas embolism, in which dissolved 
nitrogen appears in gaseous form in the blood. This is 
caused by a sudden release of pressure on the return of a 
diver to atmospheric conditions after being supplied with 
air at high pressure. Death can be the result of air locks in 
the cerebral vessels or of ventricular fibrillation from coro- 
nary air embolism (Moore and Braselton 1940). 

Criminal abortion accounted for many deaths from air 
embolism in former years (and still does in some parts of the 
world), from the insufflation of the uterus by a Higginson 
syringe (Chapter 19). Though therapeutic abortion by 
suction aspiration of the urerine contents is an extremely 
safe procedure, several somewhat inexplicable deaths have 
occurred from air embolism. The mechanism is obscure but 
may have been caused by muscular rebound of the uterus 
sucking air into the cervix. Some homicides, including 
'mercy killings' committed by doctors, have been caused by 
deliberate injection of air into peripheral veins. The volume 
of air needed to cause fatal embolism has been hotly debated 
for years, but no real consensus has emerged, estimates 
varying from 10 to 480ml (Polson 1963). If the volume 
of the right side of the heart is accepted as the minimum 
space that has to be filled, about 100 ml would appear to be 
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a reasonable volume. In the rare event of air gaining access 
to the arterial system, presumably much less would be 
required to be effective; it would have to be introduced into 
a carotid artery to be of much danger, as this is the only way 
it could gain access to the cerebral circulation. To reach the 
coronary vessels - always mentioned in books, but virtually 
never seen - the blood would have to enter the pulmonary 
veins to reach the root of the aorta via the left side of the 
heart. Virtually all of the few cases of arterial air embolism 
have arisen in relation to dysbarism, where bubbles have 
either been generated within the vessels by decompression, 
or have entered the arterial system in the lungs from tears in 
the lung tissue. 

Certainly air injected into a limb artery would do no 
harm at all, especially as most of the gas is likely to be 
absorbed very rapidly by the tissues. Thus the ingenious 
plot in Dorothy L Sayer's novel, Unnatural Death, where 
'a hypodermic of air was injected into an artery' would have 
failed on two counts: site and volume! 

The auto sy in suspected P air ernbo Ism 
When the circumstances indicate the possibility of fatal 
air embolism, special precautions must be taken over the 
autopsy. A pre-autopsy chest radiograph must be taken, as 
this is by far the best way of demonstrating air in sufficient 
quantities to be fatal. A chest radiograph is also essential in 
any kind of barotrauma as it may also indicate a pneumo- 
thorax, a lesion so often the cause of air embolism. 

Almost the only mechanism of death is 'pump failure' 
of the right side of the heart. Air fills the great veins, right 
atrium and right ventricle, causing a froth that cannot be 
pumped on by the heart in systole because air is compres- 
sible. It is unlikely that air will penetrate the pulmonary 
capillaries in any quantity, unless some vascular shunts are 
present, so froth is unlikely to be seen in the left side of the 
heart, except in dysbarism. 

Following radiography - in place of it, as second-best - 
the body must be carefully inspected for any tissue swelling, 
especially in the upper thorax and neck region, where crepi- 
tant gas bubbles may form surgical emphysema from leakage 
from lung damage or pneumothorax, or both, in dysbarism. 

The head should be dissected first, not to detect air 
bubbles in the cortical veins, as almost every textbook 
erroneously states, but to look for air in the cerebral arter- 
ies. Descriptions and photographs of air segments in the 
cerebral veins are part of the mythology of forensic pathol- 
ogy, handed on uncritically from one book and one author 
to another. There is no way in which air bubbles can reach 
the pial veins on the brain surface. They cannot get there 

via the venous system, as there is no way in which they 
could struggle against the flow in the jugular veins, pass 
through the complex arrangement of intracranial venous 
sinuses retrograde to the circulation and dispose themselves 
over the cortical surface. Neither can they reach the same 
veins by penetrating the capillary bed of the brain, in the 
rare instances of arterial air embolism. As was demon- 
strated almost 30 years ago, these bubbles are artefacts and 
can be seen in many routine autopsies where there can be 
no question of air embolism. 

The basal arteries should be inspected for air, however, 
which can reach them during episodes of dysbarism where 
air gains access to the arterial system in the lungs during 
decompression. The calvarium is removed gently and the 
dura opened. The brain is carefully lifted and small artery 
forceps clamped on the intracranial part of both internal 
carotid arteries and vertebral arteries. The vessels are then 
cut below these before the brain is removed from the skull 
in the usual manner. The whole pluck can then be sub- 
merged in water and the ends of the vessels watched for 
escaping bubbles when the clamps are removed. 

The thorax is opened in the fashion appropriate for the 
detection of a pneumothorax, with puncture of an inter- 
costal muscle beneath a pool of water supported by the 
reflected skin flap. This is done on each side, remembering 
that a positive result can only be expected in a tension 

pneumothorax. 
The abdomen should next be examined, especially where 

air may have gained access through the uterus. The intes- 
tines should be gently displaced and the mesenteric veins 
examined for air bubbles. The inferior vena cava, the com- 
mon iliac veins and the various pelvic veins should be scru- 
tinized, and, if necessary, opened under water by pouring 
water into the opened abdominal cavity. 

The sternum and costal cartilages are then removed care- 
hlly, ~ re fe rab l~  keeping the manubrium and upper ribs 
intact at this stage to avoid damage to the great vessels in the 
thoracic inlet. The superior vena cava should be inspected 
for bubbles. The pericardium is opened and the right and 
left ventricles punctured under water. 

Bajanowski etal. (1998, 1999) consider that an aspirom- 
eter has to be used for the detection, measurement and 
storage of gas originating from the heart ventricles. It 
should be filled completely with distilled water containing 
two drops of Tween 80 to reduce the surface tension of the 
water to prevent adherence of small air bubbles to the wall 
of the aspirometer. Subsequently the gas should be analysed 
by gas chromatography and the results assessed according 
to the criteria defined by Pierucci and Gherson (1968, 
1969) before the diagnosis 'air embolism' is justified. 

If air embolism substantial enough to have caused death 
is present, frothy blood will be quite evident oozing from 
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FIGURE 13.5 An aspirometer should be wed to recover airfiom the 
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FIGURE 13.6 Leucocyte andplatelet accumulation around an 

empty space, kir bubble'in blood, considered by some authon as 

evidence, of venom air embolism. (Reproduced by kindpermission 

of Professor E Lignitz.) 

the ventricular lumen, almost invariably the right. If this 
is apparent, however, it will almost certainly already have 
been seen on the pre-autopsy radiograph. 

If there has been a considerable delay between death and 
autopsy, the air can dissipate, presumably dissolving into 
the tissues. Any degree of decomposition of the body negates 
a diagnosis of air embolism, because of the production of 
gases of putrefaction. 

SUBENDOCARDIAL 
HAEMORRHAGE 

A striking feature of many forensic autopsies, especially on 
victims of severe rrauma, is the presence of well-marked 

haemorrhage under the endocardium of the left ventricle. 
This is often so striking as to provide an indication of some 
catastrophic event shortly before death. 

Though the haemorrhages have been described since the 
last century, they were specifically studied in the 1930s 
by Sheehan in cases of abortion and acute haemorrhage 
associated with pregnancy; they were formerly known as 
'Sheehan's haemorrhages'. 

The lesions are seen in the left ventricle, on the interven- 
tricular septum, and on the opposing papillary muscles and 
adjacent columnae carneae of the free wall of the ventricle. 
The haemorrhages are flame-shaped and confluent, not 
petechial, and tend to occur in one continuous sheet rather 
than patches. The bleeding is in a thin subendocardial layer, 
but when severe may actually raise the endocardium into a 
flat blister that can be palpable on the smooth septum. The 
mechanism of production is obscure, but they are com- 
monly seen in the following circumstances: 

After sudden, profound hypotension, either from severe 
blood loss or from 'shock' in the widest sense. 

k3 Tier intracranial damage, from head injuries, cerebral 
oedema, surgical craniotomy or large intracranial 
tumours. Sudden intracranial decompression also seems 
to be associated with subendocardial bleeding. 

Ei! Obstetric catastrophes seem particularly prone to 
produce these haemorrhages, as found by Sheehan. 
Death from ante-partum or post-partum haemorrhage, 
ruptured ectopic gestation, abortions of various types 
and ruptured uterus ofien reveal these lesions. 

@I Various forms of poisoning, especially acute heavy- 
metal toxicity, particularly arsenic. The most profound 
subendocardial haemorrhages ever seen by the author 
(BK) were in a massive suicidal poisoning with 
arsenious oxide: the endocardium was raised into a 
large blood blister on the interventricular septum. 

The haemorrhages can appear extremely rapidly, within 
a few heart beats. The author (BK) has seen well-marked 
lesions in a heart that was avulsed from its base during the 
crash of a military aircraft, obviously causing virtually instant- 
aneous death. The common factor seems to be sudden 
hypotension and it has been suggested that, if the intraven- 
tricular pressure drops precipitously, the existing blood pres- 
sure in the coronary system is then unsupported across the 
endocardium by an equal pressure within the ventricular 
lumen, so that rupture of the superficial vessels occurs. There 
are flaws in this theory, one being the common incidence in 
intracranial lesions. Experimental work in goats has shown 
that prior vagotomy prevents the occurrence of subendocar- 
dial haemorrhages, suggesting that the phenomenon is 
mediated by the autonomic nervous system. To support 
this hypothesis, they are known to be part of Virchow's triad 
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of 'pulmonary oedema, gastric erosions and subendocardial 
haemorrhage' seen in head injuries and cases of raised intra- 
cranial pressure. 

SUDDEN DEATH FROM 
SUPRARENAL HAEMORRHAGE 

Though not common, haemorrhage into the adrenal 
glands is a well-recognized terminal event, usually after 
some trauma to the body not related to direct injury to the . . 

suprarenal vessels themselves. 
Originally these haemorrhages were thought to be con- 

fined to meningococcal septicaemia in children, the lesion 
being called the 'Waterhouse-Friderichsen syndrome'. It is 
now recognized that adrenal haemorrhage is part of a gen- 
eral response to stress, of which meningococcal infection is 
only one of a wide range. 

In a recent 5-year period, the author (BK) found 16 
cases of 'adrenal apoplexy' (to give it its old name) in the 
autopsy records of a forensic pathology service that per- 
formed 4890 autopsies in that period, giving an incidence 
of about 0.3 per cent. 

Of these 16 cases, more than half (9)  were bilateral. There 
were more male than female subjects, probably because of 
the greater amount of trauma in men. Three were infants, 
all with meningococcal infections. 

None of the adult cases was diagnosed or even suspected 
clinically. Most were traffic accidents, the remainder being 
posr-operative, other trauma or poisoning, together with 
several cases of hypertension and chronic renal failure. The 
most frequent common denominator was trauma, whether 
that trauma was direct injury or surgical trauma. The sud- 
den collapse and rapid death usually occurred a few days 
after the trauma, varying from 2 to 2 1 days. 

At autopsy one or both of the adrenal glands are found 
to be swollen, sometimes to the size of a large walnut 
(3-5 cm) the cortex being tightly stretched around a large 
haematoma occupying the medulla. The haemorrhage is 
usually dark red and fairly fresh, though occasionally an 
area of brown bleeding indicates a previous episode. 

The late Professor Hugh Johnson, of St Thomas' Hospital, 
London, collected between 150 and 200 autopsy cases of - .  

suprarenal haemorrhage (unpublished) and considered that 
they fell into six main groups: 

@ Trauma of all types. Johnson was of the opinion that 
the predominance of right-sided gland haemorrhages 
was a result of the frequency of right-sided impacts on 
pedestrians in Britain because of the side of traffic flow. 

@ Perinatal, newborn or stillborn infants, especially when 
they were breech births or had fetal anoxia. 

Infancy and childhood, especially meningococcal and 
disseminated-intravascular coagulation. 
Infective and post-operative septicaemia, often with 
Gram-negative organisms. Sometimes there was direct 
surgical trauma to the gland, as in gastric surgery. 
Tumour: haemorrhage into a secondary deposit or 
invasion of adrenal vasculature. 
Thrombosis of central vein with adrenal infarction. 
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Though traditionally every textbook of forensic medicine 
has a chapter entitled 'Asphyxia', it is a partial misnomer, as 
many of the conditions described under this heading are 
not truly asphyxial in nature. It is difficult to find a succinct 
alternative, however, unless each subcondition is described 
individually - and some deaths have a mixed aetiology. The 
conventional title is therefore retained in this book, though 
it is emphasized that 'asphyxia' is both inappropriate and 
inaccurate when applied to many of the mechanisms of 
death formerly ascribed to this cause. 

THE NATURE OF 'ASPHYXIA' 

Common usage has led to the term 'asphyxia' being 
equated with 'lack of oxygen', though etymologically the 
word means 'absence of pulsation'. Interestingly - if 
fortuitously - this original sense is sometimes more accu- 
rate in certain deaths associated with pressure on the neck, 
where cardiac arrest - certainly a prime reason for absence 
of pulsation - is the fatal mechanism, rather than hypoxia. 

Reverting to the usual meaning of asphyxia, a whole series 
of disturbances can lead to lack of oxygen. The basic purpose 
of respiration is to convey atmospheric oxygen to the periph- 
eral tissue cells. Anything that interferes with oxygen transfer 
can be called 'asphyxia', though other terms such as 'hypoxia' 
or 'anoxia' are more accurate, and should be preferred. The fol- 
lowing conditions may legitimately be considered to be defecrs 
in the chain of respiration and hence are examples of asphyxia: 

replacement of oxygen by an inert gas, such as nitrogen 
or carbon dioxide. 

E4 Obstruction of the external respiratory orifices, as in 
smothering or gagging. 

@ Blockage of the internal respiratory passages, at either 
pharyngeal, laryngeal, tracheal or bronchial level. . 
Restriction of the respiratory movements of the thorax, 
preventing the inspiration of air through patent 
respiratory passages, as in the so-called 'traumatic 
asphyxia' or in paralysis from brainstem or cord 
damage, or the use of curare-like drugs. 

Ed Disease of the lungs that prevents or reduces gaseous 
interchange. Extensive pneumonia, pulmonary 
oedema, adult respiratory distress syndrome, diffuse 
fibrosis and many other conditions may lead to 
hypoxia, but these are rarely of forensic concern. 

Ed Reduction in cardiac hnction leading to impairment of 
the circulation of oxygenated blood may be considered 
as a type of 'asphyxia', sometimes called 'stagnant 
anoxia'. Again, the condition is rarely relevant to 
forensic problems. 

P3 A reduced ability of the blood to transport oxygen can 
also be thought to be asphyxial in nature, such as severe 
anaemias and the replacement of the oxygen-combining 
power of haemoglobin by carbon monoxide. 
Finally, an inability of the peripheral tissue cells to 
utilize the oxygen delivered to them by the bloodstream 
is seen in conditions such as cyanide poisoning, where 
the cytochrome-oxidase enzyme systems are inactivated. 

Absence or reduction of oxygen tension in the external Several schemes of classification of asphyxia have been 
atmosphere, such as reduced barometric pressure or devised, such as those ofMcIntyre (1969) and Shapiro (1988). 
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MECHANICAL 'ASPHYXIAy 

The usual relevance of asphyxia in a forensic context is in 
mechanical asphyxia, rather than some of the internal con- 
ditions mentioned above, which are more likely to arise as a 
result of natural disease or toxic conditions. 

The normal oxygen content of blood varies according to 
the age and health of the subject. Young to middle-aged 
adults have almost complete saturation of their arterial 
blood with oxygen, at a level of 90-100 mmHg (12-13.5 Ma), 
whilst persons over 60 may drop to between 60 and 
85 mmHg (8-10 kPa). These normal values in the younger 
group may be contrasted with those sufferers from mild 
hypoxia of about 60 mmHg (8 kPa), and those in severe to 
fatal hypoxia when oxygen tension falls to benveen 40 and 
20 mmHg (5-3 Ha) .  

Unfortunately for pathologists, post-mortem analysis of 
oxygen levels in the blood is of no value in the retrospective 
diagnosis of hypoxia, as changes soon afier death rapidly dis- 
tort the distribution of gases and make the results meaningless. 

Definition of terms 
A number of different names have been used to describe 
the various types of mechanical 'asphyxia', some of which 
are confusing or inexact: 

Suffocation is a general term used to indicate death 
from deprivation of oxygen, either from lack of the gas 
in the breathable environment or from obstruction of 
the external air passages. 

B Smothering is more specific, in that it indicates 
blockage of the external air passages, usually by a hand 
or soft fabric. A variety of suffocation may be called 
gagging where fabric or adhesive tape occludes the 
mouth to prevent speaking or shouting. While the nasal 
passages remain patent, air can enter, but later blockage 
by mucus or oedema may lead to death. 

El Choking refers to blockage of the upper airways by 
some foreign body, but is also used for manual 
strangulation. 

El Throttling refers to strangulation, usually by hand, the 
word rarely being applied to ligature strangulation. 

Fd Strangulation is the most specific term, indicating the 
use either of the hands or a ligature as a means of - 
applying external pressure to the neck. Garrotting has 
been used for ligature strangulation, but more 
accurately refers only to a Spanish method of judicial 
execution. Other methods exist in various parts of the 
world, such as the Indian technique of pressing a 
flexible stick or 'lathi' across the front of the neck. 

B Mugging originally meant the application of pressure 
to the neck by means of an arm crooked around from 
the rear, but more recent American usage has widened 
the term to mean any kind of robbery with violence. 
More recently still the arm-lock has been used as 
means of restraint by law enforcement officers, 
sometimes with fatal results. 

As an aside, in some deaths during arrest, usually where a 
violent struggle occurs between several police officers and a 
drunken or drugged offender, the death of the latter occurs 
where no neck or chest pressure can be implicated. Though 
the mechanism is obscure and impossible to demonstrate 
objectively at autopsy, it has been provisionally ascribed 
to a catecholamine-induced cardiac arrhythmia from an 
exaggerated adrenal response. 

As most of these victims are given energetic cardiopul- 
monary resuscitation, any markers of this catecholamine 
effect, such as contraction-band necrosis in the myocardium, 
cannot be differentiared from resuscitative artefacts. 

THE CLASSIC SIGNS OF 'ASPHYXIA' 

For many years the autopsy diagnosis of an asphyxkal death 
was made by reference to a set of findings that have come to 
be known as the 'classic signs of asphyxia'. Unfortunately, it is 
now quite clear that most of these signs are so non-specific 
that little reliance can be placed on them in the absence of 
other confirmatory evidence. They are scathingly referred to 
by Lester Adelson (1974) as the 'obsolete diagnostic quintet'. 

In many cases of undoubted fatal hypoxia these signs are 
absent and, conversely, they are ofien present in some degree 
in conditions that can be shown to be non-hypoxic in origin. 
The major difficulty for the pathologist is that 'asphyxia' can- 
not reliably be equated with 'hypoxia'. There are no truly dis- 
tinctive autopsy signs of pure hypoxia and most of the alleged 
criteria are caused by factors other than a lack of oxygen. 

To confuse the issue further, some apparently hypoxic 
states lead to sudden or rapid death before there is time for 
oxygen lack to take eEect, such as ofien happens when a vic- 
tim enters a space devoid of oxygen, has the trachea suddenly 
blocked by food or has a plastic bag pulled over the head. 

Each of the 'classic features' must be looked at in depth. 

Petechial haemorrhages 
These are small pin-point collections of blood lying in the 
skin, the sclera or conjunctivae and under thoracic serous 
membranes such as the pleura or pericardium. They vary in 
size from a tenth of a millimetre to about two millimetres. If 
larger than this, they are more accurately called -'ecchymoses'. 
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Petechiae are often known as 'Tardieu's spots', but this 
eponym should be restricted to those lying in the visceral 
pleura, where they were described by the Parisian Professor 
Ambroise Tardieu in 1866, in the bodies of infants who he 
claimed had been 'overlain'. A further common error is to 
attribute the ~etechiae to the rupture of capillaries, whereas 
they actually emanate from small venules - capillary bleeding 
would be invisible to the naked eye. 

Petechiae are caused by an acute rise in venous pressure 
that in turn causes overdistension and rupture of thin-walled 
peripheral venules, especially in lax tissues, such as the eyelid, 
and in unsupported serous membranes, such as the pleura 
and epicardium. It is traditionally claimed that hypoxia of 
the vein wall is an added factor, but there is no experimental 
proof of this conjecture, which seems unlikely considering 
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rise; for example, perechiae can appear almost instantly &er 
violent sneezing or coughing before any hypoxia is possible. 

Petechiae are seen most ofien in the face and eyes of vic- 
tims of compression of the neck or fixation of the chest. In 
the former, where strangulation by either hand or ligature 
has occurred, occlusion of the jugular veins prevents venous 
drainage from the head, whilst almost always allowing the 
arterial supply to continue via the more deeply placed and 
much less compressible carotid and vertebral arteries. There 
is a rapid rise in venous pressure in the head, leading to 
engorgement of the veins. The consequences are swelling of 
the tissues, both from an increase in intravascular volume 
and from rapid transudation of fluid into the tissues, fol- 
lowed by showers of petechial haemorrhages in unsup- 
~ o r t e d  areas, such as the skin of the upper eyelids, the 
forehead, the skin behind the ears, the circumoral skin, and 
the conjunctivae and sclera of the eye. The same venous 

FIGURE 14.1 Petechial haemorrhages in the eye in manual 

strangulation. There are also some petechiae on the facial skin. 

engorgement often leads to frank bleeding from the nasal 
mucosa and the external auditory meatus. 

In the internal tissues and organs, petechiae are most 
often seen on serous membranes in the thorax, where the 
presence of a body cavity leads to lack of support for the 
superficial venules and hence predisposes to rupture when 
venous pressure rises. They are almost never seen in the 
peritoneal serosa and it has been postulated that, in the 
chest, attempts at breathing against a closed airway may lead 
to a sudden extreme decrease in intrapleural pressure causing 
petechiae in the same way as suction on the skin can cause a 
shower of pin-point haemorrhages. As described by Tardieu, 
petechiae in the thorax are often seen on the visceral pleura, 
especially in the interlobar fissures and around the hilum. 

Petechiae are also common on the surface of the heart, 
especi&r ofi +hP cpir.r&l?m Irol?nd the 2fricy~fif_ri~r& 

groove, particularly on the posterior surface, though these 
have been shown to appear or worsen as a post-mortem phe- 
nomenon. In infants and children, the thymus or thymic 
remnants may show numerous petechiae. It is claimed that 
in the sudden infant death syndrome these are confined to 
the cortex, whereas in other 'asphyxial' conditions they are 
scattered throughout the gland; this is doubtful. 

Petechiae are rarely seen in the parietal ~ l e u r a  or the 
peritoneum except in haemorrhagic diatheses. In the brain, 
petechiae occur in the white matter and there may be larger 
patches of bleeding in the subarachnoid space where super- 
ficial vessels have ruptured because of acute venous 
engorgement. The same mechanism often produces pro- 
fuse petechiae and ecchymoses under the scalp. In regard to 
the scalp, caution must be observed as numerous haemor- 
rhages can be caused as a common autopsy artefact during 
the reflection of the scalp flaps. 

FIGURE 14.2 Sckral haemon-hages in manual strangulation. These 

are larger than the usualpetechiae, but the latter arepresent inside 

the lower lid. 
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Petechiae may also disappear with lengthening post- 
mortem interval. Betz et al. (1994) have shown that in 
putrefaction and freshwater immersion, conjunctival 
petechiae may vanish. 

THE SIGNIFICANCE OF PETECHIAE 

A number of factors cause difficulty in the interpretation of 
petechial haemorrhages. First, there is no doubt that both 
cutaneous and visceral petechiae, especially the latter, can 
both appear and enlarge as a post-mortem phenomenon. 
Gordon and Mansfield (1955) have shown that the pres- 
ence and number of petechiae is a function of the post- 
mortem interval, in common with other haemorrhagic 
artefacts such as those found behind the larynx by Prinsloo 
and Gordon (195 1). 

Posture also has an effect on the appearance of haemor- 

many rypes of natural heart disease. Their appearance in 
the hypostatic areas is also time-related, the longer the post- 
mortem interval, the more likely - and more prominently - 
they are to occur. 

Where some abnormal posture is present - such as the 
deceased being slumped out of bed or otherwise found 
with the head lower than the body - marked congestion, 
cyanosis and petechial haemorrhages are common. 

Occasionally the abnormal posture may have occurred 
during life, such as in overdose victims, drunks and senile - 
persons, who have fallen into a position with the upper part 
of the body lowermost. This may embarrass respiration and 
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rhages. They are commonly seen, along with larger ecchym- 
oses, on the front or back of corpses who have died from a 
variety of causes in which mechanical asphyxia is absent. 
They are often present in normal post-mortem hypostasis, 
especially where the mode of death was congestive as in 

- 
common non-specific autopsy findings and many are post- 
mortem in origin, especially in dependent positions. They 

FIGURE 14.3 Subpleuralpetechial haemorrbage - the true 'Tardieu 
spotsJ- in manual strangulation. These are no longer considered to 
be spec$cfor hphyxia'and a few petechiae can frequently be found 
in many autopsies unassociated with asphyxia. 

contribute to death and the ante-mortem component may 
be difficult or impossible to distinguish from post-mortem 
accentuation of the congestive-petechial appearances. 

Another problem in the autopsy interpretation of 
petechiae is that not all punctate lesions in the pleura are 
petechiae. Zaini and Knight (1982) showed that many 
such apparent petechiae were either intravascular venous 
pools, subpleural microbullae or pigment foci. 

In summary, petechial haemorrhages are highly unreli- 
able indicators of an asphyxia1 process, talung this to mean 
a hypoxic state. They are the result of venous engorgement, 
usually from mechanical obstruction of venous return to 
the heart - or in the thorax, from attempts to inspire 
against a blocked airway. Petechiae and ecchymoses are 

FIGURE 14.4 Dense conjluent skin haemorrhages in the face of an 
old lady who had slippedfrom her bed and was found with her 
head on the floor and her legs on the bed. The signs of this ;Dostural 
asphyxia'may well have been accentuated by post-mortem worsening 
of the hypostatic haemorrhages. 



may occur in many non-asphyxial states and, in the lungs, 
some petechiae can be found in the interlobar fissures and 
around the hilum in most routine autopsies. 

Conversely, in some types of death where oxygen depriv- 
ation is to be expected (such as drowning, plastic-bag suf- 
focation and entering an atmosphere devoid of oxygen), 
petechiae are seldom demonstrable. 

The most significance must be placed on facial and ocu- 
lar petechiae, because showers of pin-point haemorrhages 
in the eyelids, conjunctivae, sclera and facial skin require 
urgent explanation unless the body was face down or head 
down. 

Congestion and oedema 

The next 'classic' sign of asphyxia is congestion. This is 
even more non-specific than petechiae and once again 
is the result of obstructed venous return. When the neck is 
compressed, the face, lips and tongue become swollen and 
reddened. The true colour change of congestion is usually 
darkened by the onset of cyanosis. Internal organs also 
become congested and in strangulation this is most notable 
in the tongue, pharynx and larynx above the level of venous 
obstruction. In pressure on the chest, failure of respiratory 
movements cause an intense rise in venous pressure, accom- 
panied by cyanosis. 

Congestion is often associated with tissue swelling if the 
venous obstruction continues. The oedema is the result of 
rapid transudation through capillary and venule walls, 
again mainly a function of back pressure in the venous sys- 
tem. Hypoxia of the vascular endothelium is alleged to 
allow increased permeability, but generalized hypoxia from 
other causes does not produce the tissue swelling seen in 
strangulation. 

Tissue fluid also escapes rapidly into the brain in strangu- 
lation that continues for even a few minutes, though here 
the well-known effect of hypoxia might be an added factor. 
Pulmonary oedema, causing excess fluid to enter the alveoli, 
is often found in hypoxic deaths. Here the mechanism is 
more obscure, but is probably a combination of hypoxia 
and raised pulmonary vessel pressure. In strangulation, froth 
may sometimes be so profuse as to emerge from the mouth 
and nostrils - yet in other throttlings, it may be absent. 
Pulmonary oedema is such a common and non-specific 
phenomenon in a whole range of fatal conditions that it has 
little diagnostic significance. 

Cyanosis 

The colour of blood depends upon the absolute quantity of 
oxyhaemoglobin and reduced haemoglobin present in the 
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erythrocytes. The normal pink colour of well-oxygenated 
skin may change to purple or blue when oxygen is lacking - 
indeed, the word 'cyanosis' is derived from the Greek, mean- 
ing 'dark blue'. Cutaneous cyanosis, however, depends on 
the absolute amount of reduced haemoglobin, rather than 
the proportion of reduced haemoglobin to oxyhaemoglo- 
bin. It is not apparent in marked anaemia, even if the ratio 
of oxyhaemoglobin to reduced haemoglobin is low. There 
must be at least 5 g of reduced haemoglobin per lOOml 
blood before cyanosis becomes evident, irrespective of the 
total amount of haemoglobin. 

In the common forensic event of constriction of the 
neck, cyanosis almost invariably follows congestion of the 
face, as venous blood containing much reduced haemoglo- 
bin afiet perfusing the head and neck is dammed back and 
hecomes more hlue as the blood accumulates. If and when 
the airway becomes blocked, then impaired oxygenation in 
the lungs leads to a diminution in the oxygen content of 
arterial blood. This will lead to a darkening of all organs 
and tissues, and will accentuate the cyanosis of the face. This 
does not happen in the first phases of strangulation, how- 
ever, and depends on complete or substantial occlusion of 
the airway, or restriction of the respiratory excursions of the 
chest. 

Cyanosis ~roduced during life may be partly or wholly 
overshadowed by hypostasis, which may be a deep purple or 
blue, and may be mistaken for true cyanosis - indeed, some 
pathologists refuse to use 'cyanosis' in respect of the dead, 
claiming that it cannot reflect the ante-mortem situation. 

'Engorgement of the right heart 
and fluldity of the blood' 

Descriptions of an abnormal fluidity of the blood seen at 
autopsy in asphyxial deaths are part of forensic mythology 
and can be dismissed with little discussion. Post-mortem 
clotting in the heart and venous system is a most erratic 
process, as is the eventual dissolution of those clots by the 
action of fibrinolytic enzymes (Mole 1948). It is irrelevant 
in the diagnosis of asphyxia. 

Engorgement of the chambers of the right side of heart 
and the great veins is also a non-specific autopsy observa- 
tion, useless as a marker of an asphyxial process. Any type 
of congestive death, including primary heart failure from 
many diseases, leads to terminal engorgement of the right 
ventricle and atrium as part of the generalized rise in venous 
and intracardiac pressure. 

The autopsy diagnosis of 'asphyxia' 

Thus there are no specific autopsy findings for 'asphyxia', 
taking this in its hypoxic sense. As stated earlier, the 
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Suffocation 

so-called 'classic signs' have been well described by Adelson 
(1974) as the 'obsolete diagnostic quintet'. He goes on to 
observe that 'the co-existence of these findings, in them- 
selves, does not prove that death resulted from mechanical 
asphyxia. All these phenomena are non-specific and are in 
no way peculiar to this mode of death. Inasmuch as they 
are observed frequently in deaths arising from unques- 
tioned natural disease, they are of no value in proving that 
death resulted from mechanical asphyxia'. 

Other salutary cautions on the significance of 'asphyxial 
signs' may be found in the important publications of 
Gordon and Turner (1951), Camps and Hunt (1959), 
Shapiro (1953) and Swann and Brucer (1949). 

It is impossible to make a post-mortem diagnosis of 
acute hypoxia by measuring the blood gases, as rapid 
changes after death - and indeed agonal changes - make 
analysis worthless. Only by a careful assessment of the his- 
tory and circumstances of the death, exclusion of other 
causes and a cautious evaluation of the signs described above 
can any conclusion be reached. Most important of all is the 
finding of a cause for airway obstruction or other local 
trauma, such as prolonged pressure on the neck or chest, 
obstruction of the airways, postural causes or occlusion of 
the external respiratory orifices. 

It cannot be emphasized too strongly that the mere find- 
ing of any of the non-specific features, such as congestion 
and petechiae, without firm circumstantial or preferably 
physical evidence of mechanical obstruction of respiration, 
is quite insufficient to warrant a speculative diagnosis of 
asphyxia. If such collateral evidence is not forthcoming, 
then the cause of death must be left undetermined. 

Histological and biomechanical diagnosis 
of anoxia/'asphyxiaY 

Many attempts have been made to find markers of hypoxia, 
anoxia and 'asphyxia' by means of laboratory techniques, 
including histology, histochemistry and various biochem- 
ical methods. Although many claims have been made for 
their usefulness, the fact that such tests are virtually never 
put forward in criminal or civil litigation makes it self- 
evident that they are not reliable. 

This is hardly surprising, given the vague and contentious 
nature of the 'asphyxial' condition, where the mechanisms 
are diverse and even the nomenclature is unstandardized. If 
the target for research is narrowed down to severe hypoxia at 
a tissue or cellular level, then perhaps more success might be 
expected, by being able to demonstrate cellular damage by 
one or more of the great battery of techniques now avail- 
able. However, even this limited objective is not yet attained 
with the degree of reliability required for legal purposes. The 

extensive strangling, drowning and gassing of legions of 
small animals may have produced many theses and papers, 
but has had no practical impact upon a long-standing prob- 
lem in forensic pathology. Cell death, especially in neurones 
or myocytes, due to ischaemiclhypoxic damage is the most 
common focus for research, but the problem in a forensic 
context is that a considerable period of hypoxia - usually a 
minimum of many minutes or even hours - is needed 
before changes can be detected, even in experimental cir- 
cumstances. In human autopsy material, the ever-present 
post-mortem and agonal changes interfere with the subtle 
early signs of hypoxic damage. 

Histological changes in the lung and also chemical mark- 
ers in blood or vitreous, such as hypoxanthine, have been 
claimed to indicate generalized hypoxia, but the application 
of such techniques in routine practice has not been fruitful. 

SUFFOCATION 

Although not a specific term, suffocation usually refers to a 
death caused by reduction of the oxygen concentration in 
the respired atmosphere, formerly called a 'vitiated atmos- 
phere'. It is less often used to include smothering or chok- 
ing. Reduction of atmospheric oxygen may occur in a wide 
variety of situations. Decompression, such as cabin failure 
of aircraft at high altitudes, causes a dramatic fall in the 
partial pressure of oxygen and hence reduced penetration 
of the gas through the alveolar wall. Other factors, however, 
such as the direct effects of a partial vacuum and often 
mechanical trauma from the near-explosive situation may 
overshadow the hypoxic aspects. 

More common is the reduction of oxygen in the atmos- 
phere by physical replacement by other gases, or chemical 
changes such as combustion. In fires, the loss of respirable 
air may be a potent factor in causing death, though other 
complications, such as the presence of toxic gases such as 
carbon monoxide, cyanide and many other poisonous sub- 
stances liberated by the burning of plastics, may cause death 
more quickly than pure hypoxia. Carbon dioxide, which 
though not itself poisonous, is irres~irable and may accu- 
mulate in fires, and in wells and shafts in limestone. In 
former years, vagrants sleeping for warmth near limekilns were 
sometimes suffocated by this heavy gas creeping over them. 

Carbon dioxide is also the cause of deaths in a more 
modern agricultural setting - the grain silo. Here, many 
tons of grain are stored in gas-tight towers; the seed pro- 
duces carbon dioxide that settles to the bottom of the 
tower. When a blockage occurs in the gravity discharge, 
farm workers may enter the tower to clear the obstruction. 
Although safety precautions demand venting before the 
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men enter, some workers still suffer a sudden death on 
encountering an atmosphere rich in carbon dioxide. 

A similar hazard exists in ships' tanks or other industrial 
metal chambers, in which oxygen is replaced by nitrogen. 
This happens because the damp steel walls become rusty 
and use up much of the contained oxygen in forming ferric 
oxides. In all these deaths associated with replacement of 
oxygen with an inert gas, rapid death is common before 
hypoxia can have had any physiological effect. For example, 
the author (BK) has dealt with two deaths in which seafarers 
entered closed ships' tanks and virtually fell dead off the 
entry ladder. The presumed mechanism, which was far too 
quick to be hypoxic, was considered to be some oversrimu- 
lation of the chemoreceptor system, leading to a parasym- 
pathetic 'vasovagal' cardiac arrest. 

Even where death was not witnessed as sudden, the 'clas- 
sic signs' of asphyxia are almost always absent. In domestic 
circumstances, death may be seen where a heating apparatus 
has removed oxygen from the atmosphere in the absence of 
ventilation. Though oxides of carbon are usually formed, a 
kerosene or natural gas appliance may kill from pure 
hypoxia, especially where left burning all night in a small 
room where the occupants lie sleeping. The effect may be 
accentuated by the victims having blocked up cracks in the 
doors and windows to keep out draughts. An open wood or 
coal fire does not present the same hazard, as it requires a 
flue or chimney in order to burn. In all such deaths, carbon 
monoxide poisoning must first be excluded by blood analy- 
sis, as it is a common accompaniment to lack of oxygen, 
especially as the reduction in oxygen availability tends to 
make the heat source produce progressively more monoxide 
than dioxide during combustion. 

In a different variery of hypoxic death, persons - especially 
children - may asphyxiate by being confined in a small air- 
tight space. Examples include boxes and discarded refriger- 
ators; the danger of the latter is so well known that in Britain 
it is illegal to dump a refrigerator in a place with public 
access, unless the self-locking handle is rendered inoperative. 

In all such 'hypoxic' deaths (though some are patently due 
to vasovagal cardio-inhibitory mechanisms) it is very rare to 
find any petechial haemorrhages, as these are mainly the 
result of venous obstruction, which is absent in these 
circumstances. In the true hypoxic deaths, there may be 
congestion and cyanosis, though even these are often 
absent and the autopsy findings are essentially negative. 

SMOTHERING 

fabric, an impervious sheet or a hand, though occasionally 
(especially in industrial accidents) a mobile solid, such as 
sand, mud, grain or flour may be responsible for blocking 
the air passages. In the 1966 Aberfan disaster in South 
Wales, more than 140 victims - almost all children - were 
smothered when semi-liquid coal slurry from a collapsing 
mine tip swept over their school. 

In smothering, death may occur either by the occluding 
substance pressing down upon the facial orifices, or by the 
passive weight of the head pressing the nose and mouth 
into the occlusion. Deliberate homicide is seen usually in 
the old, the debilitated and in infants. It is extremely difi- 
cult to prove homicide from objective findings. 

In relation to infants, the matter will be further discussed 
in the chapter on sudden infant death syndrome, but it is 
essential to appreciate that the smothering of babies, whether 
intentional or accidental, is both rare and difficult to prove. 
The so-called 'classic signs' of asphyxia, for what they are 
worth, are rarely present in proven suffocation - and as 
intrathoracic petechiae are common in undoubted 'cot 
deaths', these signs cannot therefore be accepted in isol- 
ation as evidence of suffocation. 

Pressure marks on the face can rarely be distinguished 
from post-mortem postural changes, where circumoral and 
circumnasal pallor is caused merely by passive pressure of 
the dependent head after death, preventing the gravita- 
tional hypostasis from entering these areas. 

Even where the head is found supine, variation in colour is 
still common on the face, with contrasting white and pink 
patches, which usually change as the post-mortem interval 
lengthens. Unless there are bruises or abrasion on the cheeks, 
around the mouth, lips or lesions within the lips or mouth, it 
is dangerous to overinterpret mere colour variations from 

This term refers to death from mechanical occlusion of the 
mouth and nose, though sometimes 'suffocation' is used to 
include this class of death. The smothering agent is usually 

FIGURE 14.5 Smotheringfiom a towel being tied over the face. 
Death was contribzrted to Iry head injuries, aalso infliced by the aged 
husband, who died within a f ~ w  hours of natural causes)om 
hypertensive heart disease. 
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alterations in the amount of blood in the facial capillary bed, 
which is almost always a post-mortem phenomenon. 

Even a confession from the mother is not always reliable - 
cases are on record where a mother has falsely confessed to 
smothering her child to rationalize the inexplicable events 
of a true sudden infant death syndrome fatality. 

A similar situation exists with the elderly, who may be 
victims of a 'mercy killing', often a euphemism for the 
exhaustion of patience of long-suffering caring relatives. A 
pillow placed over the face of a sleeping octogenarian leaves 
no signs, unless a struggle develops, when protracted 
attempts at respiration against obstruction may lead to 
congestion, cyanosis and sometimes facial and conjunctival 
petechiae. 

'Overlaying' of infants 

This alleged condition has an ancient pedigree, being 
mentioned in the Old Testament. In Chapter 111 of the First 
Book of Kings, Solomon has to adjudicate between two 
women who both claim the same child, as the other infant 
was 'overlain'. This event, some 3000 years ago, has been 
mentioned at intervals through history, as in Wales in AD 
1188, when Giraldus Cambrensis records that the Lord 
punished a woman for preventing her husband joining the 
Third Crusade, by causing her infant son 'to be overlain in 
the night'. 

When an infant was found dead in the morning in the 
maternal bed (as separate cots or cribs are a relatively mod- 
ern invention), it was assumed that the mother had turned 
over onto the baby in her sleep and suffocated it. When 
infants began to be placed in cots, the deaths continued 
unabated and it seems obvious that most of these were vic- 
tims of the sudden infant death syndrome (SIDS). Whether 
or not overlaying really exists is doubthl and seems incap- 
able of proof, given that any infant found dead in bed with 
no physical signs at autopsy could, by definition, be a SIDS. 

The recent marked decline in numbers of SIDS in 
Britain has coincided with a campaign to discourage mothers 
from putting their infants to sleep face down - but, as yet, 
no definite cause-and-effect relationship has been proved, 
so any consequent strengthening of the 'overlaying' hypoth- 
esis cannot be substantiated. 

Plastic bag suffocation 

Although an increasingly common form of suicide in 
Britain, plastic bag suffocation may also be homicidal or 
accidental. In all these types, the essential mechanism is 
that a hood of impervious substance, usually polythene or 
other plastic, is placed over the head down to neck level. 

The plastic is usually in the form of an open-ended bag, 
either transparent or a 'supermarket' shopping bag. 

Although many suicides tie the open end of the bag 
around their neck with cord or a tie, this is not necessary 
for a fatal result. Indeed, even flat sheets of polythene have 
killed infants when placed on the face. The mechanism is 
not understood, as it was formerly but erroneously thought 
to be the result of the clinging effect of static electricity. 

Plastic bag suffocation can be rapid and leave no signs 
whatsoever. In the author's (BK) series of accidental, sui- 
cidal and three homicidal deaths from plastic bags, not one 
had any petechial haemorrhages or, indeed, any signs of 
'asphyxia' at all, the faces being pale and uncongested. In 
another case, a person was convicted of murder by plastic 
bag, yet was only arrested after a spontaneous confession 
6 weeks after an autopsy that had revealed no signs whatsoever 
of an asphyxia1 cause of death. As with hypoxic atmospheres, 
it seems that the mechanism of death in plastic-bag facial 
occlusion is some rapid cardio-inhibitory mode, rather 
than a purely hypoxic process. This conclusion is strength- 
ened by the causes mentioned above, where flat sheets of 
plastic, not bags, have killed infants by clinging to the face, 
which of necessity must have been rapid deaths. 

At autopsy, unless the bag is still present, these cases can 
present great difficulty. In fact, as in the homicide rnen- 
tioned above, unless a confession or other corroborative evi- 
dence is forthcoming, the pathologist may never even know 
that he has dealt with an occult suffocation. Where the bag 

FIGURE 14.6 Pht ic  bag suicide. The bag is sometimes tied around 
the neck, as in this case, but this is not necessary for a fatal outcome. 
The deaths are not asphyxial in the hypoxic sense; facial congestion 
andpetechiae are almost always absent. 
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FICIWRE 14.7 Pht ic  hag suici/ie. with 

an open bagplaced loosely over the 
.' head. As usual ti~ere are no congestive 

petecbial signs in the face. 

is still in place, a search must be made for other indications 
of suicide, such as drug analysis and futile injuries, such as 
slashed wrists. Masochistic activities, described later in this 
chapter, are sometimes, though not often, associated with 
plastic bag suffocation. 

It is sometimes said that moisture seen inside the bag 
indicates that it was put on during life, the water being 
from respiration. Ir is rare for this to be an important issue, 
as placing a bag on a corpse's head would seem excessively 
unusual; in any event, the test is invalid, as evaporation 
from the skin, nose and mouth can produce beads of mois- 
ture inside, whether the victim is dead or alive. 

Autopsy signs of suffocation 
Where smothering is suspected, local signs must be sought 
to try to substantiate pressure on the face. Such signs 
include bruising around the mouth, chin and nose, though 
these are rarely seen except in the more violent incidents. 
Pressure of the lips on the teeth or dentures may cause the 
buccal surfaces to be bruised or abraded, though lacera- 
tions are rare unless a blow has been administered. It must 
be remembered that as small infants and many old people 
have no teeth, these injuries are less likely. The dangers of 
accepting areas of facial pallor as 'pressure marks' when the 
face shows post-mortem hypostasis has already been men- 
tioned. In the early stages of post-mortem discoloration of 
the skin, variable colouring may not be truly 'hypostatic' as 
mottling and patchy variation is common due to uneven 
vasodilatation after death. It takes some time for gravity to 
pull cutaneous blood down to lower levels. 

Smothering may occur accidentally where a person who 
is incapacitated from one of a variery of causes lies face 
down on a surface that is impervious to air. Drunkenness, 
epilepsy, drug overdose, coma or stupor from natural dis- 
ease, may lead to this. Though it has long been proved in 
connection with 'cot death' that woven fabrics of most 
types can still admit enough air to support quiet respiration 
when placed over the mouth and nose, fabric that becomes 
saturated with saliva, nasal mucus or vomit may form an 
impervious seal that ceases to allow the passage of air. The 
weight of the inert head also distorts the nose and presses 
the nostrils and mouth so hard against a mattress or pillow 
that this adds to the airway stenosis. 

In these instances, congestion and cyanosis are common, 
but when the body is examined after death, some of these 
findings may be postural and hypostatic in nature. As 
always, however, it must be recognized that skin haemor- 
rhages often appear post-mortem in dependent hypostasis. 

Gagging 
Smothering may also occur where a pad or gag is fixed over 
the face, as sometimes happens in robbery with violence. A 
householder, caretaker or night-watchman may be tied up 
and silenced by having a scarf, tie or other fabric tied 
around his face. At first this admits air, but when it becomes 
progressively soaked with saliva or mucus it may become 
impervious and lead to an asphyxial death, again usually 
without any petechiae in the face or eyes. 

A similar situation arises when a gag is thrust into the 
mouth to silence a watchman or security officer. Another 
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variant is adhesive tape applied over the mouth. Though 
the nasal airway may originally be quite patent, any later 
obstruction from oedema and mucus, or movement of the 
gag backwards into the nasopharynx, may cause an unfore- 
seen death and turn a robbery charge into a homicide. 

CHOKING 

This term refers to blockage of the internal airways, usually 
between the pharynx and the bifurcation of the trachea. 
Death can be the result of pure hypoxia from occlusion of 
the airway, when all the attendant signs of congestion, 
cyanosis and perhaps petechiae may be present, usually 
where the victim struggles to breathe for an appreciable 
period. As described below, however, a large proportion of 
deaths occur suddenly before any possible hypoxic manifest- 
ations have time to take effect; these fatalities must be 
caused by neurogenic cardiac arrest, either purely neuro- 
genic or accelerated by excess catecholamine release from 
the adrenaline response. 

Causes of choking include the following. 

Foreign bodies 

Objects such as gags, dummies, small toys, table-tennis balls 
and a multiplicity of objects may be placed in the mouth 
and inhaled, usually by children and the mentally retarded. 
Occasionally adults will do the same, accidentally or by 
design; an example of the latter was a suicide seen by the 
author (BK), who died (without any asphyxia1 signs whatso- 
ever) by pushing a closed pill-bottle into his pharynx. 

Dentures and haemorrhage 

False teeth (especially partial plates), extracted large teeth, 
blood clots, and frank haemorrhage following dental or ear, 
nose and throat operations such as tonsillectomy. 

Acute obstructive lesions 

Lesions of the glottis or larynx, such as the oedema of acute 
hypersensitivity (including insect stings), irritant vapours, 
inhalation of hot gas and acute infective conditions. The 
most dangerous of the latter is diphtheria or Haemophilus 
influenme epiglottitis in children, which is a medical 
emergency sometimes requiring an immediate tracheostomy 
to relieve the airway obstruction. At autopsy, great thicken- 
ing of rhe epiglottis and aryepiglottic folds by jelly-like 
oedema and inflammatory tissue will be found occluding 
the entrance to the larynx. 

FIGURE 14.8 Impaction ofan extracted molar tooth in the Iarym. 

Though now uncommon with modern dentaland anaesthetic 

practices, it can still happen in less satisfactory circumstances. Blood 

clotfram dental extraction, tonsilktomy, and other ear, nose and 

throat surgery can a h  block the airway. 

Food material - 
This is an important topic, as the cause of death 'aspiration 
of vomit' is used too often without real justification. Food 



14: Suffocation and 'asphyxia' 

FIGURE 14.9 Blockage of the larynx by a complete small orange 
in a mentally disturbedpatient. The fiuit hadjust been 
swallowed and was not regurgitatedfiom the stomach. The& 
warpale and death was rapid, unaccompanied 4 symptom of 
choking. 

may be drawn into the larynx either as it is being taken 
down from the mouth in the act of swallowing, or it may 
be regurgitated from the stomach. 

B The first instance is rarely misinterpreted, as whole 
undigested food may be found in the air passages and 
there is usually a history of death taking place while 
eating. Though most commonly encountered in old 
persons and the mentally disturbed, it can occur in any 
age group. A notable example was the so-called 'cafi 
coronary' syndrome, which received considerable 
publiciry in the USA some years ago. The most frequent 
victims were well-nourished businessmen, who died 
suddenly and unexpectedly during a meal with no signs 

FIGURE 14.10 Blockage of the larynx by meat. The victim war 
an oldperson with senile h e n t i a  who &~edfood and who 

eventually died sudrknly without asphyxial signs fiom re@ 
cardiac arrest. 

of respiratory distress or any of the 'classic signs of 
asphyxia'. Initially thought to be coronary heart disease, 
autopsy revealed a bolus of food, often steak, lodged in 
the pharynx or larynx. In any choking on food, the bolus 
can be quite large, such as a whole pancake, a whole 
tangerine or masses of meat, fruit or vegetable. Senile 
persons in retirement homes and mentally retarded 
children in institutions are also vulnerable. In such 
fatalities, the history and mode of death gives no hint 
of a hypoxic mechanism. Many cases have been observed 
where the victim merely sits back in their chair, dead - 
the mode clearly being cardiac arrest, presumably from 
overactivity of the parasympathetic nervous system 
from stimulation of the laryngeal or pharyngeal 
rnucosa - the so-called 'vasovagal reflex' or 'reflex 
cardiac inhibition'. 
The finding of gastric contents in the air passages is by 
no means as significant as the presence of freshly 
swallowed food. Firsr, difficulties can arise in 
distinguishing gastric contents from fresh food 
material if digestion of the former has not proceeded 
far - which is not always a function of the time since 
the last meal, as any physical or psychological 
disturbance can retard or completely halt digestion. 
The history, if available, is a better guide, unless the 
material is obviously partly or wholly digested. In cases 
of doubt, the smell and acid reaction to p H  indicators 
may be useful. 

Gastric contents are commonly found in the larynx, 
trachea and bronchi at autopsy when no other evidence of 
aspiration exists, and when there is a clear and unconnected 
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cause of death. Knight (1976) found that no less than a 
quarter of a series of 100 consecutive autopsies on both adults 
and children contained some gastric contents in the air pas- 
sages, and Pullar (1984) observed that this was a low figure 
compared with his series. These findings were obviously 
caused in the great majority of cases by agonal or post- 
mortem spillage. 

Gardner (1958) described experiments in which barium 
was placed in the stomachs of recently dead patients while 
still in bed in the hospital wards. When X-rays were taken 
after they were first moved to the mortuary and thence into 
the autopsy room, most had barium in their tracheobronchial 
tree, confirming that overspill was common as a post-mortem 
phenomenon. Even histological evidence of leucocyte cluster- 
ing around foci of gastric contents deep in the bronchi was 
shown by Gardner to be an early post-mortem event, not a 
'vital reaction'. Leucocyte migration in the skin up to 
16 hours post-mortem was demonstrated by Ali (1986). 

Almost the only definite evidence of aspiration of gastric 
contents is either reliable witnessed observation during life 
or the histological finding of an advanced 'vital reaction' 
with infection, necrosis and a definite inflammatory reac- 
tion. This is a relatively late change and cannot be seen 
where death occurred within a few hours of aspiration. 
Finding a few foci of leucocytes around a bronchiole is of 
no evidential use. There is therefore no reliable method of 
distinguishing agonal or even early post-mortem overspill 
from true vital aspiration, unless clinical or other witnessed 
evidence is available. In most instances, it is not justifiable 
for a ~ a t h o l o ~ i s t  to claim that death was caused by inhal- 
ation of stomach contents without such confirmatory evi- 
dence. Unfortunately, where other lesions are absent or 
unconvincing at autopsy, especially in the sudden infant 
death syndrome, many pathologists use the presence of gas- 
tric contents in the air-passages as the primary and often 
the only cause of death. This unwarranted assumption may 
have distressing consequences, both in the field of medical 
negligence, deaths in custody and especially in the sudden 
infant death syndrome, where mothers may be misled into 
thinking that some negligence on their part in failing to 
observe vomiting, may have caused the death. 

The only circumstance where a firmer opinion may be 
held is in acute alcoholism, though even here certainty is 
usually elusive. Where an undoubtedly drunken person 
(usually with a blood alcohol of at least 150 mg1100 ml) is 
found dead with massive blockage of his air passages by 
copious gastric contents and where other causes of death 
can be excluded by autopsy, then it might be reasonable to 
assume that regurgitation may have killed him, especially if 
there is other evidence of external vomit on the clothing or 
immediate surroundings. However, it is not an autopsy 
diagnosis to be made lightly. 

asphyxia' 

TRAUMATIC 'ASPHYXIA' 

This condition is unfortunately misnamed, as the word 
'traumatic' could equally be applied to hanging or strangula- 
tion. It is well recognized now, however, as meaning mechan- 
ical futation of the chest, and is important both because of its 
frequency in accidents and because it provides the most 
extreme demonstration of the 'classic signs' of asphyxia. 

Whereas other types of mechanical asphyxia may cause 
obstruction of air entry into the lungs, 'traumatic asphyxia' 
acts by restricting respiratory movements and thus prevents 
inspiration. It was termed 'traumatic' because gross mechan- 
ical forces are usually the reason for the fmtion of the thoracic 
cage. Traumatic asphyxia occurs in two main conditions: 

El The chest and usually the abdomen are compressed 
by an unyielding substance or object, so that chest 
expansion and diaphragmatic lowering are prevented. 
Burial in earth following the collapse of an excavation 
is a common cause and may kill workmen even if their 
heads remain above the fallen soil. Similarly, burial in 
grain, sand, coal or minerals, may have the same effect, 
and is usually encountered in industrial, marine or 
agricultural accidents. An avalanche in a silo, hopper, 
or other large-scale storage container may bury the 
worker up to neck level and, unless rescue is rapid, 
asphyxia will prove fatal. Similar restriction of chest 
movement may be caused by the victim being pinned 
under an overturned vehicle, or by falling timber or 
masonry. Many fatalities have occurred on farms, 
especially in hill country, by the toppling of a tractor, 
pinning the driver underneath. Protection in the form 
of a 'roll-bar' over the driving position or the provision 
of a rigid cab on a tractor was specifically designed to 
avoid such accidents. 
Crushing in crowds also leads to traumatic asphyxia, 
and this has caused some mass disasters, the largest 
probably being in Mecca. Most of the football-gound 
tragedies such as Bolton, Ibrox Park (1971), Lima 
(1964), Hillsborough (1989) and the Heisl Stadium in 
Belgium (1986) have been the result of crushing in 
crowds out of control. A similar mechanism led to 173 
deaths in wartime London, when a panic on the stairs 
of Bethnal Green underground station, used as an air- 
raid shelter, caused the crowd to fall on those beneath. 

Other forms of chest crushing arise from trapping between 
a vehicle and a wall, or between the buffers of two railway 
trucks. 

Individual cases of traumatic asphyxia can occur when 
one person allows the whole weight of his body to fall upon 
another for a protracted period. This may happen in sexual 
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intercourse, especially when one or both parties are inca- 
pacitated by drink or drugs. 

Features of traumatic asphyxia 

The appearances just mentioned are the hallmark of trau- 
matic asphyxia and in no other condition, apart from pos- 
tural dependency, is the degree of congestion and cyanosis 
so marked. When the chest is f ~ e d ,  the face, neck and 
shoulders down to the thoracic inlet are grossly dis- 
coloured. Sometimes this colour is more red than purple. It 
can extend lower than the clavicles, Polson et al. (1985) 
being of the opinion that it often reaches down to the level 
of the third rib. 

The conjunctivae are grossly congested and haemorrhagic. 
Rather than the petechiae seen in pressure on the neck, the 
conjunctivae and sclera may be so engorged with blood that 
the haernorrhagic tissue actually bulges out through the lids, 
completely obliterating the whites of the eyes. The face, lips 
and scalp may be swollen and congested, being dotted with 
petechiae and ecchymoses. There may be copious bleeding 
from the ears and nostrils. The whole picture is commonly 
an exaggeration of the appearances seen in slow death from 
manual strangulation, but local injury is absent and the signs 
extend down to or beyond the root of the neck. Where 
the compression has been caused by pinning under a solid 
object - as opposed to soil, sand or squeezing in a crowd - 
there may be local bruises and abrasions from the weight of a 
vehicle or heavy beam, but these are unrelated to the margin 

have subpleural petechial haermorrhages, the true 'Tardieu 
spots'. The right heart and all the veins above the atria are 
markedly distended. There may be injuries to the chest wall 
from the trauma of the fixating object. 

It is not clear why there should be such gross venous con- 
gestion,but it is usually explained rather unconvincingly by 
the fail'ure of the pulmonary circulation consequent upon 
the cessation of the normal expansion and collapse of the 
pulmonary vasculature. Shapiro suggested that the pressure 
on the chest forces blood back into the great veins and, as the 
venous valves in the subclavian vessels prevent displacement 
into the arms, the extra volume is forced up the valveless 
jugular system to congest the head and neck. 

of the congestive-haemorrhagic zone. FIGURE 14.12 Gross conjunctival haemorrhages in traumatic 

Internally, the congestion is less marked than on the sur- asphyxia. The victim was a workman who wac buried up to his 

face, but the lungs are usually dark and heavy and may well chest in an avalanche of ash. 

FIGURE 14.1 1 Traumatic asphxia showinggross congestion of FIGURE 14.13 Traumatic asphyxia showinggrass congestion of the 

conjluentpetechial haemorrhages of the face andparts of the face and red blood-tingedfroth exudingfrom the nostrils and 

shoulders. The victim had been buried up to the axillae in an mouth. The victim had lost the pntrol of the tractor he was driving, 

avalanche of iron ore in afactory bunker. fell out of the cab and was compressed under the overturned vehicle. 
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POSTURAL ASPHYXIA 

Closely allied to traumatic asphyxia is the so-called 'pos- 
tural asphyxia', whose description as a separate entity is 
quite recent. When a person remains in a certain position 
for an extended time, either due to being trapped, or being 
in a drunken or drugged state, there may be a mechanical 
impediment to adequate respiratory movements. In addi- 
tion, the normal venous return to the heart may be 
impaired. 

Such positions usually entail inversion, either of the 
whole body or of the upper half; the syndrome and the 
pathophysiology are described well by Madea (1993), 
though most forensic pathologists will have had experience 
of such situations from time to time. 

Persons who have been trapped upside down or even 
only in a 'jack-knife' position, with the upper half of their 
body bent acutely downwards from the waist, may have 
such impairment of their respiratory movements that 
they become hypoxic and suffer marked disturbance of 

their circulatory system, especially the venous return to the 
heart. 

The author (BK) has seen two cases in which a victim has 
become stuck whilst trying to climb through the upper part 
of a window, one as a thief, the other in trying to get into a 
house without his key. Others have been seen where, in a 
state of drunkenness or other disability they have slipped 
out of bed, so that their head and shoulders are on the floor, 
with the legs and pelvis still at a higher level on the bed. 
These may also suffer the same disturbance of respiratory 
movements, which when prolonged may lead to death. 

Inversion may occur during torture: crucifixion has an 
element of postural asphyxia. In the case of inverted cruci- 
fuion, as in the death of St Peter, it would be the major factor, 
as inspiration would be impeded by the weight of abdom- 
inal viscera upon the diaphragm. 
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This provides one of the most complex and controversial 
areas of 'asphyxial' deaths, as the mechanism is uncertain 
and the frequency of such deaths makes them a common 
problem for both forensic pathologist and jurist. 

Pressure on the neck may arise from manual strangula- 
tion, ligature strangulation, hanging, direct blows, arm-locks 
and a variety of accidental lesions, such as entanglement 
with cords or fallingonto the neck. 

Strangulation was formerly thought to be a pure 
asphyxia as a result of 'cutting off the air' by occlusion of 
the airway during the constriction of the neck. Since the 
end of the nineteenth century, however, it has been recog- 
nized that the rapidity of death in many cases made it 
impossible for hypoxia to be the sole or wen major cause. 
Many victims died almost immediately and exhibited none 
of the so-called 'classic' signs of asphyxia. 

Others, though showing these signs, still died too 
quickly for it to be reasonably argued that lack of oxygen 
had proceeded to a fatal stage. It was common knowledge 
that most people could hold their breath for over a minute 
and that some pearl divers could be physically active and 
yet not breathe for at least 3 minutes, so the much more 
rapid onset of death seen in many cases required further 
explanation. 

MECHANISM OF DEATH IN 
PRESSURE ON THE NECK 

A number of anatomical and physiological factors must be 
considered in analysing the effects of pressure on the neck. 

Airway occlusion 

This may occur either from direct compression of the 
larynx or trachea, or from a lifting of the larynx so that 
the pharynx is closed by the root of the tongue being 
pressed against the soft palate and roof of the mouth. 
The latter explanation is far more likely, as the strong 
cartilages of the larynx will resist all but the most extreme 
compression. Various experiments have been attempted 
to quantify the force needed to close the airway and 
blood vessels, but it is difficult to translate the often 
conflicting results to the degree of violence actually used 
in fatal events. For example, Brouardel (1897) calculated 
that the force needed to close the trachea was of the order 
15 kg, far more than that required to occlude the blood 
vessels. 

Occlusion of the neck veins 

This factor is almost solely responsible for the appear- 
ance of the 'classic' signs of congestion, cyanosis, oedema 
and petechiae above the line of constricrion. The external 
jugular system is most vulnerable, but any significant pres- 
sure encircling the neck will also obliterate the lumen of 
the internal jugular system, causing a rapid rise in venous 
pressure in the head, especially if the carotid arteries are 
still patent, which is usually the case. Brouardel's experi- 
ments suggest that a ligature with a tension of 2 kg blocks 
the jugular return; Reuter (1933) found an even lower 
figure. 
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Impermeable 

FIGURE 1 5 . 1  Causes of mechanical arphyxia. 

Compression of the carotid arteries 

This is much less common than venous occlusion, as the 
higher internal pressure of the carotid arteries resists 
occlusion and they are situated much more deeply. The 
carotids are largely obscured by the sternomastoid muscles. 
If bilateral occlusion of the carotids is achieved, almost 
immediate unconsciousness will ensue, as the supply of 
arterial blood to the brain by the vertebral circulation is 
insufficient to maintain cortical function, which depends 
mainly upon the anterior and middle cerebral arteries that 
arise from the carotid supply. Occlusion of the vertebral 
arteries by neck compression seems virtually impossible 
despite some claims to the contrary. 

If the carotid circulation is totally occluded for an unremit- 
ting period of 4 or more minutes, then irreversible cerebral 
damage may occur. The time for this to happen is variable 
and the minimum has been disputed for many years, but the 
consensus of opinion is that permanent brain damage is very 
unlikely if the supply has been cut off continuously for less 
than 4-5 minutes. Total recovery has often been recorded 
after total ischaemia of considerably longer than this, even in 
normothermic conditions, with 9-14 minutes being quoted. 
where the body has been subjected to low temperature, far 
longer times have been recorded, including an anecdotal case 
of a boy falling into the cold water of a Scandinavian harbour 
and being totally submerged for 40 minutes, with total recov- 
ery of cardiac and cerebral funcrion. 

FIGURE 1 5.2 Possible eficts ofpressure on the neck: (A) carotid sinus 

re& leading to cardiac arrest; (B) juguLzr venous compression leading 
to yanosis andpetechiae; (C) carotidartp/y compression M i n g  to 
unconsciousness; and (D) airway obstruction hading to hypoxia. 

Nerve effects 

Pressure on the baroreceptors situated in the carotid 
sinuses, the carotid sheaths and the carotid body, can result 
in bradycardia (slowing of the heart), or in total cardiac 
arrest. This is an example of the physiological mechanism 
that monitors and adjusts blood pressure and heart rate. 

This mechanism acts through a reflex arc in which the 
afferent (sensory) nerve impulses arise in the carotid com- 
plex of nerve endings, but not - as is sometimes alleged - in 
the vagus nerve trunk itself. 

These impulses pass up to the brain via the glossophar- 
yngeal nerves to the tenth nucleus in the brainstem, then 
return via the vagus (efferent) supply to the heart and other 
organs. This reflex. arc acts through the parasympathetic 
side of the autonomic nervous system and is independent 
of the main motor and sensory nerve pathways. It is often 
claimed, admittedly without much concrete evidence, that 
fear, apprehension, struggling and possibly the effect of 
drugs such as alcohol, may heighten the sensitivity of this 
vagal mechanism. The release of catecholamines during 



15: Fatal pressure on the neck 

such adrenal responses may well sensitize the myocardium 
to such neurogenic stimulation. 

The vagal reflex has profound implications in relation to 
pressure or blows on the neck. Sometimes called 'vagal 
inhibition', 'vasovagal shock' or 'reflex cardiac arrest', the 
rapid onset of heart stoppage may antedate any evidence of 
congestive or 'asphyxial' signs, causing death immediately 
or within seconds, or at any time thereafter. 

It is a matter of some dispute as to whether this reflex can 
cause immediate cardiac arrest or whether there has to be a 
period of marked slowing of the heart with negligible car- 
diac output - or whether an arrhythmia such as ventricular 
fibrillation precedes such an arrest. Probably any combin- 
ation can occur, but it is an indisputable fact that collapse 
and apparent death can occur immediately on the applica- 
tion of pressure co h e  neck. Gv-ei~~iiiiidatioii of neice eiid- 
ings in the carotid sinus or adjacent arterial sheath may be 
brought about by direct pressure from fingers, or from a liga- 
ture during strangulation or hanging - or from a blow 
directed at the side of the neck. Severe pain, such as a blow 
on the larynx or genitals, may also trigger a 'vagal response'. 

THE FREQUENCY OF VAGAL CARDIAC ARREST 

Though different authors vary in the proportion of such 
deaths that they attribute to reflex cardiac arrest, they all 
admit to the existence of such a mechanism. In the author's 
(BK) own series of fatal pressure on the neck from a variety 
of causes, the 'classical signs', denoting vascular and perhaps 
sometimes airway obstruction, were present in slightly less 
than half the cases. The remaining deaths presented with an 
absence of congestion, cyanosis and petechiae, the pale faces 
indicating that cardiac arrest had taken place before the 
congestive signs had time to appear. 

One aspect which is uncertain - and virtually incapable 
of experimental proof in humans - is whether vagus- 
mediated cardiac arrest can be spontaneously reversible. 
Where an arrhythmia leads to arrest, resuscitation by car- 
diac massage or direct current electrostimulation has an 
excellent chance of revival - though in most forensic situa- 
tions, such assistance is often lacking or too late. 

However, it is not known whether cardiac arrest caused by 
the vasovagal reflex, can spontaneously revert to normal 
rhythm some minutes later - or whether it inevitably leads to 
death if no timely resuscitation is offered. This may have 
forensic relevance, as the author (BK) has been involved 
in several cases where pressure on the neck has lead to a 
comatose, but heart-beating victim, who later dies on artificial 
ventilation from irreversible brain damage. In the absence of 
medical data, the problem then arises as to whether the brain 
damage was caused by prolonged carotid artery occlusion 
from neck pressure - or was the result of a momentary neck 

Paler skin 
be!c.w neck 

FIGURE 1 5.3 Ckmicalfiatures of  stranguhtion when car& arrest 
is dphyed. 

pressure which caused reflex cardiac arrest, with spontaneous 
reversion to normal rhythm more than five minutes later, by 
which time irreversible cerebral damage had occurred. 

Medico-legal aspects 

This phenomenon has considerable legal as well as medical 
significance, as sudden death from 'vagal inhibition' can 
occur with total unexpectedness even with relatively slight 
pressure to the neck. Keith Simpson and Polson recorded 
cases many years ago in which a soldier at a dance playfully 
'tweaked' his partner's neck and was mortified to see her 
drop lifeless to the floor. Many such cases are on record and 
every forensic pathologist of any experience has examples 
in his own records. Where it can be shown that the death 
occurred rapidly and without prolonged manual gripping 
of the neck, the defence may be raised that neither death 
nor serious injury was contemplated by the accused. It 
would be much harder to establish this lack of intent if the 
grip was maintained long enough to lead to florid conges- 
tion and petechiae in the face. 

A combined mechanism of injury and 
the duration of neck compression 

It is important to remember that the cardiac arrest mode 
of death may be mixed with the congestive-petechial mode 
in that, though the first stages of pressure may continue for 
long enough for congestive-asphyxial signs to appear (per- 
haps a minimum of 15-30 seconds), a change in grip may 
then allow the fingers to impinge ,on the carotid structures 
and lead to reflex cardiac arrest. Thus the progression of the 
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pure 'asphyxial' process may be abruptly terminated at any 
point along its pathway to death by the superimposition of 
'vagal inhibition', so that the intensity of the congestive 
changes may be of any degree in any given death. 

The duration for which pressure must be maintained is 
often a contentious issue in criminal trials, as the 'inadver- 
tent squeeze' which causes rapid vasovagal cardiac arrest is 
likely to be viewed as less culpable than a prolonged, 
unremitting gripping of the throat. 

It is virtually impossible to measure the average min- 
imum time of gripping that will produce congestion, 
cyanosis and petechiae from venous occlusion. As so often is 
the case in forensic medicine, animal experiments are useless 
for this purpose and obviously few cases of strangulation 
homicide are ever reliably witnessed, especially by some dis- 
passionate observer with a stopwatch! Even in non-fatal 
cases - which incidentally, can produce far more florid 
examples of facial and eye haemorrhages than deaths - there 
is almost never any independent, accurate measurement of 
the time for which the neck was compressed. 

It has been arbitrarily suggested that 15-30 seconds is prob- 
ably the minimum period which will give rise to petechiae in 
the eyelids, conjunctivae and Eacial skin, but this really is 'pick- 
ing a figure from the air', with little scientific justification. 

Some years ago, the British Home Office and the Royal 
College of Pathologists set up a small working party to study 
this problem, composed of several experienced forensic 
pathologists and a respiratory physiologist - but the project 
was soon abandoned because of a total lack of reliable data. 

Though it is easy to demonstrate that facial congestion 
develops within a few seconds of total jugular occlusion, 
petechiae - the only lasting sign after the venous return is 
re-opened - do not appear as quickly from neck pressure. 
However, they can occur from sudden, transient rises in 
venous pressure, such as sneezing or coughing - whooping- 
cough is a well-known example - and during the Valsalva 
experiment of forcibly trying to expire against a closed glot- 
tis. Eye petechiae and retinal haemorrhages can also occur 
during the chest compression of energetic cardiac massage 
during resuscitation. 

CAUSES OF REFLEX CARDIAC ARREST 

Vagal inhibition of the heart from stimulation of the carotid 
neural complex may occur in any form of pressure on the 
neck, but is much more common in manual strangulation 
than with a ligature, hanging excepted. Fingers seem more 
prone to dig deeply and find the structures under the anter- 
ior edge of the sternomastoid muscle. Perhaps the move- 
ments of the fingers, especially during the shifting postures 
of a struggle, more readily impinge upon the carotid bifur- 
cation than the more static position of a ligature. 

The majority of hangings, however, present with a pale 
face, free from congestive-haemorrhagic signs. 

This seems to be caused by the more precipitate impact 
of the noose on the carotid structures when the victim's 
weight abruptly bears down, though Polson favoured actual 
carotid occlusion and hence cerebral ischaemia as the com- 
mon cause of death in hanging. The scarcity of carotid inti- 
ma1 damage in suicidal hangings does not favour this view. 

Blows to the throat 

Another cause for sudden cardiac arrest is a blow to the 
neck or throat. This is the basis of the so-called 'commando 
punch' and some of the oriental martial arts also contain 
this in their repertoire - often forbidden because of its 
potential lethality. The edge of the hand is brought forcibly 
across the side of the nick or the front of the larynx. 

Direct violence to the carotid region naturally causes 
gross stimulation of the afferent nerve endings. Blows 
directly to the larynx indirectly stimulate the sinus region 
or the laryngeal sensory nerve endings may themselves trig- 
ger the cardio-inhibitory reflex. 

It is well known that the hypopharynx and larynx are par- 
ticularly sensitive to stimulation, which accounts for the sud- 
den deaths from impaction of food in the larynx, or from the 
flooding with cold water that causes some sudden immersion 
deaths. The testicles and uterine cervix also have a similar 
reputation for leading to sudden cardiac death, if unexpect- 
edly overstimulated, especially when the myocardium is pre- 
sensitized by catecholamines released by fear or emotion. 

MANUAL STRANGULATION 

A common method of homicide, manual strangulation is 
most often encountered when the physical size and strength of 
the assailant exceeds that of the victim. It is most commonly 
seen in domestic homicides when a husband kills hi wife, in 
sex-related murders when the victim is again a woman, and in 
child killings, when the killer is an adult. Manual strangula- 
tion is rarely committed by a woman except on a child and a 
man rarely kills another man of equal physique. 

Autopsy appearances in manual 
strangulation 

The autopsy findings fall into two groups, namely, the local 
signs of violence, and the signs of the mechanism of death, 
where discernible. 

B Bruising on the neck is the result of the assailant's 
attack, whereas abrasions may be from either victim or 
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FIGURE 15.4 Chsical manual strangulation with Jingernail marks 
and abrasions on the neck, congestion of the face, slight protrusion 

of the tongue and bleedingjom the nose. 

FIGURE 15.5 Bruising on the neck andjaw margin in manual 

strangulation. Separate bruises along the jaw are due to high finger 

pressure - where a larger area of abrasion or bruising i s  present in 

this region, consideration must begiven to pressurejom an 

an-lock.  

assailant. The bruises are mainly discoid, but may run 
together into larger areas of confluent bruising. The 
discoid marks are from finger-pads and are about 
1-2 cm in size, though where the fingers skid across the 
skin surface, longer, irregular marks may occur, 
especially along the jaw margins. The bruises tend to 
cluster at the sides of the neck, often high up under the 
angles of the jaw. Some may overlap the jaw line and 
trespass on the chin, but others can be lower on the 
neck spreading down to the inner ends of the clavicles. 

As a result of the shifting grip, often caused by the 
struggles of the victim, bruising can be anywhere, even 
at  the posterolateral sides of the neck, and on the upper 
chest over the sternum and collar bones. Some may be 
seen in the grooves on either side of the larynx, over the 
anterior edge of the sternomastoid. They are also 
common over the prominence of the larynx and at the 
level of the cricoid. 

As in most of the cases seen by a pathologist, death 
will have taken place at or about the time of the attack, 
most bruises will be fresh, being dark red or purple. 
Some may be so severe as to form actual superficial 
haematomas raised slightly above the skin surface. 
Bruises may often be seen in an asymmetrical pattern, 
with just one or two on one side of the neck, and a 
lqrn-r p s n  nn 'he npposirc side. This m y  ---a-- r --- ---- 
suggest that a thumb was applied on one side and a 
group of fingers on the other; this may well be correct, 
but is not necessarily so and may be fortuitous if a 
shifting grip caused several reapplications of fingers. 

It is sometimes tempting to use such asymmetrical 
grouping to decide 'handedness', that is to suggest that 
one bruise on the right side of the victim's neck and a 
group on the left means that a right-handed assailant 
gripped from the front. The grouping may not be 
genuine, however, and because it can be fortuitous, it 
cannot be definitely determined that it was the right 
hand nor that it was not placed around the neck from 
the back. Overinterpretation must be avoided, as in all 
fields of forensic medicine and 'Sherlock Holmesian' 
opinions as to the handedness, size of hand, and 
orientation of attacker and victim in strangulation 
must be suitably restrained if both justice and the 
credibility of pathologist are to be preserved. 
Abrasions on the neck: scratches may be caused by the 
assailant or the victim, usually from fingernails. As with 
bruising, rough finger-pads (especially from a male hand 
on the delicate skin of a female neck) may abrade the 
epidermis and underlying bruises may be overlain by 
diffuse abrasions, again often seen along the margin of 
the jaw line. 

Linear scratches are the hallmark of fingernails and, 
when a woman strangles a child, the often longer nails 
of the woman may leave obvious marks. Whether male 
or female, the scratches are of two types: when the 
pressure is static, straight or curved marks up to a 
centimetre in length are made; when the nails skid 
down the skin, linear lines may result, sometimes 
several centimetres in length. 

A static nail mark is often semi-lunar in shape, but 
caution must be used in interpreting the posture of the 
hand from this shape. Though it would seem obvious 
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that the concavity of the mark should face the finger- 
pad, experiments by Shapiro et a/. in 1962 showed that 
the converse may be true. This is caused by f ~ a t i o n  of 
the skin at the centre where the nail digs in, with escape 
at the-margins, so that when the traction relaxes, the 
mark appears inverted, with the convexity facing the 
finger-pad. However, experiments by others, including 
the author (BK), show that this  heno omen on is by no 
means invariable and often the marks are the result of 
the nails being applied in the expected direction. 

Scratches are the result of the victim's attempts at 
pulling away the strangling hand. As most victims are 
women, the nails may be long and the scratches more 
severe than those from the assailant, which are often 
absent altogether. These defence scratches may run in 
parallel lines from grouped fingers and run in a vertical 
direction in the long axis of the neck, though they are 
often random. 

In the autopsy on a strangled victim it is good 
practice to take fingernail scrapings or clippings for full 
forensic science investigation. These should be 
preserved and labelled so that each clipping or scraping 
is individually identified - or failing that, at least the 
left- and right-hand material should be kept separate. 
Skin fragments or blood under these nails may provide 
blood typing or DNA characteristics that can be 
matched to an alleged assailant - and other valuable 
trace evidence, such as hairs and fibres might be 
trapped in a torn fingernail - though admittedly, the 
number of occasions when such evidence has been 
gained is extremely small. 

The alleged assailant should always be examined 
medically to correlate any injuries that may have been 
inflicted on him by the fingernails of the victim, such as 

facial or hand scratches. If he is examined soon after the 
offence, his own fingernail scrapings should be taken, 
especially if the victim has neck abrasions, so that 
comparison studies can be made between any debris 
found and the tissue types of the victim. 

Internal appearances in manual 
strangulation 
Internally, the bruises described above may be visible to a 
greater or lesser extent in the tissues of the neck. Often they 
are quite superficial and are confined to the dermis, but 
some may be visible to an appreciable depth in the muscles 
and other structures in the neck. 

The platysma muscle may be bruised, but the ster- 
nomastoid and the deeper strap muscles that run vertically 
along the larynx may show patchy bleeding, not glways 
corresponding exactly to the position of surface bruises. 

FIGURE 15.6 Mandstrangulation with bruising)orn the assailant 
andfingernail abrasions from the victim. The face ispah as a result of 
rapid uasovagal cardiac arrest before congestive signs could develop. 

They may contain infiltrated blood or even frank haem- 
atomata, especially the sternomastoid. 

At autopsy, it is essential to release the blood in the 
venous system before dissecting the neck to avoid or reduce 
artefactual haemorrhages that can occur in the region. It 
may be easiest to reflect the scalp and remove the brain 
before dealing with the neck, to release venous engorge- 
ment. Alternatively, after the skin of the neck has been 
carefully flayed off in a wide 'V' incision, the internal jugu- 
lar vessels can be incised before any further manipulation to 
release the venous pressure, but removal of the skull is 
preferable. 

Radiography of the neck may be carried out before any 
dissection to determine the state of the cervical spine and 
the laryngeal cartilages, though the author (BK) has never 
found this to be particularly helpful, preferring to X-ray the 
isolated larynx before dissection. 



15: Fatal p r e s s u r e  o n  the n e c k  

When examination of the deep neck structures begins, 
careful removal of the overlying tissues layer by layer is 
required, seeking genuine haemorrhage as each set of 
muscles is exposed. There may be bruising into the thyroid 

capsule and into any of the strap muscles. The vascular 
bundles must be handled carefully and the large veins 
opened with scissors. The carotids can be opened i n  situ, or 
after the laryngo-oesophageal pluck has been removed. 

FIGURE 15.7 Manual stranplation, showing scattered bruises from 

the fingers of the assailant, but also a pattern of abrasions under the 
chin and below the larynx, caused by the nails of the victim whilrt 
attempting to pull off the strangling fingers. 

FIGURE 15.9 Abrasion and bruising in manualstranplation. The 
face is pale, indicating a rapid sudden dpath; much of the skin 
dumaged is directly over the position of the undprlying carotid sinus. 

FIGURE 15.8 Ih t ra t i on  of the needfor all doctors to 
be observant and vigilant. This lady was seen in bed 
by a family doctor andpronounced a 'heart attack' 
victim. Later examination reyealedfacia l congestion, 
fingernail marks on the neck and the impression o f  
her necklace on the skin by strangling hand. 
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FIGURE 15.10 Mucosal haemorrhages in the interior of the larynx 

immediately below the vocal cora!s, in manualstrangulation. This is 

a common finding and the mechanism is uncertain. It can occur as 
here - in the absence ofgeneralized congestive-petechial changes - 
and appear5 to be caused by local trauma. 

Spurious bleeding behind the 
larynx 
Bleeding over the front and sides of the larynx is usually 
genuine, if the venous pressure has been released before- 
hand, but great caution must be employed in interpreting 
bleeding behind the larynx and pharynx. 

In any autopsy, substantial haemorrhage may be seen 
over the posterior surface of the oesophagus and on the 
anterior longitudinal ligament of the cervical spine. This is 
a common post-mortem artefact, described fully by 
Prinsloo and Gordon (1951) and sometimes known by 
their name. In the absence of any other neck lesions, espe- 
cially bleeding in the lateral and anterior parts of the neck, 
no reliance can be placed on this haemorrhage. It tends to 
develop more as the post-mortem interval lengthens and 
even releasing the venous pressure in the neck by 
removal of the brain, or opening the jugulars early, does not 
ensure its absence. To avoid the Prinsloo and Gordon arte- 
fact, a special technique of dissecting the neck is recom- 
mended by Shapiro (1988). Another artefact in the neck, 
much easier to recognize as false, is 'banding' of the 
oesophagus, especially when the tissues are congested. 
These bands are pale areas in the mucosa caused by post- 
mortem hypostasis being prevented from settling by the 
external pressure of adjacent anatomical structures, includ- 
ing parts of the larynx, trachea and aortic arch. Banding is 
common in routine non-trauma autopsies, but has been 
misinterpreted by inexperienced pathologists as evidence of 
strangulation. 

FIGURE 15.1 1 Dissection of the neck in 
a victim of manual strangulation. There 
are extensive areas of bkeding in the 

strap muscles, the lower part of the 

larynx and on the submandibular gland 
andjaw margin. Removal of the brain 
before dissection of the neck reduces the 
risk of artefctural haemorrhages in this 
region. 
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Site of fractures from 
Greater hyoid horns lateral compression 

FIGURE 15.12 Artefctualpost-mortem haemomhage on the 
posterior surj6ace of the oesophagus in a natural dPath. This was filly 
described by Prinsloo and Gordon, and is a reason for draining the 
bloodfrom the venous system of the head and neck before beginning 
to dissect. 

Forensic anatomy of the larynx 

The larynx consists of a large 'V'-shaped thyroid cartilage, 
which has a prow-like prominence anteriorly and is open 
at the back. Below this is the smaller cricoid cartilage, 
which is narrow at the front, but expands posteriorly to 
occupy the lower part of the space left by the open thyroid 
cartilage. 

At the upper margin of the posterior wing of the thyroid 
on each side, are the superior horns or 'cornuae', which are 
connected by the thyrohyoid membrane to the greater 
horns of the hyoid bone which lies immediately above. 

Superior 
thyroid 
horns 

) IThyro id  cartilage 

FIGURE 15.13 Theforensic anatomy of the IaTYnx. The hyoid and 
thyroid bones fracture either from direct lateral compression, or from 
traction from the thyrohyoid membrane when it is compressed. 

The hyoid bone lies at the root of the tongue, and consists 
of a central horizontal 'body', to which are attached two long 
'greater horns', which sweep backwards and slightly upwards 
above the upper margin of the thyroid cartilage and superior 
horns. The hy& often has natural joints, sometimes even 
with synovium, which lie at the junction of the body with 
the greater horns. 

There are two lesser horns on the upper surface of the 
body that have no forensic anatomical significance. The 
hyoid calcifies at variable times: the body is usually calci- 
fied, but the horns may calcify irregularly, both in space 
and time. In teenagers and young adults they are usually 
cartilaginous and the joints mobile. In middle and later life, 
the hyoid and thyroid horns calcify and become more brit- 
tle. The cricoid cartilage is a modified upper tracheal ring 
but. can also become partly calcified as age increases; no 
meaningful ages can be placed on any calcification, but 
traumatic fractures can occur at any time except in children 
and most teenagers, in whom fractures are rare. 

Injury to the larynx 

During manual strangulation the larynx may become dam- 
aged in various ways. The pressure is mainly bilateral, so 
that the sides of the larynx are squeezed. Particularly vulner- 
able structures are the four 'cornuae' or horns, which protect 
backwards to maintain the patency of the airway around the 
glottis. Lateral pressure of the fingers can displace any of the 
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Fractures frequent persistence of joints at the base of the greater 
horns of the hyoid may allow movement and so avoid frac- 
tures when compressed. The cricoid and the main ala of the 
thyroid'cartilage may be cracked, but this is an index of 
much greater pressure from strangling fingers. The plates 
may break in a spiral or oblique fashion and the cricoid 
may crack anteriorly through the narrow bridge rather than 
at the wider posterior plate. Fractures of these larger areas 
are also found in direct blunt violence such as punching, 
kicking or arm-locks, often as part of general severe damage 
and disruption of the entire larynx. 

o FIGURE 15.14 The hyoid bone. 

four horns inwards, either by direct pressure or by pressure 
on the thyrohyoid membrane, which then drags the horns 
medially. In young persons, the horns are so pliable that 
they return to their normal position on release of the pres- 
sure but, variably beyond the third decade, they may be 
sufficiently calcified to fracture. 

The appearance of a fractured horn is of a loose or even -. 

flapping termination. The horn usually displaces medially, 
but is held by the thyrohyoid ligament. At autopsy it is 
advisable to cut down this ligament carefully between thy- 
roid cartilage and hyoid to destroy the 'splinting' effect that 
may support a broken horn. As will be discussed later, 
however, there will be a haemorrhage at the fracture site that 
will make the lesion obvious. In the case of the hyoid, care 
must be taken not to misinterpret a natural joint as a frac- 
ture. These are more medial than the usual site of fracture, 
which is likely to be within a centimetre of the tip. The 
jagged edge of the fracture line may be exposed, especially in 
an older person with a brittle horn. Radiography before dis- 
section is an excellent way of confirming a fracture, identify- 
ing natural joints and detecting any other fractures in the 
thyroid or cricoid cartilage. 

Though the hyoid bone has received most attention in 
publications as being the marker of violence to the larynx, 
in fact the thyroid horns are far more vulnerable. Simpson 
(1985) found that, in 25 successive deaths from manual 
strangulation, there were 22 fractures of thyroid horns but 
only one fractured hyoid. Though this ratio is not typical of 
the experience of most pathologists, there is no doubt that 
the superior horn of the thyroid is much more fragile and 
more vulnerable than the greater horn of the hyoid bone. 
Although fractures of the horns are more common with 
advancing age, they can on rare occasions be found even in 
teenagers. Care must be taken, however, not to confuse 
mobility at natural joints with a fracture (Evans and Knight 
1982). 

Conversely, undoubted severe violence to the neck in 
older persons does not necessarily cause horn fractures. The 

Significance of laryngeal fractures 

Laryngeal corriual fractures are, of course, merely indicators 
of pressure applied to the neck and are not themselves 
relevant in terms of a threat to life. This is sometimes 
misunderstood by laymen, especially police and lawyers, 
who have been misled by the importance that patholo- 
gists attach to the finding of a fractured horn into thinking 
that the injury itself is a significant contribution to the 
death. 

Such fractures, if proved to be genuine, are certainly sig- 
nificant in proving the application of violence to the neck, 
but certain precautions must be observed in their interpret- 
ation. The sole finding of a fractured horn, where there is 
no other injury to the skin, subcutaneous tissues, muscles 
or rest of the larynx is of little value unless there is firm 
circumstantial evidence of violence to the throat. 

When a fracture of a laryngeal horn is found, it must 
first be proved to be ante-mortem in origin. Post-mortem 
fractures undoubtedly occur, either from mishandling the 
body during transit or from incorrect autopsy techniques - 
though the frequency of the latter has been overestimated. 

It is certainly possible to damage the larynx post-mortem 
by allowing the neck to fall against a hard surface or sharp 
edge during removal from the place of death, or during 
handling in the mortuary. Such damage, however, is more 
likely to occur to the laryngeal plate of the thyroid cartilage 
or to the cricoid, rather than to the laterally placed horns, 
though these can be broken. Damage at autopsy is usually 
caused by an inexperienced pathologist or autopsy-room 
technician, especially when forensic expertise is lacking. 
Clumsy removal of the tongue and neck structures can 
break the thyroid or hyoid cornuae, especially in old per- 
sons where they are calcified and brittle and when any nat- 
ural joints are ankylosed. 

This may be one justification for radiography before 
autopsy, but probably the danger of artefactual breakage 
has been overestimated, especially where a gentle removal 
technique is employed. 
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Proof of ante-mortem laryngeal fracture 

This must be obtained by demonstrating haemorrhage at 
the fracture site. It is usually obvious to the naked eye and 
can be confirmed histologically. Sometimes the bleeding is 
prominent, with a blood bleb under the periosteum or peri- 
chondrium at the fracture line, and the broken end of a cal- 
cified horn may be palpable and even slightly crepitant. 
Where no macroscopic evidence of bleeding is found, care- 
ful histology of the fracture site will almost always reveal 
some red-cell extravasation, but this evidence is of less value 
because microscopic - and even slight macroscopic - oozing 
can occur from a post-mortem fracture of a horn. Bleeding 
is therefore a 'one-way' criterion: if there is no haemorrhage, 
the fracture must be post-mortem, but if there is a small 
bleed, then the lesion can be either ante-mortem or post- 
mortem. Naturally the findings must be taken in conjunc- 
tion with other evidence of neck injury and, if there are 
surface bruises, scratches, muscle bleeding, intralaryngeal 
and tongue haemorrhage, then a minimal bleed at a frac- 
tured horn can be accepted as probably ante-mortem. 

Conversely, it must again be emphasized that the solitary 
finding of a fractured laryngeal horn, even with slight asso- 
ciated bleeding, is not in itself sufficient evidence of ante- 
mortem trauma to the neck. 

Other causes of fractured laryngeal 
horns 

The hyoid and thyroid horns can be broken other than by 
manual strangulation. Ligature strangulation and hanging 
can certainly cause these lesions, though not as often as man- 
ual throttling. Direct violence can also break the cornuae, 
but usually only as part of more diffuse laryngeal damage. A 
punch or kick in the throat can disrupt the larynx and break 
the horns as part of general damage. Even wide, blunt pres- 
sure can fracture the horns, however, such as an arm-lock 
from behind squeezing the larynx against the cervical spine. 
It has been said that such direct violence from the front tends 
to splay the fractured horns laterally, whereas in manual 
strangulation the horn tends to fall inwards - but this is too 
tenuous a claim to be of much practical value. 

In accidents, the larynx can be damaged. In falls, the lar- 
ynx is usually protected by the prominences of the chin and 
chest, but if the fall is onto a ridged object, such as gate 
or chair-back, then a focal impact can injure the throat. 
The author (BK) has seen a death in a housebreaker, who 
slipped when trying to climb through a sash window. He 
fell with his throat across the top of the window-frame and 
died - presumably of a vagal cardiac arrest - being found 
suspended .by his neck next morning with fractures of the 
laryngeal cartilages. 

Other laryngeal injuries in strangulation 

Other injuries to the larynx include splitting of the ala of 
the thyroid cartilage, often either in the midline or 
obliquely across the left or right plate. This may be part of a 
violent strangulation, seen by Green (1973) in 12 per cent 
of his series - but is more often seen in blows to the front of 
the neck, either by fist or the edge of the hand, or a kick or 
any other kind of substantial trauma directed at the front of 
the neck. 

The cricoid cartilage, a circle shaped like a signet ring 
that lies below and partly within the thyroid cartilage, may 
also be fractured by manual throttling when pressure is 
applied rather lower than usual. Again, this cartilage tends 
to break either across the front midline or obliquely. 
Though an uncommon injury, a severe displacement of a 
broken cricoid - especially if accompanied by mucosai tear- 
ing and bleeding - may project backwards into the airway 
and cause a partial obstruction. 

The interior of the larynx may also show indications 
of pressure on the neck. This usually takes the form of 
haemorrhage into the mucosal lining and is most often 
seen immediately below the vocal cords. Bleeding may be 
intense here, but its cause is obscure. It can occur with no 
other damage to the cartilages of the larynx and it is then 
hard to equate it with direct physical pressure as it lies on 
the protected inner surface. 

Similar, but less intense, haemorrhage is sometimes seen on 
the surface of the epiglottis, which more ofien shows a shower 
of petechial haemorrhages if the death was not sudden. 

Such haemorrhage inside the larynx is often a bright, 
fiery red, unlike the dark cyanotic discoloration that is seen 
in the pharynx, root of tongue and larynx in congestive- 
asphyxia1 deaths, and is caused by obstructed venous return 
rather than direct trauma. At autopsy the base of the 
tongue should always be sliced, as deep haemorrhages may 
be present, usually at the sides of the tongue, deep conges- 
tion being more central or across the whole posterior part 
of the tongue. 

Damage to the carotid arteries 

Though the sudden 'vagal inhibition' type of death caused 
by pressure on the baroreceptors of the carotid sinus and 
sheath is quite common, it is unusual to find anatomical 
confirmation of injury to these structures. 

There may be deep haemorrhage in the neck tissues sur- 
rounding or adjacent to the bifurcation of the common 
carotid artery, but this is often absent in these cases of car- 
diac arrest - and conversely, such bleeding may be found in 
the slow 'as'phyxiall deaths, as part of the generalized diffuse 
bleeding into the tissues. 
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Rarely, careful dissection of the carotid arteries may reveal 
an intimal tear or bleeding into the walls of the vessels at 
or near the carotid sinus. A delicate technique is required 
and artefactual damage must be carefully excluded, espe- 
cially that from the point of scissors used to slit open the 
artery. Such tears are more often found when a forcible 
impact or a more focal pressure has been applied, such as 
from a thin ligature that can cut deeply and abruptly into 
the neck, especially in hanging. Generally, little or no mor- 
phological confirmation is to be expected in the cardiac 
arrest type of death, following pressure on the neck. The 
diagnosis is one of exclusion, based on the absence of any 
congestive-cyanotic-petechial appearances, together with 
some circumstantial history of sudden death whilst pressure 
is being applied to the neck. 

As already mentioned, one problem is that pressure may be 
maintained for long enough - perhaps a minimum of 15-30 
seconds - to produce these signs, yet not cause death, but 
death then supervenes abruptly because a vagus-mediated 
cardiac arrest is superimposed on the early asphyxia1 mode. In 
the absence of any structural damage to the carotid apparatus, 
autopsy cannot differentiate between the rwo mechanisms 
and only the history (which is rarely available for obvious rea- 
sons) can assist in interpreting the sequence of events. 

STRANGULATION BY LIGATURE 

Pressure on the neck may be effected by constricting all or 
part of the circumference of the neck by a ligature. This is 
sometimes called 'garrotting', though strictly this refers to 
the tightening of a noose around the neck by twisting a 
rod within the ligature, a form of judicial execution once 
employed in Spain, from which also comes the description 
of the twisting device as a 'Spanish windlass'. This method 
had a refinement in which the back of the neck was forced 
against a sharp spike which penetrated the spinal cord. 

In forensic practice, if hanging is excepted as a separate 
entity, most ligature strangulations are homicidal. Some are 
suicidal and a few accidental, usually in children. 

The nature of the ligature 

The ligature may consist of a wide variety of objects, some 
not obviously suitable for the purpose, yet effective in caus- 
ing death. Cords, wires, ropes and some belts are strong and 
relatively thin, so that they tend to cut deeply into the neck if 
the tension is great. Softer fabrics, however, in the form of 
scarves, ties, towels, stockings, tights and even strips of bed- 
linen may be used and may cause some problems in inter- 
pretation if they are removed from the scene before the 

FIGURE 15.15 Ligature markfiom a nylon scat$ Although the 

fabric wac broad, the tension bands fiom the tightly stretched 

material have produced a definite line that could be mfitaken for 

a cord or wire. 

FIGURE 1 5.16 Ligature strangulation with a generally horizontal 

course for the two strands of cord that divergefiom the skin at the 

back of the neck. 

investigation begins. The ligature may be applied as one turn 
around the neck - or even less, as homicides have been per- 
petrated by the assailant pulling a U-shaped ligature against 
the front and sides of the neck, while standing at the back. 
Even a flexible rod, such as bamboo cane or - in India - a flat 
'lathi', can act as a ligature if the two ends are forcibly pulled 
back from behind against the front of the throat. 

In the majority of cases, however, the ligature is crossed 
over itself after passing a full circle around the neck - and 
several turns may be wound around, secured-with one or 
more knots. These multiple turns are not uncommon in 
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F!c-L~E 15.17 F r m n ~ r ~  o,ftht= I + ?  laryngeal horn (arrow) with 

haemorrhage. The body was recoveredfiom a lake based on the 

confession of the perpetrator. Further findings were haemorrhage in 

the fractured criroid cartilage, bruising on the neck andpetechiae in 

the conjunctivae and larynx. 

FIGURE 1 5.18 qpical appearance of congested, cyanosedforehead, 

with multiplepetechiae in the skin, in a woman strangled manually 

and 6y ligature. Circular brui~in~probably due to knuckle blows. 

The scarftied around the neck initially sugested only ligature 

strangulation. 

suicide, where two, three, or even more circles are wound 
around, often with complex knots. The presence of these 
more complicated ligatures by no means confirms homicide - 
in fact they are more common in suicide, where the deter- 
mined victim is eager to succeed. The ligature may be tight- 
ened even hrther by means of the 'Spanish windlass' 
mentioned above, which consists of some rod-like object, 
which may be a ruler, stick or screwdriver inserted between 
the ligature and the skin, and twisted around several times. 
The rod may be held in position by being wedged under the 

FIGURE 15.19 In the case shown in Figure 15.18. When the scarf 

was iliizoiiid, q p ' c d  h i m  a i d  a b m h n :  cf zanual:tr,-zgz:trhticn 

were seen in addition to the ligature mark. 

chin or against the shoulder or chest. This device may be 
seen in either homicides or suicides. 

The ligature mark 
The appearance at autopsy naturally depends on the nature 
and texture of the ligature. When there is a pronounced 
pattern, such as the weave of a cord or the plaiting of a 
thong, the same pattern may be imprinted into the skin. In 
homicide, where the ligature has been removed by the 
killer, such a pattern may be of geat  value in tracing its ori- 
gin. When a fabric has been used, such as a scarf or towel, 
the marks on the neck are more difficult to interpret. A 
broad, flat band may leave no mark whatsoever, but it usu- 
ally leaves one or more linear marks on the skin of the neck, 
often discontinuous. These may fade if the body is not seen 
soon after death and if the surface has not been abraded. 

A fabric ligature may leave a sharply defined mark, 
which may be misinterpreted as being caused by a narrow 
cord or wire. The reason for this is that when a broad piece 
of cloth is tightly stretched, one or more bands appear that 
are under greater tension than the rest. It is these that mark 
the skin, and no sign may be left that a wider area was lying 
on either side of the most tensed band. These marks are 
usually less well demarcated at the edges than a cord or 
rope, but can cause confusion. 

When the ligature is still in position when the body is 
examined, it may appear to be deeply embedded in the 
skin, sometimes almost out of sight, and on removal a deep 
groove may be seen in the skin. This embedding may be 
accentuated by oedema of the tissues, especially above the 
ligature, which initially may not have been applied so 
tightly. The swelling can continue to develop to some 
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FIGURE 15.20 Self-strangukztion by [igdture, with three turns 

around the neck and a complex knot. There was no doubtfiom the 
circumstances that the deceased man had deliberately killed 
hinuelfwith this tekphone cord, but the mechanism of apparent 
uasovagal death before any congestive changes could appear remains 

obscure. 

extent even after death, accentuating the depth of the 
groove. Presumably some passive transudation of tissue 
fluid continues even after the circulation has stopped. In 
suicides, multiple turns and knots may have been applied 
and obviously, the degree of tightness as seen later at 
autopsy could not have been present during the application 
of the ligature, otherwise incapacity would have been so 
rapid that the process could not have been completed. In 
such cases, it is remarkable how ohen the mode of death 
still seems to be of the non-asphyxia1 cardiac arrest type. It 
might be expected that vagal stimulation could not have 
occurred once the expected static position was attained 
with the completion of ligation - but experience indicates 
otherwise, the mechanism remaining obscure. 

The skin mark may remain red, especially if the ligature 
was of softer material such as cloth, but cords, ropes and 
wires tend to abrade the surface, which later becomes yel- 
low or brown and parchment-like. This is seen particularly 
in hanging, when the friction and chafing may be greater. 

FIGURE 15.21 Ligature strangulation by means ofa 'Spanish 
windlass: Apenknife has been thrzut through the knot to twist the 

Ligature tight. 

The stiff, brownish-yellow appearance occurs post- 
mortem and tends to become more pronounced as the 
interval lengthens after death. The mark may be slightly 
wider, narrower or the same width as the actual ligature, 
depending partly upon how deeply it cut into the skin. 
There is often a narrow zone of reddened hyperaemia at 
either margin of the mark. This used to be taken to indicate 
that the ligature must have been applied during life - 
though by analogy with the spurious 'vital reaction' some- 
times seen as a post-mortem development at the margin of 
burns (see Chapter 1 I), this sign is of doubtful reliability. 
Experiments by Pollak (personal communication) confirm 
this by the production of similar marginal reddening by 
applying ligatures soon after death - it seems to be due to 
lateral displacement of blood from the squeezed area 
immediately below the ligature. 

THE POSITION OF THE LIGATURE MARK 

The geometry of the mark is important in interpreting the 
fatal events. In strangulation, unlike hanging, the mark tends 
to encircle the neck horizontally and at a lower level. Typically 
it crosses immediately above or below the prominence of the 
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FIGURE 15.22 A t  autopsy on a victim of ligature strangulation, the 
ligature should be cut well awayj+om the knot, ifone is present. The 
knot should never be untied, butpreservedforforenzir examination. 

Ifthe ligature is in danger of unravelling, it should be tied at two 

places and divided between these points. (Reproduced with 
permissionfi.om Robert Hale Publishers.) 

larynx and passes back to the nape of the neck. In homicide, 
where a single turn is used, there is often a cross-over point 
where the two ends of the ligature mark overlap. This may be 
at the front, side or back of the neck, depending on the rela- 
tive positions of assailant and victim. 

When a knot is tied, it may leave a mark on the skin and, 
of course, if multiple loops are present, some or all of these 
will be represented on the skin. Unless the killer is pulling 
upwards, the mark will not be seen to rise nor will there be 
a gap in the mark at the highest point, as seen in most 
hangings. 

In the later section on hanging, the point will be made 
that sometimes a hanging mark may resemble a ligature 
mark, but the converse is almost unknown. 

Other signs of local injury in ligature 
strangulation 

There may be scratches on the neck, but these are usually 
caused by the attempts of the victim to pull away the liga- 
ture. Fingernail marks, sometimes linear and vertical, may 
be present as in manual strangulation, but not focal abra- 
sions or bruises. Internally there may be superficial haem- 
orrhage under the ligature mark, though this is often 
minimal. Depending on the force with which the ligature 
was applied, there may be deep damage in the muscles of 
the neck, but this tends to be less than in manual strangu- 
lation. Similarly, there may be laryngeal injury, but less 
severe than from pressure from the hands. The hyoid bone 
and thyroid horns may be fractured, especially where the 
ligature rides at the level of the thyrohyoid ligament, but 
damage to the laryngeal cartilages is much less common 
than in manual strangulation. Gonzales found in 24 fatal 
manual strangulations, four hyoid fractures but nine thy- 
roid and cricoid fractures. In 25 deaths from manual stran- 
gulation, Simpson found only one hyoid fracture but 22 

with thyroid horn fractures. It is rare for the main thyroid 
plate or the cricoid to be fractured unless gross violence was 
applied with excessive pressure by a strong ligature. 
Uncommonly, a narrow wire may be used, the so-called 
'cheese-cutter' method. Here, strong pressure over a small 
area - such as that delivered by a piano wire - may actually 
lacerate the skin, and even cut into the deeper tissues 
and cartilages. 

Where much bruising and abrasion is seen, especially if 
scattered and away from the actual ligature mark, then the 
possibility of a combination of manual and ligature stran- 
gulation must be considered. This is not uncommon, the 
handling of the throat either preceding or accompanying 
the application of the ligature. Fractures of the laryngeal 
structures may be caused by this element, rather than the 
associated ligature. A deeply sunken narrow ligature 
applied with force may damage the carotid arteries and 
focal injury to the intima may rarely be found on careful 
dissection. 

The mode of death in ligature 
strangulation 

The mode of death is more often the 'classic asphyxia' picture 
than in manual strangulation, where sudden cardiac death is 
common before congestive-petechial changes have time to 
occur. The contrast in rhe appearance of the skin immedi- 
ately above and below the ligature mark is often striking, 
with pale skin below, and a puffy, oedematous, congested, 
cyanotic and haemorrhagic surface above. Petechiae may 
abound in the eyelids, conjunctivae and facial skin, and there 
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may be bleeding from the ear and nose. This is by no means 
invariable, and many ligature strangulations die rapidly from 
vagal reflex cardiac arrest before any congestive signs have 
had time to appear. 

This can occur in both homicide and suicide and, as men- 
tioned earlier, the mechanism is obscure, especially where the 
victim - bent on self-destruction - has been able to complete 
multiple loops around his neck and tie several knots before 
dying. 

Accidental ligature strangulation - which may be actual 
hanging if the body weight is thrown wholly or partially 
upon the ligature - is seen in the tragedies than occur to 
young children, who may become entangled in blind or cur- 
tain cords, usually when their cot or playpen is lefi too near 
a window. 

ARM-LOCKS AND 'MUGGING' 

The original meaning of 'mugging' has now been confused 
by its application, especially in North America, to any form 
of robbery with violence. The term strictly means throt- 
tling by pressure from an arm held around the throat. The 
attack is usually made from behind, the neck being trapped 
in the crook of the elbow. Pressure is then exerted either on 
the front of the larynx, or at one or both sides by the fore- 
arm and upper arm. The mechanism is further discussed in 
Chapter 10, as an arm-lock (or 'choke-hold') is a method of 
restraint used by police officers for law enforcement, but it 
is rapidly losing favour because of the number of inadvert- 
ent fatalities due either to 'asphyxia' or to reflex cardiac 
arrest. Following several fatalities during police arrests in 
the early 1990s, the Association of Chief Police Officers in 
Britain have issued recommendations that arm-locks be 
avoided during the restraint of violent prisoners. 

The autopsy features are those of ligature strangulation 
with a broad object, in that signs may be minimal. Some 
diffuse abrasion may be seen, especially along the margin 
of the jaw or lower face, sometimes over a considerable 
area, caused by the friction of the forearm. Internally there 
may be diffuse bruising, but this again may be slight or 
even absent. The larynx may also escape damage, though if 
it is pressed backwards against the spinal column the thy- 
roid horns and even the hyoid may fracture (see also 
Chapter 10). 

HANGING 

Hanging is a form of ligature strangulation in which the 
force applied to the neck is derived from the gravitational 
drag of the weight of the body or part of the body. 

FIGURE 15.23 qpicalposture in hanging with the suspension point 

rising to the ear, tilting the head to the opposite side. The tongue is 

projecting becawre of upwardpressure on the larynx and root of the 

tongue. There are no congestive appearances. As a slip-noose was 

used, the rope is in contact with the skin throughout the fill 
circumference oj'the neck. 

Judicial hanging 
The modern form of judicial execution is unrelated to the 
usual suicidal hangings seen in routine forensic practice, as 
it depends upon severe mechanical disruption of the neck 
structures. Until the nineteenth century judicial hanging in 
Britain was carried out even more barbarically by 'ordinary' 
hanging, where the victim was strangled at the end of a 
rope by his own weight. At the infamous Tyburn execution 
site near the present Marble Arch in London, tens of thou- 
sands were dispatched, the usual method being the placing 
of a rope noose around the neck of the condemned person, 
who stood on a cart or ladder. This support was then 
removed leaving the victim suspended. Some contempo- 
rary accounts suggest that many died with little further 
movement, but this was not the case for a considerable 
number and it. was not unusual for the victims' relatives to 
pull on the victims legs to shorten the agony. It appears to 
have been a desire to increase the rapidity with which death 
occurred that 'improvements' were made, principally the 
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use of a drop effected suddenly by means of a trapdoor. The 
use of a drop required the placing of the 'knot' - really a 
brass eyelet and rubber washer - under the left ear where it 
was less likely to be pulled over the head than at the 
occiput, a traditional site. The aim was that, when the rap- 
idly falling body was suddenly arrested, the cervical spine 
would be dislocated resulting in traction on the spinal cord 
with consequent spinal cord or brainstem disruption. 
Exhumation of persons executed by this method shows that 
fracture was not usual but post-mortem accounts of find- 
ings indicate that cervical spine dislocation - occurring at 
various levels - was common with resulting cord or brain- 
stem damage. However, the effects do seem to be variable 
with decapitation occurring at drop heights, which, in oth- 
ers, judging by contemporary descriptions of the execution, 
~ p p e ~ r  nct ever? to h2w caused rapid unconsciousness. 
Though cerebral function presumably ceased immediately 
on cord or brainstem damage, the heart usually continued 
to beat, sometimes for up to 20 minutes until hypoxia 
caused arrest. 

Suicidal and accidental hanging 
Apart from the now rare 'lynching', hanging is almost 
always suicidal or accidental, the former being by far the 
most common. Hanging has many features in common 
with ligature strangulation. Death is, however, more often 
caused by reflex cardiac arrest from pressure on the carotid 
structures. Many more victims of hanging are found to 
have pale faces, rather than the congested, haemorrhagic 
appearance of the slower asphyxia1 type of death. James and 
Silcocks (1992), in a 15-year survey of hangings in Cardiff, 
found congestive-petechial features in 27 per cent, being 
related to the completeness of suspension. 

Polson suggested that the usual pale face in hanging is 
caused by cerebral ischaemia from bilateral occlusion of the 
carotid arteries rather than a vasovagal effect, though this 
seems incapable of proof. In either event, the death can be 
taken to be rapid if no asphyxial signs are present. 

Methods of hanging 
Most hangings are self-suspension. This may be carried out 
by a wide variety of methods, but a typical method of self- 
suspension is to attach a thin rope to a high point such as 
a ceiling beam or staircase. The lower end is formed into 
either a f ~ e d  loop or a slipknot, which is placed around the 
neck while the intending suicide stands on a chair or other 
support. O n  jumping off or kicking away the support, the 
victim is then suspended with all or most of his weight 
upon the rope. 

FIGURE 15.24 Suicidal hanging with thef i t f la t  on thefloor. The 
deceased man stepped off the low stool, but the stretching of the cloth 
ligature prevented total suspension. Many suicidal hangings are 
success&l at much lower levels, such as doorknobs and bed 
headboards. 

The many variations of this involve either the ligature 
or the height of suspension. Wires, string, pyjama cords, 
belts, braces (suspenders), scarves, neckties, stockings and 
numerous other devices may be used, depending on avail- 
ability. In prison or police custody considerable ingenuity 
may be employed to defeat the efforts of the custodians to 
remove anything that could be used for self-destruction: 
shoelaces, stockings and torn bed-sheets have been used in 
prison cells. 



FIGURE 15.25 Suicihl  hanging by means o fa  necktie. The 

deceased man had swpended his neck from a hook on the back of a 
door by tying two neckties together. The hook hadpulled out and he 
was found on the floor. Note the pale, uncongestedface, indicating 

rapid cardiac arrest. 

Suspension is often not high enough to keep the victim's 
feet clear of the floor. Commonly, when the person steps 
from his support, the stretch in the ligature rope is sufficient 
to allow the feet to reach the ground, but this by no means 
prevents a fatal outcome. The weight of the upper part of the 
body leaning into the noose is often more than enough to 
cause death. Successful hanging can occur from low suspen- 
sion points, where the person is merely slumped with part of 
his weight into the ligature. Hanging can take place from 
doorknobs, bedposts and any other convenient low securing 
point. The body may be merely slumped against the door or 
bed or chair, with the legs and buttocks supported on the 
floor, so that only the weight of the chest and arms is con- 
tributing to the fatal pressure within the noose. One 'hang- 
ing seen by the author (BK) was successfully achieved by 

FIGURF: 15.26 Hanging deaths in children are very rare. This 

7-year-old boy took his leave from his playmates and hanged himself 
fiom a bedpost under their very eyes. 

Hanging 
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FIGURE 15.27 Hanging with a j x e d  knot in  the cord, so that there 

is a segment ofskin free from the mark where the cord rises towards 
the knot. This waspart of the common murder-suicide pattern in a 
domestic homicide. 

merely leaning the neck into the shallow curve of a low 
clothesline stretched between two posts in a garden. 

It is unusual for a suicidal hanging to be sufficiently vio- 
lent for damage to the cervical spine to occur as the length 
of drop is usually too short. Only occasionally will a person 
jump from a roof or other high place with a rope around his 
neck - here severe injury can occur, even decapitation if the 
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FIGURE 15.28 This inmate had torn up a sheet and attached both FIGURE 15.29 A A p  hanging ~ ~ r k  showing the high position 

end to a water tap (not shown) and is leaning into the loop in under the chin ,rising to the back of the neck. The spiral weave of the 

sittingposition with sparing of the back of the neck. rope is clearly imprinted in the skin. The dark tint of the face is 
racial, not congestive. 

rope is strong enough. More often the jump will be from an 
attic trapdoor or a tree, sufficient to damage the vertebrae or 
atlanto-occipital joint. The author (BK) once saw a frac- 
tured cervical spine when a heavily built soldier jumped off 
a lavatory seat after securing a rope to the overhead cistern, 
but this is unusual. 

The hanging mark 
The mark on the neck in hanging can almost always be dis- 
tinguished from ligature strangulation. The circumstances 
will usually indicate the fact of hanging, but sometimes the 
rope will break or become detached, and the deceased will 
be found lying with a ligature around his neck. There may 
then be doubt as to whether he was hanged or strangled. 
Obviously a search of the locus for a suspension point and 
signs of rope attachment will be the task of the investigators. 

The hanging mark almost never completely encircles the 
neck unless a slipknot was used, which may cause the noose 
to tighten and squeeze the skin through the full circumfer- 
ence of the neck. In most instances the point of suspension is 
indicated by a gap in the skin mark, where the vertical pull of 
the rope leaves the tilted head to ascend to the knot and 
thence to the suspension point. This gap is usually seen at 
one or other side of the neck or at the centre of the back of 
the neck. Much less often it is under the chin. The knot itself 

FIGURE 15.30 Ape$ectly horizontal mark around the neck in a 

man who hanged himelffrom a staircase. A slipknot was used, 
which tightened so that the usual rising line of a hanging mark did 
not occur, illustrating the dangers of assuming that the usual is 

invariable. 

may be impressed into the skin, especially if at the side of the 
head, above the gap where the anterior mark begins. 

The hanging mark, the features of which resemble those 
described earlier in strangulation, is usually deepest at the 
side diametrically opposite the suspension point where the 
maximum load-bearing occurs. Like ligature strangulation, 



Hanging 

FIGURE 15.3 1 A hanging mark showing theplaited imprint of a 
six-strand cable. There is a central line of abrasion, within a zone of 

pallor caused by umcular compression, outside which is a narrow 
band ofhyperaemia. The mark is horizontaldue to leaning 

fonuardr. 

the mark may be abraded, brown and dried to a parchment- 
like consistency after death. There may be a narrow red 
zone either above or below (or both sides) the ligature 
mark. This is not an indicator of vital reaction, as explained 
in relation to ligature strangulation, but is due to displace- 
ment of blood laterally from under the zone of maximum 
pressure. 

THE POSITION OF THE HANGING MARK 

The hanging mark is situated higher on the neck than in 
strangulation, usually being directly under the chin anteri- 
orly, passing round beneath the jawbones and rising up at 
the sides or back of the neck to the usual gap under the 
knot. 

An exception may be seen where the suspension point is 
low and part of the body is supported. For example, the 
victim may sit or slump on a chair, bed or floor with the 
rope attached to a point only slightly above neck level. Then 
the pull on the rope is almost at right angles to the axis of 
the body when the latter slumps away, so that the resulting 
mark may be almost horizontal and set at a lower level than 
usual on the neck. In such cases, if the body is cut down 
before investigators arrive, it may be much more difficult to 
distinguish hanging from strangulation, a fact which has 
been argued in more than one criminal trial or controversial 
death, such as that of Rudolf Hess in Spandau Prison, Berlin 
in 1987. 

O n  rare occasions, hanging will take place with the sus- 
pension point at  or above the point of the chin with the rope 
cutting into the back of the neck. Where the rope passes 

FIGURE 15.32 The position of the hanging mark on the neck. 
(a) Usualposition with f i ed  noose and high suspension point. 

The mark rises high to a gap. (6) I f a  slipknot is used, the tightness 

of the deep4 impressed loop tend to find the smallest circumfmnce on 
the neck, and may be lower and more horizontal. (c) Ifthe suspension 
point is low and the subject leans away, the mark can be horizontal. 

across the jaw margins to a knot in front of the face, the 
mechanism of death is somewhat obscure as the laryngeal 
region suffers little or no compression. Fatalities, however, 
certainly do occur, presumably as there is still opportunity 
for pressure on the carotids. 

Autopsy appearances in hanging 

Apart from the appearances of the hanging mark, there are 
some other features to note. First, post-mortem hypostasis 
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FIGURE 15.33 The back ofthe victim in Figure 15.31, showing 
tying of the wrists. This does not indicate a homicide, unless the 
ligature couM not have been self-aplied. Some persons bent on self- 
destruction will hy to ensure that they do not attempt to rescue 

themselves. A suicide note was left in this case. 

will occur in the legs and hands if the body has been in the 
vertical position for at least a few hours. When the body is 
cut down and laid horizontal for a considerable time, 
some or all of this appearance may flow back into the usual 
pattern. 

Petechial haemorrhages are the exception rather than 
the rule, most series reporting them in approximately 
25 per cent of cases. Such petechiae appear to occur more 
frequently in incomplete suspension but are frequently 
present in the absence of significant congestion. Congestion 
itself is far less usual than a pale face. 

In the neck tissues there may be surprisingly little to find 
with an absence of laryngeal fracture or strap muscle haem- 
orrhage being a common finding, especially if a soft liga- 
ture has been used. However, the literature suggests that an 
average figure for the incidence of soft tissue haemorrhage 
would be about 20-30 per cent of cases and for laryngeal 
fractures approximately 35-45 per cent of cases. Fractures 
of both the hyoid and thyroid'may be seen. 

Damage to the intima of the carotid arteries, often in the 
region of the sinuses, may sometimes be found on careful 
dissection. In hangings with an unusually long drop, severe 
disruption of the larynx can be found. 

FIGURE 15.34 Suiciddl hanging with the rope in afiontalposition. 

Even though the la ynv cannot be compressed, death is due to 
pressure on the carotid arteries and sinuses. The face is pale, with no 
so-called 'aphyxial'.rigns. 

Mechanism of hanging 
There are a number of mechanisms by which hanging 
may cause death, which may act independently or in 
concert. These include: stretching of the carotid sinus 
causing reflex cardiac arrest; occlusion of the carotid (and 
possibly vertebral) arteries; venous occlusion; airway 
obstruction resulting from pushing the base of the tongue 
against the roof of the pharynx or from crushing of the 
larynx or trachea; and finally spinal cord-brainsrem 
disruption. 

Whilst hanging shares some features with manual strangu- 
lation, the majority of victims of hanging are seen with pale 
faces rather than the congested, haemorrhagic appearance 
associated with the slower death resulting from pressure on 
the neck. This probably reflects a different mechanism, with 
reflex cardiac arrest and carotid occlusion more prevalent in 
hanging than in strangulation. Such mechanisms cause death 
rapidly, with unconsciousness resulting from bilateral carotid 
occlusion 3-1 1 seconds after the application of circumferen- 
tial pressure. 

However, the precise interplay of different mechanisms, 
which themselves appear only partially dependent on the 
completeness of suspension and the location of the noose, 
is impossible to determine from the pathological findings 
alone. 



The sexual asphyxias: autoerotic or masochistic practices 

FIGURE 15.35 Hanging Eryfiontal suspension. A leather noose has 

been used so that compression has occurred round the whole 
periphery of the neck. The imprint of the metal ring on the jaw is 

well seen. 

Accidental and homicidal hanging 
Though most hangings are suicidal, accidental hangings 
occur from two main causes. The first is entanglement in 
ropes or cords; this is relatively uncommon, and is usually 
seen in infants and children. The straps of a baby harness, 
used to support or restrain an infant, have led to death on a 
number of occasions, the child becoming entangled in 
leather or plastic reins when no adult was present. Any 
other cords may present a similar hazard, as in several cases 
seen by the author (BK), where infants standing in a cot 
near the bedroom window became entangled in a noose 
formed by the control cords hanging from a nearby blind 
or curtain. 

O n  rare occasions, similar tragedies have befallen adults 
in factories, farms or ships, where a trip or fall has precipi- 
tated the victim head-first into machinery or structures, 
where ropes or cords have caused hanging or strangulation. 

More commonly, a totally different situation causes fatal 
hanging or strangulation, almost exclusively in men and 
most often in young men, which is described in the next 
section. 

Homicidal hanging is very rare, outside abuse of human 
rights and 'lynching'. For one individual to hang another, 
there must be either a disparity in their size and strength - or 
the victim must be drugged, drunk or otherwise incap- 
acitated by fear, illness or senility. For a conscious, presum- 
ably unwilling, victim to be hanged by another, there will 
inevitably be signs of resistance, such as grip bruises on the 
arms due to restraint, or signs of binding the arms, wrists 
or legs. 

THE SEXUAL ASPHYXIAS: 
AUTOEROTIC OR MASOCHISTIC 
PRACTICES 

Though not all of this group are hangings or strangulations, 
this well-recognized phenomenon is conveniently considered 
here. The sexual asphyxias occur almost exclusively in men 
and only a few reports exist ofwomen indulging in this dan- 
gerous habit, though Byard et al. (1990) have been able to 
contrast the death scenes in the two sexes, indicating that 
males tend to use more apparatus, whilst females are usually 
found naked with only a ligature in evidence. 

The age of the male victims can vary widely, but is most 
often seen in young to middle-aged adults. The deaths that 
occur are obviously a small proportion of the total inci- 
dence of this strange practice. A fatal outcome is usually 
because of some failure of the equipment and this empha- 
sizes the accidental nature of most of these deaths. 

Features of the sexual asphyxias 
The basic mechanism of the sexual asphyxias is the produc- 
tion of cerebral hypoxia, which in some men appears to 
produce hallucinations of an erotic nature. 

This hypoxia is most often achieved by constriction of 
the neck by a ligature, which can be voluntarily tightened 
to produce vascular obstruction and perhaps airway steno- 
sis. It would seem reasonable to think that vascular obstruc- 
tion, either by blocking venous return - or even carotid 
flow - to the brain was the most likely explanation, as 
this would occur early. The production of cerebral hypoxia 
by anoxaemic anoxia through airway narrowing would 
surely be painful, distressing and slow in onset - hardly 
features which persons intent on self-gratification would 
welcome. 

Some autoerotic procedures use other means of hypoxia, 
such as anaesthetic agents and a variety of volatile substances, 
tapering into 'solvent abuse', discussed elsewhere (Chapter 
34). Whatever the mechanism, when cerebral hypoxia occurs 
with its attendant erotic sensations, progressive loss of volun- 
tary control as consciousness fades allows the constrictive 
device to slacken, so that the subject recovers. As some fatal 
cases show clear evidence of repeated previous escapades, it is 
obvious that the mechanism usually functions quite success- 
hlly and that death was the result of some unforeseen 
complication. 

A common practice is to place a fixed noose around the 
neck, so that compression will cease as soon as muscular 
tension on the free end is relaxed. This free end may be 
passed down the front or back to be fastened to the ankles, 
so that by extending the legs, the noose around the neck is 



FIGURE 15.36 Hanging in circumstances which suggest a 

sexual-masochistic motive. The young man showed no signs of 
previous depression or suicidal tendency. He was found naked, with 
arms and legs tied together with wire. Though homicide was 
suspected at first, the bonds were loose and easily self-app lied. No 

satisfaarrory explanation was forthcoming. 

tightened. Compression may also be attained by passing 
the rope over a support and hanging a weight on the end to 
produce tension. 

Other men may secure the end to an overhead support 
and achieve constriction by slumping against the pull of the 
rope. In these and similar cases, it is difficult to understand 
how death can be avoided once consciousness is lost, but 
evidence of repetition on previous occasions indicates that 
enough voluntary control must be retained to allow the 
person to retrieve the situation after obtaining his erotic 
satisfaction. 

Similar hypoxia may be produced by placing the head in 
a plastic bag, by pushing the head into a confined space, by 
postural contortions (often associated with bondage) that 
constrict the airway, or a host of other ingenious methods. 
One case seen by the author (BK) deliberately constructed 
a large sack made from impervious material, into which he 
crawled to attain his hypoxia. Certain features of these 

F~GUE i5.37 li bangzng in which ir was not char i/rthrr w r ~  u 

true sexual-masochistic element. The victim was suspended by 
electric cab le fiom an attic trapdoor with his face p h e r e d  with 

surgical tape and the wrists tied together. Homicide could be 
excluded. In some deaths with an undoubted sexual element, the 
means wed would inevitably lead to a fatal outcome, so there seems 
to be an overlap between masochism and suicide. 
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FIGIJRE 15.38 Fatalsexual aspLyxia in an engineer with a rubber 
fetsh. He was found dead connected to a dental anaesthetic 
machine, with a rubber face mask strapped on over a rubber teat in 
the mouth. Bizarre pornographic materialdevoted to dentishy was 
in the vicinity. (Figure reproduced by kindpermission of 
Dr S Leadbeatter.) 

deaths make them fairly easy to differentiate from suicides, 
a distinction which is important, though some cases are 
impossible to separate from deliberate attempts at self- 
destruction (Knight 1979). 

Bondage is common, with sometimes elaborate and 
bizarre methods of restriction. The wrists and ankles may be 
tied together with cord, wire, chains, padlocks or handcuffs, 
for example, and it is vital for the investigators to ensure 
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FIGURE 15.41 A sexual asphyxiafiom a buckled belt applied 
tightly to the neck and a metalshackle on the penis. Obscene phrases 
were written on the glans and abdomen. 

to convince the police, the coroner or judge - and espe- 
cially the relatives - that death was accidental. The stigma 
still attached to suicide and the revulsion felt at the per- 
verted sexual element may cause the relatives to prefer 
homicide as the cause. The judicial authorities often lean 
towards suicide, especially when they are unaware of the 
existence of this srrange syndrome of the masochistic or 
sexual asphyxias. The doctor is often the only person able 
to explain the relatively common occurrence of this phe- 
nomenon and assist in reaching the correct conclusion. It 
has to be admitted, however, that in a small minority of 
these deaths, it seems inevitable that the victim must have 
been aware of the fatal outcome, as the mechanics of the 
asphyxia are such that no escape could have been foreseen. 
In these instances the circumstances are such that a mixed 
motivation must have existed. For example, hanging by the 
neck in free suspension from a tree or from the trapdoor of 
an attic is a situation from which escape is impossible, even 
though sexual attributes such as nudity, bondage and mask- 
ing were present (Knight 1979). 

Where the victim is young, motivation is again less clear. 
Youths of 12 or 14 years are sometimes found hanged, usu- 
ally without the secondary sexual or bizarre attributes listed 
above. There is usually nothing in the history to suggest sui- 
cide, and quite often the coroner or other legal authority 
will decide that death was due to 'experimenting with 
ropes', sometimes alleging that it followed watching lynch- 
ing in cowboy films on television. It is probable that most of 
the obscure deaths are also associated with aberrant sexual 
activity, even if more positive evidence is lacking. Recog- 
nition of the true nature of most of these deaths is vital for 
the medical examiner, as spurious homicide investigations 
may be initiated if they are misinterpreted. More commonly 

a false suicide verdict may result, which can have financial 
implications in respect of life insurance. A mistaken belief in 
suicide may be preferred by some families, however, rather 
than the shame of a publicised sexual aberration. 
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Many corpses are recovered from water, but not all have 
drowned. Of those that have drowned, pathological proof 
is often difficult or even impossible to obtain. The autopsy 
diagnosis of drowning presents one of the major problems 
in forensic medicine, especially when there is delay in recover- 
ing the victim. 

Bodies rerrieved from water may have: 

@ died from natural disease before falling into the water 
El died from natural disease while already in the water 
@ died from injury before being thrown into the water 
@ died from injury while in the water 

died from effects of immersion other than drowning 
@ died from drowning. 

All the above may show signs of immersion on examin- 
ation, but this is rarely helpful, other than confirming that 
they had indeed been in water. It does not assist in differ- 
entiating the mode of death. 

SIGNS OF IMMERSION 

@ Maceration of the skin begins within minutes in warm 
water, such as death in a bathtub, but in cold water is 
visible after a variable time, the minimum probably 
being 4 or 5 hours depending upon temperature. 
Polson's (1962) experience suggests a much longer 
time, from 12 to 48 hours, but sodden skin on the 
hands can undoubtedly occur much earlier than this. 

The first signs tend to be on areas with an appreciable 
kerarin layer (such as the fingertips, palms, backs of the 
hands and later the soles) where the surface becomes 
wrinkled, pale and sodden - the so-called 'washer- 
woman's skin', for obvious reasons. Areas protected by 
clothing develop these changes later than exposed parts 
so that the hands usually reveal more marked 
maceration than the feet during the first few days. 

After prolonged immersion, wide areas of skin 
assume the same appearance, especially where the 
stratum corneum is thick or naturally creased, such as 
the extensor surface of knees and elbows. After some 
days in warmer water and up to several weeks in cold, 
the thick keratin of hands and feet becomes detached 
and eventually peels off in 'glove and stocking' fashion. 
The nails and hair become loosened at about the same 
time. Problems of obtaining fingerprints in such 
circumstances are dealt with later. 

Ed Cutis anserina - or 'goose-flesh' - is a common finding 
in immersed bodies, but is related to cold rather than 
warm water. The erector pilae muscles attached to each 
hair follicle can contract in any type of death and cause 
a generalized pimpling of the skin. It is often srated 
that rigor nlortis can produce this goose-flesh 
appearance. but this is doubtful, as rigor does not 
shorten muscles appreciably. From whatever cause, 
however, agonal contraction of the erector pilae is 
common and in immersed bodies has no diagnostic 
significance. 
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B3 The distribution of post-mortem hypostasis is also of no 
value in immersed bodies. According to Bonte etaf .  
(1986), electrocution in the bath seems cause the margin 
of hypostasis to correspond with the horizontal line of 
the water level (see Chapter 12). It is usual for most 
corpses to float or hang in the water with buttocks 
uppermost, and the head and limbs hanging down, but 
water movements often roll the body constantly unless in 
a placid lake or wide river. Other corpses may float upon 
the back, and gravitational staining of the skin may 
therefore be in any pattern if the body is subject to 
frequent changes or posture. The hypostasis of bodies 
from cold water is frequently pink, but this has no 
diagnostic value. The reddish colour is caused by the 
presence of unreduced oxyhaemoglobin in the superficial 
b!ood vcsscls ZK! is the resu!t cf ccld, 'vherher =re- 
mortem or post-mortem. It may be seen in any body 
taken from a mortuary refrigerator or found in a cold 

FIGURE 16.1 The diagnostic problems associated with bodies 
recoveredfrom the water. In a death such as this, where a body is lef 
4 the faling tide, it may be dzficult or even impossible toprove 
drowning, especially ifthe post-mortem period is long. 

environment, irrespective of immersion. In immersion, 
however, it does not have the typical distribution over 
extensor surfaces and large joints, nor the rather dusky 
tinge that is seen in true ante-mortem hypothermia. 
Mud, coal-slurry, oil, silt or sand may be present on or in 
the body, as well as other artefacts such as seaweed, water 
weed, algae and s m d  aquatic animal life of many types. 
Mud may be adherent to the whole body surface and 
clothing, or may be retained in the hair, mouth, nostrils, 
ears and other more protected sites. In appropriate 
circumstances, such deposits should be retained for 
scientific examination, if they might help establish where 
the body has travelled from in marine or riverine waters. 
Sand may be found deep in the respiratory passages and 
stomach, especially if the body has been rolled by the 
waves on 2 beach. .Such deep penerrarion is not evidence 
of live aspiration. Where a body is decomposed and 
partly skeleralized, molluscs may colonize the bones. The 
author (BK) has had several cases recovered from the sea 
where mussels and barnacles filled the eye sockets and 
other crevices of the skull. 

ESTIMATION OF DURATION OF 
IMMERSION 

This is another difficult problem and one that is often too 
dogmatically answered by doctors with insufficient experi- 
ence to appreciate the potential errors. The over-riding 
variable factor is water temperature, which has the most 
effect upon decomposition. Water pollution has little to do 
with speed of putrefaction, as most of the decomposing 
organisms come from the gut of the body itself. 

FIGURE 16.2 Waterlogged skin (iuasher-woman; hands? afer 
2 weeks'immersion in a temperate climate. Fingerprints can still 
be obtainedfrom hands like these, with appropriate techniques. 



Natural death whilst in the water 

When a body falls into water in average temperate 
climates, the following is an approximate guide to timing, 
in conjunction with the other usual signs, such as rigor: 

B if no wrinkling of the finger-pads is present, less than 
a few hours 

FB wrinkled fingers, palms and feet, progressively from 
half a day to 3 days 

Ei3 early decomposition, often first in the dependent head 
and neck, abdomen and thighs: 4-10 days 

FIGURE 16.3 Water1og;qed skin ajier one wee!& immersion in a cold 
climate. 

FIGURE 16.4 Peeling of the pidermis in a itorking' farhion afer a 
few weeks' immersion. The rate at which such changes occur is so 
uariabk, became of environmentalfactors, that no timetable can be 
offered to attempt to date death. In a temperate-zone summer, this 
stage would require at least 2 weeks andprobably much longer. 

B bloating of face and abdomen with marbling of veins 
and peeling of epidermis on hands and feet, and 
slippage of scalp: 2 4  weeks 

H gross skin shedding, muscle loss with skeletal exposure, 
partial liquefaction: 1-2 months. 

These times may be reduced or exceeded by wide margins 
according to animal predation, climatic changes and bodily 
build. 

DEATH FROM NATURAL 
CAUSES BEFORE ENTERING 
THE WATER 

This is relatively uncommon, but does occur. The victim may 
suffer one of the many causes of sudden natural death, most 
commonly a cardiovascular catastrophe, in circumstances 
where he involuntarily falls into the water. The last such 
instance dealt with by the author (BK) was a man returning 
to his yacht in a rubber dinghy, alone and in the dark. The 
dinghy was found empty and a search recovered the body, 
autopsy revealing a well-established myocardial infarct with 
no evidence of drowning, though the latter is never conclusive. 
Other instances have involved persons collapsing from natural 
disease while on boats, a canal tow-path or a river bank. 

Of  course, in the absence of witnesses it is difficult to 
separate such cases from those who first fall into the water 
and then suffer a natural death. The autopsy must be directed 
towards identifling the pathological lesions and to exclud- 
ing, as far as is possible, any evidence of drowning. 

NATURAL DEATH WHILST 
IN THE WATER 

As discussed above, it may well be impossible to determine 
whether a person recovered from the water, with a potentially 
fatal natural disease, suffered this before or after immer- 
sion. Because of the problems (to be described later) of posi- 
tively diagnosing drowning it is difficult to exclude this as 
either the primary or contributory cause in someone with a 
lethal disease. 

Cardiovascular disease is the most common reason for 
death in the water. A pre-existing condition may be exacer- 
bated either by the physical exertion of swimming or strug- 
gling, or by the effects of cold. The common belief that 
- - 

swimming after a heavy meal is dangerous probably has 
some basis in fact, because of circulatory changes such as the 
'splanchnic shunt'. When an acute cardiac episode occurs, 
such as sudden myocardial insufficiency or an arrhythmia, 
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death may follow either from the cardiac lesion itself, or 
from drowning because of sudden physical incapacity. 

INJURIES SUSTAINED BEFORE 
ENTERING THE WATER 

The disposal of a murdered corpse in water is by no means 
uncommon, as it provides a convenient means of conceal- 
ing the body, of transporting it from the scene of the crime 
by means of currents in river or sea, and - if discovery is 
delayed - of preventing identity by post-mortem decay and 
damage. Occasionally, accidental or suicidal injuries may 
be inflicted on a person before he or she enters the water. In 
marine, air or (rarely) road transport accidents, the victims 
may be injured or killed before entering the water. Persons 
falling from docks, bridges or ships may strike masonry or 
solid obstructions before hitting the water. Suicides may suffer 
in the same way or in exceptional circumstances, may stab 
themselves or cut their throats in a position where they fall 
into water immediately akerwards. 

Whatever the means, the difficulties for the pathologist 
are the same, in that he must try to differentiate them from 
injuries sustained in the water before death occurs - and 
from post-mortem injuries. Often this is an impossible 
task, as such injuries are sustained perimortdy, so that the time 
span involved is far too short for any of the usual criteria of 
ante-mortem infliction to be applied. 

- - 

When the nature of the injuries is such that they could not 
have occurred in water, the issue is clear. Burns, missile 
wounds, the effect of explosions (other than compression 
injury) and patterned injuries may be incompatible with 

FIGURE 16.5 Tying of the legs in a body removedfrom the water is 

suspicious, but not absolute proof offoulplay. Some suicides who are 
good swimmers deliberately tie their legs to prevent instinctive self- 
preservation. In this illustration, however, the bond were used to 
secure a heavy weight afer homicide. 

infliction in water, and must therefore be related to the effects 
of a previous assault or some accident on board ship or aircraft. 

INJURIES SUSTAINED IN THE 
WATER 

As stated, this category is often impossible to differentiate 
from injuries inflicted before entering the water. Trauma in 
the water is common, as both an ante-mortem and a post- 
mortem phenomenon. Before drowning or another mode 
of death can supervene, the victim may be washed by waves 
or current against any kind of obstruction, from bridge pier 
to wharf, from rocks to weirs. Contact with the rough bot- 
tom of a river or a stony beach is another common cause of 
trauma. Damage from boats, ship's propellers, and marine 
or animal predators is frequent. 

The issue usually becomes one of attempting to distin- 
guish injuries sustained during life from those after death. 
Water complicates the problem by washing away surface 
bleeding from open injuries. A laceration inflicted during 
life will, however, usually show some bleeding into the tis- 
sues under the nlargins of the wound, at least until post- 
mortem decomposition blurs the appearances. Many 
decomposed bodies from water reveal green or black areas 
under the skin, especially in the scalp. It can be difficult or 
impossible to decide whether these are areas of altered 
blood, or merely autolytic changes. Even histological exarn- 
ination is often unhelpll in this respect. A similar problem 
exists with bruises in a decomposed body, which are often 
mimicked by discoloured areas of putrefaction. Post-mortem 
damage from animal predators is common in water and is 
discussed in the chapter on post-mortem changes. 

FIGURE 16.6 Decomposed head andfiactured skull of a person, 
who disappeared in the autumn before the river was covered with 
ice. The injuries have pos~ibly been causedpost-mortem ty the ice 
packs when the body surfaced in the spring. 



Deaths from immersion other than drowning 

In cold climates, if a body enters the cold water in late 
autumn, the gas formation due to putrefaction may be so 
slow that the sea, lake, or river will be covered with ice before 
the body surfaces and this takes place first in the spring when 
the ice is melting. In rivers, additional injuries may occur 
if the body gets pinned down between moving ice blocks. 

Internally, there is no particular problem distinct from 
the examination of injured bodies in general, until post- 
mortem decomposition begins to obscure the appearances. 
This is more common in immersed bodies because of the 
frequent prolonged delays before the body is discovered. 
Bodies that have been suspended in shallow water may bear 
post-mortem damage from being dragged against the 

FIGURE 16.7 Marinepredator injuries on a bodyfiom the sea. 
The circular deferts in the skin are probably made by crustaceans 
such as crabs. 

FIGURE 16.8 Post-mortem injury to the back ofthe hand in a 
drownedperson. Bodies usually hang suzpended in the water with 
the back upwardr and the knees, head and arms hanging down. 
In shallow water these areas may be dragged against the bottom, 
causing injuries similar to those shown here. 

bottom. A common posture is with the head, hands and 
knees hanging downwards, so that these areas (especially 
the backs of the hands) may suffer extensive abrasions 
against a rough stone or gravel bottom. 

Damage from the propellers of ships and smaller boats is 
common in commercial waterways and where pleasure 
craft abound. The screw of a large vessel may inflict serious 
damage - even dismemberment - on a body, but more 
characteristic is that caused by a small, high-speed pro- 
peller, such as an outboard motor or the out-drive of a 
motor cruiser. These injuries are becoming more common 
with the increase in water-skiing, and the number of other 
small pleasure boats on rivers, lakes and off beaches. The 
characteristic lesions are parallel wounds set a few centi- 
metres apart, often of a sliced, undercut incised nature, usually 
on the head or back. 

DEATHS FROM IMMERSION 
OTHER THAN DROWNING 

Irrespective of natural disease or injury, some persons who die 
after falling into water do not drown, in the accepted physio- 
logical sense. The great problem for the pathologist is that, 
even in true drowning, there may be no autopsy signs, espe- 
cially if any appreciable delay has occurred before recovery or 
autopsy, or both. Therefore it may be difficult or impossible 
for him to say whether a death is a true drowning or one from 
the non-drowning mechanisms. All that can then be offered 
is that death was due to 'immersion' - and even then such a 
diagnosis is usually one reached by exclusion of natural dis- 
ease, trauma or toxic conditions, using hearsay circumstantial 
evidence to arrive at a pathological diagnosis. This is why 
drowning and immersion deaths present one of the most dif- 
ficult problems for the forensic practitioner. 

In certain circumstances, death may be extremely rapid 
after falling into water, there being insufficient time for 
drowning to occur. The typical occasion is familiar to any 
forensic pathologist with a harbour or dockside within his 
area. A seaman (often the worse for drink) returns to his ship 
at night, misses the gangway and f d s  into the water. The 
night-watchman immediately raises the alarm and the victim 
is pulled from the water within a minute or two, but is dead. 
At autopsy, none of the typical signs of drowning are present. 

Other witnessed accidents of a similar nature are relatively 
common, in which rapid, almost instantaneous death must 
be presumed, in circumstances where true drowning can be 
excluded by history and lack of autopsy findings. The mech- 
anism must be attributed to a reflex cardiac arrest, of a type 
similar to \asovagal inhibition', which is discussed elsewhere. 
Powerful stimulation of sensitive nerve endings can induce 
sudden overactivity of the parasympathetic system, inducing 
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bradycardia and triggering cardiac arrest via the tenth cranial 
nerve nucleus and its vagal outflow. The afferent arc of this 
reflex varies from case to case, but is probably either: 

sudden immersion in cold water, causing intense 
stimulation of cutaneous nerve endings. Alcohol is 
known to potentiate such effects, perhaps'by the 
general vasodilation of skin vessels - which would 
make the contrast with cold water all the more severe - 
and possibly by some central effects on the vasomotor 
centre 
I sudden entry of cold water into the pharynx and 

larynx, and perhaps nasal passages can produce 
powerful stimulation of nerve endings in the mucosa. 
A bolus of water entering the trachea can also cause 
reflex cardiac arrest before there is time for airway 

' insufficiency to have any effect. 

As with any reflex cardiac arrest, there will be nothing to 
find at autopsy, a situation that forces this diagnosis to be 
speculative and based on the circumstances and exclusion 
of other conditions. Another mechanism that is often pos- 
tulated as a cause of non-drowning immersion death is 
'laryngeal spasm', leading to a hypoxic death from closure 
of the airway. The evidence for such a condition is tenuous, 
as such closure would have to operate for many minutes for 
hypoxia to kill, all the time keeping the larynx closed to 
prevent entry of water. Cyanosis is an uncommon feature 
of immersion deaths and in its absence it is difficult to see 
how laryngeal spasm could be differentiated from 'dry-lung 
drowning' or vasovagal cardiac arrest, the latter being a 
more reasonable diagnosis in those found dead h e r  rapid 
recovery from the water. 

FIGURE 16.9 The bzfircation ofthe 
trachea and main bronchi at autopsy on 

a body recoveredfiom a beach. The air 

parsages are f i l l  of sand, but this is not 
pm4CoJC;.i?cl &'r̂ iTa?iY":: cJC::!gtfT, "C 

foreign material can enter the bronchi 
by passive percolation ajier death. 

Deaths in the bathtub 
Fatalities in the bathroom are common, from a variety of 
causes, some unconnected with immersion. For example, 
Schmidt and Madea (1995) reported no fewer than 215 
deaths in bathtubs from their Cologne Forensic Institute in 
13 years, including 11 homicides. 

Many suicides take place in the bathroom, from slashing 
of the throat or wrists, in or out of the bath. The bathroom 
cabinet or cupboard commonly holds razors for cutting 
and medicinal poisons for overdose. Electricity is more 
likely to be fatal in wet surroundings and a number of self- 
killings from electricity occur in the bathroom. Accidents 
include falls on slippery, wet floors or bath lining, with hard 
ceramic surfaces to cause head injuries. 

Where gas appliances are used to heat water, the risk of 
carbon monoxide toxicity from faulty equipment is greater, 
as is also the case with electrical appliances such as hair-dryers, 
heaters and other devices. Although most countries have 
strict regulations about the electrical supply in bathrooms, 
people often defeat these safety measures by various means. 
Natural deaths from many causes may occur in the bath- 
room, but epileptics having unsupervised baths may have a 
fit and fall or drown. 

Even homicide may be committed in bathrooms, by 
almost any means, but also from electricity and forcible 
immersion. The notorious multiple murders of 'The Brides 
in the Bath' perpetrated by George Joseph Smith early this 
century were probably accomplished by sudden pulling of 
the feet of the three women, so that their heads slid under 
the water. There is now a considerable literature about 
death in the bathtub, and all deaths in these circumstances 
must be investigated with particular care. 



Death from drowning 

DEATH FROM DROWNING 

During the past five decades, views on the mechanism of 
drowning have undergone a radical change and perhaps the 
pendulum of opinion has swung a little too far. Until the 
researches stimulated by the Second World War, when large 
numbers of seamen and airmen were exposed to the risks of 
cold water, the classic view of drowning was that the victim 
was plunged into an airless medium and died of lack of oxy- 
gen. Following the experiments of Swann and many others 
(see below and references and further reading), it was recog- 
nized that, in animals, fluid and electrolyte disturbances had 
a major role in causing acute myocardial failure. The 
hypoxic element was relegated to such a secondary role that 
some commentators on drowning seemed to ignore the fact 
that the victims may have suffered 10 or more minutes 
without drawing a single breath of air. This criticism by no 
means disputes the undoubted role of fluid and electrolyte 
changes in drowning, but the effects of hypoxia must be 
considered in parallel when discussing the pathophysiology 
of drowning. The biochemical findings in the experimental 
animals did not seem to be matched by constant changes in - 

human subjects and, in delayed and near-drowning victims, 
the electrolyte changes in aspiration have been shown to 
differ considerably from those in experimental animals. 

A number of investigators long before Swann showed 
that blood and plasma were radically affected by drowning. 
In 1902, Carrara used specific gravity and other methods 
to demonstrate marked dilution of left heart blood in fresh- 
water drowning and its absence in seawater, work repeated 
by Planck the following year with similar density tech- 
niques. Freimuth in 1955, however, used such specific 

FIGURE 16.10 Death in the bath is not 
uncommon and always requires carefirl 
investigation. In this case, the water is 

blood-stained, due to a suicidzl cut throat 
afler committing murder. 

gravity methods and found similar differences in non- 
drowning deaths. 

The classical work of Swann and his colleagues (Swann 
et a/. 1947; Swann and Spafford 1951) and others was 
conducted on conscious dogs imprisoned in cages and 
immersed totally under water - which, as pointed out by 
Crosfill(1956). does not accurately reflect human drowning, 
in which submersion is intermittent at first, prolonging the 
process and altering the physiological effects. In summary, 
the findings OF Swann were that in freshwater drowning 
there was a massive absorption of water through the alveolar 
membranes, which could amount to 70 per cent of the orig- 
inal blood volume within 3 minutes. This haemodilution 
caused a relative anaemia and myocardial hypoxia, as well as 
rapid overloading of the cardiac capacity by hypervolaemia. 
It was also suggested that haemolysis of red cells released 
potassium, a pcrwerful myocardial toxin -yet in dogs, unlike 
man, sodium is the main electrolyte in the erythrocyte. In 
fact, because of the hypoxia and haemodilution, there was a 
fall in plasma potassium and sodium, which led to early ven- 
tricular fibrillation in dogs that did not occur in seawater. 
Such fibrillation is said to be rare in man (Rivers et al. 1970). 

In seawater the hypertonic medium caused a withdrawal 
of water from the plasma into the lungs and a rise in plasma 
sodium concentration. This was less deleterious to heart 
function and helped to explain the longer survival time in 
seawater immersion. 

Pulmonary oedema developed in both types of aqueous 
medium but was slight and inconstant and, where abnor- 
mal, rapidly returned to normal. Death in freshwater typic- 
ally took some 4 5  minutes, whilst seawater drowning was 
delayed for 8-12 minutes. Occasional instances have been 
reported of remarkably long periods of total submersion in 
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the sea, always in cold water where oxygen uptake is 
reduced: these periods may exceed 20 minutes, and at least 
one authenticated survival exceeded 40 minutes. 

Modern commentators on the researches of Swann, such as 
Giamonna and Modell (1967), have pointed out the inconsis- 
tencies between animal and human responses, and empha- 
sized the role of hypoxaemia as a result of interference with the 
blood-air interface in the alveoli. This once again indicates 
the dangers of transposing the results of animal experiments 
to man and poses the question of how many dogs died in vain. 

THE AUTOPSY SIGNS OF 
DROWNING 

Froth in the air passages 

The positive signs of drowning, as opposed to mere immer- 
sion, are scanty and not absolutely specific. The most use- 
ful, has just been mentioned - the presence of frothy fluid 
inn the air passages - which in fresh bodies, often exudes 
though the mouth and nostrils, sometimes in the form of a 
plume. The froth is oedema fluid from the lungs, and con- 
sists of a proteinaceous exudate and surfactant mixed with 
the water of the drowning medium. It is usually white, but 
may be pink or red-tinged, because of slight admixture 
with blood from intrapulmonary bleeding. It is similar in 
appearance to the oedema of left ventricular failure that is 
commonly seen in deaths from cardiac disease such as 
hypertension, though some drowning exhibit a column of 

Ar  a x n p y  much depends on the dela% hoth in recovering 
the body from the water and in starting the post-mortem 
examination. Where a considerable period has elapsed 
between death and retrieval of the body, the positive signs 
of drowning progressively fade. Depending on tempera- 
ture, a period of several days in the water is likely to minim- 
ize most changes and, once significant putrefaction has 
occurred, then (apart from the controversial diatom tests) 
there is little hope of finding positive signs of drowning. 

Even when a fresh body is recovered, delay in perform- 
ing the autopsy reduces the amount of evidence. The 
author (BK) has seen several drowned bodies soon afier 
retrieval in which a large plume of froth has been present at 
the mouth, yet when commencing the autopsy several 
hours later, such froth had vanished and was present only 
in the deeper air-passages. 

FIGURE 16.12 Red-tingedfioth exudingfiom the nostrilr of a 

drownedperson. 

FIGURE 16.1 1 Froth exudingfiom the mouth of a drownedperson. 
Froth disappears with increasing post-mortem interval, though it 
persists in the internalair-passagesfor a much longer time. 

FIGURE 16.13 Frothyfluid in the trachea and main bronchi of 
aperson who was$rst strangled and subsequently fell or was 
thrown into sea and drowned 



froth that is rarely, if ever, seen in natural pulmonary 
oedema. The froth extends into the trachea, main bronchi 
and smaller air passages. The lungs themselves in such cases 
will inevitably be waterlogged, and frothy fluid will exude 
from the bronchi when the lung is squeezed and from the 
cut surfaces when they are sectioned with a knife. 

Unfortunately, although such oedema can be taken as diag- 
nostic when combined with the appropriate circumstances 
and lack of other lethal pathology the absence of waterlog 
ging by no means excludes true drowning. The so-called 
'dry-lung drowning' is not uncommon, in which, the lungs 
appear normal in all respects, presumably because all the 
aspirated water has been absorbed through the alveolar 
walls into the plasma. 

It has been suggested that this is more likely to occur if 
cardiac arrest takes place after removal from the water or if 
laryngeal spasm supervenes to prevent further water entry, so 
that continued circulatory function is able to clear away 
intra-alveolar fluid into the plasma. This theory, however, 
often fails to conform to the available facts of the drowning 
episode. 

The autopsy signs of drowning 
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FIGURE 16.14 Not allfioth around the mouth is fLom drowning. 

This lady died in bedfiom hypertensive heart disease with profie 

pulmonary oedema. 

Copeland (1 985) measured lung weight in non-drowning 
deaths and deaths from salt-water and freshwater drowning. 
There was no significant difference in the weights of the last 
two, though 10-20 per cent of undoubted drownings were 
'dry-lung' caes with no excess weight. Generally, the weights 
of a lung in drowning were around 600-700 g, whilst the 
non-drowned were in the 370-540g range - though there 
was a considerable overlap in the two groups. The lung 
weights were also studied by Kringsholm et al. (1991) who 
claimed that the duration of submersion is related to lung 
weight. They found that 7 per cent of cases were 'dry-lung 
drownings' with a combined lung weight. of less than a kilo- 
gram. In the remainder, the average weight of both lungs was 
141 1 g, compared to 994 g in controls. This was where the 
body was in the water less than 24 hours. After this, lung 
weight decreased, but pleural transudate increased. By com- 
bining the weight of lungs and transudate, more than 75 per 
cent of the cases lay between 1000 and 2200 g, up to 30 days. 

Overinflation of the lungs 

Apart from generalized waterlogging, the lungs may be 
markedly overinflated, filling the thoracic cavity when the 
sternum is removed. The normally bare area over the heart 
may be covered and the lungs may bulge upwards, meeting in 
the midline to obliterate the anterior mediastinum. The tex- 
ture is rather pale and crepitant, superficially resembling that 
shown in asthma - for the same reasons. The older name for 
this condition is 'emphysema aquosum'. True pre-existing 
emphysema may partially mimic the distension of drowning, 
but in the latter, bullae are never present. The oedema fluid 
in the bronchi blocks the passive collapse that normally 
occurs at death, holding the lungs in the inspiratory position. 
In addition, there is often an element of over-distension 
caused by the valvular action of the bronchial obstruction - 
again similar to asthma. In drowning this may be sufficient to 
mark the laterd surfaces of the lungs with the impression of 
the ribs, leaving visible and palpable grooves after removal of 
the organs from the thorax. This may be one of the most 
valuable positive signs of drowning to be gained at autopsy. 

There may be some areas of intrapulmonary haemor- 
rhage, which give the red tinge to the oedema fluid. These 
areas are seldom large or intense, and the general oedema 
and distension tend to minimize their prominence. Some 
may lie near the pleurd surface and can be seen as rather 
blurred blotches on the exterior of the lung, the blurring 
being partly the result of spreading haemolysis. There are 
almost never subpleural petechial haemorrhages in drown- 
ing, apart from the few non-specific spots that can be 
found in the fissures and around the hilum in virtually 
every autopsy, no matter what the cause of death. 
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FIGURE 16.15 OverinfIation of the lungs (emphysema aquosum) in 

drowning with overhpping ofthe anterior margins and 

haemorrhages in the right middle lobe. 

FIGURE 16.16 A typicalplume offroth from the mouth of a 

recently drowned bv. This will vanish as the post-mortem interval 

extend. 

Other organs in drowning 
There are no other reliable autopsy changes in drowning. 
The heart and great veins have often been said to be 'dilated 
and engorged with fluid blood, especially the right side', 
but this is such a subjective and non-specific finding as to 
be useless, meriting no further consideration. 

Many pathologists have for centuries claimed that the 
blood remains more fluid in drowning, and the physio- 
logical researchers of this century have confirmed the 

haemodilution in freshwater drowning. As a gross sign at 
autopsy, however, it is totally subjective and unreliable. 

The stomach may contain watery fluid or even foreign 
material from the water, such as silt, weed or sand, but this 
cannot be accepted as a positive aid to the diagnosis. Many 
undoubted drownings show no water in the stomach, yet 
other cases in which a dead body was immersed reveal copi- 
ous water in the stomach. The limiting factor is the tone in 
the oesophagu:; and cardiac sphincter, not the drowning 
process. The same applies to foreign materials in the 
trachea. Haemorrhage into the middle ears has been post- 
ulated as a positive sign of drowning, but in the author's 
(BK) own experience, it is totally unreliable. It can occur in 
any type of death where drowning can be definitely 
excluded, yet in classic instances of drowning, such bleed- 
ing zxy  be zt?se~r. It has heen said m be related to the 
depth to which the body sinks because of the hydrostatic 
pressure within the ear, but even this does not accord with 
the experience of most pathologists (Niles 1963). 

CHEMICAL CHANGES IN THE 
BLOOD IN DROWNING 

Because of the marked haernodilution that occurs in fresh- 
water drowning and the electrolyte shifts in salt-water 
drowning, it is reasonable to expect that chemical analyses 
of the plasma should provide reliable evidence of drown- 
ing. Unfortunately, these theoretical hopes have not been 
realized in practice, mainly because of the biochemical 
chaos that occurs soon h e r  death from any cause, in which 
the ability of live cell membranes to partition fluid and 
electrolytes is rapidly lost. Gettler (1921) published results 
of analyses of chloride content from the left and right 
sides of the heart, suggesting that the haemodilution from 
freshwater drowning would differentially reduce the plasma 
concentration on the left side, a difference of 25 rngI100 ml 
being significant. Salt-water drowning was said to produce 
the opposite effect. Gettler's claims have often been refuted 
and they are now no longer accepted. It has been shown 
that post-mortem changes in blood chloride concentra- 
tions occur irrespective of drowning and that the rate of 
change may be different on each side of the heart. Even 
the differentiation between freshwater and seawater drown- 
ing was discredited by the work of Durlacher et al. (1953), 
who found no reliable changes in sodium, potassium and 
chloride concentration. Similar results were found by 
Fuller (1 963). 

Electrolyte measurements in surviving victims of near- 
drowning showed no regular pattern, according to Rivers 
et al. (1 970). Morin (1944) attempted to use magnesium 



Histological changes in drowning 

FIGURE. 16.1 7 Bilateral haemorrhages 
within the petrow temporal bones in 
drowning. Though claims have been made 

for the wefirlness of this observation, its 

occurrence seems random, sometimes being 

present in non-drowning and absent in 

proven drowning 

Other chemical substances have been used as markers of 
drowning, such as strontium. Azparren et aL. (1994) claim 
that differences in the strontium concentration of blood 
from left and right heart are always greater than 75 pg/l in 
seawater drowning. 

HISTOLOGICAL CHANGES IN 
DROWNING 

FIGURE 16.18 Suicide in the bath. The head was enveloped in a 
plastic bag and an (unwed) electrocution device was al-o 
present, illustrating the fiequentpresence of alternative methods in 

suicide. 

as a similar marker in drowning, but the unreliability of 
such analyses has prevented their being used as a routine 
procedure. Once again, the hazards of extrapolating the 
results of animal experiments to humans is highlighted by 
these results, as even other mammals like dogs have quite 
different responses to the same environmental changes. 

Much has been written about both light and electron 
microscopy of the lungs in immersion deaths, especially in 
continental Europe. The accounts are confusing, however, 
and sometimes contradictory, the consensus of opinion 
being that such changes are inconstant and unreliable. 

~ u c h  of the work has tried to confirm histologically the 
genuineness of 'emphysema aquosum' in both fresh and 
decayed bodies, but the dilatation and rupture of the ter- 
minal air spaces can occur not only as a result of drowning, but 
of passive immersion in water deeper than 4 m. Dilatation 
of the alveoli, thinning of the walls and compression of the 
capillaries are easy to observe, but the significance is always 
ambiguous. Reh (1976) classified such lungs on the basis of 
reticulin fibres, but Heinen and Doaauer (1973) showed 
similar changes in undrowned material. Janssen (1984) has 
reviewed the subject and concludes that though histo- 
logical evidence may be helpful and indicative, it is never 
probative. 

The number of macrophages in the alveoli, adjusted to 
the size of the alveoli where distended, was studied by Betz 
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et a/. (1993), who claimed a diagnostic usefulness of the 
method as long as no autolytic changes were present. 

The weight of the spleen has been used by Haffner et a/. 

(1994) as a diagnostic marker in drowning. Compared 
with other modes of 'asphyxia', about an 18 per cent reduc- 
tion in weights and spleen-liver ratios was recorded, with a 
suggestion that stress, hypoxia, alcohol and cooling were 
responsible. 

The skin changes in maceration are also well recorded, 
and some have been claimed to have use in dating the period 
of immersion (Okros 1938; Dierkes 1938). Schleyer (1951) 
is pessimistic on the reliability of such histological criteria. 

The early formation of adipocere can be detected micro- 
scopically after 3-4 weeks; this is dealt with in the chapter 
on post-mortem changes. 

Revenstorf in 1904 was the first to attempt to use diatoms 
as a test for drowning, though he stated that Hofmann in 
1896 was the first to discover them in lung fluid. An excel- 
lent review of the diatom controversy was published by 
Peabody in 1980. 

The basic premise is that when a live person is drowned 
in water containing chatoms (microscopic algae with a 
silicaceous exoskeleton), many diatoms will penetrate the 
alveolar walls and be carried to distant target organs such 
as brain, kidney, liver, and bone marrow. After autopsy, 
samples of these organs can be digested with strong acid 
to dissolve the soft tissue, thus leaving the highly 
resistant diatom skeletons to be identified under the 
microscope. Alternatively, blood can be used to seek the 
organisms. 

When a dead body is deposited in water or when death 

DIATOMS AND THE DIAGNOSIS 
in the water is not due to drowning, then, although 

AF n n  n - 1 - 1 ~ 7 - k  TTX TP diatoms may reach the lungs by passive percolation, the 
u r  U K U W I U I I U ~  absence of a beating heart prevents circulation of diatoms 

to distant organs. 
Few topics in forensic pathology have given rise to so much The great advantage of the diatom test, if it was reliable, - 

argument as the use of diatoms in the diagnosis of drowning. would be that a positive diagnosis of drowning could be 
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FIGURE 16.19 Theprincipk of the diatom test for drowning. When a dead body enters the water, diatom cannotprogresfirrther than the lungs. 
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made even in the frequently putrefied bodies that are 
recovered, where no hope of anatomical recognition of 
drowning is possible. In addition, evidence of the site of the 
drowning might be obtained from the ecological typing of 
the diatoms, especially in relation to salt-water or freshwater 
locations. 

Meticulous attention to technique must be employed at 
autopsy to recover suitable samples of tissue, which must 
not be contaminated by the body surface or instruments, 
before digestion is commenced. (Technical details are given 
in Appendix 1 .) 

Diatoms belong to the class of plants known as 
Diatomaceae and consist of a box or 'frustule' composed of 
two valves that fit together to enclose the cytoplasmic con- 
tents. They have either radial symmetry ('centric' diatoms) 
or are elongated ('pennate' diatoms). The valves are highly 
complex in shape and are extremely resistant to decay, fossil 
diatoms from Jurassic times being abundant. The floor of 
the oceans have an area of 11 million square miles of thick 
diatomaceous ooze and upraised beds on land may be 
hundreds of feet thick, which emphasizes the vast amount 
of potential contaminant available. 

FIGURE 16.20 Diatoms seen under dark- 
ground ilhmination (original 

magnification X350). These arejbmf;esh 
water. There are a t  least 10 000 dzferent 

types and, where identijkation of loctls of 
likely origin is required, the help of a 
biologist with expert knowledge is essential. 

FIGURE 16.21 Scanningelectron 
micrograph of a diatom (original 
magn$cation X 4000,20 kv. 
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There are at least 10 000 species, and the identification 
of the various types is a matter for an experienced botanist 
or biologist, but the following general classification is 
useful: 'oligohalophilic' diatoms live in freshwater with a 
salinity less than 0.05 per cent, and 'mesohalophilic' and 
'polyhalophilic' diatoms live in brackish water and seawater 
with a salinity higher than 0.05 per cent. 

The critics of the diatom test point to certain problems: 

Diatoms are ubiquitous, being present in soil, water 
supplies and in the air. Many commonly used minerals, 
such as kieselguhr, are largely fossil diatoms. 
Manufactured substances like board-chalk and 
abrasives - even toothpaste - contain diatomaceous 
raw materials. Mant, however, examined the filters of 
the air-conditioning system of Guy's Hospital in 
London and found no diatoms taken from the city 
atmosphere. 
Though entry into the body is thought to be mainly 
through the lungs, there seems no reason why 
they cannot penetrate the intestinal lining, and 
gain access to the bloodstream and hence any body 
tissues. 
Certain foods, notably shellfish, contain vast quantities 
of diatoms that may enter the circulation and reach 
the tissues. 
Examination of the tissues of both.animals and man 
reveal the presence of diatoms when the cause of 
death is other than drowning. Schellmann and Sperl 
(1979) found them in the tissues of 15 out of 16 
non-drowned bodies, but other workers found no 
diatoms in 33 out of 34 bodies, including two 
drownings. 

Foged (1983) made a detailed investigation into 
drowned and non-drowned bodies in Denmark, and con- 
cluded that the diatom test was quite invalid. He quoted 
many references both for and against the reliability of the 
technique, and no doubt the controversy will continue. It 
seems probable that there may be a quantitative difference 
between the numbers of diatoms recovered from the tissues 
in drowning and non-drowning deaths, and a careful 
analysis of the species identification in relation to the locus 
and circumstances of the death may be useful. At the pres- 
ent time the diatom rest should be used only as an indica- 
tive aid and not as legal proof of drowning. Recently, other 
water organisms have been advocated as tests for drowning, 
including soft-bodied protozoa and crustaceans. 

Japanese workers have used other methods to digest 
autopsy tissues to seek diatoms because it has been shown 
that strong acid digestion markedly reduces the yield. The 
new methods introduced for diatoms, such as enzymatic 

and detergent digestion, allowed soft-bodied microscopic 
organisms to be recovered and claims for better specificity 
for drowning have been made (Matsumoto and Fukui 
1993; Funayama et a[. 1987,2001). Chinese workers have 
claimed that the spectrofluorophotometric detection in the 
lungs of chlorophyll derived from plankton is diagnostic, 
but it is not clear how this can be differentiated from 
plankton passively entering the lungs after death (Qu and 
Wang 1992). 
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Though, tragically, starvation is one of the most widespread 
scourges of our planet, we are here concerned with individual 
neglect with which starvation is often associated, either as a 
potentially criminal act or as a manifestation of self-neglect. 
As with so many conditions, the extremes of life are most 
affected, rather than the middle years. Infants and children 
are at the mercy of their parents or guardians for the provi- 
sion of care and sustenance. The old are prey to senile 
dementias and other disorders of the mind, as well as often 
being devoid of spouse or caring relatives - or sometimes 
even the financial means to stay warm and adequately fed. 

Many countries have legislation designed to protect chil- 
dren, on the basis that they are totally dependent upon 
adults for the necessities of life. In Britain, the Children 
Act places a responsibility upon parents, guardians or the 
community to care for children. The minimum require- 
ments laid down by law are the provision of food, clothing, 
shelter and education. Unfortunately, these requirements 
are evaded in spite of official supervision and, from time to 

time, scandals explode in the public eye when a child has 
died, not from physical abuse, but from sheer neglect. 

Voluntary organizations, such as the National Society 
for the Prevention of Cruelty to Children (NSPCC) were 
founded in the nineteenth century to combat the wide- 
spread neglect of children consequent upon the population 
explosion of the Victorian industrial revolution. Their 
present-day role, however, has changed radically so that 
now most of their efforts are directed against physical, sex- 
ual and mental abuse, rather than starvation and neglect. 
Notwithstanding this change of emphasis, deaths still occur 
from deliberate or negligent lack of provision of proper care 

and nutrition of children. In general - though there are many 
exceptions - nut.ritiona1 neglect and physical battering tend 
to be mutually exclusive. The abused child is usually well 
nourished and the emaciated child is usually uninjured. 

Neglect and starvation are not synonymous, but are so 
often closely associated that the two conditions are usually 
considered together. When fatal, they may come to the atten- 
tion of the pathologist either as a potentially criminal death 
or, when self-inflicted, in the usual course of coroners' or 
similar enquiries. Rarely, victims will starve from being iso- 
lated in some catastrophe, such as a mining incarceration or 
shipwreck, but these days a more common occurrence is a 
hunger strike or voluntary fast for some political or similar 
motive. 

GENERAL FEATURES OF 
NEGLECT AND STARVATION 

The obvious and outstanding appearance is of emaciation 
caused by an inadequate intake of food. A minimum of 
about 1500-1900 calories is needed to maintain body 
weight in active adults. Life is threatened when more than - 
40 per cent of the original body weight has been lost, 
though the speed of loss is relevant. Total deprivation of 
food will obviously kill faster than a severe reduction. Tot4 
lack of food is likely to cause death in about 50-60 days as 
long as adequate water is available, but this depends on 
weather and temperature as well as the original fitness - and 
fatness - of the individual. Deprivation of water will kill in 
about 10 days - or less in higher ambient temperatures. 



General features of neglect and starvation 

In the numerous cases of fatal and non-fatal starvation 
seen at the end of the 1939-45 war in Nazi concentration 
camps, two main types were seen. These were the 'dry' type, 
in which there was emaciation, but only leg oedema, with a 
body weight up to half the normal. Alive, these showed 
marked hypotension, feeble pulse and cyanosis. The other 
'wet' group had marked oedema of face, trunk and limbs, 
with ascites and pleural effusions. The oedema of hypopro- 
teinaemia is caused by protein being diverted to produce 
energy when carbohydrate and fat are grossly deficient in the 
diet. In some victims, the skeleton accounted for 50 per cent 
of the total body weight, instead of the usual 15 per cent. 

Other features are secondary to this nutritional deficiency, 
such as intercurrent infections, avitaminoses, skin disorders 
and nutritional oedema. Dehydration, hypotherrnia and 
actual necrosis of the extremities are the most severe mani- 
festations that contribute to death. 

FIGURE 17.1 Deathfiom 

neglect and bypothernia in 
an old woman. The 

discoloration of the feet and 
hand was cyanotic. 

FIGURE 17.2 Fatal neglert and starvation 

in an infant. The limbs are emaciated, the 
abdomen scaphoid and the head appears 
relatively large. The back shows extensive 

pressure ulceration. The sunken yes and 
cheeksjom malnutrition and dehydration 
constitute the 'Hippocratic facies: 

Most fatally neglected infants are under one year of age. 
At autopsy great care must be taken to measure, not estimate, 
the full indices of size and weight. Crown-heel, crown-rump, 
head diameter, foot length and exact weight must be meas- 
ured accurately, so that comparison may be made with stan- 
dard paediatric percentile growth charts, consonant with age, 
birth weighr, sex and race. 

The diarneter,of limbs at major landmarks such as wrists 
and ankle should be measured with a flexible tape. Photo- 
graphs should be taken in all major views, using colour 
to record skin tints and lesions, as well as the general aspect of 
the emaciated body. The words 'cachexia', 'emaciation' and 
'marasmus' are all synonymous as used today, though 'maras- 
mus' is confined to the description of infant victims. The so- 
called 'Hippocratic facies' is not confined to the emaciation of 
neglect, as cachexia from any cause - such as an obstructive 
carcinoma of the oesophagus - can give rise to the same 
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appearance. The skin of the face is stretched tightly across the 
cheekbones, the cheeks are sunken and the lines of the jaw are 
obtrusive. The eyes are deeply sunken from loss of orbital fat, 
though dehydration may contribute to this manifestation. 

O n  the trunk the ribs are prominent, with concavities 
in the intercostal spaces and sunken supraclavicular fossae. 
The abdomen is of the classical 'sca~hoid' shape, being 
concave from costal margin to iliac crests, the latter sticking 
up like wings. The limbs are almost skeletal from loss of fat 
and muscle, and the head may appear deceptively large by 
contrast with the narrowed neck. 

The skin surface may present differing appearances 
according to the length of time that nutritional loss has 
been suffered and the qualitative defect in the diet, espe- 
cially of certain vitamins. The skin may be pale, lustrous 
and semi-transl~~cent, with an almost blue tinge in infants. 
partly as a result of the loss of subcutaneous fat. It may also 
be coarse and rough, however, with flaking hyperkeratosis, 
though this is more often seen in aged persons, partly as a 
result of senile changes. Pigmentation, either diffuse or of a 
punctate nature, is sometimes seen. 

Dehydration is a common feature, especially in infants 
and may be the major contribution to death. The skin is 
dry and wrinkled and, when pinched between the fingers, 
remains ridged because of loss of subcutaneous fat and fluid. 
The fontanelles may be depressed from loss of pressure of 
cerebrospinal fluid. In chronic starvation, hypoproteinaemia 
can lead to oedema, though this is rarely seen in forensic 
practice. In famines it may be widespread, associated with 
other nutritional disorders such as kwashiorkor. 

Skin infections are common, partly as a result of nutri- 
tional loss of resistance to infections and partly because of 
neglect in care and hygiene, especially in infants. Pressure 
sores on buttocks, heels and spine may occur in both infants 
and old people who are lying inert because of weakness, 
and, in infants, urine dermatitis and lack of any skin care 
after defecation worsens these. Sores may be seen on any 
pressure or friction points, such as the elbows, knees, shoul- 
ders and occiput. Apart from pressure areas, any part of the 
skin surface may develop infected lesions, which often crust 
over after partial healing. Sores on the lips, blepharitis and 
conjunctivitis may also occur. The hair is dry and brittle, 
sometimes becoming depigmented and even gingery with 
chronic malnutrition. 

Internally, the same loss of adipose tissue will be evident 
both subcutaneously and in the internal fat stores, such as the 
omentum, mesentery and perirenal area. The organs will be 
small (except the brain) and it is therefore important to 
weigh the major viscera to compare them with standard 
tables for sex and age. Organ atrophy will be more apparent 
in old people, but the problem then exists of distinguishing 
weight loss caused by nutritional defects from the usual 

senile atrophy. The differentiation is one of degree, as chronic 
starvation can reduce organs to unusually low weights. More 
specific internal signs will include an empty gut, which may 
be gas-filled and translucent from stomach to colon. Any 
faeces in the rectum are likely to be inspissated, especially if 
there has been fluid restriction and dehydration. Faecoliths 
may ulcerate the intestinal lining. In infant starvation, how- 
ever, the stools may be fluid and offensive unless dehydra- 
tion was severe. The gall bladder is distended in starvation 
if there has been no recent meal to stimulate emptying. The 
tongue may be thickly coated, but this is such a non-specific 
finding that it is of no practical use. 

MEDICO-LEGAL PROBLEMS 

In infants there may sometimes, if rarely, be physical abuse 
associated with neglect, so radiography prior to autopsy is 
essential - in fact the whole procedure must be conducted on 
the lines indicated for the 'battered child' (Chapter 22). In 
both children and adults, a major problem is cause and effect, 
especially where some pathological disease process is found. 
Did a cancer Iead to cachexia or is it an incidental finding? 
Did pulmonary tuberculosis cause the emaciation or was the 
infection secondary to the nutritional deficiency? The rele- 
vance of diseases such as diabetes, Addison's disease, chronic 
infections and neoplasms must be evaluated. Particularly 
important in children are familial metabolic diseases that 
may be associated with failure to thrive and frank emaciation. 

Where death from a wasting condition is alleged to be the 
result of malnutririon, either from will l  withholding of food 
or from indifference about its provision, a defence may be 
raised against criminal prosecution that the condition was 
caused by a natural disease. Indeed, such a claim may be 
true on occasions. Both the prosecution and defence med- 
ical advisers must undertake a thorough investigation using 
all anatomical, histological and biochemical means at their 
disposal to discover any such metabolic or pathological 
cause for fatal wasting, before attributing the death to sheer 
malnutrition. 

INJURY CAUSED BY COLD: 
HYPOTHERMIA 

Until about 40 years ago, injury and death from the effects 
of low temperature was thought to occur almost exclusively 
among those subjected to extremes of climate out of doors. 
Mountaineers, polar explorers and those exposed in some 
disaster on sea or land were considered to be the prime 
candidates for frostbite and 'freezing to death'. Only after 
some noteworthy medical publications, such as those by 
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FIGURE 17.3 Hypothennia in a woman ofonly 56. She lived in 
extreme sgwlor, with no heating and broken windows, even though 
she had been a state registered nurse. The knees, hand and fit 
showed hypothennic discoloration ar well ac dirt. 

Emslie-Smith (1958), Duguid et al. (1961) and others, was 
it generally appreciated that hypothermia was a common 
and widespread danger in temperate climates and indoors. 
Recognition was rapid and Special Committees of both the 
Royal College of Physicians and the British Medical Associ- 
ation produced reports on hypothermia in the 1960s. 

As in so many other conditions, the aged and the infants 
are most vulnerable, especially as the condition is insidious 
and may not be suspected in time by those more active per- 
sons who are the potential guardians of those at the two 
extremes of life. 

Factors involved in hypothermia 

LOW ENVIRONMENTAL TEMPERATURE 

No precise figures can be given in degrees Celsius for tern- 
peratures potentially dangerous to life, as other factors 
and the personal vulnerabiliry of different individuals vary 
considerably. Certainly the air temperature need be nothing 

FIGURE 17.4 A deathfrom hypothermia.showing brownish-pink 
discoloration over the hip and elbow. 

like as low as was thought in former years, when profound 
frost was considered essential for the production of lesions. 
Air temperatures below 10°C are probably low enough to 
cause hypothermia in vulnerable persons, but air move- 
ments such as external wind or internal draughts will make 
things worse by markedly increasing the rate of body cool- 
ing. Damp conditions, especially of clothing, will also aid 
cooling from the latent heat of evaporation. 

AGE AND PHYSIQUE 

As stated, the elderly and the young are at greatest risk. The 
old person may have poor musculature and a lack of mobil- 
ity, thus depressing heat production from muscular activity. 
Often thin, there may be a lack of insulating subcutaneous 
fat. Poor thyroid function is common, especially in old 
women, and is discussed below. Cerebral dysfunction - 
often from degenerative arterial disease - may lead to poor 
central heat regulation, a disinclination to move around, 
and apathy concerning personal nutrition, heating and 
general well-being. Depression and mental illness are not 
uncommon, as in the early cases reported by Emslie-Smith 
and by Duguid et al. 

In infants, the body mass is small and the surface area:mass 
ratio large, so that heat is lost more easily. In small infants, 
there is naturally complete dependence on others in regard 
to clothing and environment. 

HYPOTHYROIDISM 

Myxoedema, either occult or obvious, is an important fac- 
tor in hypothermia. Many elderly women have a thyroid 
deficiency and this is a potent factor in vulnerability to 
cold. The majority of victims are women over 70 and the 
environmental conditions in which thyroid dysfunction 
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is a factor may be little below optimum. Cases were first 
reported in the 1950s by Marquand, soon followed by the 
paper of Angel and Sash (1960). In hypothyroid subjects, 
certain drugs may have a deletenous effect by precipitating 
hypothermia, even when the environment is relatively nor- 
mal. Imipramine, chlorpromazine and diazepam are particu- 
larly hazardous. Barbiturates, phenothiazines and alcohol 
are also dangerous in this respect. 

LACK OF FOOD, ADEQUATE CLOTHING AND INDOOR 

HEATING 

These are factors that may be social or financial, but are 
often related to the depressed, apathetic state of many old 
people, especially those with cerebral atherosclerosis. Cause 
and effect are often hard to separate, as the effects of cold 
may bring on or worsen mental sluggishness and confusion. 

The manifestations of hypothermia 
The clinical manifestations are not the concern of the forensic 
pathologist, though when unsuspected before autopsy 
the history may give a clue to the fatal process. 

It is sometimes claimed that hypothermia in the elderly 
never occurs unless there is some predisposing disability, 
such as cerebrovascular disease, hypothyroidism, alco- 
holism or diabetes, for instance. This seems too restrictive 
an attitude, though in general is probably true. The rectal 
temperature is used as the measure of severity in hypother- 
mia. Between 37°C and 32°C there are no ill-effects 
beyond the normal subjective feeling of being cold, with 
shivering and constriction of blood vessels. 

FIGURE 17.5 Frostbite of the knuckles a$er being le$ unconscious 
during winter in Wales. It does not require Arctic temperatures to 
cause tissue damage or death. 

When the core temperature falls further below 32°C to 
24"C, there is dulling of consciousness, a fall in respiration 
and heart rate, and a lowering of blood pressure. If main- 
tained without relief, death will ensue and recovery is rare if 
the rectal temperature falls below about 26"C, though one 
remarkable case reported by Laufman (1 95 1) recovered 
after falling to 18"C, albeit with severe mutilating frostbite. 

Autopsy findings in hypothermia 
There may be no signs whatsoever at autopsy in a death from 
hypothermia and thus the history may be all-important. 
The usual difficulties then arise as to how much the patholo- 
gist is entitled to rely upon hearsay evidence - as opposed 
to the objective findings of his own examination - when 
deciding on a caux of clca~h. This is more fully discussed iii 
the first chapter of this book. 

Hypothermia, like some cases of epikpsy, asthma and 
drowning, provides some of the more difficult pathological 
dilemmas when there are slight, non-specific or absent 
autopsy findings. When a victim of hypothermia has 
been admitted to hospital and 'warmed-up', death may 
supervene a t  any time up to a few days later. In such 
circumstances the autopsy may reveal no positive findings. 
The skin changes will almost certainly be absent, but intra- 
abdominal signs may persist. 

In a classical death from hypothermia the body will usu- 
ally be that of an old person - almost half the Royal College 
of Physicians' series was over 65 years of age; most will be 
women. The excerior of the body may present suggestive 

FIGURE 17.6 Brigbt red discoloration of the cheeks and nose fiom 
hypothermia. The victim sufferedf;oom miealstenosic (where makzr 
jlusb is one of the clinical signs) and was in bed in an unheated 
room duringa Welrh winter. The tissues of the nose were virtually 

necrotic, amounting to actualjcrostbite. 
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signs of hypothermia, in that patches of pink to brownish- 
pink discoloration may be seen in certain areas. They are most 
often present over extensor surfaces and large joints, such 
as the outer sides of the hips, the elbows and the knees, and 
less often on the flanks and face. 

The colour is similar to that seen in bodies exposed in cold 
water or in severe outdoor cold - and to the post-mortem 
pinkness that often develops in mortuary refrigerators. In 
hypothermia, however, the distribution over the large joints 
is distinctive, in addition to the pinkness of hypostasis. There 
may be pink patches on the cheeks, chin and nose, especially 
in victims who already had impaired cardiac function, such 
as the 'malar' flush of mitral stenosis. The slight brownish 
tinge often seen in the pinkness and the rather indefinite 
blurred edges of the patches suggest that some haemolysis 
may have occurred, perhaps in the early post-mortem period 
as well as during the terminal stages of life. The colour is pre- 
sumably due to persistent oxyhaemoglobin in the skin capil- 
laries, which, because of the low metabolic activity of the 
cold tissues, fail to take up the delivered oxygen. Pooling of 
blood in surface vessels from the breakdown of normal vaso- 
motor control allows this unreduced haemoglobin to show 
through the skin. Why a normally coloured body placed 
after death in a mortuary refrigerator should also become 
pink has never been satisfactorily explained. 

In addition to pink areas of skin, the extremities may be 
cyanosed or they may be white. Sometimes the feet are blue 
to the ankles, above which is pale. The hands may show 
blueness of the fingers or nail beds. Oedema may be seen, 
most often in the feet and lower legs, but many of the victims 
of hypothermia already have pre-existing congestive cardiac 
failure. Rarely there may be blistering of the skin, usually in 
dependent parts such as the buttocks, backs of thighs and 

FIGURE 17.7 Fatal child neglect. The infant has extensive skin 

ulceration and was underweight. Death was the result of an 
intercurrent chest infection. 

FIGURE 17.8 This infant 
died of neglect, h~pothermia 
andfiostbite, having been lef2 

in an unheatedfarmhowe 
bedroom, the cardboard box 
that acted as a cot having 
cystah offiozen urine in the 
bedclothes. A f t r  death the 
child was dropped down the 
farm well in this sack with a 

brick as a weight. 
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upper arms. This may or may not be in pink areas and seems 
to be caused by skin oedema which then breaks down. 

The face, especially of an elderly woman, may show 
appearances suggestive of myxoedema or hypothyroidism, 
with coarsening of the features, puffy eyelids and loss of 
eyebrow hair. Internally there may be nothing specific to 
note, even if the external skin changes are obvious. Signs of 
pre-existing disease are common, especially if one subscribes 
to the view that hypothermia in the elderly never occurs in 
the absence of systemic disease. Degenerative arterial disease, 
senile myocardial degeneration, hypertension, chronic renal 
lesions and obstructive airways disease are common. More 
specific lesions are considered below. 

ACUTE GASTRIC EROSIONS 

In the authors' view, these are found much more often than 
pancreatitis. The stomach mucosa is frequently studded 
with numerous shallow ulcers, the floor of each containing 
a dark brown plug of altered blood. Frank haematemesis is 
rare, but the stomach contents sometimes contain dark 
acid-affected blood. 

ACUTE PANCREATITIS 

This is the lesion most often quoted in textbooks, but is 
present in less than half the deaths from proven hypother- 
mia. It may have been diagnosed before death from an 
increase in serum amylase activity. The most obvious fea- 
ture may be areas of stiff, yellow, fat necrosis when the pan- 
creas is sectioned at autopsy. There may be adjacent areas of 
fat necrosis in the omentum and mesentery. Haemorrhage 
into the gland may occur, but caution has to be employed 
here, as post-mortem autolysis of this organ commonly 
gives a haemorrhagic appearance in many other modes of 

death seen at autopsy. Histologically, necrosis, leucocyte 
infiltration and fat necrosis may be confirmed in some 
instances, but in others the pancreas, even if haemorrhagic, 
yields little information on microscopy. 

PULMONARY OEDEMA 

This is common, but as it is such a common finding in any 
death from cardiac failure, its diagnostic value in hypother- 
mia is almost nil. 

PENVASCULAR HAEMORRHAGES 

These have been described in the brain, especially in the 
walls of the third ventricle, but again they are not particu- 
larly specific, especially in an autopsy population that has a 
high incidence of ~erebrovascular disease. Sludging of 
blood in peripheral vessels may occur, partly from cold 
agglutinins. This contributes to skin oedema and necrosis, 
though peripheral vasoconstriction is the main cause of the 
infarction of frostbite. Microinfarcts are common in many 
organs in hypothermia, presumably from cold agglutinins 
blocking small vessels. Deep vein thrombosis in the legs 
and pulmonary embolism are occasionally found, but again 
cause and effect is hard to establish. 

It is said that the good preservation of tissues when 
examined histologically is characteristic of hypothermia, as 
autolysis is retarded by the low temperature. In the experi- 
ence of the authors, this claim is not justified. 

THE 'HIDE-AND-DIE' SYNDROME 

There is a peculiar aspect to some cases of hypothermic 
death in that it is associated with the victim undressing and 
hiding away from sight. The subject is usually an old person, 
man or woman. When found dead (usually, but not always 
at home), the body may be partly or even totally naked, even 
though the environment is cold. In addition, the victim 
may have burrowed his or her way into some corner or cup- 
board, or alternatively pulled down furniture and household 
articles into a heap on top of the body. In fact, the house 
may be in such a state of disorder that when the police break 
in and find a corpse amongst such chaos they may naturally 
suspect a homicide and robbery. 

The author (Bk3 has seen old people who have crawled into 
small cupboards, the bottom ofwardrobes, under low shelves, 
and into corners of pantries and outhouses. They have been 
found under piles of books pulled from a bookcase, or hidden 
under a mound of old clothes, newspapers and other debris. 

* * 

FIGURE 17.9 Gastric mucosa)om a hypothermia death showing The signs of hypothermia are usually present and the 
numerous acute erosions. problem then arises as to whether the victim became 
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hypothermic first, which led to mental confusion that caused 
the strange behaviour, or whether - as a result of some men- 
tal aberration, perhaps related to senility or other cerebral 
episode - they began behaving abnormally, including shed- 
ding their clothes and so became fatally hypothermic. 

Though some geriatricians claim that hypothermia is 
almost always precipitated by some natural illness, includ- 
ing cerebral vascular episodes, the experience of most 
pathologists is that it is not common to find definite lesions 
of such predisposing factors at autopsy. 

Biochemical markers of hypothermia have been investi- 
gated, and catecholamines appear in the blood and then 
urine in the early stages, but then decline, as the adrenals 
become exhausted (Hirvonen and Huttunen 1995). There 
is a variation in the adrenaline:noradrenaline ratio, all these 
changes being manifestations of stress induced by low 
temperature. 

FIGURE 17.10 Frostbite of the footfi-om the infant shown in Figure 

17.8. The distalpart of the foot is infarcted and a line of separation 
bar appeared between the distal slough and the rest of the limb. 

FIGURE 17.1 1 Frostbite on left auricle ofa man who, heavily 
intoxicated by alcohol, lefl-for home at night in the Arctic winter, 
but lost his way at - 40°C and wmfound dead the following day. 

DEATHS FROM EXPOSURE 

Fatal hypothermia can occur in healthy adults, as well as 
infants and old people. This is caused by purely environmen- 
tal conditions, which need not be extreme. One common 
group, especially in more northern countries, is the inebriated 
person who becomes exposed to even moderate cold. The 
typical circumstances are a person who gets drunk and either 
falls asleep outdoors in his drunken state or sustains some 
accident - such as a fall or even mild head injury - which 
incapacitates him for long enough for him to become 
hypothermic. Alcohol seems to have a secondary effect, apart 
from causing incapacity and immobility. Its vasodilating 
effect on skin allows heat loss to be more rapid and in higher 
concentrations it may have a direct action on the heat- 
regulating centres. Apart from drunken victims, many other 
classes of person may fall prey to hypothermia. Hill-walkers, 
climbers, yachtsmen and dinghy-sailors, swimmers, and other 
classes of sportsmen and women can become cold and 
exhausted. Every year sees deaths and rescue escapades in the 
hill country of Britain, even when the weather is far from 
Arctic in severity. Naturally the risks in colder countries and at 
high altitudes almost anywhere in the world are much greater. 
For the the features are similar to domestic 
hpothermia, but there may be the added lesions of frostbite. 

LOCAL IN URY DUE TO COLD: 
FROSTBI 4 E 

There are a number of different clinical lesions caused by 
the effect of prolonged cold on the extremities. 'Immersion 
foot' and 'trench foot' refer to damp cold damage, whereas 
'frostbite' is caused by dry conditions below zero. In the 
context of forensic pathology, they may be found in victims 
of fatal hypothermia, but rarely kill in themselves unless tis- 
sue necrosis becomes infected. Severe damage with slough- 
ing and separation of toes, or part of the foot is likely to be 
seen only in survivors or victims of some catastrophe on sea 
or mountainside, but the author (BK) has seen one case 
where a neglected infant was left in a urine-soaked cot at 
temperatures below zero for many days. When it died of 
a mixture of hypothermia and chest infection, the parents 
placed it in a sack with a brick and dropped it down a well. 
O n  recovery of the body, separation of the necrotic distal 
part of a foot was seen, with a red zone of inflammatory 
tissue on the proximal margin. Frostbite may affect only 
the skin or may extend deeply into the underlying tissues. 
Lesser degrees are reversible, but infarction and necrosis may 
ensue if the blood supply is cut off by vasoconstriction, 
sludging and thrombosis, for a sufficient time. 
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The examination of living victims of sexual assaults is 
the province of the forensic physician or 'police surgeon', in 
places where such doctors exist. In many countries, any 
physician may be asked by the police to examine the victim 
of an alleged sexual offence, but this difficult and onerous 
task in the living victim is outside the experience of many 
pathologists - though in some jurisdictions, this function 
is combined with that of the forensic pathologist. 

In this book, attention will be confined to those cases in 
which a sexual assault leads to death, almost always rape and 
homicide. Regrettably, a significant proportion of non- 
domestic homicides are associated with sexual offences, death 
occurring either because the woman rejects the sexual 
approaches or because a sadosexual motive colours an 
intended murder. The most common mode of killing is 
either pressure on the neck, head injuries, or, less often, stab- 
bing. In some instances death may be the result of violence 
associated with the sexual activities themselves, especially in 
child victims when pelvic trauma may be the immediate 
cause of death. In this chapter, only the sexual aspects are dis- 
cussed, as other modes of violent death are covered elsewhere. 

EXTERNAL FINDINGS IN FATAL 
S E X U a A S  SAULTS 

As with most forensic autopsies, a meticulous external exarn- 
ination is as important - and usually more important - 
than the internal dissection. The study of the body surface 
in sexual assaults is similar in both the living and dead and 

may be divided into general appearances and those of the 
perineum. The whole body surface should be searched for 
sexually orientated injuries. 

Mouth and lips 
Bruises may be found on the lips and especially inside on the 
buccal surfaces, from rough kissing. The lips may have been 
forced back on to the edges of the teeth, causing abrasions, 
bruises and even laceration of the buccal surface. Swabs 
should be taken from the mouth in every case before sub- 
stantial manipulation for examination, to seek evidence 
of seminal fluid from oral penetration. Though such swabs 
rarely yield a positive result as to the presence of spermato- 
zoa, modern analytical methods may be able to detect other 
components of the seminal fluid or the presence of male 
epithelial cells. 

Bites 

Other bruises may be found on the neck, shoulders, breasts 
and buttocks from oral suction or biting. These are some- 
what euphemistically termed 'love bites' and may range 
from minor lesions inflicted from enthusiastic passion to 
mutilating bites of a sadistic nature. 

Suction lesions may comprise a circular'or oval area of 
bruising, in which the damaged zone consists of many 
small intraderma1 petechial haemorrhages caused by suck- 
ing the skin into the mouth, the reduced air pressure 
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rupturing the small vessels. There may be semilunar marks 
at the periphery from the lips, and there may be associated 
teeth indentations or abrasions. Such suction marks are 
often seen at the sides of the neck, below the ears, on the 
upper shoulder, and on the upper part of the breasts and 
around the nipples. 

Actual bites may accompany suction marks or may be 
independent. The characteristics are described in Chapter 
26, but the main features are abrasions or bruises matching 
the dental arches, often with discrete marks from each 
tooth. These may be linear if the teeth are scraped down the 
skin in closing the jaws. They may be superficial or deep 
enough to penetrate the skin as lacerations. The latter are 
especially common at the nipples in sexual assaults, and the 
nipple and part of the areola may even be partly or wholly 
11T?"l,f2t~TI r ------. 

In sexual homicides, it is essential to obtain expert forensic 
odontological advice, if at all possible. In any event, photo- 
graphs and measurements must be taken of these injuries and, 
if practicable, a cast of any teeth indentations for later com- 
parison. Before any handling of the lesions, swabs should be 

- 
FIGURE 18.1 Sexual assaults are sometimes associated with extreme 
violence, often of a sadistic nature. Here, rape has been followed by 
severe head injury ?om the large rock seen near the centralgutter of 
this back lane. 

taken of the surface in an effort to recover saliva, which - if 
the assailant was a 'secretor' - may be tested for blood-group- 
specific substances. 

General bruising and abrasion 

Apart from bruises that may be associated with the fatal 
assault, such as throat or head injuries, some bruises are 
indicative of the sexual motivation. The breasts are often 
manually squeezed and manipulated, causing discoid 
bruises of 1-2cm on any part, especially around the nip- 
ples. Linear abrasions, usually from fingernails, may also be 
present. Bruises may also be seen on the thighs and but- 
tocks, from struggles to achieve intercourse. Both the outer 
and inner sides of the thighs may be bruised and scratched: 
a typicai area is the inner aspect oC the upper thigh, where 
the legs are manually forced apart. There may be bruising 
around the anus from fingers opening the buttock cleft to 
achieve either anal or posterior vulval penetration. 

Where the assault takes place on a hard or uneven sur- 
face, bruises and abrasions may be seen on the back, espe- 
cially the shoulders and buttocks. If outdoors, there may be 
marks from stones or sticks and remnants of vegetation, 
such as leaves, and grass and green staining may be adher- 
ent to the skin, together with earth or dirt. Examination of 
the clothing is usually a function of the forensic scientist 
('criminalist'), but when the pathologist examines the body 
i n  situ, he will naturally note damage, disarray and foreign 
material on the garments. 

FIGURE 18.2 In fatal rape the pathologist must note at  the scene, or 
at  the mortuary, the position and condition of clothing andpresence 
offoreign material on the skin. Full cooperation with scene of crime 
oficers or forensic scientists is vital in collecting trace evidpnce. 
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Other general injuries 

The hands should be carefully examined, as in all assaults. 
The fingernails, especially the often longer and manicured 
nails of younger women, may be broken from a struggle. 
Occasionally, there are hairs or fibres trapped in nail splits, 
which may have come from the assailant or his clothing. At 
autopsy, the nails should be cut closely to the junction with 
the fingers and all parings carefully collected for forensic 
laboratory examination. It is rarely necessary to collect 
those from each finger in individual packets, but each hand 
should be identified separately. Some pathologists or scien- 
tific officers prefer to scrape out the space under each nail 
with a pointed orange-stick or toothpick, carefully retain- 
ing any debris. The reason for this interest, especially in 
sexual assault victims, is that they may have scratched their 
assailants and have blood, or even skin parings, under the 

FIGURE 18.3 Multiple superficial abrasionsfrom undergrowth and 
ground debris on the back of the victim of rape. This is an 
indication ofpressure of the unclothed body on theground. There is 
a ligature mark around the neck with a cross-overpoint visible. 

nails that can be identified as to blood group or individu- 
ally specific DNA characteristics. 

Signs of head injury and throttling are dealt with else- 
where, but some fatal trauma may be sexually orientated, 
especially knife injuries. Sadistic cutting or stabbing may be 
inflicted on sexually significant areas, especially the breasts, 
buttocks, perineum and lower abdomen. The vulva itself 
may be mutilated. These may be slashes or deeply penetrat- 
ing stabs, often multiple and indeed numerous. They may be 
arranged in a pattern or may be mutilating as when whole 
breasts are amputated. Decapitation is sometimes performed 
and ritual acts may be performed, with objects placed in def- 
inite sites near the body. The notorious 'Jack the Ripper' 
murders in London in 1888 exhibited the arrangements of 
disembowelled organs and this type of mutilation is another 
feature of some sadistic sexual homicides. Intestine or uterus 
may be removed, either through abdominal wounds or manu- 
ally through the vagina. General injuries may be continuous 
with genital trauma, as in knife or broken bottle wounds of 
the abdomen and perineum. 

Genital injuries 

Once the pathologist has examined all the external general 
injuries, attention should be turned to the perineum. As 
with the clinical examination of sexual offences, a set rou- 
tine should be used, as the incorrect order may lose valu- 
able forensic evidence. 

The vulva and anus should be inspected externally and 
laceration, swelling, bruising, bleeding and discharge noted. 
Any blood or suspected semen stains anywhere on the body 
or clothing should be sampled either by the pathologist or 
by the forensic scientist or scene of crime police officer. The 
pubic hair should be examined for foreign material, hairs, 
vegetation and dried seminal stains, and samples of hair and 
combings taken. The hair may be combed using a fine 
comb with the.base of the teeth packed with cotton-wool to 
trap any loose fibres. Dried stains on hair may be cut away 
and placed in clean folded paper in an envelope, or plastic 
bag for transit to the laboratory. The vulval labia may show 
clear signs of trauma, especially in children. In forcible rapes, 
especially in young persons, there may be external signs 
of perineal tears, with laceration of the margin of the vaginal 
introitus or anus, sometimes causing a complete rip between 
the two orifices. 

Caution must be used in interpreting the degree of dilata- 
tion of the anus in a dead body, as the sphincter can become 
patulous and wide open as a normal post-mortem change. 
Unless the dilatation is very marked, the sole finding of an 
open anus in the absence of abrasion, bruising, or semen is 
difficult to sustain as proof of anal penetration. This applies 
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to children as well as adults; in fact, post-mortem dilatation 
of the anus is particularly noticeable in children. 

Once external examination and assessment has been 
made, samples should be taken for forensic biological test- 
ing, for the presence of semen and venereal infection, as well 
as samples for DNA profiling, which may be able to distin- 
guish between any semen present and the vaginal secretions. 
If any fluid is running from the vulva or anus, it should be 
picked up with clean piperres and preserved in the smallest 
available tube, to prevent drying from evaporation. Then 
cotton-wool swabs on sticks (ensuring that those used for 
semen detection are plain swabs, not those containing albu- 
min or other media) should be used to take the following 
samples by touching gently on to the mucosal surfaces: 

the interior of the vulva1 labia and around the vaginal 
orifice 
the margins and interior of the anus 
the mid-vagina, using a speculum or broad handle of a 
dissecting forceps to part the lower vaginal walls gently 
to allow the swab to reach the area without contamination 
from the lower vagina 
the upper vagina, cervix and posterior fornix, again 
using a spatulate instrument to open the canal to give 
access to the swab. If more fluid contents are seen 
higher in the vagina, either now or during the later 
dissection, they should be recovered by pipette. 

After samples are taken, the interior of the anus, vulva and 
vagina, as far as can be seen from the exterior, should be 
examined. Lacerations, abrasions, bruises and bleeding may 
be evaluated, though they can be seen in more detail at dis- 
section. The presence and condition of a hymen is noted, 

FIGURE 18.4 Some homicides have 

obvious sexuai connotations even ifthere is 
no genital inte$rence. This circle of stab 

wounds ir centred on a breast. 

FIGURE 1 8.5 Fresh bleeding and mucosal abrasion on the lower 
wall of the vagina in a sexual assault associated with fatal head 

injuries in an old  lady 

with any evidence of recent tearing. Where injuries are gross, 
especially in children, fistulae between the vagina and the 
rectum or even peritoneal cavity may be seen. There may be 
extrusion of intestine. 

INTERNAL EXAMINATION 

The order of the autopsy may be determined by the nature 
of the death. The fatal injuries, such as strangulation or head 
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FIGURE 18.6 Stab wound (arrows) in the vaginal 

wall of a homicide victim (U, uterw). 

injuries, may be dealt with first or the pelvic region may 
command prime attention. The autopsy incision should be 
similar to that described for the examination of deaths asso- 
ciated with pregnancy, with an incision circumscribing the 
perineum, removal of the anterior part of the pelvic bones 
and the extraction of all the pelvic organs in continuity from 
ovaries to vulva and anus. This block of tissue is then dis- 
sected separately. Before this is done, the bladder should 
first be emptied of urine (either by catheter or through 
a small incision in the fundus) and the fluid retained for 
toxicological analysis, especially for alcohol. 

The vagina should be opened with large scissors, the 
track of the cut depending on the assessment of any injuries 
seen on external examination. If there are tears or bruises in 
the vulva or vagina, the cut should be orientated to avoid 
them wherever possible; the anus is later dealt with in a 
similar way. The vagina is laid open to the posterior fornix 
and all injuries carefully examined and photographed. The 
cervix and uterus are examined in the same way. 

Injuries may be of all types, from mere reddening or 
swelling to complete disruption of the vaginal canal. This 
may occur in small children from sheer brutality of pene- 
tration, especially if there is gross disproportion between 
the adult penis and infantile canal. It may also occur from 
instrumental injury, as it is by no means uncommon for 
deliberate incised wounds to be made. The author (BK) 
has seen abdominal knife wounds carried over the pubis 
into the vagina in a murdered prostitute; another murder- 
rape was found to have a broken milk bottle high in the 
vagina, to the potential hazard of the examining fingers. 
Vaginal injuries, especially by instrument, may continue 
up into the abdominal cavity, either via the posterior fornix 
or lateral vaginal walls. This will have been examined 

through the abdominal.autopsy incision before removal of 
the pelvic organs. 

INTERPRETATION OF MINIMAL 
FINDINGS 

As in clinical forensic practice, there is little difficulty in 
interpreting gross sexual interference, but problems arise 
when only minimal evidence is present in a death (traumatic 
or otherwise) where the circumstances suggest some sexual 
offence or activity. In such cases, the following questions 
need to be answered, in the light of all the available findings 
at the end of the autopsy and ancillary investigations: 

Is there any evidence of sexual intercourse at any time - 
that is, absence of virginity as determined by an intact 
hymen? This does not exclude sexual activity short of 
penetration and technically rape can occur from even 
the minimal passage of a glans between the labia, which 
does not affect the hymen. Old intercourse may be 
assumed from healed hymenal tears with epithelialized 
'carunculae myrtiformesl at the margins, though the 
prolonged use of tampons and manual manipulation 
can also tear a hymen. Evidence of previous pregnancy, 
such as abdominal striae, old damage to the cervix and 
breast changes are almost incontrovertible evidence of 
previous sexual intercourse. 
Is there evidence of recent sexual intercourse? A recently 
ruptured hymen, with swelling, a raw unepithelialized 
edge and bleeding may be found, though admittedly it is 
relatively uncommon except in children and previously 
virginal young persons. The labia may be red and 
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FIGURE 1 8.7 Evternalgenitah of a live 8-year-old girl a victim of 
repeatedsexual abwe by an adult living in the neighbourhood. The 
lack of intact hymen, reddened and larger than normal or$ce of the 
vagina as well as thickened skin and ulcersperianally (not shown) 
are in keeping with abuse. 

inflamed with slight oedema of the vaginal introitus if 
it is the first episode, or if there is disproportion between 
an adult man and a young person, even in voluntary 
sexual connection. The presence of semen on swabs is 
the best evidence, though with the use of condoms it 
may be absent. Afier vasectomy, though no sperms 
will be present, chemical and enzyme tests for semen 
remain positive. The presence of venereal disease, 
especially gonorrhoea, is presumptive evidence of 
intercourse, though it can be contracted other than 
by sufficient penile penetration to constitute rape. 

B If recent intercourse has taken place, was it by force? 
This may be all too obvious in the presence of !gross 
injury, especially in small children. Where vaginal or 
rectal tearing has occurred, or where there is obvious 
abrasion, bruising or laceration of the vulva, anal 
margins or perineum, then this can hardly be 
compatible with voluntary intercourse. The ~oss ib i l i t~  
of sexually motivated injury without actual penile 
penetration must be considered when no semen can be 
recovered, as equally severe damage can be caused by 
digital or instrumental trauma. All kinds of foreign 
objects can be forcibly introduced into the vagina and 
rectum, and are not infrequently employed by sadistic 

FIGURE 18.8 Extensive bleedingf;om inner lacerations of the 
vaginal walls in a fatal rape. Blood is pooling in the posterior part of 
the vaginal canal. A firll autopsy dissection is required, keeping the 
perineum en bloc with the p i t a [  tract to dirplay any injuries and to 
excludp natural diseme as a contribution to the bheding. 

and perverted killers. The author (BK) has seen candles, 
bottles, a banana, broken glass and knives introduced 
into the vagina, and broom-handles and potatoes lying 
in the rectum. 

Where injury is relatively slight and confined to 
hyperaemia and oedema of the vaginal or anal 
entrances - and where abrasion and bruising of the 
vulva is slight (even including fingernail scratches), 
although the presumption is that intercourse was by 
force, the possibility still exists that it was voluntary 
though overenthusiastic, unless, of course, the victim 
was a small child. 

TESTS FOR SEMEN 

In countries with sophisticated forensic science or police 
laboratories, the pathologist will not be called upon to 
carry out the actual techniques for the detection of seminal 
fluid. His role is to be a careful collector of the original 
samples at autopsy and, to some extent, to be able to inter- 
pret the results for the benefit of the police and the courts. 
He should be conversant with the general principles of the 
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tests and aware of any potential shortcomings. In places 
where forensic science facilities are deficient or their avail- 
ability may be delayed, the pathologist may have to conduct 
the more simple tests himself and the technical details are 
given in Appendix 1. The detection of semen depends upon 
the following methods: 

O Naked-eye and lens recognition is a screening method 
which may identify suspicious stains on clothing, skin 

FIGURE 18.9 Rape and b u g q  of a smallgirl who was then stranghi 
The vulva has a slight posterior tear and there is a large vaginal tear 
internal4 the canal bkngjlled with blood The anus is widely ripped, 

especially posteriorly. Swabs were positive fir semen in both onifies. 

and pubic hair. Liquid semen leaking from the vagina 
or anus may be obvious, though leucorrhoeic vaginal 
discharge may be mistaken for seminal fluid. Dried 
seminal stains are stiff and rather silvery, depending 
upon the nature and cdlour of any fabric they may be 
upon. O n  the skin they flake off readily and can easily 
be lost if not carefully lifted with a blade or needle into 
a container. Dried stains on hair should be retrieved by 
cutting away the clump on which they lie. Suspect 
smears on skin may be collected by gentle rubbing with 
a plain cotton-wool swab that has been moistened with 
water or saline. All material should be examined as 
soon as possible after collection. 

M Examination under ultraviolet light causes seminal 
stains to fluoresce a bluish-silver, but many other 
biological fluids and vegetable juices give false-positive 

FIGURE 18.1 1 Extensive bruisingfiomfingers during a multiple 
anal and vaginal rape. Though penetrated by several men in a short 
space of time, the anus shows no injury. 

FIGURE 18.10 A chronically dilated anus in an 
habitualpassive homosexual. After death any anus 
can appear open andpatulous, but this example is 

too large to be accepted ar within normal limits. It 
also has keratinized, chronically abraded margins. 
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FIGURE 18.12 The anus of a girl who has sufferedpenetration. The 
sphincter is overdilated there is slight tearing of the anal margin, 
and some epidermal tags have been abradpdfiorn the surface. However, 
this degree of dilatation in a deadsubject shouki not be used as the 

sole indication of bugqery, as the post-mortem anus can be patulous 
in quite innocent circumstances. 

results. Many detergents, such as washing powders, also 
produce a confusing background fluorescence. The 
method is a useful screening process but cannot be used 
as definitive evidence of the presence of semen. Areas 
that fluoresce, especially on fabric, should be outlined 
to identi& them for more specific testing. 
Enzyme reactions are valuable, and though not 
absolute proof, are strong presumptive evidence of the 
presence of semen. They depend on detecting high 
concentrations of acid phosphatase originating in 
prostatic secretion. Acid phosphatase activity in semen 
is 500-1000 times greater than in any other normal 
bodily fluid. Also, vaginal fluid contains endogenous 
acid phosphatase showing considerable variation in 
activity depending on various factors, which 
complicates the interpretation of the findings. There 
are several methods of detecting phosphatase, including 
a rapid commercial 'spot' test, which should not be 
used as hard evidential proof. 

@I Immunological methods, where animal antihuman 
semen sera are set up against extracts of the stain. These . - 

techniques can only be used by trained laboratory staff. 
Prostate-specific antigen (PSA, p30) is a glycoprotein 

produced by the prostatic gland and is found in 
seminal plasma, male urine and blood, but not in any 

tissues or fluid of-the female body. A positive PSA 
finding is a reliable indicator of semen regardless of the 
presence of spermatozoa or elevated acid phosphatase 
level. Simple and sensitive methods have been 
developed for analysis of the presence of PSA. 

Other serological techniques may be able to determine 
the blood group of the semen if the ejaculator was one of 
the 80 per cent of the population who are 'secretors' - 
those who pass blood-group antigens into their saliva, 
sweat and semen. A problem for the forensic serologist is 
the admixture of semen with biological fluids from the 
victim, in the form of vaginal secretion and blood, but - 
this is a complex technical matter that is usually outside 
the remit of the forensic pathologist, though he needs to 
be aware of the potential difficulties. 

Recent developments have now added the DNA 
technique to the armarnentarium of the forensic 
biologist; this is a remarkable advance, especially in sexual 
offences, as the previous problems of blood group and 
enzyme typing caused by the admixture of semen and 
vaginal secretion can now be solved in many instances. 
The sensitivity of detection and identification has also 
been enormously enhanced by amplification techniques, 
such as PCR (polymerase chain reaction). Y-chromosome 
short tandem repeat (STR) markers have been succesldy 
used to analyse mixed stains with a male component. 

El Until recent years, the only absolute proof accepted by 
the courts was the demonstration of spermatozoa in stain 
extracts and it remains the best evidence, though some of 
the sophisticated laboratory techniques such as serological 
and DNA identification are now equally reliable. One 
modern problem in using spermatozoa retrieval is the 
widespread and increasing incidence of vasectomy as a 
method of male contraception, so the seminal fluid 
contains no sperm; this also occurs naturally in 
azoospermic men. The phosphatase and some serology 
tests are unaffected by vasectomy. Fluorescent in situ 
hybridization (FISH) has been suggested as a sensitive 
and specific test for the detection of male epithelial cells 
in the post-coital vagina up to one week. Y-chromosome- 
positive epithelial cells have been identified in vaginal 
swabs even in cases with no ejaculation. 

HOMOSEXUAL OFFENCES 

As with heterosexual offences, the cause of death in fatal 
cases is almost always some form of general trauma, such as 
strangulation or head injuries. Homosexual activity, how- 
ever, may be a parallel event; it is a fact that some of the 
most violent homicides seen by pathologists are among 
male homosexuals. In addition, quite a number of fatal 
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altercations arise because a heterosexual man becomes vio- 
lent when importuned by a homosexual. 

The pathologist's attention will almost always be directed 
to the anal region of the passive participant, as the other 
partner or assailant is rarely dead, and any examination will 
be carried out by a police surgeon or clinical doctor. The 
examination of the victim follows closely on that for a 
female subject of rape, in that general injuries are sought 
first - including the one that caused death - together with 
any sexually orientated marks such as scratches anywhere on 
the body, but especially down the back, on the buttock; or 
on the thighs. Bruising around the anus and in the cleft of 
the buttocks is significant, especially if discoid finger bruises 
are seen. The anus should be inspected and the warning 
given earlier about the degree of dilatation in corpses should 
be heeded. Though most marked in children, a patulous 
anus can be seen in any adult post-mortem. Unless it is 
grossly dilated, an open anus cannot be used in isolation as 
an index of homosexual penetration. In recent or forcible 
anal intercourse, especially by a large penis upon a 'virgin' or 
young person, the margins of the anus may be reddened, 
sometimes abraded, and occasionally torn, especially in a 
child. There might be some eversion of the lower rectal 
mucosa through the sbhincter. In gross anal 'rapes', espe- 
cially on a young person, there may even be severe perineal 
tearing. At autopsy, swabs must be taken from the anal mar- 
gin, and deeper in the anus and rectum. Mouth swabs 
should also always be taken. The presence of blood or lubri- 
cant should also be sought. 

The classic description of the chronic passive homosexual 
has been passed down from textbook to textbook over the 
years, but is a rarity. The so-called 'funnel anus' is usually an 
anatomical variant. Some men and women have a deeply set 
anus as an anatomical variant, sometimes with a bridge of 
skin dorsally across the cleft of buttocks. This causes the anus 
to appear as if it was at the bottom of a Lnnel, but has no -. 

significance. The other classic feature was said to be silvery 
thickening of the skin outside and at the margins of the 
anus - but this is often due to chronic scratching from pruri- 
tis, rather than from prolonged friction during homosexual 
activities. In life, a lax anus, prolapsed mucosal rim and thick- 
ened anal margin may well be genuine signs to the experi- 
enced clinical eye, but at autopsy only acute damage and the 
presence of semen or lubricant is of much evidential value. 
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Though nor usually a forensic problem, deaths associated 
with pregnancy (other than criminal abortions) are inten- 
sively investigated in a-number of countries. In Britain, the 
Department of Health has had an ongoing 'Confidential 
Enquiry into Maternal Deaths' running for many years, 
which publishes valuable reports at 3-yearly intervals that 
have helped to clarify both the clinical and pathological 
aspects of the problem. 

The pathologist has an important role in furthering the 
understanding of the causes of death in pregnancy and afier 
childbirth. A good autopsy is essential, with full histological 
examination and other ancillary investigations where neces- 
sary. Only in this way can the full range of causes of death be 
recognized, especially amniotic fluid embolism, which is a 
histological diagnosis. 

To give an example of the range of fatal conditions that 
occur in association with pregnancy, the following causes are 
taken from the 'Confidential Enquiry' from Britain pub- 
lished in 1998, the figures referring to death during preg- 
nancy and within 6 weeks of parturition in the years 
19961996. Altogether 376 deaths were reported to or iden- 
tified by the enquiry in the UK during that period. Of the 
376, there were 134 (36 per cent) direct and 134 (36 per 
cent) indirect maternal deaths. The number of underlying 
causes of death of the direct maternal deaths is shown in 
Table 19.1. 

According to a recent estimation, about 26 million legal 
and 20 million illegal abortions are carried out yearly 
throughout the world. Forensic pathological interest in preg- 
nancy revolves almost exclusively around deaths associated 
with abortion, either criminal or legally induced. The term 
'therapeutic abortion' is used in many countries, including 

TABLE 19.1 Number ofdirect maternal deaths by cause, 

United Kingdom 199k1996 

Cause of death n Percentage 

Thrombosis and thromboembolism 
Hypertensive disease of pregnancy 
Amniotic fluid embolism 
Early pregnancy deaths' 
Sepsis 
Haemorrhage 
Genital tract trauma 
Anaesthesia 
Total 

'Ectopic pregnancy, spontaneous abortion, or termination of pregnancy, before 
24 weeks' gestation. 

Britain, where there is no abortion on demand, as in some 
countries. The description 'legal termination of pregnancy' is 
a wider defi nition for all but illegal (that is, criminal) abor- 
tions. The autopsy investigation of deaths from legal abor- 
tions has much in common with that into fatalities 
associated with surgical and anaesthetic procedures. 

DEATHS ASSOCIATED WITH 
ABORTION 

Though in many countries medical termination of preg- 
nancy ('therapeutic abortion') is legal, a large area of the 
world still prohibits any form of abortion, either totally or 
except for the preservation of life of the pregnant woman. 
Even in those states where legal termination is ~ossible, 
criminal abortions are still carried out, albeit on a small scale. 
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The reasons for this survival are varied, but are either because 
of restrictive grounds for legally available termination or to 
some sections of society that do not wish to avail themselves 
of the legal provisions. Whatever the cause, criminal abor- 
tion is associated with a considerable risk of both morbidity 
and mortality, especially in countries with a lower level of 
medical and social care. 

Legal termination of pregnancy 

When carried out with proper facilities, legal abortion has 
an extremely low mortality rate, being less than the mean 
death rate associated with pregnancy. The usual methods 
are vacuum aspiration, dilatation and curettage, or hystero- 
tomy in later pregnancy. A few deaths are reported from 
time to time, the causes including: 

EB pulmonary embolism from leg vein thrombosis 
El mishaps associated with anaesthesia 
B disseminated intravascular coagulation and cerebral 

damage (including 'butterfly' haernorrhagic infarction 
in the basal ganglia) when abortion was induced by 
intrachorionic injection of hypertonic saline or glucose 
after the twelfth week (Cameron and Dayan 1960) 

El air embolism following vacuum aspiration - only two 
cases have been reported and the mechanism is obscure, 
one theory being that 'elastic rebound' of the aspirated 
uterus sucked air into the cavity 

@ bleeding or infection, which failed to respond to 

doctors or nurses with anatomical knowledge and sterile 
instruments, the risk is small, but lay persons often have no 
idea of the relationship of uterus to vagina. The instrument 
is then often pushed into the posterior fornix in the mis- 
guided belief that the cervix lies axially with the vagina. 
The vault of the vagina can be perforated and the instru- 
ment may even be passed through coils of intestine as far as 
the liver. Penetration of the lower or mid-vagina can also 
occur. If the cervix is entered, then the canal may be punc- 
tured and the insrrument emerges through the side. 

The external os may be badly injured by repeated, clumsy 
attempts to introduce too thick an object into the undilated 
canal. If successfully passed into the cavity of the uterus, it 
may be pushed right up through the fundus, again to darn- 
age the contents of the peritoneal cavity. 

The dangers of  wch instrumentation are bleeding and 
infection. Perforation of the wall of vagina or uterus may 
cause severe bleeding, which may be internal or external. 
Sepsis can supervene in the peritoneal cavity or pelvic tissues 
either directly from a dirty instrument or from transfer of 
vaginal, skin or bowel organisms. 

Another less common danger of the use of instruments 
(including syringes) is cervical shock. The mere act of dilating 
the cervix with an instrument in an unanaesthetized patient 
may trigger a vagal reflex, the efferent pathway being via the 
parasympathetic nervous system, causing a cardiac arrest. 
This is known to be a more potent mechanism in states of 
fear, apprehension and nervous tension, which obviously will 
apply to many candidates for a criminal abortion. 

treatment. 

INSUFFLATION O F  AIR 

Death from illegal abortion 

This has a much wider range of causes. The risks vary 
according to the skill, experience and facilities of the abor- 
tionist. When this is carried out by a doctor with aseptic and 
antiseptic methods, together with antibiotic cover if needed, 
the risk may be small compared with the crude methods of a 
lay person using makeshift instruments. The most common 
methods together with the associated dhgers to health and 
life are as follows. 

INSTRUMENTAL INTERFERENCE 

The intention is to disturb the pregnancy sac so that, once 
damaged, it will be expelled by uterine contractions. This 
usually consists of dilatation of the cervical canal, which in 
itself also tends to dislodge the pregnancy. All manner of 
instruments have been used, from surgical dilators to 
bicycle spokes. A favourite in the hands of paramedical 
abortionists is the bougie or stiff catheter. When used by 

In Europe, this is becoming more of historical interest, but 
occasional cases still occur. A rubber pump, usually a 
Higginson enema syringe, is used to introduce fluid under 
pressure into the cavity of the uterus. This strips the chorionic 
sac from the wall of the uterus, exposing the placental bed. 
If sufficient detachment is achieved, then abortion will occur. 
It was formerly a popular method of abortion, both by women 
themselves and by abortionists. The main danger - part from 
the usual risks of bleeding and infection from damage to the 
tissues by the stiff nozzle - was air embolism, and in the first 
half of this century it was a major cause of abortion deaths. 
The intention was to introduce a fluid such as water-soap 
solution or disinfectant through the cervix by means of the 
syringe nozzle, the other end, which carried a one-way valve, 
being dipped in a receptacle of the fluid. 

As the level in the receptacle dropped, the inlet tube rose 
above the surface and the syringe began to inject air instead 
of fluid, often as soapy foam. In addition to this danger, 
unless the bulb of the pump was primed with fluid before 
use; the first ejection would be the appreciable volume of air 
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FIGUUE 19.1 The sudden unexpected death ofa woman of child- 

bearing age should always arouse the consideration of a complication 
ofpregnancy This woman insufited her uterus with a Higginson 

syringe and had time to clean up the equipment before collapsing 

with air embolism. This photograph was taken before the British 
Abortion Act of 1967, m such events are now uncommon. 

FIGURE 19.2 Burnsfiom a hot-water bottle on the inner side of the 
upper thigh in an attempt to resuscitate the victim of a criminal 
abortion who diedfiom air embolism. 

contained in the empty syringe, which in itself was enough 
to cause a fatal embolism. Under the considerable pressure 
available from the instrument (as much as 28 cm of mercury 
according to Teare 1958), this air was forced into h e  exposed 
vascular channels of the placental bed and from there into 
venous sinuses and pelvic veins to cause cardiac embolism. 

Though this occurred almost immediately in most 
instances, some delay was possible - perhaps because con- 
tained air was further squeezed by contraction of the uterus. 
Some victims were able to leave the premises of an abortionist 
and survive for up to 2 hours or more before the embolism 

occurred (Sirnpson 1951). The addition of various sub- 
stances, such as phenol, formalin, alcohol and turpentine, to 
the fluid introduced a toxic element, and in some cases these 
fluids were extruded into the peritoneal cavity through the 
uterine tubes, causing a chemical peritonitis. 

DILATATION OF T H E  CERVIX 

Another crude method was to introduce a 'tent' into the cer- 
vical canal. This was a strip of substance that absorbed water 
and became greatly enlarged, such as Laminaria digitale or 
slippery elm (Ulmusfilva Michx). These vegetable materials 
are hard and compact when dehydrated, so that a strip about 
3-8 cm long could be slid into the cervix. When water was 
absorbed from the surrounding tissues, the cervical canal 
became widely dilated and abortion might take place. The 
risks were perforation of the cervix and also infection, espe- 
cially if the strip tore into the tissues. The substances used, 
often crude vegetable material, could be the source of infect- 
ing micro-organisms including anaerobes. 

PHYSICAL VIOLENCE 

Women anxious to lose their pregnancy have resorted to 
extremes of physical activity and even violence in efforts to 
dislodge the fetus. Frenzied exercise, horse-riding and severe 
purging with laxatives were usually ineffective, and some 
unfortunate women went on to seek violent treatment from 
husbands or consorts. Punching and kicking of the abdomen 
were most common, and death from visceral rupture, such 
as liver, spleen or intestine, has been reported. Ironically, the 
uterine contents were usually undisturbed. 

SYRINGE ASPIRATION 

The suction method most often used in therapeutic abor- 
tion has also come to be used for illegal operations, mainly 

by medical or nursing personnel. A large syringe attached to 
a catheter or length of plastic tubing can ~ roduce  suction 
within the uterus sufficient to rupture the chorionic sac and 
precipitate abortion. The method is safe as long as aseptic 
methods are used, though, if evacuation is incomplete, some 
products of conception may be lefi behind that can form a 
nidus for infection. 

INTRAUTERINE INFECTION 

Whatever method is used to evacuate the uterus, the risk 
of haemorrhage or sepsis is always present. Where an 
instrument, tent or syringe is used, any remaining frag- 
ments of placenta or other products of conception may 
form a substrate for infection. The organisms involved in 
sepsis are varied, the most dangerous being non-haemolytic 
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FIGURE 19.3 Septic, necrotic uter~sfollowin~ an instrumental 
criminal abortion. The endometrium, containing some retained 
products of conception, is chocolate brown andfoul-smelling, the 
predominant organism on culture being Clostridium perfringens. 

streptococci and Clostridium pe@ingens, though coliforms 
and staphylococci may also be responsible. 

The uterus becomes swollen, spongy and discoloured. 
The serosal surface seen at autopsy may be brownish - espe- 
cially in clostridial infections - and the endometrium may 
be ragged, foul-smelling and even purulent. Signs of septi- 
caemia may develop with an enlarged, soft spleen, promin- 
ent lymph nodes and hepatorenal failure. The kidneys 
may show bilateral cortical necrosis in extreme cases. In 
clostridial septicaemias there may be a characteristic bronze 
coloration of the skin. This may have a mottled or 'rain- 
drop' appearance. 

THE USE OF DRUGS AND CHEMICALS 

A wide variety of substances, applied locally or taken by 
mouth,. have been used since time immemorial to induce 
miscarriage. Some have a sound pharmacological basis, 
others are dangerous, and yet more lie in the realms of folk 
medicine. Substances applied locally include phenols and 
Lysol, mercuric chloride, potassium permanganate, arsenic, 

formaldehyde and oxalic acid. All have their own dangers, 
both from local corrosion and systemic effects if absorbed. 
A necrotic pseudomembrane may form in the vagina and 
severe damage to the cervix may also ensue. 

Potassium permanganate was a substance that appeared 
during the last war and persisted for some years, 650 cases 
being reported up to 1959, though only a few were fatal. It 
can cause local necrosis in the vagina and, if absorbed, can 
have fatal systemic effects including renal failure. Perman- 
ganate can cause profuse vaginal bleeding from necrosis, 
which may give the impression that abortion is threatened 
and lead an unsuspecting doctor to carry out a curettage. 
'Utus paste' is a mixture of soap, myrrh resinoid and potas- 
sium iodide, and was used earlier in the century for legitimate 
abortions, but soon became popular with the criminal abor- 
tionist. Another similar product containing elemental iodine, 
is 'Interruptin'; both were used for late abortions and the 
induction of labour when the fetus was dead. These pastes are 
squeezed into the cervical canal through an applicator and the 
halogen component acts as an irritant which causes eventual 
expulsion of the chorionic sac. Used medically, they are rela- 
tively safe (Barns 1967; Berthelsen and Ostervaard 1959), but 
fatalities can occur from air or fat embolism or from the toxic 
effects of absorption. 

Substances taken by mouth or injection are legion. The 
old classification into 'ecbolics' and 'emmenagogues' is now 
quite redundant and most of the lists of substances are of his- 
torical interest only, as their efficacy is either nil or the dose 
needed to produce abortion is perilously near the fatal level. 
These include pennyroyal, tansy, rue, savin, laburnum, colo- 
cynth, aloes, castor oil, nutmeg, hellebore, cantharides, cot- 
ton root, wintergreen and turpentine. Many of these may 
cause purging, gastrointestinal irritation and general illness if 
taken in quantity, but have no specific action whatsoever on 
the uterus. There are other substances that have more chance 
of causing uterine contractions, though many of them are 
effective only on a late pregnancy, not at the usual time of 
1-3 months when most abortions are sought. 

Quinine can be dangerous, as the dosage required for any 
effect on the utcrus is likely to cause cinchonism. Ergo- 
rnetrine has been known from ancient times to lead to abor- 
tion, though like most drugs its effectiveness is greater later in 
pregnancy. Excess dosage may cause peripheral vascular spasm 
and gangrene. Its availability to doctors and mid-wives is 
similar to pituitary extract, oestrogens, and - more recently - 
prostaglandins. Heavy metals, particularly lead, were used 
for abortion in the past. Plasters coated with a lead com- 
pound 'diachylon' were scraped to recover the metallic sub- 
stances and ingested. Though abortion sometimes occurred, 
illness and death from acute and subacute lead poisoning was 
more common; this method has also become of historical 
interest only. It has been well said that most substances that 
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FIGURE 19.5 Ruptured tuba in (ectopic)pregnanqt Death due to 
massive intraperitoneal haemorrbage. (Reproduced by kind 

permission ofProfessor E Lignitz.) 

FIGURE 19.6 Fetus andplacenta in the abdominal cavity after 
ruptured tubal (ectopic) pregnany. Death due to massive 
intraperitoneal haemorrhage. (Reproduced by kindpermission 
of Professor E Lignitz.) 

example of forensic mythology repeated from one book to the 
next, without critical evaluation. As discussed in Chapter 13, 
air embolism cannot occur in the cerebral veins and it was 
proved many years ago that air bubbles in those veins are 
artefacts caused by removing the calvarium. 

The thorax and upper abdomen should be examined as 
usual, with particular attention to signs of infection. Blood 
cultures, and ~eritoneal and other swabs should be taken as 
indicated by the circumstances. 

The pelvic organs should be removed en bloc, as in the 
examination of fatal rape victims. The lower end of the 

abdominal incision is carried on each side around the labia 
and into the cleft of the buttocks to meet beyond the anus. 
The dissection is taken along the superior pubic rami, which 
are then carehlly sawn through a few centimetres laterally to 
the symphysis on each side, the cuts being continued down 
through the inferior rami. The central block of bone is 
removed and the perineal incision dissected deeply, so that 
the vagina, rectum and anus, uterus, tubes and ovaries can be 
lifted out in continuity, and removed for detailed dissection. 
The vagina is carefully opened along one side to avoid over- 
running any midline injuries. Abrasions, bruises, lacerations 
and any foreign material are noted in the vagina, and any 
samples kept for chemical or microbiological testing. Any 
abnormality of the cervix is noted, especially instrument 
marks, such as forceps or volsellum teeth. The state of dilata- 
tion of the cervical canal is noted and the uterus opened, 
again keeping away from the midline if possible. The colour, 
size and texture OF the uterus is noted, and the state of the 
interior is naturally vital. If the chorionic sac is still present, 
its integrity and the attachment to the deciduae are noted. 
If a fetus is present, this is examined separately for maturity 
and damage. 

If no fetus is present, products of conception are sought 
and the state of the placental bed noted. Infection, bleeding 
and air crepitancy are all sought, and the appropriate ancil- 
lary investigations made. The tubes are then opened and 
any foreign fluid collected. The ovaries are examined and 
the state of any corpus luteum recorded. Finally, extensive 
histological specimens are taken from all organs and special 
stains employed where necessary, such as those for seeking 
amniotic squames in lungs and other organs. Blood, urine, 
liver and stomach contents are retained for analysis, should 
this be indicated. 

AMNIOTIC FLUID EMBOLISM 

Some deaths associated with childbirth or pregnancy are 
caused by the entry of amniotic fluid into the maternal circu- 
lation. The fluid contains fetal squames, lanugo, lipoid from 
the vernix, meconium, cells from chorion and amnion, and 
other cellular detritus. The solid elements are usually impacted 
in the lung capillaries, but rarely have been found in the sys- 
temic circulation, including embolization into the kidney, liver 
and brain. In addition to the solids, the actual fluid itself 
(which is naturally undetectable histologically) is blamed for 
the 'allergic' response that may cause such profound collapse, 
leading to death. Amniotic fluid embolism is also one of the 
most potent causes of disseminated intravascular coagulo- 
pathy, mentioned also in Chapter 13. 

A variety of causes exist apart from the pelvic trauma of 
parturition, including rupture of the uterus, but instrumental 
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interference late in pregnancy may also allow opening of the 
sinuses in the placental bed with consequent escape of amni- 
otic fluid. Further details of the causes and mechanisms must 
be sought in obstetric works, but from the autopsy point of 
view, it is important both to bear the possibility in mind and 
to have techniques that will reveal the embolism after autopsy. 
The diagnosis is histological and depends upon identifying 
the squarnes detached from the fetal epidermis, which float 

I freely in amniotic fluid. These can be seen in ordinary haema- 
toxylin and eosin stained sections of the lung, but are much 
better visualized and a greater yield obtained if special stain- 
ing methods are used, as described in Appendix 1. Fibrin 
deposition in many organs may occur as a result of the dis- 
seminated intravascular coagulation and careful search for 
this must be made, using fibrin stains. Immunohistochemical 
techniques have also been used in the lung sections to dem- 
onstrate human keratin-, meconium- and amniotic fluid- 
derived mucin as well as isolated trophoblastic cells in deaths 
due to AFE (amniotic fluid embolism) syndrome. 
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Historically, infanticide has by no means always been a crime, 
and has been practised as a social and economic necessity 
since the dawn of humanity. The pathologist, however, has to 
deal with the practicalities of infanticide as they exist today. 
Though legal definitions vary among different countries, h e  
medical concept of infanticide is uniform, being the deliber- 
ate killing of a newborn infant by the mother. In England and 
Wales, infanticide was not accepted as a legal entity in the 
criminal law until 1922. Before then all child killing was 
murder - and the convicted mother was liable to be sentenced 
to death until the Infanticide Act, which was re-enacted in a 
more satisfactory form in 1938 (see account by Kellett 1992). 

In many other countries there is no specific infanticide 
legislation - even Scotland did not adopt the English 
statute, having a separate crime of 'child murder', but long 
before 1922 that country had held a more enlightened 
attitude towards the mentally stressed mother. In Japan, 
Funayama et al. (1994) have described cases of multiple, 
repeated infanticides by five mothers. 

This book generally avoids territorial legal comparisons, 
but the foregoing facts serve to illustrate that the killing 
of a young child by the mother is a well-recognized medical 
and psychiatric phenomenon that distinguishes it from 
other types of homicide. The penalties should therefore be 
different and there is a profound responsibility laid upon 
the forensic pathologist called to examine such infants, to 
investigate the death with particular caution. 

The substance of infanticide that has relevance to the 
pathologist is well set out in the English Infanticide Act 
1938 (Section 1): 

Where a woman by any wilful act or omission causes 
the death of a child being under the age of 1 2  months, 

but at the time the balance of her mind was disturbed by 
having given birth or the effect of lactation, she may be 
dealt with as if she had committed manslaughter. 

It should be noted that: 

@ Only the mother can benefit from this alternative to 
murder - not the father or any other person. 

Eli The child has to be less than a year old, though in fact 
the majority of infanticides occur within hours or even 
minutes of birth. 

R It has to be a 'child' - that is, a person with a separate 
existence living independently fully outside the 
mother's body. 

B It must have died because of a wilful (deliberate) act of 
omission or commission. 

All these provisos have an effect on the pathologist's task. 
Even in those jurisdictions where there is no formal infanti- 
cide legislation, there is usually recognition that the acts of 
a woman soon after childbirth, often in adverse conditions, 
are different from common murder. 

STILLBIRTH 

To clarify later definitions, a stillbirth is defined in English 
law and, from a medical point of view no doubt has a 
broadly similar description in other jurisdictions. In 
England and Wales, a baby is stillborn if after 24 weeks' 
gestation, 'it did not at any time after being completely 
expelled from its mother, breathe or show any other sign 
of life'. Theoretically, this is a medically unsatisfactory def- 
inition, as it could be alive when its head was born but die 
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FIGURE 20.1 Newborn baby with umbilical cord andplacenta, 

abandoned in a carpark. It was wrapped in a curtain and though 
the head was in a plastic bag no signs ofsuffocation nor of live birth 

could be detected. The mother was never identzfied. 

before completion of expulsion, and therefore legally be a 
stillbirth. However, in practice this would be rare, as most 
stillbirths either die in utero or during the earlier stages of 
parturition.' Stillbirths occur in about one in every 18 legit- 
imate pregnancies in Britain, and are more frequent in illegit- 
imate births and socially disadvantaged families. 

FUNCTIONS OF THE 
PATHOLOGIST IN INFANTICIDE 

To assist in identifying the mother, 
if she is unknown 

Newborn infants found dead (especially in clandestine cir- 
cumstances) are not necessarily the victims of infanticide. 
Those stillborn or dying naturally or from unintentional 
lack of care may be hidden or abandoned, a minor crime in 
Britain called 'concealment of birth'. The autopsy, as well as - .  

artefacts discovered with the body, such as bags, blankets 
and newspapers can assist to a greater or lesser degree in the 
police search for the mother. 

The apparent ethnic group of the child will be disclosed 
and blood grouping can be performed, which may assist by 
eliminating or helping to confirm the consanguinity of any 
putative mother. In the future, DNA profiling will add 
greatly to identification. The appearance of the cut end and 
any ligation of the umbilical cord (see below) may help to 
decide whether the birth was one where medical, nursing 
or only amateur attention was available. In spite of these 
clues, most abandoned newborn corpses fail to be linked to 

FIGURE 20.2 Full-tern newborn found wrapped in a blanket 
inside a shopping bag in a refirse container The cord had been cut 

with a sharp instrument, but the child was not washed or fed. 

The lungs showed no positive evidence of respiration. 

the mother, delay in discovery malung both identification 
and evidence of live birth unattainable. 

To estimate the maturity of the child 

Though any newborn infant, whatever the length of gesta- 
tion, can be the victim of infanticide if born alive, it is obvi- ' 

ously relevant to this issue if the fetus is too immature to 
have survived birth. In another context [Infant Life 
(Preservation) Act 1929, concerning child destruction], the 
age of viability in English law was taken as 28 weeks' gesta- 
tion, though this has now been reduced to 24 weeks as even 
younger fetuses can now survive with intensive medical 
support. If a child is shown to be that premature, there is a 
strong presumption that it would not long survive a birth 
away from medical attention. 

To determine whether or not the child 
was stillborn and whether it had a 
separate existence 

There is a presumption in English law that all infants are 
stillborn and, when a woman is charged with infanticide, 
the burden of proof is upon the prosecution to demonstrate 
that the child had a separate existence. Adelson (1974) 
states that the same legal situation exists in the USA, and 
gives the following usekl and interesting commentary: 

Unless the pathologist has incontrovertible criteria of 
post-natal survival, e.g. well-expanded lungs, food in the 
stomach or vital reaction in the stump of the umbilical 
cord, he is legally bound not to diagnose live birth. 
Convictions for infanticide have been set aside when 
there has been any doubt whatsoever that the child was 
born alive. Many courts have pushed this proposition to 
the extent that the State has been given the burden of 
proving that the baby was born alive beyond any 
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FIGURE 20.3 A stillborn child concealed by the mother ajer birth. 
The injuries around the neck were viewed with suspicion by the 

police, but are the result offingernails being used in an attempt 

to assist seFdelivery in an unattended birth. 

possible doubt rather than beyond any reasonable 
doubt, the latter being the general level of proof 
required in a criminal prosecution. 

Herein lies the most difficult task for the pathologist, one 
which has given rise to considerable controversy in forensic 
pathology. 

F~GURE 20.4 A putrejed newborn infant disposed of in a plastic 
bag in the countryside. There is no hope of detrmining whether it 
was live or stillborn with this degree ofpost-momm a'ecomposition. 

There was a strip offabric knotted around the neck, but it is 
impossible to decide ifthat was related to the death, ifthe chikd was 
not stillborn. 

FIGURE 20.5 A decomposed newborn infantfound in a 
rubbish dump. 

To determine whether its death was 
due to nat:ural causes or to any act of 
omission or commission 

Where the pathologist claims to have proved separate exist- 
ence (or at least, live birth), he has an additional burden in 
that he must show that death occurred from an act of com- 
mission or omission, The 'wilful' aspect is a matter for 
the lawyers, but it is for the pathologist either to demon- 
strate lethal injuries or to prove that some lack of care led to 
the death - often an impossible task. There is -a consider- 
able burden upon the investigating authorities when find- 
ing a hidden newborn infant if they wish to pursue an 
infanticide charge. 
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First, they must find the mother - often another impossi- 
ble task. Then the pathologist must prove live birth, which 
is often impossible, especially in a decomposed body. To 
prove a separate existence is even more difficult and is rarely 
a purely medical decision. The firm diagnosis of death from 
wilful inattention is equally hard to make. 

It is small wonder that only a small proportion of suspi- 
cious neonatal deaths ever reach the court - where few 
women are convicted, and those who are, rightly receive 
lenient and sympathetic treatment, usually consisting of 
probation and psychiatric support. 

DEFINITION OF 'LIVE BIRTH' 
AND 'SEPARATE EXISTENCE' 

There is no definition of live birth in English law, except 
by inference from the defined 'stillbirth', given earlier. Using 
the live birth as the converse of a stillbirth, the infant 
should have attained the gestational age of 24 weeks, but 
this is not a factor in 'separate existence' with which live 
birth is almost synonymous. 

A child with a 'separate existence' would be an infant 
that had issued forth from its mother irrespective of its ges- 
tational age, and who breathed or showed any other signs 
of life after being completely expelled from the maternal 
passages - though the child could still be attached to the 
placenta within the mother. This is almost synonymous 
with a live birth, though medically all would agree that a 
child that was crying lustily, but with a foot still in the 
vagina, was undoubtedly live born even though it did not 
satisfy the legal criteria of a 'separate existence'. 

Yet another medical and legal concept is that of viability, 
which is the potential ability of an infant to survive after 
birth. An immature fetus may be born alive, but be incap- 
able of maintaining an independent existence. Naturally 
the stage of gestation at which this occurs varies not only 
with the condition of the particular fetus, but also with the 
state of medical knowledge and the facilities available at the 
relevant time and place. 

In English law, a period of 24 weeks is fixed for the onset 
of viability, for the purposes of the Infant Life (Preser- 
vation) Act, 1929. 

CONCEALMENT OF BIRTH 

Mentioned earlier, this is a relatively minor crime in most 
jurisdictions and is basically an offence against registration, 

and perhaps public decency, in that the body of an infant is 
neither notified-to the authorities nor accorded a proper 
burial or other form of disposal. The crime is the hiding of 
the body to conceal the fact of birth. It does not depend at 
all on live birth, separate existence or viability, and the law 
is not concerned about the cause of death or whether it was 
stillborn. One problem is the stage of gestation at which 
the 'child' becomes noticed by the law - obviously an early 
abortion is of no concern to anyone, except the family. 

Though not specified in relation to concealment of 
birth, English law takes no regard of products of concep- 
tion under 24 weeks' gestation. In a judicial decision (R v 
Mattbews), it was held that a charge of concealment of - 

birth could not be sustained at an age where the law did 
not require the (sti1l)birth to be registered. 

Whatever the legal ramifications, the forensic pathologist 
is not infrequently asked to examine dead infants in which 
he can neither prove live birth nor a wilful act that might 
have caused death. The only remaining charge, if he can 
show an age above that of viability, is 'concealment of birth'. 
This is the end result of the discovery of most decomposed 
babies, in the minority where the mother can be traced. 

THE AUTOPSY O N  A SUSPICIOUS 
DEATH OF A NEWBORN INFANT 

A number of important matters need specific attention, 
over and above the usual meticulous autopsy procedure on 
any infant. 

The coverings and any other associated articles with the 
infant must be examined and retained. Though this is 
mainly police business, the pathologist usually has the task 
of unwrapping the baby - often in a decomposed and 
offensive state - from the coverings of newspaper, plastic 
bags, rags or blankets. He must recover any foreign material 
or objects that may assist in the identification of the 
mother when the disposal has been clandestine. 

When ihe baby has been found in a house or other 
building, he may need to visit the scene, preferably with 
the child still in s i t u .  Numerous cases are on record of the 
infant being in a lavatory pan and, if there are head injuries 
or drowning, the circumstances must be evaluated. 

The external examination is, as always, important. It is 
vital to assess the degree of putrefaction because if it is in any 
way decomposed, it will almost certainly be impossible to 
determine whether live birth had occurred. Decomposition 
must be distinguished from intrauterine maceration, as the 
latter is definite proof of stillbirth. If death occurred within 
2-3 days before expulsion from the uterus, the appearances 
may be fairly normal, apart from general softening and histo- 
logical evidence of general cellular autolysis. 
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When it has been dead for many days, the macerated 
fetus is usually a brownish-pink, rather than the greenish 
hue of putrefaction. The surface is slimy, blistered, desqua- 
mating and sometimes almost jelly-like. The joints are 
grotesquely loose and the cranial plates may be virtually 
detached beneath the scalp. Their over-riding, radiologically 
seen as 'Spaulding's sign', is characteristic, so that the head 
is shapeless. Rarely, a macerated fetus - which is normally 
sterile - may become infected if not expelled after the 
membranes rupture; it will then be born in a putrefied 
state. 

External examination will next be directed at the cord 
and placenta, if present. The latter must be measured and 
weighed to estimate the maturity and any abnormalities, 
such as placental infarcts, noted as possible reasons for fetal 
death. The cord is important as an indicator of separate 
existence, if survival has been for an appreciable period. 
Even where early putrefaction renders evaluation of breath- 
ing impossible, vital signs in the cord may indicate live 
birth if survival reached 24-48 hours. Until this period, no 
evidence of cord separation is reliable, but after a day or so, 
a ring of reddening appears around the base of the cord and 
adjacent abdominal skin. This becomes more marked in 
the succeeding few days as the cord dries and shrivels, 
detachment taking place between 5 and 9 days. As most 
infants die or are killed within hours of birth, however, 
these signs are rarely of much practical use. 

The severed end of the cord should be examined, as it 
may indicate whether the cord had been broken or actually 
cut. This is occasionally important if death is the result of 
head injuries and the defence on behalf of the accused 
mother claims that the child fell to the ground head first 
during a precipitate delivery. The length of the cord must 
be measured, especially if the placental segment is available, 
so that the distance from the vulva to the floor can be cal- 
culated. The average cord length is about 50 cm, but more 
than twice this length is not uncommon, as are much 
shorter ones. Naturally, if a ligature is present it indicates 
either the attendance of a professional or at least know- 
ledgeable person, but this is rare in these cases. The severed 
end may be examined in the hand, but may also be floated 
out in water, to better study the detail of the detachment. 
Morris and Hunt (1966) conducted experiments on cords 
and determined that they could easily be broken by hand 
traction. A broken cord can show a clean transverse termi- 
nation, but is usually ragged. If cut by a sharp instrument 
such as knife or scissors the cut may be clean, but may also 
be ragged if the instrument is blunt. 

If the baby is examined as found, either at the scene or 
undisturbed in wrappings, it should be noted if the cord 
was coiled around the neck. Although it is usually unsafe to 
claim that death during delivery was from pressure on the 

neck from the cord, the fact must be noted and evaluated 
along with all other findings. 

The skin may still have vernix caseosa present. This is 
not a useful observation but, if none is present, it may indi- 
cate that the child had been washed, which suggests sur- 
vival for some time after birch. 

Measurements are vital for an estimate of maturity. 
Weight, crown-heel, crown-rump, head circumference, and 
foot length are required. 

Abnormalities incompatible with continued life may be 
obvious, such as anencephaly, severe spina bifida or abdom- 
inal ectropion. It is, however, often unsafe to assume that 
actual live birth, as legally defined, could not have taken 
place. 

Injuries are obviously of prime importance as evidence 
of the 'act of commission', though most newborns seen by 
the pathologist will be free of such trauma. The types of 
injury perpetrated by distraught mothers are numerous: 

B Strangulation presents the usual features of bruises and 
abrasions on the neck, though these may be minimal. 
The classical features of facial congestion, cyanosis, 
oedema and petechiae may be present, but are often 
absent, presumably because of the ease with which the 
vulnerable infant dies. Abrasions on the neck, however, 
may also be caused by the frantic efforts of the mother 
to deliver herself, leaving finger-nail marks on the 
infant's neck. A ligature may be used, which may still 
be in place. Again caution must be employed, as the 
fact of some object around the neck, though suggestive, 

FIGURE 20.6 Remains ofa  newborn infant, who was born during 

a weekend when the mother, a schoolgirl, was alone in her room in 

a boarding-school. Afer  the birth she wrapped the child in a plastic 

bag. The following day she leftfor home and tried to burn the body 

in a stove but when that did not succeed she buried the partly 

burned body in a snowdrifr where it was laterfound by a dog. 
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FIGURE 20.7 Definite infanticide, the child hauingfiIb respired 

before having this seuere incised wound of the neck made with a 
kitchen knz?. 

is not absolute proof of strangulation unless 
corroborative evidence of congestive and petechial signs 
in the face or skin, and tissue damage beneath the 
ligature is demonstrated. The explanation has been 
advanced in the past that a cloth ligature around the 
neck was an attempt to assist self-delivery by the 
woman in an obstructed labour. 

E3 Smothering is almost impossible to prove, as the infant 
will almost never show conjunctival petechiae or other 
signs that may be seen in strangulation. Only if excessive 
pressure is applied, so that marks are lefi on the lips and 
face, can any evidence be retrieved. These must be 
definite inuadermal or deep bruises, abrasions or marks 
within the lips and mouth - and not shadowy, vague 
variations in post-mortem staining. The arguments 
about criteria of suffocation in infants are further 
discussed in Chapter 14. Choking by the internal 
obstruction of the pharynx by various materials has been 
described in old reports, but it is excessively uncommon 
these days. 

8 Cutting and piercing is well known as a means of 
infanticide. Stabbing with scissors, either in the chei't or 
neck, has been seen or even cutting the throat with a 
blade. The defence may be offered that the wounds 
were inflicted accidentally during frenzied efforts by the 
mother to cut the umbilical cord. Though not seen in 
Europe, deliberate infanticide has been described in 
India by clandestine stabbing by a long needle or pin 
into the spine, fontanelle, eye, or nose. 

Head injuries are relatively common. The mother may 
throw the child to the floor, or dash its head against a 
wall or other obstruction, sometimes by swinging it by 
the legs. This mode of death is similar to child abuse in 
older infants. The defence may be raised that the child 
fell to the ground, either from the mother's arms, but 
especially during a precipitate birth from the standing or 
crouching position. Though this defence sounds llke a 
desperate excuse, the author can attest - no doubt in 
common with all doctors who have practical experience 
of childbirth - that some deliveries, especially in 
multiparous women, can occur with considerable 
speed and force. This is why the length of the cord 
needs to be measured, as it is obviously an effective 
brake on such a descent. There' is no doubt, however, 
that cords have broken during precipitate birth, a 
reason for a careful inspection of the severed ends at 
every autopsy. 

The lavato~y pan has special significance in this 
respect, as many unexpected births have taken place 
whilst the woman is sitting on the toilet. A common 
story is that the pregnant woman, often a teenage girl - 

- - 

is unaware that she is pregnant and goes to the toilet 
under the misapprehension that she has stomach pain 
from constipation. There is no doubt that some naive. 
girls are genuinely ignorant of their gravid condition, 
and are shocked and devastated to the point of blind 
panic when a baby emerges into the pan. 

The question may then arise as to whether fatal head 
injuries on the infant can be accounted for by the 
descent into the lavatory It is unlikely to produce the 
severe fracturing sometimes seen - and falling to the 
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INFANTICIDE BY OMISSION 
TO OFFER PROPER CARE 

FIGURE 20.9 Frozen newly born infantfound in afieezer by 
the children of thefarnily. The child andplacenta were packed 
andfrozen in separate plastic bags, the umbilical cord is still 

attached. The family had moved twice afer the birth of the 
child. 

floor in a precipitate delivery is also unlikely to produce 
fatal damage. Much depends on the severity and nature 
of the scalp and skull injury, and although it cannot be 
said that it is impossible for a fatal head injury to be 
caused in this way, it must be a rare event. Minor 
fractures of the parietal bones may occur in narural 
delivery if there is excessive head moulding. These are 
usually unassociated with internal brain or meningeal 
damage, and naturally there is no associated scalp 
damage. 
Drowning is another unusual form of infanticide, but is 
more often a way of disposing of an already dead child, 
either stillborn, a natural death or the victim of some 
other mode of infanticide. It may take place in any 
form of water, from a washbasin to the open sea. Most 
often the mother will use a household receptacle such as 
bowl, bucket or bath, but the infant may be taken out 
and disposed of in any source of open water, where 
delay in recovery may add decomposition to the 
pathologist's difficulties. In a recent case seen by the 
author (BK), the young parents admitted that the child 
was live born. After some hours, they wrapped the 
infant in a blanket with a brick and dropped it into a 
river. The partial remains, largely converted to 
adipocere, were recovered some 3 months later, there 
obviously being no prospect of offering any opinion 
upon either live birth or the cause of death. The only 
objective, but equivocal evidence, was the recovery of 
diatoms from the femoral bone marrow, which 
resembled those in the river water. Returning to the 
lavatory pan once again, cases are on record where the 
birth into the toilet led not to head injuries, but to 
drowning. 

This is both rare and almost outside the province of the 
pathologist's examination. If the infant is older than newborn, 
then deliberate starvation will leave obvious signs, but the 
proof of lack of care immediately after birth will be a matter 
of witnesses and clinical opinion. The only possible signs 
which the autopsy might reveal would be hypothermia 
(Chapter 17), and obstruction of the air passages by mucus or 
amniotic fluid. 

PROOF OF A SEPARATE 
EXISTENCE 

Strictly speaking, the pathologist can never demonstrate 
evidence of a separate existence in the English legal sense of 
complete expulsion from the mother, but it is usually taken 
to mean proof of live birth, specifically the attainment of 
breathing air. In the slightly older child the presence of 
food in the stomach would obviously prove a separate exist- 
ence, but most autopsies are upon the recently newborn. 

Changes in the cord have already been mentioned, but 
are of no use in the immediate post-partum period. Polson 
et al. (1985) make mention of the presence of 'extraneous 
material' in the deeper (secondary) bronchi as evidence of a 
stillbirth, on the grounds that, if this material, such as soil 
or sand, gained entry after respiration had commenced, the 
air in the deeper areas of the lung would prevent its ingress. 
The practicaliry of this appears suspect. 

The unequivocal demonstration of breathing in a new- 
born infant is fraught with difficulty. Along with the esti- 
mation of the time of death, it has probably provoked more 
discussion, printed words and controversy than any other 
topic in forensic medicine. The controversy revolves 
around the 'hydrostatic test' on the lungs, in which it has 
been claimed since medieval times that, if the lungs float in 
water, then the infant breathed. There are modifications of 
technique, but this is the thrust of the claim. The authors' 
attitude must be stated at the outset: the test is of limited 
value, whatever modifications are made and it can at best 
be a suggestive pointer, but never a definitive test in itself. 

There are too many recorded instances when control tests 
have shown that stillborn lungs may float and the lungs 
from undoubtedly live-born infants have sunk, to allow it 
be used in testimony in a criminal trial. Even one such fail- 
ure negates the whole history of the test and the authors are 
saddened to contemplate the number of innocent women 
who were sent to the gallows in previous centuries on the 
testimony of doctors who had an uncritical faith in this 
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crude technique. As this is such an important issue and one 
that is still contested today, the words of the late Professor 
Polson may be recalled from his notable textbook: 

The test was suspect even in 1900 and requires no 
detailed discussion, because it is now known to have no 
value. The lungs of the live-born, even those who have 
been known to live for days, may sink [Dilworth 1900; 
Randolph 19011 and those which float are not 
necessarily those of live-born infants. . . . It is therefore 
pointless to apply the hydrostatic test, which will impair 
the material for other and more important investigations. 

Before dismissing the test so absolutely, there are some 
points both for and against its use as part of the feeble 
armamentarium that the pathologist has in determining 
this vital isw~e. First: the slightest degree of post-mortem 
decomposition immediately negates any interpretation of 
the flotation test. As so many potential infanticides are 
found hidden, buried or submerged, decomposition is 
more the rule rather than the exception, so the test cannot 
even be considered in a large proportion of cases. Even 
when obvious putrefaction with gas formation is not appar- 
ent, slight decomposition will still begin to produce gas on 
a microscopic scale from the second unrefrigerated day in 
temperate surroundings - and much earlier in hot climates. 
In recent years the advent of resuscitation attempts make 
the evaluation of breathing even more difficult or even 
impossible. The use of mouth-to-mouth revival, external 
cardiac massage and the administration of oxygen, com- 
pletely negate any of the already fragile tests for respiration 
in a newborn infant. 

O n  the positive side - assuming fresh tissue - the float- 
ing of the whole pluck of thoracic organs in water makes 
one tend to accept that respiration had taken place. This 
means that the attached heart, mediastinum and neck 
structures are also buoyed up by the lung - but in this case, 
it is almost invariable that the lungs are sufGciently aerated 
for this to be obvious on naked-eye inspection. 

This is about the total extent of the usefdness of the 
hydrostatic test. The complicated instructions offered in 
many textbooks concerning cutting the lung into lobes and 
then into pieces, squeezing them with knife blades and wen 
pressing them underfoot on the morruary floor before floar- 
ing them, all smatter of black magic and are a complete waste 
of time. Worse, they can simulate a false sense of scientific 
validity and even to an eventual miscarriage of justice. 

The best way of seeking proof of respiration is to look at, 
to feel and to listen to the lungs. The lungs of a stillbirth are 
dark, small, heavy and liver-like, even though they may still 
float. They lie contracted against the mediastinum, though 
when the body is intact they must still fill the thoracic cav- 
ity, as the pliable rib cage pulls inwards and the diaphragm 

FIGURE 20.10 Apositivefinding in a baby whose body was 
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examination of the cranium, a tear in the tentorium was found with 

an adjacent meningeal haemorrhage, presumably caused by excessive 

moulding of the head duringprecipitate delivery. 

rises to eliminate the free space in the chest. Though this 
fact is seldom considered, it must be obvious that there can 
be no free space in the pleural cavities until the thorax is 
opened at autopsy. As soon as this is done, air enters the 
pleural sacs and the lungs then appear much smaller than 
the expanded chest cavity than is seen when the sternal 
plate is removed. 

Unrespired lungs appear smaller than those that have 
breathed for a significant time, though there is a continu- 
ous range of expansion. According to Polson et al. (1985), 
unrespired lungs weigh something of the order of one- 
seventieth of the body weight; when aeration begins, the lung 
weight increases because of the increased vascular volume 
and become about one-thirty-fifth of the body weight. This 
seems at variance with actual measurements at autopsy as 
the combined weight of both lungs in an infant of average 
birth weight is about 40 g and, although there is a fairly wide 
variation between individuals, no combined lung weights 
approach 85 g, which would be one-thirty-fifth the weight 
of a 3000 g baby. 

The texture of an unrespired lung is rubbery and uni- 
form, with no paler, crepitant areas at the margins, which 
tend to be sharply angled. O n  slicing, the interior is uni- 
form in colour and texture, being moist and resembling 
stiff strawberry jelly. O n  rubbing a small piece between the 
fingers close to one's ear, no crepitation is heard. 

The lung that has respired will change quantitatively 
from the above appearances depending on the length of 
time and the depth to which breaths have been taken. 
Feeble or brief respiration will affect only the margins, 
whilst more robust or prolonged breathing may lead to 
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total expansion. Even a single good breath can unfold some 
of the fetal pulmonary tissues - and of course, resuscita- 
tion, whether by mouth-to-mouth, chest compression or 
administration of oxygen, will actively inflate the lungs, 
dead or alive. Even ordinary handling of the dead baby may 
aspirate air into the lungs. Fully respired lungs will be obvi- 
ous on inspection. The organs are pink or mottled, the 
medial edges overlapping the mediastinum and part of the 
pericardium, though not as fully as in the older neonate. 
The weight is greater, but not as much as recorded by 
Polson and colleagues, as described above. The edges of the 
lung, including the interlobar fissures, are more rounded by 
the expansion, compared with the angular margins of the 
unrespired organ. 

The major change is in the colour and texture. It may be 
pink all over the surface or there may be patches of darker 
atelectasis under the pleura. The h n g  is spongy and resem- 
bles the familiar adult tissue. O n  cutting, the aerated 
texture is apparent, and on holding a piece to the ear, typi- 
cal crepitance is heard on rubbing gently between the 
fingers. 

The problem arises with the minimally respired lung, 
where the changes are intermediate between the two 
extreme states described above. The anterior margin best 
shows partial expansion, the areas such as the lingula, anter- 
ior diaphragmatic margin and the medial edge of the lower 
lobe sometimes being pinker and more expanded than 
the posterior parts. The most sensitive criterion is the ear 
crepitance test, but it is all a matter of degree as to whether 
the pathologist is impressed enough - having excluded any 
possibility of decomposition or resuscitation artefact - to 
consider that significant respiration has occurred. 

Any doubts must be resolved in the direction of no 
breathing and, even in doubtful instances when the path- 
ologist decides - on balance - that respiration has occurred, 
he should convey his uncertainty in the body of his report. 
As to the corroborative role of the flotation test, if per- 
formed, when the whole chest pluck floats, the descriptions 
of the lungs given above will usually indicate clearly that 
the lungs had breathed. A sinking lung will never corres- 
pond with a pink crepitant appearance, but what appears to 
be a dark, fetal lung may float. The test unfortunately tends 
to mislead more in one direction than the other, in that 
almost all lungs float irrespective of their appearance. To 
-repeat the advice of Lester Adelson, whose experience and 
clarity of expression makes his voice one of the most 
respected in forensic pathology: 

Unless the pathologist has incontrovertible criteria of 
post-natal survival, e.g. well-expanded lungs, food in the 
stomach or vital reaction in the stump of the umbilical cord, 
he is legally bound not to diagnose live birth. Convictions 
for infanticide have been set aside where there was any 

doubt whatsoever that the child was born alive. Many 
courts have pushed this proposition to the extent that the 
state has been given the burden of proving that the baby 
was born alive beyond any possible doubt rather than 
beyond any reasonable doubt, the latter being the general 
level of proof required in a criminal prosecution. 

Histological appearances of 
newborn lungs 

Histology is not as helpful as might be expected in the 
problem of demonstrating the onset of breathing. It was 
formerly thought that the shape of the alveoli and the 
height of the lining epithelium would indicate whether 
they had been expanded by the passage of air, but this has 
proved to be a disappointing exercise. According,to Shapiro 
(1977), the height of the epithelium and the shape of the 
alveoli are more a measure of fetal maturity than respiration 
at birth. The lung parenchyma develops in the fetus as a 
branching ramification of the trachea and at an intermedi- 
ate stage - around 800 g body weight or 4 months' gesta- 
tion - appear as gland-like structures with a cuboidal or 
columnar cell lining. The evolution to the thin-walled 
adult-type alveolus is complete before full term, or when 
the fetal weight is about 2500 g. The alveolar spaces may be 
found substantially distended even in fetuses who could 
not have breathed air, such as the one described by Shapiro 
that was found free in the maternal abdomen after rupture 
of the uterus. No intra-alveolar epithelium was visible and 
the lung could not be distinguished histologically from that 
of a child that had breathed. 

Other authors have described the maturation of the fetal 
lung (Kuroda et al. 1965; Parmentier 1962; Ham and 
Baldwin 1941) and it is undisputed that fully expanded 
alveoli can be present before full term, even in infants who 
have not inspired air. After the fifth month, the glandular 
nature of the air sacs of the lumen are filled with amniotic 
fluid. In fact, there is evidence that amniotic fluid may be 
produced by the nascent pulmonary lining, because it is 
present even in cases of congenital bronchotracheal atresia. 
When breathing starts, the alveoli further enlarge, and the 
fluid is partly expelled through the bronchi and partly 
absorbed back into the pulmonary circulation. Ham 
(1950) and Shapiro (1947) point out that the finding of 
open alveoli with no cuboidal or columnar epithelium 
means that the fetus has passed the two-thirds stage of its 
maturation process, not that it has respired air. 

Further proof is found in the histological appearance of 
sequestrated parts of lung tissue in infants, which were not 
connected to the bronchial system but which still showed 
alveolar ducts and alveoli (Potter and Buhlender 1941; 
Potter 1952). Fetal lung transplanted into the anterior 
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chamber of an animal eye also developed alveoli with termi- 
nal bronchioles (Waddell 1949). Post-mortem handling has 
also been incriminated for the entry of air into fetal lungs. 
Apparently respired alveoli have been found in lung sections 
from a dead infant taken from the uterus of a dead mother. 

Janssen (1 977) agrees that resuscitation will lead to post- 
mortem aeration of the lungs, but claims that such artificial 
respiration cannot cause the alveoli of stillborn neonates to 
be perfectly and uniformly aerated. Against this view, how- 
ever, is the undoubted patchy appearance of the lung 
expansion of many infants who have undoubtedly breathed 
for some time, so it is difficult to see how the two situations 
could ever be differentiated. Janssen's statement about the 
histological appearances is reasonable: 

According to the present level of knowledge and 
pcssihi!ities fer examination, vet.tila!ion of the lungs 
alone cannot be taken as  a certain indication of a live 
birth. Under various circumstances, lungs originally 
aerated can become devoid of air: conversely, the lungs 
of stillborn neonates can appear aerated. It is not 
possible to be certain in all cases. 

In general, an infant who has breathed strongly for some 
time - probably hours in most cases - will have lungs that 
histologically resemble the older child with 111, uniform, 
expansion of alveoli. In many infants who undoubtedly 
have lived and breathed for an appreciable time, however, 
there may be only patchy expansion, which corresponds to 
the uneven aeration seen macroscopically under the pleural 
surface. The difficulty arises when paradoxical appearances 
are seen, examples of which are illustrated in many text- 
books. Thus an undoubted stillbirth may reveal quite exten- 
sive alveolar expansion, whilst a baby that unequivocally 
lived for some time may show totally collapsed air sacs. 

In medico-legal work, though it is quite in order to refer 
to the usual state of affairs, when a criminal trial is in 
progress, the standard of proof is 'beyond reasonable doubt' 
and the well-documented exceptions just mentioned (as 
with the flotation test) make it unsafe to be dogmatic over 
a histological opinion. 

ESTIMATION OF MATURITY 

This is a necessary part of the autopsy, both as matter of 
record of the size and presumed age of the infant, but also 
as a legal requisite in those jurisdictions that require proof 
of viability before either stillbirth can be recorded or a 
charge of infanticide brought. 

First, it must be accepted that - as at any time of life - 
morphological measurements are by no means infallible 
indicators of chronological age. Personal variations are 
compounded by sex, race and nutritional factors to prevent 

accuracy. The time of appearance of ossification centres is 
no longer as uniform as once thought. As with so many 
biological conditions, there is the typical 'bell-shaped curve' 
of probability, so that though most subjects will lie in 
the large central zone, there will be a progressively dimin- 
ishing number at each extreme of the graph. It should be 
remembered that a female infant is usually at least lOOg 
less in weight at full term than the male, though individual 
differences in either sex can be far larger than this statistical - 

variation. Twins, even those going to full term, are each 
lighter than a singleton child. The full-term singleton fetus, 
at 40 weeks' gestation, will have the following vital speci- 
fications, subject to the above cautions: 

a weight of between 2550 and 3360 g 
E l  crown-heel length of 48-52 cm 
m -.. .-.. --- I -,L - C ? O  29 -, ers clowll-rtilllt, l C l l ~ ~ 1 l  Ul L.u->L. L1.I 

head circumference of 33-38 cm 
the ossification centre in the lower end of the femur will 
almost always be present, being about 6 mm in diameter 
lanugo is absent or present only over the shoulders; 
head hair is about 2-3 cm long 

H the testes are palpable in the scrotum; the vulval labia 
closes the vaginal opening 

H the umbilicus is midway between xiphisternum 
and pubis 
there is dark meconium in the large intestine 

El an ossification centre in the upper end of the tibia will 
be present in 80 per cent of full-term infants. The 
length of finger and toenails is an unreliable guide. 
More detailed information may be obtained from 
obstetric and paediatric texts. 

At 36 weeks, the crown-heel length is about 45 cm and 
the weight around 2200 g. There will probably be ossifica- 
tion centres in the cuboid and capitate bones, often in the 
lower end of the femur and perhaps also in the upper end 
of the tibia. 

At 28 weeks, the fetus is likely to be about 900-1 100 g in 
weight, have a crown-heel length of 35 cm, a crown-rump 
length of 23 cm, and a foot length of 8 cm. 

The old Haase rule-of-thumb for fetal age and size was 
that, up to the twentieth week, the length in centimetres 
was the square of the gestation period in (lunar) months. 
Beyond the 'wentieth week, the length in centimetres 
divided by five represents the age in months. 

Examination of the ossification centres may be per- 
formed radiographically, which requires the advice of a 
radiologist, as the time of appearance may not be synchro- 
nous with visual identification of the centres. At autopsy it 
is usual to seek them directly, as follows: at the knee, the leg 
is flexed and a lengthwise cut made over the patella. The 
bones are pushed forwards through the cut, and transverse 
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This distressing condition has a variety of names and abbre- 
viations. The one now most generally accepted is the 'sudden 
death in infancy syndrome', often shortened to (and pro- 
niunced as) 'SIDS'. An older title was 'SUD', standing for 
'sudden unexpected death', but this in itself did not denote 
the infant connotations. Colloquially, SIDS is known as 'cot 
death' in-Britain and 'crib death' in North America. 

DEFINITION OF THE SUDDEN 
INFANT DEATH SYNDROME (SIDS) 

Third SIDS International Conference in Stavanger, Norway 
1994, lays stress on the importance of the investigation of 
the circumstances of death: sudden death in infancy unex- 
plained after review of the clinical history, examination of 
the circumstances of death and post-mortem examination. 
However, when put to the vote during a subsequent SIDS 
Global Strategy Meeting in Stavanger, the original defin- 
ition from 1969 received the most votes. 

INCIDENCE OF SUDDEN 
INFANT DEATH 

Following one of the international conferences on the con- 
dition (held in Seattle in 1969) the following useful defin- 
ition of the syndrome was proposed by Beckwith and is 
now generally accepted: 'rhe sudden death of any infant or 
young child which is unexpected by history and in whom a 

thorough necropsy fails to demonstrate an adequate cause 
of death'. Other definitions have been proposed later, e.g. the 
definition by the National Institute of Child Health and 
Human Development (NICHD) in 1989 emphasizing the 
necessity of .the scene of death examination, and a three- 
tiered definition by Beckwith 1992 in Sydney, during the 
Second SIDS International Conference, dividing the SIDS 
into three different categories according to the age, the 
occurrence of similar deaths in siblings or other close rela- 
tives, and the presence of petechial haemorrhages and 
inflammatory lesions or other abnormalities found during 
the autospy. The 'Stavanger definition', proposed during the 

Until recent years, national death statistics were totally unre- 
liable in providing data on the incidence of SIDS, as the 
nomenclature was conhsed, and the certifying habits of 
different pathologists and clinicians were extremely variable. 
According to a recent review by Rognum (1999), the per- 
centage of sudden deaths in infancy that are diagnosed by 
various authors as pure SIDS varied between 2.5% and 70%. 
This situation still applies in many countries, especially those 
where high infant mortality from many causes overshadows 
sudden infant deaths. In advanced countries, the progressive 
and often dramatic reduction in total infant mortality since 
the beginning of the century has eliminated many infective, 
nutritional and congenital diseases to the point where the 
'law of diminishing returns' has flartened out the mortality 
curve to a low level. Until 1990, there was little evidence that 
the SIDS rate had changed significantly for centuries or even 
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millennia, so the pre-1990 straight-line incidence of SIDS 
became a far greater proportion of the total infant deaths 
compared with the early years of this century. In many 
advanced countries, SIDS is still the most common single 
cause of infant mortality after the perinatal period. . 

Until about 1990, Britain had a SIDS rate of about 2 per 
1000 live births, but the risk varied considerably in various 
sections of the population. Golding et a/. (1985) give a 
comprehensive table in their book of known variations in 
worldwide incidence before the recent dramatic decline. For 
example, in the USA there was an overall rate of 2.311000, 
though again this varies considerably from place to place, 
and among different ethnic and social groups. In Chicago 
the rate in 1969 was 3.4 compared with 1.4 in upstate 
New York in 1974. There is far more variation amongst ethnic 
grolips in the USA, the rate being much higher among 
non-White infants. In Nebraska, for instance, the rate was 
1.911000 Whites and 5.911000 in non-Whites. There is 
other evidence, however, that social differences are the pre- 
dominant factor rather than any intrinsically ethnic cause. 

As noted above, in Britain and several other European 
countries the SIDS rate has dropped remarkably in the past 
fewyears. In France there was a stagnation for post-neonatal 
mortality between 1979 and 1993 followed by a sharp 
decrease to 21100 in 1995. In England and Wales there was 
a 69% fall in the sudden infant death rate between 1988 
and 1992 from 2.01 to 0.63 and hrther down to 0.3 in 
2000 (see Table 21.1). 

The cause for this is obscure. It almost coincides with a 
vigorous publicity campaign by the Department of Health 
and the Foundation for the Study of Infant Deaths, which 
advocated sleeping babies on their back, not on the face 
and in avoiding o"erheating and smoking near the baby, as 
well as exhortations to seek medical advice whenever the 
infant was unwell. 

However, the fall slightly antedated this campaign, so 
that the contribution of sleeping position, etc., to the decline 

TABLE 2 1 . 1  I n f n t  morta&y rates (per 1000 h e  births) in 
England and Wales in 199&2000 

Infant mortality 1996 1997 1998 1999 2000 No. 

Stillbirth 5.4 5.3 5.3 5.3 5.3 3203 
Infant(under1year) 6.1 5.9 5.7 5.8 5.6 3399 

Early neonatal 8.6 8.3 8.2 8.2 8.2 1760 
(under 1 week) 

Neonatal (under 4.1 3.9 3.8 3.9 3.9 2335 
4 weeks) 

Post-neonatal 2.0 3.0 1.9 1.9 1.8 1064 
(4 weeks-1 year) 

SIDS underlying cause 0.6 0.5 0.4 0.4 0.3 203 
(4 weeks-1 year) 

Source: Office for National Statistics, Health Statistics Quarterly 05, Spring 2000. 

is not fully understood, though there is other evidence 
from The Netherlands that recommendations about sleep- 
ing supine favourably affects the death rate. However, these 
same years have shown a series of very mild winters, which 
may also be a factor. 

FACTORS INFLUENCING THE 
NSK OF SIDS 

The age range in which sudden infant death occurs follows 
the usual 'bell-shaped curve' of most biological phenom- 
ena. As the Seattle definition stated, the ends of the curve 
lie at 2 weeks and 2 years, but these boundaries are far too 
wide for the great majority of victims. The peak incidence 
occurs at around 3 months and the time bracket of 2-7 
months will encompass most cases. It is rare after 9 months, 
but deaths can occur well into the second year which, by all 
the criteria, can only be called 'cot deaths'. 

Similarly, a few small infants die unexpectedly and inexplic- 
ably before the first month, but it must be accepted that true 
SIDS is not a condtion of the neonatal period. There is 
almost always a gap between the deaths that must be attrib- 
uted as being a sequel to birth, and those that suddenly occur 
subsequently in babies who have apparently weathered that 
dangerous period successfully. It is obvious, however, that 
such an absolute distinction cannot be made, as premature 
and underweight infants have a higher risk of SIDS, and 
some perinaral deaths are indistinguishable from SIDS in 
that autopsy may reveal the same negative findings. 

Sex 

There is a slight but definite sex bias in the syndrome, 
showing the usual slight weighting against the male infant, 
which is a common feature of many conditions and at all 
ages. Most surveys have shown a ratio of 1: 1.3 or thereabouts, 
with an excess of male infants. Some other investigations, 
however, have indicated equal numbers and one survey 
actually showed a slight excess of girls. 

Twinning 
There is a marked excess of deaths in a member of a twin pair 
as opposed to singletons. Figures have varied in dfferent 
surveys, but the risk is at least twofold. In the author's (BK) 
own hospital district (South Glamorgm), where a rotal birth 
survey is maintained, some years ago the increased risk was five 
times that for single babies. The reason for the excess among 
twins lies partly in the fact that physically disadvantaged 
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infants, such as premature births and those of low biith 
weight are at greater risk; these two factors are ofien present 
in twins. There is no difference in incidence between identical 

The story usually records that the infant was put to sleep 
in the evening and was found dead in the morning when a 
parent first visited it. Alternatively, the baby was given an 
early morning feed when it appeared well, but was later 
found dead in its sleeping place. Most infants are found 
dead in the first half of the day, before mid-morning. A 
minority die (or are found dead) in the afternoon and 
evening. Deach can be rapid and silent. Though most victims 
die unobserved, the author's (BK) experience can confirm 
that a number of cases indicate that an infant observed to 
be quite well at a given moment can be found dead within 
5 minutes, and cases are on record of SIDS occurring in 
hospital and even in a physician's arms. 

or binovular twins. There have been at least tensreports of 
both twins having died of SIDS on the same day, and obvi- 
ously reported cases are but a small fraction of those occur- 
ring. Some pathologists, almost exclusively in the USA, claim 
that simultaneous death in twins is indicative of homicide, 
but this view is not generally accepted. 

Seasonal incidence 
There is a marked seasonal variation in SIDS, the excess 
occurring in the colder, wetter months in temperate zones. 
In Europe and North America, most SIDS die between 
October and April, whilst in Australasia the monthly inci- 
dence is reversed. In tropical and subtropical zones, no 
clear pattern emerges, partly because many of the countries 
in these latitudes are relatively underdeveloped so have 
both high infant mortality, and ofien death certification 
and statistical records of lesser accuracy. SIDS undoubtedly 
occurs in the tropics, however, but the incidence is ofien 
swamped by that of more obvious disease. Returning to 
temperate zones, many efforts have been made to relate 
SIDS to changes of temperature and the incidence of respira- 
tory infections in the community. The results are conflict- 
ing, but there seems little doubt that respiratory infections are 
a precipitating trigger in SIDS. 

THE SCENE OF DEATH AND 
EXTERNAL FINDINGS 

The scene of the death is rarely available for examination in 
its original srate. When found, the child is naturally either 
rushed to a doctor or a hospital, or an ambulance team arrives 
and attempts resuscitation, again usually hurrying to a hos- 
pital casualty department. 

When found, a few children have slight oedema fluid 
exuding from the mouth. This may sometimes be blood- 
tinged, and frank bleeding - apparently from a congested 
mouth or pharyngeal vessel - is occasionally seen. 

Stomach contents may be present in the mouth, nostrils 
or on the face, but this must not be assumed to be a cause 
of death (from aspiration), as is discussed below. The hands 
of the child are ofien found to be clenched around fibres 
from the bedclothes, as if there were spasmodic agonal grasp- 
ing movements. 

Some children are found under the bedclothes, even 
huddled upside down at the foot of the cot. Again, this has 
no significance, as thousands of healthy infants habitually 
sleep in this way without suffering SIDS. 

A number of infants have been found moist with sweat 
and even with a raised body temperature. The significance 
of this is not known, but part of the recent preventative 
advice given in Britain, is to avoid overwrapping and over- 
heating. 

There are no external findings of significance. The face 
may be   ale or slightly cyanosed or congested: there are no 
petechial haemorrhages in the face or eyes. The posture at 
death is not necessarily relevant, even if the initial sleeping 
position is important in the aetiology - some are found face 
down and may have a pallid area around the mouth 
and nose where pressure has prevented post-mortem 
hypostasis from settling. This develops after death and on 
no account must be misinterpreted as a pressure mark indi- 
cating suffocation. 

Social class and housing 
This is not the place to expand upon the social epidemi- 
ology of cot death, but there is ample evidence that lower 
levels of social disadvantage, as measured by occupation 
and housing quality, are strongly related to the incidence 
of SIDS. It is difficult to reconcile these epidemiological 
factors with the numerous pathological theories and the 
few facts concerning the aetiology of sudden infant death. 

THE CASE HISTORY IN SUDDEN 
INFANT DEATH 

The history is usually brief and remarkably similar from 
case to case. The infant is either quite well on the preceding 
day or (in about half the victims) has trivial symptoms, 
usually of upper respiratory infection or a bowel upset. 
Even these symptoms may be overstated, as the history is of 
necessity taken retrospectively from distraught parents try- 
ing to rationalize the tragedy. 
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AUTOPSY APPEARANCES 

These have given rise to much controversy over the years. 
Essentially the gross findings are nil, almost by definition. 
If any significant pathological lesion is found on naked-eye 
examination, the death ceases to be a true SIDS, and is cat- 
egorized as whatever lesion was discovered. The proportion 
of 'explained' cot deaths varies greatly with the pathologist, 
though this variation is more in relation to microscopic than 
gross findings. Of d babies found dead in their sleeping 
place, that is, 'cot deaths', most will be true SIDS, but a few 
will have a significant pathological condition. The relative 
proportions of these two subsets varies from pathologist to 
pathologist. Many would accept that about 15 per cent 
reveal some pathological lesions at autopsy, though this is not 
to say that those lesions - sometimes slight - were a factor in 
the death. For example, some mild congenital heart lesion or 
the presence of Down's syndrome is occasionally revealed, 
but this is not to say that they were causative. Thus almost all 
SIDS are cot deaths, but not all cot deaths are SIDS. 

The external appearances have already been discussed 
and are essentially negative, apart from inconstant froth at 
the lips and nostrils, and fibres sometimes clenched in the 
fists. The length, weight and other physical measurements 
are of no direct relevance, though naturally they must 
always be carehlly recorded as in any other infant autopsy, 
for it may transpire that the death was not a typical SIDS. 

Internally, the findings are again non-specific in a typical 
SIDS. A large number of reports now exist on the micros- 
copy, microbiology and biochemistry of the syndrome, but 
no diagnostic criteria have yet been confirmed. The follow- 
ing naked-eye features may be present at autopsy: 

Petechial haemorrhages on the visceral pleura. 
I Petechial haemorrhages in the thymus gland. 

Petechiae or larger ecchymoses on the epicardial surface 
of the heart, especially posteriorly. These petechiae have 
been the subject of intense controversy since they were 
first described in infant deaths by Tardieu in 1855, but 
they are almost certainly agonal in origin. One 
explanation suggests that they are the result of forced 
inspiratory efforts against a closed airway, the latter 
being either from laryngeal spasm or from a collapsed 
pharynx in hypotonic infants, but neither of these 
hypotheses has been substantiated. Petechiae in the 
thorax are found in about 70 per cent of true SIDS 
infants. Thymic haemorrhages are often prominent, the 
organ being studded with both petechiae and larger 
ecchymoses: it has been claimed recently that in SIDS 
as opposed to mechanical suffocation, the 
haemorrhages are in the thymic cortex, rather than the - 

medulla, but few pathologists accept this. 

FIGURE 21.1 Subpleural haernorrhages - the original 'Tardieu 
spots: These are far more pronounced than those seen in adult lungs, 
being taken from a case of SIDS, in which 70per cent of cases 
exhibit these bions. 

Gastric contents, usually milk-curds, in the air passages. 
All too often this has been used by some pathologists as 
the definite cause of death, but there is no evidence that 
it is the reason for the death. It is either an agonal 
regurgitation or even a post-mortem phenomenon. In a 
series of 100 consecutive autopsies, including adults 
and children, the author (BK) found gastric contents in 
greater or lesser amount in no less than 25 per cent of 
cadavers, almost all of which had quite satisfactory 
pathological lesions to account for death. This aspect is 
discussed in more detail in Chapter 14. 
Respiratory infections in the form of inflamed laryngeal 
or tracheobronchial mucosa are not common, but are 
macroscopically evident in some SIDS victims. If the 
infection is severe enough to produce pus and especially 
if there are obvious inflammatory changes in the lung 
parenchyma, then the death is removed from the SIDS 
category into a fatal chest infection group. The finding 
of minimal 'inflammatory' cells on microscopy must be 
viewed with caution. Some pathologists undoubtedly 
lay too much emphasis on sparse or small collections of 
leucocytes in the peribronchial zones. In control 
infants, small foci of lymphocytes are common and can 
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be disregarded. It is usually the lung histology that 
causes the variations in the proportions of 'cot deaths' 
that are classified as true 'SIDS'. 
Pulmonary oedema is common, though usually 
moderate in intensity. The surface of the lungs often 
shows patchy sublobular partial collapse, with areas of 
blue lung alternating with better-aerated pink zones. 

In some infants dying unexpectedly, abnormalities 
such as Down's syndrome, congenital heart disease or other 
chronic systemic disease are found. The problem then is to 
decide whether the death should be ascribed to 'SIDS' or to 
the obvious disease, even though there is no evidence that 
such a disease should have suddenly caused death. There is 
a natural temptation to use an established lesion to explain 
the death, especially as both doctors and parents tend to be 
less unhappy with a specific disease process than with the 
rather nebulous diagnosis of 'SIDS'. 

In most cases, however, there is no real reason why an 
infant with Down's syndrome, perfectly well one night, 
should be found dead the following morning - and many 
relatively mild (and often previously undiagnosed) congeni- 
tal defects similarly are unlikely to cause death in such an 
abrupt manner. It is probably more logical to assume that 
SIDS has occurred in a child with Down's or a septa1 defect, 
or whatever. It may be accepted that this defect may be one 
factor among the many involved in SIDS, and therefore it is 
probably reasonable to enter 'SIDS' in Part I of the certificate 
and add the other lesion in Part 11, as a contributory cause. 

HISTOLOGICAL FINDINGS IN SIDS 

Again a huge and controversial topic, there have been 
numerous papers on the microscopic appearances in SIDS. 
Much of this is pure research material and is often irrepro- 
ducible by other workers. 

Most interest has focused on the lung changes and espe- 
cially evidence of pulmonary inflammation. The frequency 

'with which positive findings are made depends upon the cri- 
teria threshold of the observer, as mentioned earlier. Peri- 
bronchiolar cell infiltration is the main finding and some 
workers daim to find an abnormal cellular response in the 
majority of SIDS material. Others, more used to the less . . 

equivocal appearances in adults, fail to attach significance to 
marginal increases in cell population in the peribronchial zone. 

Many of the other findings are inconstant and claimed 
by a variety of researchers. For example, Richard Naeye 
(1973) supported his hypothesis of chronic hypoxia by finding 
thickened pulmonary artery walls, gliosis in the brainstem, 
retention of brown fat in the adrenals and abnormalities in 
the carotid body. Changes in the myocardium, adrenals, 

parathyroids and liver have all been described, but have 
either not survived critical assessment, appear incompatible 
with clinical and epidemiological data, or fail to be repro- 
ducible in subsequent irivestigations. 

THEORIES OF CAUSATION 

Since the mid- 1970s more than 5000 articles have appeared 
concerning sudden infant death and one now needs review 
papers, such as those published by Valdes-Dapena, merely 
to keep up with mainstream research. Theories include 
allergy to cow's-milk proteins, house-mite allergy, deliberate 
suffocation, spinal haemorrhages, botulism, calcium defi- 
ciency, selenium deficiency, biotin deficiency, vitamin E 
deficiency, vitamin C deficiency, vitamin D deficiency, thia- 
mine deficiency, hypoglycaemia, hypothyroidmn, magne- 
sium deficiency, carbon monoxide poisoning, carbon 
dioxide poisoning, overlaying, pharyngeal hypotonia, nasal 
obstruction, tracheobronchitis, respiratory syncytial virus, 
prolonged sleep apnoea, deficient or abnormal pulmonary 
surfactant, cardiac conduction defects, sodium overload in 
feeds, narrow foramen magnum, hyperthermia, hypother- 
mia, influenza infection, metabolic enzyme defects, immuno- 
deficiency, hypogammaglobulinaemia and many others. 

In 1989 and again in 1994, press publicity in the UK 
drew considerable attention to claims that fungal growth on 
certain antiflammable chemicals used on cot mattress covers 
produced gases containing arsenic and antimony, and some 
chemical analyses showed that antimony could be demon- 
strated in some SIDS tissues. However, a causative link has 
not been proven and the theory fails to fit the epidemiology 
- especially as SIDS has been occurring for hundreds and 
probably thousands of years before mattress covers existed. 
Reports of cot deaths can be found in sources as ancient as 
the Old Testament and twelfth century Welsh literature. 

In the 1970s and early 1980s, one hypothesis gained 
widespread favour and was beginning to gain general 
acceptance. This was the claim that some infants, with poor 
respiratory drive, suffered from exaggeration of the normal 
periods of apnoea that all infants have during sleep. Acom- 
plex mechanism was built up in which progressive hypoxia 
and failure to respond adequately to hypercapnia and 
hypoxia drove the sleeping infant into a descending spiral 
of hypoxia-apnoea-hypoxia, which ended in bradycardia 
and cardiac arrest. Respiratory infections, sleep, and nasal 
obstruction contributed to an acute-on-chronic state of 
hypoxia, which histological findings claimed to substantiate. 

This attractive theory was largely deflated, however, 
when prospective studies of infants with sleep apnoea and 
other respiratory problems were found to have no greater 
risk of SIDS than normal controls. The theory led to a 



great popularity of apnoea alarms, which parents of sub- 
sequent children following a SIDS loss have insisted on 
using. There is no evidence that they have any beneficial 
effect, other than reassurance of the parents; indeed, in 
some instances, the stress of waiting for the alarm to sound 
and the many false alarms, have led to marital problems. 

In the present state of knowledge, it seems that SIDS is 
the final common pathway that leads to death in infants who 
have been compromised by a number of deleterious factors, 
which have to come together in one baby at one time in 
order to summate to a fatal outcome. The factors may be 
quite different in each case, but all manifest themselves in 
terminal acute cardiorespiratory failure. 

Some of the factors are known such as sleep, which 
depresses the brainstem, and virus infections - especially 
of the respirztcr;. trzcr - which prwidc 2 virzcmia, redxe 
oxygenation and may narrow the effective airway lumen by 
mucus and exudate. Other factors are 'constitutional', in 
that many SIDS victims are physically compromised in 
some way, often since fetal life, being premature and of low 
birth weight (though most SIDS are neither of these). 
Other factors from the long list given above may operate in 

certain circumstances, such as botulism which may be 
relevant in some 5 per cent of SIDS in California. 

It is thus futile to search for 'the cause' of cot death, as 
there is no single cause, but a galaxy of factors that vary 
from death to death, though the mediating terminal mech- 
anism appears to be the same. 

One of the most difficult aspects is the failure of patho- 
logical explanations to be compatible with epidemiological 
findings. It has been shown that non-specific health-care 
improvements reduce the incidence of SIDS, such as in the 
excellent ante-natal and post-natal services of countries 
such as Finland and Holland, which have the lowest SIDS 
rates - and the Sheffield project, where it was shown that 
the strongest factor in reducing incidence was the use the 
family made of the health services. 

As far as the pathologist is concerned, his function is to 
perform a meticulous autopsy, to exclude any overt natural 
disease or injuries, and to offer sympathetic advice to those 
parents who want an explanation of the syndrome in 
comprehensible lay terms. There are several highly proficient 
counselling charities in Britain, the USA and other coun- 
tries, who can provide literature and direct help to parents - 
and who also usually support most of the ambitious 
research schemes now operating. 

THE SIDS AUTOPSY 
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The routine for an autopsy on a sudden infant death follows 
that for any infant and is little different from that in suspected 

child abuse. Indeed, exclusion of child abuse is a prime con- 
sideration as, although there is no aetiological connection 
between the two conditions, sometimes occult abuse - or 
sometimes genuine accident - may present as a 'cot death'. 
Some pathologists, both forensic and paediatric, insist on a 
whole-body radiological survey before commencing the 
autopsy and, where such facilities exist, this is a wise precau- 
tion. Full measurements of the infant are essential, as in all 
paediatric autopsies, to monitor the size-for-age of the child 
and to compare it with centile graphs, provided the birth 
weight is known. 

The gross examination is the standard meticulous 
scrutiny of all external surfaces, orifices and organs. A full 
histological survey is vital, with even more blocks being 
taken than may be the norm for many forensic pathologists. 
The lungs in particular should be extensively sampled and 
six blocks is a bare minimum for these organs. In addition to 
histology, swabs should be taken from the major air passages 
and the lung parenchyma for microbiological culture, and 
heart blood may also be cultured. The middle ears should 
always be opened and a swab taken if infection is suspected. 
A separate piece of lung should be sent for virological cul- 
ture. Where there has'been any history of gut upset before 
death, a sample of ileal contents should be cultured. It has to 
be said that the return on such microbiological and viro- 
logical studies is poor in terms of positive findings, both 
because of the post-mortem interval and because many of 
the micro-organisms found may be indistinguishable from 
commensals or post-mortem contaminants. 

Similarly, by the very definition of SIDS, significant histo- 
logical findings are absent. If a definite pathological lesion 
capable of causing death is discovered, the case is removed 
from the SIDS category and classified according to the 
disease process discovered. The problem arises when 'signifi- 
cant' or 'defi nite' has to be defined, as the criteria threshold 
of different pathologists varies considerably, especially 
where the diagnosis of an inflammatory condition in the 
lungs is concerned. 

MEDICO-LEGAL PROBLEMS 
IN COT DFATHS 

Differentiating SIDS from external 
suffocation 
This is the oldest problem in cot death and one that is vir- 
tually insoluble on purely pathological grounds. The signs 
of infant suffocation are usually nil and the signs of SIDS 
are nil, so in a completely negative autopsy no reliable cri- 
teria exist. The presence of intrathoracic petechiae has little 
or no diagnostic value, in spite of one recent report that 
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claims to distinguish SIDS from mechanical suffocation by 
the confinement of petechiae to the thymic cortex in SIDS. 
In any event, they are usually absent in known suffocation, 
such as those caused by a plastic bag over the head, yet 
some 70 per cent of SIDS have serosal petechiae. 

In Britain, there are about 1000 cot deaths each year and 
probably up to 10 000 in the USA. The majority of these 
were found dead with the face uncovered, and in a posture 
where the mouth and nose are not obstructed. No one 
believes that all these children have been smothered by their 
parents; therefore, as petechiae are valueless for differenti- 
ation, it is not possible for an autopsy to state or even suggest 
that any particular child has been suffocated. This naturally 
presupposes the absence of facial bruising, scratching or 
other positive signs that would immediately remove the case 
from the SIDS category. 

It is possible for circumstantial or other non-medical his- 
tory to suggest or confirm deliberate suffocation, though 
this is extremely rare and not the concern of the patholo- 
gist. A caution must be offered about maternal confessions 
of smothering, however, as several instances are known 
where such a confession has proved totally false, the desper- 
ately bereaved woman in her grief and recrimination delud- 
ing herself in order to rationalize an inexplicable tragedy. 

Multiple sudden infant deaths 

Again, these pose a formidable problem for pathologist, 
paediatrician and investigating authority. Statistically, a 
mother will suffer a second cot death in her family every 
quarter of a million births, but a number of families are 
reported where three or even four siblings have died inexplic- 
ably. There is always the possibility of foul play in such 
circumstances, tholigh some familial metabolic or other 
genetic disease - albeit obscure - is more likely. Even where 
no trace of the latter can be detected by the most exhaustive 
medical investigations, if the autopsies reveal no positive evi- 
dence of mechanical suffocation or other demonstrable 
cause of death, the pathologist cannot then substantiate any 
allegation of mechanical suffocation. He can - and should - 
express his concern to the investigating authorities but, if 
their investigations produce no corroborative evidence, it is 
pointless for him to continue to support a hypothesis that 
cannot be substantiated by any pathological evidence. 

Counselling of parents 

Many families, primarily the mother, have an intense desire 
to know why their baby died, a need that is often unfblfilled 
by any official contacts, such as with a coroner. Once any legal 
processes are complete, there is no reason why a pathologist 

should not meet and offer explanations to the parents of a 
child upon whom he has performed an autopsy. Often an 
earlier line of counselling is provided by a paediatrician, 
but some mothers wish to talk to the pathologist. Both 
Adelson (1974) and Knight (1983) have advocated that 
the pathologist should make himself readily available for 
this purpose, though some pathologists shelter behind an 
imaginary legal barrier to avoid what should be an ethical 
obligation. 

ADDRESSES OF COUNSELLING 
ORGANIZATIONS 

I33 The Foundation for the Study of Infant Deaths, 
Artillery House, 11-19 Artillery Row, London, SWlP 
lRT, UK (Tel.: General enquiries: +44 020 7222 8001; 
24-hour helpline: +44 020 7233 2090; Fax: +44 020 
7222 8002). http://www.sids.org.uk/ 
National Sudden Infant Death Syndrome Resource 
Center (NSRC), 2070 Chain Bridge Road, Suite 450, 
Vienna, VA 22 182, USA (Tel.: (703) 82 1 8955; 
Fax: (703) 821 2098). sids@circlesolutions.com 

EJ SIDS International (SIDSI). 
http://www.sidsinternationa~.rnine~a.corn.au/ 
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There is now a vast collection of publications on the child by a parent or guardian, in circumstances that exdude accident. 
abuse syndrome, including international journals devoted Most of the fatal victims are young, more than two-thirds 
to the topic. Most of this interest concerns the clinician, as being under 3 years of age (Kempe et al. 1963; Lauer et al. 
child abuse is now a major concern in paediatrics. When no 1974; Brown 1976; Helfer et al. 1977). 
intervention is offered, an abused child has up to a 10 per cent . The syndrome includes, of course, psychological and 
risk of having eventually fatal injuries, so unfortunately the sexual abuse, but the forensic pathologist can only be con- 
forensic pathologist will be involved in this tragic problem cerned with physical damage, some aspect of which has led 
from time to time. This chapter will deal solely with the to death. Though all homicides of children are 'child abuse' 
physical manifestations of the child abuse syndrome as seen 
at autopsy, though naturally these will in large measure 
coincide with the non-fatal injuries seen by clinicians. 

GENERAL ASPECTS OF CHILD 
ABUSE 

Though the modern phase of recognition of the syndrome 
dates only from the middle decades of this century, almost 
all the classical features were described by Tardieu in 1860 
(see Knight 1986). In 1946, C&ey published his well-known 
first paper and, from then on, an avalanche of articles led 
to the present intense awareness of the problem that throws 
into stark contrast the apparent unawareness of the medical 
profession during the previous century, 

Though definitions are variable, it can be said that the 
'child abuse syndrome' (also known as the 'battered baby' 
or 'non-accidental injury in childhood') exists when an 

in the broad sense, the term is usually reserved for a fatal 
outcome in those who have suffered repetitive ill-treatment, 
though admittedly some cases span the borderline between 
chronic injuries and a single episode of trauma. 

The definit:ion of 'child abuse' is itself controversial, as 
what is unacceptable now may well have been considered 
valid and even desirable discipline in Victorian times. 
However, serious physical injury must be wrong, irrespective 
of societal attitudes. 

Even so, for a pathologist to label an injury as 'child 
abuse' or 'non-accidental injury (NAI)' is co be rather 
pejorative and judgemental, so perhaps 'adult-induced 
injury' might be a more neutral description, which leaves 
decisions as to motivation to those who possess a wider 
picture of the whole circumstances. Having said that, the 
more gross forms of injury are self-evidently 'abuse' but, in 
lesser degrees of trauma, it may be impossible to differentiate 
deliberate battering from inexpert rough handling, albeit 
contributed to by exasperation, panic or even attempts at 

infant or child suffers repetitive physical injuries inflicted resuscitation. 
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Though it is vital to recognize non-fatal child abuse, 
because of the need for intervention to prevent the 60 per cent 
recurrence rate and 10 per cent mortality rate, it can be 
almost as tragic to falsely accuse andlor convict parents or 
guardians where the injuries were non-culpable. 

There has sometimes been perhaps some excess of zeal 
on the part of paediatricians, radiologists, accident sur- 
geons and pathologists to overinterpret injuries and scen- 
arios that had an alternative and less sinister explanation. 
Though it is natural and vital for doctors to protect chil- 
dren and their siblings, medical opinion has to remain free 
from emotive bias and be confined within the bounds of 
what can be proved in each individual case, or injustice 
may be done. Some years ago, a situation developed where 
even innocent parents were afraid to take their accidentally 
inj~~red child to a doctor, for fear of the euphemism 'non- 
accidental injury' being applied. 

MODES OF DEATH IN 
CHILD ABUSE 

The majority of deaths are caused manually, either by hit- 
ting or beating with the hands, shaking, throwing, drop- 
ping and - less often - by burning or suffocation. It is 
exceptional for death to be caused by the impact of a blunt 
instrument, though non-fatal bruises from beating with a 
strap, for instance, are sometimes seen. Shooting, stran- 
gling and stabbing are characteristic of classical homicide, 
which is distinct from the child abuse syndrome. 

The most common mode of death is head injury. Next in 
frequency is rupture of an abdominal viscus, leaving a wide 
range of miscellaneous injuries to account for the small 
remainder. 

THE RANGE OF INJURIES IN 
CHILD ABUSE 

Concentrating on autopsy findings, the various types of 
trauma will be described; though many will not in thern- 
selves have caused or even contributed to death. Their 
recognition is none the less vital as, at the end of the.exam- 
ination, they may well be the decisive factors that may dis- 
tinguish an accident from deliberate maltreatment. 

SURFACE BRUISING 

One of the classic aphorisms in the study of child abuse was 
stated by the forensic pathologists, Cameron, Johnson and 

FIGLJRE 22.1 Multiplejngertip bruises on the chest and 

abdominal wall of an infant lefi with a male babysitter. The chiM 

war ill on the mother; return and died during admission to a 

hospital casual9 department (see aho Figures 22.4 and 22.5). 

Camps (1966), who said: 'The skin and bones tell a story 
which the child is either too young or too frightened to tell.' 

Skin bruising is the most common injury and may be 
seen almost anywhere on the child's body. There are, however, 
certain sites of predilection which help to strengthen the 
diagnosis of abuse: 

@I Bruising around the limbs, especially the wrist and 
forearms, upper arms, thighs and - in small infants - 
around the ankles. These places form convenient 'handles' 
for an adult to grip the child. In the small infant the 
lower leg bruises may indicate that the child has been 
held by the leg or ankle in order to swing it - and may be 
associated with head injuries. The older child, as an adult, 
may be gripped by the upper arms in order to be shaken. 

B I  The buttocks are a frequent site of bruising from hand 
smacks or beating with a strap. Bruises on the thigh are 
less common, but on the outer side may signify slaps 
and on the inner, possible sexual interference. 



Surface bruising 

FIGURE 22.2 Bruising of wrist and back of the hand afier 

maltreatment by mentally ill mother (see alro Figures 22.3 

and 22.0 .  

FIGURE 22.4 Injuriesfound at autopsy of an infant left with a 
male babysitter showing a generalized haemoperitoneum. 

'sixpenny bruises' from the size of coinage at that time. 
These are caused by impact or pressure from the finger- 
pads of adults, and may be seen in groups around the 
limbs and on the neck, chest or abdomen. 

Bruises from slapping or punching may be larger and 
irregular. Occasionally, a partial or even almost whole 
handprint may be seen outlined in bruises on the buttocks 

FIGURE 22.3 Bruising of upper extremiry afier maltreatment by 
mentally ill mother (see also Figures 22.2 and 22.6). 

B! The face is often bruised, especially the cheeks and 
mouth area, from slaps, which may also be present on 
the forehead and ears. Associated damage to the mouth 
and eyes is common. Bruising of the scalp is harder to 
see because of the hair, but is often part of deeper head 
injury. 

B Bruises on the chest, abdomen and neck are usually 
from finger pressure iather than slaps or blows. Those 
on the abdomen and lower chest may be associated with 
deep visceral injury. Bruises may be of any size or type, 
but a common variety in child abuse is the small discoid 
lesion about 1-2 cm in diameter; these were once called 

or trunk. 
The age of bruises is an important issue in child abuse 

because: 

El The observed age may be at variance with the history 
given by a parent, so increasing the suspicion of a 
non-accidental event. 

@I Bruises of different ages indicate episodes of injury at 
different times, one of the hallmarks of child abuse that 
usually continues over a period. 

Though ir is impossible to be accurate about the absolute 
age of a bruise, those of markedly different colours cannot 
have been inflicted during the same episode. The interpret- 
ation of patterns and the ageing of bruises are more fully con- 
sidered in Chapter 4, but any bruise with yellow coloration 
must be more than 18 hours since infliction. 
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FIGURE 22.5 The infant shown in Figures 22.1 and 22.4 showing 
a firll-thickness tear extending through the liver. Rupture of an 
abdominal viscus is the second most common mode of death 
in child abuse, head injury being the mostfiequent. 

SKELETAL DAMAGE IN 
CHILD ABUSE 

This is the second part of the aphorism about battered 
children as, both clinically and pathologically, diagnosis is 
largely a radiological matter. Just as a whole-body survey is 
needed in the live victim, so it is essential before an autopsy 
on a suspected fatal case of child abuse. Some pathologists 
would recommend a radiological skeletal survey on all 
infants prior to autopsy if they had not been under constant 
clinical care for some well-recognized natural disease. This 
would include all sudden infant deaths but, because of lack 
of facilities and finance, many pathologists have to confine 
their requests for such extensive radiology to those deaths 

in which there was some possibility of abuse, though this 
decision may lead to injuries being missed. 

The range of skeletal injuries seen in child abuse is 
wide and there are very extensive publications on the 
subject, including at least one textbook by Cameron and 
Rae (1975) and a section on the radiology by Evans and 
Knight (198 1). 

Worlock et al. (1986) compared fractures in 35 abused 
children with 826 controls and found that the abused were 
all under 5 years old, whereas 85 per cent of the others were 
more than 5 years. The abused infants were more likely to 
have multiple fractures, and to have bruising of the head 
and neck. Rib fractures were almost confined to abused 
children, when major chest trauma was excluded. Spiral 
fractures of the humeral shaft were more common, though 
c!assical chipped metaphyses were uncommon. They con- 
cluded that one in eight infants under 18 months of age 
with a fracture had been abused. 

The following is a summary of the more important bony 
lesions. 

Fractures of the skull 
Skull fractures are common in fatal child abuse, often in 
association with intracranial haemorrhage, usually sub- 
dural, though numerically less than half of infants with 
subdural haematomata have skull fractures (Harwood- 
Nash et al.). He found that of 4465 childhood head injuries, 
1187 had skull fractures, but that there was little correl- 
ation with neurological signs and intracranial damage, sub- 
dural haemorrhage (SDH) being twice as frequent in the 
non-fracture cases. 

Fractures have been discussed in relation to head injuries 
in Chapter 5, but some particular features in child abuse must 
be mentioned, as it is a controversial subject, especially when 
such cases come to trial. 

The most common fracture lies in the occipitoparietal 
area, but the differentiation from accidental falls is impos- 
sible on anatomical or radiological grounds alone, in spite of 
the dogmatic claims of some radiologists. An infant's skull is 
more flexible than that of an adult and may absorb some 
impacts without fracturing. Occasionally, a parietal bone 
may 'dimple' inwards without cracking, much as a table- 
tennis ball may be dented with a thumb. The skull of a child 
is much thinner than that of an adult, even though the brain 
size and weight is greater relative to the postcranial mass. 
This means that there are two opposing factors operating: 

H Because of the thin skull, less force is required for 
fracturing. 

El Because of the elasticity or 'springiness' of the skull, 
recovery from distortion caused by impact is greater, so 



Skeletal damage in child abuse 

FIGURE 22.6 Fractured skull of an infanr afer repeated b h s  against 

the floor by mentaly ill mother bee alro Figures 22.2 and 22.3). 

more force is needed to fracture the pliable bone, 
relative to its thickness. 

Notwithstanding the flexibility, however, it remains a fact 
that an infant skull will fracture with the application of 
much less mechanical force than would be needed to fracture 
a mature skull. In addition, because the cranium is more eas- 
ily deformed, a momentary depression of the skull can impinge 
upon the underlying brain (including membran'es), damage 
it and return to its original shape so that, even in the absence 
of a fracture, brain damage is more likely to occur. 

There is now a large literature on infant fractures (espe- 
cially of the skull) in relation to child abuse, some of it 
contradictory. 

One aspect that arouses much controversy is the height 
of a passive fall which can (a) fracture a child's skull and 
(b) cause brain damage. The two injuries are certainly not 
synonymous, as it is clear that most fractures, both in 
infants and adults, are not accompanied by any brain dam- 
age or neurological effects. However, forces that can cause 
a skull fracture certainly can - though not must - cause 
brain or meningeal lesions, and it is impossible to forecast 
what will happen following a fall of even minor magnitude. 

Though many paediatricians will deny that a passive fall 
from adult waist level - or even higher - can cause either 
skull fracture or intracranial damage, there is experimental 
proof and witnessed cases on record where this has occurred. 

In respect of skull fractures, Weber (1984) experimentally 
dropped dead infants from a horizontal position at only 'table 
height' (82cm, 34 inches) onto a variety of surfaces and 
found that fractures were common. Flfieen infants less than 
8 months old were dropped passively from a horizontal posi- 
tion onto concrete, carpet and linoleum; all developed cranial 
vault fractures in various positions. Though most fractures 
were in the parietal bones, some extended into the occipital 
bone. In 1985, Weber again dropped dead infants from 82 cm 
(34 inches) onto soft cushioning, such as lOcm (4 inches) 
thick foam mat and 8 cm (3.2 inches) thick double blanket. 
Fractures were much less frequent, as was to be expected, but 
still one occurred on the thick foam and four out of 25 drops 
onto the folded blanket, all from only 82 cm (34 inches). 

Reichelderfer et al. (1979) indicated that serious head 
injuries in playgrounds can occur when the impact force 
exceeds 50 G; a fall of only 7.5 cm (3 inches) onto concrete 
can generate 100-200 G and one of 0.3 m (a foot) no less 
than 475-500 G. 

In 246 falls of infants under 5 years from bed or low struc- 
tures less than 90 cm (36 inches) high, Helfer et al. (1977) 
found no serious injuries or deaths. Of these, 161 occurred at 
home and 175 had some injury, including two skull fractures. 
In 85 hospital falls, there were 28 injuries, with one skull 
fracture. Nimityongskul and Anderson (1987) investigated 
76 childhood falls in hospital, 75 ofwhich were younger than 
5 years. The height of fall was between 30 and 91 cm 
(1 and 3 feet), and only one doubtful skull fracture occurred. 

Of  398 f d s  studied by Williams (1991), 106 were 
observed by independent witnesses. There were 14 severe 
injuries in falls between 4.5 and 12.20m (15 and 40 feet), 
but below 3 m  (10 feet), there were no life-threatening 
injuries, though three skull fractures were detected. Similarly, 
Reiber (1993) found three skull fractures in infants who had 
died after witnessed short falls of less than 1 m (3 feet). This 
was from a series of coroners' cases where all had intracranial 
bleeding One 21-month infant fell 1.5-1.8 m (5-6 feet) 
and had a subdural haemorrhage, but no skull fracture. 
Another 17-month child fell only 0.6-0.9 m (2-3 feet), but 
suffered a sub-dural and cerebral contusion. Reiber gives a 
good short survey of the competing literature, indicating 
that opinions fall into two groups - the 'major injury-major 
fall' set and the 'major injury-minor fall' camp. 

Hall et aL's (1989) series confirms that severe or fatal 
damage can occasionally arise from low falls. In a 4-year 
study, there were 18 deaths following falls from less than 
0.9 m (3 feet). Two of these were witnessed by medical care 
persons, excluding abuse as a covert reason. Sixteen other 
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similar deaths were not so witnessed, but abuse was not 
corroborated as a cause. 

Chadwick etal. (1991), analysing 317 childhood falls, saw 
seven deaths in 100 falls from less than 1.20 m (4 feet), but 
doubted the veracity of the histories, as there was only one 
death in those who fell between 3 and 13.7m (10 and 45 
feet). Hobbs (1984) studied 89 children with skull fractures, 
29 thought to have been abused. Of 20 deaths, 19 were 
abused. The characteristics of the battered infant fractures 
were multiplicity or complex configuration; depressed, wide 
and 'growing fractures, the latter meaning widening of the 
fracture line after infliction; accidental fractures were felt to 
be narrow, linear and single, usually in the parietal area. 

Leventhal et al. (1993) investigated 104 infant skull - 
fractures and concluded that abuse was the cause in 
34 per cent, accident in 62 per cent, the rest being doubt- 
ful. Billmire and Myers (1985) claimed that 64 per cent 
of all infant head injuries, excluding simple fractures, 
were caused by abuse and that of serious intracranial dam- 
age, 95 per cent were from abuse. These varying figures 
emphasize the lack of consensus in the literature. 

Though the immature skull has more flexibility, once its 
elastic limit is exceeded during deformation, it will fracture. 
The pattern of fracturing is similar to that in the adult, but 
there are some variations because of the presence of open 
sutures and fontanelles. Fracture lines tend to end at sutures, 
but if they cross them there is frequently a lateral displacement 
so that the two limbs of the fracture are not in line. Most 
instances where what appears to be a fracture line crossing a 
suture with a 'side-step' are really two independent fractures 
either approaching or receding from each other, the origins or 
terminations being slightly offset. The most common example 
is seen in a child who has been dropped on the vertex of the 
head. Both parietal bones may then deform and crack trans- 
versely from the vertex anterior to the point of impact, the 
bilateral fracture lines running downwards towards the pari- 
etal bosses. The upper ends of both fractures terminate in the 
sagittal suture, but may be 'staggered' by a centimetre or so. 

Another common fracture is a horizontal crack running 
backwards from the frontoparietal suture, which courses 
across the parietal bone, often turning down towards the 
base of the skull. This can be caused by a blow or fall on the 
side or top of the head. Such fractures can occur bilaterally, 
which is then an indication of an impact on the vertex of 
the skull, which causes marked depression of the top of the 
skull with crack fractures along the lines of maximum stress. 
These are then more marked on the outer aspect than the 
inner table - though the diploe of infants' skulls are absent 
or only partially formed, according to the age. Of course, 
such bilateral fractures can also be caused by two separate 
impacts on each side of the head; here multiple bruises on 
or under the scalp may assist in interpretation. 

The frontal bone is less often involved than the parieto- 
temporal area, the frontal suture that is still present in 
young infants giving more flexibility than in the hsed older 
bone. Occipital fractures may occur from falls onto the back 
of the head, but again these are much less common than 
cracks at the vertex or sides of the cranium, though, as the 
experiments of Weber showed, occipital bone cracks can 
occur from simple low-level falls in small infants. Wherever 
the vault fractures, if it is severe enough, extension lines may 
run down into the base of the skull, but this is not a fre- 
quent finding in child abuse injuries. 

Sutural 'diastasis' (separation) may occur with or without 
fractures, the loosely knit skull plates being easily parted by 
distortion of the calvarium when struck. As mentioned 
above, some fractures widen after infliction (sometimes due 
to rising intracranial pressure). These so-called 'growing 
fractures' are thought by some writers to be more likely to 
be associated with abuse, though logic would relate it more 
to severity of impact rather than to motivation. 

Limb fractures 

These provide some of the most characteristic signs of child 
abuse, as injuries are common around the metaphyses and 
epiphyses of growing bones, as well as being the cause of 
periosteal lesions. Most of the limb injuries are indirect, that 
is, the bone damage is caused by stresses from abnormal 
angulation, torsion or traction, rather than from a direct 
impact upon the bone. Swinging the child by the wrists or 
ankles, dragging it by an arm or shin and violent shaking 
using the limbs as 'handles', are the usual mechanisms. 

Avulsion of the metaphysis or chipping of the edges of 
the metaphyses or epiphyses may occur, with small frag- 
ments seen isolated on radiographs. Swinging, wrenching 
or twisting actions can fragment the metaphysis. Small pieces 
of the adjacent cortex and parts of the provisional zone of 
calcification may be avulsed from the shaft. The epiphysis 
may even separate from the metaphysis. Cameron and Rae 
(1975) suggested that metaph~seal fragments are virtually 
pathognomonic of child abuse. 

The periosreurn in infants is only loosely attached to the 
bone and easily lifts where there is shearing or traction 
injury. Blood accumulates under the raised periosteum and 
this rapidly calcifies (usually within 7-14 days) to give a 
characteristic radiological picture of a bony shell extending 
along the shaft, often thicker at the extremity, having a 
lumpy, irregular profile (EGans and Knight 198 1). In almost 
half the cases, this may be seen radiographically within one 
week (Cameron 1970). The calcified rim may extend 
around the end of the metaphysis and epiphysis, or between 
the two, giving a 'bucket-handle' loop effect around the end 
of the bone, especially the lower end of the femur. 
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In early infancy it must be appreciated that some breech 
deliveries have legs that radiologically show long, smooth 
periosteal thickening secondary to subperiosteal bleeding 
caused by handling during delivery. It is also accepted that 
mere growth can produce faint subperiosteal calcification, 
but this is symmetrical and limited to the central' parts of 
the shaft, keeping clear of the metaphyses. 

A spiral fracture of the diaphysis of a long bone must be 
considered a suspicious injury in infants, as such a lesion is 
likely to be the result of a twisting strain, 'unlikely to occur 
in accidental circumstances. 

The lower end of the shaft of a long bone may be 
'squared-off', as described by Caffey (1946), by metaphyseal 
fragments reuniting. Damage to the epiphyseal cartilage may 
cause permanent growth defects, sometimes with increased 
growth from hyperaemia following injury. The axis of 
growth may be deviated and cupping of the metaphysis may 
occur because of retarded longitudinal gowth in the centre. 

Although the metaphyseal and epiphyseal lesions 
described above are classically those seen in child abuse, 
transverse and spiral fractures of the diaphysis are also com- 
mon. In a series of 100 cases reported by Kogutt etaf. (1974), 
these fractures were more common than the injuries to ends 
of the bones. 

Damage to the chest cage 
Apart from occasional perinatal fractures during delivery 
(Polson, Gee and Knight 1985), accidental fractures of ribs 
are very uncommon in infants, though the incidence is a 
matter of considerable controversy. Once again paediatricians, 
radiologists and pathologists may have differing views and 
experience. 

In child abuse, ribs are commonly fractured, often sev- 
eral consecutive bones being affected on one or both sides. 
The damage may be fresh or old, giving different radio- 
logical appearances. The most characteristic picture of old 
fractures is of sequential callus formation seen in a vertical 
line down one or both paravertebral gutters. These form a 
'string-of-beads' appearance on X-ray (Figure 22.7), where 
the ribs have been fractured near their angles, a sufficient 
time previously for new bone formation to occur - probably 
a minimum of 10 days, though dating is notoriously vari- 
able, and even the claims by experienced radiologists to 
date fractures have been confounded by a knowledge of the 
actual time of breakage. 

These multiple posterior fractures are more common in - .  

small infants who have been picked up by adult hands 
under the armpits and squeezed from side to side. Whether 
or not such fractures can be caused by innocent handling, 
albeit rough or robust, as opposed to angry or impatient 
violence, is again a matter of dispute, beyond the competence 

FIGURE 22.7 Chest radiograph ofan infant showing multiple callus 

formation on t/7e necks o f  the ribs, giuing a itring of beadr' 

appearance down the parauertebralgutter. These indicate previow 

multiplefiactures cawed by lateral squeezing by adult hands. 

of doctors to resolve - although this does not deter some 
from expressing strong opinions based on weak facts. 

These fractures, a centimetre or so from the head of the 
ribs, are due to the rib being levered against the transverse 
process until breaking point is reached. They may be very 
difficult or impossible to see as fresh lesions on radiographs, 
if the fracture line is not exactly in line with the X-ray beam. 
This explains the occasional discrepancy between the radiolo- 
gist's and the pathologist's report; the fractures are much 
more visible after a week or two, when callus is present. 

If such injuries are recent (probably less than 10 days) no 
visible callus is formed, but the fractures may be seen on 
X-ray and confirmed at autopsy. However, as with fractures 
elsewhere - and perhap~~more often in ribs than skull - the 
radiological and dissection diagnosis sometimes does 
not concur. Fractures seen at autopsy may not be visible 
radiologically - and conversely, alleged fractures seen on 
films may not be discoverable at autopsy, even afier the 
most diligent dissection. 

Rib fractures in the axillary line are likely to be the result 
of anteroposterior pressure, rather than side-to-side squeez- 
ing, but this mechanism is not exclusive. With fresh frac- 
tures found at autopsy, the possibility of chest compression 
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age. Though children often sustain accidental fractures, these 
are usually single lesions, unless some pathological bone 
disease is present. Similarly, the radiological demonstration 
of multiple fractures of varying ages must be accepted as 
evidence of abuse until proved otherwise. 

Dating of fractures 
As in the case of skin bruises, though the absolute dating of 
healing fractures by the state of callus formation is far from 
accurate (Evans and Knight 1981), marked differences in 
appearance on radiology usually indicate that the injuries 
were not sustained at the same time. As it can be shown, 
however, in control material, that the same person reveals 
callus of different extent and maturity in different but similar 
bones fractured contemporaneously, it becomes impossible 
to be dogmatic about radiological healing rates. Bone healing 
is rapid in healthy children and within months the abnor- 
malities may have completely resolved, depending on the 
severicy of the original damage. 

Histological appearances are also very unreliable in   la- 
cing an absolute date on fractures, in spite of assertions that 
this can be done with accuracy. 

FIGURE 22.8 Recentfiactures of ribs ofan abused infant. These 

breaks are near the necks of the ribs in theparavertebralgufter, 

caused by side-to-side squeezing of the chest. 
BONE DISEASES AND INFANT 
FRACTURES 

during cardiopulmonary resuscitation must always be con- 
sidered, even though some paediatricians and radiologists 
will strenuously deny the possibility of this happening. The 
literature has different opinions on this matter, though it is 
admittedly very uncommon. As with other aspects of child 
abuse, the published material seems to flow more from those 
who lean towards abuse in the majority of injured children, 
rather from those who retain a more cautious approach and . - 

admit to the possibility of an innocent explanation. 
It must be conceded that pliable infant ribs are unlikely 

to be broken by proper cardiac massage, which in infants 
should be performed with finger pressure; however, lay per- 
sons, especially in the panic of apparent collapse and death, 
may forcibly pump the small chest using techniques intended 
for adult resuscitation. 

Fractures elsewhere are more likely to arise from direct 
impact such as a fist blow or kick. The clavicle is sometimes 
broken, usually from indirect stress from swinging by an 
arm. Fractures of the scapula or sternum are rare and arouse 
the probability of 'parental infliction' if some obvious 
trauma such as a trafFic accident can be excluded. 

Wherever the site of bony injury, the cardinal features 
chat arouse suspicion are multiplicity and variation in fracture 

Both in the differential diagnosis of childhood fractures and 
in the defence of allegations of child abuse, the several 'brit- - 

tie bone diseases' that can cause abnormal skeletal fragility 
must be considered, on the grounds that lesser force, within 
normal handling or even spontaneous movements 
of the infant, could give rise to the observed fractures. 

It has to be said at the outset that only a small minority 
of injured infants can be shown to have such abnormalities. 
When this possibility is being run as a defence in a criminal 
trial or child protection proceedings, it is essential to have 
an opinion from a radiologist or paediatrician with special- 
ist knowledge of these conditions. 

It is also important to have original radiographs, not 
copies, as the latter may not show marginal, indistinct 
abnormalities visible on the originals. 

Osteogenesis irnperfecta 
This is a bone dysplasia with four rypes, numbered I, 11, I11 
and n! of which there are several subgroups. The disease is 
an inherited disorder of connective tissue, with abnormal colla- 
gen, resulting in varying degrees of bone fragility, ligamentous 
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laxity, skin fragility, sometimes blue sclera, hearing defects 
and dental abnormalities. 

Types I1 and I11 have obvious bone disease and can 
hardly be confused with child abuse lesions. 

Type I forms 70 per cent of cases and is the classical variety 
with a family history, blue sclera, Wormian bones and ofien 
dental changes, which again is hardly likely to be confused 
with abuse. It is type IV (only about 5 per cent of the over- 
all disease incidence) that may cause difficulties in diagnosis, 
though it must be said that of all the medico-legal occasions ' 
in which this disease is postulated as a reason for brittle 
bones as a defence against allegations of abuse, the times 
upon which it can be proven are few indeed. 

Type IVB, the larger subgroup, has dentinogenesis 
imperfecta. Type IVA has no family history of the disease, 
no osteoporosis, a high incidence of skull fractures and 
metaphyseal fractures and normal sclera. Subgroup IVA has 
Wormian bones, like IVB, but it has been postulated that 
some alleged cases of type IVA were really abuse. 

It has been calculated that the incidence of type IV 
osteogenesis imperfecta in infants under one year, with 
fractures, no family history, no Wormian bones or dentino- 
genesis imperfecta is one in 1-3 million. A case would 
occur in a city of half a million population only once every 
100-300 years. , 

Recent techniques of fibroblast culture and collagen 
analysis can provide evidence of defective connective tissue 
in the absence of overt clinical signs, but this is not neces- 
sarily synonymous with brittle bones. The case report by 
Ojima et al. (1994) gives a useful survey of the problem. 
Bone strength in otherwise normal SIDS infants has been 
measured by Morild et al. (1993) to obtain a baseline for 
comparison with alleged osteogenesis where this is raised as 
a defence against child abuse. 

Infantile cortical hyperostosis ('Caffey's 
disease') 
Here there is extensive new periosteal bone laid down 
around the diaphyses, the bones most involved being the 
ribs, ulnae, clavicles and especially the mandible. The condi- 
tion is rarely seen over the age of 3 years. 

Congenital syphilis 
This can mimic the changes seen in child abuse, though the 
condition is extremely rare in most Western communities. 
The periosteal thickening is similar to that of trauma, but 
tends to be symmetrical. The metaphysis may be fractured 
and even separated, the shaft adjacent to the metaphysis being 
porotic. 

Copper 
Again rare, this condition has radiological features in which 
periosteal thickening of the shafts of the long bones may be 
accompanied by symmetrical spurring of the metaphyses, 
osteoporosis, fractures and cupping of the metaphyses. 
Abnormalities of the hair may be present in this deficiency 
disease that i:j caused by lack of copper impairing the 
enzyme lysyl oxidase. The radiological appearances may 
cause confusion with child abuse. Other clinical features 
include psychomotor retardation, hypotonia, pallor, hypo- 
pigmentation of the skin and hair, prominent scalp veins, 
sideroblastic anaemia and neutropenia. 

Menke's syndrome ('kinky 
hair' syndrome) 
This is another rare condition also associated with copper 
deficiency in which there are abnormal metaphyses. It 
affects males only, with abnormal hair, Wormian bones in 
the skull and mental retardation. 

HEAD INJURY IN CHILD ABUSE 

The most common cause of death in abused children is 
intracranial damage, with or without skull fracture. As well 
as being the most frequent fatal condition, brain trauma is 
responsible for the common tragedy of severe, and often 
permanent, neurological impairment. 

The classic head injury associated with battered children 
is subdural haemorrhage, which formed part of 'CafTey's 
syndrome' that he described five decades ago. It was also 
noted in Tardieu's famous publication of 1860, when he 
described bleeding on the side of the cerebrum and other 
classical features (Knight 1986). Subdural haemorrhage is 
most common at the extremes of life, the topic being discussed 
fully in Chapter 5. In infants, it most often occurs from 
direct impact on the skull - as in a blow or fall. For some 
years, it has been held that vigorous shaking, without an 
impact, is also a common cause of subdural bleeding. This 
is a view strongly held by many paediatricians, who may 
prefer this mode as a first choice over a blow or fall, but 
recent research has thrown doubt on the common acceptance 
of this mechanism. 

For example, the exsllent textbook of DiMaio and 
DiMaio (1989) observes: 

Many forensic pathologists have doubted that the 
shaken baby syndrome exists [Norton 19831. Most have 
felt that the injuries to the brain, including the retinal 
haemorrhages, are due to undetected direct impact 



injuries. In all cases seen by the authors in which there 
has been retinal haemorrhage associated with subdural 
or subarachnoid bleeding, or some other brain trauma, 
direct impact injury to the head has been identified. 

The forces generated in the cranial cavity by shaking 
have been shown to be of the order of 50 times less than in 
the deceleration stresses of an impact (Gennarelli and 
Thibault 1982; Duhaime etal. 1987). These authors inves- 
tigated 13 fatalities alleged to have occurred from shaking, 
but though 7 showed no external head injury, all 13 
revealed evidence of impact at autopsy. In infant models, 
they then compared impact with violent shaking; the mean 
tangential acceleration for 69 shaken babies was less than 
10 G, whereas for 60 impacts, the mean was 428 G, some 
50 times greater. The mean time for shakes was 106 milli- - 
seconds, but for impacts was only 20 milliseconds. 

It is the rate of change and the duration of deceleration - 
the 'strain rate' - that is most damaging, rather than a steady 
deceleration. A head impacting on an immovable surface 
after a fall is an example of a high strain-rate injury, whereas 
low strain-rate injuries are those where the head decelerates 
over a longer period of time. Non-impact shalung of the 
head is a low strain-rate mechanical insult. Subdural bleed- 
ing from bridging veins is li'kely to occur from high strain- 
rate injury, even though this may be a low-energy injury, 
insufficient to cause cerebral tissue disruption. By contrast, 
low strain-rate injuries are more likely to cause cerebral 
contusion, with vascular damage only if concomitant high 
energy is generated (Howard et al. 1993). 

Geddes and Whitwell (2004) have recently pointed out 
that there have been no formal systematic neuropathological 
studies of infant head injury and the evidence base for dif- 
fuse axonal injury (DAI) being a common finding in infant 
head injury is poor. In fact the idea of the presence of DAI 
in these cases was widely accepted before the advent of the 
modern diagnostic methods and before the diagnostic cri- 
teria for DAI had been established. Moreover, the findings 
of Shannon et al. (1998), the first formal study of microscopic 
damage in non-accidental injury (NAI), suggesting that 
axonal injury in such cases had been ischaemic or vascular in 
origin, had been largely ignored or misunderstood. In their 
recent series of 53 fatally injured infants (Geddes et al. 
2001a, b), diffuse axonal injury was present in only two 
children, both of whom had multiple skull fractures and 
severe head injury, whereas the most frequent histological 
finding was global hypoxic damage in 84 per cent of the 
cases. In 11 of these cases (21 per cent), however, there was 
gross and microscopic evidence of injury to the cranio- 
cervical junction and concomitant axonal damage in the 
caudal brainstem long tracts in 8 subjects. This finding is in 
keeping with cervical hyperflexionlhyperextension injury 
pattern in adults and suggests as a possible mechanism of 
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death: brainstem injury, apnoea and hypoxic brain swelling. 
In another systematic study of dural bleelng in 50 paedi- 
atric cases, including intrauterine deaths up to infants of 
5 months of age, but without head injury, Geddes et al. 
(2003) found fresh haemorrhage into the layers of dura in a 
majority (36150) of cases. The authors believe that this is a 
manifestation of severe hypoxia similar to the haemorrhages 
found in internal organs in birth asphyxia or prematurity, 
rather than being caused by trauma, and postulate that 
hypoxia is sufficient to cause extravasation of significant 
amounts of venous blood both in and under the dura. 

Although shaking presumably may cause subdural haem- 
orrhage (SDH), it is likely that it is a relatively uncommon 
cause, compared with impact. This situation may well have 
arisen because a blunt impact upon the head of infant, if 
spread over a wide area following contact with a flat surface, 
can leave no external scalp mark, no subscalp bleeding and 
no fracture of the skull - yet the transmitted forces can still 
be sufficient to cause high strain-shearing stresses within the 
cranium leading to subdural bleeding. In addition, as has 
been discussed elsewhere in this book, death is often not 
due to the irritative or space-occupying effects of the sub- 
dural, but is due to the intrinsic brain damage beneath, even 
if this is occult. Diffuse axonal injury, cerebral oedema and . . 
consequent circulatory disturbances are likely to be the fatal 
consequences, but detecting neuronal damage may be difi- 
cult or impossible histologically, due to the relatively rapid 
death of the child within 12-24 hours. Also, the micro- 
scopic features of diffuse axonal injury seem to be less com- 
mon and less distinct in infants compared with adults, 
though the use of immunocytochemical methods, such as 
the demonstration of P-amyloid precursor protein (PAPP), 
described in Chapter 5, may provide a marker of use within 
the first few hours after injury. These factors combine to . . 

negate any proof of an impact injury and thus the shaking 
theory, which requires none of these criteria to be demon- 
strated, is an easier option. 

Howard et al. (1993) looked at 28 instances of SDH in 
infants under 18 months of age. All had a history more con- 
sistent with an impact rather than shaking. Six Caucasian 
infants fell less than 0.9 m (3 feet), such as from a chair or 
standing adult. Eight non-Caucasians fell from a sitting or 
standing position or rolled off a bed onto a carpeted floor. 
There was a history of shaking in three, but these also had 
signs of impact, the shaking being resuscitation attempts after 
falling. Of these, 47 per cent of the Caucasians and 20 per cent 
of the non-Caucasians had a skull fracture. The authors 
state: 'Our findings do not support shaking as the only cause 
of SDH and also suggest that non-accidental injury is a less 
common cause of SDH than it is believed to be.' 

There is a suggestion in several papers that Asian chil- 
dren are more susceptible to SDH from minor trauma; 
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Japanese infants have been reported with SDH after falling 
from only a sitting position (Aoki and Masuzawa 1984; 
Rekate 1985). 

Most direct impacts in child abuse are caused by the 
moving head striking a fixed object, rather than the fixed 
head being struck. The latter certainly occurs, but is usually 
from an open-handed slap, albeit often of considerable 
force. It is unusual for the child's head to'be struck with a 
weapon or for a direct punch to be given with the clenched 
fist. The moving head injury either arises from a fall in 
circumstances which are non-accidental, or by deliberate 
swinging or throwing of the child against a hard surface, 
often with added momentum being gained by holding the 
infant's ankles or wrist. For example, one such case seen by 
the author (BK) was a month-old baby whose father 
grasped it by the ankles to dash its head against stones at 
the edge of a canal, after which it was stripped so.that its 
clothing could be sold in a street market, the body then 
being thrown into the canal. 

Several other mechanisms of head injury have been 
described, including some seen by the author (BK) in which 
fathers were throwing their baby up in the air in a catching 
game called 'up-and-away', but for some reason missed the 
child on the downward return, allowing it to fall to the floor. 
When unwitnessed, this situation can give rise to accusations 
of deliberate malice, which are difficult to disprove. 

Presumably, as vigorous shaking can sometimes rupture 
vessels in the subdural space, this must still be accepted as an 
alternative to impact in the causation of subdural haemor- 
rhage. In an infant, the head is relatively large and heavy and 
the neck musculature undeveloped and often hypotonic. 
Thus repetitive shaking of the body - often attained by 
grasping under the armpits - can lead to unrestrained flexion 
and extension movements of the head with rotational move- 
ments of the heavy cerebral hemispheres relative to the skull. 

Extradural haemorrhage is uncommon in child abuse, 
perhaps because the meningeal arteries do not run in deep 
grooves or even tunnels in the immature skull, as they do in 
the adult. Subarachnoid haemorrhage is, as always, an - 
inevitable accompaniment of cerebral cortical contusion. 

Brain damage may be of any type, as catalogued in 
Chapter 5 ,  but as in any childhood head injury, cerebral 
oedema is more common than in the adult. Indeed, a sig- 
nificant proportion of deaths after a head injury in a child 
are caused by raised intracranial pressure without skull 
fracture, meningeal haemorrhage or visible brain injury. 
The typical autopsy indications may be found consisting of 
a heavy brain, flattened gyri, obliterated sulci and slit-like 
ventricles. The more florid signs seen in adults, such as 
herniation of the hippocampal gyms through the tentorial 
gap, secondary brainstem haemorrhages and coning of the 
cerebellar tonsils are seen less frequently in children. 

When there has been a severe head injury, with or with- 
out a fractured skull, cerebral contusion or laceration may 
occur. The position of this damage is usually related to the 
site of external impact. ~ l t h o u ~ h  many episodes of child 
abuse involve dropping or throwing to the floor, classical 
contrecoup lesions are not as common as in similar adult 
injuries. They certainly do occur, but are often absent when 
the circumstances would indicate that contralateral contu- 
sion might be expected. ,The smoother internal profile of 
the infant skull may be a factor. 

The distance of a fall sufficient to cause head injury has 
been mentioned earlier and is a matter of considerable con- 
troversy in the literature and amongst expert medical wit- 
nesses. There is no doubt, both from reliable anecdotal 
evidence and from experimental data, such as that by 
Weber, that skull fractures can occur in infant skulls from 
very low passive falls, including heights not exceeding chair 
or table level (Weber 1984: 82cm; 34 inches). However, as 
catalogued above, skulls often fracture without any sig- 
nificant internal brain damage - although the reverse is also 
true. The evidence that low falls may cause brain or 
meningeal lesions is much less convincing than that proving 
skull fractures - but the possibility exists and cannot be dis- 
missed by inflexible, dogmatic opinion. The problem with 
assessing the mechanical basis of head injury is that human 
experimentation is virtually impossible - Weber's work on 
dead infants probably could not be repeated in the present 
ethical climate - and obviously no data can be derived from 
the living. Animal models are useless, so the frequent difi- 
culties for pathologist, lawyers and the courts have to rest on 
available statistical evidence -which can never give a defini- 
tive answer in any one case. If a phenomenon has definitely 
occurred once, then it can occur again, whatever the statis- 
tical weight is against its frequency, as a precedent has been 
established which cannot be gainsaid as a possibility. 

One of the problems is the 'standard of proof', as in the 
criminal courts, it is 'beyond reasonable doubt', whereas in 
civil matters, it only has to pass the test of 'balance of prob- 
abilities', where statistical evidence is far more persuasive. 

To rely on the 'experience' of medical witnesses is also 
fraught with difficulty, as their anecdotal memories of pre- 
vious cases will provide unsatisfactory data in respect of the 
causation of the injury. Where adults are accused of malice 
or neglect, they are very likely to fabricate or distort the 
circumstances of the injury, and claim that the infant fell 
from the chair, the arms or the bed. Even in genuine acci- 
dents, feelings of guilt, clouded recollection from grief and 
panic, will often lead to an inaccurate account of the cir- 
cumstances, so the doctor's past experience is often of lesser 
value than the accused adults, the lawyers and the court 
imagine, due to inadequate or false knowledge of the true 
circumsrances of previous cases. 
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VISCERAL INJURY IN 
CHILD ABUSE 

Damage to internal organs is almost always confined to the 
abdomen, as the heart and lungs are rarely injured. As stated 
earlier, rupture of an abdominal viscus is the second most 
common cause of death in child abuse.after head injury. 
Forcible impacts on either the lower chest or the abdominal 
wall are responsible. Direct punching or heavy 'prodding' 
are the usual mechanisms rather than being dropped or 
thrown, which is a common cause of head injury. Often 
there will be an excuse that the child fell or tripped upon 
some protruding obstruction, such as a toy or piece of furni- 
ture; occasionally this may be true and it is a matter of fact 
and interpretation as to whether the circumstantial evidence 
is compatible with the medical findings. The liver is fre- 
quently injured, the most common lesion being a deep tear 
in either lobe, sometimes being a complete penetration or, 
more rarely, actual detachment of hepatic tissue. A haemo- 
peritoneum results and in fatalities, may be the proximate 
cause of death. A heavy blow over the lower ribs or xiphi- 
sternal area is the most likely site of impact. 

The small intestine is the other common target organ, the 
duodenum or jejunum being the most frequent site of dam- 
age. The second part of the duodenum is vulnerable to blows 
in the central abdomen, as beneath this area, the duodenum 
crosses the midline and is liable to be 'sandwiched' between 
the compressed anterior abdominal wall and the promontory 
of the lumbar spine. As the tissue thickness is small in a 
child, the gut can be virtually 'guillotined' at this point and 
may be completely transected, appearing almost as clean-cut 
as if it had been done with a surgical knife. Alternatively the 

gut wall may be damaged and, though it may not leak or 
rupture at the time of impact, ischaemic and necrotic changes 
over the next few hours or even days may lead to a delayed 
rupture, with the later onset of peritonitis. 

The same lesions, though rarely as sharply cut, can occur 
in the jejunum, often accompanied by laceration of the 
mesentery and haemorrhage into the peritoneal cavity 
instead of - or in addition to - leakage of intestinal contents. 

Rupture of the stomach can occur, but must be carefully 
differentiated from gastric rupture from non-traumatic 
causes and (these days) especially from external cardiac 
massage, which produces linear tears in the mucosa and 
even rupture of the complete wall. 

As part of general facial damage, black eyes, and scleral and 
conjunctival haernorrhages are often seen, but damage to 
the interior of the globe is much less apparent at autopsy. 
Some considerable time after the general recognition of the 
child abuse syndrome, it was discovered that a considerable 
proportion of victims, both live and dead, had significant 
internal damage to the eyes. Direct violence to the head 
and allegedly shaking, can cause bleeding into the vitreous 
humour, dislocation of the lens, retinal detachment and 
retinal haemorrhages (Gilliland et al. 1994). 

The latter can also be caused by cardiopulmonary resus- 
citation, where vigorous compression of the chest has been 
applied; the literature on this topic is controversial, but 
numerous references confirm this mechanism, yet others, 

FIGURE 22.9 A rupturedduodenum in an 

abused child who suffered a blow in the 
central abdomen. This relative6 common 

mode of death in fatal child abuse is 
caused by the duodenum being guillotined 
against the lumbar spine by an impact that 
indents the thin anterior abdominal wall. 
T h e p t  may be severed immediately or 
may become infarcted because of damaged 
blood supply over the ensuing fm days, 
then rupture into the peritoneal cavity 
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such as Gilliland and Luckenbach (1993), deny it. Once 
again, there are hotly contested viewpoints in the position 
taken by different doctors over the aetiology of various 
lesions in child abuse, both by clinicians and pathologists. 
They are also, of course, often secondary to raised intracra- 
nial pressure from head injuries, rather than due to primary 
direct violence. During life, these can be diagnosed by oph- 
thalmoscopy, but at autopsy they must be sought by dissec- 
tion. As disfigurement of the body of a child must be 
avoided wherever possible, examination for eye lesions may 
be achieved either by enucleation and replacement with 
glass prostheses - or by opening the orbits from the anter- 
ior cranial fossae and removing the posterior two-thirds of 
the globes. 

Injury to the external ear is frequent, as abuse of a child 
is often directed at the obvious targets, such as face, head, 
arms, buttocks and ears. The pinnae may be bruised or 
even lacerated, usually by an open-handed slap. Damage to 
the internal ear from heavy impacts on the head may be 
diagnosed clinically, though often in retrospect from later 
deafness. At autopsy, damage to such minute structures is 
rarely visible, though sometimes haemorrhage into the 
petrous temporal bone may be found when routinely exam- 
ining this area for middle-ear sepsis. 

Injury ro the lips and mouth is so common as to be one 
of the prime diagnostic signs of the battered child. Infants 

FIGURE 22.10 Bruising of the lips in childabuse caused by 
smacking in the mouth. When the child is  old enough to have teeth, 
lacerations may occur inside the lips. Thefrenulum behind the 
midline of the upper lip (not shown) war ruptured in this child, a 
strongpointer to a blow across the upper lip. 

and older children are commonly slapped across the mouth, 
the swipe usually having a tangential component that 
moves the tissues laterally. This causes the most reliable 
indicator of child abuse, the torn frenulurn (or 'frenum') 
beneath the upper lip. This small median band of mucosa 
that joins the upper gum to the upper lip is ripped as the 
lip is jerked sideways, and is virtually pathognomonic of 
battering. The other possible cause of a ruptured frenulum 
is the forcible entry of a feeding bottle teat into the mouth 
of a reluctant infant. Instead of entering between the gums, 
the teat is rammed up between the gum and lip, causing a 
tear. The lesion heals rapidly, as do all injuries in the mouth 
and, within a few days, nothing may be seen except perhaps 
a loose mucosal tag or an absent frenulum, or both. 

Damage to the lips themselves is common, the type of 
injury varying somewhat according to whether or not the 
child is old enough to have teeth. In any event, bruising, 
swelling, abrasion and sometimes external laceration may 
be seen. The inner mucosal aspect of the lips may be bruised 
even if the child has no teeth and, if the blow is hard enough, 
laceration can occur. This is far more likely to happen if the 

- - 

lips are forced against the teeth, especially the cutting edge 
of the incisors. 

The teeth themselves may be damaged, especially in 
older children. Total avulsion from the sockets, loosening 
and breakage may occur. In small infants, developing teeth 
may be forced back into the sockets, like pegs into holes. 
Expert dental advice should be sought wherever possible 
when injuries to teeth and jaws are found, both in live children 
and at autopsy. 

FIGURE 22.1 1 Tearing of thefienulum of the upper lip of a child, a 
classical injury ji-om a tangential slap across the mouth. 
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BURNS IN CHILD ABUSE 

Unfortunately, thermal injuries are by no means uncom- 
mon in abused infants. These may be moist scalds, dry 
burns or, exceptionally, electrical injuries. 

Scalds result from dipping in hot fluid and often involve 
over-hot bath water. The line between accident and abuse 
may be blurred in some cases, but it can occur as a form of 
chastisement. In one case, a child was deliberately held in 
water at over 80°C as a punishment for persistently com- 
plaining about being cold. Other scalds may be from boiling 
water from a kettle or saucepan deliberately being poured 
over the child. 

Dry burns can be inflicted in innumerable ways as a delib- 
erate and sadistic act. Children have been forcibly sat on elec- 
tric cooking rings and hotplates, branded with hot shoveis 
and electric soldering-irons, or pressed against the bars of a 
fire. A particular type of burn seen relatively often in abused 
children is never the cause of death but may be found inci- 
dentally. This is the cigarette burn, seen most often on skin 
not normally covered by clothing, such as the hands, arms, 
neck and head. Such burns are usually circular, but not 
always; if the cigarette has been held obliquely against the 
skin, the mark may be triangular. The regular shape and size 
usually indicate the nature of the burn, though some skin 
diseases may simulate an old burn, such as a small patch of 
impetigo. Fresh cigarette burns are red, sometimes with a 
narrow rim of a deeper red. When healing, they become pink 
and later have a silvery sheen on the surface. 

BITE MARKS IN CHILD ABUSE 

Most bites on the skin surface are seen either in sexual 
offences or in child abuse. In the author's own experience, 
all bitten infants have had these inflicted by the mother, 
though published reports indicate that both male and 
female guardians can bite their infant charges. The topic is 
discussed in more detail in Chapter 26, but as they are rela- 
tively common in child abuse, a summary is repeated here. 

Bites may be seen anywhere on the child's body. The arms, 
back of the hands, cheeks, shoulders, buttocks and abdomen 
are favoured sites. A bite mark usually consists of two oppos- 
ing semicircles, which may be incomplete. Individual teeth 
marks may be visible or the dental arch may be represented 
by a continuous line. The mark is either an abrasion or a 
bruise, or a combination of both. There may be confluent 
petechiae in the centre caused by suction, but this is much 
more common in sexual assaults - the so-called 'love bite'. In 
child abuse, the centre is more often undamaged. The size 
of the dental arch should be carehlly measured to determine 

FIGURE 22.12 Bite mark on baby; a m  in a case ofchildabuse. 

The culprit was the mother. The teeth marks are defirint over one 

quadrant, the gap on the other side being smaller than usual. 

whether it was formed by an adult, another child or even an 
animal, as is sometimes alleged in defence. 

In older children, the possibility of self-biting must be 
borne in mind - the author has seen multiple self-bites all 
the way up one arm in a young person. 

As with all dental matters, the advice of a dentist experi- 
enced in forensic problems is highly desirable. Not only can 
he confirm or exclude doubtful lesions, but he can identify 
individual teeth marks, make casts of any residual impression 
in the skin and take swabs for saliva identification. He can 
also examine any suspects to compare their dentition with the 
marks - a common excuse of the parents is that another child 
or wen the family dog caused the bite. If no forensic odon- 
tologist is available, however, the pathologist must make the 
best examination possible and details are given in Chapter 26. 

OTHER INJURIES IN CHILD ABUSE 

A variety of injuries, some bizarre and sadistic, occur from 
time to time in battered children. The hair may be pulled 
out in clumps (epilation), leaving pseudo~lopecia on the 
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FIGURE 22.13 A child with numerous 

bruises on the body, totalling 80 on the 
face, neck, abdomen, back and legs. 
The male adult in the house claimed that 
she had >lipped while being bathed: 

At autopsy, there was a massive 

haemoperitoneurn arisingftom mult+le 
ruptures of the mesentery. 

scalp. Fingers may be broken by hyperextension and finger- 
tips crushed by blows or other means. Patterned marks 
from straps and ropes may be seen on the skin, usually on 
burtocks, thighs and abdomen. 'Pinch' or 'tweaking' marks 
are not uncommon, made by the skin being nipped 
between adult fingernails. These appear as two small 
opposing semi-circular or triangular bruises, often with a 
clear zone between them. 

THE AUTOPSY IN CHILD ABUSE 

This follows the usual routine for any forensic autopsy, 
but certain additional matters must be given close attention. 
Because of the emotive nature of child abuse, especially 
where a fatality is concerned, the pathologist must pay 
meticulous attention to all aspects of his examination and 
report. A full description of the autopsy in child abuse may 
be found in the chapter by Knight in Paediatric Forensic 

Pathology (Knight 1989). The following matters must be 
borne in mind: 

The scene should be visited wherever possible, though 
usually the child will already have been removed, 
usually to a hospital accident department. Even a 
retrospective visit can be helpful, however, to assess 
such matters as the nature of the floor and its coverings, 
where falls are alleged, the height of settees and chairs, 
and the general size and space between walls, doors and 
hrniture, as claims of colliding with household 
structures are a constant line of defence - and may well 
be true in some instances. 
The child should be examined in its original clothing 
where possible. 
The appearances before washing and other cosmetic 
manoeuvres should be recorded; when children die in 
hospital accident departments, such compassionate acts 
may remove useful evidence, and the balance between 
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sympathy and justice can sometimes be hard to The globes of both eyes should be removed for 
reconcile. histological examination: they can be taken entire and 

B Careful enquiries should be made about any false eyes replaced for cosmetic purposes - or the 
resuscitatory attempts, as these can introduce a number posterior three-quarters of the globes can be removed 
of artefacts. via a superior approach through the base of the 
Where any suspicion of abuse is present, a full anterior fossa. 
radiological skeletal survey should be carried out before 
the autopsy is begun. - .  

E l  Full physical measurements must be made including 
weight, crown-heel length, crown-rump length, foot REFERENCES AND 
length and head diameter. FURTHER READING 
A meticulous external examination must be made, 
covering every square centimetre of the body, including 
all body orifices. The interior of the mouth and lips 
must be searched. 

2% A full p:wiographic record Iiiiijt be made of aiiy 
abnormality discovered. Where bruising is suspected, 
but not definitely apparent, the use of both infrared- 
and ultraviolet-sensitive film has been advocated, 
though experience is required in their interpretation, as 
artefacts are common. 

E2 Extensive dissection of subcutaneous tissues is required 
wherever bruising is seen or suspected. Incisions must 
be made into doubtful areas or the skin flayed away to 
reach such areas, if disfigurement is to be avoided. 
Full sampling of blood, urine, stomach contents, liver, 
ocular fluid and cerebrospinal fluid must be taken, 
according to the circumstances. It is best to be liberal 
with the range of samples - it is easy to discard 
unwanted samples, but difficult or impossible to obtain 
them at a later date. 

$33 Where appropriate, skin samples for fibroblast culture 
and swabs for microbiological culture are taken. Blood 
samples for grouping and other blood characteristics 
may be needed and a sufficient amount for DNA 
testing. 

@ Bite marks may need to be swabbed for saliva and casts 
made of tooth indentations. The cooperation of a 
forensic odontologist is then vital (see Chapter 26). 

El A full internal dissection of all organs is required, with 
full sampling for histological purposes. Further 
radiographs may need to be taken on isolated bones or 
on the chest cage. The latter can be removed entirely by 
careful dissection if multiple rib fractures are present. 
X-rays can then be taken of the detached thoracic cage 
free of soft tissue and further histological blocks taken 
for decalcification in an attempt to date the lesions. 

93 If there is obvious or suspected brain damage, the brain 
should be removed carefully and suspended in formalin 
until firmly fixed. O n  no account should 'wet cutting' 
take place if intracranial damage or cerebral oedema is 
present. 
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In most jurisdictions, deaths that occur during or within a 
short time after surgical operation, invasive diagnostic proce- 
dure or an anaesthetic, become the subject of a medicolegal 
investigation. Similarly, any death thought to be caused or 
contributed to, by any of these procedures - irrespective of 
the interval - may be enquired into if the medical attendants 
or the relatives consider that a causal relationship exists. To 
be effective such investigations must include an autopsy, and 
the involved in these has a difficult and often 
professionally sensitive task. 

The pathologist should, wherever possible, be independent 
of the institution in which either the death occurred or which 
carried out the procedure. This is partly why the services of 
a forensic pathologist should be retained by the investigating 
authority, rather than a clinical or histopathologist belonging 
to the hospital, or associated institution. It is important that a 
separation should exist - and be seen to exist - between the 
loyalties of these two elements, not because there is any sub- 
stantial likelihood of collusion, but because the public and 
private interest is best served by displaying the independence 
of the pathologist. In addition, there may be professional 
embarrassment when a close colleague of a surgeon or anaes- 
thetist is placed in a potentially critical position within the 
same institution. 

It is also sometimes useful to have the technical advice 
and expert opinion of an independent clinical consultant 
who is unconnected with the hospital, and who is not a 
colleague of the team involved in incident. 

THE AUTOPSY ON DEATHS 
ASSOCIATED WITH SURGERY 
AND ANAESTHESU 

A number of difficulties exist, that are peculiar to this type 
of death. The following matters need particular attention: 

B The morphological findings, especially in so-called 
'anaesthetic deaths', may be minimal or even absent so, 
more than in any other type of case, expert advice and 
full clinical information are essential. 

Rl Technically the autopsy on a post-operative death may 
be difficult as a result of the surgical intervention and 
its sequelae, especially in abdominal and thoracic 
procedures. Exudate, sepsis, adhesions, haemorrhage, 
oedema and distortion of the normal anatomy may 
make the dissection difficult, especially if the details of 
the surgical procedure are not hlly known. Post- 
mortem changes can further complicate the 
appearances: fbr example, recent suture lines in the 
intestine or stomach may appear to be leaking, but this 
may be caused by autolysis, and even handling the 
tissues at autopsy may tear devitalized and autolytic 
structures even further. 
Numerous surgical and anaesthetic devices may have 
been introduced into the patient during the procedure, 
such as airways, endotracheal tubes, indwelling needles, 
intravascular cannulae, self-retaining catheters, wound 
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drains, chest tubes, monitoring electrodes, and metal or - 
plastic prostheses. It is essential that none of these be 
removed before autopsy, as their proper placement and 
patency may need to be checked. Standing orders 
should be issued to hospitals within the jurisdiction of 
any coroner or medical examiner to the effect that no 
post-mortem interference with the body be made by 
members of the medical, nursing, technical or 
portering staff, as it has happened in the past that the 
single vital piece of evidence about some technical 
mishap has been discarded by some well-meaning 
person. 
Before any further disturbance of the body is made (for 
instance, by turning it over to look at the back) and 
certainly before a knife is picked up, the position of any 
endotracheal tube that may remain after anaesthesia 
must be checked. If the clinical information raises any 
doubt whatsoever about its malposition, then a pre- 
autopsy radiograph should be obtained, both 
anteroposterior and lateral. 

Oesophageal intubation is not all that uncommon in 
anaesthetic mishaps and should be investigated 
carehlly. The tube may be palpable through the skin if 
properly in the trachea - if there is doubt, a small 
primary incision in the midline of the neck with a 
further careful cut into the trachea can resolve the 
matter. Sometimes the intubation has been into the 
oesophagus, then been rectified after the damage has 
been done. Here the pathologist may find a ring of 
oedematous oesophageal mucosa still present at a level 
equal to that of the tube in the trachea. When nitrous 
oxide or other anaesthetic gas has previously been 
passed down a tube in the oesophagus there may be 

distension of the stomach and intestines. A sample of 
the contained gas may reveal the agent on analysis. 
The hospital laboratory should be requested to retain any 
ante-m0rte.m blood or body-fluid samples sent to them 
so that they remain available for analytical checks, such 
as blood grouping in transfusion mishaps, or creatine 
phosphokinase activity in malignant hyperthermia. 
Even more than usual, the fullest information is needed 
before beginning the autopsy. The patient's notes are 
essential, together with any other relevant information. 
Sometimes the nursing records may be more helpful 

FIGURE 23.2 Gut strangulated through the handle offorceps L'L$ in 

the abdomen during surgery and detected during an unrelated 

autopsy six weeks later for pneumoconiosis assessment. 

FIGURE 23.1 Aorto-oe~opha~ealjstula (arrow) due to ruptured 

anastomosis causingfatal haematemesis 18 days ajer replacement of 

the thoracic aorta with a prosthesis. 

FIGURE 23.3 Bronchial obstruction by the cover ofa ballpointpen, 

used by a midw+ to holddown the tongue ofapregnant woman, 

who died days aper childbirth from pneumonia. 
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than the medical notes, as they are frequently more 
detailed and recorded at shorter intervals. 

Equally important is the attendance of clinicians at 
the autopsy. Indeed, in deaths associated with 
anaesthesia, this is usually more useful than the post- 
mortem dissection, which frequently reveals little or no 
morphological evidence. Sadly, attendance at autopsies 
has declined markedly in recent years, as have requests 
for clinical autopsies, but every effort should be made 
to secure the presence of someone who knows the 
circumstances of the case well and who can point out 
to the pathologist the procedures that were carried out. 
A discussion across the autopsy table is of paramount 
importance and it is of little use if a junior doctor is 
delegated to attend, especially if he confesses to 
knowing little or nothing about the patient. 

Especially in anaesthetic-related deaths, this dialogue 
with a clinician - in this case, the anaesthetist - may 
provide virtually all the data upon which to base a 
cause of death. Discussion between pathologist, 
surgeon and anaesthedst may arrive at an amicable 
conclusion that will be the best consensus of opinion to 
offer the investigating authority in cases where a bare 
autopsy might reveal little or nothing upon which to 
base any interpretation of the fatal processes. 
During the autopsy, care must be taken to detect any 
surgical emphysema, pneumothorax or air embolism. 
When surgical operations have been conducted with 
the patient in the sitting position, as in posterior fossa 
neurosurgery or some thyroidectomies, the possibility 
of air aspiration into open veins or venous sinuses 
always exists. 

Where infusion or transfusion mishaps may be a 
possibility, especially where gas pressure has been used 
to hasten the infusion rate, the possibility of air 
embolism must always be borne in mind. 

THE MODE AND CAUSE OF 
DEATH AFTER SURGERY 
AND ANAESTHESIA 

The rather loose terms 'operative deaths' and 'anaesthetic 
deaths' are usually inaccurate descriptions. When used with- 
out due consideration, they may lead to medico-legal enquiries 
and even civil litigation, which is not justified by the actual 
circumstances. 

Fatalities associated with surgical intervention or invasive 
diagnostic procedures can be separated into several categories: 

@I those directly caused by the disease or injury for which 
the operation or anaesthetic was being carried out 

i%3 those caused by a disease or abnormality other than 
that for which the procedure was being carried out 
those.resulting from a mishap during, or a 
complication of, the surgical or diagnostic procedure 
those resulting from a mishap during, or a 
complication of, the anaesthetic being administered. 

These groups must be considered in more detail. 

Deaths directly caused by disease or 
injury for which surgery is performed 

Many deaths during a surgical or diagnostic procedure or 
an anaesthetic art: caused by the disease process or injury 
for which the procedure was being performed. The death 
may be virtually inevitable in some 'heroic' operations 
where urgent intervention is the only hope of saving life. 
Presumably there must have been some chance of success 
or even palliation, otherwise the intervention would not 
have been justified, but the decision not to operate may be 
difficult. When death occurs from the effects of such dis- 
ease or injury, some medico-legal systems will certify the 
original condition as the cause of death and omit any refer- 
ence to the intervention. 

The American Society of Anesthesiologists have a classi- 
fication system for deaths during surgical procedures, as 
follows: 

ASA 1: those with no serious disease 
Q ASA 2: those who may have a serious disease, but have 

no limitations on their activities 
B ASA 3: those with serious disease and some limitation 

of their activities 
M ASA 4: those with a serious disease that is a constant 

threat to their health and that limits their activities 
M ASA 5: those with such serious disease that their death 

can be expected within 24 hours, with or without 
treatment. 

The Societ); recommended that classes 1-3 require full 
investigation, as they were expected to survive; those in 
class 4 that were elective and not emergency procedures, 
with no expectation of death, are also included. The gen- 
eral principle is that unexpected deaths are investigated, 
though in the British coroner and Procurator Fiscal sys- 
tem there are no exceptions to such investigations, once 
reported by doctors to the appropriate legal authority. 

Pathologists in some jurisdictions have problems in the 
nomenclature of certification following an autopsy. The 
strict test to be applied should be: 'Would death have 
occurred when it did, if the operation had not taken place?' 
Sometimes this is impossible to answer and the balance of 
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probabilities may be evenly poised. If a patient has a leak- 
ing aortic aneurysm, which catastrophically ruptures whilst 
the surgeon is still making his skin incision, most would 
agree that the original disease process was the primary cause 
of death. Even here, however, it may be argued that the 
added disturbance of preparation and anaesthesia con- 
tributed something to a possible slight rise in blood pres- 
sure that further split the aneurysm wall. 

Where a person dies of a pulmonary embolus 7 days 
after an elective gastrectomy for peptic ulcer, the connec- 
tion between the operation and the death can hardly be 
denied, even though in up to a fifth of fatal pulmonary 
embolisms, depending on the study no predisposing fac- 
tors have been found (see Chapter 13). 

When both trauma and surgical operation have taken 
place, then it can be impossible to separate the relative 
contributions of each to a death. A common example would 
be death a few days after the pinning of a fractured neck or 
femur in an old person. A fatal bronchopneumonia, pul- 
monary embolism or acute cardiac failure might all be 
caused either by the original trauma, by the stress of oper- 
ation or by the subsequent immobilization in bed. 

Death due to a disease or disability 
other than that for which surgery is 
performed 

Where death is due to a disease or disability other than that 
for which the operation was performed, a distinction has to 
be drawn between those conditions that were known before 
the operation and those which were unsuspected. 

When some disease is known beforehand, it must be 
evaluated in deciding whether or not the operative pro- 
cedure is justified. For example, a patient with a non- 
obstructing hernia who has chronic obstructive airways 
disease might be thought to be too poor a risk for an elect- 
ive, prophylactic operation. If that same patient's hernia 
becomes strangulated and he develops potentially fatal 
intestinal obstruction, however, the risk:benefit ratio dra- 
matically changes and the danger of a perioperative death 
may have to be accepted. Naturally, operative and anaes- 
thetic techniques may have to be modified to take account 
of the known adverse conditions. 

It is different when an occult disease process is not 
suspected by the clinicians. It may be that they had no 
diagnostic means of appreciating the risk - such as an 
unsuspected phaeochromocytoma - but a medico-legal 
problem can arise if they took no reasonable precautions in 
detecting common risk factors, such as hypertension, lung 
disease or ischaemic heart disease, which in retrospect 
could have been diagnosed. 

Death as a result of failure of surgical 
technique 

Exceptionally, death is the result of a failure of surgical tech- 
nique. This may be inadvertent, from a true 'accident', some- 
times caused by unusually difficult operative circumstances, 
to anatomical abnormalities or even failure of equipment. 
When it is the result of error or incompetence, then a legal 
action for negligence may ensue and the pathologist must be 
even more meticulous than usual in producing a detailed, 
objective and impartial report. In all these cases, the presence 
of the surgeon is essential, so that agreement can be reached 
on what actually was found at autopsy. 

FIGURE 23.4 Cakifcation of myocardium and vascular 

endothelium (arrow) due to postoperative rhabdomyolytic 

myoglobinuria and acute renalfailure afler reconstructive hand 

surgery and the interruption of blood circulation to the 

corresponding arm for the time of a nerve reconstruction. (Von 

Kossa staining, original magnifcation X 100.) 

FIGURE 23.5 IvnmunohistochmicaldPmo~?~tration of myoglobin in the 

renal tubuli with Anti-Human Myoglobin (Dakopatts ah, Denmark). 
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When a failure of equipment may be responsible, then 
expert examination and advice is essential. Anaesthetic 
machines, gas supply, compatibility of connections and all 
the sophisticated hardware of operating theatres must be 
subjected to the most rigorous inspection if a malfunction 
is suspected. This is no part of the pathologist's concern 
but, as he is responsible for the eventual decision about the 
cause of death, any conclusions about an equipment failure 
must be communicated to him. 

Deaths due anaesthetic administration 
The foregoing categories account for most perioperative 
deaths and fatalities following surgery, even if delayed. True 
'anaesthetic deaths' are comparatively rare, but have such 
potential medicolegal imporrance that they must be dis- 
cussed in more detail. 

DEATHS ASSOCIATED W T H  
ANAESTHESIA 

Even more than is the case with surgeons, any autopsy on 
an anaesthetic-related death must be a cooperative process 
with the anaesthetist. Not only are the objective autopsy 
findings in true anaesthetic deaths meagre or absent, but 
the pathologist's training and experience of the complex 
techniques of modern anaesthesia is insufficient for him to 
appreciate, analyse and criticise constructively without the 
expert knowledge of the anaesthetist. 

Most anaesthetic-related deaths are not caused by the 
anaesthetic agent itself, but due to other aspects of the pro- 
cedure. Patients have anaesthetics because they have some 
significant - often very serious - disease or injury and, as has 
already been discussed, it is more likely that the fatality was 
the result of these or of some co-existent condition rather 
than the anaesthetic. There is a tendency on the part of 
relatives - and sometimes their lawyers - to assume that 
because someone died 'under' an anaesthetic, then this must 
be the major or even sole factor in the death because it was 
so closely related in time. 

When factors other than anaesthesia can be excluded, 
certain features can be identified. A survey was conducted 
by Lunn and Mushin (1982) for the Association of Anaes- 
thetists. This indicated that, although 1 in every 166 patients 
died within 6 days of a surgical operation, only 1 in 10 000 
die solely as a consequence of the anaesrhetic. Anaesthesia 
contributed to (but not totally caused) the death of 1 
in every 1700 patients, many of these deaths being poten- 
tially avoidable. 

The survey also showed that the causes have not changed 
significantly during the last 30 years, in spite of marked 
changes in anaesthetic technology and that anaesthesia may 
contribute to deaths that occur more than 24 hours after 
the administration. Many patients suffer from intercurrent 
disease unrelated to their surgical condition, but the impli- 
cations for the anaesthetist are all too often ignored. The 
major causes of true anaesthetic fatalities include inexperi- 
enced and insufficiently supervised junior staff. Allowing 
periods of hypoxia to occur appears to be one of the com- 
mon faults leading to a fatal outcome. 

As far as the pathologist is concerned, the survey com- 
plained that the autopsy is of limited value in investigating 
the death. All too often irrelevant findings are offered, such 
as 'bronchitis'. Ischaemic heart disease was recorded in 
39 per cent of the series. It was emphasized that the investiga- 
tion of such deaths cannot be the sole province of the patholo- 
gist, but must rely heavily upon clinical data and cooperation 
with other doctors. Earlier investigations indicated that acute 
cardiovascular failure was the most common cause of unex- 
pected death during anaesthesia. Lahey and Ruzicka in 1950 

measured the risk of death during anaesthesia as about 
111000, from all causes. Cardiac arrest was the most com- 
mon single mode of death, being seen on average once or 
twice a year in most busy operating suites even under the 
most careful surgical and anaesthetic regimens. The autopsy 
is usually unhelphl in determining the cause, if coronary 
insufficiency can be excluded. Most cardiac arrest occurs 
under relative light anaesthesia and thus tends to occur at 
either the start or finish of the surgical procedure. 

Reid and Brace (1940) showed that the arrest is mainly 
neurogenic and that any irritation of the respiratory tract, 
such as laryngoscopy or intubation, may cause a lightly 
anaesthetized patient to have a cardiac arrest. Inexperienced 
anaesthetists may not keep the patient at a level of uncon- 
sciousness appropriate to the manipulations of the surgeon, 
as it has been shown that such procedures can also precipi- 
tate arrest during light anaesthesia. 

Hypoxia is also a potent precipitating factor in cardiac 
arrest. Deaths from respiratory failure also occur, and hypoxia 
is again a prime example - either from faults in the apparatus 
or more commonly to inexperience of the anaesthetist, espe- 
cially in handling equipment with which he is not familiar. 
An overdose of the anaesthetic agent may depress the res- 
piratory centres and begin a descending spiral of hypoxia. 
Excessive prernedication and the use of muscle paralysing 
agents may also predispose towards respiratory failure unless 
appropriate measures are taken, such as assisted respiration. 

Airway obstruction is another danger - from blood, 
teeth, dentures, faults in the connecting tubing, laryngeal 
spasm, swabs and an abnormal posture of the neck. Though 
regurgitation of gastric contents is a real danger, the use of 
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FIGURE 23.6 Birefrinpt material in the alveoli due to contrast 

medium aspiration (barium sulphate). 

cuffed endotracheal tubes has greatly reduced the hazard. 
From the pathologist's point of view, the finding of gastric 
contents in the airways must be backed up by some clinical 
evidence of its ante-mortem origins, as a quarter of bodies 
have some gastric contents in some part of the air passages at 
autopsy, mostly as a result of agonal or even post-mortem 
transfer that is a consequence of the dying process, not a 

cause (Chapter 14). 
Rarely, some physical fault in the anaesthetic equipment 

may cause death. Mention has been made of faults in the 
connecting tubing, which may be internal delamination, 
not visible from outside. Flow-meter errors occur, but a 
more common one is the confusion of bottled or piped gas 
supplies, and the inadvertent use of the wrong substance 
or the connection of an empty cylinder. Two such fatalities, 
where the wrong gas was introduced into the theatre piped 
supply, occurred in Hong Kong in recent years. 

Fires are not uncommon, the most frequent danger 
being the ignition of spirit-based skin antiseptics ignited by 
cautery. Any electrical apparatus is potentially dangerous, 
and defective cauteries, defibrillators and diathermy equip- 
ment have all caused death. 

Explosions from inflammable gases and vapours, such as 

cyclopropane and ether, have been catastrophic on occasions. 

Hazards of local and epidural anaesthesia 

Local anaesthetics rarely cause death, though the overall rate 
of complications is about 112000. Hypersensitivity and 
escape of contained adrenergic drugs form the major fatal 
hazards. It is said that most cases of 'hypersensitivity' are really 
overdosage, but there are undoubtedly some patients who 
have an abnormal sensitivity to the cocaine-like active con- 
stituents. Legal actions have been brought against doctors for 

failure to give a test skin dose before injecting the major quan- 
tity. Diffusion away from the operative site of adrenaline-like 
substances used to vasoconstrict the area and thus retain the 
anaesthetic effect may cause a sudden cardiac arrest. 

Epidural and spinal anaesthesia has returned to favour, 
especially in obstetrics, after a period in which spinal injec- 
tion of anaesthetic agents fell into disrepute because of a 
number of lawsuits brought because of spinal cord damage 
as a result of contaminants or excessive dosage. 

The upwards diffusion of the active agents may cause 
paralysis, and the effect upon the vasomotor system may 
lead to a precipitous fall in blood pressure. Total spinal 
anaesthesia from upward diffusion blocks all sympathetic 
efferent impulses so, if the concentration of the anaesthetic 
agent in the upper thoracic and cervical spinal fluid level is 
high enough, efferent transmission to all motor fibres of 
the respiratory muscles will be blocked. 

Epidural anaesthesia has now replaced intrathecal 
administration, but even this has occasional tragedies, and 
is said to have a 1/10 000 incidence of permanent nerve 
paralysis. This usually comes about either from an overdose 
or from puncture of the theca, instead of the anaesthetic 
solution remaining in the epidural space. In the rare autop- 
sies on such deaths, a sample of cerebrospinal fluid should 
be taken for analysis to ascertain the concentration of 
anaesthetic substance. An attempt should be made to find 
the puncture in the dura, which is easier said than done. If 
an epidural catheter is still in place for continuous adminis- 
[ration of the active agent, dye or Indian ink can be 
injected to see if it enters the subdural space. 

MALIGNANT HYPERTHERMIA 

This is a familial condition in which certain agents, includ- 
ing some anaesthetics and muscle relaxants, precipitate a 
metabolic change in skeletal muscle with the production of 
energy, and hence a rapid and sometimes fatal rise in tem- 
perature. The basic condition is an autosomal dominantly 
inherited trait associated with sudden uncoupling of oxida- 
tive phosphorylation, accompanied by massive energy pro- 
duction from the muscles with consequent overheating. 

When malignant hyperthermia is diagnosed, the family 
members should be investigated, preferably by muscle 
biopsy, to assess the risk of their suffering a similar crisis if 
subjected to anaesthesia. In 70 per cent of carriers, the creat- 
ine phospholdnase and aldolase activities are elevated, 
though the basic abnormality appears to be a defect in 
calcium transfer and phosphorylation within the muscle 
fibres. This is one reason why hospital laboratories should be 
asked to retain any pre-mortem blood samples, as the creat- 
ine phosphokinase activity can be estimated retrospectively. 



Swamethonium and halogenated anaesthetic agents 
seem particularly prone to precipitate the condition. 
Halothine is one of the agents associated with malignant 
hyperthermia, either alone or in combination with suxam- 
ethonium. The condition occurs about once in every 10 000 
anaesthetics, with various estimates ranging from 115000 to 
1/70 000. There are virtually no autopsy features of any sig- 
nificance and the diagnosis is made on clinical grounds. The 
features of malignant hyperthermia include a sudden rise in 
temperature, sometimes reaching 43"C, with stiffening of 
the skeletal muscles, rapid heart rate and respiratory distress. 

Halothane anaesthesia has acquired the reputation for 
causing liver injury known as halothane hepatitis and, 
rarely, a fulminant hepatic failure. Its incidence varies 
between 1135 000 and 11600 000 and if halothane anaes- 
thesia is repeated within one month, 116000-1:22 000. It 
is a typical example of immune-mediated adverse drug 
reactions. Other drugs used in anaesthesia are occasionally 
responsible for death. Barbiturates used in induction, such 
as thiopentone, may give rise to cardiorespiratory failure, 
ofien because the quantity used has been excessive. 
Tri~hloreth~lene and atropine have been involved in fatal- 
ities, the usual mode being sudden circulatory failure. 

AUTOPSY PROCEDURE 

In most autopsies on deaths during anaesthesia, toxicological 
investigations are generally unrewarding, except where over- 
dose with specific drugs such as barbiturate or adrenaline is 
involved. It is usually impossible to make any quantitative 
assessment of the amount of volatile agents present, such as 
nitrous oxide, halothane or cyclopropane, even though some 
American writers advocate clamping a main bronchus and 
retaining a lung in a plastic - or preferably nylon -bag, so that 
head-space gas can be analysed. Neither is it practical to try to 
prove hypoxia by post-mortem measurement of blood gases. 
Usually the function of the autopsy is to discover or exclude 
natural disease, and mechanical blockages, as the pharmaco- 
logical aspects are usually beyond investigation. Even when it 
seems obvious that a surgical error has taken place, one should 
be careful and not jump to conclusions nor let this distract 
from a thorough investigation. A full range of specimens for 
histological examination should be taken to exclude occult 
conditions such as a lymphoma or myocarditis, as well as to 
investigate the severity of the disease for which the surgical 
procedure was being performed. This includes also the investi- 
gation of any surgical specimens taken during the operation 
and sent to the histopathologist. Histological examination of 
the brain ( f ~ e d  before cutting wherever possible) must be 
carried out. Though most mishaps will have occurred too 
quickly for much hope of any stigmata of cerebral hypoxia to 
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be seen, changes can classically occur in Sommer's area of the 
hippocampal gyrus. Perhaps an even better marker is the distal 
parts of the cerebellar folia, where pallor and rapid loss of 
Purkinje cells can be seen within a fav hours. 

The work of Plum (Plum and Posner 1984) is relevant in 
this respect, as he found morphological changes in the brains 
of victims of only slight hypoxic periods who survived for 
long periods after an anaesthetic. At autopsy he recorded dif- 
fuse, severe leucoen~ephalopath~ of the cerebral hemispheres, 
with sparing of the immediate subcortical connecting fibres 
and - usually - of the brainstem. Dernyelination and obliter- 
ation of axons was observed and sometimes infarction of the 
basal ganglia. The cortical neurones were spared, however, 
and the damage appeared confined to the white matter. Plum 
attributed this damage to greater glycolysis in the white mat- 
ter during hypoxia, compared with the grey. 

Some new immunohistochemical techniques have been 
used in animal experiment to demonstrate structures of the 
cytoskeleton, e.g. in detecting ischaemiclhypoxic damage. 
Great caution must be exercised, however, when using these 
methods in autopsy material and it is therefore crucial to 
examine alterations occurring in the cytoskeleton as a result of 
post-mortem delay before conclusions can be drawn from the 
possible changes observed. Irving et al. (1997) investigated 
the post-mortem distribution of microtubule-associated pro- 
teins (MAP) in various regions of rat brain using immuno- 
histochemistry. They showed that each MAP underwent 
unique changes that were dependent both on post-mortem 
interval and the brain region examined. Following long post- 
mortem delays, some of the changes in these proteins were 
similar to those seen in rodent models of cerebral ischaemia. 
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Damage to the body from changes in external pressure usu- 
ally lies in the province of specialized occupational or 
armed services medicine, rather than that of the forensic 
pathologist. The major exception is recreational and sport- 
ing diving, using SCUBA (self-contained underwater 
breathing apparatus) equipment. When death occurs in 
such circumstances, however, though criminality is rarely a 
factor, there is usually some form of official enquiry, be it 
quasi-judicial or an internal investigation. Civil suits for 
compensation may arise and in these circumstances a 
forensic pathologist may well become involved as the expert 
witness providing the autopsy evidence. 

Injurious pressure effects are virtually always the result of a 
decrease in atmospheric pressure from a previous level. This 
can occur either from a decrease of high pressure to normal 
atmospheric pressure or a decrease from normal to a low pres- 
sure. An example of the first is the decompression of a diver 
ascending to the surface, whde the second is seen in depres- 
surization of an aircrafi at high altitude. The first is by far the 
most common as a source of injury and death, mainly because 
of the great increase in recent years of diving activity associ- 
ated with the offshore oil industry, which in Britain now 
forms the most dangerous type of commercial employment. 

Dysbarism is a term that covers all adverse effects of 
pressure, while barotrauma describes the mechanical dam- 
age from gas released into the tissues. 

In diving, each 10m depth of water increases the 
pressure on the body by one atmosphere - 101 kiloPascals 
(kPa) -so that, in a non-rigid diving suit, the air supply has 
to be provided at the appropriate pressure relative to the 
working depth. This depth depends on the equipment 
used and is limited by legal constraints - for example, in 
Britain, dives of more than 50 m (164 ft) are not permitted 
using a nitrogenloxygen mixture, a gas such as helium 
being mandatory. Similarly, surface decompression is only 
allowed at less than this depth of 50 m (164 ft). 

When air is supplied at increased pressure, the contained 
nitrogen (and, to a much lesser extent, carbon dioxide) will 
progressively dissolve in the plasma and tissue fluids, the 
amount being governed by Henry's law (the solubility of a gas 
in a liquid is proportional to its partial pressure). This itself 
can nitrogen narcosis, a state resembling drunken- 
ness in which orientation, judgement and rational behaviour 
may be diminished. This can occur at depths greater than 
30 m. A more physical danger, however, is when a diver who 
has been at high pressure for long enough to have appreciable 
nitrogen dissolved in his tissues is returned too quickly to 
normal atmospheric pressure. The dissolved gas will then 
come out of solution, almost as champagne effervesces when 
the cork is released. Gas bubbles appear in the circulation, tis- 
sues and joint cavities, and can cause 'decompression sickness' 
with a wide range of clinical signs and symptoms. 

Bubbles in the circulation can cause gas emboli that 
block small vessels and give rise to infarction, especially 
in the central nervous system, such as the spinal cord. In 
addition, such bubbles can interfere with the coagulation 
system, causing platelet aggregation and disseminated 
intravascular coagulation. Subcutaneous emphysema can 
appear as a result of gas under the skin. 

PHYSICAL DAMAGE 

When sudden, or too rapid, decompression occurs, there 
may also be physical damage from volume changes. The 
gas in body cavities expands markedly as the diver rises 
and, unless these can be progressively vented to the exterior, 
pressure effects from the contained gas will occur. Such 
effects may develop in the paranasal sinuses, if blocked, 
and even in the teeth, if small vacuoles of gas are trapped in 
the pulp cavities. The middle ear may also be involved and 
ruptures of the drum can occur. None of these lesions in 
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themselves is likely to be fatal, however, unless the pain and 
disability interfere with performance - then drowning is 
the usual cause of death. 

A more serious volume effect is in the thorax because, if 
the air in the lungs is not vented as the diver rises, the alveo- - 

lar walls may be ruptured by the gas pressure. This leads to 
interstitial emphysema - air bursting through the respira- 
tory membranes into the interalveolar, interlobular and 
interlobar septa. Bullae may appear on the pleural surface 
and, if these rupture, a pneumothorax is formed. Air may 
reach the mediastinum and track up the tissues to appear in 
the neck. Apart from a disabling pneumothorax, air can 
break into the lung capillaries and veins with the danger of 
air embolism to the left side of the heart, as it cannot move 
back down the pulmonary arteries. The filling of the left 
atrium and ventricle interrupts cardiac pump function and, 
if the volume is sufficient, can be fatal in itself. 

Even though this does not occur in most cases of air 
entry, smaller volumes will be swept into the systemic arter- 
ial circulation and impact in the arterioles and capillaries 
of target organs, especially the myocardium, spinal cord and 
brain, causing microinfarcts, haemorrhagic necrosis and 
loss of function of vital tissues. This pulmonary baro- 
trauma is not necessarily confined to deep diving, and may 
occur in only 2 or 3 m of water. 

Many incidents occur to sporting divers, rather than to 
professionals, in relatively shallow water. The SCUBA diver 
is now a ubiquitous user of the seas, especially in the 
warmer, clearer waters of many parts of the world. It is esti- 
mated that there are about 80 000 recreational divers in the 
UK who complete more than two million dives each year. 
In 1987 there were 600 000 dives, which produced 162 
incidents serious enough to be reported. Of these, 11 5 were 
of a 'medical' nature and included 8 deaths. There were 
6 instances of air embolism, 69 of decompression sickness, 
4 of hypothermia, 4 of nitrogen narcosis and 4 cases of ear 
damage. The incidence of medical incidents was 115000 
dives, with 1 death in every 75 000 dives. 

THE AUTOPSY IN DYSBARISM AND 
BAROTRAUMA DEATHS 

Many of the vast quantity of reports on this subject deal 
with the clinical effects. Most deaths associated with diving 
are caused by drowning, though dysbaric disablement may 
have caused or contributed to the drowning. The autopsy 
must be directed to investigating the drowning aspect 
(Chapter, 16), and to excluding or confirming any evidence 
of dysbarism or barotrauma. 

The autopsy should not begin until some expert advisers 
are present, including someone with detailed knowledge of 

the equipment. If the victim has died in hospital or in a 
decompression chamber, then obviously much original 
information will be lost, as no in situ examination of the 
suit and breaching apparatus is possible. In any event, as 
few forensic pathologists are likely to be expert in this spe- 
cialized field, every effort should be made to have the attend- 
ance of a naval or commercial person who is an authority 
on the equipment being used at the time of the death. 

It has been recommended that the autopsy itself should 
be conducted in a decompression chamber in order to pre- 
vent the post-mortem dissipation of gas that must take 
place if the body is brought into atmospheric pressure. This 
is hardly likely to be a practical procedure except where the 
autopsy takes place under the aegis of armed-service or spe- 
cialized commercial facilities, who have expert medical staff 
who are well versed in such procedures. 

However, it must be recognized that the very act of 
decompression is likely to allow bubbles to form within the 
body, even if they were not there when death took place. 
This is an insurmountable difficulty for the pathologist 
unless, as just mentioned, the autopsy itself can be per- 
formed under pressure. Thus the finding of gas in the ves- 
sels and tissues has to be interpreted in the knowledge that 
they may be an artefact; part of the differentiation is quan- 
titative, as a mass of froth distending the heart is unlikely to 
have accumulated post-mortem merely from the static fluid 
and tissues in the immediate vicinity, and is therefore more 
likely to have been brought there to form an 'airlock' by a 
vital circulation. 

The autopsy should not begin - nor the body be 
undressed - until all necessary examination is made of the 
diving apparatus by an expert. Full photography at every 
stage, and radiology of the chest and major joints is essential 
before any dissection is attempted. It has been recommended 
that air samples should be taken by external lung puncture 
using a greased syringe so that chemical analysis can be per- 
formed to determine the 0xygen:nitrogen ratio. This should 
only be performed under expert guidance. Externally, atten- 
tion should be paid to the skin colour, as hypothermia is 
sometimes an associated hazard of diving. Unfortunately, 
many bodies recovered from water have a bright pink colour 
that may be post-mortem in origin, much as refrigerated 
bodies often have a pink hue. Red linear marks may be seen 
in those who have suffered 'squeezes' inside a neoprene dry- 
suit when the external pressure has become excessive. 
Crepitance of the skin - usually of the head, neck and thorax - 
is an indication of barotrauma. The eardrums should be 
examined with an otoscope to detect any recent ruptures. 

The brain should be removed before opening the body 
cavities, using a special technique to detect air in the cere- 
bral arteries. Artery forceps should be placed on the middle 
cerebral, basilar and vertebral arteries before they are cut 
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through; the brain should then be placed under water and 
the clamps removed to observe whether air bubbles escape 
from the cut ends of the vessels. The detection of air bub- 
bles in the cerebral veins is of no significance, always being 
an artefact, as it is impossible to remove the calvarium 
without aspirating some air into the pial vessels. In any 
case, there is no way in which air in the arterial side of the 
cerebral circulation can penetrate the brain capillaries in 
sufficient volume to be visible in the cortical veins. 

In the central nervous system, petechial haemorrhages 
may be seen in any part of the system, including the spinal 
cord. If the victim survives for a day or more, early infarcts 
may be seen. Histologically, ring-shaped haemorrhages 
around vessels may be seen in the white matter. In long- 
term survivors, living for some weeks, softening of the lat- 
cia and doisd co!umcs of :he thcracic spicd ccrd may be 
seen if air emboli have impacted there. 

Subcutaneous, mediastinal, retroperitoneal and sub- 
pleural emphysema must be sought. In the lungs, rupture 
of alveolar membranes allows air to track through the inter- 
stices from where it either enters the circulation or reaches 
the periphery of the lung to form subpleural bullae, or 
both. It can cross to the other lung via the hilum; in add- 
ition, local bronchial stenosis may trap air in a single lobe, 
causing a local distension. 

The chest should be examined for pneumothorax, first 
by radiology and then by puncturing an intercostal space 
under a pool of water held in the lateral skin flap. Similarly, 
the heart should be examined radiologically for the pres- 
ence of bubbles. If the air has emerged from the general 
tissue mass, it will have been conducted centrally by the 
venous drainage and so more air will be found in the right 
chambers than in the left side of the heart. If lung damage 
has occurred, then entry into the pulmonary venous system 
will bring it to the left side. It is hardly worth attempting to 
open the heart under a pericardium full of water, as froth 
in the chambers will be readily apparent if in sufficient 
volume to have caused death. Some authorities, however, 
advocate placing clamps on all the major thoracic vessels 
and the trachea before removing the thoracic pluck of 
organs. This is then placed under water and the clamps. 
released to see if and from where air bubbles emerge. 

Histologically, there are no particularly specific changes 
in spite of some claims. Lipoid-containing tissues, such as 
adipose tissue and adrenal cortex, may show microbubbles 
with a foamy appearance. There may be fatty change in the 
liver, possibly from air emboli. In lungs in which baro- 
trauma has taken place, oedema, patchy haemorrhage, torn 
alveoli and focal emphysema confirm the macroscopic 
findings. The myocardium may show small foci of necrosis. 

Fat embolism may occur, both in post-descent shock and 
in decompression in both water and high altitude. Not 

only fat, but cellular bone marrow may be found in target 
organs such as lung, myocardium, brain and kidney. There 
is controversy over the origin of fat emboli in decompres- 
sion states, some claiming that it is caused by air-bubble 
disruption of fat depot tissues, while others favour a more 
complex genesis involving a redistribution of blood lipids, 
inter-relating with fibrin production and disseminated 
intravascular coagulation. 
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Virtually all forensic pathologists deal not only with criminal, 
suspicious, accidental and suicidal deaths, but with a wide 
range of deaths from natural causes. Many of these are sud- 
den, unexpected, clinically unexplained or otherwise obscure, 
even though there need be no unnatural element in their 
causation. 

It is good that such a large substrate of natural deaths is 
available to most forensic pathologists: the situation where 
they deal exclusively with trauma and crime is professionally 
unhealthy, as they become progressively more out of touch 

- - 

with morbid anatomy, and lose daily contact with disease 
processes and uninjured tissues and organs. Involvement 
with natural death means frequent professional intercourse 
with clinicians and non-forensic pathologists, with all the 
consequent benefits of cross-fertilization of knowledge and 
ideas. To work in a totally forensic vacuum is to lose touch 
with pathological and clinical reality, which is essential for a 
medico-legal expert to retain a sense of proportion and an 
awareness of contemporary medical advances. 

Another indispensable benefit of sustained experience in 
natural disease is the fact that some of the most difficult 

problems in criminal and litigious cases arise not out of 
gross, rapidly fatal, trauma, but in deaths where concurrent 
natural disease or complications after trauma lead to a fatal 
outcome. The assaulted victim that dies later from a stroke 
or the negligent minor accident that has a fatal pulmonary 
embolism - these can pose far greater difficulties over caus- 
ation than a gunshot wound or a stabbing. 

In this chapter no attempt is made to duplicate the 
detailed descriptions of disease processes provided in a 
score of illustrious textbooks of pathology, but a survey will 
be offered of the spectrum of causes of sudden or unex- 
pected death as commonly encountered by forensic and 
'coroner's' pathologists. 

SUDDEN. OR UNEXPECTED 
DEATHS 

The definition of a sudden death varies according to author- 
ity and convention. The World Health Organization defin- . 

ition is of death within 24 hours from the onset of 
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symptoms, but this is much too long for many clinicians and 
pathologists; some will only accept death within one hour 
from the onset of illness. We have to also bear in mind that a 
death may appear sudden and unexpected to an outsider but 
need not have been so from the point of the pathological 
disease process. The deceased may have been symptomless 
and utterly unaware of his chronic disease or he may have 
had symptoms but interpreted them as harmless. Also, fear, 
lack of human contact or his own disposition may have pre- 
vented him mentioning symptoms to anyone, including a 
doctor. 

In many jurisdictions, deaths may only be certified by an 
attending physician if he has seen the patient recently and is 
satisfied that the death was caused by a potentially lethal dis- 
ease from which he was aware the patient suffered. The fact 
that, without autopsy, this physician is wrong in his belief in 
between 25 and 50 per cent of cases cannot concern us at the 
moment, but the relevance is that, where a clinical doctor 
cannot so certify, the death is usually reported for medico- 
legal investigation. In many countries such notifications 
form by far the largest proportion of medico-legal autopsies, 
and in England and Wales they account for some 80 per cent 
of coroner's autopsies, the remainder being suicide, accident 
and homicide. 

The description 'sudden' or 'unexpected' is not always 
accurate, as 'unexplained' is an equally common reason for 
medico-legal investigation. Here the clinician is unable to 
offer a cause for the death, though the patient was under 
medical care. Even after autopsy, the cause of death may still 
not be revealed and this problem of the obscure autopsy is 
discussed elsewhere. 

In sudden death, the immediate cause is almost always to 
be found in the cardiovascular system, even though topo- 
graphically the lesion is not in the heart or great vessels. 
Massive cerebral haemorrhage, subarachnoid bleeding, rup- 
tured ectopic pregnancy, haemoptysis, haematemesis and 
pulmonary embolism, for example, join with heart disease 
and aortic aneurysms to contribute most of the vascular sys- 
tem reasons for sudden, unexpected death. 

SUDDEN DEATH FROM 
CARDIAC DISEASE 

Ischaemic heart disease is easily the most common cause of 
sudden death in Western nations. The term is employed 
rather loosely and inaccurately, often being used as if it was 
synonymous with 'coronary atherosclerosis'. Certainly the 
latter is the largest contributor to ischaemic heart disease, 
but not to the exclusion of other conditions. 

As a hrther complication of nomenclature, 'coronary 
atherosclerosis' or 'coronary atheroma' is the proper title of 

the common degenerative disease that causes most deaths, 
but the term 'coronary artery disease' is so ingrained into pop- 
ular usage that it is accepted as synonymous with coronary 
atherosclerosis, even though there are other coronary diseases. 

Ischaemic heart disease comprises: 

coronary atherosclerosis 
El hypertensive heart disease 
@ aortic valve disease 

anomalies of the coronary circulation 
53 other coronary artery diseases, such as polyarteritis 

cardiomyopathic enlargement 
B some congenital heart disease. 

CORONARY ATHEROSCLEROSIS 

Sometimes called 'the Captain of the Men of Death', this is 
certainly the most frequent cause of sudden death in Western 
societies. The basic mechanism is stenosis or occlusion of one 
or more major branches of the coronary arteries by athero- 
matous lesions, or one of the complications of such a lesion. 
The severity of stenosis before death occurs is debatable: car- 
diac pathologists claim that at least 80 per cent of the normal 
lumen must be lost before myocardial necrosis occurs. Most 
forensic pathologists would admit to blaming coronary 
atheroma for death in autopsies where a significantly smaller 
percentage of the lumen w d  lost, when the symptomatology 
and circumstances were strongly suggestive. Areas of myo- 
cardial fibrosis and - rarely - even recent infarcts, may be 
seen in the presence of relatively small degrees of coronary 
atheroma. Part of the problem lies in quantifying the 
amount of stenosis at autopsy. Because of the empty vessels 
lacking the normal intraluminal blood pressure, the walls are 
lax, collapsed and unstretched. During life, the same lumen 
will be larger and only fixation at arterial pressure will retain 
a semblance of the original size. The pathologist sees all cor- 
onary arteries in the dead state, however, so the relative 
degree of stenosis is still a reliable observation, as both normal 
and diseased vcssels can be compared, even if their absolute 
luminal size is incorrect. 

Coronary atheroma may be focal, with irregular plaques 
that vary both in size and in stenosing effect from place to 
place. They may be few and localized, with a virtually nor- 
mal lumen in the rest of the system. This means that every 
part of the major vessels must be examined at autopsy, with 
transverse cuts at no more than 3 mm intervals. It is unjusti- 
fiable to make a few cuts at wide intervals and claim that this 
provides a reliable estimate of the state of the coronary sys- 
tem. A coronary artery is like a chain - just as the latter is 
only as good as its weakest link, so a vessel is only as good as 
its narrowest point. 
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Two cuts, if even half a centimetre apart, may pass either 
side of a grossly stenosing plaque or a thrombus. Opening 
the vessels lengthwise obviates chis danger, but this is out- 
weighed by the disadvantage of not being able to measure 
accurately the degree of stenosis by making frequent cross- 
cuts. A compromise is the best answer to this dilemma, as 
described in Chapter 1. 

Plaques are often eccentric, leaving a crescentic residual 
lumen, but another variety of coronary atheroma is a more 
diffuse lesion, where the vessel is concentrically narrowed by 
a more longitudinal degeneration, forming a tube-like seg- 
ment with a narrow, sometimes 'pin-hole' central lumen. 
The author (BK) has the impression that this is more com- 
mon in younger victims and that such lesions seem less 
likely to be ulcerated and calcified. Both types of lesion are 
often failiid in the same pa:iefi: and there is pres~m.~b!y no 
fundamental difference in their pathogenesis. 

Complications in coronary atheromatous 
lesions 

ULCERATED PLAQUES 

The simple endbthelial thickening develops to involve the 
media and usually becomes infiltrated with lipids. Whilst 
the covering endothelium remains intact, the danger to life 
is confined to the luminal reduction from the bulge of the 
enlarging plaque. When the fibroendothelial cap begins to 
break down under the pressure and erosion of the central 
necrosing process, the plaque may rupture into the lumen. 
This has several consequences, which may precipitate acute 
symptoms or even death. 

First, a large plaque may suddenly disgorge its pultaceous 
contents into the lumen. This can mechanically block the 
vessel or seriously stenose it. Thrombosis may be precipitated 
at that spot by the slowed blood flow plus thrombogenic tis- 
sue elements. The cap of the plaque may be projected across 
the lumen, forming a sudden and perhaps complete occlu- 
sion. This will be more dangerous if the open end of the rup- 
tured plaque faces 'upstream' into the direction of the blood 
flow, so that the intimal cap is lifted up, causing a valve-like 
obstruction. When the blood flow sweeps across the cap in 
the opposite direction, the cap will not be displaced, though 
the soft, grumous contents of the plaque will be washed 
downstream. Sometimes the flap can be seen in histological 
sections, though it is difficult to know if this is a processing 
artefact. It is best demonstrated directly at autopsy, when two 
cuts are joined longitudinally and the intima examined with 
a lens or low-power microscope. 

The contents of the plaque may be washed downstream 
by the blood flow, eventually impacting in small branches 
and occluding them. These can be seen histologically using 

lipid stains and the multiple small infarcts that often ensue 
can be seen either in classical histological sections or, more 
readily, by enzyme or fluorescent techniques. They are prob- 
ably responsible for many of the small fibrotic areas com- 
monly seen in the myocardia of sufferers from long-standing 
coronary disease. 

HAEMORRHAGE 

Haemorrhage often occurs within an atheromatous plaque, 
usually into the softened, necrotic centre. This 'subintimal 
haemorrhage' may give rise to a sudden reduction in the 
blood-carrying capacity of a coronary artery and cause sud- 
den death. The source of the bleeding is somewhat contro- 
versial, but the best explanation is that it comes from rupture 
of s d !  b!aod vesse!s in the periphery of  a plaque. A normal 
coronary artery does not have a blood supply to the intima 

- - 

but, in the disorganization frequently associated with the dis- 
torted microanatomy of a diseased coronary artery, such ves- 
sels may lie within the intima and be eroded by extension of 
the degenerative process. 

Haemorrhages, both fresh and old, can often be demon- 
strated in histological sections of atheromatous plaques. It is 
reasonable to presume that such a bleed may be precipitated 
by some sudden rise in blood pressure from exertion or emo- 
tion, though, if a vessel is sufficiently eroded by atheroma, 
such a precipitation is not strictly necessary for such an event 
to take place. 

The sudden release of blood into an atheromatous lesion 
can rapidly enlarge it and may raise the cap of the plaque 
towards the other side of the already stenosed lumen. It may 
even rupture the plaque: some subintimal haemorrhages may 
track circumferentially, causing a 'minidissection'. Subintimal 
haemorrhage as a factor in acute coronary occlusion was 
investigated many years ago by Patterson (1938), who 
believed that they played a major part in coronary throm- 
bosis. In the same year, Wartmann demonstrated occlusion 
by subintimal haemorrhage without rupture of the overlying 
intima. Though English and Williams (1943) doubted if 
haemorrhage could compress the lumen against arterial pres- 
sure, other authors, including Davies and Pornerance (1975) 
believe that the haemodynamics within the coronary vessels 
are such that the pressure varies markedly from place to 
place, and that there may even be a contributing factor to 
subintimal haemorrhage by a suction effect in certain condi- 
tions. Other authors, such as Drury (1954), consider that the 
blood within the plaque is not caused by haemorrhage from 
mural vessels, bur from blood percolating from the lumen of 
the coronary artery at the time of rupture of a plaque. This 
seems a minority opinion, however, as many haemorrhages 
can be seen (some older ones containing haemosiderin) 
within plaques which have a perfectly intact overlying intirna. 
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Whatever the precise origin of the blood, it is clear that subin- 
timal haemorrhage is a potent factor in rapidly reducing the 
available lumen of a coronary artery - and sometimes precipi- 
tating thrombosis by further stretching and damaging the 
overlying intimal cap. 

CORONARY THROMBOSIS 

The atheromatous plaque may not undergo these more dra- 
matic changes, but progressive internal necrosis may erode 
the luminal surface and expose the fibrofatty contents. This 
loss of normal covering endothelium then forms a nidus for 
thrombus formation, which may gradually accrete in layers 
so further reducing the lumen or even occluding it, especially 
if a combination of lesions causes the plaque to expand at the 
same time as roughening the surface. Thus mural thrombus 
may completely block or severely narrow the residual lumen, 
with d the consequences of reduced blood flow to the distal 
myocardium. 

A narrow lumen is by no means.essential to the formation 
of thrombosis, as it may occur in the abnormally wide, virtu- 
ally aneurysmal, coronary arteries sometimes seen in aged 
people. The lumen may be up to a centimetre wide yet be 
firmly thrombosed, presumably solely because of damage to 
the intima. Thrombosis often occurs in recanalized vessels, 
secondary thrombosis taking place after organization and 
re-establishment of a lumen through the previous block. 
Multiple coronary thromboses are by no means unusual. 
Many are post-infarct, the original thrombus causing myocar- 
dial necrosis and the resulting stasis in circulation, together 
with the thrombogenic effect of tissue damage leading to 
sluggish flow of readily coagulable blood. 

It has also been noted that coronary thrombosis may be 
accompanied by thrombotic lesions elsewhere in the body. 
For example, a coronary thrombosis may be followed by a 
pulmonary embolus from thrombosed leg vein - and the 
converse may also occur in non-fatal pulmonary embolism. 
The coagulability of the blood, together with circulatory 
stasis, aided by immobility in bed, are obvious factors. 

SITES OF CORONARY STENOSIS 
AND OCCLUSION 

The whole length of the coronary arterial system is not uni- 
formly vulnerable to atheromatous lesions. First, the major 
trunks are most affected where they lie subepicardial~~, 
often in the fatty surface tissue. Once the arteries dip down 
into the myocardium, these more distal intramuscular 
branches become much less prone to significant atheroma, 
especially of the grumous, degenerative type, though 
intimal thickening may still be seen. 

Second, there are sites of predilection in the three major 
arteries. The most common site of occlusion is in the first 
2 cm of the anterior descending branch of the left coronary 
artery, which is more frequent than in the common trunk. 
The next most frequent site is in the right coronary artery, 
but here the thrombosis is more distal than in the left vessel, 
usually seen as the vessel courses around the right margin of 
the heart in the atrioventricular groove part-way between 
aorta and the beginning of the posterior descending branch. 

The third most common place is the proximal part of the 
left circumflex artery, soon after the bifurcation from the 
common trunk. The latter is then the next most frequent 
site, in the short segment (sometimes absent) between the 
aorta and the birfucation into descending and circumflex 
branches. At autopsy, it is always necessary to transect the 
proximal part of both coronary arteries right up to the cor- 
onary ostia, as occlusion can sometimes be present in the first 
few millimetres. 

MYOCARDIAL INFARCTION 

There is a different emphasis laid upon myocardial infarction 
by the forensic pathologist and by the clinician. To the latter, 
the clinical signs of chest pain and shock mean an infarct and 
certainly, a much higher proportion of patients who reach 
hospital beds do have myocardial infarcts compared with 
those who are taken straight to the mortuary. Recently the 
Joint European Society of CardiologylAmerican College of 
Cardiology Committee for the Redefinition of Myocardial 
Infarction produced a consensus document examining the 
scientific and societal implications of a new definition for 
myocardial infarction from seven points of view: pathology, 
biochemistry, electrocardiography, imaging, clinical trials, 
epidemiology and public policy. 

In the pathology of sudden death, overt infarcts are the 
exception, rather than the rule. The incidence in autopsy 
material from sudden deaths varies considerably, partly 
because of the different methods of demonstrating the 
muscle necrosis, but spealung of obvious naked-eye infarcts, 
the author (BK) would estimate that, in his material consid- 
erably less than a quarter of deaths attributable to coronary 
atherosclerotic disease have myocardial infarction. In Finnish 
autopsy material of the author (PS) the 5-year average 
(1987-1991) of infarcts among deaths due to coronary 
atherosclerotic disease was 13.5 per cent. The relevance of 
this observation in relation to the mechanism of sudden 
cardiac death is discussed later. 

Almost all myocardial infarcts are caused by atheromatous 
lesions and their complications. A few are the result of other 
types of coronary obstruction, such as polyarteritis, other 
vasculitides, embolism of various types, ostial occlusion by 
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syphilis, severe aortic stenosis, some congenital anomalies of 
the coronary arteries or great vessels, dissecting aneurysms at 
the aortic root, and tumour or sarcoidosis affecting the cor- 
onary vessels. 

Most infarcts are caused by super-added coronary throm- 
bosis, but even this statement needs further analysis. A pro- 
portion of infarcts have no demonstrable thrombus in the 
supplying vessel, but this proportion can be reduced by a 
more careful search. There is no doubt, however, that muscle 
necrosis can follow severe narrowing of the supplying vessel 
by subintimal haemorrhage, a ruptured plaque or simple 
severe stenosis from atheroma. In addition, grumous debris 
from a ruptured plaque can produce embolic occlusions with 
'microinfarcts' in the distal myocardium. The fact that some 
thromboses are post-infarct has already been mentioned. 

It is said that the original lumen must be reduced to 
20 per cent or less before the ischaemia in the distribution zone 
is sufficient to cause myocardial necrosis. Most pathologists 
with considerable experience of sudden death autopsies will, 
however, have numerous experiences of undoubted infarc- 
tion in the absence of an 80 per cent stenosis. The ernbar- 
rassing situation occasionally occurs where an infarct exists 
with virtually normal coronary arteries. 

The contrary is much more common: the finding of 
complete thrombosis of a major vessel with no sign of 
infarction. In this case, either an effective collateral circula- 
tion provided an alternative blood supply - or the victim 
died before signs of infarction had time to develop. 

There are several types of myocardial infarct recognizable 
at autopsy: 

A laminar infarct in which the subendocardial region 
of much - or even all - of the left ventricle is involved, 
sometimes extending through half or more of the 
thickness of the wall. This is due to a reduction in 
perfusion pressure to the inner zones, as all the coronary 
supply comes from the epicardial surface. Laminar 
infarcts are the result of generalized stenosis in the major 
branches of the coronary vessels, but there is usually a 
second factor, in that a drop in blood pressure or the 
oxygenation of the blood compromises the already poor 
supply so that the outer zones of the ventricular wall 
consume the available oxygen and nutrients, leaving 
little for the inner zone. This is discussed further under 
hypertension and aortic stenosis. 
A regional or focal infarct is more common in pure 
coronary artery disease, and is caused by a localized 
occlusion or severe stenosis in a coronary artery. These are 
true myocardial infarcts, as the definition of an infarct 
requires occlusion of the vascular supply, which strictly 
excludes some laminar infarcts when perfusion pressure 
or relative insufficiency is caused by hypertension, or 

aortic valve disease. The regional infarct is a topograph- 
i d y  demarcated zone of muscle necrosis, the size and 
position depending on the site of vascular occlusion, 
though any collateral supply may modify these. Almost 
all infarcts are in the left ventricle. Wartmann and 
Hellerstein (1948) found that between 6 and 9 per cent 
involved the right ventricle and that 7 per cent involved 
the atria, though Gushing's (1942) figure was 17 per cent 
for atria. Most of these infarcts, however, were 
overlapping from infarcts in the left ventricle. 

The relative immunity of the right ventricle and atria is 
presumably because of the relatively thin walls, which do not 
require so much blood, do not have the perfusion gradient of 
the thick left ventricle and which can more easily obtain oxy- 
gen and other constituents from the blood in the lumen of 
the ventricie. The presence of a conus artery, smaii branches 
to foci, such as to the sinus node, and the presence of anasto- 
motic channels between the left circumflex and right cor- 
onary arteries must all contribute to the better survival of 
these areas. The site of a left ventricular infarct does not 
always correspond strictly to the site of the coronary occlu- 
sion or thrombus because of the presence of a collateral 
circulation. 

It was also shown by Wartmann and Souders (1950) that 
many infarcts involve only certain layers of muscle, which 
cannot be supplied by a particular vessel. There is obviously 
no simple explanation for the topography of a myocardial 
infarct - this is further confirmed by the patchy nature of 
myocardial damage on microscopic study, as the alternate 
necrosis and survival of adjacent fibres or even segments 
of the same fibre cannot be explained solely by coronary 
perfusion. 

The autopsy diagnosis of early 
myocardial injury and infarction 
The autopsy demonstration of an acute lesion in the heart, 
such as an early myocardial infarct, can have profound 
medico-legal implications. In a fatal traffic accident, or 
even rail or air crash, the proof of an acute disabling 
myocardial lesion in the driver may be vital in the investi- 
gation of the event and the apportionment of legal liability. 
In potentially criminal deaths, the presence of a recent 
infarct again may be relevant in causation or as a contribu- 
tion to the death. It is thus important to make a full histo- 
logical 'search for evidence of myocardial fibre damage, 
using all the methods available, including histochemical 
and fluorescent techniques. 

The macroscopic appearances of myocardial infarction are 
described with a considerable lack of uniformity in most 
pathology texts, partly because of the varying ages of infarct 



that the authors depict. The age of an infarct is notoriously 
difficult to establish in the human, as the onset of clinical 
symptoms, however dramatically abrupt, are often much 
later than the onset of the pathological lesion precipitated by 
a coronary occlusion. In animal experiments, a coronary ves- 
sel can be ligated at zero time and serial sacrifices made at dif- 
ferent intervals to gain an accurate estimate of the age of the 
infarct. 

In the human, the time of chest pain and shock cannot be 
used in a similar fashion. When a victim of coronary disease 
dies say, 8 hours after the onset of acute symptoms, though 
one might expect an early infarct to be visible histologically 
or histochemically, not infrequently a demarcated yellow or 
tigroid area of necrosis is present, which must be several days 
old. The following appearances are typical of the stages of 
myocardial infarction, though marked divergences from this 
time scale are not uncommon: 

For the first 12-18 or even 24 hours, no definite naked- 
eye changes are visible. The first sign towards the end of 
this variable period is oedema of the affected area of 
muscles, which causes pallor as the swollen fibres squeeze 
the blood from the vessels that lie between them. The 
normal moist lustre of the cut surface becomes more 
granular and dull when. cut by a sharp knife. Caution 
must be used with this feature, because if the scissors are 
used to cut even normal muscle, the crushed edges of 
the fibres will give a similar dry, matt appearance. 

El From about the end of the first day progressively 
through the second and third, the area becomes better 
demarcated and turns yellow. With breakdown of the 
myocytes, streaks of red appear, being both dilated 
vascular channels and areas of interfibre haemorrhage. 
This gives a 'tigroid' appearance suggestive of tiger stripes 
across the area, though sometimes the yellow element is 
virtually uniform or the red streaks may fade after a few 
days. 

Demarcation becomes more sharply apparent and 
there may be a red zone in the less damaged muscle 
around the periphery. The size of the infarct depends on 
the means with which it is visualized; the naked-eye size 
is less than the area detectable by classical histology and 
this in turn is smaller than that demonstrable by enzyme . . 

studies, where the more peripheral fibres are sick but 
potentially recoverable. 
Afier a few days, progressing through weeks, the infarct 
becomes softer and more friable, justifying the old 
name 'myomalacia cordis'. It is at this stage, from about 
the second or third day onwards, that ruptures occur 
into the pericardial sac. Some pathology textbooks are 
in error in stating that such cardiac rupture occurs in 
early infarcts. 

Myocardial infarction 
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3 From the third week and later, the centre of the infarct 
becomes gelatinous, the colour fading to a translucent 
grey that often subsides below the level of the cut 
surface. This rather mucoid stage may still have old 
haemorrhag within it, but the stage of healing slowly 
develops and, during the next month or two, depending 
upon the size of the infarct, fibrosis replaces the dead 
muscle to form a scar. Even after this stage, there is 
often a narrow zone around the young fibrous tissue 
that shows muscle necrosis, though special staining or 
enzyme techniques may be needed to demonstrate this. 

The laminar infarct goes through the same cycle of 
changes, but this is often less intense. Eventual fibrosis may 
be widespread but remains thin, often subendocardial, espe- 
cially on the left ventricular aspect of the interventricular 
septum where a wide glistening sheet may obscure the 
underlying muscle. The apex also may show widespread 
fibrosis and all muscle may be replaced in this region, some- 
times leading to a cardiac aneurysm on the free wall. Infarcts 
may be transmural, extending from epicardium to endo- 
cardium, or they may be confined to the inner zone. It is 
almost impossible to have an infarcted area confined to the 
outer subepicardial zone because of the topography of the 
coronary supply. The papillary muscles are usually involved, 
being particularly vulnerable to ischaemia as they are at the 
end of the line of coronary supply. The central part of the 
muscle may necrose and even rupture. Infarction usually 
spares the immediate subendocardial zone, the three or four 
most superficial layers of fibres surviving, wen though they 
may show ischaemic damage. They presumably receive 
enough oxygen and nutrients from the ventricular blood to 
survive, though this does not seem to prevent deposition of 
mural thrombus over the infarcted area. 

Microscopical appearances of 
myocardial injury and infarction 

There are a vast number of publications on this subject 
dealing with morphological changes, classical histological 
methods, enzyme histochemistry, fluorescent studies, 
immunohistochemical methods and transmission and 
scanning electron microscopy. Only a brief summary can 
be offered here, though some of the methods of detecting 
very early infarction are detailed in Appendix 1. 

MORPHOLOGICAL CHANGES 

There is marked variation from case to case, just as in the 
gross appearances. The same difficulties exist about assessing 
the time of onset and hence the age of the infarct. This may 
sometimes have considerable medico-legal importance, 



25: The pathology of sudden death 

FIGURE 25.1 Enzyme histochemistry of early myocardial damage. 
Th*.phot,-rnkr~pph :box :,r,-ng:xcina.at,- dz,I-,h=enaze I &  rearticn 
in the myojbres adjacent to the endocardium and moderate decrease 

of reaction elrewhere suggesting early injury. (Original 

magnification X 100.) 

F I G ~ ~  25.2 Fresh myocardial infarction with P-hydroybutyrate 
debydrogenase staining showing positive reaction in the myofibres 
adjacent to a larger vessel seen above as an empty space. The lower 
part of the picture show: infarcted myojibres with some lipofjsrin 

but no enzyme reaction. (Original magnifcation X 160.) 

especially when cardiac disease may have caused a traffic or 
other transportation accident - and is sometimes relevant in 
criminal circumstances. In animal experiments, changes in 
myocardial fibres become apparent within 30 seconds of 
coronary ligation, the first change being a loss of glycogen as 
the cell shifrs from aerobic to anaerobic respiration. This can- 
not be observed in human material, for obvious reasons. The 
first observable change is subjective and different pathologists 
given the same material will offer different opinions on 
whether or not ischaemic damage is visible. Some of the earli- 
est changes are mimicked by autolysis, especially granularity 
of the cytoplasm. The infarcted area becomes swollen, so that 

FIGURE 25.3 Contraction band in myocardium. (HE, original 
rna6gn$caticn Y '00 

the interfibre clefts become obliterated, and the overall 
appearance is pinker and more solid in routine sections. Care 
must be taken to assess sections of uniform thickness, as 
material from other laboratories may not conform to the 
observer's usual quality. Along with swelling, the cytoplasm 
becomes granular, the 'cloudy swelling' of the old texts. 

Early morphological changes seen in light microscopy 
are unspecific: interstitial oedema, congestion and small 
haemorrhages. An overstretching of myofibres with a sar- 
comere length of about 2.5 1 prn is possible only when the 
fibre is injured. In experimental infarction in the rat and 
the dog sarcomere, overstretching has been observed 
15 minutes after coronary ligation. Cellular infiltration is 
variable and neutrophil infiltration is seen in most infarcts 
during the first few days being replaced by a mononuclear 
response within a week or so. 

Contraction bands, known also as myofibrillar degener- 
ation, and coagulative myocytolysis, are commonly described 
in connection with different pathological conditions. The 
change signifies irreversible myocyte injury. Contraction 
bands are irregular, dense and in haematoxylin and eosin 
(HE) .staining eosinophilic transverse bands alternate with 
lighter staining granular zones in the myocyte, possibly firstly 
described by Smith (1904) in the periphery of myocardial 
infarction. These lesions have been observed in various forms 
of experimental heart muscle injury and have been also seen, 
e.g. in association with potassium deficiency, magnesium 
deficiency, in cases of malignant hyperthermia, in the hearts 
of drug addicts and in cases of sudden cardiac death. 

They may also be seen after blunt trauma to the chest or 
even cardiopulmonary resuscitation, both where mechanical 
massage has been applied and especially where cardiac stim- 
ulants like noradrenaline have been injected. In fact, cat- 
echolamines seem able to cause this fibre disruption, which 
may also appear during electrocution and other conditions 
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FIGURE 25.4 Contraction band in fiesh myocardial infarction. 
(PTAH, original magnification X250.) 

of cardiac stress. In sections stained with haematoxylin and 
eosin, pale areas in the fibre are common as a result of fibro- 
cytolysis and the sarcolemma is often seen to be deficient at 
these sites. Although the change signifies fresh and irre- 
versible myocyte injury and is more frequently observed in 
cardiac deaths, it is not specific to the cardiac death. 

Contraction bands are best seen by phosphotungstic acid 
haematoxylin stain and all myocardial sections should be 
stained in this way as well as - or even in preference to - 
haematoxylin and eosin. Pho~photun~stic acid haematoxylin 
stain does not reveal ischaemic damage at an earlier stage, but 
tenders it far more obvious. Large areas can be scanned under 
low power of the microscope and the danger of missing 
abnormal areas is far less than with haematoxylin and eosin. 
The striations become distorted and break up, forming either 
a general 'sandy' appearance or the striking 'contraction 
bands' where fragmentation occurs in transverse lines across 
the fibre. The contractile material aggregates into thicker, 
darker masses, sometimes like 'Chinese writing', at first 
within an intact sarcolemma, but later the cell membrane 
ruptures and the basophilic contents scatter extracellularly. 

Zonal lesions occur as a region of supercontraction of 
myocytes at the intercalated discs. These lesions have been 
observed both in the dog and in humans after haemorrhagic 
shock and the changes have been considered ubiquitous in 
and pathognomonic for hypovolaemic shock. These possibly 
reversible changes have been observed in experimentally 
induced shock in animals 15 minutes afier the induction. 
The presence of catecholamines is also considered necessary. 

Fragmentation of myocardial fibres is, at least to some 
extent, practically always present in adult hearts and more 
frequently in the wall of the left ventricle. Although it has 
generally been associated with post-mortem changes, it has 
also been shown to be more frequently seen in myocardial 
samples from sudden cardiac death victims. Early injury 

FIGURE 25.5 Zonal lesions in haemorrhagic shock (HE). 

FIGURE 25.6 Fragmentation of myocardialfibres. (HE, original 
magnifiration X 250.) 

possibly increases the brittleness of myocardium, resulting in 
increased fragmentation of myofibres after the f ~ a t i o n  and 
cutting process. This phenomenon has, however, no value as 
a positive marker of myocardial injury. 
Waviness of fibres was noted by Glogner (1903), who 

saw corkscrew-shaped myofibres in the heart and skeletal 
muscle in some cases of beri-beri. Similar patchy deform- 
ation of myofibres in a wavelike fashion was seen in associ- 
ation with fatry degeneration of the myocardium and in early 
and also more advanced human myocardial infarction. Both 
in cardiac deaths and non-cardiac deaths it can be observed 
more frequently in the wall of the right ventricle. It has no 
diagnostic significance as to the cause of death and it signifies 
only agonal injury. 

LATER STAGES 

The later stage of infarction follows the 18-24-hour period 
and, as by now macroscopic changes will be apparent, the 
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histology is merely a confirmatory procedure. Even here, there 
is great variation in appearances, especially in cellular infiltra- 
tion. There is a progressive degeneration of the fibres, best seen 
in longitudinal section. Eosinophiia becomes stronger for a 
time until the internal,architecture breaks down. The cellular 
oedema subsides and intedibre oedema takes over, separating 
the myofibres, a process that becomes more marked as the lat- 
ter shrink and fragment. 
Loss of nuclei is not an early phenomenon but, by the sec- 

ond to fourth days, the nuclei become hollow, shadowy and 
eventually ghost-like, though nuclear remnants can sometimes 
still be seen in completely necrotic infarcts. Cellular infiltra- 
tion is variable and sometimes does not occur at all, again in 
contradiction to the established descriptions in most text- 
books. In general, however, there is a neutrophil infiltration in 
mnw infarm* rlrxLng the finr few da)ls, which subsides gad- - - - - - - - - -- - - - - 
ually and is replaced by a mononudear response w i t h  a week 
or so. These are mainly macrophages clearing up the debris 
and fibroblasts coming in to lay down new collagen during 
repair. 

By the end of the first week, disintegration of muscle fibres 
is well under way, and new capillaries and fibroblasts are 
appearing, though there are many exceptions to this timetable. 
In general, infarcts are older than most observers think, so that 
their age is usually underestimated. By the fourth week, 
depending upon the total size of the infarct - early fibrosis is 
evident but still with lacunae of necrotic, unrepaired muscle, 
which heals unevenly and slowly. From this point on there is a 
variable population of cells, leucocytes diminishing in favour 
of fibroblasts, macrophages and new vessels. 

It is difficult, if not impossible, to date such an infarct 
even within weeks, and different parts of the same infarct 
may show quite different appearances. Only when sufficient 
time has elapsed for all the lesions to catch up with the end 
stages of firm fibrosis can one say that probably a minimum 
of about 3 months has elapsed - though again this is depend- 
ent on the size and other more imponderable factors, such as 
age and other concomitant disease. 

HISTOCHEMICAL METHODS 

In haematoxylin and eosin (HE) staining, increased cyro- 
plasmic eosinophilia is an early form of cellular injury 
partially resulting from increased binding of eosin by cyto- 
plasmic proteins. At the pH conventionally used in staining, 
eosin is negatively charged. The binding may increase because 
of greater exposure of positively charged reactive sites along 
polypeptide chains afcer their denaturation. The loss of cyto- 
plasmic basophilia usually reflecting detachment and scatter- 
ing of polysomes from rough-surfaced endoplasmic cisternae 
is considered as another cause for the increased eosinophilia. 

The intensity of eosinophilia increases, sometimes uni- 
formly, but often in patches with advancing injury. It is earlier 
and more distinctly seen in HE-stained cryosections and can 

be enhanced by placing a green filter in the light path of the 
microscope. Patchy hyperchromasia can be observed in all 
kinds of deaths and therefore it is of limited diagnostic value. 
Care must be taken to exclude the occasional thldcened areas 
made by cutting artefacts, which look pinker because of a 
greater depth of cytoplasm. These early changes are not usu- 
ally visible in the first 8-12 hours after the (presumed) onset 
of infarction. 

Acid fuchsin (AF) was suggested to be useful for dem- 
onstration of early myocardial infarction in man or in ani- 
mal experiments, but was found to be inconsistent and 
misleading. . . .  

Haernatoxylin/basic hchsinlpicric acid stain (HBFP) was 
claimed to demonstrate early myocardial ischaemia and to be ' 

unaffected by post-mortem autolysis. In experiments with isol- 
ated cardiac myocytes in suspension made anoxic by complete 
oxygen deprivation, basic hchsin was taken up by contracted 
or damaged myocytes, which, according to their morphology 
in suspension, revealed irregular contractions, but neither by 
undamaged nor necrotic myocytes. However, after the first 
promising reports, contradictory results started to accumulate 
and the method has been shown to produce inconsistent 
results and to be unreliable and non-specific and without value 
for diagnostic purposes. 

FLUORESCENT METHODS 

Fluorescent methods have been applied to demonstrate 
- - 

early myocardial infarctions and myocardial degeneration 
in animal exper.iments as well as in human heart either by 
using a fluorescent dye, e.g. acridin orange to stain unfuced 
cryostat sections or paraf5n sections or utilizing the fluor- 
escent properties of eosin in the HE-stained myocardium. 
Intravenously or intraperitoneally injected tetracycline has 
also been used in experimental infarction for demonstra- 
tion of the perfused region in myocardium. Carle (1981) 
claimed that only hypereosinophilic cells autofluoresced, 
but Badir and Knight (1987) found that myocardium that 
had normal eosinophilic staining also fluoresced yellow in 
ultraviolet light; this has been confirmed by Saukko and 
Knight (1989). 

Acridin orange stained cryosections of intact myocardium 
show golden brown fluorescence which turns into greenish 
fluorescence with increasing ischaemia time whereas eosin 
fluorescence of normal myocardium in parain-embedded 
samples show olive-geen fluorescence which turns into yel- 
low in injured tissue. Post-mortem autolysis does not seem 
to have any significant effect on the fluorescence but the 
high percentage of wrong positive samples indicates that at 
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least eosin fluorescence is obviously too sensitive injury 
marker capable of demonstrating agonal ischaemic changes. 

A major handicap common to all classical histochemical 
staining methods is that the basis of these colour reactions is 
poorly understood. Considering the possible legal implica- 
tions, it is not reasonable to use such diagnostic methods for 
medico-legal purposes, when their diagnostic significance, to 
say the least, is questionable and one does not know for sure 
what the methods are actually measuring. 

ENZYME HISTOCHEMISTRY 

After Rutenburg etal. (1953) had found large amounts ofsuc- 
cinate dehydrogenase in the myocardium of various species 

using blue tctrazolium as hydrogen- acceptor, thls method 
w+ also applied to autopsy material and the inactivation of 
histochemically demonstrable succinate dehydrogenase was 
observed in human myocardial infarction. The enzyme histo- 
chemical methods became soon widely applied in animal 
experiments and also to diagnose early human myocardial 
infarction in autopsy material. Various oxidative enzymes were 
demonstrated either by incubating thick myocardial slices in a 
medium containing a tetrazolium salt with or without exo- 
genous substrate and coenzyme (macromethods) or to stain 
cryosections observed under the microscope (micromethods). 
It was assumed that enzyme histochemistry might be, at 
least, a 'semi-.quantitative' indicator of the actual biochem- 
ical activity of a given enzyme and, therefore, a scientifically 
more solid biochemical indicator of myocardial metabolism 
and injury than the previously discussed traditional histo- 
chemical methods. In all, the results between individual 
authors and laboratories have been extremely variable, sug- 
gesting that the situation is not that simple. Hiltunen et al. 
(1985) assessed the enzyme histochemical methods, used by 
the author (PS) in autopsy material, comparing the enzyme 
histochemical reaction with the actual biochemical acitivity 
of the enzymes in a global ischaemia model in an animal 
experiment. 'The results pointed out that, although the 
enzyme histochemical methods have been named afier the 
enzymes, the enzyme histochemical reactivity need not 
necessarily correlate with the actual biochemical activity of 
the enzyme at all, suggesting that other factors, such as the 
presence of auxiliary enzyme systems or other co-factors of 

FIGURE 25.7 Brigbt yellowish eosin fluorescence of damaged the histochemical reaction, may be rate-limiting. This brings 
myofibres (a) corresponding exactly with eosinophilia as seen in the about the same dilemma as with the conventional histo- 
HE-stained cryosection (6) of a@h myocardial infarction. chemistry: unless the biochemical basis of any given enzyme 

FIGURE 25.8 The size of a myocardial 
injury depends upon the method wed to 
display it. These are four serial sections of a 
heartfiom autopsy, stained in  drfferent 
ways. Haematoxylin and eosin stained 
rryosection (a) does not reveal any damage; 
the a4acent section (6) is stainedfor 
malate dehydrogenase activig and shows 
strong and uniform reaction. Section (c) is 
stainedfor succinic debydrogenase and 
revealr a varying degree of enzyme loss in 

almost all the section, the section (d) on the 

right stainedfor P-hydroxybutyrate 
debydrogenase activity revealr slightly larger 
area of damage. (Original 
magnification X 100.) 
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methods are used the greater the probability that agonal 
period and autolytic changes may be difficult to differentiate 
from intravital changes. 

COMPLICATIONS OF 
MYOCARD'IP;L INFARCTION 

FIGURE 25.9 PatcLy loss of malate debydrogenase reaction 
simulating early injuly. In fact, tlie injury was cawed Ly artfjcialiy 
prolonged agonalperiod due to respiratory treatment and cardiac 

pacing. It was equally well visible in HE staining emphasizing the 

necessiry of control staining with conventional method always 
when more sensitive method are used. 

histochemical method is thoroughly understood, it is precar- 
ious to use it for medico-legal purposes. 

IMMUNOHISTOCHEMICAL METHODS 

The advances in immunohistochemistry and good results 
in clinical pathology as well as the availability of a great 
number of new antibodies have resulted in numerous publi- 
cations reporting on potential markers of early myocardial 
injury in both animal experiments and autopsy material. As 
it has been shown that ischaemia damages cell membrane, 
contractile proteins, cytoskeleton and subcellular organelles 
of the myocardium relatively quickly, the search for better 
diagnostic methods has been directed to various components 
of the myofibre, e.g. basement membrane (collagen N, fibro- 
nectin, laminin), cytoskeletal proteins (actin, desmin, alpha- 
and beta-tubulin), cell-matrii focal adhesion molecules 
(vinculin, talin), membrane-associated proteins (dystrophin, 
spectrin), terminal complement complex (C5b-9) and f a q  
acid binding protein (FABP), among many others. In spite 
of the plethora of publications, the results have been rather 
contradictory and/or their practicability difficult to assess 
due to shortcomings in test material or design. 

In spite of better insights into the pathophysiology of 
myocardial injury, the practical problem as to its diagnostic 
significance as a cause of death has not changed: whenever 
myocardial injury has been detected, either macroscopically 
or by using whatever conventional or more sophisticated 
methods, it does not necessarily prove that the injury is 
the cause of death, unless other causes of death have been 
excluded. The rule-of-thumb is that the more sensitive 

Ruptured heart 
Ruptured heart is the most common cause of a haemoperi- 
cardium and cardiac tamponade, the rupture always occur- 
ring through an infarct. The softened, necrotic muscle gives 

way from the internal pressure of the ventricular blood 
during systole, there being no equalizing rise in external pres- 
sure. Hypertension will increase the risk, but a more potent 
factor is a senile, soft myocardium, so that the elderly woman 
is a common victim of a ruptured heart. This by no means 
excludes younger men if the infarct is extensive and trans- 
mural. The most common area for rupture is the more distal 
part of the free wall of the left ventricle. The sep&rn occa- 
sionally ruptures and the consequent lefi-right shunt, whilst 
the patient survives, provides a classical diagnostic sign for 
the stethoscopes of clinicians. 

The rupture does not take. place in the early stages of a 
new infarct, but after a day or two when necrotic sofiening is 
well established. The blood usually tracks through tortuous 
channels between muscle bundles, rather than bursting a 
direct fistula from ventricle to pericardial sac. The infarcted 
area may not always be obvious, as the haemorrhagic patch 

may obscure it, but histologically the ragged tissues and the 
periphery may be seen to be necrosed. 

Haemopericardium is the pathological condition found at 
autopsy and is not quite synonymous with 'cardiac tarnpon- 
ade', which is a clinical state caused by the progressive accu- 
mulation of blood within the closed pericardial sac. As the 
external pressure rises, the heart cannot fully expand in dia- 
stole to allow filling from the great veins. As input volume 
falls, so does stroke output. The venous drainage is dammed 
back so that congestion and cyanosis of the face and neck 
occur, until a fatal endpoint is reached. 

Mural thrombosis 
Mural thrombosis almost inevitably occurs when an infarct 
is based upon the endocardium of the left ventricle. Though 
there is usually a thin layer of viable (though sick) cells 
immediately beneath the endocardium, they do not seem to 
prevent deposition of platelets and fibrin. 

The thrombus is often entwined between the muscular 
bands lining the distal ventricle, which aids its adherence. 
When extensive, the thrombus may fill the entire apical area 
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of the ventricle. The layers nearest the endocardium are natu- 
rally the oldest, and visible strata (lines of Zahn) are ofien vis- 
ible. The youngest layers on the surface are less organized and 
more friable, so fragments tend to break off and form emboli 
that enter the arterial circulation, and can cause infarcts in 
kidney, brain, spleen and even the myocardium itself. 

Pericarditis 

Pericarditis occurs with full-thickness (transmural) infarcts 
that form the most common cause of pericarditis in 
Western communities. The visceral pericardium becomes 
purple-red as a result of the infarct beneath, with a vascular 
blush on the surface. Granular fibrin deposit causes the sur- 
face to lose its glistening sheen, and strands of fibrin may 
link the visceral and parietal layers together. When healed, 
fibrous adhesions may form which can obliterate part or 
even all of the pericardial sac. 

Myocardial fibrosis 

Myocardial fibrosis has already been described, healed 
infarcts being replaced by dense collagen, as new muscle 
cannot be formed. Large plaques from healed infarcts can 
be anywhere in the left ventricle, depending on the vessel(s) 
that were occluded. The septum and the posterior wall are 
more common sites than the anterolateral wall, though the 
latter is by no means exempt. Ofien the fibrotic plaques are 
multiple or irregular, being scattered throughout the ven- 
tricular wall. 

Diffuse fibrosis is common in elderly people, even when 
there is negligible coronary narrowing. This may be in part 
the result of ventricular hypertrophy in hypertension, which 
causes a relative ischaemia, but many old hearts with no 
enlargement (indeed, atrophy) reveal patchy fibrosis, either 
macroscopically or microscopically. In the latter case, the 
fibrosis is ofien perivascular in situation. 

Cardiac aneurysms 

Cardiac aneurysms occur where a large area of fibrosis 
replaces a previous transmural infarct, usually on the distal 
part of the free wall of the left ventricle. During systole, the 
cavity blood presses outwards onto the unsupported area 
and gradually herniates it into the pericardial sac. A saccu- 
lar aneurysm develops and may undergo various changes, 
including calcification of the wall, adherence to the parietal 
pericardium, or filling with laminated thrombus. The 
aneurysm wall is tough and fibrous and, though lacking in 
elasticity, almost never ruptures - again contradicting some 
of the dicta of patholog textbooks. 

FIGURE 25.1 0 An infarct of the lateral wall of the kft venm'ck of 

between 5 and 10 hours'duration. It has been rendered uiiible by 
staining the heart slice with triphenyltetrmIium chloride, which 

colours the normal myocardium red by the activity of tissue . 

debydrogenases. The infarcted area remains unstained. The infarct is 

v i ~ l l y  trammural, though some subepicardialfibres survive; the 

papillary musck is particularly vulnerabk, being at the distal end of 

the coronary supply. 

CAUSE OF DEATH IN CORONARY 
INSUFFICIENCY 

Most sudden deaths from coronary insufficiency do not have 
myocardial infarction, even when the most sophisticated 
techniques are employed for its detection. Neither do the 
majority have a coronary thrombosis, though severe cor- 
onary stenosis is by definition present. 

The rare case of myocardial infarction with only moderate 
or even minimal coronary atheroma has to be relegated to 
the realms of mystery in the present state of knowledge, 
unless some ernbolic cause can be found. Some pathologists 
invoke 'spasm' of the coronary arteries when the vessels show 
minimal atheromatous stenosis, but this is a hazardous diag- 
nosis for a pathologist to make. Though spasm is certainly 
seen by clinicians when performing cardiac catheterizations 
or cardiac operations, it can never be a morphological diag- 
nosis at autopsy, for obvious reasons. 

In most sudden 'coronary' deaths, the usual autopsy find- 
ing is of severe, long-standing stenosis sometimes with foci of 
complete occlusion from a ruptured plaque or a subintimal 
haemorrhage. 'There may ofien be partial thrombosis, in that 
a plaque or narrow segment may have mural thrombus that 
further narrows the lumen, though does not totally occlude it. 

There is macroscopic and microscopic evidence of myocar- 
dial fibrosis in many of these cases. This may either be a large 
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plaque of scar tissue at the site of a previous focal infarct or 
more diffuse fibrosis. There may be fibrosis subendocardially 
and in the papillary muscles. In many of these sudden deaths 
there is no naked-eye or even microscopic evidence of any 
new lesion in the coronary system or myocardium, so why do 
they die? 

Death must be ascribed to a rhythmical defect, rather than 
loss of mechanical pumping power. Myocardium and espe- 
cially the pacemaking and conducting system, is vulnerable 
to ischaemia and hypoxia. Disturbances of rhythm, from 
ectopic beats to atrial fibrillation through to ventricular fib- 
rillation and cardiac arrest, may occur, as well as heart block 
and the many other clinical manifestations of ischaemic heart 
disease from whatever cause. In addition, many victims are 
hypertensive and lefi ventricular hypertrophy exacerbates 
-l, .- --I?-:-.- u 211 I c l d u V c  Caifiiiaiiy insuffici~iicy. Pqo i i e  wi:h a he:: 
weighing more than 450 g is a candidate for sudden death, 
with or without coronary artery stenosis. The mechanism of 
this sudden type of death, where there is no large infarct, 
seems to be a state of electrical instability from chronic 
hypoxia, so that sudden stresses (such as exercise or emotion) 
can suddenly cause the arrhythmias mentioned above, 
though it must be said that death can occur without any of 
these factors while the victim is asleep or at rest. It is known 
that the myocardium is sensitive to catecholamines, this being 
a physiological response to intrinsic adrenergic hormones. 
Excess catecholamines given parenterally can cause arrhyth- 
mias and even contraction-band damage to the myofibrils. 
Certain other drugs, such as organic solvents, can sensitize the 
myocardium to even physiological amounts of noradrenaline, 
leading to ventricular fibrillation and sudden death. 

Those with fibrosis in the myocardium may have the 
additional risk of interruption of the conducting system, 
which may give some degree of heart block or defect in the 
spread of the contraction impulse, rendering them more 
prone to arrhythmias and arrest. This is especially so where 
a large fibrotic plaque occupies the interventricular septum, 
as here the left bundle branch penetrates to supply the 
apical region and may be strangled by dense fibrosis. 

Where there is a recent coronary thrombosis, the absence 
of an infarct may mean that insufficient time has elapsed for 
it to become apparent, but of course the pumping efficiency 
will be compromised and the risks of electrical disturbance 
will already be operating, so that all the problems listed 
above exist. The other reason for lack of an infarct is an 
adequate collateral circulation but, even though necrosis is 
avoided, a new coronary occlusion can only further worsen 
the ischaemic and hypoxic state of the myocardium, with all 
the potential consequences of electrical instability. 

If there is an infarct, then again all the above dangers exist, 
but there is the added liability of a loss of mechanical pump- 
ing function, which, with a large infarct, may be a substantial 

FIGURE 25.1 1 Extensive myocardialfibrosis occupying the 
interuentricuiar septum and apex oj-the heart with severe occhsive 

disease of the anterior descending branch o f  the lefi coronary artery. 
Near the apex all the muscle has been replaced scar tissue. This 

type of lesion is particularly prone to cause sudden death, as well as 
clinically apparent dysrhythmias, as the septalfibrosis intempts the 

left bundle branch of the cardiac conducting system. 

proportion of the whole cardiac output, leading to overt 
low-output failure during which sudden death can supervene 
at any time. In addition, the risks of sequelae of myocardial 
infarction, such as rupture and embolism, are ever present. 

The role of the conducting system in sudden cardiac 
deaths is one which is attracting increasing interest, espe- 
cially as new histological and irnmunohistochemical tech- 
niques are becoming available. A revised sampling 
technique, described by Song et al. (1997), uses longitudi- 
nal sectioning, reduces the workload and allows observa- 
tion of continuity between different components of the 
cardiac conduction tissue. It demonstrates the sino-atrial 

(SA) node, the atrio-ventricular (AV) node and the distal 
part of the His bundle and the bundle branches of the car- 
diac conduction system in 4-5 blocks. However, although 
a significant number of abnormalities can be recognized, it 
is usually difficult or impossible to relate morphology to 
function. The fact that an AV or SA node, or the bundle of 
His or its branches shows fibrosis or some other lesion, 
does not necessarily mean that this played any part in the 
death. It has been shown that the conducting system is 
remodelled with advancing age - and many deaths from 
obvious extracardiac causes reveal lesions in the conducting 
system when studied at autopsy. Nevertheless, new know- 
ledge now being accumulated about the conducting system 

may become useful in investigated sudden cardiac deaths, 
as it is obvious that a high proportion of these fatalities, 
which have no recent acute lesion demonstrable in the 
coronary arteries or myocardium, are due to arrhythmias 



and functional arrest, in which abnormalities of the propa- 
gation of the pacing impulse may be important. James 
(1996) has suggested that apoptosis, the programmed cell 
death, might be a logical explanation and responsible for 
histological abnormalities of the cardiac conduction system 
in sudden deaths due to progressive development of com- 
plete heart block and various arrhythmias. 

HYPERTENSIVE HEART DISEASE 

Hypertension may kill in a number of ways, such as by 
renal failure, ruptured aneurysm or cerebral haemotrhage, 
but here we are concerned with primary heart failure, a 
quite common cause of death. During life, the clinical syn- 
drome of 'cardiac asthma' or 'paraoxysmal nocturnal dys- 
pnoea' is caused by pulmonary oedema from hypertensive 
left ventricular failure. The same oedema is a marked fea- 
ture of the autopsy on fatal hypertensive heart disease. 

Because there is an aetiological connection between 
hypertension and coronary atheroma, the two conditions are 
often present together in a victim of sudden death, making 
it difficult to separate the myocardial consequences of each 
component. Sufficient 'pure' deaths from hypertensive heart 
disease are available where there is no concurrent coronary 
disease, however, to establish the effect of [he former on the 
myocardium. When the left ventricle has to work against a 
higher pressure in the systemic arteries, the muscle fibres 
hypertrophy. They cannot increase in number, but they 
increase in length and thickness, with irregularity and 
enlargement of nuclei. This fibre enlargement leads to 
increase in the mass of the left ventricle, the well-known 
'concentric hypertrophy' of hypertension. 

If 360-380 g is taken as the upper limit of heart weight 
for an average size man, then hypertensive disease may 
produce hearts of 500-700 g. Hearts larger than this usually 
have some other cause, such as valvular disease or a car- 
diomyopathy. Though it is sometimes denied that hyper- 
tension can cause sudden death, most forensic pathologists 
would strongly disagree, all having performed numerous 
autopsies where no other reasonable explanation existed. 
The usual picture is of marked pulmonary oedema fluid 
running freely from the cut surfaces of the lungs because of 
a terminal failure of the left ventricle slightly prior to right 
ventricular arrest. This causes a rapid rise in pulmonary 
artery pressure and consequent transudation across the 
pulmonary alveolar membranes. 

There may not always be evidence of hypertension in the 
often sparse history available at sudden death, but the pres- 
ence of concentric hypertrophy in the absence of valve disease 
or a cardiomyopathy - together with characteristic changes 
in other vessels and organs, such as the kidney - is strong 

Hypertensive heart disease 

* 505 . 

FIGURE 25.12 Concentric hypertrophy of the left ventricle in a 

person with cardiomegaly fiom hypertension. The slice has been 

stained with triphenyltetrazolium chloride to reveal dehydrogenase 

activity; some mottled areas, especially in the septum, show pallor 
fiom reduced enzyme activity as a result of relative ischaemia of the 

increased mwclt mass. 

evidence of raised blood pressure. Sometimes the overall 
weight of the heart may be normal, yet there is relative lefi 
ventricular thickening; this again suggests hypertension. In 
the hearts of aged people, the usual atrophy - with tortuous 
surface vessels - may be concealed by a left ventricular hyper- 
trophy, keeping the heart at normal weight. 

The existence of hypertensive heart disease as a specific 
entity was strengthened by some investigations published by 
the author (BK) in 1973, in which it was shown that gross 
enzyme deficiencies exist in the inner part of the wall of the 
hypertrophied left ventricle. This lesion is not specific to 
hypertension, but is seen whenever the left ventricle is . - 
enlarged, notably in aortic valve disease. In severe instances, 
the defect in dehydrogenase activity extends from endo- 
cardium almost to the epicardiurn, there being only a narrow 
zone of normal activity. In some ways this defect is similar to 
the 'laminar infarct of coronary artery disease. 

In pure hypertension and aortic valve disease, the cause is 
a relative ischaemia of the inner zone of the ventricular wall 
caused by insufficiency of coronary blood supply compared 
with the demands of the thickened ventricular mass. The 
reason for the laminar distribution is the anatomy of the 
coronary supply, graphically described by Farrer-Brown 
(1968, 1977). The various levels or strata of the ventricular 
wall have different arterial patterns. The subendocardial zone 
is supplied by arteries with many branching terminations 
that provide a profuse and concentrated blood supply. A sec- 
ond set of vessels passes straight through the ventricular wall 
without division - all the coronary supply coming, of course, 
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from the epicardial surface. This set serves the papillary 
muscles and trabeculae carnae, while a third group tends to 
run circumferentially parallel and below the epicardium, giv- 
ing branches both outwards and inwards. 

Farrer-Brown found that the termination of these vessels 
were of two types, as they divided into arterioles and then 
capillaries. The direction of the tree-like branching in the sub- 
endocardial zone continued in the general line of the main 
artery. The area of myocardium supplied by these branches 
was small. This was in contrast to the pattern in the mid- 
zone of the wall, where the branches turned at an angle to the 
main artery and then divided to supply a much wider area of 
myocardum that was supplied by the terminal branch in the 
subendocardial zone. These anatomical differences suggest 

- - 

that the vessels in the mid-zone each have to supply 
a !aigei vo!.;xe ~f musc!e ~ ! m  in :he ethcr !aycrs. This 
might well explain the greater vulnerability of this central 
zone to hypoxic changes, as indicated by reduced enzyme 
activity and the occurrence of laminar necrosis. In actual 
practice, the inner zone also suffers, apart from the immedi- 
ate subendocardial layers, but the superficial subepicardial 
zone is almost always spared. The rationale of damage to the 
myocardium in hypertensive heart disease, as in aortic steno- 
sis, would appear to be a relative coronary insufficiency. In 
pure coronary artery disease, part of a normal-sized myocar- 
dial mass is rendered ischaemic by localized reduction of 
blood flow by a coronary stenosis or occlusion, the resulting 
necrosis being distributed in a focal pattern according to the 
location of the block. 

In hypertensive heart disease, normal coronary arteries 
attempt to supply a much larger muscle mass, so that there is 
the same imbalance between supply and demand. As there is 
no focal blockage, however, the resulting lesion is diffuse and 
the areas that suffer most are those in the mid- and inner 
zones, probably because of the microanatomy of the vessels 
described above. The same type of lesion may be seen in any 
severe sustained hypotensive episode of extracardiac cause, 
though the early onset of death in many of these will pre- 
clude the development of morphological evidence of laminar 
myocardial damage. 

SUDDEN DEATH IN AORTIC 
VALVE DISEASE 

A similar situation exists with aortic valve disease in which 
stenosis rather than incompetence can lead to sudden death. 
Most of the lesions are primarily degenerative, the common- 
est being 'idiopathic calcific aortic stenosis', most often seen 
in elderly men. Aortic stenosis of rheumatic origin always 
affects the mitral valve before the aortic, so a solitary aortic 
lesion cannot be ascribed to rheumatism and is therefore of 

FIGURE 25.13 Cab@ aortic stenosis, a common cause of sudden 
unexpected death especiaiiy in o h  men. Thuzrgh t:/r rmru~~ru' vdurj 
are ojen biscwpid, the stenosis ojen dPforms normal valves, as in this 
ilhtration. Marked k j  ventricular hypertrupby usually ensues, the 

large muscle mass becoming ischaemic, especially in the inner layen. 

the primary, degenerative type. Rheumatic valve disease is 
becoming rare, both with the decline in rheumatic fever and - 
the frequency with which valve lesions are treated surgically 
at an earlier stage, before marked ventricular hypertrophy and 
its myocardial lesions are evident. 

In the common calcific disease, the valve is thickened and 
rigid, with fusion of the commissures in most cases. There - 
may be large, irregular excrescences on the cusps and in the 
sinuses behind. At a later stage, the whole valve may be an 
almost unrecognizable, chalky mass, with a lumen barely 
wide enough to admit a pencil. This type of valve may have 
been biscuspid from birth, a condition that undoubtedly 
encourages calcific degeneration. Many stenotic and appar- 
ently bicuspid valves are not truly bicuspid, however, but 
appear so because the degenerative process has destroyed or 
obliterated one of the commissures between the cusps. This 
may often be demonstrated by the fact that a trace of the 
commissure may still be seen, or by the fact that the two sur- 
viving cusps are not equal in size, the commissures being 
placed at 120" rather than 180". 

A tight aortic valve, from whatever cause, obstructs the 
outflow tract of the left ventricle and causes the muscle to 
hypertrophy in order to eject the same stroke volume 
through a narrower orifice. In addition, if there is associated 
regurgitation, further extra work has to be performed to 
attempt to rhrow out the refluxed blood. 

The effect of a severe aortic stenosis in relation to sudden 
death is to enlarge the left ventricle to sizes even greater 
than those seen in hypertension. Some of the biggest hearts 
(excepting some cardiomyopathies) are seen in aortic valve 
disease, going up to 800g or - exceptionally - 1000g. 
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Another effect of a tight valve is to lower the perfusion 
pressure in the coronary arteries, which is made worse if 
there is also an element of regurgitation. It is the diastolic 
pressure in the proximal aorta that feeds the coronary sup- 
ply,.as during systole the contraction of the heart prevents 
flow in the intramural arteries. A less common effect may 
be the distortion of the coronary ostia by calcific masses in 
the sinuses of Valsalva and the wall of the root of the aorta, 
which can partly block the entry into the coronary vessels. 
The combination of a large myocardial mass and decreased 
coronary flow is often made worse by concomitant coro- 
nary atherosclerosis, so the propensity of victims of aortic 
valve disease to drop dead is considerable. Elderly men are 
the most frequent victims. Lesions of other heart valves 
seldom cause sudden death as an isolated cause, though the 
more chronic cardiac dysfunction - mainly congestive 
cardiac failure - caused by them may end life rather abruptly 
on occasions. Rheumatic mitral stenosis is one such lesion, 
but perhaps a more direct mitral cause of sudden death is 
the 'floppy' valve usually seen in old age. 

SUDDEN DEATH FROM THE 
CARDIOMYOPATHIES 

There is a heterogenous group of diseases of myocardium 
associated with cardiac dysfunction known as the 'cardiomy- 
opathies', which, though of mixed and often uncertain aeti- 
ology, have sufficient in common pathologically to merit a 
special identity. As they account for the second largest num- 
ber of sudden deaths after coronary artery disease, i.e. about 
10-15 per cent of all sudden deaths of cardiac origin, they 
are briefly described here, though specialized texts and 
papers on cardiac pathology should be consulted for details. 
The outstanding feature is a large heart in the absence of 
hypertension or valve lesions. The victims are usually young 
adults, partly because in older groups in which there is athero- 
sclerotic coronary disease and also hypertension, these over- 
lay the cardiomyopathy and make the diagnosis difficult or 
impossible. The only exception is if there is definite histo- 
logical evidence or if the heart weight is excessive (over 700 g) in 
the absence of a valve defect. Cardi~m~opathies are the most 
common cause of heart failure and are an important cause of 
death in children and adults. According to the Report of the 
1995 World Health OrganizationIInternational Society and 
Federation of Cardiology Task Force on the Definition and 
Classification of Cardiomyopathies, they are classified into 
the following main types: dilated, hypertrophic, restrictive and 
arrhythmogenic right ventricular cardiomyopathy. 

Dilated ~ardiom~opathy (DCM) is the most common 
cause of congestive heart failure. The annual incidence 
varies, depending on the diagnostic criteria, from two to 

FIGURE 25.14 Myojbre disarray in hypertrophic cardiomyopathy. 

eight cases per 100 000. Around 30-40 per cent of them are 
familial (FDCM), but it may also be idiopathic, viral, 
immune or toxic, e.g. alcoholic. Idiopathic dilated cardio- 
myopathy (IDCM) is characterized by dilated ventricular 
chamber and reduced contractility without coronary, valvular 
or pericardial disease. Histology is non-specific; however, viral 
genome has been identified in 10-34 per cent of patients with 
dilated cardiomyopathy. 

Hypertrophic (obstructive) ~ardiom~opathy was first 
described in medicolegal autopsy material by a London foren- 
sic pathologist, Donald Teare, in 1958. Although he noted 
and described asymmetrical hypertrophy of the interven- 
tricular septum, so that a bulging pad of myocardun partly 
obstructed the left ventricular outflow tract, this cardio- 
myopathy is predominantly (75 per cent) a non-obstructive 
disease and, hence, hypertrophic cardi~rn~opathy (HCM) is 
now the preferred name. It is a primary sarcomere disorder 
characterized by lefi andlor right ventricular hypertrophy 
and, in most- cases, inherited as a predominantly autosomal 
disease. It is caused by mutations of any of the genes encoding 
the proteins of the cardiac sarcomere. 

Between 20 and 30 per cenr are familial, and the condi- 
tion may occur at any age from infancy to senility, though 
the majority of deaths occur in early middle age. The weight 
of the heart rnay range from a high normal at 400 g, to 800 g 
or even a kilogram. More striking than the total weight is the 
left ventricular preponderance, which is often maximum in 
the proximal septum, as described above. 

Histologically the myocardium shows irregular-sized, 
large fibres with nuclear pleomorphism. Though once 
thought to be a rhabdomyoma or a hamartoma, or aberrant - 
adrenergic tissue, the septal bulge usually shows a bizarre pat- 
tern of fibres, with loss of the orderly strata and replacement 
by a criss-crossing, confused architecture of muscle bundles. 
Interstitial fibrosis is common, and - though there may be 
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an increase in interstitial cellularity - inflammatory infiltrate 
is not seen, as it would be in an active myocarditis. 

Restrictive cardiomyopathy is, according to the WHO 
report, 'characterized by restrictive filling and reduced dia- 
stolic volume of either or both ventricles with normal or 
near-normal systolic hnction and wall thickness. Increased 
interstitial fibrosis may be present'. It may be idiopathic or 
associated with other diseases such as cardiac amyloidosis, 
cardiac haemochromatosis or endocardial fibroelastosis with 
or without hypereosinophilia. 

Arrhythmogenic right ventricular cardiomyopathy (ARVC) 
is a primary myocardial disorder characterized by progressive 
fibrofatty degeneration of right ventricular myocardium, 
arrhythmias and risk of sudden death. In addition to familial 
autosomal-dominant disease with variable penetrance and 
Po!y~nrphic phemtype, fwn autcrscrmd-recessive forms of 
ARVC are known. 

The WHO classification includes hrther two groups of 
cardiomyopathies: 

@ specific cardiomyopathies that are associated with 
specific cardiac or systemic (ischaemic, valvular, 
hypertensive, inflammacory, metabolic, general systemic 
e.g. connective tissue or neuromuscular disorders) and 
unclassified cardiomyopathies, which do not fit 
readily in any group, e.g. fibroelastosis or isolated 
non-compaction of the ventricular myocardium 
(INVM), a rare disorder characterized by excessively 
prominent trabecular meshwork, ventricular 
arrhythmia and systemic embolism. 

Myocardi t is 
Many infective diseases produce an acute myocarditis, 
which may be the immediate cause of death. A prime 
example is diphtheria, but this has virtually no forensic 
relevance. More imporrant is 'isolated myocarditis', where 
the condition is primary and usually of unknown aetiology. 
It was formerly [and some recent results from an ongoing 
study by the author (PS) suggest, that it still is] a much- 
used and overused autopsy diagnosis, especially: where no 
gross lesions could be found. Known by a variety of names, 
such as 'Fiedler's' or 'Saphir's' myocarditis, its incidence was 
said to be appreciable in victims of sudden death - and it 
was incriminated as the cause of accidents on the road and 
in the air that had been attributed to driver or pilot incap- 
acity. In forensic pathology some 20-30 years ago, it 
became a 'fashionable' diagnosis on rather equivocal histo- 
logical criteria. It was then found that many victims of 
trauma where death was rapid and where cardiac incapacity 
could not possibly be a causative factor in the accident, also 
had foci of mononuclear cells in the myocardium. 

FIGURE 25.15 Severe d z f i e  lympholytic myocarditis with 

desrruction ofmyocytes. (KE, originai rna~+icariun X 16.) 

Stevens and Ground (1970), after finding six cases of 
myocarditis in 263 air pilots, when none of them could 
have been affected by a cardiac event, looked at a consider- 
able number of other accident victims in circumstances in 

which disease was obviously unrelated to the trauma. They 
found about 5 per cent of young men had lesions otherwise 
histologically acceptable as 'myocarditis' and concluded 
that it was an unsafe diagnosis to use for the cause of death. - 
Their histological minimum criteria for acceptance was one 
focus of 100 or more cells or many foci of half that size. 
Groups of lymphocytes, especially subepicardial of 40 or 
fewer cells, were disregarded. 

In Australia, Tongue et al. (1972, 1977) did similar stud- 
ies, but used whole transverse sections of ventricles at up to 
18 levels in each heart. Their results showed that the more 
extensive the search, the greater the number of foci dis- - 
covered in deaths that had no circumstantial relation to a 
sudden cardiac death. Using 18 full sections, they found 
that 90 per cent of the accident victims had 'myocarditis' 
lesions and suggested that, if the search was extensive 
enough, it could ~ r o b a b l ~  be brought up to 100 per cent. 

The Dallas Classification System was proposed by eight 
cardiac pathologists in an attempt to ~rovide the pracricing 
pathologists with easily applicable and uniform criteria for 
the diagnosis of myocarditis in endomyocardial biopsies 
(Aretz et al. 1987). By this definition, the diagnosis of rnyo- 
carditis can be made only if myocyte necrosis or degener- 
ation or both are associated with an inflammatory infiltrate 
adjacent to the degenerating or necrotic myocytes. A semi- 
quantitation of the amount of inflammatory infiltrate was 
suggested as mild, moderate, or severe and its distribution 
characterized as focal, confluent, or diffuse. The composition 
of inflammacory infiltrate, i.e. the presence of lymphocytes, 
neutrophils, eosinophils or giant cells was suggested for 
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differential diagnosis of the aetiology. According to Feldman 
and McNamara (2000) the Dallas criteria probably under- 
estimate the true incidence of myocarditis. 

Among the great variety of infectious agents, viruses have 
been considered as important cause of myocarditis. The 
molecular biological techniques such as polymerase chain 
reaction (PCR) and in situ hybridization have provided new 
diagnostic possibilities and viral genome has been detected 
both in myocardial biopsies as well as in autopsy material. 
However, the detection rate and the viruses identified have 
varied markedly according to the study. In addition, drugs 
may cause myocarditis, either through direct toxic or immune- 
mediated mechanism. 

Probably, the position now to be accepted is that unless 
multiple, florid foci are found, with myofibril necrosis seen, 
using special stains if necessary, bland mononuclear foci that 
are purely interstitial and not involving muscle fibres must 
be disregarded. The presence of myofibre necrosis, however 
localized, would appear the most important confirmatory 
criterion. Where stenotic coronary artery disease exists, it can 
be difficult or impossible to differentiate the resulting cellu- 
larity, fibrosis and fibre necrosis from that of a myocarditis. 

A disease process that may well have been underestimated 
in the pathology of sudden death is cardiac sarcoidosis. Unless 
routine histology is carried out on every sudden death, this 
diagnosis will be missed (Fleming 1988) as will a considerable 
number of myocardial arnyloidoses, which need special stains. 

DEATH IN OLD AGE - THE SENILE 
MYOCARDIUM 

In many autopsies on old persons, no specific lesions can be 
discovered that provide a clear cause of death. In the increas- 
ingly aged population of the developed nations, this problem 
becomes a more frequent task for the pathologist. The history 
of the mode of death then becomes particularly important, 
as it may give some clue as to which area of the indeter- 
minate lesions should be given priority in deciding on a cause 
of death. For instance, if there is moderate coronary artery 
disease, then if the person died with sudden breathlessness or 
chest pain, rather than slowly fading away, more credence 
would be given to the coronary lesions. Many old people have 
good, patent coronary arteries, however, even if the walls may 
be calcified - if they did not have such good vessels, they 
probably would not have lived to 88 or 95 years, anyway. 

Where nothing other than general senile arrophy of most 
organs is found and the history is unhelpful as to a specific 
mode of death, as long as the pathologist can exclude any 
unnatural cause, then it is quite legitimate to ascribe the death 
to 'myocardial degeneration due to senility'. The WHO'S 
ICD-10 (International Statistical Classification of Diseases 

and Related Health Problems, Tenth Revision, Geneva 1992) 
provides a code for such a disease even though many cardiac 
pathologists seem reluctant to agree to its existence, wishing 
always to find some more specific disease process. In the 
authors' view, senile myocardial degeneration is quite accept- 
able, given exclusion of other causes. Senile hearts are usually 
small, but hypertension may have enlarged the ventricles long 
ago and the residual effect of this may be to sustain the heart 
at a normal weight. More important is the appearance of the 
heart, which is brown on the surface and in the muscle and is 
flabby and soh. The thumb can be pushed into such muscle 
at autopsy without difficulty. The weight may be down to 
300 g or even 250 g, if no previous hypertrophy has existed. A 
good indication of cardiac atrophy is the presence of tortuous 
coronary vessels on the epicardial surface, especially the anter- 
ior descending branches. These may meander markedly, as 
the myocardium has shrunk, the apex has contracted nearer 
the base and so the vessels have to corrugate to fit into the 
diminished space. 

Microscopically, the myocardial fibres are uneven in size, 
there may be a fine, diffuse fibrosis, which is not ischaemic 
in origin and the nuclei of the myocytes have prominent 
clumps of lipohscin pigment ar their poles. Unfortunately, 
none of these features is diagnostic of the cause of death, as 
other old persons dying of quite unrelated causes, such as 
trauma, might have equally poor heart muscle. 

The justification for considering that senile myocardial 
degeneration is a valid cause of death comes from the species 
life span of different animals. Even without lethal specific 
disease, each species has a fairly uniform life span, the human 
being some 70-90 years. No one lives to 150 years, so there 
must be some limiting factor; as cardiac function is the most 
immediate arbiter of survival, it seems reasonable to indict 
heart contractibility as the primary factor. All tissues age, but 
senility of the spleen or thumbs does not have the immediacy 
for life support possessed by the myocardium. 

SUDDEN DEATH FROM RUPTURE 
OF AN ANEURYSM' 

The most frequent extracardiac cause for sudden death aris- 
ing in the cardiovascular system is a rupture of an aneurysm, 
almost always of the aorta or a cerebral vessel. Aortic aneurysms 
are of three types, all capable of catastrophic rupture. 

The atheromatous aneurysm 

The atheromatous aneurysm is the most common and is 
seen mainly in the abdominal segment of the aorta. Though 
atherosclerosis affects the whole length of the aorta, it is 



usually worse below the diaphragm, probably because of the 
haemodynamic effects of the larger branches that come off 
in this segment. Turbulence and 'Venturi' effects are known 
to localize the development of fatty streaks and atheroma- 
tous plaques, as they are seen first around the ostia of the 
intercostal vessels and become particularly severe at the 
major bifurcation into common iliac arteries. Though 
aneurysms can develop at any point in the aorta, most are 
below the diaphragm. Excepting dissecting aneurysms, 
however, any aneurysm in the thoracic segment is still more 
likely to be atheromatous than syphilitic, even though 
syphilis is virtually confined to the aortic arch. Most athero- 
matous aneurysms are fusiform or saccular, the bulge being 
either symmetrical about the axis of the vessel or more 
commonly bulging out more on one side than the other. 
Progressive desmictioii of thc mcdia by the fibrelipid 
degenerative processes of atherosclerosis leads to weakening 
of the aortic wall. Bulging caused by the continuous internal 
blood pressure begins, aided by the hypertensive tendencies 
of later life. The damage or complete destruction of the 
intima leads to platelet and fibrin deposition, so that mural 
thrombosis is laid down in the expanding aneurysm. This 
may partly or wholly fill the sac, being many centimetres 
thick in some instances, with well-marked stratification 
called the 'lines of Zahn'. The wall of the aneurysm may 
contain calcific fragments similar to the adjacent artery wall. 

Most aneurysms remain intact throughout life and are 
found as incidental findings at autopsy. Naturally the inci- 
dence of ruptured aneurysms is greater in medico-legal autop- 
sies by reason of the selective population of sudden deaths. 
When rupture occurs, the weakest point of the wall is pene- 
trated by the contained blood and this usually leaks out into 
the retroperitoneal tissues, rather than free bleeding into the 
peritoneal cavity. The blood tracks behind the root of the 
mesentery and around the kidney. A large perirenal haem- 
atoma may form but, more ofien, the obvious site of bleeding 
is in the centre of the back of the abdomen. The diagnosis is - 
usually quite obvious as soon as the autopsy begins for, as 
soon as the abdomen is opened and the intestine moved 
aside, a dark red mound may be seen projecting forwards over 
the lumbar spine, bulging at the root of the mesentery. 

The development of a successful technique for the repair 
of many such arterial defects has reduced the death rate, 
though there is a substantial perioperative mortality, often 
because the patient is virtually moribund when the operation 
begins, or because gross calcification and degeneration of the 
remaining aortic wall makes it technically impracticable. 

The dissecting aneurysm 

Rupture of a dissecting aneurysm of the aorta is much less 
common than the atheromatous variety and seems to have 
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decreased even more during the past decade. It is still by no 
means an uncommon cause of sudden death, however, and is 
the second most frequent cause of a haemopericardium and 
cardiac tamponade. Whereas atheromatous aneurysms are 
usually in the abdomen, the dissecting aneurysm can span 
the whole length of-the vessel from iliac artery to aortic valve, 
though the main effects are usually manifest in the thoracic 
segment. 

The basic lesion is a degeneration of the aortic media, the 
so-called 'medionecrosis'. The thick elastic media becomes 
degenerate and cystic in the central layers, producing a vessel 
wall like a sandwich with a soft cleavage plane in the middle. 
This defect is of unknown aetiology and affects both the 
elastic and muscular elements of the media. It is relatively 
common over the age of 50, especially in men. Many aortas 
seen a: aurcps;. hwe &is deg.n.erarior?, bm no mwrysms, as 
they never develop because the blood fails to enter the poten- 
tial cleavage space from the lumen of the aorta. 

In most cases where a dissecting aneurysm has caused 
death, the blood has broken through from the lumen through 
a tear in an atheronlatous plaque, which is a quite separate dis- 
ease process existing in with the medionecrosis. When 
blood enters the medial cleft under high arterial pressure, the 
two layers of the media are split apart and the dissection may 
rapidly travel both upwards and downwards in the aortic wall. 
The upper component may split its way around the arch and 
beyond the attachment of the pericardium. Here, just above 
the aortic ring, the dissecting haemorrhage often bursts 
through the remaining outer media and adventitia into the 
pericardial sac. This causes a massive haemopericardiurn and 
the cardiac tamponade described earlier in relation to rup- 
tured myocardial infarct. The 'distal extension may travel 
down to the iliac and even femoral arteries, sheathing them in 
blood. Rarely, in a patient who survives a dissection, the sec- 
ondary lumen formed in the cleavage plane may rupture back 
into the main aortic lumen, thus forming a 'double-barrelled' 
aorta, a curiosity occasionally found at autopsy. Death usually 
occurs from cardiac tamponade, but some dissections do not 
burst into the pericardium. Here death is by a less obvious 
mechanism, which may be pady the sudden narrowing of the 
aortic lumen and pressure on the coronary ostia and roots of 
the coronary arteries. In persons under 50 years of age, there 
is a much less common alternative cause of medionecrosis, 
known as Erdheims degeneration. This is sometimes called 
'mucoid medial degeneration' and is associated with Marfan's - 
syndrome, an inherited condition characterized by arachn- 
odactyly and optic:, aural and bony lesions. 

The syphilitic aneurysm 

Syphilitic aneurysms are now uncommon, because of the rela- 
tive rarity of tertiary lesions as treatment is available for the 
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FIGURE 25.16 S& unexpected death caused by a myxoma of the 
lpft atrium. The ball-shaped mucoid tumour impacted in the mitral 
value during a postural change. No other cause of death wac discernible. 

earlier stages of the disease. In some areas of the world, how- 
ever, tertiary syphilis is not the rarity it has become in Europe 
and America. 

The syphilitic aneurysm of the aorta is almost always in 
the thoracic segment and usually in the arch. Syphilitic aor- 
titis, which precedes an aneurysm, may be recognized in the 
lining of the thoracic and abdominal aorta by its irregular 
corrugated pattern, though admixture with atheroma can 
obscure the classical appearances: There tend to be sinuous 
linear folds, like coarse wrinkles, which have been likened to 
the bark of an oak tree. If the aorta dmected free of adherent 
connective tissue is held up to a strong light, 'Gough's test' 
may be applied, in which translucent windows can be seen 
in the media. When confluent, these weak patches allow the 
internal blood pressure to blow out an aneurysm and the 
syphilitic bulge can be the largest of all, sometimes almost 
filling the upper part of the chest. The wall is thin and frag- 
ile, and there may be several separate bulges from overlap- 
ping aneurysms. 

Pressure may erode bronchi, oesophagus, pulmonary 
vessels, lung and even the thoracic cage. The latter may allow 
the aneurysm to become subcutaneous and, in former years, 

the external bursting of a pulsating chest tumour must have 
been a dramatic event. The usual mode of rupture is into the 
pleural cavity or into the oesophagus or bronchus, giving rise 
to a sudden, massive haematemesis or haemoptysis. Histo- 
logically, it may be impossible to confirm syphilitic aortitis, 
as the reactive phase of the disease may have been long burnt 
out, but the gross pathological appearances are diagnostic in 
themselves. 

Fatal aneurysms of other vessels 

Fatal aneurysms of other vessels are rare, apart from the 
cerebral arteries. Arheromatous bulges can occur on the 
iliac and femoral vessels, and sometimes in the mesenteric 
arteries. Polyarteritis nodosa can produce mini-aneurysms 
from the inflammatory process eroding the wall, but death 
is not caused by the direct effects of rupture, but by vascu- 
lar problems in the coronary, renal and other arteries. 
Infective mycotic aneurysms are rare in civilian practice, as 
are traumatic arteriovenous fistulae, but are not uncom- 
mon in war casualties. 

Sudden death from ruptured cerebral 
aneurysm 

The relationship of head and neck injury to subarachnoid 
haemorrhage is discussed in Chapter 5 ,  )but here we are 
concerned solely with spontaneous rupture of an aneurysm 
of the circle of Willis at the base of the brain. This is one of 
the most common causes of death in young to middle-aged 
adults, if coronary disease is excluded. In women, who are 
relatively immune from coronary occlusion up to the fifth 
decade of life, ruptured berry aneurysm is proportionately 
much more common than in men. It is a useful rule-of- 
thumb, when presented with the sudden death of a woman 
of child-bearing age, to consider a complication of preg- 
nancy, self-poisoning, pulmonary embolism and subarach- 
noid haemorrhage as the first choices. 

Subarachnoid bleeding can cause virtually instantaneous 
death, even though the mechanism is obscure. Numerous 
cases have been described where a previously fit person was 
seen to collapse and was apparently already dead when 
attended by onlookers. There must be an element of cardiac 
arrest in these examples, caused by the sudden barhing of the 
brainstem in blood from a jet of arterial blood impinging on 
the base of the brain. As with coronary disease, arterial spasm 
has been invoked as a cause of the sudden death in ruptured 
berry aneurysm, without any proof. Most cases of subarach- 
noid haemorrhage have a much longer course, with clinical 
symptoms and signs allowing either surgical intenrention or, 
often, spontaneous resolution. 
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We are by definition here, however, concerned with sud- 
den or rapid fatalities. In the usual coroner's case, the victim 
is either found dead with no available history, or has died 
rapidly and inexplicably, or has expired after suggestive 
symptoms like severe headache and rapid coma. Many die 
after physical or emotional exertion, especially sexual inter- 
course or strenuous sporting activity. Those that occur dur- 
ing or soon after some assault or altercation are dealt with in 
the chapter on head injuries (Chapter 5), and can pose a 
major forensic problem concerning causation. 

At autopsy, the diagnosis of subarachnoid haemorrhage 
is self-evident. As the usual point of bleeding is in the 
circle of Willis, the most dense haemorrhage will be over 
the base of the brain, especially in the basal cisterns. The 
blood usually spreads laterally and may cover the whole 
surface oT cerebra! hsiiiispheres, ~ h s  ticdbr&ii and 
down into the spinal canal. This will be bright red in a fresh 
bleed; if s u ~ i v a l  lasts a week or so, a brownish tinge 
will appear as the haemoglobin undergoes changes. 
Haemosiderin can be detected by Perl's stain after about 
3 days. 

F ICURE 25.17 A dense basal subarachnoid haemorrbage that 
caused rapid death. The blood clot filling the basal cisterns conceals a 
ruptured b e y  aneutysm of the circle of Willis; at autopsy, this must 
be removed under a stream of water, using careful blunt dissection 
to avoidfurther damage to the vessels. 

of sudden death 

The detection of the source of the haemorrhage is some- 
times difficult. An aneurysm is present in about 85 per cent 
of spontaneous subarachnoid haemorrhages, but the remain- 
der reveal no aneurysm, even after an exhaustive search. This 
may be because of destruction of a small aneurysm at the 
time of rupture, but it is just as likely to be a leak from a 
vessel without an aneurysm, as a result of the existence of a 
point of weakness as described below. 

A relatively rare cause of bleeding especially in children, is 
the presence of a vascular malformation in the arterial sys- 
tem, such as an angioma, an arteriovenous anastomosis, or 
an aberrant vessel in the meninges. Post-mortem angio- 
graphy may be of assistance in tracing intracranial bleeding 
from natural lesions, as in trauma. Karhunen et al. (1990) 
describe the techniques required. 

Thigh ki?f aficurjrsrns are eften d!ed 'c~nn-n;f?l' b------ ' 
they are not themselves present at birth, but a defect in the 
wall of a cerebral artery is probably present from late fetal 
life. The circle of Willis condenses out of an irregular 
embryonic meshwork of arteries over the base of the brain 
by unwanted vessels undergoing atrophy. Where these 
redundant vessels originally joined the surviving main 
arteries, a 'window' in the elastic and collagenous coat is 
left, usually at the junction of two vessels. This window is a 
weak point where: rising blood pressure in adult life may 
begin to form a 'blow-out', a thin-walled aneurysm, which 
may be single or multiple. At a certain stage, any sudden 
extra rise in blood pressure or flow rate may rip the already 
tense sac, and cause extravasation of blood at full arterial 
pressure into the subarachnoid space. Where there is no 
aneurysm, it must be assumed that a weak point in a vessel 
wall has given way ab initio, without the prior formation of 
a sac. 

The search for a small aneurysm at autopsy may be difi- 
cult because of the thick layer of blood clot that is trapped 
in the meninges and vessels. Blunt dissection should be 
used, employing the handle of a scalpel or the nose of a pair 
of forceps. The blood should be constantly washed away in 
a continuous stream of water. It is possible to inject water 
into one of the cut ends of a vertebral artery, having care- 
fully tied or clamped the other vessel and the w o  cut termi- 
nations of the carotid arteries, to see where the water leaks 
from. The leaks are often multiple, however, from artefact- 
ual tearing of small vessels during autopsy removal of the 
brain. The search for an aneurysm is best carried out on the 
fresh u n f ~ e d  brain, as formalin futation hardens the blood 
clot so much that it cannot be removed without the danger 
of tearing the underlying vessel and any aneurysm. It is 
essential to carry out blunt dissection progressively in a con- 
tinuous stream of water. Aneurysms are most often found 
at the bifurcation of the middle cerebral and posterior com- 
municating arteries, at the bifurcation of the basilar arteries, 
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on the middle cerebral in the Sylvian fissure, on the anterior 
communicating artery, or where the posterior communicat- 
ing artery joins the posterior cerebral vessels. An aneurysm 
is sometimes on the cortical aspect of the artery and may be 
part-buried in the cerebral surface, malung it hard to find. If 
the swelling (which may be completely collapsed at autopsy, 
especially when ruptured) is not seen on superficial exami- 
nation of the circle of Willis, the vessels should be gently 
lifred away from the brain surface with a blunt elevator so 
that the underside can be inspected. Sometimes a buried 
aneurysm will rupture mainly into the cortex, causing a 
lesion that may be mistaken for an intracerebral haemor- 
rhage. Berry aneurysms are frequently multiple and of 

FIGURE 25.18 Adrenal haemorrhage occurring several days 
after multiple injuries sustained in a ha& accident. There 

was no apparent abdominal injury. The haemorrhage isjesh 
and occupies the medulla, with the cortex stretched around the 
periphery. 

varying size, from a few millimetres to several centimetres, 
though the usual diameter is of the order of 3-8 mm. 

PULMONARY THROMBO- 
EMBOLISM 

This is discussed fully in Chapter 13, but here it is sufficient 
to emphasize that pulmonary embolism is the most under- 
diagnosed cause of death, according to Cameron and 
McGoogan (1981). Their figures show that less than half the 
deaths shown at autopsy to have been caused by a pulmonary 
embolism were so diagnosed by the attending clinician. 
Paradoxically, many other presumed deaths from this condi- 
tion were found at autopsy not to have been embolic. Thus 
the overall statistics are not so much in error - but in relation 
to the wrong victims! - 

Pulmonary embolism is more common with advancing 
age, with obese subjects and in the majority of instances there 
is a predisposing factor such as trauma, surgical operation, 
confinement to bed or immobility from another cause. Even 
prolonged sitting can lead to deep vein thrombosis, as was 
seen in persons sleeping in deckchairs in air-raid shelters in 
the last war and, more recently, it has been described as a 
hazard of long air flights. 

A significant proportion, however, estimated by the 
author (BK) at up to 20 per cent, occur unexpectedly in the 
absence of any of these usual factors, making the legal 
problem of causation difficult. This is especially so in 
criminal cases where a high standard of proof has to be 

FIGURE 25.19 A rare came ofpulmonary 
embolism. Metastasizing embryonal 
carcinoma + seminoma of the testis (a) 

and thrombosis attached to the wall of 
inferior vena cava due to metastases of the 

local lymph nodes (6) and (c) pulmonary 
metastasis (white arrow) and massive 
pulmonary embolism (white X). 
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Respiratory obstruct ion 

FIGURE 25.22 Cross-section ofa  bronchus in sudden asthma death 

showing cell-laden mucus, folding of the s o j  tissues of the bronchial 
wall, thickening of the basement membrane and hypertropb of the 

muscle. (HE, original magnifiration X 10.) 

from the cerebrospinal fluid irrigating the cerebellar sur- 
face. The time interval needed for the protein accumula- 
tion in man is not known. It is probable that, in addition to 
fibrinogen, other plasma proteins can also be used as a 
marker and an auxiliary method in assessing the probability 
of epileptic seizures contributing to the cause of death in 
sudden unexpected deaths. 

SUDDEN DEATH IN BRONCHLAL 
ASTHMA 

As in epilepsy, sufferers from bronchial asthma may die 
suddenly and unexpectedly, without necessarily being in 
status asthmaticus or even in an acute asthmatic attack. 
The mechanism is obscure, but experience proves that such 
fatalities are not uncommon. About 20 years ago, there was 
a marked increase in sudden deaths in asthmatics, but it 
was recognized that this was caused by the overuse of 
inhalers containing bronchodilators. These adrenergic drugs, 
used in excess, have a direct action upon the myocardium 
causing tachycardia, arrhythmias and ventricular fibrillation. 
Awareness among prescribing doctors rapidly reduced this 
danger but sudden deaths still occur, even when these 
substances are not used to excess. 

The question of sudden death in asthma was discussed 
by Morild and Giertsen (1989). They considered that a 
number of factors contributed to death. Hypoxia and 
respiratory acidosis occur in asthma and increase myocar- 
dial irritability. Drugs such as theophylline and sympath- 
omimetic agents can provide ventricular fibrillation. The 

&antagonists so commonly used for the relief of bron- 
chospasm are not so prone to cause cardiac arrhythmias, 
but they are by no means safe drugs in this respect. Of the 
11 deaths in this Norwegian series, seven victims were 
found dead with a Pz-inhaler still clutched in their hands. 
Overdosage of the substance appears to be common. The 
use of theophylline derivatives combined with sympath- 
omimetic agents tends to accentuate the cardiotoxicity of 
the bronchodjlators. 

Some of the deaths appeared to be in instances where the 
drug had been exhausted from the inhaler, but the propellant 
was still active. This may be another possible mechanism for 
some of these deaths, similar to the vagal inhibitory fatalities 
seen in butane misuse, where cold gas impinges on the 

pharynx- 
At autopsy little or nothing is found, except confirma- 

tion of the chronic asthmatic state. O n  opening the chest 
cavity, the lungs are seen to fill the thorax, not collapsing as 
is usual and they have a pale spongy texture, forming stable 
pits when pressed with the fingers. The cut surface may 
reveal thick-walled prominent bronchi, often plugged with 
thick, clear mucus. This is not an explanation for the sud- 
den collapse and death, however, and the mechanism remains 
obscure. 

The topic of sudden death from asthma in childhood 
has been investigated by Champ and Byard (1994), who 
consider that it occurred only in children with significant 
chronic disease. 

RESPIRATORY OBSTRUCTION 

Mechanical obstruction by foreign bodies is dealt with in 
Chapter 14, but some rapid - if not actually sudden - 
deaths can be due to fulminating natural disease. 

Rupture of' a retropharyngeal abscess ('quinsy'), when 
pus and necrotic material pour into the pharynx and lar- 
ynx, is now a rare cause. Diphtheria is also virtually 
unknown in advanced countries so that the toxaemia, a 
fatal myocarditis and the possibility of laryngeal obstruc- 
tion from a detached pharyngeal membrane are rarely con- 
sidered by most doctors. 

More common - and a cause of legal actions for negli- 
gence against doctors - is the hlminating epiglottitis 
caused by Haernophilus influenzae in children. This is a 
major paediatric emergency and any child with stridor of 
recent onset should be seen urgently by a paediatrician and 
anaesthetist. The gross infective oedema of the laryngeal 
entrance can lead to death within hours of onset of the ill- 
ness, and may require rapid intubation or tracheostomy to 
save life. 
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HAEMOPTYSIS 

Now that pulmonary tuberculosis is less common and treat- 
able in advanced countries, deaths from haemoptysis are 
rare, as most massive respiratory haemorrhages were from 
this cause. However, warning signals are now evident about a 
revival of tuberculosis, even in 'advanced' countries. Part of 
the return of this scourge is due to opportunist infection in 
HIViinfected persons, but AIDS apart, phthisis seems to be 
on the march again, with worrying concerns about increas- 
ing resistance to the drugs, which revolutionized its treat- 
ment 30-40 years ago. 

Bronchial tumours rarely cause fatal haemoptyses, unless 
a large vessel is eroded; syphilitic aortitis perforating the 
aorta or other large vessel is now almost a matter of history. 

The bleeding rarely causes death from exsanguination 
except where the aorta is eroded, but smaller bleeds may fill 
the air passages, and cause an asphyxial-type death or a 'vagal 
inhibition'-type death from sudden flooding of the larynx. 

GASTROINTESTINAL 
HAEMORRHAGE 

Bleeding may take place at any point along the alimentary 
tract and though modern transfusion and resuscitatory 
methods make deaths unusual these days, some are seen in 
medico-legal practice when people living alone or otherwise 
remote from assistance, die without any medical intervention. 

Bleeding from surgical operations in the mouth or phar- 
ynx, such as tooth extraction or tonsillectomy, rarely causes 
death, but can occasionally do so from blood and clot 
blocking the airways. In the oesophagus, a penetrating car- 
cinoma may erode the aorta or other great vessel in the 
mediasrinum, bur the most frequent sources of bleeding are 
varices at the lower end, caused by the portal hypertension 
associated with hepatic fibrosis. It is often difficult to identify 
the varices at autopsy, as they have collapsed, but the absence 
of gastric or duodenal ulceration, and the congested, bluish 
vessels around the cardia often give away the lesion, espe- 
cially in the presence of liver cirrhosis and splenomegaly. 

Other causes of massive gastrointestinal bleeding are gas- 
tric and duodenal peptic ulcers, which can erode large vessels 
in their base. Acute erosions, though shallow, can produce 
considerable blood in the stomach and may require surgical 
resection. They are rarely the cause of lethal bleeding. 

Carcinoma of the stomach can reach a large size and the 
crater variety may a major vessel to produce severe 
haemorrhage. Bleeding from the small intestine is rare, except 
in certain haemorrhagic diatheses. More common is bleeding 
from colonic lesions, such as carcinomas and ulcerative colitis. 

FIGURE 25.23 Massive kthal bkeding fiom eroded vessels of a 

gatiic dc&z 

Polyps, sometimes malignant, may also give rise to melaena 
and even massive bleeding per rectum, though these are now 
rarely fatal unless medical intervention is delayed or absent. 

FATAL ABDOMINAL 
CATASTROPHES 

Though usually surgical emergencies, some abdominal con- 
ditions go untreated because the victim is either a solitary 
person living alone with no opportunity to call for help, or 
declines to seek medical assistance. They may well be found 
dead with no history to suggest a cause of death. 

Mesenteric thrombosis and infarction is one such condi- 
tion. The thrombosis may in fact be an embolus, rather 
than a thrombosis in situ, the most common cause of both 
being atherosclerosis of the aorta and its mesenteric 
branches. The length of small intestine supplied by the ves- 
sel becomes dark and necrotic, and may involve almost the 
whole length of the jejunum and ileum. Even if precipi- 
tated by an embolus, much of the rest of the arterial system 
may then thrombose and, on cutting into the mesentery at 
autopsy, the cut ends of arteries may show plugs of firm 
ante-mortem thrombus. The gut will be blue-red or even 
almost black, with loss of the serosal lustre and a friable 
necrotic wall. 

Strangulated intestine is yet another condition that may 
present as sudden or rapid death, where medical attention is 
lacking, and even sometimes when it is negligently offered. 

Hernias, both femoral and inguinal, and internal stran- 
gulation beneath fibrous bands in the peritoneal cavity, 
may all twist the intestine so that its blood supply is cut off, 
with subsequent necrosis. The gut above may develop ileus 
and become paralysed and dilated. 



The relationship between trauma and disease 

FIGURE 25.24 Great distension of cohn due to uoluulus ofsigmoid 

colon. Deceasedfound dead with histo ry of abdominalpain. 

Caution is needed at autopsy to differentiate the dark 
red colour of loops of intestine due to post-mortem 
hypostasis from true infarction. Hypostasis is seen to be 
interrupted when the gut is stretched out, due to alternate 
dependent loops, whereas real necrosis is usually continu- 
ous and the serosa is dull and friable. 

Fulminating peritonitis may be seen in a variety of 
causes, again leading to death if undiagnosed or untreated. 
Death from acute appendicitis and appendix abscess is now 
uncommon, but perforation of the colon through a diver- 
ticulum, whether inflamed or merely distended and eroded 
by faecoliths, is common. 

Tearing of the senile gut where it is adherent to other 
structures, such as uterus or tube, can also lead to peritonitis, 
and a carcinoma (often difficult to differentiate macroscop- 
ically from chronic diverticulitis) may also lead to perfor- 
ation with loss of intestinal contents into the peritoneum. 

A perforated peptic ulcer, usually duodenal, leads to a 
chemical peritonitis. The autopsy appearances are straightfor- 
ward, turbid fluid being found in the peritoneal cavity, which 
may show early inflammatory changes, if the perforation 
occurred many hours previously. The perforation is most 
commonly found on the posterior surface of the duodenum. 

GENITOURINARY SYSTEM 

There is very lide,in the urinary system that can give rise to a 
sudden or rapid death, but the female genital organs certainly 
make up for this. Complications of pregnancy are discussed 
elsewhere (Chapter 19), but it should be repeated here that 
ectopic pregnancy, usually in the tubes, can rupture with mas- 
sive intraperitoneal haemorrhage. Induced abortions, unless 
under reputable medical control, are another source of death 

FIGURE 25.25 A massiuepontine haemorrhage in a person with 

hypertension. The circumstances and the irregular distribution of the 

bkeding within the brainstem distinguish this primary haemorrhage 

fiom the secondary fesions seen i n  raised intracranialpressure. 

Sometimes a natural intracranial haemorrhage may precipitate an 

accidentalfall or trafic accident, however, and the resulting head 

injury may make it more dtficult to ident& the nature of the brain 

haemorrhage. 

from haemorrhage, air embolism, perforation of vagina or 
uterus, infection and the use of toxic substances. 

THE RELATIONSHIP BETWEEN 
TRAUMA AND DISEASE 

One of the most difficult problems in forensic medicine 
occurs when a death takes place in a person who has suf- 
fered trauma but who has either pre-existing natural disease 
or where some apparently natural disease has supervened 
after the trauma. The relative contributions of trauma and 
disease may then become an acute medico-legal problem. 

For example, the author (BK) conducted an autopsy on 
an old man of 82 years, previously in excellent health, who 
had been tied up and slightly injured by robbers of a sub- 
post office. Within 2 hours of release from his bonds the old 
gentleman became ill and then hemiplegic, dying of a mas- 
sive cerebral haemorrhage shortly afterwards. The attackers 
were charged with homicide, in addition to robbery, but that 
charge was rejected by magistrates on the grounds that a 
cerebral haemorrhage could be a natural disease, unrelated 
to the assault. The prosecution obtained a private Bill of 
Indictment to circumvent the magistrates, and at the Crown 
Court the accused were convicted of manslaughter on the 
grounds that the physical and emotional stress of being 
assaulted and tied up probably (beyond reasonable doubt) 
led to an elevation of blood pressure that precipitated a 
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cerebral haemorrhage in a previously fit person, within such 
a short time span. 

This marginal case illustrates the problems that can 
occur when trauma and natural disease coexist in the same 
person. A common dilemma exists in relation to subarach- 
noid haemorrhage from a ruptured berry aneurysm when 
there has been a head injury. 

In autopsies when an injury has been sustained by a per- 
son with substantial natural disease, the following problems 
must be addressed: 

whether death was caused entirely by the disease and 
would have occurred irrespective of the injury 
whether death was caused entirely by the injury and 
would have occurred whether or not the disease was 
present 

B whether the death was caused by a combination of 
these two processes. 

In practical terms, the most common situations involve 
coronary artery disease, pulmonary embolism and sub- 
arachnoid haemorrhage. 

Coronary atherosclerosis 

The disease has invariably been present for months or 
probably years before the traumatic episode, and it is there- 
fore indisputably obvious that the trauma can have no rela- 
tionship to the genesis of the disease - though relatives and 
some lawyers are often hard to convince on this point. 
Furthermore, unless there was a direct blow onto the front 
of the thorax, which could physically have damaged the 
heart surface and caused a direct traumatic lesion of the cor- 
onary system (by dislodging an atheromatous plaque - but see 
end of this section - causing a subintimal haemorrhage or 
precipitating a coronary thrombosis, a rare event), there is 
no way in which the injury can be accused of worsening the 
state of the coronary arteries. If the state of the coronary sys- 
tem was already poor, thus it could justifiably be claimed by 
the defence that death could have occurred at any time. The 
standard of proof in criminal cases is high and must be 
proved 'beyond reasonable doubt', whereas in civil disputes, 
only 'the balance of probabilities' must be attained. 

As opposed to showing that the trauma directly worsened 
the physical state of the coronary vessels, it is easier to claim 
that the physical and emotional stress associated with the 
traumatic event caused increased demands upon a weakened 
heart and caused it to fail. Recent investigations (see end of 
this section) have strongly confirmed the association between 
acute myocardial infarction, cardiac arrest and exertion. 

The adrenal response of 'fight or flight' may be invoked, 
it being accepted that released endogenous catecholamines 

such as noradrenaline can send a chronically hypoxic heart 
into ventricular fibrillation and arrest. There may even be 
morphological evidence in some cases, by the finding of 
contraction bands in the cardiac myofibrils, especially in 
the superficial subepicardial layers. 

It is often an assessment of the circumstances, in addition 
to the autopsy findings, that decides a court's attitude to the 
relationship of trauma to disease. Where a man who has had 
no previous cardiac symptoms drops dead immediately after 
some assault or strenuous activity, the court is more likely to 
assume an associacion than with some cardiac cripple, who 
has been hovering on the brink of heart dysfunction for a 
long time before the traumatic event. 

The average jury is likely to decide that it would be too 
much of a coincidence for an assault to cause a man to drop 
dead on the spot, even if it was shown that his coronary 
artery stenosis had been there for several years. Much 
depends upon the individual circumstances, especially where 
there is only a short interval between the traumatic episode 
and death. 

The strict test is: 'Would he have died when he did die if 
the assault had not taken place?' This is often unanswerable on 
medical grounds, but the court is entitled to take a common- 
sense view of coincidence in terms of immediacy in time and 
apply the 'beyond reasonable doubt' test to it. 

The fact that a person is in a parlous state of health and 
might die from relatively minimal trauma is no defence in 
law, which states that 'an assailant must take h s  victims as he 
finds them'. In other words, it is immaterial whether the 
attacker knows that his victim is ill or not - if death results 
from an illegal act: against him, the charge of homicide may 
stand. This dictum is not adhered to slavishly by public pros- 
ecutors, however, as it is a matter of practical politics whether 
a criminal prosecution can be maintained with any chance of 
success (using public funds), against an energetic defence 
that can show medically that the victim had such a degree 
of natural disease that he might have dropped dead spon- 
taneously at any time. The prevalence of coronary disease is so 
widespread that a close association in time must be shown 
before any causal connection can be accepted. The actual 
death itself need not occur very soon after the assault, how- 
ever, if it can be established that the latrer could have precipi- 
tated an infarct in a myocardium already compromised by 
coronary stenosis. It is not only a blow or some physical 
trauma that may precipitate a myocardial infarct or arrhyth- 
mia; as stated above, even the emotional upset that accorn- 
panies injury, or even the threat or feat of an injury, can lead to 
death. The blow may never actually be struck or it may fail to 
land, yet the threatened person may suffer a transient hyper- 
tension or tachycardia that may precipitate a subintimal 
haemorrhage, arrhythmia, or cerebral or subarachnoid 
haemorrhage thac leads to death. Such an event, however, 
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with little or no morphological evidence to be presented as 
evidence, has a poor chance of acceptance in court unless the 
circumstances are clear-cut. These cases pose a problem for 
police and pathologist, in that it may be difficult to decide 
whether to arrest and charge the potential culprit with a 
criminal offence. 

A typical case was once seen by the author (BK) in which 
an elderly man was involved in an altercation with another, 
concerning parking a car. There was a scuffle, in which only 
trivial blows were exchanged, but one participant immedi- 
ately developed chest pain and breathlessness, and soon died. 
The other man was arrested, but as autopsy showed marked 
cardiac enlargement, extensive myocardial fibrosis and gross 
occlusive coronary atherosclerosis, the prosecution decided 
to offer no evidence and the charge was dropped, even 
though the answer to the 'acid test' of whether the victim 
would have been likely to die at that particular time had the 
altercation not taken place was probably in the negative. 

In civil matters, considerable sums of money may hang 
upon such decisions by way of damages and insurance pay- 
ments. Here the standard of proof is much lower, as the 
plaintiff only has to show that there was a 5 1 per cent or bet- 
ter chance of the association being present, rather than the 
much higher standard of criminal liability. 

An actual example of the civil problems was a workman 
who was removing a truck wheel from his employer's vehicle 
with a wheelbrace. Under full pressure, the threaded stud 
in the hub suddenly snapped and the man was thrown to 
the ground under the force of his own muscular effort. He 
was shocked and soon developed chest pain and died the 
next day. Autopsy revealed no fresh infarct, but there was 
longstanding left ventricular hypertrophy, myocardial fibro- 
sis and stenosing coronary atheroma. The employer's liability 
was disputed, but eventually a compromise settlement was 
reached. 

Recent very careful and sratistically meticulous research 
on large cohorts, both in the USA and Germany, have 
shown an indisputable relationship between exertion and 
sudden cardiac death. Mittleman et  a/. (1 993) investigated 
1228 patients with acute myocardial infarcts and showed 
that there was a sixfold increase in the incidence of infarc- 
tion during or within one hour of heavy physical exertion, 
such as snow shovelling, jogging or sexual activity. In 
Germany, Willich et a/. (1993) researched 1194 patients 
with the same condition and showed a twofold increase in 
risk. Both surveys showed that the risk was greater in those 
who were otherwise sedentary and that long-term moder- 
ate exercise was undoubtedly associated with a reduced risk 
of infarction (Curfman 1993). Several mechanisms were 
proposed for the increased risk during sudden severe exer- 
tion, including the splitting and dislodgement of an athero- 
matous plaque. It was also claimed that increased platelet 

activation occurred in 'sedentary people who suddenly 
exerted themselves. In an earlier publication, Siscovick 
et al. (1984) showed the same trend in primary cardiac 
arrest, exertion in otherwise sedentary persons increasing 
the risk, whilst habitual exercise protected. 

Subarachnoid haemorrhage 

Subarachnoid haemorrhage is another dificult area in which 
trauma and natural disease interact. When a berry aneurysm 
on the cerebral arteries ruptures, the allegation is often made 
that some traumatic occurrence precipitated that event. The 
matter is discussed in Chapter 5, but to recapitulate here, the 
problem is to decide whether the trauma itself was a mechan- 
ical factor in causing the arterial blister to burst. 

A rupture is a relatively common event without external 
trauma, this cause of death being well-known in young to 
middle-aged persons who are not indulging in any strenuous 
activity whatsoever. It is known to occur, however, during 
innocent activities, such as jogging, intercourse and sporting 
exertion, probably because of a transient rise in blood pres- 
sure and pulse rate. Once again, a potent element may be in 
the adrenal response, catecholamines pushing up the blood 
pressure. Thus when a ruptured aneurysm occurs during or 
shortly after a fight or altercation, it is arguable whether a 
mechanical blow to the head or merely the emotional stress 
of a dispute is the most potent factor in causing rupture. 
There has been much medical argument about the role of 
trauma in causing the rupture, as many would maintain that 
the aneurysm is so deep-seated within the skull that internal 
pressure from hypertension is far more likely to be the 
reason. 

Certainly, where a s m d  aneurysm a few millimetres in 
size breaks, it is dificult to accept that a blow could have 
caused a tear, but in the more exceptional cases of a large tis- 
sue-thin globule, then it is easier to accept that intracranial 
stresses may have played a significant part. The role of alco- 
holic intoxication - another hotly disputed aspect - has been 
discussed in Chapter 5. The legal problem is simildr in berry 
aneurysm deaths to that in coronary disease. The time inter- 
val is naturally important, though in most instances, bleed- 
ing occurs immediately or soon afterwards. 

Autopsy is not all that helpful in assessing the relative con- 
tribution of assault versus pre-existing disease. Unless the 
aneurysm is found to be large and fragile, the morphological 
findings are mainly of use in confirming the diagnosis, evalu- 
ating any injuries and excluding any other contributory dis- 
ease. It used to be the usual practice in England and Wales 
not to prosecute assailants when an aneurysm was demon- 
strated at autopsy, though in Scotland and on the continent 
of Europe no such reluctance was evident. Following a case 
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in Gibraltar in 1978, however, in which a British sailor was 
convicted of homicide after kicking another in a drunken 
brawl, the latter eventually dying of subarachnoid haemor- 
rhage from a ruptured aneurysm, such charges are now 
usually brought (Knight 1979). 

Pulmonary embolism 

The other major example of the interaction of trauma and 
natural disease is pulmonary embolism. This is discussed in 
Chapter 13, but is so important in medico-legal casework 
that the forensic aspects may be repeated here with advantage. 

Deep vein thrombosis, almost always in the leg veins, is a 
common sequel to injury and consequent immobility. 
Virchow's triad of slowing of the circulation, local injury to 
vessel w d s  and increase in hlood coagulability are the major 
factors, though deep vein thrombosis can occur in the 
absence of all three. When the leg is the site of the injury, it is 
more likely to occur in the ipsilateral limb, though it can 
occur contralaterally or bilaterally. The fact that a htal embolus 
came from the contralateral limb when the other leg has 
been injured by no means rules out a causative element. 

Pulmonary embolism typically occurs about 2 weeks after 
an injury or surgical operation, but the range of time during 
which a cause-and-effect mechanism operates can be any- 
thing from about 2 to 90 days. It becomes progressively 
more difficult to maintain a causative relationship, however, 
when the interval exceeds a few weeks. 

Forensically, it is vital to show that the deep vein throm- 
bosis post-dated the traumatic event, if an association is to be 
established. If a person suffers a fatal embolism a week after 
injury, yet histologically the deep vein thrombosis appears to 
be several weeks old, then obviously the injury could not have 
inidated the process. The embolus may, however, be much 
younger than the most distal part of the leg vein thrombosis 
(which may be as far down as the foot) as progressive prox- 
imal extension of a deep vein thrombosis undoubtedly occurs. 
It could still be argued, therefore, that although the original 
thrombosis antedated the injury, the latter encouraged exten- 
sion and hence the eventual breaking off of an embolus. The 
case becomes weaker, however, than if the whole process was 
entirely subsequent to the traumatic event. 

Histological dating of the embolus should always be 
undertaken, though it is less rewarding and more difficult 
than that of the leg vein thrombi, which must always be taken 
for microscopy with the vein wall intact. It is the thrombo- 
mural junction that gives the most information about the age 
of any thrombus. Thrombosis of the deep leg veins is far more 
common than pulmonary thromboembolism. In 100 consecu- 
tive coroner's autopsies, Knight and Zaini (1980) found 
32 instances of deep vein thrombosis, but only 10 had pul- 
monary emboli, not all fatal. 

The legal problem, outlined in Chapter 13, is that though 
trauma, surgery and immobility are potent factors in the 
development of deep vein thrombosis, the latter condition 
frequently occurs in the absence of all three. Thus it is difi- 
cult to maintain that any traumatic event was the cause of a 
subsequent fatal pulmonary embolism, as many fatal emboli 
occur in the absence of trauma. In a series of coroner's and 
hospital autopsies studied by Knight (1966), 25 per cent of 
fatal pulmonary emboli came 'out of the blue' in ambulant 
people who had no previous history of trauma or surgical 
operation. Later, Knight and Zaini studied 38 000 autopsy 
reports and found that 10 per cent of deaths due to pul- 
monary embolism had no history of any predisposing fac- 
tors. The discrepancy in these proportions is caused by the 
variable standard of history reports and also by marked alter- 
ations in pathologist's reporting habits over the years - in 
fact, in the large series mentioned above, there was not a sin- 
gle fatal pulmonary embolism recorded in the 20 years from 
1908 until 1928! 

Even disregarding the dubious statistical value of such 
investigations, there can be no doubt that a significant pro- 
portion of fatal pulmonary emboli cannot be related to pre- 
vious trauma. This provides a line of defence in those cases 
where the prosecution allege that a 'cause-and-effect' rela- 
tionship exists between some criminal assault and death. It 
becomes a matter of law for the judge to decide whether he 
will let the issue go to the jury, and a matter of fact for the 
jury to decide whether this relationship can be 'beyond rea- 
sonable doubt' in circumstances where even conservatively, 
at least 10 per cent of pulmonary emboli are not related to 
trauma. Several court cases are within the author's (BK) 
experience in which quite different verdicts have been 
reached on essentially identical pathological evidence. 

In civil cases, usually related to road traffic accidents or 
industrial personal injuries, the burden on the plaintiff is 
much lighter, as the 'balance of probabilities' test can be much 
more readily satisfied. 
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Forensic odontology - the application of dentistry to 
forensic problems - is a discipline in itself and requires spe- 
cial dental expertise not possessed by pathologists qualified 
only in medicine. It is therefore imperative that, wherever 
possible, problems involving the teeth and jaws are referred 
to a dentist at an early stage, preferably at the time of the 
original autopsy or other examination of the subject. 

A number of different circumstances need to be taken 
into account in this respect, however. First, it has to be 
accepted that by no means all dentists are either interested or 
competent in forensic problems. It is the same with patholo- 
gists, anatomists or any other specialists, in that the lack of 
enough motivation and experience can make their participa- 
tion in legal matters of little value. A forensic odontologist 
naturally provides the best expertise, as he is professionally 
involved in the subject and will have training or experience, 
or both, of dento-legal problems, even though few forensic 
odontologists are occupied full time in this super-speciality, 
most being teachers or researchers in some other branch of 
dental science. 

In many parts of the world, there are no forensic odonrolo- 
gists available. In developing countries there may be no 
forensic dentists at all - or the only expert is in the medical 
school of the capital city, inaccessible to distant areas. Even in 
more advanced states, problems of distance and travel may 
make it impracticable to call an odontologist to examine the 
body in situ. Dental expertise may be made available later, 
if material is retained for examination for transmission to the 
expert. In yet other circumstances, many problems of avail- 
ability, cost and the lack of perceived importance of the case 
may make it impossible to involve an odontologist at an early 
stage - or even at all. In all these instances the pathologists or 

other medico-legal doctor may have no choice but to handle 
the dental aspects as best he can, either in the initial stages or 
even throughout the investigation. 

This chapter is meant to be nothing more than a guide 
for the doctor placed in this position and is certainly not 
intended to encourage pathologists to attempt to replace or 
dispense with a good odontological opinion. It cannot be 
sufficiently emphasized that, where the issues are serious, 
every effort should be made to obtain expert forensic dental 
assistance. The remainder of this chapter must be looked on 
solely as a 'first-aid primer' for cases in which the ideal inves- 
tigation cannot be attained for one reason or another. If no 
experr dental advice can be obtained at the outset, then the 
pathologist should do all he can to assemble and preserve 
both detailed records and physical specimens, which can be 
examined later by a forensic odontologist, if one can be 
found further along the investigative pathway. 

The assistance that dentistry can render falls into two 
broad headings: 

!34 the interpretation of bite marks 
personal identification, either individually or in the 
context of mass disasters. 

BITE MARKS 

One of the two major interests of forensic odontologists is 
one that has direct relevance to pathologists in that it con- 
cerns the interpretation of trauma to the body surface. For 
the sake of completeness, however, mention must first be 
made of bite marks on inanimate objects, usually foodstuffs. 
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This is mainly within the province of forensic science in 
the sense of 'criminalistics', where dental evidence is used 
to identify the perpetrators of a crime who happen to have 
lefi their teeth marks in some substance lefi at the scene. 
This rarely concerns forensic pathologists, except in the rare 
instance of their being asked by the police to examine an 
object, such as an apple or piece of cheese, to see if some 
obvious dental abnormality of a suspect could have caused 
the unusual bite mark. 

The doctor may also be asked how the bite mark may be 
best preserved until the object can be examined by a forensic 
odontologist at a later date. Where the substance is 'plastic', 
such as butter, cheese, lard, wax or chocolate, for instance, 
it should be stored in a refrigerator to prevent melting or 
gradual flowing. It should not be deep frozen, as this may 
cause brittleness and cracking. Forensic science advice should 
be taken if at all available. Fruit, especially apples, seems 
prone to be bitten at scenes of crime, and Marshall et al. 
(1974) recommend preservation in Campden solution, a 
metabisulphite fluid used for fruit bottling. Alternatively, 
5 per cent acetic acid in 40 per cent aqueous formaldehyde 
solution can be used. Ordinary histological formalin is not 
satisfactory - nor is refrigeration, which allows the fruit to 
shrivel. Whatever preservation is recommended to the police, 
the object should be adequately photographed with the 
film plane at right angles to the bite and a scale placed in 
the focal plane. If appropriate, swabbing for saliva traces 
should be carried out (see below) and then the fruit pre- 
served for future examination. 

Returning to the human body, bites are relatively common, 
especially in cases of child abuse and in adult sexual assault. 
In the former, bites may be anyhere on the infant, favourite 

FIGURE 26.1 Bite mark on skin. The two 
opposing bruisesji-om the upper and lower 
dental arches are separated as wual by a gap, 

ar only theji-ontpans of the two arches 
contribute to the injury. 

sites being the arms, hands, shoulders, cheeks, buttocks and 
trunk. In the author's (BK) experience almost all bites on 
small children have been inflicted by the mother, but this is 
by no means invariable in the generality of child abuse. A 
common excuse from the parents is that the infant was bitten 
by another sibling or by the family dog - and occasionally, 
this explanation may be true. Others may be self-inflicted. 
It is therefore vital that the bite mark be properly examined to 
determine whether it is of a size consistent with adult denti- 
tion, or whether it is small enough to have come from another 
child - or is of a different shape, indicative of an animal. 

The other common circumstances in which human bite 
marks occur are rape or other sexual offences. Here the pathol- 
ogist will need to examine bites as part of the autopsy in a sex- 
ual murder - or even sometimes in live victims of an assault, 
if it is part of his duties to deal with clinical examinations or 
where no 'police surgeon' or forensic physician is available. 

In this type of crime, bites may be sexually orientated or 
be distributed on any part of the body. Common sites are 
the breasts and nipples, but the neck, shoulders, thighs, 
abdomen, pubis and even vulva may be attacked. As noted 
in the chapter on sexual homicide, care must be taken to 
recognize that some so-called 'love bites', especially with 
suction petechiae, may be part of acceptable (if over- 
enthusiastic) sexual intercourse, but where real damage 
occurs, especially to breasts and nipples, then a violent or 
sadistic element is likely. 

Bites may also be inflicted on police officers when 
attempting to arrest resisting offenders. They are also suf- 
fered in sporting events, especially football and some forms 
of wrestling, and during assaults when the victim manages 
to bite the assailant. In these instances bites may be 



Bite marks 

FIGURE 26.2 Bite mark on a nipple duringsexual homicide. The 
injury is too smallfor any dpntal matching, but a saliva sample 

might provide the bloodgroup of the assailant, $ b e  is a secretor. 

inflicted anywhere, but the hands, fingers, nose, forearms, 
ears and even lips may be the targets. 

Some bite marks are self-inflicted; falls onto the face or a 
fit may cause the tongue and lips to be badly bitten. Other FIGURE 26.3 Bite marks made duringa sexualassault. The upper 

persons deliberately bite themselves, sometimes to fabricate mark shows no specijcfeatures but itsposition is typical of a 
injuries for a variety of motives ranging from gain to psy- sexually orientated bite. The other shows central confluentpetechiae 

chiatric disorder. Multiple bite marks (especially of the and red bru i~ in~ f tom suction and tonguepressure. There is a lower 
suction type), which are seen on accessible areas of the semi-circularpale zone corresponding with the lower lip, but the 

shoulder and arms, raise the suspicion of self-infliction, strikingfeature is thegroup of linear abrasions at the top of the 

especially in older children and teenage girls. mark m a d  by the upper incisors dragging across the skin as the jaw 
is closed. Both bites are surrounded by zones of d z f i e  bruising 

The nature of the bite mark 

Though called a 'bite mark', some of the components of the 
application of the mouth to skin may not be from the actual 
teeth. The lips can transiently mark the skin if forcibly 
nipped, especially on children, though the marks are short- 
lived and rapidly fade in life, not persisting after death 
unless associated with petechiae. Suction can produce a crop 
of punctate haemorrhages, either small petechiae or larger 
ecchymoses merging into a confluent central bruise. 

A human bite mark may present only a small part of the 
dental arcade, caused by the front teeth from canine to canine 
with an almost invariable gap at either side representing 
the separation of upper and lower jaw. A human bite is near 
circular or a shallow oval. A deep parabolic arch or a 
'U-shape' can only be animal in origin. The reeth may cause 
clear, separate marks or they may run into each other to form 
a continuous or intermittently broken line. As time passes, 
originally clear tooth marks spread out and blur, progressively 
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losing their definition - though abrasions on the skin surface 
retain their shape until scabbed healing is complete. 

Teeth marks may be abrasions, bruises or laceration - or 
a combination of any two or three. The clarity of a bite mark 
depends on a number of factors. If the contour of the part 
bitten is irregular or markedly curved, then only part of the 
dental arch may contact the tissues. If the bite is forcible, 
then extensive subcutaneous bruising may spread laterally 
and blur the outline. If the bite was inflicted many days 
before, then healing of abrasions and lacerations, and 
absorption of bruising will leave progressively less detail. 
Where teeth have been forcibly applied, the typical appearance 
is of two 'bows' with their concavities facing each other and 
a gap at each end. Within this may sometimes be suction 
petechiae, which are often present without teeth marks, in 
the so-called 'love bite'. They are caused by the firm appli- 
cation of the lips, which form an airtight seal against the skin, 
then a sucking action reduces the air pressure over the centre. 
This causes a shower of petechial haemorrhages to appear 
from rupture of small venules in the superficial layers of the 
subcutaneous cissues. If forcible, the petechiae are confluenc 
and a frank bruise, or even haematoma develops. Added to 
this is pressure from the tongue, pushing the tissues against 
the palate. This type of lesion is most often seen on the side 
of the neck and on the breasts of women, either in love play 
or after a sexual assault. They are by no means rare in child 
abuse, however, and are sometimes self-inflicted. Such a suc- 
ti& lesion must be human in origin and the claim that one - 
is caused by a household pet can be immediately discounted. 

Bites may be inflicted by the teeth closing down on a rela- 
tively flat skin surface, but there is usually an element of 
indrawing into the mouth, so that the teeth close down 
onto a parallel-sided or elliptical block of skin. In sexual 
bites, especially of the breast or nipple, the tissue may 
be actually sucked into the mouth before the jaws close 
upon it. This will naturally affect the shape of the resultant 
bite mark when the skin is released and flattens out once 
more. 

Occasionally, the bite mark may not be two opposing 
arches, but more linear in pattern. This is seen especially 
where the upper incisors are scraped down the skin, leaving a 
series of parallel tracks, sometimes several centimetres long. 

The lower incisors may leave either a curved line of static 
marks, or a straight or interrupted line below the upper inci- 
sor scrapes, as the lower teeth dig in and anchor the skin 
whilst the upper teeth gouge downwards towards them, 
during the act of closing the mouth. 

The major ~roblem with bite marks is the identification 
of the perpetrator and hence the problem cannot really be 

- - 

tackled without the expertise of a dentist filly experienced 
in this specialist task. Unless the dentition has some really 
characteristic features, especially in the incisors and canines, 

then a non-dentist is a poor witness if the matter comes to a 
legal dispute. Some odontologists would claim that a bite 
mark can only be identified in a negative sense - that is, sus- 
pects can be excluded if their dentition is obviously incapable 
of inflicting the bite mark under investigation, but that no 
positive match can be claimed. ~ h o u ~ h  many forensic 
odontologists would dispute this conservative claim, it is 
probably the best attitude for a pathologist involved in such 
a problem, unless there is some really spectacular and unique 
feature in the front teeth of a suspect. 

Missing teeth, grossly displaced teeth and substantially 
damaged teeth may suggest a match with a person - or the 
mark may be quite inconsistent, which is helpful to the 
investigators if they eliminate a person or persons, espe- 
cially in the restricted range of a family in which a child has 
been abused. 

It is probably best for a pathologist to realize his limita- 
tions in this field, however, and to confine himself to taking 
the best physical evidence for later study by a forensic 
odontologist, where this is at all possible. 

The investigation of a bite mark 

As stated, every effort should be made to obtain the best 
evidence for future specialist examination. First, the bite mark 
should be carefully and MIy photographed. If police facil- 
ities afe to be used, the pathologist - as in other aspects of 
forensic pathology - should direct them as to the important 
features required on film. Often such photographers, though 
otherwise expert in the technical aspects of their craft, do not 
appreciate the problems that inadequate or inappropriate 
views can cause - especially at a later date, when experts 
reviewing the case and lawyers presenting it in court have to 
rely on photographs without the benefit of having seen the 
original lesions. 

The photographs should be taken from several different 
angles, but especially from a directly perpendicular view- 
point, with the plane of the film at right angles to that of the 
lesion. Some police photographers persist in taking tangen- 
tial shots that foreshorten the true shape. An accurate scale 
should always be adjacent to the lesion, as close as possible, 
but not impinging upon it or obscuring any detail. 

Bites are often on a curved surface, such as the face, breast 
or arm, and thus can never be reproduced exactly on a flat 
surface, as there is bound to be slight foreshortening at the 
ends, but several views at slightly different angles can over- 
come this problem. Small lens apertures and short focal 
lengths will obviate the blurring that results from the lesion 
curving out of the focal plane. Too short a focal length will 
itself produce image distortion. 

The lighting is important, as perpendicular lighting 
may lead to a flat rendering with no capture of detail. Side 



FIGURE 26.4 A clear bite mark on the shouldpr, a few days aafler 
infliction. This was from political abuse of human rights, there 

also being linear bruises on the shoulder and back from beating 

with a hose-pipe. 

lighting may throw small irregularities into relief, especially if 
there are tooth indentations in the skin. Both monochrome 
and colour photographs should be taken, with particular 
attention to sharp focus and correct exposure. The use of 
infrared-sensitive film has been recommended to reveal 
occult bruising, but it also appears to demonstrate artefacts. 
The lesion should almost fill the camera frame in some shots 
to capture as much detail as possible, either by short lesion- 
to-camera distance or the use of long-focus lenses. More 
general, wider shots should also be taken, however, to orientate 
the bite mark in relarion to anatomical landmarks. Dur- 
ing photography, care should be taken not to heat up the skin 
by the close proximity of high-power tungsten lamps. These 
should be placed at a distance or used only for short periods. 
Flash illumination will obviate this danger of heating the 
skin, which can distort the bite mark. 

When photography is completed, swabs of the bite 
should be taken to try to recover saliva. Though not ofien 
successful, this technique can occasionally be vitally import- 
ant in helping to identify or exclude the assailant, if he or 
she is one of the 80 per cent of people who are 'secretors', 
that is, who exude their blood-group substance in their 
saliva. Plain cotton-wool swabs are gently rubbed onto the 
bite - some experts recommend slightly moistening them 
first with water or saline.   he^ should then be deep frozen 
unless sent straight to the serology laboratory. 

Following photography and swabbing, there is usually 
little more that the pathologist can do in the absence of a 
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dentist. If facilities are available and someone has the expertise, 
an impression of the bite can be made. This consists of laying 
a plastic substance over the bite mark, which then hardens, 
so as to produce a permanent negative cast of the lesion. It 
is usually made with a rubber- or silicone-based medium 
containing a catalytic hardener. Less satisfactory substances 
are water-based pastes, such as plaster of Paris, which are put 
on wet and allowed to dry before removal. These have the 
disadvantage of potential damage to the actual bite, if that 
is required for further evidential examination. Though it is 
unlikely that a pathologist will be able to carry out these pro- 
cedures, it may be that a non-forensic dentis; or a forensic 
scientist used to making casts of orher evidence may be able 
to make satisfactory impressions that can then be preserved 
for later examination by an odontologist. 

After autopsy, it is also possible for the whole area of skin 
carrying the bite to be removed and preserved in formalin 
for future examination. The shrinkage and distortion that 
are virtually inevitable, however, make these specimens of 
limited value for detailed tooth matching, though if good 
photographs with accurate scales are also available, they 
may be a useful addition to the dental evidence. 

It is recommended that, as with all bruises and abrasions, 
the body be re-examined a few days &er the first autopsy, as 

the appearances may be markedly enhanced. In a bite mark, 
faint or even absent original lesions may become more promin- 
ent, or even appear for the first time a day or two after death. 
The removal of skin carrying the lesion should be delayed 
if it is wished to see if this enhancement will occur, unless 
climatic conditions or lack of refrigeration would make this 
delay undesirable. 

Matching the bite mark with the 
suspect's dentition 

For a pathologist, this is such a specialist enterprise that it 
would rarely be attempted, unless there was no prospect 
whatsoever of a forensic dentist being available, even at a 
later date. As mentioned earlier, unless there is a striking 
dental feature in the bite mark or in the teeth of the suspect, 
the best that can be done is to try to exclude a limited number 
of potential assailants on the basis of lack of correspondence 
of their dentition with the bite mark. If neither mark nor 
teeth show any particular distinctive appearances, then even 
this should be avoided, without expert dental opinion. 
Where circumstances dictate that only the pathologist will 
ever be available to help the investigation, he should confine 
himself to the following routines: 

The teeth of those who are either suspected by the 
police or who had access to the victim should be 



examined. In most jurisdictions it is vital that fdly 
informed consent should be obtained from the person 
beforehand. The doctor must explain what he intends 
doing and the reason for doing it. It must be made 
clear that this is to be done for the purposes of a legal 
investigation and that any information gained might be 
used as evidence - and that it is not related to diagnosis 
or treatment for the subject's own welfare. 

Eii Any refusal must be a bar to any further action. Where 
children are concerned, usually in the setting of child 
abuse, the consent of the l l l y  informed parents or 
guardian must be obtained. All such consent is preferably 
obtained in writing and many police forces have special 
forms for the purpose. If not written, then a dubious 

- - 

second best is getting oral consent; at least one witness 
to this must be obtained, if possible from independent 
persons other than relatives or police officers. 

H With consent, the dentition is then examined and the 
following points determined and recorded by diagram 
and writing. Photographs should also be taken if there 
is an issue of possible correspondence between the teeth 
and the bite - or where exclusion is legally important. 
- The presence of full or partial denture - and, if so, 

were they worn at the time of the incident? 
- The number of teeth in upper and lower jaw. 
- A charting of any missing teeth, especially incisors 

and canines. 
- An estimate of the bite overhang, or whether there is 

edge-to-edge occlusion or an undershoot projection 
of the lower teeth. 

- Recording of any broken teeth or teeth with 
significant individual abnormalities; these must be 
charted and described. 

- A record of any irregularity or marked variation in 
the cutting edge profile of any front teeth. 

- An evaluation of the size and prominence of any 
teeth, especially in the canines and incisors and any 
developmental abnormalities, such as an extra 
interposed front tooth. 

- Recording of any abnormality in the orientation of 
any tooth or teeth, such as twisting (rotation) in the 
anteroposterior tilting or double row of teeth. Gaps 
and irregular spacing are vital factors. 

Though it is unlikely that a pathologist will have either 
the expertise or materials to make an impression of the bite, 
this might be attempted if no dental assistance of any kind 
is available - though the aid of a local dental practitioner 
would be usehl in obtaining a wax or other bite registration. 
If this is impossible, then a bite impression into any available 
plastic substance might be attempted. The use of such sub- 
stances as modelling clay, Plasticine, or beeswax might be 
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better than nothing if some unique feature required demon- 
stration. Finally, whether it be from visual inspection of the 
teeth or from comparison with a cast, an attempt should be 
made to compare the characteristics of the bite mark with 
the dentition of the suspect or suspects. It is assumed that an 
animal bite will havedready been excluded by this stage. 

This comparison can be performed in various ways, dif- 
ferent odontologists having their own techniques. Where 
marked abnormalities exist in the teeth, these may be present 
in the bite mark if the affected teeth happen to have regis- 
tered in the lesion. Some forensic dentists prefer to match 
photographs of the mark with photographs or tracings of 
the teeth, the former being printed to a 1: 1 magnification. 
Tracings can be made from positive casts of a bite impres- 
sion, inking the cutting edges of the front teeth and trans- 
ferring these to transparent sheets, which can then be laid 
over the photographs to determine correspondence. Others 
use a negative photograph of the teeth laid over a positive 
photograph of the bite, again ensuring exact correspond- 
ence of magnification. 

In a bite mark it is said that a tooth impression is better 
evidence than an absent mark - in other words, the presence 
of a tooth mark means that the tooth was actually in the jaw, 
whereas a gap in the injury could either mean that the tooth 
was missing or merely that the occlusal edge had not marked 
the skin, perhaps because of slight shortening, unevenness or 
wear. In all matching procedures between a bite mark and 
the suspect teeth, allowance must be made for distortion of 
the skin surface during the biting process and the angle of 
attack of the teeth. Again it is emphasized that exclusion is 
probably a much safer exercise than an allegation of positive 
matching, unless there is some unique feature in the denti- 
tion. Unlike fingerprints, fewer points of definite correspond- 
ence .are required to claim correspondence. This applies only 
in the hands of experts, where the number needed for a con- 
fident identification depends on the strength of the idio- 
syncratic features, but may be inferred from three or four 
identical points. 

In practice, it is the six upper and six lower front teeth 
that give the most information. The canines may provide 
particular help when prominent and pointed. Premolars 
and molars are rarely useful, as might be expected from their 
lower profile and posterior position in the jaws. 

IDENTIFICATION OF THE DEAD 
FROM THE DENTITION 

The major contribution of forensic odontology is in the field 
of identification, especially in mass disasters, such as aviation 
and marine catastrophes. In air crashes, dental investigation 
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is the most successful single procedure leading to identifica- 
tion of mutilated and burned bodies, as the passenger 
manifest lists provide a circumscribed population for whom 
dental records can be obtained in the majority of cases. In 
such disasters the involvement of dentists is imperative, but 
the size of the subject is far too large to be attempted in a 
book of this nature. 

Apart from mass casualties, forensic odontology is fre- 
quently used in problems of individual identity that are the 
direct concern of the forensic pathologist, as accident, suicide 
and murder form the majority of such unidentified bodies. 

As with skeletal remains (of'which dental evidence is 
part), discussed in Chapter 3, there are rwo prime avenues 
of investigation: 

general or reconstructive identity, which attempts to 
classify the unknown person by age, sex and race 

!%l comparative methods, which confirm or exclude the 
personal identity of the individual against ante-mortem 
dental records. 

Once again, the pathologist can only act for the dentist 
in a 'second-best' way, when no forensic odontological 
expertise is available. Unlike bite marks, the material is 
likely to be much more permanent and, wherever possible, 
the pathologist should retain photographs, charrings and 
even the actual dentition against the time when expert den- 
tal opinion might become available. When time presses in a 
criminal inves-tigation, however, or where no dental help is 
ever likely to be forthcoming, then the pathologist has to 
do the best he can, though many special techniques such 
as radiology or tooth sections may be quite beyond his 
capabilities. 

General or reconstructive identity 

Unlike skeletal remains, the human origin of dental mater- 
ial is rarely in doubt. In badly decomposed or skeletalized 
bodies the jaws usually survive intact, though in dry skel- 
etons, teeth may become loose and fall out, especially the 
single-rooted canines and incisors. 

Even in fragmented bodies and skeletons, the jaw rem- 
nants and teeth are readily recognizable, even by lay persons. 
Where teeth have dropped out and been recovered inde- 
pendently of a body, they are still usually recognizable as 
human, as opposed to most domestic or farm animals. In 
countries where large primates exist, there may be some 
confusion, but this is a rare problem. 

Having established the human origin, the next determin- 
ation is sex and here teeth have a poor discriminating value, 
though the intact jaw is more helpful, as discussed in 
Chapter 3. Male teeth are usually larger, but this is generally 
unhelpful. The difference in size between the upper lateral 

FIGURE 26.5 Upper dental arch of a skeleton found buried on a 
small island in the Bristol Channel. The central incisors are ihovel- 

shaped'and hatle a depressedgroove on their posterior surface. This 
strongly suggests that the deceased was of mongoloid race. 

and upper central incisors is ofien greater in women, the 
male incisors being more equal in size. The female canines 
are usually smaller and more pointed relative to the male, 
more especially in the mandible than the maxilla. Girl's teeth 
tend to calcify and erupt earlier than boys. If the skeletal 
age is known, then more advanced tooth eruption in young 
persons is an indication of being female, though in these 
circumstances there are usually far better indicators of sex 
available elsewhere in the skeleton. The mandibular first 
molar often lacks a fifth cusp in the female, which is almost 
always present in the male. Extraction of pulp tissue from a 
tooth, even up to many months after extraction or death, can 
provide material for fluorescent staining for the female 
intranuclear F-body, as described in Chapter 3, but* this 
has now been superseded by sex determination via DNA, 
if recoverable from the pulp. 

Race is also a difficult criterion to determine from teeth. 
The best-known feature is the 'shovel-shaped' upper central 
incisors of Mongoloid races, first described in Leipzig by 
Muhlreiter in 1870. The posterior surfaces of these teeth 
have a depression centrally, with two marginal bars, causing 
the back of the tooth to appear like a coal shovel with 
turned-up edges. The feature is found mainly amongst 
Chinese, Mongols, Eskimos and Japanese, but is also found 
amongst non-Mongoloid races in lesser numbers. Some 
91 per cent of Chinese, Japanese and Tibetans have such 
teeth, 95 per cent of Native Americans, 84 per cent of 
Eskimos, 46 per cent of Palestinian Arabs - and 90 per cent 
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of Finns. It is rare amongst Negroids and Australian Abori- 
ginals. In Caucasian races, the lateral incisors in the upper 
jaw are usually smaller than the central, especially in women, 
a feature absent or less marked in Negroid or Mongoloid 
races. Caucasians also have long pointed canine roots, a fea- 
ture not seen in Mongoloids. Enamel pearls, small nodules of 
enamel on the tooth surfacej are much more frequent in 
Mongoloid teeth. Small nodules on the lingual surface of 
maxillary molars, called 'Carabelli's cusp', are most common 
in Caucasian races and rare in the other major racial groups. 
The condition of bull-tooth or 'taurodontism' is most com- 
mon in Mongoloid peoples: here the pulp cavity of molars 
is wide and deep, and the roots are fused and bent. A con- 
genital lack of the third upper molar is most common in 
Mongoloids, but can occur in any race. Negroid races tend to 
hwe !xge teeth 2 ~ d  &er? have mnre cusp  on their molars; 

even up to eight, with two lingual cusps on the mandibular 
first premolars as an additional common finding. 

The age of the person is one of the most useful findings 
disclosed by the teeth, especially in the first two decades of 
life. The sequence of deciduous or 'milk' ceerh is well known, 
overlapping the appearance of the permanent dentition, 
shown in Figure 26.6. This is only an average timetable, 
however, and is modified by several factors, such as sex, race 
and climate. Again, dental expertise is needed to refine the 
accuracy of such estimations. The determination of age from 
fetal teeth is also a matter for embryologists or dentists with 
specialized knowledge of this period. After the third molar 
has erupted in the third decade of life, then age determin- 
ation becomes much more difficult. Much research has been 
expended in forensic odontology ind the name of Gustafson 
(see references and further reading) is well known in this 
respect. His criteria for age in adult life comprised six 
factors: 

occlusal attrition of the tip of the tooth 
secondary dentine deposition in the apex of the pulp 
cavity 
apical migration of the attachment of the periodontal 
membrane 
increase in root transparency - the best single indicator 
root resorption 
accumulation of cementum around the root. 

This method, as later modified by Johanson (1971), is said to 
give an age accuracy within 5 years either side of the true age. 

It seems pointless to rehearse these methods in advice to 
pathologists, however, as specialized techniques, equipment 
and knowledge are needed for these procedures. The standard 
textbooks on forensic odontology and original papers should 
be consulted for the details. Returning to general features 
of age, obvious pointers are the state of the teeth in respect 

(4 Lower - 6 8  months 
Upper - 9-12 months Central incisor 

12-24 months 

(b) Male Female 

Male Female 
-7 8 -7 

7-84 A' 
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FIGURE 26.6 (a) Dutes of eruption ofdeciduow teeth (average times). 

(6) Emes of eruption ofpermanent teeth; three dates are shown (years) 

for ear& average am' late eruption, rounded to the nearest year. 

FIGURE 26.7 Severe occlusalattrition i n  a jazufiom the early 

nineteenth century. The crowns are worn down to expose the dentine 

by a rough diet thatprobably contained stone dust in the flour from 

contemporary milling method. 
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of wear, hygiene and colour, which may deteriorate with 
advancing age. Much depends upon the care with which 
they have been maintained, however, though marked occlusal 
attrition tends to go with increasing age, unless a rough diet 
has accelerated the wear. In Western Europe, gross occlusal 
attrition, sometimes down to gum level, is seen in old skeletal 
material. This usually indicates that the bones and teeth came 
from someone alive in the mid-nineteenth century or earlier, 
before modern milling methods removed abrasive stone dust 
from flour. 

Edentulous jaws also suggest advancing age but, espe- 
cially in former years before more conservative dentistry, 
even young adults ofien had total tooth clearances for caries. 
Once the teeth have gone, there is a general atrophy of the 
alveolar margins, but this is a poor criterion of age because 
of the great variability in the time when teeth are lost. 

Newer techniques for age estimation include the vari- 
ation with age of racemization of amino acids, especially 
aspartic acid, but this is a very specialized area. 

Comparative identification from teeth 

Establishing personal identity requires the matching of 
observed features with pre-existing dental records, the latter 
almost always obtained from previous diagnostic and thera- 
peutic surveillance. For this method to be applied, there 
must be: 

EJ Some collateral evidence to indicate either who the 
unknown body might be, so that records can be sought. 
Alternatively, a circumscribed population must be 
searched for records that may match the unknown. 
Such a population may be the known passengers on an 
aircraft or ship or a cohort of missing persons 
maintained on some register. It is manifestly impossible 
to search a large population, such as a whole country or 
even a city. Attempts were made in Britain to 
computerize dental records from the National Health 
Service so that a wide search could be made, but the 
completeness and quality of data was such that the 
scheme was found to be impracticable. 
I The unknown person must have had dental attention 

in the past. The dentist or hospital must be known; the 
records must be traceable and, when found, must 
contain sufficient clinical information to provide 
adequate identifying features. The recovery of dental 
radiographs is a most useful adjunct. Unfortunately, 
these criteria are not always satisfied. 

The dental records are needed to provide a description 
of the dentition and jaws at a date as late as possible before 
the finding of the body. Work may have been done on the 

deceased during life since the last record was made, if the 
person had been treated elsewhere and the information not 
recorded. Where a record does not conform to the dental 
state of a body who was expected to be a match, it is obvi- 
ous that such discrepancies can be of two types: 

If the record indicates some condition that is 
irreversible but which does not exist in the body, then 
that excludes matching. For example, if the record 
states that certain teeth have been extracted, yet they 
are still present in the jaws, then any hope of 
correspondence must be abandoned. 
If fillings are present in the teeth, which are not 
shown in the records, then these may have been made 
later and not recorded. Of  course, no discrepancies of 
point 1 must be present for those of point 2 to be 
acceptable. 

Charting the teeth 

In the absence of a forensic odontologist, the next best 
person to record the state of dentition of a dead body would 
naturally be a dental practitioner, to whom this task would 
be an everyday routine. The chart made by him could then 
be used for future reference in any identification procedure. 
This chapter is concerned with the imperfect yet some- 
times inevitable circumstance where the pathologist is the 
only person available. Unfortunately, there are a host of 
different methods of charting the contents of the jaws, and, 
in spite of sustained efforts, no universal internationally 
accepted system has yet been adopted. For our purposes, 
any careful record of the number, position and state of the 
teeth made by a pathologist can be converted into whatever 
system of charting is required at a later stage. 

Two main methods of recording data are in use: the first 
is a diagrammatic chart commonly used in large dental 
services such as the British National Health Service, seen in 
Figure 26.8. The other system uses a more pictorial repre- 
sentation of the teeth, so that all features can be recorded in 
a more exact topographical manner. Both systems, as well 
as many variants, have a notation which describes the 
position of the teeth, almost always in four quadrants, right 
upper, left upper, right lower and left lower. Unfortunately, 
there is considerable variation in the sequence of numer- 
ation, especially where the transition points from left to 
right, and from upper to lower are concerned, these being 
confusing and often not interchangeable. The pathologist 
need not concern himself too much with this problem, as 
his graphic representation can always be turned into what- 
ever system of numeration is required at a later time. For 
example, if an unknown body has its teeth charted on one 
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FIGURE 26.8 Two of the many types of chart usedfor recording dental characteristics. The upper is the 'Odontogram'designed for Intetpol. 
The chart displays each surface of each tooth, including the deciduous teeth. The lower chart is that wed in the British National Health 
Service, which is a simpler design. In both charts the buccal aspects are at the top and bottom and the lingual sides of the teeth face 

each other centrally. 

of the common diagrams and later the dental records of 
a potential 'identitee' become available, the chart can be 
transposed into the same system as the clinical records. 
The notation derived from this can then be transmitted by 
telephone, telex, fax or other form of communication, if 
the records are not available at the place where the body 
lies. This is particularly important in transportation fatali- 
ties such as air crashes, where the home base of the victims 
may be far removed from the scene of death. 

O n  the diagrammatic or anatomical charts, each tooth is 
represented by a pictorial symbol that provides the same 
number of tooth surfaces as chose on the same teeth in the 
mouth. The incisors and canines have four surfaces repre- 
sented, while the premolars and molars have an additional 
facet, the occlusal surface. O n  these diagrams, the positions 
of fillings, crowns, caries and damage are marked, and, of 
course, missing teeth are deleted. 

In charting the teeth, the pathologist needs good access to 
the mouth and this presents the first problem. Rigor mortis 
in a relatively fresh cadaver may make it impossible to open 
the mouth without great effort. Excessive force should not be 
used, especially leverage with a metal instrument, because of 
che danger of damaging the teeth. Where the rigor cannot be 

broken by sustained firm pressure on the chin - or where 
time prevents waiting for rigor to pass off - it may be neces- 
sary to extend the autopsy incision into a neck 'V' and dis- 
sect the skin off the lower part of the face, to gain access to 
the masseter and temporalis muscles, which can then be 
divided above their insertion into'the mandible, to allow the 
jaw to become mobile. Care must be taken not to disfigure 
the face during this procedure. 

When the body is decomposing, no rigor will be present. 
If badly rotted, then cosmetic considerations will not apply 
and more radical removal of the jaws may need to be per- 
formed. The same holds for badly burned bodies, where hear 
contraction of the facial muscles may make it impossible 
to open the jaws without dissecting away tissues. In both 
these instances, where identity is a prime consideration, both 
mandible and maxilla may need to be removed for retention 
and later examination. The mandible can be disarticulated 
at the temporomandibular joints and removed intact. The 
lower maxilla, comprising the tooth-bearing jaw, the palate 
and the inferior part of the facial skeleton, can be removed 
after the mandible has been taken. This is done by sawing 
horizontally across the maxilla at the level of the lower mar- 
gin of the nasal aperture, taking care to saw above any tooth 



FIGURE 26.9 Use ofdentures to identzh a decomposed body)om 

the sea. Some dentalprostheses carry makers'orpatients' record 

numbers embedded in the plate material. The loss of tissue around 

eyes and mouth was caused by marine predztors. The cut throat was 

made by a nylon hawser that threw this ship; officer overboard. 

roots. After photography and charting, the jaws can be pre- 
served in formalin or a freezer. With modern serological 
and DNA identification techniques, the need to keep some 
unfixed tissue for serology and other investigations should be 
borne in mind. Naturally, the presence of any full or partial 
dentures or any other type of dental prosthesis will have been 
recorded and the prosthesis carefully retained for examin- 
ation. Even edentulous persons may show signs of having 
worn dentures by the presence of pressure marks on gums or 
palate. Wherever possible, radiographs should be taken of 
the head of an unidentified body (as discussed in Chapter 3) 
where non-dental considerations apply, such as craniometry 

or frontal sinus visualization. At the same time, the radio- 
graphs may show unexpected foreign bodies in the head and 

have been made available for examination, the following 
features are sought and recorded on the chart: 

Ident i f icat ion of t h e  dead f r o m  t h e  dent i t ion 

- 537 * 

When all available information has been discovered and 
entered on the chart, the process of comparison with any 
ante-mortem records can be made. Much will depend on 
the quality and the date of these records, which are fre- 
quently less detailed and exact than the autopsy charting. 
Allowance must be made for the clinical records to be 
substantially out of date on occasions, as mentioned earlier. 

some of these may have unique dental importance, such 
as broken drill, broken roots or congenital abnormalities, 
which may be matchable with clinical films, or a note in the 
ante-mortem records. Radiography has a special place in 
forensic odontology, but specialist techniques and know- 
ledge are likely to lie outside the abilities of a pathologist. 

When, by whatever means necessary, the dental arches 

B Extractions - whether recent or old - should be noted 
from the condition of the socket. 

El Fillings - their number, position and composition. 
Artificial teeth - gold, porcelain or stainless steel. 
Other prosthetic work in the mouth, such as 
bridgework or braces. 
Crowned teeth. 
Broken teeth. 

El Pathological conditions in teeth, jaws or gums. 
Congenital defects such as enamel pearls, Carabelli's 
cusps or ectopic teeth. 
Malpositioned teeth - rotated or tilted for example. 

I The general state of care and hygiene including caries, 
plaque, tobacco staining and gingivitis. 

B Racial pointers, such as shovel-shaped upper central 
incisors or multi-cusped molars. 

The process of matching is again really the work of an 
experienced dentist, but the major task of checking the 
above list against the previous records can be carried out 
adequately in respect of missing teeth, filling, prostheses 
and major trauma and other anomalies. 

Anyrhing on the clinical chart that is not represented in 
the actual jaws almost always excludes a matching - fillings 
cannot go away and extracted teeth cannot return, even 
though some remarkable feats of dental treatment now exist. 
The degree of correspondence that is acceptable for a positive 
match is a matter of common sense, and naturally other 
non-dental aspects must be taken into account - it is useless 
trying to claim a match on a woman's dental characteristics if 
other information clearly indicates that the missing person 
was a man. Finally, and at the risk of being over-repetitive, 
it must again be emphasized that, though the pathologist may 
be a collector of data and physical evidence, where the issues 
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FIGURE 26.10 A short-cut in excluding homicide. A skeleton was 
fiund buried in a suburban garden. initial swpicions were alhyea' 
when the ramus of the mandible war seen to carry a bronze wire for 

attaching a spring to swpend the jaw fiom the skull. Police enquiries 

conjrmed that the house hadpreviously belonged to a member of the 
medical school teaching staff 

FIGURE 26.1 2 Pink teeth. The jaw camefiom a decomposed body 
dutrqrd i t1  d ~ r  cuuti~tyidt afirr dtathfiuiiz iz~xotic 0 9 e ~ h j ~ .  

carbon monoxide warpresent in the bod? the pinkness being cawed 

by haemoglo bin products staining the dentine. (Reproduced by kind 

permission of Profeor David Whittaker.) 

PINK TEETH 

At autopsy on putrefied bodies, the teeth are sometimes 
seen to be a marked pink colour, especially near the gum 
line. Considerable research has been carried out into this 
interesting phenomenon and it is clear that the colour is the 
result of the dentine being stained by haemoglobin prod- 
ucts. It was once thought that carbon monoxide played a 
part in the coloration, but this has been disproved. Claims 
that'the phenomenon is a pointer to an asphyxial death can 
be discounted, though possibly a very 'congestive' mode of 
death - albeit a very non-specific condition - encourages 
pinkness because of rerention of blood in the pulp. 
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toxicological analysis 

Toxicology has a number of different aspects and, in such a 
huge subject, various specialists have different interests. 
The clinical toxicologist is most concerned with diagnosis 
and treatment of the living patient; the analytical toxicolo- 
gisr has the complex task of laboratory invesrigation; and 
the pathologist is concerned with evaluating poisons as a 
cause or a contribution to death. Though obviously linked, 
these various aspects are substantially different and few 
people can claim to be proficient in all three. As far as the 
pathologist is concerned, his main task is to exclude or con- 
firm other non-toxic factors in the death. He has then to 
collect suitable samples for analysis and, when the labora- 
tory results are available, to interpret them in the light of 
his knowledge of the history, clinical features and autopsy 
appearances. 

The pathologist inevitably needs the expertise of the labora- 
tory analyst and the latter's knowledge of the therapeutic, 
toxic and fatal levels of the substances under consideration. 
Such data must, however, be evaluated in the knowledge of 
other pathological and physiological conditions present, so 
that it is the pathologist, rather than the laboratory toxicolo- 
gist, who should provide the final opinion upon the proxi- 
mate cause of death. This does not always happen and 
some laboratory report forms may be seen that unequivo- 
cally - and unwisely - state that a particular drug caused 

the death. 
Where, as so often happens, the toxic levels found at 

post-mortem are not in a potentially fatal or even toxic 
range, then the pathologist should seek the advice of a din- 
ical toxicologist to determine whether any of the symptoms 
or signs during life may assist in deciding on the cause of 

death. As so often happens in forensic problems, the inves- 
tigation of a fatal poisoning must be a cooperative effort, 
especially between pathologist and laboratory analyst. Even 
in apparently obvious cases, such as a blood saturation of 
50 per cent carboxyhaemoglobin, it is not for the analyst to 
declare a definite cause of death, as the victim may also 
have had a fractured skull - but equally, the pathologist has 
an obligation to provide the laboratory with the best pos- 
sible samples in the best possible condition, as well as good 
information about the circumstances of the case. 

THE CONCEPT OF THE 
FATAL DOSE 

Many persons, including some doctors, are under the firm 
misapprehension that, for most toxic substances, there are 
relatively constant quantities that will cause death. Not 
only the lay public, but lawyers, police, coroners and others 
assume that there is a more or less linear relationship between 
the amount of poison that enters the body, the resulting 
levels in blood and tissues and the degree of disability 
caused - the ultimate disability being death. 

In addition, it is often thought. that back-calculation 
from blood and tissue levels can arrive at a definite assess- 
ment of how much poison was originally administered. 
This aspect is of   articular concern to coroners and similar 
officers, who have to decide on motive in potential sui- 
cides, where the magnitude of any overdose may assist in 
distinguishing between accident and self-administration. 
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The pathologist has his own difficulties in respect of 'the 
fatal dose', as quantitative results from the laboratory have 
to be matched against a knowledge of published blood and 
tissue levels' for that substance in relation to its potential 
toxicity. Though numerous tables of toxic levels have been 
published, there is considerable variation between the levels 
recorded. Reasons for this are explored later. It is obvious 
that there is no 'fatal dose' in the sense of a single threshold 
concentration above which a person dies and below which 
he survives. Instead, there is a range of levels, the upper and 
lower margins of which vary from one authority to another, 
which encompasses most deaths - but even here there are 
many exceptions, instances being recorded where survival 
occurs well above the upper limit and death occurs below 
the lower margin. In such cases, the task of the pathologist 
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evaluate all other non-toxicological data to see if they can 
modify the circumstances sufficiently to allow an accept- 
able explanation for the death. It is sometimes difficult to 
explain these concepts of great biological variation to law- 
yers and police officers, who expect more definite decisions, 
and might even feel that the is being evasive 
or obstructive. 

The concept of the 'LDSO' is sometimes raised by the 
more knowledgeable lawyer, but this does not assist materi- 
ally in any individual case. The LDso is a device used by 
pharmacologists and toxicologists in a statistical sense in 
animal experiments. Over a large number of tests, it 
provides a toxic level at which half the animals will be 
expected to die. Though the indicative value in a general 
sense in comparing the toxicity of one substance against 
another, there is no way of knowing whether the human 
victim of poisoning lies at the upper or lower end of the 
classical bell-shaped curve that characterizes most bio- 
logical responses. 

Far more useful is the cumulative record of actual labora- 
tory results from toxicology centres that deal with human 
poisoning, which progressively build up a large database of 
blood and tissue levels, and correlate these with records of 
the clinical state, toxic effects and fatal outcome. Even here 
the variations are wide, as the many published tables testify, 
but at least general guidance can be obtained. 

VARIATIONS IN PUBLISHED FATAL 
POISON CONCENTRATIONS 

In the many publications that offer therapeutic, toxic and 
lethal ranges for a wide variety of poisonous substances, there 
is considerable variation in the quoted levels. These can be 
a source of confusion and sometimes dismay to the patholo- 
gist who, even with the advice of his local toxicologist, may 

find it difficult to decide whether a death can justifiably 
be attributed to a particular drug or other toxic substance. 
Even if he can so satisfy himself, he may be subjected to 
keen questioning, interrogation, doubt or criticism from 
colleagues, coroners, police, lawyers and others, who have 
access to different versions of toxic and fatal levels. The 
ultimate challenge may come in a criminal court, where 
opposing counsel may openly defy the pathologist's inter- 
pretations in cross-examination. 

Dr A R W Forrest, Chemical Pathologist and Toxicologist 
at Sheffield's Royal Hallamshire Hospital (personal com- 
munication) points out some reasons for the variations 
found in such published data. He expresses the view that it 
is rather surprising that the order of disagreement is not 
greater, given the opportunities for dsparity. 

First, many of the published series are small. some being 
only individual case reports. Statistically, this is not a good 
foundation for establishing reference ranges, which are much 
better obtained from a database derived from the cumulative 
results of a large laboratory service, such as the British Home 
Office Forensic Science Service, which maintains a central 
computer store of all results from its laboratories. 

Second, analytical techniques vary widely, both in 
method and accuracy. The specificity varies from labora- 
tory to laboratory so that there may be a lack of uniformity 
about what is actually being measured. For example, para- 
cetamol may be measured by a non-specific method that 
picks up its metabolites as well as the native drug, which 
will then offer a different blood level in a fatal case from 
that found by more specific methods. In other words, one 
is not comparing 'like with like'. 

Third, as discussed elsewhere in this chapter, the site of 
sampling may introduce wide errors. With some substances, 
a several-fold variarion in concentration may be found 
between femoral vein and cardiac cavity blood. 

Last, errors occur because a 'fatal' level may be attributed 
to one substance without taking into account the level - or 
even the existence - of other toxic substances that the 
deceased may have taken, and of which the pathologist or 
analyst may not even have been aware. For example, the 
newer more potent benzodiazepines may be missed in a 
simple toxicological screen, but could well have con- 
tributed to the toxicological overload that caused the 
patient to die. In such a case, the level of the recognized 
drug would be blamed for the death, whereas in fact it may 
not have been a lethal dose in itself, though was recorded as 
such in any database or tables. 

These facts highlight the dangers of limiting a request 
for analysis solely to the substance known or thought to 
have been taken. Often an efficient screen for other sub- 
stances will- reveal other unsuspected compounds, some- 
times more toxic than the one originally suspected. 



The collection of autopsy samples for toxicological analysis 

It has to be recognized, however, that, in many jurisdic- 
tions, the availability and expense of toxicological investi- 
gations may make it impossible to pursue a full analytical 
survey, especially if this is to be undertaken on a speculative 
basis rather than for quantification of a known or strongly 
suspected toxic agent. A full screen may only be practicable 
and justified in a suspected homicide, if laboratory facilities 
and fiscal support are severely restricted. In many countries 
homicide by poison is relatively rare and the funds to inves- 
tigate accidental, suicidal and iatrogenic poisoning exhaust- 
ively may just not be available. 

THE AUTOPSY IN SUSPECTED 
POISONING 

The autopsy in these circumstances can be amongst the 
most difficult of problems faced by a forensic pathologist - 
not in the technical procedure of the examination, but in 
the final evaluation of all the available information. 

The nature of the poisoning autopsy in Western countries 
has changed dramatically since the last century, when poison- 
ing was a common method of homicide. There has been a 
marked change in the nature of poisons used in murder, sui- 
cide and accident: The corrosives, heavy metals and alkaloids 
commonly ingested in former years became relatively easy to 
detect, either by gross autopsy appearances or by straight- 
forward analytical methods. Further refinements of toxicolo- 
gical techniques, instead of the old methods in which large 
samples had to be tested because of the insensitivity of labora- 
tory tests, d o w  the detection of nanogram quantities. 

Acids, alkalis, phenols, arsenic, antimony and strychnine, 
for example, became easy to detect, and in the Western world 
these gave way to compounds that leave little or no gross, or 
even histological changes in the body. Most are pharmaceut- 
ical or agrochemical substances, active in low dose compared 
to the old 'blockbuster' poisons. As for the majority of drugs 
used in legitimate medical therapy, an added problem arises 
when low post-mortem levels are found - is this merely a 
therapeutic dose or the tail-end of a declining lethal dose? 

In some parts of the world, such as South-east Asia, 
Africa and the Indian subcontinent, poisoning remains 
common and more physically damaging substances con- 
tinue to be seen that leave obvious autopsy lesions. Some of 
these are described under the appropriate headings in the 
succeeding chapters, but in most poisonings the major 
function of the autopsy is to evaluate any other conditions 
present, both from trauma and natural disease - but also to 
collect suitable material for laboratory analysis. The proper 
retention of optimal samples, their correct preservation and 
dispatch to the toxicologist are of such fundamental import- 
ance that they are discussed in detail. 

POISONING DEATHS IN HOSPITAL 

A considerable proportion of those who die from suspected 
poisoning will have died in hospital, and it is of prime 
importance that the medical records be obtained and stud- 
ied before the autopsy begins. Even if poisoning was not 
confirmed or even suspected by the clinicians treating the 
patient, later information may have come to the patholo- 
gist to raise this possibility. Whether known or not, the 
results of ante-mortem investigations may be of consider- 
able use to the pathologist. If poisoning was known or sus- 
pected before death, there may well have been toxicological 
analyses performed and the results of these may be of great 
value . 

Whether poisoning was suspected or not, there may still 
be ante-mortem blood or urine samples (taken for bio- 
chemical or haematological tests) stored in the hospital 
laboratory, which may be rescued for retrospective analy- 
sis. Such ante-mortem samples are likely to be of greater 
use than fluids drawn off at autopsy, because of sampling 
defects, post-mortem changes and because toxic levels are 
likely to have been higher during life, representing more 
accurately the maximum toxic concentrations. 

In addition, many patients dying in hospital from drug 
overdoses will have indwelling catheters in place. It is the 
common practice for the nursing staff to remove these at 
death and discard the urine. If it is possible to establish a 
practice in the wards where such terminal urine samples are 
saved, valuable material for analysis can be obtained. 

THE COLLECTION OF AUTOPSY 
SAMPLES FOR TOXICOLOGICAL 
ANALYSIS 

The investigation of a death from suspected poisoning may 
stand or fall upon the correctness or otherwise of the 
sampling of fluids and tissues from the body. Unsuitable 
samples, inadequate amounts, incorrect sampling sites, poor 
containers, inadequate preservation methods, and delayed 
or unsatisfactory storage and transport to the laboratory 
may frustrate or distort proper analysis. The.final outcome 
may be wrong, either in failing to detect a poison actually 
present, in measuring only part of that originally present 
or - in some cases - even producing falsely high results 
that then lead to an incorrect cause of death. Not only 
must samples be in the optimal condition, but the accorn- 
panying information from the pathologist to the analyst 
needs to be as accurate and comprehensive as possible, so 
that the most appropriate techniques are used, and allowance 
made for any interfering substances that may be present. 
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tions, the availability and expense of toxicological investi- 
gations may make it impossible to pursue a full analytical 
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basis rather than for quantification of a known or strongly 
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ively may just not be available. 

, 

THE AUTOPSY IN SUSPECTED 
POISONING 
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most difficult of problems faced by a forensic pathologist - 
not in the technical procedure of the examination, but in 
the final evaluation of all the available information. 

The nature of the poisoning autopsy in Western countries 
has changed dramatically since the last century, when poison- 
ing was a common method of homicide. There has been a 
marked change in the nature of poisons used in murder, sui- 
cide and accident. The corrosives, heavy metals and alkaloids 
commonly ingested in former years became relatively easy to 
detect, either by gross autopsy appearances or by straight- 
forward analytical methods. Further refinements of toxicolo- 
gical techniques, instead of the old methods in which large 
samples had to be tested because of the insensitivity of labora- 
tory tests, allow the detection of nanogram quantities. 

Acids, alkalis, phenols, arsenic, antimony and strychnine, 
for example, became easy to detect, and in the Western world 
these gave way to compounds that leave little or no gross, or 
even histological changes in the body. Most are pharmaceut- 
ical or agrochemical substances, active in low dose compared 
to the old 'blockbuster' poisons. As for the majority of drugs 
used in legitimate medical therapy, an added problem arises 
when low post-mortem levels are found - is this merely a 
therapeutic dose or the tail-end of a declining lethal dose? 

In some parts of the world, such as South-east Asia, 
Africa and the Indian subcontinent, poisoning remains 
common and more physically damaging substances con- 
tinue to be seen that leave obvious autopsy lesions. Some of 
these are described under the appropriate headings in the 
succeeding chapters, but in most poisonings the major 
function of the autopsy is to evaluate any other conditions 
present, both from trauma and natural disease - but also to 
collect suitable material for laboratory analysis. The proper 
retention of optimal samples, their correct preservation and 
dispatch to the toxicologist are of such hndamental import- 
ance that they are discussed in detail. 

POISONING DEATHS IN HOSPITAL 

A considerable proportion of those who die from suspected 
poisoning will have died in hospital, and it is of prime 
importance that the medical records be obtained and stud- 
ied before the autopsy begins. Even if poisoning was not 
confirmed or even suspected by the clinicians treating the 
patient, later information may have come to the patholo- 
gist to raise this possibility. Whether known or not, the 
results of ante-mortem investigations may be of consider- 
able use to the pathologist. If poisoning was known or sus- 
pected before death, there may well have been toxicological 
analyses performed and the results of these may be of great 
value. 

Whether poisoning was suspected or not, there may still 
be ante-mortem blood or urine samples (taken for bio- 
chemical or haematological tests) stored in the hospital 
laboratory, which may be rescued for retrospective analy- 
sis. Such ante-mortem samples are likely to be of greater 
use than fluids drawn off at autopsy, because of sampling 
defects, post-mortem changes and because toxic levels are 
likely to have been higher during life, representing more 
accurately the maximum toxic concentrations. 

In addition, many patients dying in hospital from drug 
overdoses will have indwelling catheters in place. It is the 
common practice for the nursing staff to remove these at 
death and discard the urine. If it is possible to establish a 
practice in the wards where such terminal urine samples are 
saved, valuable material for analysis can be obtained. 

THE COLLECTION OF AUTOPSY 
SAMPLES FOR TOXICOLOGICAL 
ANALYSIS 

The investigation of a death from suspected poisoning may 
stand or fall upon the correctness or otherwise of the 
sampling of fluids and tissues from the body. Unsuitable 
samples, inadequate amounts, incorrect sampling sites, poor 
containers, inadequate preservation methods, and delayed 
or unsatisfactory storage and transport to the laboratory 
may frustrate or distort proper analysis. The final outcome 
may be wrong, either in Failing to detect a poison actually 
present, in measuring only part of that originally present 
or - in some cases - even producing falsely high results 
that then lead to an incorrect cause of death. Not only 
must samples be in the optimal condition, but the accom- 
panying information from the pathologist to the analyst 
needs to be as accurate and comprehensive as possible, so 
that the most appropriate techniques are used, and allowance 
made for any interfering substances that may be present. 
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In decomposed bodies infested with maggots, and in the 
absence of tissues or fluids normally taken for toxicology, 
Diptera and other arthropods can be used as alternative 
specimens for toxicological analyses. This relatively new 
field of forensic entomology is called entomotoxicology. 

The time of sampling 

It is obvious that the shorter the delay between death and 
the removal of samples, the better. Though some toxic sub- 
stances, such as carbon monoxide, form stable compounds 
in the body, many others (especially volatile substances 
and some pharmaceutical products) will be broken down 
by post-mortem autolysis and decomposition. When an 
autopsy cannot be performed quickly after death, in terms 
of a few hours, then mortuary refrigeration is the first line 
of defence to slow up putrefactive and autolytic processes. 
If delay is foreseen, usually because of administrative prob- 
lems in obtaining consent or authority for autopsy, it may 
be possible to obtain a sample of blood through the body 
surface, such as puncturing the femoral vein by needle and 
syringe. The blood can then be kept in optimal conditions, 
with preservative where needed, and perhaps with the 
serum or plasma separated from the cells to avoid haemoly- 
sis. Similarly, urine could be drawn off by catheter or even 
suprapubic puncture, unless strict regulations forbid this as 
anticipating autopsy permission. 

In some jurisdictions, authority for autopsy may be 
particularly hard to obtain, from religious, financial or 
administrative reluctance. Where poisoning is suspected, 
permission may be granted only for external examination 
and sampling; here venous blood, urine and perhaps vitre- 
ous humour may have to suffice for all investigations. 

Information supplied to the laboratory 

When samples are submitted to the toxicologist, they should 
be accompanied by the best possible information relevant to 
the case. It is both counterproductive and an unprofessional 
discourtesy merely to record the personal details of the 
deceased and list the samples, with a terse demand such as 
'Any poisons?' on the request form. Such a demand could 
legitimately be refused by the toxicologist, as it is quite inad- 
equate information upon which he can be expected to func- 
tion effectively and safely. The following information should 
be supplied and where necessary, supplemented by direct 
discussion either in person or by telephone: 

H The personal details of the deceased, including age, 
sex arid where thought relevant, the occupation 
,(especially if in agriculture or industry). 

133 Brief details of symptoms, if any, and length of 
illness. 

EB The post-mortem interval before samples were 
obtained, and the actual date and time of sampling. 
The name, address and telephone number of the 
pathologist. 
A list of all samples provided, with an indication of the 
sampling site for each. 

- - 

The nature of any preservative in each of the samples. 
If there has been a delay in submitting or transporting 
the samples, a note of the condition under which they 
have been stored (for example, refrigeration or 
deep-freeze). 
Any special risk associated with the samples must be 
communicated to the laboratory. The most obvious are 
infective conditions, especially hepatitis B or C virus or 
HIV infection in the deceased, though other diseases 
such as tuberculosis, tetanus, anthrax, gas gangrene or 
any other bacterial or viral condition must also be 
specifically reported. In relation to hepatitis and HIV, 
even if these are not definitely confirmed, the 
toxicology laboratory must be told if the deceased was 
in a high-risk group, such as a drug addict or a 
homosexual. In many areas, including Britain, some 
toxicology laboratories will not accept samples from 
such high-risk groups until a blood sample has been 
screened for hepatitis B and HIV antibodies; if positive, 
they may decline to carry out the analysis or perform it 
only under strictly controlled conditions. 

Similar warnings must be given to the analyst if there 
is any possibiliry of certain harmful substances, such as 
radioactive isotopes or certain war gases, being present 
in the samples. 
When a death has criminal aspects, such as a murder or 
manslaughter, then the usual strict precautions must be 
tzken for continuicy of widerice. Each contziner m1.w 

be carefully labelled and preferably countersigned by 
the pathologist. Some jurisdictions will require actual 
seals on the containers themselves or the package into 
which they are placed for transport, or both. 
Accompanying signed 'exhibit labels' with serial 
numbers corresponding exactly with numbers on the 
jars may be required. The containers must be given by 
the pathologist to a named person, usually the 
'exhibits officer' of the police investigating team (or to 
forensic scientists if they attend the autopsy). The 
police officer must hand the samples personally to a 
member of the laboratory staff and a record of this 
chain of evidence must be kept, so that there can be 
no criticism levelled at anyone when the matter comes 
to court, raising doubts about the correct identity of 
the sample. 
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corpse. In warm conditions, fermentation by yeasts and other 
alcohol-producing flora can produce appreciable quantities of 
alcohol: it has been reported that as much as 150 mg/100 ml 
have been generated within 24 hours after death. 

Once the blood or urine has been withdrawn from the 
body, however, further changes can be arrested by preserva- 
tives. Much has been published on this subject and a var- 
iety of concentrations of fluoride have been recommended 
by different authors. Glendening and Waugh (1965) used 
lOOmg of sodium fluoride/lOml blood and found no 
change in the alcohol content when samples were kept at 
room temperature for up to 3 months. Plueckhahn (1968) 
found that at least 5 mg/ml of sodium fluoride was required 
to inhibit alcohol dehydrogenase activity, which destroys 
alcohol. He found, however, that this concentration failed 
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as when yeasts were introduced into the samples. Together 
with Ballard, he investigated the use of mercuric chloride 
as a preservative (Plueckhahn and Ballard 1968). This sub- 
stance was also used by Bradford (1966) who added 0.5 mg 
of sodium citrate and 0.1 mg of mercuric chloridelml of 
blood to ensure that the samples remained liquid and ster- 
ile. When he replaced the mercury by fluoride, significant 
changes occurred, usually a loss of alcohol, though occa- 
sionally it increased. 

In most cases the delay before analysis is relatively short, 
being measured in days - often with refrigerated storage - 
so the long-term experiments mentioned here do not apply. 
When the ambient temperature is high, much more cau- 
tion needs to be used. It would seem that for general use, a 
concentration of 10 mg/ml of sodium or potassium fluor- 
ide is satisfactory. Fluoride should also be added to urine 
and vitreous humour if alcohol estimations are required. 
Cocaine and its metabolites are also labile in vitro, and 
fluoride should be added to samples submitted for analysis 
for this drug. 

Cyanide may be formed in considerable quantities in 
plain blood samples, which are of little use for cyanide esti- 
mation. Fluoride should be added to such specimens, as 
well as for carbon monoxide (carboxyhaemoglobin) if the 
analysis is to be delayed. In all analyses for pharmaceutical 
drugs, two samples of blood should be submitted, one plain 
in large volume of at least 25 ml and another smaller sample 
in fluoride. 

When insulin assay is required on a blood sample, spe- 
cial precautions should be taken. Haemolysis of the red 
cells releases enzymes which will reduce the S-S bonds in 
insulin and destroy its immunoreactivity, so the sample 
should be centrifuged as soon as it is obtained to separate 
the serum. A heparinized sample should also be taken for 
glycosylated haemoglobin estimation and fructosamine 
assay. Vitreous humour, blood and urine samples should be 

placed in fluoride and sent for glucose estimation, as well as 
tissue samples from around any putative injection site, 
together with a control tissue sample from a site elsewhere 
on the body where insulin is unlikely to have been recently 
injected. 

THE SITE OF SAMPLING FOR 
TOXICOLOGICAL ANALYSIS 

It is now obvious that, in the past, serious errors were made 
in toxicological analyses from lack of care or consideration 
concerning the source of body-fluid samples. Significant 
variation can be found in the concentration of many sub- 

opposed to venous blood is used, as tissues may take up the 
compound from the arterial supply, the concentration then 
being lower in the venous return. Similarly, portal blood 
may have a substantially higher concentration of a sub- 
stance that is being absorbed from the intestine, before it 
is extracted by passage through the liver. After death, most 
variation is caused by uneven destruction by enzymatic and 
microbiological activity - and by diffusion from sites of 
higher concentration. The barriers formed by living cell 
membranes break down after death and small molecules in 
particular may move easily through the tissues into vascular 
channels. 

Post-mortem levels of many substances are unreliable 
because of this diffusion effect, making the interpretation 
of physiological components, such as sodium, potassium, 
calcium, glucose, urea and many others extremely difficult, 
if not impossible. Applying these facts to toxic compounds, 
the concentrations may vary considerably according to the 
sampling site. As an illustration, the Moorgate Tube disaster 
in London showed that blood-alcohol levels may vary widely 
between different sampling points. The driver of an under- 
ground train was killed, along with a number of passengers, 
but his body could not be recovered from the warm envir- 
onment for several days. As it was obviously vital to know if 
drink had contributed to the accident, four samples were 
taken from various sites in the body. O n  analysis, a fourfold 
variation from between 20 and 80 mg/ 100 ml was obtained, - 
presumably because of variable rates of ~utrefactive alcohol 
production, as there was no evidence to show chat the driver 
had imbibed alcohol before death. 

Most research in respect of sampling variation has been 
directed at alcohol. One point of dispute, which is relevant 
even when post-mortem changes are minimal, is whether 
alcohol in the stomach can diffuse after death to neigh- 
bouring organs and produce a falsely elevated alcohol 
concentration in blood at those sites. 
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The relevance is clear, in that, if a person drinks alcohol 
immediately before death, there will be insufficient time for 
it to be absorbed. Thus ethanol remaining in the stomach 
after death cannot have contributed to his ante-mortem 
blood-alcohol level, and hence his cerebral function and 
consequent behaviour. If however, analysis of a sample of 
blood taken from the heart cavities is contaminated by 
post-mortem diffusion from the adjacent stomach, then a 
falsely high reading will be obtained, which may have ser- 
ious legal implications, if the error is not appreciated. 

Several workers have investigated this problem, with con- 
flicting results. Gifford and Turkel(1956) introduced alcohol 
into the stomachs of cadavers and found that subsequent 
heart blood levels increased by 25 up to 106 mg/lOO ml. 
They then compared femoral vein blood with heart blood 
voided into the pericardial sac in alcohol-positive autopsies 
and found that the concentration in the latter was higher. 
Plueckhahn and Ballard (1968), however, criticized this 
work on the grounds that pericardial fluid alcohol was usu- 
ally about 20mg/100ml higher than that in the heart or 
peripheral vessels. Plueckhahn went on to instil alcohol 
into the stomach of cadavers, taking multiple site samples 
at times from 6 to 50 hours later. His results indicated that 
there was a significant diffusion of alcohol to the pericardial 
and pleural fluids, but that the increase was minimal in 
intraventricular heart blood. 

Pounder and Yonemitsu (1991) carried out experiments 
with dead bodies in which they introduced a slurry con- 
taining alcohol, dextropropoxyphene and paracetamol into 
the trachea to simulate aspiration of stomach contents. 
After a delay of 48 hours, an autopsy was carried out and 
drug concentrations measured in samples taken from vari- 
ous sites. Whilst femoral vein blood remained clear of these 
substances, samples from vessels in the thorax showed up to 
130mg/100ml of alcohol with a mean of 58 in a pul- 
monary vein - and up to 1934 mg/l of paracetamol (mean 
969), both obviously spurious due to post-mortem diffu- 
sion. This situation could have occurred from agonal regur- 
gitation of stomach contents with recently swallowed drugs 
back into the air passages and shows the dangers of 
inappropriate sampling sites, with the femoral the place 
of choice. 

Winek et al. (1995) have shown that, in the sampling 
practice of transthoracic needling, especially in cases of 
trauma where the gastrointestinal tract has been damaged, 
false elevations of blood alcohol can occur. These workers 
used heart blood as their control, which itself seems suspect 
as a satisfactory autopsy sample. 

For the reasons given above, peripheral vein blood 
should be used whenever possible, avoiding heart blood as 
a potential source of error for alcohol and presumably other 
easily diffusible substances. 

THE TECHNI UE OF OBTAINING 
AUTOPSY SAM ?? LES 

Blood 
There are several ways of obtaining blood samples at autopsy 
and perhaps the most useful advice is what not to take. 
Blood should never be obtained from body cavities after 
evisceration, as it is almost certain to be contaminated with 
other body substances. The practice of scooping 'blood' - 
or more accurately, bloody fluid - from the paravertebral 
gutters or the pelvis is always unacceptable, as urine, intes- 
tinal contents, gastric contents, lymph, pleural and ascitic 
fluid and general tissue ooze will always find their way into 
such a sample and negate the reliability of analysis. 

When a large haemothorax or haemopericardium is pre- 
sent, it may be grudgingly acceptable to use such blood or 
clot, if a clean sample is taken immediately on opening the 
chest, before any dissection or disturbance of organs is made. 
This is only second best to obtaining intravascular blood - 
and, in the case of alcohol and other diffusible substances, 
the results cannot be relied upon, as the sample may be con- 
taminated by post-mortem diffusion from the stomach, as dis- 
cussed in the preceding section. Carbon monoxide estimations 
may also be made on clean cavity blood, if nothing else is avail- 
able, as sometimes happens in a badly incinerated body. As it is 
absorbed through the lungs, it cannot diffuse from the gasuo- 
intestinal tract to give a false result. Even so, it is a rare autopsy 
that cannot provide a small sample of blood from some 
peripheral vein, if enough care and persistence is used. 

To return to the general state of affairs, the most satisfac- 
tory way of obtaining a venous blood sample is venepuncture 
of the femoral vein by direct puncture in the groin before the 
autopsy begins. Practice is required as, unlike a living patient, 
the vein is not usually palpable. Once the lumen is entered, 
25 ml can usually be drawn off without trouble, though a 
slow flow may be improved by massaging the leg to drive 
blood proximally or the leg may be raised, if rigor allows. 
Though less satisfactory than a leg vein, for reasons dis- 
cussed earlier, a neck win can also be punctured through the 
skin, and even after death the jugular may sometimes be both 
visible and palpable, especially in congestive deaths. The 
subclavian vein can also be tapped. 

When collecting blood samples by percutaneous puncture, 
some pathologists prefer to use a needle designed for aspirat- 
ing samples from rubber-capped vials, rather than a needle 
meant for clinical aspiration or injection. The same needles 
can be used for collecting vitreous humour. An example of 
this type of needle is the Becton Dickinson purple-hubbed 
16 gauge one-inch or a similar American equivalent. 

In some jurisdictions, especially in countries where the sys- 
tem allows only a low autopsy rate, transcutaneous sampling 



is virtually the only post-mortem investigation possible and 
the doctors in these areas become adept at cadaver venepunc- 
ture. Many pathologists, the authors included, have been 
brought up to obtain blood samples during the actual per- 
formance of autopsy and this can be as satisfactory as external 
venepuncture, as well as saving the expense of a new syringe 
and needle every time. A common procedure after eviscer- 
ation is to hold a container (such as the 30 ml universal) under 
the severed end of the subclavian vein, within the upper part 
of the empty thorax. The arm is then elevated and massaged if 
necessary, to express blood into the container. Similarly, and 
perhaps preferably, the femoral or external iliac vein may be 
transected near the brim of the pelvis, and a container held 
under the cut while the leg is elevated, or massaged, or both. 
Either of these methods will provide ample, clean, peripheral 
veiious b!ood, rhoiigh caic iiiiist be taken to avoid m y  con- 
tamination from the body cavities. This initial collection 
should be transferred into one or more new rubes, with pre- 
servative added if appropriate, as the first receptacle will be 
soiled externally during the collection process. 

An alternative method of collecting a venous sample, 
which always gives a copious flow of blood, is to incise the 
internal jugular vein during the initial stages of the autopsy. 
As soon as the main autopsy incision is made, the flaps of 
the neck skin can be dissected aside and the jugular exposed, 
if necessary by dividing the sternocleidomastoid muscle. As 
in the previous technique, a bottle can be held against the 
vein as it is transected and the flow collected directly into it. 
The blood may overflow into the pouch formed laterally by 
the reflected skin, which forms a reservoir where a consider- 
able volume may collect. If the flow is scanty, it can be 
improved by raising and lowering the head, which will cause 
blood to return from the upper venous drainage areas. 

Even more can be expressed by pressing on the chest, but 
here there is the potential disadvantage of forcing up blood 
through the superior vena cava from the heart, which may 
distort the value of alcohol and other drugs that may have dif- 
fused port-mortem from the stomach. Blood should not be 
taken from the heart cavities, the inferior vena cava, or the 
portal or hepatic veins, as these may also give concentrations 
that are at variance with those in the peripheral vascular sys- 
tem. A full 30 ml of blood should be submitted to the labora- 
tory wherever possible, together with a 5 or 10 ml fluorided 
sample. 

Urine 

Prior to, or in the absence of, an autopsy, urine can be 
obtained by catheter or suprapubic puncture with syringe and 
long needle. At autopsy it is usual to wait until evisceration 
has been carried out before dealing with the bladder. A sam- 
ple can be obtained by puncturing the fundus with syringe 
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and needle. Alternatively, the bladder can be stretched by 
pulling the fundus upwards with the fingers, then a sagittal 
incision made with a knife on the ventral surface, which must 
be free from blood soiling. The urine that wells out can be 
collected directly into a small container such as a 30 ml uni- 
versal. If only a small amount is present, then the incision 
may have to be enlarged and the residual urine sucked out 
under direct vision, using a syringe without a needle. 

Bile 

This can be useful for some analyses, such as those for 
morphine and chlorpromazine, which are concentrated by 
the liver and excreted into the gallbladder. Direct collection 
into a bottle is advised, as bile is usually too viscous to be 
sucked through a needie. 

Cerebrospinal fluid 

This is not ofcen required for toxicological analysis, though 
it may be needed for microbiological and virological stud- 
ies. If needed, it should be collected by lumbar or cisternal 
puncture, as in the living patient. It can be difficult or 
impossible to obtain in this way because of the lack of any 
intrathecal pressure. 

The body should be turned on to its side before the 
autopsy begins and flexed as much as possible by an assistant. 
If an infant, it should be sat up and again flexed forwards to 
curve the spine as much as possible. A needle on a syringe 
should then be passed between two lumbar or lower thoracic 
spines, and stopped as soon as any penetration of the theca is 
felt. Moderate suction should be maintained on the syringe 
piston to compensate for the lack of internal pressure. 
Alternatively, the needle should be passed into the midline 
just below the occiput and advanced upwards until the skull is 
contacted just posterior to the foramen magnum. The needle is 
slightly withdrawn and re-advanced until it slips through the 
posterior part of the atlanto-occipital membrane into the 
basal cistern when cerebrospinal fluid may be aspirated. It is 
of little use taking cerebrospinal fluid from the bowl of the 
posterior fossa after the brain has been removed as the con- 
centration of many substances is different in blood compared 
with the fluid, so blood contamination distorts any results. 
Clear cerebrospinal fluid may, however, sometimes be 
obtained from the lateral ventricles, either by needle puncture 
or cutting down through the cortex. 

Vitreous humour 

This is sometimes useful, especially in bodies with appre- 
ciable post-mortem decomposition, as the fluid in the eye 
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resists putrefaction longer than other body liquids. Vitreous 
fluid is also used for estimating the time since death (see 
Chapter 2). 

A puncture should be made through the sclera at the 
outer canthus with a fine-gauge needle. This should be 
placed as far laterally as possible, pulling the lid out, so that 
when released it returns to cover up the puncture mark for 
cosmetic reasons. The fluid should be sucked out by syringe, 
but it will often come only slowly because of its viscosity. 
If the best restoration is needed, water should be reinjected 
through the same needle to reinflate the globe, which tends 
to collapse on suction. 

Stomach contents 

As stated earlier, these can be collected directly into 
wide-mouth glass or plastic pot of at least 250 ml volume. 
To collect them, the exterior of the stomach should be 
washed clean of blood and other contamination, and pulled 
with attached organs to the edge of the dissecting board or 
sink. The greater curvature should be opened cautiously 
with large scissors, and the jar held underneath so that the 
contents flow directly into it. When most have been 
expressed, the greater curvature can be opened up fully 
and the gastric lining examined. Any further contents are 
scraped out and any powder, capsule or tablets picked o& 
and either added to the main jar or placed in a separate 
small container. Such focal deposits form a more concen- 
trated sample for the laboratory. Any undissolved tablets or 
capsules should be carefully preserved, as the laboratory or 
a pharmacist may be able to identify them by their appear- 
ance and colour. After the mucosa has been examined, 
including that of the duodenum, the stomach wall can be 
dissected off. Some laboratories require this for their analy- 
sis, either added to the jar of contents or sent separately. 
The wishes of each individual toxicologist should be dis- 
covered in advance. 

Intestinal contents 

These are not routinely required for analysis unless some 
particular gastrointestinal poison is suspected, such as one 
of the heavy metals. Again, the toxicokogist should be con- 
sulted. If required, both ends of the small gut should be 
ligated by string sutures at duodenum and ileum. The intestine 
is cut through at these points and stripped out by cutting 
through the mesentery in the usual way. The intact gut 
can be sent to the laboratory in a large container (such as 
that used for liver) or - if the mucosa needs to be examined 
first - it should be opened in a large &an tray. One suture 
can be cut and the contents milked fr0.m one end to the 

other into a suitable jar, the gut then being opened and sent 
with the contents to the laboratory. The large intestine and 
contents are rarely required, as most toxicology laboratories 
are not keen on handling and storing large volumes of faecu- 
lent material. In heavy-metal poisoning, such as arsenic and 
antimony, however, some analysis may be required. 

Vomit 

This is rarely collected at autopsy, unless a large quantity 
has been found in the air passages. However, vomit is not 
infrequently collected by ambulance crews and police at the 
scene of the illness or agonal event, and brought with the 
deceased to hospital or the mortuary. If thought relevant in 
a case of suspected poisoning, it should be properly con- 
tained, labelled and forwarded with other samples for toxi- 
cological examination. 

Other fluids 

Other fluids are rarely collected, but on occasions may 
be useful, especially if clean blood cannot be obtained. 
Pericardial fluid, synovial fluid, pleural effusion and ascitic 
fluid can be used for qualitative analysis ro identify a range 
of substances, though these levels can rarely be related to 
established ranges of blood concentrations. They may be 
collected and transported in the same type of container and 
with the same preservatives as vitreous humour. 

Analysis for volatile substances 

In solvent abuse and deaths from gaseous or volatile sub- 
stances, the toxic material may be isolated from a whole 
lung. As soon as the thorax is opened at autopsy, a lung is 
mobilized and the main bronchus tied off tightly with a 
string ligature. The hilum is then divided and the lung 
  laced immediately into a nylon bag, which is sealed and 
sent as soon as possible to the laboratory. Ordinary plastic 
(polythene) bags are not suitable for this task, as they are 
permeable to volatile substances. Nylon bags, as used by arson 
investigators to collect samples that may have volatile accel- 
erants, do not suffer from this defect. 

In collecting blood samples for volatile substances, plastic 
tubes or tubelsyringe combinations of the 'monovette'.type 
are unsuitable, as the concentration of such compounds as 
toluene or other solvents will decrease considerably over a 
few days in storage. Vials with a rubber septum as a seal are 
also unsuitable, as the volatile substance can escape through 
the rubber. Suitable tubes are made of glass with an alu- 
minium foil-lined cap or a polytetrafluorethylene (Teflon) 
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liner. This type of tube is often used in laboratories for scin- 
tillation counting and can be employed for the collection of 
solvent samples. Such tubes should be available in any busy 
autopsy room where solvent abuse deaths may be handled. 
The tubes should be filled to the top to avoid loss of vola- 
tile substances into the head space and should be stored at 
4"C, rather than being frozen solid. 

Body tissues 

Body tissues may be needed for some toxicological analyses. 
Liver is the most usual, as it concentrates many substances 
and their metabolites, which may then be recoverable long 
after the blood and urine levels have declined. Either the 
whole organ is saved or an aliquot of 50-100 g, according 
to the wishes of the  articular laboratory. If only a part is 
retained, it should be taken from the periphery, away from 
major vessels and bile ducts. 

Brain and kidney may sometimes be required and again 
a 50-1OOg aliquot is usually sufficient. As with liver, the 
total original weight of the organ should be recorded and 
notified to the toxicologist. 

Where a toxic substance may have been injected into the 
subcutaneous tissue or muscle, these tissues should be excised 
and submitted to the laboratory. The usual merhod of iden- 
tifying the site is from a needle puncture mark, and a zone 
of skin and tissue should be removed circumferentially 
around this or an ellipse cut away, so that the defect can be 
sewn up on the body. A few centimetres in diameter around 
the mark is usually sufficient. The depth of the sampling 
depends on how deeply the needle track extends and may 
need to go into the underlying muscle. Radiography may 
assist in rare cases, as in the George Markov murder in 
London, where a political assassination was carried out by 
the introduction of a tiny sphere, presumably injected from 
an air weapon concealed in an umbrella. The sphere, drilled 
out to carry a potent toxin, probably ricin, was located by 
X-ray at autopsy after a small skin puncture was found. 
Where an injection site is sampled, it is essential that a con- 
trol area from a remote part of the body is also sent to the 
laboratory. It is usual to take this from a symmetrical zone 
on the contralateral side, but caution must be used, as in 
both drug dependence and insulin usage, alternate sides 
may be used at frequent intervals for injection, so another 
more remote site might be preferable. 

The substances which may have been injected are numer- 
ous, but insulin, morphine, heroin, cocaine and other illicit 
drugs are most common. In the notorious Coppolino case 
in the USA, products of succinylcholine (suxarnethonium) 
were identified from around a needle track in the buttock 
of an exhumed body of a woman, leading to the conviction 
of her anaesthetist husband for murder. 
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A b s o r p t i o n  of a l c o h o l  

vital centres in the midbrain and medulla are affected, there 
is a danger of fatal cardiorespiratory failure. Alcohol also 
causes changes in the heat regulatory mechanism, both cen- 
trally and by a vasomotor effect. Generalized vasodilatation 
occurs, especially in the skin, which may lead to marked 
heat loss and dangerous hypotherrnia. There is an increase 
in heart rate with low concentrations but, when alcohol levels 
approach the dangerous ranges in excess of 300 mgI100 ml, 
bradycardia may develop. A slight and inconstant increase in 
blood pressure may occur, more often in the systolic level, 
which increases the pulse pressure between systolic and 
diastolic. There is no evidence to support the contention 
that alcohol dilates the coronary arteries and claims that 
it causes dilatation of cerebral arteries (and thus worsens 
intracranial haemorrhage) are also equivocal. Alcohol also 
has a diuretic effect and, when combined with large quan- 
tities of fluid, as in excessive beer drinking, may lead to 
electrolyte disturbances. In healthy test subjects short-term 
alcohol administration causes transitory hypoparathyroidism, 
accounting, at least in part, for the transient hypocalcaemia, 
hypercalciuria and hypermagnesiuria. In alcoholic patients 
especially hypomagnesaemia is common. 

ABSORPTION OF ALCOHOL 

For all practical purposes, it may be assumed that the only 
route of absorption of alcohol is by mouth as, although it 
can be inhaled, situations where this occurs must be rare 
indeed. One case is known to the author (PS), in which a 
man suffering from a tumour of the base of the tongue, 
probably causing difficulties in swallowing, had instilled 
fruit brandy rectally via a plastic tube using a pump, and 
dying as the result of acute alcohol poisoning. 

Almost as soon as the alcohol is swallowed, it begins 
to be absorbed into the blood - and as soon as that blood 
reaches the liver, the alcohol begins to be eliminated. There- 
fore the blood level (and hence the brain concentration) is 
a dynamic balance between absorption and elimination, 
the peak determining the maximum behaviour effect. Such a 
balance is ofien represented graphically by the 'blood-alcohol 
curve' (BAC), which indicates the intensity and duration of 
physiological effects. 

Ethanol is capable of being absorbed by any part of the 
gastrointestinal canal, but in practice this is confined to the 
stomach and upper small intestine, as only a little alcohol 
remains to pass through the wall of the ileum or colon. When 
alcohol is taken with food, however, there seems to be a 
deficit in the amount absorbed, as some never appears in 
the bloodstream. Some of this lost alcohol may be excreted 
in the faeces, but when absorption is slow, more may be 
destroyed by the liver directly from the portal blood, never 

surviving to enter the systemic circulation. ~ icko l l s  (1 956) 
estimated this lost alcohol taken with food to be between 
17 and 20 per cent and Alha (1951) gave the range as 
10-20 per cent. Recent studies suggest that it is  roba ably 
much less, around 5 per cent. 

Owing to a thinner mucosa, a better blood supply and a 
larger surface area, the upper small intestine - the duodenum 
and jejunum - has the maximum capacity for absorption, 
compared with the gastric mucosa. This has practical impli- 
cations, as drink taken by mouth will be absorbed more 
quickly when: 

@ a gastrectomy or gastroenterostomy has been carried 
out previously, as the drink will pass rapidly through 
to the upper small intestine 
the stomach is empty, as fluid will pass through the 
pylorus with almost no delay. 

Conversely, when the stomach contains food, the drink 
will be held up until digestion has proceeded sufficiently for 
the contents to be released into the duodenum. A fatty meal 
will slow this process down even more and milk feed also has 
a marked delaying effect. Obviously some absorption will 
still occur in the interim via the gastric mucosa, but not at 
the same high rate as in the duodenum and jejunum. As well 
as delaying emptying, a full stomach will retard absorption 
by mixing with the alcohol and physically reducing its access 
to the gastric lining where transit into the blood takes place. 

Another factor in the speed of absorption is the concen- 
tration of the alcohol. A strength of about 20 per cent is 
optimum for rapid absorption, which is met (in an empty 
stomach) by sherry or port wine, or spirits diluted with a 
'mixer', such as gin and tonic or whisky and soda. It is also 
said that carbonated drinks (those containing dissolved 
carbon dioxide, such as champagne, tonic or soda water, or 
lemonade) hasten absorption, perhaps because the bubbles 
greatly increase the surface area carrying alcohol. 

Dilute drinks, such as beer (with a concentration of 
about 4 per cent alcohol) will be absorbed much more 
slowly - probably because the large volume impedes access 
of the alcohol molecules to the stomach lining. Beer may 
take twice as long to absorb as stronger drinks, though part 
of the delay is caused by contained carbohydrates, which is 
another factor that slows absorption. For example, when 
whisky is diluted to the same strength as beer, absorption is 
more rapid and the peak is higher than drinking the same 
amount of alcohol in the form of beer. 

Very strong drink slows the rate of transfer into the 
bloodstream. Neat spirits or liqueurs, which may be in excess 
of 40 per cent alcohol, cause: 

&3 pyloric spasm and hence retarded emptying into the 
duodenum 
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kB irritation of the gastric lining, forming a barrier of 
mucus, which slows absorption 

E3 reduced gastric motility, which also retards emptying. 

Given an empty stomach and an optimum concentration 
of alcohol, most of the drug will have entered the blood- 
stream between 30 and 90 minutes after drinking. According 
to research by Wilkinson et al. (1977), the average times 
to reach peak blood concentration were 22, 40, 55 and 
60 minutes after drinking 11,22, 36 and 45 g of alcohol in 
a bolus of similar volumes. 

It has been calculated that 98 per cent of alcohol drunk 
would be absorbed within 10 minutes if it went straight into 
the small intestine - most of the delay is due to hold-up in 
the stomach. Rates vary geatly among different people and 
even in the same person at different times, irrespective of 
food being taken, but an acceptable mean time would be 
that 60 per cent of the imbibed alcohol would be absorbed 
within 60 minutes and 90 per cent within 90 minutes. 

Food in the stomach can, however, a t  least double these 
times and a large fatty meal can delay total absorption for 
a number of hours. This has an important effect on the 
dynamic state between absorption and elimination, as the 
rate of the latter is relatively constant (see below) and can 
therefore deal with the slow delivery of alcohol from the por- 
tal blood so effectively that the peak of the blood-alcohol 
curve is low - indeed the curve becomes a long shallow curve 
instead of a sharp hillock. Where there is a legal threshold for 
blood alcohol in relation to driving, the taking of food can 
easily cause one person who has had a large meal to remain 
well under this limit, whereas another person who drank the 
same amount at the same time may rapidly exceed the thresh- 
old if he drank on an empty stomach. Incidentally, the same 
effect can occur, notwithstanding food, where a man and 
woman drink the same amount, as described earlier. 

Some drugs will affect absorption rates, by modifying 
the speed of stomach emptying. Atropine, chlorpromazine, 
tricyclic antidepressants, procyclidine, amphetamines, mor- 
phine, antidiarrhoea compounds (e.g. Lornotil), codeine, 
methadone, heroin, pethidine, etc., will delay gastric tran- 
sit, whilst the antiemetics cisapride and metoclopramide, as 
well as the antibiotic erythromycin, will hasten stomach 
emptying. 

ELIMINATION OF ETHANOL 

Almost all alcohol is detoxified by the liver, only 2-10 per 
cent being excreted unchanged. This means that a heavy 
drinking session places a great metabolic burden upon the 
liver and is the cause of hepatic damage afier long-standing 
drinking. The elimination mechanism is an oxidation of 

alcohol by liver enzymes, through aceraldehyde to acetate. 
The first stage is performed by the enzyme alcohol dehydro- 
genase but, as the second stage is much more rapid, little 
acetaldehyde has time to accumulate. The acetic acid is 
rapidly oxidized further to carbon dioxide and water. Some 
may also be broken down by a microsomal oxidase system. 

The rate of elimination is of crucial importance to the 
shape of the blood-alcohol curve, the height of its peak and 
to the duration of the alcoholaemia. It is also central to any 
attempts at retrospective calculations of blood, breath or 
urine levels, as discussed later. Whereas the rate of absorption 
is variabkand is affected by a number of factors, the speed 
of detoxification in the liver is much more constant and rela- 
tively independent of external influences. This is not to say 
that it is fixed and immutable, even in the same person at 
different times. but it is capable of reasonable approxima- 
tion. Much experiment and research has been devoted to 
this topic and the results, though variable, lie within a fairly 
narrow band. 

Holford (1987) reviewed 11 different studies and found 
average rates varying between 12.6 and 26.8mg/lOOrnl/ 
hour. Neuteboom and Jones (1990) looked at levels in 1300 
drivers stopped by the police, and calculated rates between 
12 and 38mg/lOOml/hour in 95 per cent of subjects. 
Several had rates over 48 mgI100 ml/hour. The elimination 
rate appeared to increase as the net blood concentration 
increased, for which several explanations are possible. 

As a generalization, it has traditionally been assumed that 
blood alcohol declines, after the peak is reached, at a rate of 
around 15 mg/lOO ml/hour, but more recent research, espe- 
cially that of Holford, indicates that this should be raised to 
18.7. This applies to healthy adults who are not habituated 
drinkers, and includes light to moderate drinkers and those 
'binge drinkers' who may indulge heavily but intermittently. 
The enormous number of publications on alcohol must be 
consulted for details of the range of variation, but basically, 
elimination can vary from about 12 to 27 mgI100 ml/hour. 

Taking the mean as around 18 mg, a man of average size 
can therefore destroy about 9 g alcohol/hour, with a range 
variation of between 7 and l6g.  This is about the same as 
the 'unit' of alcohol, a concept devised for convenience in 
estimating the daily or weekly intake of drinkers. A 'unit' is of 
10 g and is contained (approximately) in half a pint of beer, 
one single measure of spirits, or a standard glass of table wine. 

The habituated drinker, the 'chronic alcoholic', can elim- 
inate far faster than the average person, at least until he suf- - - 

fers severe liver damage in the later stages of his addiction. 
Though there is some controversy about the experimental 
evidence, workers such as Bonnichsen (1966) have shown 
that the rate is greater in older people, at higher blood- 
alcohol levels, and in habituated drinkers. The rate in the 
latter may be in excess of 40 mg/100 ml/hour and work at 



Lion Laboratories in Wales, who manufacture equipment 
for breath testing, have found rates over 50 mg1100 mllhour 
in chronic alcoholics. 

Between 90 and 98 per cent of ingested alcohol is removed 
from the blood by the liver, leaving a small residue to be 
excreted unchanged by the kidneys, lungs, sweat, salivary 
and mammary glands. The ethanol in glomerular filtrate is 
in equilibrium with plasma, but as water is absorbed in the 
renal tubules, the urine concentration is higher than the 
blood level at the time of filtration, the ratio being approxi- 
mately 123:lOO. This means, for example, that the legal 
limit for driving in Britain of 80 mg1100 ml blood is taken 
to be 107 mg1100 ml in &e. 

Unfortunately, it is obvious that, except in the highly 
unlikely circumstances of ureteric catheterization, the urine 
concentration can never accurately represent the blood con- 
centration at any given time. The blood concentration is - 
almost never static, but is either rising or falling, so the 
amount of alcohol in the glomerular filtrate is also constantly 
varying. It is being mixed in the bladder, however, with pre- 
viously filtered urine and will also have that which is filtered 
later added to it, until the bladder is emptied - so it can only 
provide an average concentration for the time between two 
micturitions. An added error is that urine produced before 
drinking began (and which was therefore alcohol-free) may 
have already been in the bladder and will dilute the alcoholic 
urine. In many countries, where urine is used for drink- 
driving testing, the subject is instructed by the police to 
empty his or her bladder before collection is made over the 
subsequent hour, in order to avoid the dilution factor. 

Breath is now used by many jurisdictions to measure 
alcohol intake, either as a screening test before blood is taken 
for analysis, or as an evidential method instead of blood or 
urine. There is still some controversy over the scientific 
accuracy of this method, but usually the results are so high 
that errors are immaterial - or in marginal results, more 
accurate blood testing is indicated. 

Alveolar air at 37°C is in equilibrium with the pulmonary 
capillary plasma alcohol, the ratio being about 2300:1, vol- 
ume to volume, for blood as against breath. There is some 
dispute as to the true ratio, which lies somewhere between 
2 100 and 2400. If sufficiently deep exhalation is made to 
drive out dead-space air, then the collected sample can be 
analysed to give a measure of the blood alcohol, though 
slight errors occur if there is incomplete elimination of dead- 
space air and a drop in temperature as the air travels through 
the dead space. In most countries using evidential breath 
testing, however, the offence is not in having a breath-alcohol 
level in excess of an equivalent blood level, but in having 
excess alcohol in the breath. This obviates defence ploys that 
would attempt to throw scientific doubt on the relationship 
between the two concentrations. 

ALCOHOL CONCENTRATIONS: 
UNITS AND VARIOUS DRINKS 

Alcohol  c o n c e n t r a t i o n s :  u n i t s  a n d  v a r i o u s  d r i n k s  
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The concentration (often called the 'level') of alcohol in 
blood, urine and breath is expressed by a variety of metric 
units, which may lead to some confusion. The index most 
widely used for blood, urine and other body fluids is the 
weight of alcohol per volume of diluent - for example, mUi- 
grams per hundred millilitres (mgI100 ml). The expression 
'decilitre' may be used instead of 100 ml (mgldl). In some 
countries in continental Europe, alcohol concentration is 
expressed as 'pro mille', which is grams per litre (gll), equiva- 
lent to milligrams per millilitre (mglml). Elsewhere, espe- 
cially in the USA, a 'percentage' system is common, but can 
be ambiguous as it does not intrinsically state whether the 
percentage is volumelvolume, volumelweight, weightlweight 
or weightlvolume. Unless otherwise stated, it is assumed to 
be a weightlvolume. 

Breath is almost universally measured as micrograms per 
hundred millilitres (kg1100 ml). The matter of weight and 
volume is important in respect of alcohol concentrations. 
The specific gravity of alcohol is 0.79, the compound being 
appreciably lighter than water. In alcoholic drinks, the 
manufacturer's description and labelling is almost always 
'volumelvolume' (vlv), but physiological calculations are 
made via the weight of alcohol in a given volume of body 
fluid (wlv). Therefore, especially for stronger alcoholic 
drinks, a conversion has to be made. For example, many 
spirits, such as whisky, may be labelled as 40 per cent vlv, 
but this would be only about 32 per cent weightlvolume. 
For weak drinks, such as beer, it is hardly worth correcting 
the 4 per cent vlv, as calculations have a far greater intrinsic 
error from other factors. 

Approximate strengths of common drinks are as follows 
(all vlv) : 

@ beer, lager, stout: 3-5 per cent 
&3 cider (variable): 5 per cent 
@ table wines (unfortified): 9-12 per cent 

fortified wines (sherry, port, vermouth): 
18-20 per cent 

kM spirits (brandy, gin, whisky, rum, vodka): 
37-42 per cent 
liqueurs (variable): 15-55 per cent. 

The practice of using 'units of alcohol' has become popu- 
lar in recent years, not so much for calculating concentra- 
tions, but for approximate estimates of intake, in relation to 
excessive drinking and the long-term medical consequences 
of alcohol consumption. A 'unit' is of the order of 10 per 
cent ethanol and very approximately delivered by 'one 
drink', where this is either a half pint of beer, one glass of 
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table wine or one small measure of spirits. For example, it 
has been recommended that men should not exceed about 
20 units per week and women 14, to avoid the risk of liver 
damage. It has recently been claimed that from statistical 
analysis of forensic autopsy material, the risk of coronary 
heart disease can be reduced by drinking 2 units a day 
(Thomsen 1995). 

Calculation of blood levels from drink 
taken and the converse 
The most important statement in this respect is to stress 
the utter unreliability and inaccuracy of attempting back- 
calculations in either direction. Only gross approximations 
can be achieved and no pretence at accuracy must be 
offered. In this book, we are not concerned with the con- 
troversial problems of trying to estimate blood or breath 
levels in living vehicle drivers at some time prior to an acci- 
dent or other event, but with similar problems that can arise 
in fatal cases, especially in reladon to drink and driving. In 
both criminal and civil disputes, evidence is often sought as 
to the alcoholic state of the deceased at some material time, 
based on calculations made from blood or urine alcohol 
analyses taken at autopsy. Less often, aviation, railway, div- 
ing and industrial fatalities may present the same potential 
problem. Criminal proceedings may arise because of alleged 
reckless driving on the part of another, when the drunken 
state of the deceased victim may offer some defence. In civil 
matters, often involving insurance companies, a significant 
blood-alcohol level may be used as contributory negligence. 

Whatever the reason, the pathologist must offer inter- 
pretations of alcohol levels found at autopsy with caution, 
especially where retrospective calculations are requested. 
Less often, the pathologist may be asked what blood or 
urine levels might be expected at a certain time (for example, 
at the time of death) given a description and timetable 
of alcoholic drinks taken by the deceased. The same cau- 
tions against overprecise calculations must be offered here. 
In calculating approximate blood levels from a knowledge 
of the drink taken, there are several methods in use: either 
the well-known 'Widmark factor' or other calculations, 
which are really modifications or simplifications of the 
Widmark technique. 

Widmark, in 1932, produced his well-known formula 
for calculating the total c o u n t  of alcohol in the body, 
from which knowing the body weight and assuming equili- 
bration throughout the water compartment, the blood- 
alcohol.level could be derived. 

The Widmark equation is: A = R X P X C, where A is 
the total body alcohol, C the blood concentration, P the 
body weight in kilograms and R a factor, which is 0.68 in 

men and 0.55 in women. The sex difference is due to the 
different fat:water ratios, men having about 54 per cent 
and women 44 per cent water partition by weight. 

Much research and modification of Widmark's factors 
has been carried out. Hume and Fitzgerald (1985) claimed 
that the use of body water distribution was too com- 
plex. Gullberg and Jones (1994) have published data on a 
re-evaluation of the Widmark equation, in which they 
claim to be able to estimate from a single blood-alcohol 
determination, the amount of alcohol consumed, within an 
error of 2 2 0  per cent. Pounder and Kuroda (1994) claim 
that the use of vitreous fluid (which is sometimes used 
in decomposed or damaged bodies in place of blood) to 
predict the blood-alcohol concentration, is too variable to 
be of practical use. 

A useful approximate calculation, derived from Widmark, 
is that an intake of 0.2 g of alcohol per kilogram body weight 
is likely to result in a blood-alcohol concentration in men 
of about 25 mg1100 ml. 

The following facts are of use: 

The average rate of decline of blood alcohol after the 
peak of the curve is reached, may be taken as about 
15 mg/I 00 ml/hour, though recent research suggests 
18 as more accurate. 
The weight of alcohol imbibed may be calculated from 
knowledge of the vlv strength of the liquor and the 
amount taken. For example, if a 'double' British 
measure of 40 per cent vlv whisky is drunk, then 15 ml 
will contain (40 X 0.8) = 32 per cent alcohol wlv in 
15ml = 4.8g. 
The weight of alcohollkg body weight is calculated. 
A ratio of 0.2 g alcohollkg body weight will produce a 
blood level of approximately 25 mg1100 ml in a man, 
assuming an empty stomach. 
In women, the level so produced may be 20-25 per 
cent higher. 
If only beer is drunk, the peak will be considerably less, 
sometimes only 50 per cent that produced from wine 
or spirits. 
Drinking during or after a meal markedly flattens the 
blood-alcohol curve. 

PHYSIOLOGICAL EFFECTS OF 
ALCOHOL 

The pathologist is frequently asked in either written opin- 
ions or in court testimony to give an estimate of the behav- 
ioural state of a victim at a certain level of blood alcohol or 
after having taken a specified amount of drink. Though he 
is usually not qualified as an expert on alcoholism in any 
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TABLE 28.1 General spectrum of behaviour (mg/100 ml of alcohol 
in blood) 

Above 30 
30-50 
50-1 00 

100-1 50 
150-200 
200-300 
300-350 
Over 350 

Impairment of complex skills such as driving 
Definite deterioration in driving ability 
Objective signs such as loqu~iousness, progressive loss of 
inhibitions, lauahter and some sensorv disturbance 
Slurred speech: unsteadiness, possibk nausea 
Obvious drunkenness, nausea, staggering gait 
Stupor, vomiting, possibly coma 
Stupor or coma, danger of aspirating vomit 
Progressive danger of death from respiratory 
centre paralysis 

clinical sense, he will be a medical practitioner with general 
knowledge and some personal experience of alcoholic 
behaviour, from his pre-pathology years. He thus can give a 
general opinion to assist the court, but unless he has special 
experience of the matter, he should not extend himself into 
detailed clinical expositions, which are the province of the 
psychiatrist with an interest in alcoholism, a police surgeon 
or a casualty officer, all of whom deal frequently with 
drunken patients. A general level of knowledge can be 
offered to the lawyer, police or court, however, especially in 
respect of the usual level of capability and consciousness at 
different blood-alcohol levels (Table 28.1). 

The list in Table 28.1 is probably 'worst case' in nature, 
as many people show less effects at given blood levels. 
Women are usually more affected at lower levels, though 
the 'world record' for survival may be a woman who sur- 
vived a blood alcohol of 15 10 mg/100 ml (Johnson et al. 
1982). Many drivers stopped by the police at random road 
blocks in Australia had blood levels over 500 mg1100 ml. 

MODES OF DEATH IN ACUTE 
ALCOHOLISM 

Death from alcoholic poisoning is not uncommon and can 
occur at blood levels in excess of about 300mg1100ml. 
Johnson et al. (1982) claimed that some deaths could be 
attributed to alcohol at even lower concentrations. Death 
can be caused either by the direct depressive effects upon 
the brainstem, mediated via the respiratory centres - or 
through secondary events such as aspiration of vomit. As 
discussed in Chapter 14, the use of 'aspiration of vomit' as 
a cause of death must be used with great caution unless there - 
is ante-mortem eyewitness evidence. The major exception 
to this proviso is in acute alcoholism, where if copious 
inhalation of stomach contents right down to the secondary 
bronchi is confirmed, then in the absence of significant 
natural disease, injury or other toxicity, a high blood-alcohol 

level may reasonably be incriminated as the probable cause. 
Many such fatalities occur during police custody, when con- 
siderable outcry, .publicity and disciplinary investigations are 
the usual outcome. 

Drunken persons are often involved in fatal trauma, 
which may be of many types. The majority of homicides are 
triggered by the aggressive behaviour engendered by alco- 
hol. Road accidents, either caused by drunken drivers (often 
upon themselves) or by drunken pedestrians walking into 
traffic, 'are commonly related to alcoholic vulnerability. Falls 
are extremely frequent and often fatal. Drunken persons may 
fall down stairs or steps and suffer head injuries. Falls from 
high places are less common, but do occur from drunken 
carelessness or unsteady gait - exemplified by the notorious 
inquest on Helen Smith in Leeds in 1982. 

Death from burns or carbon monoxide poisoning may 
occur in drunken persons who smoke when intoxicated. 
A common scenario is for a drunk to go to bed and fall 
asleep whilst smoking, the cigarette igniting the bedclothes. 
Sometimes, a gas, electric or kerosene heater may be knocked 
over during drunken staggering, which again starts a 
fatal fire. 

Drowning is seen occasionally, especially in river or dock- 
land areas. A typical happening is for a drunken sailor to 
return to his ship late at night, and fall from a bridge or 
gangway into the water. Death is sometimes not caused by 
drowning but by sudden vagal cardiac arrest from the shock 
of hitting cold water or having cold water suddenly flood 
the pharynx and larynx. The drunken state seems to sensitize 
the victim to such vasovagal shock, perhaps because of the 
marked cutaneous vasodilatation encouraged by alcohol. The 
author (BK) has seen a number of such tragedies in Cardiff 
dockland, including a sailor and his woman companion, 
who both fell off the ship after carousing. 

CHRONIC ALCOHOLISM 

The pathological features of this condition are extensive and 
can only be surveyed briefly here. In this context, chronic 
alcoholism refers to the steady, regular abuse of drink, rather 
than intermittent 'binge' drinking, which gives the tissues 
time to recover between bouts of acute alcoholism. 

At autopsy, there may be signs of general neglect and 
malnutrition, but many chronic alcoholics are obese or 
even oedematous, the latter because of chronic heart fail- 
ure. The specific lesions are in the liver, heart and brain, 
though they may be difficult to identify as unequivocally 
caused by alcohol. The early stages of liver damage cause 
fatty change, usually with enlargement. The normal weight, 
according to the sex and build, is between 1300 and 
lGOOg, but a fatty liver may be well in excess of 2000g. 



The surface is pale and greasy, though this may not be 
a uniform change, especially in early or less severe cases. 
Patchy yellowish areas may be visible within normal hepatic 
parenchyma. 

If the abuse continues, then the fatty change may even- 
tually give way to fibrosis, the liver surface becoming rippled 
beneath its capsule. Such cirrhosis is fairly fine, with nodules 
of the order of 5-10 mm in diameter. In the later stages the 
liver becomes smaller and contracts to a hard, greyish-yellow 
block of only 800-1200 g. 

Without a history of long-term alcohol abuse, it is difi- 
cult or impossible to be definite about the aetiology purely 
on autopsy appearances, though suspicion may be strong. 
A similar liver may develop as a sequel to hepatitis - and 
less often as an end result of certain dietary or metabolic 
defects. The spleen may he enlarged and firm: and portal 
varices may be present at the gastro-oesophageal junction, 
but these are both manifestations of portal hypertension 
and do not assist in determining the precise aetiology of the 
hepatic fibrosis. A useful index of liver damage and the pro- 
gression or remission of alcoholic impairment is the level 
of the enzyme y-glutamyl transpeptidase in the serum. 
Normal levels are less than 36 units, whereas liver damage 
can elevate this by a factor of many times. Alcoholic car- 
diomyopathy is certainly a real entity and can be diagnosed 
clinically. Whether it can be definitely identified on histo- 
logical appearances alone is a matter of dispute. The heart 
is enlarged and shows patchy fibrosis with a variable mixed 
cellular infiltrate, hypertrophy of muscle fibres, patchy 
necrosis, hyalinization, oedema and vacuolization. Nuclear 
enlargement and polymorphism complete the range of 
changes, but none of these are specific, being found in hyper- 
tensive heart disease, coronary stenosis and other types of 
myocarditis. Combined with a definite history of chronic 
alcoholism, however, these relatively non-specific changes 
can be ascribed to alcohol if other causes can be excluded 
(see also Chapter 25). More specific myocardial damage has 
been caused by cobalt added to commercial beers and several 
outbreaks are on record. Systemic fat embolism has also been 
recorded in victims of alcoholic fatty liver. Microinfarcts in 
myocardium and brain are possible, though this aspect has 
so far been rather neglected in research. Fat stains are not 
usually employed in routine investigations and it is not 
known how the victims of a fatty liver compare with con- 
trol subjects in respect of diffuse target organ embolism. 
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CAUSES OF CARBON MONOXIDE 
POISONING 

After alcohol and some pharmaceutical drugs, carbon 
monoxide poisoning is probably the most common toxic 
condition to be met with in routine forensic pathology. 
The widespread introduction of natural gas (which con- 
tains no carbon monoxide) as a replacement for 'coal gas' as 
a heating fuel has removed a major source of the poison. 
Monoxide still provides lethal dangers in many other ways, 
however. It is produced whenever fossil fuels are incom- 
pletely oxidized to carbon dioxide and, because of its great 
affinity for haemoglobin, even low concentrations can be 
cumulative. 

There are a vast number of publications on carbon 
monoxide toxicity, both in an environmental and indus- 
trial context. Once again, this discussion is confined to the 
pathologist's involvement in fatalities. A body coming to 
autopsy with suspected (or sometimes unsuspected) carbon 
monoxide poisoning, will have suffered that toxic condi- 
tion by the following means. 

Motor vehicle exhaust gases 

Since the replacement of coal gas (containing up to 7 per 
cent monoxide) with natural gas, a major means of suicide 
has been removed. 'Putting the head in the gas oven' was the 
most common form of self-destruction in Britain and many 
other countries until this changeover. In 1961 in the UK, 
for example, there were 271 1 suicides and 1014 accidental 
deaths from carbon monoxide. Since then, suicides have 
obtained carbon monoxide to kill themselves from the 
internal combustion engine. Petrol (gasoline) engines produce 
up to 5-7 per cent carbon monoxide in their exhaust fumes, 

and more if the engine is idling, defective or improperly tuned. 
Diesels produce f a  less monoxide than petrol engines. 
Normally, the exhaust pipe vents the gases into the atmos- 
phere, where it may contribute to considerable low-l&el 
monoxide contamination in large cities, such that policemen 
on traffic duty may have up to 10 per cent saturation of their 
haemoglobin. When the exhaust fumes are confined to a 
small space, then a dangerous or lethal level can build up in a 
short space of time. It is calculated that a 1.5 litre petrol 
engine, idling in a closed single garage, can produce a lethal 
concentration in the atmosphere within 10 minutes. 

Some suicides will merely sit in the garaged car with a 
window open and allow the gas to overtake them. More com- 
monly, some device is fitted to pipe the gas into the interior 
of the car and this may be done outside a garage, ofren in 
a remote parking spot. The flexible tube from a vacuum 
cleaner seems a favourite means, though ordinary hose-pipe, 
pushed inside the tail-pipe and led in through a window, is 
a common alternative. Apart from suicide, accidental poi- 
soning sometimes occurs in relation to internal combustion 
engines. A mechanic or car owner may work on a vehicle in 
a closed garage, especially in cold weather, and be overcome 
by monoxide before he is able to remove himself from the 
danger. The insidious nature of the toxic effects may make 
him unaware of the supervening stupor and coma. 

Carbon monoxide can also affect drivers of a moving 
vehicle, usually because of a defective exhaust system, which 
allows gas to percolate through the floor or engine bulkhead 
into the interior. Rarely, a strong following wind blows the 
external exhaust gas into the open doors of a van or truck. 
Another motoring cause is a leak in the heat exchanger in 
those vehicles that use a direct air supply from around the 
exhaust manifold to provide passenger heating. 

In aircraft - usually light planes with the engine immedi- 
ately adjacent to the cockpit - a leakage of exhaust gas from 
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the motor compartment can lead to disablement of the pilot 
and death from a crash rather than from fatal toxicity. The 
same applies to those road-vehicle drivers who are overcome 
by the gas to an extent that makes them incapable of driving 
safely. The differential diagnosis in survivors is between 
carbon monoxide and alcohol, as the clinical symptoms of 
both are quite similar at one stage of the toxic process. 

Deaths have also been reported in 'scuba' divers, whose 
air cylinders have been contaminated with carbon monox- 
ide during refilling from faulty petrol-driven compressors. 

Domestic appliances 

Domestic heating appliances can produce carbon monox- 
ide in addition to the usual dioxide from a restriction of 
their air supply, so that incomplete combustion of the fuel 
takes place. The fuel can be natural gas, which, though 
itself free from monoxide, is only partially oxidized from 
some defect of design, maintenance, or patency of the 
exhaust flue. Solid-fuel boilers used for central heating may 
have some restriction of air entry or a partial blockage of 
the chimney system. Paraffin (kerosene) heaters may burn 
with inadequate oxygen ingress and any other form of 
hydrocarbon fuel appliance can malfunction so that part of 
the products of combustion are monoxide. 

The author (BK) has dealt with several deaths that 
occurred because the faulty installation of natural-gas fires 
led to absent or inadequate ventilation, causing monoxide 
to back-diffuse into living rooms. Gas appliances, especially 
water heaters, are one reason why the bathroom is such a 
dangerous place. Apart from the extra hazards of electricity, 
a bath for drowning, wet surfaces for slipping, tablets in the 
cabinet and sharp instruments such as razor blades, the 
small-sized room and the frequent installation of a gas 
water heater or 'geyser' makes this room a frequent locus 
for unnatural death. Blockage of the exit or 'flue' pipe is a 
common fault, sometimes from bad installation or because 
it becomes blocked by soot or by birds' nests. 

Structural fires 

A common cause of monoxide deaths arises from struc- 
tural fires in houses and other buildings. As described in 
Chapter 11, the majority of deaths in house conflagrations 
are caused not by burns, but by inhalation of smoke. These 
fatalities are largely caused by carbon monoxide poisoning, 
though other lethal gases such as cyanide, phosgene and 
acroleins are partly responsible. Many victims of house fires 
die remote from the flames, and may be overcome in differ- 
ent rooms or even on different floors, the monoxide perco- 
lating considerable distances and killing persons either 
asleep or trapped elsewhere in the building. 

FIGURE 29.1 Carbon monoxide poisoning in a chronic alcoholic. 
This is a relatively common event when a drunken person collapser 

with a lit cigarette across his bed (note the ashtray and cigarette 

packet). The burns are post-mortem, death being cawed by a high 

level of carbox).haemoglobin generated the smouldering bed 
coverings. 

Industrial. processes 

Many industrial processes may lead to monoxide poisoning, 
especially in iron and steel works, where producer gas and 
water gas are deliberately formed and stored as part of the 
manufacturing process. Water gas can contain up to 40 per 
cent carbon monoxide and in former days was added to 
town gas for the domestic supply, which greatly enhanced 
the monoxide content of some 7 per cent from coal gas. 
Many other industrial processes, such as the Mond method 
of nickel production, use carbon monoxide, as well as the 
universal danger of any heating process producing the gas 
during combustion. In coal-mining, carbon monoxide is one 
of the gases that presents a constant threat; it escapes from 
the coal seams themselves but is also produced from the fre- 
quent small fires that smoulder in the recesses of the mines. 

Incomplete combustion 

Incomplete combustion of a gas flame from any gaseous 
fuel can produce.carbon monoxide. Where such a flame 
impinges on a cold metal surface or where that surface is 
coated with soot, oxidation of the fuel supply leads 
to monoxide production. In appliances fuelled from the 
common butane or propane cylinder sources, as in caravans, 
campers and boats, maladjustment or restriction of ventilation 
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can lead to slow but insidious production of monoxide. 
Deaths of whole families have occurred under such circum- 
stances, as they are exposed overnight to slow accumulation 
of carbon monoxide from refrigerators and other appliances. 

THE AUTOPSY IN CARBON 
MONOXIDE POISONING 

As always, an adequate history may give the clue to the 
cause of death. Where the circumstances are obvious, such 
as a death in a car with a tube leading from the exhaust, the 
pathologist's attention will be directed towards carbon 
monoxide from the outset. There are many other circum- 
stances, however, in which the history may be obscure, and 
o d y  the vigilaiice of the patfdogist aiid his staBwill pick 
up the possibility of this type of toxicity. In fact, many a 
case has first been recognized by the mortuary technician 
who commented on the colour of the skin or tissues. A 
number of fatal monoxide poisonings have already been 
certified as 'natural causes' by uncritical clinicians (espe- 
cially in general practice) when in fact carbon monoxide 
poisoning, either suicidal or accidental, was the true reason 
for the death. Failure to examine the body fully is the usual 
cause, as the pink coloration may only be noticeable in the 
areas of postural hypostasis not normally visible in a body 
in bed, though the sides and back of the neck are reason- 
ably accessible even to cursory examination. The author (BK) 
recollects at least one suicide where the relatives placed the 
body back in bed and had it certified as 'coronary throm- 
bosis' by an unsuspecting family doctor. 

At autopsy the most striking appearance of the body is 
the colour of the skin, especially in areas of post-mortem 
hypostasis. The classical 'cherry-pink' colour of carboxy- 
haemoglobin is usually evident if the saturation of the blood 
exceeds about 30 per cent. Below this, familiarity and good 
lighting are needed and below 20 per cent, no coloration is 
visible. As these low concentrations are rarely fatal, how- 
ever, little is lost. Sometimes, darker cyanosis tends to mask 
the skin colour, but the margins of the hypostasis and the 
internal tints are usually apparent. 

When the victim is anaemic, the colour may be faint or 
even absent because insufficient haemoglobin is present to 
display the colour. In racially pigmented victims the colour 
may obviously be masked, though may still be seen on the 
inner aspect of the lips, the nail-beds, tongue, and palms 
and soles of the hands and feet. It is also seen inside the eye- 
lids, but rarely in the sclera. 

Rarely, there may be blistering of the skin of dependent 
areas, such as the calves and buttocks, and around wrists and 
knees, similar to the so-called 'barbiturate blisters'. These are 
not specific to carbon monoxide toxicity and are the result of 

cutaneous oedema in any profound coma where there is total 
immobility and lack of venous return from muscle move- 
ment. As most carbon monoxide deaths are relatively rapid, 
such blisters are rare. Internally the most noticeable feature is 
again the colour. Blood and muscle will be pink as a result of 
carboxyhaemoglohin and carboxymyoglobin. In relatively 
low concentrations, in poor light and in some artificial light- 
ing in autopsy rooms, the cherry-pink colour may be diffi- 
cult to see. It can be enhanced by diluting the blood with 
water against a white background, as in a porcelain sink or an 
enamel scale-pan, when the pinkness will be more evident. 
The pinkness of hypothermia or refrigeration is a different 
colour. Unfortunately, some pathologists have a red-colour 
visual impairment, which makes it difficult for them to dif- 
ferentiate between subtle changes in redness, so laboratory - . . L7ajrsis is &ix.j..s ieqi;iied fGi o~j;j'ec:~yc cG&rmatioz acd 

quantification of the monoxide concentration. Other sug- 
gestive indications of carbon monoxide are that, when tissues 
are placed in form01 saline for preservation of histology, they 
do not decolourize as quickly as normal tissues and remain 
pink for a long period. If carbon monoxide poisoning is sus- 
pected at autopsy, a quick test is to add a few drops of blood 
to some 10 per cent sodium hydroxide solution on a white 
tile or in a tube against a white background. The normal 
blood will immediately become brownish-green but, if sig- 
nificant monoxide is present, the colour will remain pink, as 
no methaemoglohin is formed. One has to bear in mind 
though, that unlike adult blood, fetal blood up to the age of 
6 months is more resistant to alkali and the colour change 
can take hours to develop. Another simple test, mentioned in 
1857 by Hoppe, is to take 3 ml blood into a test tube and 
dilute it with 6 ml tap water and to heat it for a short while 
with care in a water bath. Carbon monoxide blood turns 
brick red whereas control blood becomes greyish-brown. 
However, these crude tests are not recommended as an alter- 
native to proper analysis. 

Other signs at autopsy are non-specific. Pulmonary 
oedema is usually present. The author (BK) has the impres- 
sion that the white matter of the brain remains unusually 
firm and that the whole brain after removal from the skull 
keeps its shape better, being rather stiff and rigid. This may 
be caused either by oedema or by some minimal fixation 
change in the brain tissue. 

None of these rather idiosyncratic tests can replace proper 
laboratory investigation, however. Blood should be taken 
for analysis in the usual way, preferably from a peripheral 
vein. In contrast to most toxicological investigations, even 
foul samples can still be use l l  for ~arboxyhaemo~lobin 
estimations. Heart blood, blood from body cavities and even 
from bone marrow when the bones are split open, can 
still provide valid material for estimating the percentage of 
haemoglobin converted to carboxyhaemoglobin. It is the 



FIGURE 29.2 Basalganglia degeneration afer carbon monoxide 
poisoning. The patient survivedfor a number ofweeks, but 
succumbed to bronchopneumonia. There are cystic lesions in the 

globw area of both cerebral hemirpheres. 

ratio of haemoglobin to the carboxy-type that is required, 
rather than an absolute concentration in the blood, so virtu- 
ally any blood-containing fluid will provide this answer. 
When a body has been badly damaged by fire, fluid blood 
may be hard to obtain, so that any sanguineous body fluid 
or bone marrow can provide material for analysis. If analysis 
is to be delayed more than a day, it is recommended that 
fluoride be added as a preservative. 

There are no other autopsy features in acute deaths, which 
form the majority seen by forensic pathologists. Where sur- 
vival occurs there are a number of neurological lesions that 
follow severe carbon monoxide exposure. Necrosis and cavi- 
tation of the basal ganglia in the brain, notably the putamen 
and globus pallidus, has been known for well over a century. 
Within about 5 days, histological changes occur here, with 
'gitterzellen' scavenging cellular debris, the foam cells and 
microglia presenting an appearance characteristic of tissue 
breakdown in the central nervous system. There may also be 
damage in the substantia nigra of the brainstem. In delayed 
deaths, petechiae and ring-shaped haemorrhages may occur 
in the cerebral white matter. AD these changes, together with 
the clinical symptomatology, are exhaustively described in 
neurological publications. 

There are also tiny focal necroses in the myocardium in 
delayed deaths from this cause, and similar lesions were 
described by Korb and David (1962) even in acute deaths. 
Frank myocardial infarction has often been reported after 
severe monoxide exposure and relative hypoxia, usually in 
the presence of pre-existing coronary disease, is probably 
the reason. 

BLOOD .ANALYSIS 

Blood analysis 
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Carbon monoxide has an affinity for haemoglobin that is 
between 200 and 300 times greater than oxygen. Therefore 
even small concentrations of monoxide in the inspired air 
will progressively displace oxygen from the erythrocytes 
and this will lower the oxygen-carrying capacity of the 
blood. It was formerly thought that all the toxic properties 
of carbon monoxide lay in this hypoxic action, but more 
recently it has been shown to interfere with other ferropro- 
teins such as myoglobin and various enzymes including 
members of the cytochrome family. 

The major effect is undoubtedly the reduction in oxygen 
transport and, for this reason, it is the percentage saturation 
of the total available haemoglobin that is important rather 
than an absolute quantity of carboxyhaemoglobin in the 
blood. Anaemic persons will not show the external cherry- 
pink colour if insufficient haemoglobin is available for the 
monoxide component to become visible. It is the residual 
non-combined haemoglobin still available for oxygen trans- 
port that is important in maintaining life. For example, an 
anaemic person with only 8 g1100 ml of haemoglobin hav- 
ing four of those occupied with carbon monoxide (50 per 
cent saturation) is in much worse a state than a person with 
a total of 14 g of which four are monoxide-occupied. There 
are many tables available that relate saturation levels to the 
clinical symptoms. There is a wide margin of variation in 
these, as there is with lethal levels. 

Broadly speaking, the saturation levels found in fatal 
cases reflect both the physical state of the victim and the 
rapidity with which the poisoning took place. Robust, 
healthy adults under 60 years of age rarely die at saturation 
level under 50-40 per cent unless the concentration of car- 
bon monoxide in the inspired air was so great that death 
occurred before gas exchange in the lungs was able to 
progress sufficiently to enter all available monoxide into the 
red cells. Death may then supervene with post-mortem 
saturation levels of as low as 40 per cent. Where absorption 
is slow and life persists longer (for there seems to be a relation- 
ship between air concentration of monoxide and length of 
survival), autopsy samples may show 80 per cent saturation. 

Old people may die at relatively low concentrations, such 
as 30 per cent and, in some cases, no other cause can be 
found when the ~arbox~haemoglobin level is only 25 per 
cent. This may be the result of anaemia, so that there is less 
reserve for oxygen carrying when part of the haemoglobin is 
occupied by monoxide. In many cases, the senile myocardium 
is already in a fragile state and any extra hypoxia will cause 
it to fail. Infants also seem to die at relatively low levels, 
perhaps because their higher respiration rate allows a more 
rapid absorption. The variation in fatal concentrations is 



wide and quite irregular. This is best exemplified when two 
or more victims have died together in the same environ- 
ment. The carboxyhaemoglobin concentrations of bodies 
lying alongside each other can sometimes be totally dffer- 
ent, even in persons of the same age group and physical 
health. Any disease process can contribute to death at lower 
monoxide concentrations. Coronary artery disease, respira- 
tory insufficiency and other debilitating conditions allow 
death to occur earlier, when the toxic level is still relatively 
low. Conditions that are worsened by hypoxia, such as 
myocardial insufficiency or obstructive airway disease, are 
particularly potent. In addition to disease, any separate toxic 
state is additive, such as hypnotic drugs or alcohol. 

The method of analysis has traditionally been by rever- 
sion spectroscopy, but this is a crude technique in which . . ---.. -^-I^* ^rtn...P *,. ..,, * 
~ L L U ~ ~ L ~  LdIIIUL DC alLillLi! &., ..lrh:~ 10 per cenc cf the 
true. value. For most purposes related to fatalities, this is 
good enough, as more exact results do not add anything to 
the investigation. The only problem can be at the lower 
end of the scale, when it is d6cul t  to be certain about positiv- 
ity under about 15 per cent. Modern analytical methods 
include non-dispersive infrared spe~tro~hotometry and 
gas chromatography. Carb~xyhaemo~lobin is stable and can 
be detected even in putrefied bodies a long time after death, 
as long as sophisticated laboratory techniques are used. 
Monoxide cannot enter a body post-mortem to any signifi- 
cant extent. Bodies burnt after death do not absorb any 
monoxide and thus a significant level (more than 10 per 
cent) in a body from a fire means that respiration must have 
been proceeding whilst the conflagration was in progress. 
As emphasized in Chapter 11, the converse is often not true, 
in chat deaths from rapid fires, especially flash fires caused 
by petrol, for example, may have no carboxyhaemoglobin 
in the blood. The possibility of carboxhaemoglobin being 
formed in the blood post-mortem has been investigated as a 
possible source of error (Kojima et al. 1982) and fluorided 
samples are recommended. .- 

A minor source of local carboxyhaemoglobin and 
myohaemoglobin is gunshot wounds, where the propellant 
gases (which are rich in the compound) are blown into the 
wound from contact or short-range discharges. The tissues 
absorb monoxide, especially around the entrance wound. It 
has been claimed that this is a way of differentiating the 
entrance from the exit wound, but in fact the whole track of 
the missile(s) may be sheathed in a zone of monoxide t rvs-  
fer into blood and muscle from a near-discharge, though 
theoretically there should be a gradient of concentration 
from one end of the track to the other (see Chapter 8). 

Many other war, military and terrorist circumstances are 
associated with exposure to carbon monoxide. Large quan- 
tities are released from the firing of guns and, in enclosed 
spaces, can become a hazard. Detonation of explosives in 

places where there is little ventilation also allows monoxide 
to accumulate and it may persist long after the physical 
dangers, of the explosion have passed. 
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In the last half century there has been a technological revolu- 
tion in farming methods, which has spread to almost all parts 
of the world. The developing nations (who in terms of area 
of land usage and proportion of the population who work on 
that land, are numerically greatest at risk) suffer most and 
this is sometimes exacerbated by the less stringent controls 
and less safe working methods that exist in those countries. 

The potent chemicals used in agriculture may harm per- 
sons by accidental exposure, either during their application 
to crops, or due to incorrect or careless storage. Another 
major source of human poisoning is through self-adrninis- 
tration, when the easily available substances are used for sui- 
cide. For example, in Sri Lanka many thousands of hospital 
admissions each year are for agrochemical poisoning (16 649 
in 1983) with over a thousand deaths annually (1521 in 
1983). Of these, about three-quarters were self-administered, 
the remainder being accidental and occupational. 

The main dangers from agricultural chemicals lie in the 
pesticides, especially organophosphorus compounds, such 
as parathion and herbicides, such as paraquat. 

PARAQUAT POISONING 

Paraquat is a herbicide that is sprayed on unwanted weeds 
and other vegetation before planting crops. It is absorbed 
by the foliage and rapidly kills the plant, but is inactivated 
when in contact with the soil, so cannot harm the seeds or 
young plants that are placed in the same ground a short 
time later. Paraquat (and the less popular diquat) are 
dipyridyl compounds, paraquat chemically being 1,l'- 
dimethyl-4,4'-bipyridyldiylium. It is produced commer- 
dally as a brownish concentrated liquid of the dichloride salt 
at 10-30 per cent strength, under the trade name Gramoxone 
and, for horticultural use, as brown granules called Weed01 
at about 5 per cent concentration. 

Toxicity occurs almost exclusively through ingestion, 
though some cases are reported where inhalation through 
spraying has led to a fatal outcome. A suicide from intra- 
venous injection of paraquat has been reported by 
Fernandez et al. (1991). 

Only about 5 per cent of the substance is absorbed orally. 
Poisoning usually occurs either by deliberate self-ingestion 
of the liquid concentrate, or by accidental drinking from 
unmarked or incorrectly marked bottles. It is said that one 
swallowed mouthful of Gramoxone will almost always be 
fatal and certainly 5 ml has caused death. The decanting of 
the concentrate from the original manufacturer's containers 
leads to many accidental deaths. Because of the relatively 
high cost, paraquat is often taken from the large containers 
and kept in lemonade or other soft drink bottles. Such 
decanting is illegal in some countries such as the Republic 
of Ireland, because of the dangers of unlabelled bottles. 
Unsuspecting people, especially children, then take a drink 
from such bottles and immediately suffer the effects of the 
potent toxin. 

Paraquat in concentrated form, is irritant to all epithelial 
tissues. The lips, mouth, pharynx and oesophagus are super- 
ficially eroded, though there is nothing like the dangerous 
structural damage of strong acids or alkalis. The major danger 
of paraquat is to the lungs and liver. The lungs are affected 
mainly by direct aspiration, either as the irritative substance 
is swallowed or by regurgitation from the stomach during 
vomiting. 

Of  that absorbed through the gastrointestinal tract, the 
major danger is to the liver, where paraquat causes a cen- 
trilobular necrosis, with giant mitochondria and crystalline 
inclusion bodies seen on electron microscopy. In the kidney, 
renal failure may develop within 2 or 3 days from diffuse 
tubular damage. 

The striking lesion, almost characteristic of paraquat, is 
in the proliferat-ive damage to the lungs. If rapid death 
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from acute hepatorenal failure does not occur, either 
because of low dosage or energetic clearance of the residual 
poison, then progressive lung damage may still lead to 
death within the next 2 weeks. When paraquat reaches the 
distal air spaces, diffuse pulmonary oedema and haemor- 
rhages occur, followed by stimulation of the alveolar lining 
cells. Prior to this, in the first day or two, there is damage 
to the pneumocytes with vacuolation, desquamation and 
necrosis. A hyaline membrane is often visible. The mech- 
anism appears to be that paraquat reacts with tissue elements 
to produce peroxides, including hydrogen peroxide, which 
is responsible for the damage, which can be worsened by 
oxygen therapy. 

Within a few days repair begins, the mesenchymal inter- 
stitial cells and the alveolar lining cells dividing rapidly and 
filling the alveoli. Both granular and membranous pneumo- 
cytes (types I and 11) are involved. Within the first week, gas 
exchange begins to suffer as the air spaces become occluded 
by mononuclear cells forming rounded-up 'fibroblasts'. If 
survival continues, the alveoli begin to fibrose, with retic- 
ulin and collagen being laid down to form a rigid, stiff lung. 

The autopsy in paraquat poisoning 

There may be ulceration around the lips and mouth from 
escape of paraquat concentrate. The mucosa of the mouth 
may be reddened or desquamated, and the oesophagus may 
show worse changes, including casts of shed epithelium. 
None of these changes is by any means inevitable, however, 
and the upper gastrointestinal tract may be normal. 

Similarly, the stomach may show erosion and patchy 
haemorrhages, or may be unremarkable. The liver may 
show pallor or mottled fatty change to the naked eye. It is 
unusual for any gross charges to be visible. Other organs 
show no specific changes, apart from the lungs; the kidneys 
may reveal cortical pallor if there is renal failure. 

If the victim has lived a week or more, then the lungs may 
reveal typical changes in that they are large and stiff, keeping 
their shape when removed from the chest. There may be a 
fibrinous pleurisy and sometimes slight bloody pleural e f i -  
sions. The cut surface reveals oedema and patchy haemor- 
rhage, though this may have subsided in cases that survive for 
some time. The main appearances are microscopic and, 
unless the history is known, the lung may be mistaken for 
a dlfhse pneumonia. The author (BK) saw a homicide by 
paraquat, in which the victim was in hospital for 2 weeks 
with a presumptive diagnosis of 'virus pneumonia', until a 
confession revealed the true cause of the lung changes. 
Samples required at autopsy, apart from full histology, 
include the usual blood samples, urine, stomach contents, 
lung and liver. 

In most instances, the relative slowness of the death allows 
the diagnosis to be made on history and clinical gounds, 
so that ante-mortem toxicology is usually well documented. 

Toxicology interpretation 

Blood levels of paraquat of 0.2 mgll are sufficient to cause 
lung damage. Survival has been recorded, however, wirh 
plasma levels of up to 1.6 mg/l. Paraquat is excreted over a 
long period and can be detected in urine at autopsy many 
days after ingestion. Concentrations in excess of 0.07 mgll 
have been found 26 days later. 

The concentrations found on analysis after autopsy nat- 
urally depend upon the dose taken and the time that has 
elapsed since ingestion. O n  the first day, ranges from O to 
63 mgll (average 15) have been found in the blood, with 
urine levels of 20-1210 mgll (average 462). Seven days later, 
the blood level comes down to an average of 0.8 mgll with 
4.5 in the urine. Two to three weeks after ingestion, the blood 
concentration averages 0.5 and the urine level 0.6 mgll. 

ORGANOPHOSPHORUS 
PESTICIDES 

Used in huge quantities throughout the world, these sub- 
stances cause thousands of deaths in southern Asia, Africa 
and elsewhere. The major example is parathion, with 
malathion and dichlorvos used far less extensively. These 
chemicals act on insects and other arthropods by inhibiting 
cholinesterase and their toxic effects on man are caused by 
the same mechanism. 

Parathion (nitrostigmine) is extremely toxic and can be 
absorbed through the skin, conjunctivae, lungs and gut. 
Because of the inhibitory effect on plasma and erythrocyte 
cholinesterases, acetylcholine builds up at neuromuscular 
junctions and other neurotransmitter sites, resulting in 
hyperexcitability of both voluntary and involuntary muscle. 

Other organophosphorus compounds include malathion, 
which is much less toxic than parathion and is used more 
in horticulture: dithion, diazinon, hexaethyltetraphosphare 
(HETP), tetraethylpyrophosphate (TEPP), octamethylpy- 
rophosphamide (OMPA) and demeton are other pesticides 
of this group. 

Toxic signs and symptoms appear when the cholinesterase 
level drops to 30 per cent of its normal activity. Fatalities 
begin to occur after the ingestion of 125-175 mg, though 
ingestion of much larger amounts can be survived. Death 
can occur in less than an hour after ingestion, though 
usually several hours elapse in those who are not going to 
survive. 
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Autopsy appearances are more helpful than with many 
other compounds, in that parathion is dissolved in a 
kerosene base, which can often be detected by its smell. A 
greenish colouring agent is often added to the commercial 
products. The stomach therefore may be seen to contain an 
oily, greenish scum. The gastric mucosa may be haemor- 
rhagic, though this is too non-specific to be of much use, as 
is the common finding of haemorrhagic pulmonary oedema. 

The author (BK), when practising pathology in South- 
east Asia, noted a usehl diagnostic sign in some less mod- 
ern mortuaries that were infested with flies and bluebottles. 
When these insects alighted on an opened cadaver at autopsy, - 
many fell dead or dying onto the autopsy table when the 
case in progress was a parathion poisoning. 

Toxicology interpretation 
Post-mortem toxicology is usually conclusive in acute poi- 
soning. The substance resists post-mortem autolysis well 
and can be recovered from putrefied bodies. The range of 
blood parathion concentrations in fatal cases may be from 
0.5 to 34 mgll with an average of 9.0. Urinary excretion 
ranges from 0.4 to 78 mg/l with an average of 10 mgll. The 
liver may contain from 0.1 to 120 mg/kg, averaging 1 1 .  

Malathion is much less toxic but deaths certainly occur 
given a greater dose. Blood levels in fatalities ingesting from 
25 to 7 0  g malathion ranged from 100 to 1880 mg/l with a 
mean of 81 5. The liver contained from 200 to 1700 mglkg, 
with an average of 1300. 

Other pesticides and insecticides include chlorinated 
compounds such as aldrin, DDI (dicophane), lindane 
(Gammaxane) and dieldrin. Other types include the 
carbarnates (opxymyl, landrin and aldicarb), dinitrophenols, 
pyrethrum and derris. The phenolic pesticides include 
DNOC (dinitro-orthocresylphosphate) and dinitrobutyl- 
phenol. None of these has any specific autopsy features and 
the diagnosis rests upon the history, circumstances, and post- - 
mortem analysis of blood, urine and liver. 
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GENERAL CONSIDERATIONS 

In most countries, especially those with advanced economies 
and relatively sophisticated medical services, poisoning with 
medicinal compounds is common. In many such counuies, 
poisoning with therapeutic substances exceeds deaths from 
other types of toxic agents, especially in suicidal and acciden- 
tal poisoning. 

This is explained by the ease of access of such substances, 
whether they are obtainable from a doctor on prescription or 
on demand across the counter of a pharmacy. Where state- 
sponsored health services exist, the cost to the recipient may 
be minimal or absent and this ease of access contributes to 
opportunities for self-poisoning, whether it be deliberate 
self-destruction, suicidal gestures or accidental ingestion - the 
latter especially in children. Unfortunately, overprescribing or 
the supply of too great a quantity of drugs at one time allows 
excessive stocks of drugs to be easily available to the public. 

Though only a minority of victims of medicinal poison- 
ing fail to recover, there are still an appreciable number of 
deaths. These come to the attention of the investigative 
authorities and hence to pathologists. The autopsy investi- 
gation of a fatality from a therapeutic substance can be dif- 
ficult, for a number of reasons: 

E The nature of the substance may be uncertain or 
unknown. 
There may be more than one such substance involved. 
There may be a delay between ingestion and death 
sufficient to allow blood, urine and tissue 

concentrations to decline below fatal, toxic or even 
therapeutic levels. 

BY Analysis may be difficult to arrange because of lack of 
facilities. 

H Information about fatal levels may be unobtainable. 
Most medicinal poisons leave virtually no characteristic 
features at autopsy, so diagnosis depends upon 
laboratory findings. 
Post-mortem changes may make analysis difficult, 
inaccurate or impossible. 

@ Where death is delayed after taking the substance, none 
may be recoverable from the stomach (which has 
emptied) or even from the intestine. 
The original substance may be rapidly metabolized into 
one or more breakdown ~roducts, adding to difficulties 
in identification and interpretation. 

AUTOPSY APPEARANCES 

The lack of characteristic autopsy appearances is often 
very frustrating for the pathologist. Unless there is an 
indicative or suggestive history as to which drug was taken - 
a matter for the investigators in respect of circumstances 
and recovery of containers - then an autopsy may have to 
be performed 'blind'. Where no significant morphological 
lesions can be discovered, then a full toxicology screen 
must be considered, which in some jurisdictions may 
be difficult or impossible to obtain, or be extremely 
expensive. 



Analgesics 

The majority of modern medicinal substances are, by 
design, bland and non-irritant to the tissues and gastro- 
intestinal tract. Most of those met with in forensic practice 
are taken orally and, though the active constituents may be 
potent in their pharmacological effect on target organs and 
tissues, the medicine will cause no erosion or damage to the 
alimentary tract. Thus little or no physical evidence can 
be obtained from a gross or even microscopic examination 
of the gastrointestinal tract or other organs. Much of the 
physical bulk of modern tablets or capsules is merely the 
vehicle for introducing the active component into the body 
and is thus unlikely to have any adverse effect. 

When a medicinal compound causes death, the mode of 
death is most often some form of cardiorespiratory failure, 
often secondary to depressive effects on the central nervous 
system. This mode of death causes only non-specific 
changes discernible at autopsy, which are usually of no use 
in indicating the basic reason for the death. Acute congest- 
ive cardiac failure, pulmonary oedema, sometimes cerebral 
oedema, generalized organ congestion, scattered petechiae 
on serous membranes - none of these is o'f any real use to 
the pathologist, who has to rely on the results of toxico- 
logical analysis for a definitive answer. 

There are some therapeutic substances, which, though 
nor the cause of specific lesions, may suggest themselves 
from their autopsy appearances. An example is the wide- 
spread membrane ecchymoses sometimes seen in aspirin 
poisoning. This could not in any way be sufficient to pro- 
vide a legally acceptable cause of death, however, unless 
absolutely reliable circumstantial evidence existed, together 
with the finding of a large bolus of undissolved tablet rem- 
nants in the stomach. Even then it might be contested that 
the substance was not aspirin - or not aspirin alone - unless 
analytical confirmation was obtained. 

RESULTS O F  LABORATORY TESTS 

As discussed in Chapter 27, the in % tigation of fatal 
poisoning is a collaborative investigation between pathologist 
and toxicologist. The autopsy excludes, confirms or evaluates 
any trauma or natural disease, and provides suitable material 
for analysis. The toxicology laboratory conducts the technical 
assays, and produces qualitative and quantitative results. The 
toxicologistlanalyst interprets those results to the pathologist, 
by providing an indication of the therapeutic, toxic and fatal 
ranges of concentrations in various body fluids and tissues, 
and by pointing out problems such as decline from post- 
ingestion survival, conversion to metabolites and many others. 
The pathologist then collates this information with his 
own knowledge of the history and autopsy findings to 
offer the best interpretation of the investigation for judicial 

authorities. Most problems arise either because the informa- 
tion about the medicine (especially if it is newly developed or 
where its toxiciry is low) is incomplete in terms of toxic blood 
and tissue levels - because post-ingestion survival has allowed 
the originally lethal levels to have subsided to therapeutic 
or even lower limits. What is offered in the remainder of this 
chapter is a digest of information about such potentially lethal 
levels, culled from a variety of sources. The ranges are ofien 
wide as most of the data are of necessity derived anecdotally, 
and the problems of uncertainty of dosage, variation in post- 
ingestion survivals and wide individual biological variation 
make it impossible to lay down strict thresholds between thera- 
peutic, toxic and fatal concentrations. 

Wherever possible, the advice of the analytical toxicolo- 
gist should be taken about each case - but where this is 
impracticable, then the following data and similar material, 
which is constantly being updated in forensic and toxico- 
logical publications, may be of assistance. The choice of 
substances is arbitrary, but represents the most common 
medicines seen in suicidal and accidental poisoning. 

ANALGESICS 

Aspirin (acetylsalicylic acid) 
and salicylates 
Aspirin is the most widely used therapeutic drug, being 
analgesic, antipyretic and anti-inflammatory. It was for- 
merly very common as an agent of self-poisoning, both 
accidental in children and suicidal in adults. In Britain in 
the last two decades, its use as a self-poisoning agent has 
declined remarkably, so that fatalities are now rarely seen. 

The therapeutic dose is usually 325-975.mg, that is, 1-3 
tablets. Rarely, persons with an aspirin hypersensitivity may 
become ill or even die afcer therapeutic doses, suffering 
urticaria, angioneurotic oedema, hypotension, vasomotor 
disturbances and laryngeal and glottal oedema. 

Patients on long-term salicylate therapy for arthritic or 
rheumatic diseases may take 3-5 g/day and slowly reach 
blood concentrations which would be in the lethal range if 
caused by acute overdoses. Those on 3gIday have blood 
levels varying between 44 and 330 mg/l. 

Apart from deaths caused by hypersensitivity, death in an 
adult is unlikely with the ingestion of fwer than about 
50 tablets, that is, about 16g. The blood concentration - 
(measured as total salicylate), from a medicinal dose of 
975 mg, ranges from about 30 to 100 mg/l (with a mean of 
77) 2 hours after ingestion. There is a rapid fall to around 
25 mgll some 8 hours later. 

At autopsy, aspirin is one of the few medicines that 
may cause some gross abnormalities, though they are not 
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particularly specific. Externally there is nothing to see, 
unless vomiting has taken place, when dark or even red, 
bloody gastric contents may be expelled. Rarely, there may 
be some haemorrhagic manifestations in the form of skin 
petechiae. 

Internally, the stomach may still contain a mass of fused, 
unabsorbed tablets. These tend to start dissolving and then 
aggregate into a grey or dirty-white mass if a large number 
(several hundred) have been swallowed. The gastric mucosa 
may be eroded by the irritative, acidic substance. This may 
be localized in the stomach or spread widely across the fun- 
dus and cardia. The lining may be dotted with acute ero- 
sions, sometimes causing bleeding that may amount to a 
frank haematemesis. Black altered blood may lie in the 
stomach and pass into the intestine to form a melaena if 
survival i s  long enough. Mucosal petechiae and ecchymoses 
in the stomach, without actual erosive destruction, may be 
seen as part of a haemorrhagic result of the anticoagulant 
action of aspirin. Similar petechiae may be spread through 
other organs and especially serous membranes, particularly 
on the parietal pleura and epicardium. Even single tablets 
may cause a small ulcer if they stick to the stomach lining - 
this is sometimes seen incidentally at autopsy in non- 
poisoning cases, where a tablet has been swallowed shortly 
before death. 

Post-mortem toxicology requires the usual samples of 
blood, urine, stomach contents and liver. The mass of 
aspirin in the stomach may remain for several days in life, 
forming a partly insoluble concretion that may retard the 
absorption of the drug. This is why it is always worth wash- 
ing out the stomach of a live victim, as a large proportion of 
the aspirin may be removed before it can cause systemic 
effects. With the advent of soluble aspirin or effervescent 
preparations, this aspect is lost as no such insoluble bolus 
forms. At autopsy, part of such a mass can be sent for analy- 
sis, whilst quick 'spot' tests can be carried out on another 
part. Such quick chemical confirmation may be performed 
in the autopsy room itself, by using a 10 per cent solution 
of ferric chloride. If a small quantity is added to a urine 
sample or to the surface of the tablet mass, an immediate 
purple-blue colour suggests aspirin. This is by no means 
specific, but is merely suggestive. If negative, however, then 
aspirin can be virtually discounted. These are only rapid 
screening methods and by no means replace proper labora- 
tory analysis. 

Toxic blood levels (measured as total salicylate) begin at 
about 300-500 mgll, though both death and survival are 
consistent with far higher or lower levels. Blood concentra- 
tions in fatal cases may range from about 60 to 7300 mgll, 
some authorities suggesting that 500mgll is an average 
minimum level. The liver concentration in fatalities varies 
from 2.5 to 1000 mglkg and urine salicylate from 20 to 

1350 mgll, emphasizing the wide levels that are compatible 
with life. Salicyhte has a rather slow clearance rate from 
the blood, the half-life being up to a day in some massive 
overdoses. 

Aspirin poisoning is dangerous in that sudden cardiac 
arrest can occur in the absence of any toxic symptoms. This 
accounts for the deaths that take place after patients have 
been discharged fit from the emergency departments of 
hospitals. They may have seemed quite well and symptom 
free, but suffer a fatal collapse up to a day or so later. Fatal 
cardiac arrhythmias can supervene without warning and 
make it advisable, where possible', to admit patients with 
aspirin overdoses for observation for a day or so. 

PARACETAMOL 

Paracetamol is also known as acetaminophen, N-acetyl-p- 
aminophenol or 4'-hydroxyacetanilide. It is an analgesic 
and antipyretic, without the anti-inflammatory properties 
of aspirin, for which it is often used as an alternative 
because of the lack of gastric irritation. 

In wide use, especially in combination with other drugs 
such as codeine and dextropropoxyphene, paracetamol is 
one of the most common agents in self-induced poisoning 
by medicinal products. It is used alone in therapeutic doses 
of up to 500 mg. Overdoses of 20 g or more are potentially 
lethal, but much less is needed in combination with other 
drugs, such as propoxyphene. Paracetaniol is a potent liver 
poison, as a small proportion is converted by the liver 
enzyme 'P450' (rnicrosomal mixed function oxidase) into a 
toxic compound, probably N-acetyl-p-benzoquinone. 
Normally, glutathione and other sulphydryl compounds 
detoxify this substance, but in overdose, these are exhausted 
and the toxic agent causes a profound centrilobular hepatic 
necrosis. The concurrent administration of other drugs, 
such as phenobarbitone or phenytoin in epileptics or chronic 
alcoholism, activate the P450 enzyme and worsen the toxicity 
through this mechanism. 

At autopsy there is nothing specific to observe in the 
gasrrointestinal tract. In massive overdosage, there can rarely 
be rapid death from a direct depressive action on the cen- 
tral nervous system, but most deaths are delayed 2-4 days 
whilst liver failure develops. At autopsy, the liver may be 
enlarged, but is often under the normal weight of 1500 g. 
It may be pale yellow or tan, or the damage may be only 
visible histologically, when a centrilobular necrosis is seen. 
Renal changes in the form of tubular necrosis may also be 
present and occasionally myocardial fibre damage may be 
visible histologically. 

Analytically, the therapeutic range of plasma concentra- 
tions 6 hours after a 324 mg dose is 2-6 mgll, though some 
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TABLE 3 1.1 Fatal concentrations of some antidepressants (mg/l or 

m g w  

TABLE 3 1.2 Fatal concentrations of three benzodiazepines (mg/l or 

m g w  

Blood (average) Urine (average) Liver (average) 

Amitriptyline 2.7-4.7 (3.7) 0.4-7.9 (3.4) 13-3 17 (1 30) 
Dothiepin 0.3-2.5 (1.5) 0.4-5.1 (3.2) 2.0-1 4 (8) 
lmipramine 6-8.5 (73) 0.6-54 (20) 33-38 1 (1 66) 
Tranylcypromine 3.7 25.0 7.3 

records claim peak levels of up to 25 mg/l. The plasma half- 
life is a guide to hepatotoxicity, it being dangerous to have 
a half-life of more than 2 hours at a level of 300 mg/l at 
4 hours after ingestion. Typical blood levels in overdoses 
when at least 10-1 5 g have been taken are 100-400 rngll, 
with an average around 250. The urine may contain 
150-800 mg/l, but all levels depend on dose and survival 
time. Paracetamol may exhibit post-mortem redistribution. 

The inclusion of other drugs, especially dextro- 
propoxyphene (and, of course, alcohol), may markedly 
reduce the level needed for a fatal outcome. Paracetamol was 
the most frequently detected substance in a compilation of 
post-mortem femoral blood concentrations of drugs (Druid 
and Holrngren 1997) based on a selection of 15 800 sam- 
ples sent to the Department of Forensic Chemistry in 
Linkijping, Sweden, during 1992-95. In their series of 139 
fatal inroxications with paracetamol in combination with 
other drugs and/or alcohol, the median concentration of 
paracetamol was 170 mg/l (range 90-320). 

ANTIDEPRESSANT DRUGS 

The tricyclic antidepressants are frequently involved in 
self-poisoning, partly associated with the type of patient 
for whom they are prescribed. 

Amitriptyline, dothiepin, doxepin and trimipramine 
have additional sedative properties. Those wirh little or no 
sedating action include protriptyline, nortriptyline, imipra- 
mine, clomipramine, iprindole, lofepramine, desipramine and 
butriptyline. 

Tetracyclic antidepressants include maprotiline and 
mianserin. Other types include the monoamine oxidase 
inhibitors, which are well known to have dangers related 
to the concurrent ingestion of other drugs and foods, espe- 
cially those with sympathomimetic action and tyramine 
content, such as rich cheese, yeast extracts, red wine and 
beans. Dangerous hypertension may ensue with the risk of 
cerebrovascular haemorrhage. Drugs of this class include 
phen~xypro~azine, tranylcypromine, isocarboxazid and 
~henelzine. 

Blood Urine Liver 

Chlordiazepoxide 20 8 10 
Diazepam 5-1 9 3 16 
Nitrazepam 1.2-9.0 1-10 0.7-4.0 

TABLE 3 1.3 Fatal concentrations of two phenothiazines (mg/l or 

m d k d  

Blood (average) Urine (average) Liver (average) 

Chlormethiazole 10-2 14 (55) 5-1 14 (43) 42-1 90 (94) 
Chlorpromazine 6.6 1.2 84 

THE BENZODIAZEPINES 

These widely used drugs are employed for their sedative 
and tranquillizing effects. A large number of both 1,4- and 
1,5-benzodiazepines are available, divided into short- 
acting, intermediate-acting and long-acting compounds. 

Long-acting ben~odiaze~ines include: flurazeparn, nitra- 
zepam, diazepam, ketazalam, chlordiazepoxide, clobazam, 
chlorazepate, medazepam and alprazolarn. Intermediate- 
acting benzodiazapines include: loprazolam, lormetazepam, 
ternazepam, flunitrazeparn, lorazepam, bromazepam and 
oxazepam. A short-acting benzodiazepine is triazolam. 

THE PHENOTHIAZINES 

This group of tranquillizer drugs includes: haloperidol 
(butyrophenone), chlormethiazole, chlorpromazine, fluphen- 
azine, diphenylbutylpiperidine, promazine, trifluoperazine 
and prochlorperazine. 

The autopsy appearances are non-specific and toxicology 
may resolve any diagnostic problems if the death has 
occurred fairly soon after ingestion - which may often not 
be the case, when history and ante-mortern investigations 
can provide the only answer. 

THE BARBITURATES 

The massive problem posed by therapeutic administration 
of barbiturates until about 20 years ago has largely abated 
in countries wirh a responsible medical profession, which 
voluntarily refrained from the prescription of these drugs 
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except where specifically indicated. Their use as sleeping 
tablets and general soporific sedative agents led to wide- 
spread abuse, so that at one time they were easily the most 
common agent of drug addiction. The development of 
non-barbiturate hypnotics, such as the benzodiazepines, 
helped to remove the need for the older and more lethal 
compounds. Unfortunately, barbiturates are still widely 
available on the illicit market, either alone or in combin- 
ation with other substances such as amphetamines. 

Barbiturates exist in many forms, the best classification 
(which relates to their degree of toxicity) being their speed 
of action: 

El Long-acting barbiturates: barbitone, phenobarbitone 
and phenytoin, which is still prescribed for epilepsy. 

@ Intermediate-acting barbiturates: amylobarbitone, 
sodium amytal, pentobarbitone, allobarbitone, 
butobarbitone and pentobarbitone. 

@ Short-acting barbiturates: hexobarbitone, 
cyclobarbitone, secobarbital and thiopentone. 

Much lower blood levels will be found in fatal poison- 
ings in the short-acting group as death may occur more 
quickly from the usual mode of action, a central depression 
of the respiratory centres. The author (BK) has knowledge of 
a death within 20 minutes of taking a massive overdose 
of 'Seconal'. 

At autopsy, the signs are of general cardiorespiratory fail- 
ure, with often a cyanotic, congestive appearance. Though 
non-specific, probably the congested lungs in acute bar- 
biturate poisoning are more intense than in any other condi- 
tion. These organs may be almost black and the whole 
venous system is engorged with dark, deoxygenated blood. 
There may be 'barbiturate blisters' on dependent parts of 
the skin surface, especially buttocks, backs of thighs, calves 
and forearms, though as discussed in the chapter on carbon 
monoxide poisoning, these blisters are common to all states 
of deep coma. 

Internally there may be local signs of erosion from the 
drug itself. The gastric mucosa may be badly damaged from 
the alkaline attack of drugs such as sodium amytal which, 
being the sodium salt of a weak organic acid, hydrolyses in 
the stomach. The fundus may be thickened, granular and 
haemorrhagic. The cardia and lower oesophagus may be 
eroded from reflux and, if the victim regurgitates, then 
black, altered blood may appear at the nose and mouth. 

The capsules of certain barbiturates also leave character- 
istic traces in the mouth, oesophagus and stomach. The 
colour varies with the manufacturer, but the turquoise- 
blue of sodium amytal capsules may stain the stomach con- 
tents and even be visible through the wall of the intestine 
when the abdomen is opened. Other pigmented gelatine 
capsules can be red, yellow or blue. As with so many 

TABLE 3 1.4 Fatal concentrations of barbiturates (mg/l or mg/kd 

Blood , Urine Liver 

Phenobarbitone 55-144 - - 
Arnylobarbitone 29-68 210 106-580 
Secobarbitone (or quinal barbitone) 5-52 - 15-330 

other drugs, combination with alcohol greatly increases the 
dangers of a fatality. 

INSULIN POISONING 

Formerly a rarity, death from parented administration of 
insulin is now not uncommon. The Beverley Allitt case in 
Britain in recent years showed that multiple deaths can 
occur, especially where medical or nursing staff are con- 
cerned, as~well as those in proximity to diabetics, as both 
groups may have access to insulin. 

Another change is the relative ease with which analysis of 
body fluids and tissue can be carried out now, compared 
with the great technical difficulties of only a few years ago, 
so that fewer such deaths may be missed from lack of reli- 
able insulin assays. 

Fatal insulin toxicity may be accidental, suicidal or 
homicidal. The accidental fatalities are usually examples of 
medical error, mostly from misreading the label on the box 
or ampoule. A former student of the author (BK), on the 
fourth day of her first intern post, gave ten times the dose 
of insulin to a patient during a pituitary function test, by 
wrongly assuming that the stated number of units written 
on the box were the total ampoule contents, instead of 
being the strength per millilitre. 

Suicide by insulin is not uncommon; the author (BK) 
has seen it given into a saline drip by a doctor and also 
injected into the abdominal wall by a non-diabetic who 
stole it from her diabetic neighbour's refrigerator. 

As stated, homicide and attempted homicide have given 
rise to some notorious cases, both in UK and the USA. In 
one case known to the author (PS), a previously healrhy 
48-year-old man was delivered unconscious to the emergency 
unit because of a suspicion of decompression sickness. The 
treatment was aborted as the patient was found to be hypo- 
glycaemic (nadir serum glucose 0.3 mmolll) and treatment 
and diagnostics of hypoglycaemia commenced. Serum 
samples drawn at admittance were stored frozen, whereby it 
was possible to show retrospectively that, while the concen- 
tration of insulin in serum was high (75 mull, increasing 
further to over 240 mul l  in the next few hours), concen- 
tration of C-peptide was low (below detection limit of 
0.1 nmol/l) at the hypoglycaemic stage, suggesting that the 
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patient had received exogenous insulin somehow, and the 
police were informed. Due to severe hypoglycaemic brak dam- 
age, the patient remained in a vegetative state for 2 months 
before dying of multiorgan failure. Circumstantial evidence 
obtained during the ensuing criminal investigation was 
considered by the court to prove the patient's wife (a nurse) 
guilty of murder (Koskinen et al. 1999). 

Insulin is, of course, inactive orally and has to be given by 
injection to perform its hypoglycaemic effect. At autopsy, 
where either from the circumstances or the finding of needle 
marks, insulin is a possibility, peripheral blood samples and 
skin and underlying tissue from the injection site should 

t . 
be carefully preserved, together wlth control skin from 
another site. 

The fine needles usually used by diabetics may leave 
virtually no mark on the skin. The author (BK) has tested 
some such needles on cadaver skin and found that, often, 
the mark cannot be seen. immediately after withdrawal, 
unless a small vessel has been damaged. 

Although insulin has been recovered many days, even 
weeks, after death, the sooner the better as far as collecting 
samples is concerned. Serum should be separated from red 
cells and the former frozen until sent to the analysts, unless 
whole blood can be sent straight away. Skin and tissue sam- 
ples should either be frozen or kept in the refrigerator - not 
fixed. Porcine or bovine insulin can be detected as such but, 
if therapeutic insulin is of human origin, then it cannot be 
distinguished on analysis from the patient's own insulin. As 
well as immunoassay of the insulin itself, the measurement 
of C-peptide, produced on a one-to-one basis by the pan- 
creas, assists in distinguishing endogenous from exogenous 
insulin. All such interpretations are a matter for specialists 
in this field, upon whose advice the pathologist must rely. 

Attempting to prove insulin-induced hypoglycaemia by 
measuring glucose levels in human post-mortem fluids is 
impracticable, due to the unreliability of such estimations 
after death. 

Very low vitreous humour glucose levels may strongly 
suggest hypoglycaemia, but are not absolutely acceptable. 
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These substances are discussed solely from the point ofview 
of the pathologist dealing with fatal cases. 

Drugs of dependence may be absorbed orally, by intra- 
venous, subcutaneous or - rarely - intramuscular injection, 
by smoking, or by nasal sniffing. The routine a t  autopsy, in 
respect of obtaining samples for toxicological analysis, is 
altered according to the route of administration. As mixing 
of drugs and addition of non-narcotic drugs is common, it 
is the usual practice to take a wide range of samples even if 
the primary route is known with some degree of certainty For 
example, an addict dying 'on the needle' where intravenous 
injection is obvious, will still have stomach contents taken 
for investigation. The standard samples should be taken, as 
described in a previous chapter, comprising several samples 
of venous blood (one with fluoride), stomach and contents, 
liver and urine. In some circumstances, additional samples 
such as bile, cerebrospinal fluid and vitreous humour may be 
taken, as well as brain or kidney. The great advances in the 
analytical techniques allow the analysis of drugs also in other 
biological samples, such as saliva, sweat and hair. Hair analy- 
sis can also provide evidence of long-term exposure to drugs 
(weeks, months or years), because most drugs, if not all, 
incorporate in hair and are relatively stable. At least 50 mg 
of hair should be collected, cutting about a pencil thickness of 
strands of hair as close to the skin as possible from the back 
of the head, dried and stored in a sealed plastic bag or tube at 
room temperature. 

When the drug has been injected, then an ellipse of skin 
around the injection mark, extending down through the sub- 
cutaneous tissue to the muscle, should be excised, along with 
a control area of skin from another non-injected site. These 
should be refrigerated, not fixed in formalin, until delivery to 
the laboratory can be arranged. Full histology should always 
be taken, especially if drugs have been injected, as foreign 
substances may be discovered as embolic particles, especially 
in the lungs. Pulmonary granulomata are well-known histo- 
logical features of 'mainlining' addicts taking impure drugs 
intravenously, as the lung capillaries filter out coarse particu- 
late matter used to dilute the active narcotic. Talc is particu- 
larly prone to form granulomata, sometimes with foreign 
body giant cells. Under polarized light, doubly refractile 
particles may be seen in the centre of the reactive nodules. 
Sometimes, strands of cotton may form foreign bodies, 
derived from the cloth strainer used to filter particles crudely 
from the drug solution before injection. - 

Siderophagss were also claimed to be increased in these 
lungs, compared with healthy young adult controls. How- 
ever, Lockemann and Piischel(1993), studying lungs stained 
for iron with Perl's reaction, found conflicting results in 
two large series and conclude that the pathognomonic value 
of these cells in drug takers is uncertain. 

If drugs may have been taken by the nasal route, such as 
cocaine and heroin, then dry swabs from each nostril should 
be taken. 
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MORPHINE AND OTHER 
OPIOID DRUGS 

Morphine is the major representative of the general group 
of opioids, which comprise natural opium and a whole series 
of chemically related derivatives. They may be taken orally 
or injected and several, such as crude opium and heroin - may 
be absorbed by inhaling smoke. Morphine itself is poorly 
absorbed from the gastrointestinal tract; heroin can be taken 
via the nasal mucosa. 

The group consists of opium, morphine, heroin 
(diacetyl morphine), codeine (dimethyl morphine), dihy- 
drocodeine (DF 1 18), etorphine (Immobilon), methadone, 
papaverine, pethidine, dipipanone, dextrornoramide, dex- 
tropropoxyphene, pentazocine, cyclazocine, diphenoxylate, 
buprenorphine, tramadol, fentanyl and many more. 

Autopsy appearances 

The autopsy findings in deaths from all these drugs are 
relatively non-specific. Toxicological analysis and expert inter- 
pretation of the results are necessary for the proper 
elucidation of the deaths, but certain features can be useful 
pointers. The first is the presence of injection marks. When 
fresh, they look just like any other needle mark commonly 
seen from therapeutic or diagnostic procedures. They are 
commonly on the arms, either in the classical position in the 
antecubital fossa on the front of the elbow, or into one of the 
prominent veins of the forearms or dorsum of the hand. The 
left side is Eavourite as most people are right-handed, but in 
habitual users, sclerosis of the veins may lead to the arms 
being used randomly. The veins of the dorsum of the foot may 
be used when the hands and arms have become unusable 
because of thrombosis and scarring. Less common sites are in 
the thighs but here, as with the abdominal wall, the injections 
may be subcutaneous, rather than intravenous. This mode of 
injection is known as 'skin-popping' and can lead to areas of 
subcutaneous sclerosis, fat necrosis, abscesses and, if the injec- 
tions are deeper into the muscle, to chronic myositis. 

Other external signs may be tattoos, often bizarre and con- 
nected with the drug subculture. One specific rype is tattoo- 
ing, often of numerals, such as '13', on the buccal (inner) 
surface of the lower lip. Where chronic addiction has taken its 
toll, the body may be emaciated, dirty and show signs of infec- 
tion, especially in the form of skin ulceration. Rarely, there 
may be necrosis or even loss of phalanges from thrombotic or 
septic emboli. Old injection marks, sometimes with associated 
bruising, may be found, the bruising undergoing the usual 
spectrum of colour changes if not recent. The veins may show 
overlying fibrosis where phlebitis has occurred, or old venous 
thrombosis with firm cord-like vessels under the skin. 

FIGURE 32.1 Fresh injections marks on the arm of a drug addict. 

FIGURE 32.2 Tattoo inside the lower lip of a narcotic drug dealer. 

Where sudden death has occurred in habituated addicts, 
there may be gross pulmonary oedema, with a plume of 
froth exuding from the mouth or nostrils, suggestive of 
drowning. As Polson et a/. (1983) point out, this may cause 
some confusion when the victim is found dead in a bath- 
room, a common venue (along with toilets) for drug admin- 
istration. This pulmonary oedema is sometimes a striking 
feature of rapid death in those who are habituated to opioid 
drugs, especially heroin. It does not seem to occur in novices 
to the habit, who tend to die in a different way, from a 
sudden primary cardiac arrest. The oedema may be blood- 
tinged, again causing confusion with drowning. The cause 



is not known, but is often attributed to some 'allergic' phe- 
nomenon, a rather unsatisfactory explanation. It has been 
claimed that it sometimes may be caused by adulterants in 
the drugs, such as quinine, but this is doubtful. 

The death may be so rapid that the needle may still be 
found in the vein when the body is discovered, often in a 
public lavatory or sometimes in the presence of other 
addicts, who may then be charged with criminal offences in 
relation to the death as well as with possessing and using 
illicit drugs. - 

There are no other more specific autopsy appearances. 
Though clinically, a constricted pupil is a prominent sign of 
morphine administration, after death, any kind of pupil 
alteration may occur. They may remain small, dilate, or 
become quite unequal - this applies to any form of death, so 
no specificity exists for opioid poisoning. 

Among new recruits to drug dependence, some die at the 
first injection of a parented dose of heroin or morphine. 
The mode of death appears to be a cardiac arrest following 
an arrhythmia and ventricular fibrillation, but no morpho- 
logical signs can be found. It may be related to sensitization 
of the myocardium to catecholamines by the drug, the 
excitement and apprehension being similar to the triggers 
that seem to cause sudden death from falling into cold water 
or having a criminal abortion. 

The other aspect of autopsies on drug-dependent victims 
is the risk of infection to pathologist and mortuary staff. 
Addicts form a high-risk group for both hepatitis B and C, 
HIV and AIDS. The way in which such autopsies are dealt 
with in different jurisdictions must vary widely, but it is 
common practice for HIV and hepatitis testing to be carried 
out prior to autopsy, unless the policy of the particular 
autopsy service is to accept all cases with appropriate safety 
techniques. The analytical laboratory must be informed of 
any high-risk samples being sent to them, and some will be 
reluctant to handle blood or tissue samples with positive 
serology. The pathologist may well refuse to carry out an 
autopsy on a suspect body until a negative result has been 
returned on a sample of blood taken (with adequate precau- 
tions) from the femoral vein. If positive for hepatitis B or C 
virus, and especially if the victim shows any signs of hepatic 
involvement such as jaundice, then many pathologists would 
decline to carry out a full autopsy unless there are pressing 
reasons. In that case, scrupulous safety precautions must be 
taken (see Chapter 1). 

In relation to AIDS and HIV positivity, opinions and 
practices vary widely in the present state of knowledge. It 
seems obvious that the HIV virus is not in the same category 
of infectivity as hepatitis. Though autopsies on patients 
dying of clinical AIDS are routinely performed, there is 
a difference in the potential risk of a literally 'cold' autopsy 
being performed on a hospital death after a day or two in the 

mortuary refrigerator, compared with the urgent activities 
of a forensic pathologist who may be called upon to conduct 
an autopsy on a still-warm corpse within a  fa^ hours of a 
suspicious death. However, as mentioned in Chapter 1, HIV 
may remain viable for many days after death. 

TOXICOLOGICAL RESULTS 

Toxicological results 

579 * 

As with all deaths from toxic substances, the interpretation 
of laboratory analytical results may present considerable difFi- 
culries. There may be a long delay between the administra- 
tion of the drug and death, during which time the blood, 
urine and even tissue levels may decline, or even disappear. 
Many drugs break down rapidly in the body and their 
metabolites may be the only recognizable products of their 
administration. In some cases, data on lethal blood levels 
may be imperfectly known and great variations in personal 
susceptibility may make the range of concentrations found 
in a series of deaths so wide as to be rather unhelpful. 

As mentioned above, some persons die rapidly afier the first 
episode of taking a 'normal' dose of a drug because of some 
ill-understood personal idiosyncrasy and here quantitative 
analysis may not assist. 

Where habituation and tolerance has developed, drug 
users may have concentrations in their body fluids and tissues 
far higher than lethal levels published for non-habitues. In 
general, the great usefulness of toxicological analysis is both 
qualitative and quantitative. The former will show what drugs 
have been taken in the recent past; the length of time that 
drugs or their metabolites - persist in different fluids and 
tissues varies widely. 

The quantitative analysis can be useful, especially when the 
results reveal high levels - into the toxic or lethal ranges. 
These ranges are usually obtained anecdotally from surveys 
of large numbers of deaths but, as stated, can differ in terms of - 
minimum and maximum values from different laboratories. 
The problems of idiosyncratic sensitivity and tolerance cause 
such published ranges to act only as a general yardstick and 
deaths that occur outside the ranges (usually off the lower 
end) cannot be excluded from having been caused by the 
drug in question if other factors may have been involved. 
Such factors include the presence of other drugs or alcohol, or 
both, delayed death and abnormal sensitivity. 

Thus the analysis is not the final arbiter of the cause of 
death, although it is a highly important component of the 
whole range of investigation. The pathologist has the duty 
to correlate and interpret all known facts. He must fit the 
circumstances, the presence of natural disease, trauma and 
other toxic substances with the laboratory findings, to arrive 
at the most reasonable cause of death. 
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The advice of the toxicology laboratory is vital in this 
process, especially in relation to known lethal ranges and 
the significance of metabolites, but the analysts should not 
become the sole arbiter of the cause of death. 

METHADONE 

Methadone has come to be used primarily as a treatment for 
established heroin dependency, but unfortunately appears 
to substitute one form of addiction for another, albeit some- 
what less lethal, though recent experience in Scotland (1995) 
has shown that deaths from methadone may exceed those 
from heroin, whose use it was intended to supplint. Its clin- 
ical uses are as an analgesic more powerful than morphine, 
with the advantage that it is almost as potent by oral admin- 
istration as by injection. It has strong and often undesirable 
sedative properties, however, and is virtually as addictive as 
the other opioids. 

Many deaths occur from its misuse, when obtained either 
legitimately for the replacement of heroin dependency or 
on the large illegal market. Most deaths follow oral admin- 
istration and appear to be due to lack of tolerance, in the 
absence of which even 50 mg may be lethal, though some 
recipients appear to die at the outset of the replacement 
treatment (Drummer et a/. 1992). 

In post-mortem samples, the liver has the highest con- 
centration. The fatal levels found on analysis overlap those 
found in persons on maintenance doses for heroin replace- 
ment, making interpretation difficult. The blood levels 
published by Manning in 10 fatal cases showed: blood - mean 
1.0 mgll (range 0.1-1 3 ) ;  liver - mean 3.8 mgll (range 
1.8-7.5); bile - mean 7.5 mgll (range 2.9-1 8.0); and brain - 
mean 1 .O mgll (range 0.5-1.4). 

HALLUCINOGENS 

Few of the hallucinogenic drugs are primary causes of death, 
but some may lead to traumatic deaths because of the 
abnormal behaviour of the person who is under their influ- 
ence. For example, the victim of a lysergic acid diethylamide 
(LSD) 'trip' may be under the impression that he can fly 
and thus project himself from a high window. Some drugs, 
however, may have direct toxic effects, though, as with so 
many drugs of dependence, the autopsy findings are negative 
or totally non-specific. 

Chemically this is 1-(1-phenylcyclohexyl) piperidine 
hydrochloride, known as PCP or 'angel dust' among many 

TABLE 32.1 Blood and tissue concentrations (mgll or kg) of narcotic 
drugsfiom various series offatalities (Baselt et al. 1975; Steadand 
Moffat 1983) 

Baselt et a/. 

Range Mean Stead and Moffat 

Heroin 
Blood 
Urine 
Bile 
Morphine 
Blood 
Urine 
Liver 
Cocaine 
Blood 
k ine 
Liver 
Amphetamine 
Blood 
Urine 
Liver 
Phencyclidine 
Blood 
Urine 
Liver 
Pethidine (meperidine), orally 
Blood 
Urine 
Liver 

>0.1 (mean 0.43) 

>0.2 (mean 0.7) 

3.1 (one case) 

>0.5 

>0.3 (mean 2.9) 

>2 (mean 14) 

other nicknames. It is often used in combination with 
other drugs of addiction. A number of deaths have been 
reported from its use, a variety of modes including hyper- 
thermia, intracranial haemorrhage and high output cardiac 
failure. 

Phencyclidine is excreted in the urine for a long time 
after ingestion and autopsy samples may be positive for up 
to a week. 

Lysergic acid diethylamide (LSD) 
The well-known LSD, which takes its acronym from the 
German 'Lysergsaurediathylamid', is a powerful hallucino- 
genic which is not fatal in itself, as mentioned above. It is 
an indole alkaloid derivative, of which other members are 
psilocybin and psieocin, contained in the Mexican mush- 
room (Psilocybe mexicana). 

~escalin;, obtained from the cactus Lophophora williamrii 
of central America, is chemically trimethoxyphenethylamine, 
again not in itself a lethal substance. 



Cocaine 

CANNABIS they are now being reported from both the USA and Britain. 
The author (BK) conducted an alitopsy on the first fatality 

Cannabis, with all its various names in different parts of the 
world, has at least six active chemical constitutents, the most 
important of which is one of the tetrahydrocannabinols. 
Though its effects are a matter of controversy, there seems to 
be general agreement that used alone, it cannot be blamed 
for a single death. Proof of the intake of cannabis can be 
obtained from analysis of urine, blood, and swabs from lips 
and fingers. 

in the British Isles, in a man who swallowed a considerable 
supply on being challenged by the police. There were no 
autopsy signs apart from a marked generalized cyanotic 
congestive state a i~d  the diagnosis was made purely on toxi- 
cological evidence. 

Since the first edition of this book, MDMA deaths have 
increased markedly due to its ubiquitous availability to 
young people, especially at 'rave' parties: hyperthermia, 
dehydration and myocytolysis are some of the potentially 
fatal consequences. 

THE AMPHETAMINES 
COCAINE 

NOW rarely used in reputable medical practice because of the 
undesirable side effects, the amphetamine group of 'drugs 
was formerly employed for the abolition of fatigue and for 
the suppression of appetite. Methylamphetamine sulphate 
and dexamphetamine were the commonest analogues of 
amphetamine itself and are still widely available on the illicit 
market. Death is uncommon from overuse of the arnphet- 
arnines alone. At autopsy there are no specific findings, apart 
from the rare possibility of a cerebral or subarachnoid 
haemorrhage from the induced hypertension. 

Toxicology data suggests that after a therapeutic dose 
of lOmg, the blood concentration at 2 hours is about 
0.035 mgll. After 30mg, a peak plasma level of about 
0.1 1 mgll was observed at 2-5 hours, declining to 0.084 mgll 
at 4.5 hours. Chronic abusers consuming large amounts may 
have blood levels of up to 2-3 mgll. In the rare fatalities, there 
is a wider range of blood levels at autopsy, from 0.5 to 4 1 mgll 
(average 8.6), depending on the size of the overdose and the 
time until death. Liver levels of 474 mgkg (average 30) and 
high urine excretion, ranging from 25 to 700 mgll, with an 
average of 237 mg/l, are common. 

Methylenedioxymethamphetamine 
(MDMA) or 'ecstasy' 

In recent years, new derivatives of amphetamine have 
appeared in the drug abuser's pharmacopoeia, though the 
substances have been available for medical use for many 
years. The most commonly encountered is MDMA (3,4- 
methylenedioxymethamphetamine), known as 'ecstasy', 
'XTC' or 'ADAM'. Others of the groups are MDA (methyl 
3,4-methylenedio~yarn~hetamine) and MDM (n-methyl- 
MDA). MDMA or 'ecstasy' was developed as long ago as 
1914 and for some time had a role in psychotherapy as a 
consciousness-altering agent. It is now widely used as an 
illegal hallucinogenic drug, and though deaths have been few, 

Along with heroin, cocaine and its associated drugs like 
'crack' form the core of the hard-drug problem, from which 
fatalities are likely to arise. As cocaine is rapidly destroyed 
when given orally, it is usually taken by injection or sniffed. 
Recently, a fatality has been reported from absorption from 

administration via the rectum. This is in addition to some 
deaths in which cocaine smugglers have died after packets 
of the drug hidden in their alimentary tract have broken, 
causing a massive overdose. In India, cocaine has been used by 
means of urethral instillation and may also be used in the 
vagina by prostitutes. 

In areas where cocaine usage is common, a significant 
proportion of fetal deaths are associated with the narcotic. 
In a series reported in New York by Morild and Stajic in 
1990, of 103 fetal deaths, toxicology revealed cocaine in 64. 
The study suggested that fetal death, abnrptioplacentae and 
abortion were caused by maternal use of the drug. 

Death has been recorded by as little as 20-30mg being 
applied to the nasal mucosa, but a gram taken by mouth 
may not be lethal. As with other narcotics, marked habitu- 
ation and tolerance occurs in chronic users, making estimates 
of dangerous dose levels difficult to forecast. Intravenous 
doses are of the order of 100 mg, a common lethal dose being 
10 times greater, though far larger amounts can be tolerated 

by habitual users. Absorption via the nasal mucosa is less 
effective and larger doses are needed for the same effect 
than when used parenterally. Though ulceration and even 
perforation, of the nasal septum in chronic users is mentioned 
in most standard texts, they are extremely rare lesions. 

Death may occur with considerable rapidity in cocaine 
overdose or hypersensitivity. It may be quite sudden, from 
cardiac arrest, in first-time users. 

At autopsy, there are no specific features. The pulmonary 
oedema often seen in heroin deaths is not present with 
cocaine, though the mode of death is also a dysrhythmia. 
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The diluent used in 'cutting' the drug for street sale may be 
found in the injection sites, the regional lymph nodes, in 
the lungs and in other organs. Adulterants may be similar to 
those used with heroin and include talc, starch, quinine, 
lactose and dextrose. Particles of cocaine itself may also be 
found as microemboli. Strychnine has been used because 
of its bitter taste, like quinine. Deliberate poisoning by a 
supplier has been known by either increasing the strychnine 
content or by supplying pure cocaine or heroin, leading to a 
massive overdose. 

Cocaine is an  excitant and stimulator of the autonomic 
nervous system. Sudden dramatic rises in blood pressure can 
occur, sometimes to over 300 mmHg and cerebral haemor- 
rhage is a possible complication of this acute hypertension. 

As with the opioids, autopsy may reveal complications of 
the septic methods ~ e d  f ~ r  - - I - - -  ini-rrion, apart frnm the dready 
stated risks of virus infection, such as hepatitis and HIV. In 
former years, in New York and California, transmission of 
malaria was a well-known problem amongst those who 
shared syringes and needles - indeed, one suggestion for 
the use of quinine as a diluent, was as a treatment for the 
Plasmodium. 

Pyogenic infections are most common, with phlebitis 
and distant embolic abscesses occurring. The injection 
sites may ulcerate, there can be regional lymphadenitis, but 
more serious sequelae that may be fatal include endocarditis. 
This can affect any heart valve, including those on the right 
side, which are not usually affected in post-rheumatic endo- 
carditis. Many organisms are involved, mainly haemolytic 
and non-haemolytic streptococci, Streptococcus faecalis, 
Staphylococcus aurew and Pseudomonac aeruginosa and some 
fungi. Post-morcem blood cultures frequently show such a 
mixed flora from contamination that isolation of the true 
causative organism may be difficult, but a heavy predom- 
inant growth may be significant. The advice of a microbiolo- 
gist should be enlisted in assessing the relevance of a positive 
blood culture. 

Any drug used intravenously, if it has particulate matter 
admixed, such as starch or talc, may cause foreign-body 
granulomata in the lungs, when the undissolved components 
are filtered out in the pulmonary capillary bed. Such granu- 
lomata are characteristic of intravenous drug abusers - when 
viewed under a polarizing microscope, refractile elements 
may be easily visualized. 

As cocaine is so commonly used by sniffing, swabs should 
always be taken from each nostril using a plain cotton-wool - .  

swab. An unused swab should be sent to the laboratory as a 
control. The full range of blood, urine, stomach contents, 
liver and vitreous samples should routinely be taken at 
autopsy. Blood levels in fatal cases vary widely, but typical 
ranges extend from 1 to 21 mg/l, with a mean of 5.2 mg/l 
according to Baselt etaal. (1975). 
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Toxicology is a vast subject, most of it concerned with the 
nature, occurrence, symptomatology, biochemistry, mode 
of action and treatment of a wide range of poisonous sub- 
stances. Many forensic medicine textbooks, especially those 
from Asia, devote a major part of their text to all these 
aspects of hundreds of toxic substances, many of which are 
seldom - if ever - encountered by a pathologist in most 
parts of the world. As the autopsy appearances of most 
poisons are non-specific, it seems fruitless to offer a repeti- 
tive catalogue, and therefore the descriptions selected here 
refer to some of those that either have specific features or 
are encountered more often. This chapter describes the 
autopsy appearances in a range of poisons that can broadly 
be classed as 'corrosive', even if this is not necessarily their 
main lethal mode of action. In addition, several toxic heavy 
metals will be discussed, again from the point of view 
of autopsy findings and relevant toxicological laboratory 
findings. 

CYANIDE 

Cyanide is a relatively common poison, both in suicide, 
accident and, occasionally, homicide. It forms part of lethal 

blood samples awaiting analysis. Acute cyanide poisoning 
is most often self-administered (70 per cent in one series), 
in which case usually the sodium or potassium salt is 
swallowed. It may be accidental or industrial, in which case 
either salts may be involved, or it may be the free gas liber- 
ated from some commercial process. 

Homicidal poisoning is rare, except for the mass homi- 
cides which still occur, such as the Jonesville tragedy in 
Guyana, or the use of cyanide as a weapon of war against 
civilians in the Middle East. It has also been used for judi- 
cial execution in parts of the USA, a practice which seems 
to be reviving in recent years. 

Cyanide acts only as free hydrogen cyanide and therefore 
swallowed salts need to meet either water or gastric acid 
before liberating hydrocyanic acid, a process that takes only 
a few seconds. The fatal dose of cyanide is small, of the 
order of 150-300 mg, which allowed it to be used as hid- 
den suicide pills by prominent Nazis at the end of the last 
war. Recovery has been recorded from far greater doses, 
however, such as 2 -4g  of potassium cyanide. Much 
depends on the purity of cyanides, as they tend to decom- 
pose in storage and old samples may contain only half the 
weight as active cyanide. 

toxicity of many fires in buildings, where smoke inhalation 
kills the majority of victims, rather than burns (Chapter 

Autopsy findings in cyanide poisoning 
, . 

11). Although the autopsy diagnosis of acute cyanide Cyanide acts by linking with the ferric iron atom of 
poisoning is rarely in doubt, toxicological analysis may be cy-tochrome oxidase, preventing the uptake of oxygen for 
difficult to interpret because of both the destruction and cellular respiration. Cyanide cannot combine directly with 
production of cyanide in the dead body and even in stored haemoglobin, but can do so through the intermediary 
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compound methaemoglobin. Cyanides are moderately 
corrosive through their alkaline nature, causing local tissue 
damage that is unrelated to their more general toxicity via 
enzyme inhibition. 

Externally there can be wide variations in the appear- 
ance. Traditionally, the hypostasis is said to be brick-red, 
due to excess oxyhaemoglobin (because the tissues are pre- 
vented from using oxygen) and to the presence of cyan- 
methaemoglobin. Many descriptions refer to a dark pink or 
even bright red skin, especially in the dependent areas, 
which can be confused with carboxyhaemoglobin. The few 
cases seen by the authors have shown a marked dark cyan- 
otic hypostasis, perhaps caused by lack of oxygenation of 
the red cells by paralysis of the respiratory muscles. There 
may be no other external signs apart from the colour of the 
skin and possibly black vomit around the lips. 

There may be a smell of cyanide about the body, though 
it is well known that many persons cannot detect this, the 
ability being a sex-linked genetic trait. This may be of 
importance to pathologists and mortuary staff, as corpses 
dead of cyanide poisoning can present a health hazard. A 
former colleague of the author (BK) became ill and was 
temporarily disabled shortly after conducting an autopsy on 
a suicide who had swallowed a massive amount of potas- 
sium cyanide. Presumably he had inhaled hydrogen cyanide 
from the stomach contents when examining the viscera. 

Internally the tissues may also be bright pink caused by 
the oxyhaemoglobin that cannot be utilized by the tissues - 
which is probably more common than the presence of cyan- 
methaemoglobin. The stomach lining may be badly dam- 
aged and can present a blackened, eroded surface, by altered 
blood staining the stripped mucosa. This is mainly because 

of the strongly alkaline nature of the hydrolysed sodium or 
potassium salts of cyanide; hydrogen cyanide itself causes 
no such damage. In less severe cases, the stomach lining will 
be streaked with dark red striae, where the rugae have been 
eroded while leaving the intervening folds relatively 
unharmed. The stomach may contain frank or altered blood 
from the erosions and haemorrhages in the walls. If the 
cyanide was in dilute solution, there may be little damage 
to the stomach, apart from pinkness of the mucosa and per- 
haps some petechial haemorrhages. There may also be 
undissolved white crystals or powder, with the almond-like 
smell of cyanide mentioned above. 

As death is usually rapid, little of the contents will have 
passed into the intestine. The oesophagus may be damaged, 
especially the mucosa of the lower third, though some of 
this may be a post-mortem change from regurgitation of 
the stomach contents through the relaxed cardiac sphincter 
after death. The other organs show no specific changes and 
the diagnosis is made by history smell and the reddish 
colour of the internal tissues, and often skin. 

Toxicological analysis 

The usual blood, stomach contents, urine and any vomit 
should be submitted to the laboratory, talung parricular care 
that the samples present no hazard to those packing, trans- 
porting or unpacking them. The laboratory should be warned 
in advance that a possible cyanide case is coming their way. 

If death was possibly caused by the inhalation of hydro- 
gen cyanide fumes, a lung should be sent intact, sealed in a 
nylon (not poly~in~lchloride) bag. 
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It is important to get the samples to the laboratory as 
soon as possible (in terms of days) to avoid the spurious 
formation of cyanide in stored blood samples. This usually 
occurs at room temperature so, if there is to be a delay, 
refrigeration is essential. By contrast, some positive samples 
may actually decrease on storage, as described by Curry 
(1969). Up to 70 per cent of the cyanide content may be 
lost after some weeks, from reaction with tissue compon- 
ents and conversion to thiocyanate. 

The amount found on analysis naturally depends on the 
amount taken and the time between administration and 
death. Though the latter is usually measured in minutes, 
low dosage - or treatment - may allow survival for hours or 
even days. 

Assuming that no spurious cyanide is formed, any signifi- 
cant amount found is evidence of cyanide ingestion, which 
in itself is abnormal and presumably confirmatory evidence 
of poisoning. However, Karhunen et al. (1 99 1) have 
reported a case in which post-mortem burning of a homi- 
cide victim led to a blood cyanide level of 10 mg/l, presumably 
due to passive diffusion of cyanide through body cavities 
opened by the fire. 

Typical blood levels in one series of fatal cases following 
ingestion of the poison range from 1 to 53 mgll, with an 
average of 12 mg/l. The spleen always has the highest tissue 
concentration, presumably because it contains so many red 
cells; in the same series, the spleen level was between 0.5 
and 398 mgll, with a mean of 44 mgll. In another series, 
mean blood levels were 37 mgll. 

CORROSIVE ACIDS, ALKALIS AND 
PHENOLS 

Corrosive poisons were formerly common suicidal agents, 
though they are now relatively rare in Western countries, 
probably because of the ease of obtaining less painhl sub- 
stances. In some parts of the world, mineral acids are still often 
used for homicide, assault ('vitriol-throwing') and suicide. In 

Malaya, reagents used in rubber production, such as formic 
and acetic acids, were often taken as a means of self-destruction 
by young women, especially Tamil rubber workers. 

In Britain, acids and alkalis are now almost unknown as 
agents of death. Even the occasional use of sulphuric 'battery 
acid' as a weapon of assault rarely causes death. The phenolic 
corrosives, however, such as carbolic acid and lysol, are 
occasionally encountered as suicidal agents. Toxicologically, 
none of these presents much problem, as the damage is 
often structural rather than poisonous, unless the victim 
survives long enough to have complications such as renal 
failure or chest infections. All the corrosive substances have 
the following features in common: 

k?3 There may be spillage of the fluid on the exterior of the 
body, corroding the skin in a pattern which may be 
helpful in reconstructing the posture of the victim at 
the time of drinking the substance. The lips may be 
burnt, and trickle and splash marks may run from the 
mouth down the chin, neck and chest. The pattern of 
burns at the mouth may sometimes indicate the shape 
of the container from which the poison was drunk, as 
the wide brim of a cup may mark the cheeks, while a 
bottleneck may sit more cleanly in the mouth. If the 
person was standing or sitting, then these runnels of 
fluid may pass down the chin onto chest and abdomen. 
If lying, then they may run across the face and cheeks 
and pass to the back of the neck. Further spillage may 
come from the nostrils due to spluttering and gagging. 
The hands may also be affected if the hands are 
instinctively brought up to the face. 

iEf The interior of the mouth may be eroded, and the 
tongue swollen or shrivelled, according to the nature of 
the corrosive agent. The pharynx, larynx and 
oesophagus are all eroded, and if survival lasts more 
than a few minutes the glottis area may become 
oedematous. Spillage into the larynx and air passages 
may allow the respiratory mucosa to be damaged, and 
aspiration of liquid or vapour into the lungs can cause 
rapid pulmonary oedema and haemorrhages. 
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B The lower oesophagus and stomach rapidly become 
damaged, with discoloration, desquamation and 
sometimes perforation. Attempts at passing a stomach 
tube may themselves penetrate the softened wall of the 
oesophagus or stomach. If survival lasts long enough, 
some corrosive may pass through to damage the small 
intestine, but this is rare because of the time factor and 
spasm of the pylorus. 

PA All may cause death by pulmonary oedema from 
spillage into the lungs: if survival lasts a day or more, 
then a fulminating bronchopneumonia may be the 
terminal event. 

The different corrosive agents have different actions on soh 
tissues, which can sometimes be differentiated by appearance 
and smell, though the mineral acids are not all that different. 
The phenolic compounds can usually be detected by smell 
alone. Strong acids act by dehydrating the tissues, coagulating 
the proteins and converting haemoglobin to haematin. 

Sulphuric acid, in concentrated form, is extremely corrosive 
and produces great heat in contact with water or tissues. 
The tissues are grey to black, rather dry and dehydrated. 
They may actually be charred into a blackened crust by the 
generated heat. The gastric lining may be grey, dark brown 
or black, or mixtures of all colours, depending upon the 
amount of altered blood in each part. Perforation may occur. 

The oesophagus and stomach may be grey and swollen, 
depending on rhe amount of acid and the amount of food 
already in the stomach. The tongue may be grey or black and 
distorted. 

Nitric acid is similar, but has a brownish-yellow cast to its 
mucosal damage. There may be yellow or brown sharp-edged 
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patterns on the skin burns of the face, with the usual trickle 
marks coming down from the corners of the mouth. Yellow 
fumes may arise from the stomach contents if a consider- 
able quantity is present. The internal appearances are of 
yellowish-brown sloughing, though perforation seems less 
common than with sulphuric acid. 

Hydrochloric acid has similar effects, especially on mucous 
membranes, but is not so injurious to intact skin as sulphuric 
and nitric acids. The stomach may be converted into a slimy, 
sofiened mass and can perforate. The colour is greyish to 
black, depending on the amount of altered blood. 

Sodium hydroxide in concentrated form is also a corro- 
sive, but soft, slippery slime is the characteristic appearance 
and feel to tissues damaged by caustic soda. The colour is dirty 
white to grey. 

Phenol and lysol are also damaging and affect the tissues 
in much the same way as acids and alkalis. Carbolic acid 
(pure phenol) tends to stiffen the tissues and bleach them 
so that hard, cracked, whitish surfaces are seen on the face 
and skin. Internally, the same stiffness is noted in the 
oesophagus and stomach. Lysol is a soapy solution of phenol 
and cresols. It discolours the tissues a brownish purple, but 
is otherwise similar to phenol in its action. 

OXALIC ACID AND OXALATE 
SALTS 

These are not so corrosive as the mineral acids, but are 
poisonous and often act quickly, death occurring within 
minutes or the hour, from shock or hypocalcaemia. The acid 
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is locally corrosive, but also has a systemic effect that may 
well be fatal even if the local damage is non-lethal. 

At autopsy, if an appreciable amount of either the white 
crystals or a strong solution has been swallowed, the local 
effect is a bleaching, the mucosa of mouth, pharynx and 
oesophagus being white, though local haemorrhage can 
streak this with red. The stomach contains altered blood 
from the damaged mucosa and is dark brown or black from 
acid haematin, the wall studded with acute erosions. Calcikn 
oxalate crystals may be seen in the stomach contents or in 
scrapings from the mucosa. 

In those who have survived the acute phase, death may 
be caused by abnormalities of the muscle function (includ- 
ing the myocardium) from the hypocalcaemia, caused by 
the precipitation of body calcium as insoluble calcium 
oxalate. More common is renal failure, death occurring 
2-1 0 days later. The renal tubules suffer necrosis, primarily 
in the proximal convoluted tubules. This is not caused by 
the presence of calcium oxalate crystals, though these can 
be demonstrated histologically in the kidney. 

ETHYLENE GLYCOL POISONING 

Though in no sense a corrosive poison, ethylene glycol has 
certain features in common with oxalate poisoning and is 
so common relative to death from mineral acids that it 
cannot be omitted. The glycols are used widely as antifreeze 
agents in motor engines and as solvents in industry, so they 
are easily available. Because of their chemical inclusion in 
the alcohol group, they are abused as a source of intoxica- 
tion, as well as being accidental and suicidal agents. At least 
40-60 deaths a year are reported and this is probably an 
underestimate. The compounds involved are ethylene, 
diethylene, propylene and hexylene glycols. These do not 
have the same toxic effects (in fact, propylene glycol is 
virtually non-toxic), but ethylene glycol is the most com- 
monly encountered. When drunk in excess of 100-200 ml, 
it is almost certain to be fatal unless specific treatment is 
given, such as dialysis and competition with alcohol. 

The first effects resemble drunkenness, but this passes 
into coma and death often within the first day. The glycol 
is metabolized in the body, a small but significant amount 
(about 1 per cent) being converted to oxalic acid, via the 
process glycol-glyoxal-glycolic acid-formic acid-glyoxylic 
acid-oxalic acid. It is not clear which of these compounds 
causes the most damage to the tissues. 

At autopsy there is no local damage, but widespread 
precipitation of the sheaf-like doubly refractile crystals of 
calcium oxalate into the tissues can be rendered visible 
microscopically by the use of polarized light. It is a matter of 
controversy whether this crystal deposition is the cause or 

FIGURE 33.4 Birefingent calcium oxalate cystah in kidney in 

ethylene glycolpoisoning as seen in polarized light under a 
microscope. 

merely a side effect of the lethal action of glycols. There may 
be cerebral oedema and a chemical meningoencephalitis. 
In the kidney there is a tubular necrosis similar to that in 
oxalate poisoning, and the crystals can be seen in the interstitial 
tissues and the tubules. Diffuse liver damage can also occur. 

Laboratory analysis in ethylene glycol 
poisoning 

The blood levels naturally depend on the time that has 
elapsed since ingestion. It is usually greater than 300mg/l 
and the mean is as high as 2400 mgll in samples taken 
before the second day. The brain may contain from 300 to 
4000 mglkg and the urine from 600 to 10 000 mgll, with a 
mean of 5700 mgll. 

METALLIC POISONS 

There is a whole range of metallic poisons, most of them 
from the upper reaches of the Periodic Table, accounting for 
their usual description as 'heavy metals'. The vast majority 
of toxic effects come from environmental and occupational 
poisoning, both chronic and acute. Acute poisoning by sui- 
cide, accident and homicide is becoming much less com- 
mon, both because of the availability of other toxic agents, 
and because of greater awareness and controls on the envir- 
onmental and industrial hazards of heavy metals. In former 
years, especially the nineteenth century, heavy-metal poi- 
soning was common in homicide, but is now rarely seen in 
Western countries, mainly because they are now known to 
be easily detectable. 
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As the subject is dealt with in great detail by so many Autopsy findings 
textbooks and monographs, only one such poison - arsenic - 
will be discussed, with a mention of any signifi- In acute poisoning the findings may be minimal, if death 

cant differences with other metals. occurs within hours. There may be some mild irritation of 
the upper gastrointestinal tract, such as reddening of the 
gastric mucosa, especially along the top edges of the rugae. The 

Arsenic description of 'red velvet' has been applied to some stomach 

A constituent of all animal tissue, arsenic is the twelfth 
most abundant element on earth. This emphasizes the need 
for strict controls when making analysis for arsenic in 
human fluids or tissues, as the excretion of a healthy person 
on a diet rich in fish (especially shellfish) can exceed that 
seen in chronic arsenical poisoning. Similarly, where an 
exhumation is performed after allegations of poisoning, full 
control samples of soil and grave water must be taken to 
ensure that arsenic foucc! in the bcdp cc~l!d not have arisen 
from local contaminarion (Chapter 1). 

Arsenic metal is not poisonous, only its compounds. 
These interfere with cellular respiration by combining with 
the sulphydryl groups of mitochondrial enzymes, especially 
pyruvate oxidase and certain phosphatases. Arsenic has a 
particular target in vascular endotheliurn, accounting for 
the many lesions caused by increased permeability, tissue 
oedema and haemorrhage, especially in the alimentary 
canal. 

Arsenical poisoning may arise from the ingestion of 
arsenious oxide, a tasteless white powder - from copper, 
sodium and potassium arsenites, arsenates of lead and 
calcium, arsenic sulphides and gaseous arsine (confined to 
industry). In forensic practice, the rare cases of arsenic poi- 
soning are now usually from arsenious oxide or one of the 
arsenites. 

Arsenical poisoning may be acute or chronic, the latter 
being the presentation of most environmental and occup- 
ational toxicity. Suicides are obviously invariably acute, 
whereas the uncommon homicidal cases may be either acute 
or chronic. 

FATAL DOSAGES IN ARSENICAL POISONING 

If taken on an empty stomach, especially in solution, only 
about 150 mg may be fatal, but usually some 250-300 mg 
are needed as a minimum lethal dose. Much larger quan- 
tities have been survived and there is some evidence that 
tolerance to arsenic can be attained. With large doses, 
much may be vomited. Death can be rapid - within hours 
from 'shock' and cardiorespiratory failure - or may be 
delayed for many days, when hepatorenal failure is the 
mode of death. In chronic poisoning, no lethal dosage can 
be indicated, as if the ingestion exceeds the small normal 
excretion rate, then a cumulative build-up of arsenic will 
occur. 

linings in acute arsenic poisoning. There may be mucus coat- 
ing and granules of the poisonous agent may be trapped on 
the lining - a reason for sending both contents and stomach 
wall for analysis, as in most suspected poisonings of any type. 
The intestines arc: usually normal in acute poisoning. 

The only other lesion commonly seen is subendocardial 
haemorrhage on the left ventricular waU. This, of course, is a 
common finding in any severe shock condition when sudden 
hypotension occurs. It is seen in any gross injury, with loss of 
blood volume, blood pressure and neurogenic shock. Head 
injuries and raised intracranial pressure are other conditions 
in which these lesions are prominent (Chapter 13). The phe- 
nomenon can be rapid, the author (BK) having seen them in 
the victims of military air crashes where the heart was avulsed 
from its base at the moment of impact. One of the best 
descriptions of subendocardial haemorrhages was given by 
Sheehan in 1940 in obstetrical catastrophes. The haemor- 
rhages are situated on the upper part of the interventricular 
septum and on rhe opposing papillary muscles. The most 
severe the author (BK) has ever seen was in a massive suicidal 
overdose of arsenious oxide, where the haemorrhages were 
actually raised blood-filled blisters under the endocardium. 
These suggested the true diagnosis before analysis was 
carried out, albeit whh an element of speculative good luck. 

In chronic arsenical poisoning, the picture is quite differ- 
ent, though unless some suggestive history o r  circumstan- 
tial evidence is available, the diagnosis may be extremely 
dificult. As many a clinician has discovered to his chagrin 
in the past years, many a chronic arsenical poisoning has 
been misdiagnosed as a gastroenteritis. 

Part of forensic mythology surrounds the alleged preser- 
vation of corpses dying from arsenic poisoning. This has 
been endlessly discussed, but there is no real evidence that 
it is true. A more likely explanation is that the dehydration 
from diarrhoea in chronic poisoning retards the usual moist 
putrefaction. 

Externally there may be a diffuse abnormality of the 
skin, with a dry, scaly, hyperkeratotic surface. Clinically, 
there is a 'rain-drop' punctate pigmentation, but this may 
not be apparent after death unless really marked. It is more 
common in skin flexures and over the forehead and neck. 
There may be some hair loss. Puffy thickening and oedema 
of the face has been described, suggestive of myxoedema. 

Internally the stomach may be normal or may show a 
chronic gastritis with thickening of the mucosa and subserous 
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coats. Mucus formation may be noticeable and there may be a 
patchy inflammatory redness of some of the rugae. Sometimes 
there is a haemorrhagic gastritis with acute and chronic ero- 
sions. The small intestine is da ted  and generally reddened, 
with thickened mucosa, the whole picture being of a non- 
specific congestion oedema so commonly seen in any enteritis. 

There is rarely any mucosal ulceration. The contents 
may be copious and fluid, the usual description of 'rice- 
water' being applied. The large intestine may show min- 
imal changes or be normal: the contents may be fluid and 
similar to the small bowel. The liver may reveal fatty 
change or more severe necrosis, sometimes at the periphery 
of the lobule. Severe liver damage may be associated with 
externally apparent jaundice. The kidney is damaged in 
chronic toxicity, there being non-specific tubular necrosis. 
The myocardium may also show myofibril damage, inter- 
stitial collection of cells and sometimes fatty degeneration. 

TOXICOLOGY SAMPLING AND ANALYTICAL RESULTS 

In acute poisoning, the major requirement is the stomach 
and contents, and preferably the small intestine, tied off at 
each end. Blood, urine and liver should also be taken. 

In chronic poisoning, especially if the diagnosis is not 
firmly established from circumstantial and gross autopsy 
findings, a much wider range of samples is needed: 

blood from peripheral veins 
@I stomach and contents 
E small intestine and contents 
f54 sample of large bowel contents 
B urine 

bile 
El whole liver 
B one kidney 
B nail clippings or whole nails 
El hair samples -whole length of at least 20 hairs, 

including roots. 

Arsenic levels in blood are elevated only for a short time 
following absorption, unless exposure is continuous. The 
highest concentrations of arsenic are found tissues rich in 
sulphydryl (SH-) groups, such as skin, hair and nails. Typical 
levels of arsenic found in healthy persons unexposed to extra 
amounts over and above that normally (but variably) present 
in their environment are as follows: urine, <2-20 p,g/l; 
blood, <0.5-4 ~ g l l ;  liver, <60 pglkg (dry weight); nails, 
< lo3 ~ g l k g  (dry weight). 

It was formerly thought that it took a week or two for 
ingested arsenic to find its way into the keratinized tissues 
such as hair and nails. More sensitive analytical techniques 
have, however, shown that it can appear there within hours 

TABLE 33.1 Levels in acute arsenious oxide poisoning from 

49fatalities (Rehling 1967) 

Range Average 

Blood (mg/l) 0.6-9.3 3.3 
Liver (rnglkg) 2.0- 1 20 29.0 
Kidney (rng/kg) 0.2-70 15.0 
Spleen (rng/kg) 0.5-62 8.8 
Brain (mg/kg) 0.2-4.0 1.7 

of ingestion by mouth. The explanation was originally 
offered thar arsenic was rapidly secreted into sweat, and 
spread to the hair and nails by surface diffusion. This has 
recently been tiisproved by neutron activation analysis and 
the mechanism remains obscure. The test for estimating 
the timing and duration of arsenic administration by 
analysing different lengths of the hair shaft has thus been 
vindicated. Arsenic can remain stored in keratin for several 
years after administration ceases. 

Antimony 

Antimony is similar to arsenic in many respects. Apart 
from industrial exposure, the usual vehicle of poisoning is 
'tartar emetic', antimony potassium tartrate. This has been 
used suicidally and homicidally, as well as in some acciden- 
tal deaths. The and toxicology are similar to that 
of arsenic, the minimum fatal dose of the tartrate being 
about 150 mg, though this was formerly the normal intra- 
venous dose in the treatment of bilharzia. Vastly greater 
amounts of tartar emetic have been survived, so the min- 
imal lethal dose is not a particularly useful concept, as with 
many other poisons. 

Occupationally unexposed people have either zero or 
not more than 0.01 mgll of antimony in their blood and a 
tenth of this concentration in their urine. 

Baselt (2002) quotes a case of acute poisoning from 
antimony trichloride where the following concentrations 
(in mgll or mglkg) were found on analysis: blood, 4 6 ;  
liver, 45; kidney, 32; bile, 404. 

Thallium 
Though other heavy metals have declined in forensic import- 
ance over the past century, thallium has several times been 
used homicidally in recent years, sometimes for multiple poi- 
sonings. Thallium is used as a rat killer and widely employed 
in industry, especially in glass manufacture. It has curious 
aspects in relation to forensic pathology, in that it can be seen 
radiologically in the intestine and deposited in the liver, so in 
the rare event of a pathologist suspecting thallium poisoning, 



33: Corrosive and metallic poisoning 

TABLE 33.2 Fatal thallium concentrations (mg/l or mg/kg9 Blackwell M, Robbins A. 1979. Arsine (arsenic hydride) 
colkcted by Baselt (2002) poisoning in the workplace. Am Ind Hyg Assoc] 

40:A56-61. 
Range Average 

Bogusz M. 1980. Vitreous humour as reliable material 
Blood 0.5-1 1 4.0 for ethylene glycol determination. Forensic Sci Int 
Urine 1.7-1 1 5.2 16:75-6. 
Kidney 6-20 11.0 
Liver 5-29 15.0 Bowen DA, Minty PS, Sengupta A. 1978. Two fatal 

cases of ethylene glycol poisoning. Med Sci Law 

X-rays of the body should be taken before autopsy. The other 
unique aspect is that it is probably the only homicidal agent 
to be confirmed after cremation. In the Young case in Britain 
in 1971, where rwo people died and several others were 
non-fatally poisoned by Young, thallium was detected retros- 
pectively in the ashes of one of his victims. 

The fatal dose is somewhere about 1 g, depending upon 
the type of thallium compound employed, as there are 
several different salts available, such as the acetate, sulphate 
or nitrate. The estimates vary from 6 to 40mglkg body 
weight, with an average of about 12 mglkg. 

Autopsy appearances are variable and non-specific, but 
pallor and streaking of a pale, degenerate myocardium have 
been recorded. Hair loss is one of the clinical signs that 
arouses suspicion of thallium poisoning, as it was formerly 
used as a depilatory. This effect begins about a week after 
administration, but may not be noticeable for twice that 
time. Large tufts tend to come away, rather than a general 
thinning. Loss of the outer third of the eyebrows is said to 
be a significant sign, though these are also the areas that are 
lost in hypothyroidism. 

Examination of the roots of surviving hairs may show a 
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A wide range of organic compounds used in industry and 
in the home as solvents may .cause injury or death, espe- 
cially when used carelessly or for improper purposes. Other 
organic substances, often gaseous, can also be fatal when 
used or abused in the same circumstances. 

SOLVENT ABUSE 

This phenomenon arose, spontaneously and independ- 
ently, in several parts of the world in the 1960s. It consists 
of deliberately inhaling a variety of substances, especially 
organic solvents, in order to achieve a distortion of con- 
sciousness. The effects vary from a state resembling alco- 
holic intoxication through euphoria (sometimes of an 
erotic nature) and distortion of perception, to actual hallu- 
cinations. The practitioners of this activity are predom- 
inantly, though by no means exclusively, male and most are 
between the ages of about 14 and 22 years, though again 
there are a few beyond either end of this age range. The 
majority of deaths occur in solitary users, some 70 per cent 
being reported by Anderson et al. (1985) as having hap- 
pened when the young person was alone. Sniffing can cer- 
tainly be a g o u p  activity, however, as is seen in schools and 
even the streets of some cities. 

At first, the most common substance inhaled was a 
toluene-based adhesive and therefore the name 'glue- - 
sniffing' soon became attached to the habit, though in fact 
many substances now used are not adhesives. The more 
accurate title of 'solvent abuse' has now been applied to this 
widespread and dangerous habit. Although (like the sexual 
asphyxias, with which there is some cross-relationship) the 
ratio of deaths to non-fatal escapades is relatively small, the 
large number of children and young people who indulge 

in the habit means that a considerable death toll occurs 
annually. 

The usual method of abuse is for a quantity of the solvent 
or other chemical to be placed in a plastic bag - which may 
be any kind from a large black polythene garbage sack to a 
used potato-crisp packet. The open end is then placed 
against the nose and mouth, and the air inside re-breathed. 
The warmth of the hand holding the bag, as well as the 
warm breath, encourages vaporization of the solvent, which 
enrers the tidal air stream and is absorbed through the 
pulmonary membranes into the blood. When the substance 
is not a viscous glue, it may be placed on a handkerchief or 
rag, and inhaled direct as a pad over the nose and mouth. 

When gaseous substances are abused, they may be intro- 
duced directly into the mouth or nose. A common variety 
is butane or propane, taken from either a large cylinder 
used for camping, heating and cooking, or from the small 
ampoule cylinders sold for refilling gas cigarette lighters. 
Others are used directly from ~ressurized aerosol cans, 
including pain-relieving sprays used for the relief of mus- 
cular conditions. Yet again, sniffing may be attained by 
merely inhaling directly from the neck of a container. 
Tins, jerry-cans and the petrol-fillers of motor vehicles may 
be used in this way. Some fire extinguishers contain an 
organic bromine derivative which is also abused for inhal- 
ation. This has a particular propensity for sensitizing the 
myocardium to catecholamines. 

Dangers of solvent abuse 

SUDDEN DEATH 

The major cause of death appears to be sudden cardiac 
arrest, following an arrhythmia. Any of the solvents appears 
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to have the ability to sensitize the myocardium to the 
action of catecholamines, such as noradrenaline. Any 
sudden 'flight-or-fight' stimulus, even some considerable 
time after sniffing solvents, has the ability to precipitate 
ventricular fibrillation and hence sudden death. A recent 
instance seen by the author (BK) involved a youth whose 
habit was to steal fire extinguishers from trains parked in 
sidings and inhale the bromine-based contents. Having 
been in trouble with the police before, he took fright on 
seeing a constable approaching, though in fact the officer 
was merely walking his dog. The boy ran from his group 
of friends and did not reappear, being found dead in some 
bushes some time later, though he had not 'sniffed' that 
day. The autopsy and toxicology were negative, apart from 
residual traces of organic substance in his blood. 

In arldirinn to this physiological mechanism. actual 
myocarditis can occasionally occur, as in a 15-year-old girl 
who dropped dead whilst inhaling from the petrol tanks 
of vehicles. At autopsy all that the author (BK) could find 
was a florid, diffuse interstitial myocarditis with minimal 
myofibril necrosis. 

CHEMICAL EFFECTS 

The mechanical means of obtaining concentrated solvent - 
vapour is in itself dangerous. Persistent rebreathing can 
produce hypoxia and hypercapnia, which is additive to the 
toxic effects of the solvent itself. When large plastic bags are 
used, the abuser sometimes places his head within the bag 
and this risks the dangers of rapid death from plastic bag 
asphyxia (Chapter 14). It is difficult to know if some of 
these cases are at least partially instances of erotic hypoxia, 
the effects of both oxygen lack and the hallucinogenic 
effect of the solvent combining to give both sexual pleasure 
and a heightened risk of death. 

Another potent risk is vomiting while the effects of the 
solvent incapacitate the victim sufficiently to prevent his 
reflexes from protecting or clearing his glottis or air pas- 
sages. The usual warning must be given, however, about 
uncritically accepting the finding of gastric contents in the 
air passages at autopsy. This may well have been an agonal 
regurgitation in a victim who was dying of the common 
cardiac (ventricular fibrillation) effect of solvents on the 
myocardium. This has medico-legal relevance in that a 
fellow abuser or even some other bystander may be accused 
of failing to render assistance in clearing the air passages, 
when in fact this was the effect, rather than the cause 
of death. This is not to say that aspiration of vomit cannot 
be the cause of death, as in alcoholic intoxication, but 
the autopsy finding should be backed up with some 
circumstantial evidence that it occurred before the agonal 
period. 

organic solvents 

PHYSICAL DANGER 

When gaseous substances are used, such as butane or 
propane from cylinders, or propellants from aerosol cans, 
a physical danger is added to the chemical effects. The gases 
are commonly directed or sprayed into the open mouth 
while inhalation is performed. The release of high-pressure 
gas causes rapid cooling by the 'refrigerator effect' and the 
impact of this on the palate, pharynx and larynx may cause 
a reflex cardiac arrest. The author (BK) has dealt with two 
such cases, one in a school yard, where the users of small 
propane refuellers virtually dropped dead in the presence 
of other youths. The mechanism of this phenomenon is 
disputed, but freezing of the sensitive pharyngolaryngeal 
area is surely a parallel to the sudden deaths seen when cold 
water enters the nasopharynx in sudden immersion deaths. 

DANGER TO LONG-TERM USERS 

Long-term users can suffer liver damage, typical of halo- 
genated hydrocarbon exposure, with fatry change in the 
liver and sometimes associated renal damage. 

SUBSTANCES USED IN ABUSE 

Toluene 

Toluene was one of the first substances recognized as giving 
rise to 'glue-sniffing', as it is the solvent for many adhesives, 
such as the proprietary glue 'Evostick'. It is an aromatic 
petrol hydrocarbon used widely in industry as a solvent and 
thinner for adhesives and paints. It resembles benzene in 
many of its properties, another substance that can be used 
in solvent inhalation. Toluene can cause acute and chronic 
intoxication in industrial situations. Exposure to relatively 
high concentrations in the air, between 10 000 and 
30000p.p.m. can cause drunkenness, mental confusion 
and coma within a few minutes. 

In non-fatal toluene abuse, blood levels of 0.3-7.0 mgll 
were measured by Bonnichsen et af. (1966), with urine 
excretion of up to 5 mgll. Those with blood concentrations 
of 1.0-2.5 mgll showed some sign of intoxication, while half 
of those between 2.5 and 10 mgll were admitted to hospital 
with marked symptoms. Those who were unconscious or 
dead had blood levels in excess of 19 mgll. Nomiyama and 
Nomiyarna (1979) found blood levels of between 50 and 
80 mgll in three fatalities. Baselt (2002) quotes a fatal range 
of between 10 and 48 mgll with an average of 22 mglml for 
fatalities, the average in the lung being 12mgIl and in the 
brain 47 mgll. Brain damage has been reported in long-term 
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abusers, with electroencephalographic changes, encephalo- 
pathy and occasional cerebral atrophy. 

Petrol (gasoline), xylene and benzene 
These closely resemble toluene in behaviour, though ben- 
zene is said to be more potent in causing intoxication. As 
with toluene and most other solvents, they can burn the 
skin if left in contact with it for some time. The odour 
threshold for benzene has been reported as 1-5 p.p.m. in 
air. In chronic exposure, benzene can cause bone-marrow 
depression and fatal aplastic anaemia, but this is not a fea- 
ture of the shorter exposures in solvent abuse. 

Methylene chloride and 
ethylene dizchloride 
These are found in paint strippers and, as these solvents, in 
many other products. One used for abuse is the solvent for 
typewriter correction fluids, such as Tippex. 

Butane and propane 
These have been mentioned earlier, being used direct from 
pressurized containers. They are light hydrocarbons, being 
the upper fractions of oil distillation. 

Fluorocarbons 
These are the substances now blamed for having the worst 
effect on the ozone layers of the upper atmosphere. They 
are widely used as refrigerants and propellants in aerosol 
containers. It is in this latter role that they are widely 
abused for euphoric and hallucinatory effects. The various 
compounds are numbered, rather than named, two fluor- 
ine atoms being incorporated into molecules that otherwise 
resemble carbon tetrachloride. Those used for propellants 
are FC-11 and FC-12. 

A similar compound incorporating bromine instead of 
fluorine is used as a fire extinpisher, as is carbon tetrachlor- 
ide itself. As long ago as 1970, Bass published a series of 
110 sudden deaths, including many from fluorocarbons. 
As mentioned earlier, these substances sensitize the 
myocardium to circulating catecholamines. The range of 
blood concentrations in fatal cases in respect of FC-12 is 
O.G12mgIl, with a mean of 3.0mgll and for FC-11, 
12-32 rngll, with a mean of 12mgll. In the lung, FC-12 
may be present at levels of 0.9-134mg/kg, with a mean 
of 33 mglkg; for FC-11 the corresponding figures are 
5.8-94 mglkg, with a mean of 43 mglkg. 

Carbon tetrachloride 
Used as a degreaser, dry-cleaner and fire extinguisher, car- 
bon tetrachloride is easily available from retail outlets as a 
spot remover. It is quite toxic, though it (unwisely) used to 
be used in human pharmacy to treat intestinal worms. As 
little as 3-5 ml can be fatal. Much of its toxicity is indus- 
trial, but it has also been used in suicide and solvent abuse. 
Chronic exposure can cause liver and renal damage, 
worsened by the simultaneous use of alcohol. Addiction 
can occur, even from initial exposure during industrial use. 

As with most halogenated hydrocarbons, the liver suffers 
from exposure to tetrachloride. There is a centrilobular 
necrosis, usually preceded by fatty change if the poisoning is 
low level and lasting. In fatal cases there may well be virtu- 
ally total acute yellow atrophy. The liver damage is markedly 
worsened by a high alcohol intake. Renal changes consist 
of a tubular necrosis and diffuse fatty degeneration in the 
cortex. 

Post-mortem blood levels vary greatly, but a fatal case 
has been recorded with a concentration of 260mgll. 
Korenke and Pribilla (1969) found tissue levels at autopsy a 
week after inhalation as being 142 mglkg in the liver and 
39 mglkg in the lung. 

Other halogenated hydrocarbons 
Other halogenated hydrocarbons have similar effects to car- 
bon tetrachloride, but the level of toxicity varies with the 
number of chlorine atoms in the molecule. The ascending 
order of danger is methyl chloride, trichlormethane, chloro- 
form and carbon tetrachloride. Others include trichlor- 
ethylene, used widely in both anaesthesia (Trilene) and in 
dry-cleaning. Several other similar compounds have been the 
cause of fatalities in industry as well as in solvent abuse. The 
pathological features are similar in most of them, the effects 
being on the central nervous system in acute massive over- 
dose, whether by ingestion or inhalation, and upon the liver 
and kidneys in more chronic intoxications. 

THE AUTOPSY O N  FATAL 
SOLVENT-ABUSE VICTIMS 

The scene should be visited if possible, though it is rare to 
find the body there, as strenuous resuscitation and removal 
by ambulance is always a prime consideration in children 
and young persons found apparently dead. The parapher- 
nalia of sniffing may be seen in its original state. 

At autopsy, the clothing should be examined, even 
though it has almost always been removed for resuscitation 
attempts. Any soiling with adhesive or solvent stains should 
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be detected and, though volatile, should be kept for foren- 
sic science investigation. The best means is to pack them as 
soon as possible in a nylon bag to retain any vapour; these 
solvents will penetrate a polyvinylchloride bag and be lost. 

Externally, the face should be inspected for any signs of 
chronic or recent solvent abuse. The act of holding a bag 
against the lower face, often contaminating it with glue or 
solvent, may leave skin lesions. These can be red erythema- 
tous pimples or actual excoriations from the irritant action 
of the solvent. The lesions may become infected or 
scratched, becoming crusted. The rest of the autopsy may be 
unrewarding from the point of view of gross pathology. 
Rarely, there may be a fatty liver from longstanding damage 
from the solvent, especially the halogenated hydrocarbons. 
Full sam~les for histological examination should be taken to " 
deterrr?ine the sratc of h e  myoczdium, liver and brain. 
More immediate is the need to obtain samples for analysis. 

Vigorous resuscitation, including mouth-to-mouth and 
chest compression, together with mechanical ventilation and 
oxygen administration, will obviously blow off much of'the 
solvent in the lungs. If it has already been absorbed, however, 
some will come back into alveolar air from the lung tissue 
and the sensitivity of the head-space gas chromatography 
used for its detection is often sufficient to identify the sub- 
stance, which can also be detected in blood and tissues. 

Blood samples should be taken in the usual manner, 
including a tube with fluoride for alcohol, which is some- 
times also present. A lung should be taken intact for the 
laboratory. It was formerly the practice to aspirate air from 
the trachea before removal of viscera, using a 50 ml syringe, 
which was then sealed and sent to the laboratory. This is 
impracticable, and the best method is to open the pleural 
cavity and pass a string ligature round the hilum of a lung, 
pulling it tight to occlude the main bronchus. This is then 
drawn tight and the hilum transected. In actual fact, little is 
lost if the lung is cut off without this procedure, as long as it 
is put straight into a nylon bag without delay and without 
squeezing out the contained air. The nylon bags are those that 
arson investigators use to save material for fire-accelerant 
examination, as they are impervious to organic solvents. 

A urine sample, and unfixed tissue from liver and brain 
should also be supplied to the toxicology laboratory, 
though local discussion should be made to determine the 
requirements of each laboratory. 
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STAINING TECHNIQUES 

Periodic acid-Schiff (PAS) for 
myocardium 
In established early infarcts of probably at least 28-24 
hours' duration, damaged myofibres stain a pale purple- 
blue with PAS, compared with the pinker colour of healthy 
fibres. This stainable material is diastase resistant and is 
probably a mucoprotein. 

Bring sections to water. 
Immerse in 1 per cent periodic acid for 5 minutes. 
Wash in water for 5 minutes. 
Rinse in distilled water. 
Immerse in Schiff's reagent for 10 minutes. 
Wash in water for 10 minutes. 
Stain in haematox~lin for 30 seconds. 
Blue in tap water and mount in usual way. 

Malic acid dehydrogenase (MD,H) 
Enzyme histochemistry is the most reliable method of detect- 
ing early myocardial infarction. Succinic, lactic, malic, P- 
hydroxybutyric dehydrogenases and cytochrome oxidase are 
among those used by many workers and each has its advo- 
cates. The author (BK) prefers malate dehydrogenase, though 
P-hydroxybutyrate is also recommended. Fixed tissue cannot 
be used, as frozen cryostat sections are required. The method 
for malate dehydrogenase is given, though the technique for 
other enzymes is similar, using different substrates; details are 
found in standard histochemistry texts. 

MALATE DEHYDROGENASE METHOD FOR 

MYOCARDIUM 

Normal myocardium stains dark blue-black, mostly con- 
centrated on intracellular mitochondria, with some stain- 
ing of the cytoplasm. Fibres damaged by anoxia or ischaemia 
progressively lose their staining properties and may be 
completely devoid of colour when totally infarcted. There 
is almost always perivascular survival of a few layers of cells 
and the subendocardial and subepicardial layers usually 
also survive: this acts as a built-in control for the staining 
reaction. 

Stock solutions 
Buffer 
0.2 M for pH 7.0 (store at 04°C) .  
Solution A: 2.4 g trometamol (TRIS) in 100 ml 
distilled water 25 ml 
Solution B: 0.1 M hydrochloric acid 45 ml 
(Use ANALAR concentrated H C I  diluted 1/12 for 
molar, then dilute further 10 times for 0.1 M) 
Distilled water 30 ml 

Malic acid substrate 
L-Malic acid 6.7 g in 50 ml distilled water. 
Add 12 g TRIS to buffer to pH 7.0. 
Store frozen. 

Sodium cyanide 
0.1 M solution: weigh out 0.25 g sodium cyanide in 
100 ml distilled water. 
Add 8-8.5 ml M hydrochloric acid to buffer at pH 7.2. 
Store at 0 4 ° C .  
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Tetrazolium salt 
Make up nitroblue tetrazolium at 1 mglml strength in dis- 
tilled water. Keep frozen. 
Nicotinarnide adenine dinucleotide (NAD) - keep solid 
desiccated in freezer. 

Method 
Cut cryostat sections from myocardium frozen either in 
liquid nitrogen or in isopentanelsolid carbon dioxide 
slush. 

Place slides carrying sections in 37°C incubator. 
Make up incubating medium as follows: 
Sodium cyanide solution (0.1 M at pH 7.2) 0.1 ml 
NAD coenzyme 6 m g  
Nitroblue tetrazolium solution 0.25 ml 
TRIS buffer pH 7.0 0.55 ml 
Malic acid substrate (1 M at pH 7.0) 0.1 ml 
(Check p H  and adjust with a small amount ofTRIS) 
Warm the incubating medium to 37OC and place 
sufficient on each section with a pipette, covering 
the section completely. Leave for 30 minutes, 
mount in glycerine jelly or an aqueous mountant. 
A negative control can be set up as required by 
omitting the malate substrate from the incubating 
medium. 

Haemato~~lin-eosin (H and E) 
autofluorescence 

Routine formalin-fixed H and E sections can be examined 
under ultraviolet light for autofluorescence of those fibres 
that have anoxic or ischaemic damage. Fibres with early 
infarction show a shift of their secondary emission towards 
the yellow, away from the usual olive-green of healthy 
fibres. It has been said that only fibres that reveal increased 
eosinophilia in ordinary tungsten light will fluoresce in this 
way, but the authors and co-workers have noted yellow 
shift in fibres that cannot be detected in tungsten light as 
being eosinophilic. 

Acridine-orange fluorescent stain for 
myocardium 

Either formalin-fixed paraffin sections or unfixed frozen 
sections can be stained by this technique. The former must 
be brought to water first. After staining and mounting 
in water (no other mountant can be used, not even 
Fluormount), the sections are examined immediately under 
ultraviolet light. They can be photographed if required. 

If the cover-slip is removed and the sections allowed to dry, 
however, they can be retained indefinitely. To review, they 
need only be wetted and a cover-slip replaced. Normal 
myocardium is a golden brown or sometimes yellowish 
brown depending on the optical system used. Damaged 
fibres show a colour shift to green when viewed under 
ultraviolet light. 

Method 
A stock solution of 1 per cent acridine-orange in water is 
kept refrigerated. This lasts for several months. For use, it is 
diluted 111 0 with distilled water. 

(a) Bring sections to water. 
(b) Agitate in the 0.1 per cent stain for approximately 

5 seconds, 'though the time is not critical. 
(c) Briefly wash, wipe off the excess water from around 

the section. 
(d) Apply a cover-slip. 

They are then ready for immediate examination. The pH 
of the washing water is not critical and tap water can be 
used'if the pH range is between 6.0 and 7.0. 

Martius scarlet blue (MSB) stain for 
fibrin 

This trichrome stain is useful for examining thrombi and 
emboli and for seeking fibrin in disseminated intravascular 
coagulation. 

(a) Bring sections to water. 
(b) Stain with celestine blue for 3 minutes and Mayer's 

haematoxylin for 1 minute. 
(c) Blue in water. 
(d) Rinse in 95 per cent ethanol and then stain for 

2 minutes with 0.5 per cent Martius yellow in 
95 per cent ethanol containing 2 per cent 
phosphotungstic acid. 

(e) Rinse in water and stain with 1 per cent brilliant 
crystal scarlet in 2.5 per cent glacial acetic acid for 
10 minutes. 

(f) Rinse in water and treat with 1 per cent aqueous 
phosphotungstic acid for 5 minutes. 

(g) Rinse in water and stain with 0.5 per cent soluble blue 
(Acid Blue 93) in 10 per cent aqueous acetic acid for 
10 minutes. 

(h) Rinse and mount. 

This method stains fibrin red, erythrocytes yellow and 
collagen blue. 
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Lendrum's stain (phloxine-tartrazine) 

Though this stain has a number of applications, such as the 
demonstration of viral inclusion bodies, its major forensic 
use is in the detection of amniotic fluid embolism deaths 
associated with pregnancy. The fetal squames are rendered 
visible much more readily than in haematoxylin-eosin 
stain. 

(a) Stain with Mayer's haeniatoxylin for 6 minutes and 
rinse in running water for 5 minutes. 

(b) Stain with 0.5 per cent phloxine in 0.5 per cent 
calcium chloride solution for 20 minutes in a 
Coplin jar. 

(c) Rinse in water and drain almost dry. 
(d) Flood with a saturated solution of tartrazine in 

cellusolve (C4H ethylene glycol monomethyl 
ether), which differentiates counterstain. This takes 
about 7 minutes and should be monitored 
microscopically so that red cells appear red-brown. 

(e) Rinse by two changes in 95 per cent ethanol and two 
changes in absolute ethanol. 

(f) Transfer straight to xylol and mount. 

The keratin of amniotic squames is stained red; nuclei blue 
and cytoplasm yellow. 

The 'WHO' method 

The 'WHO' method is similar for demonstrating keratin 
and mucin-like substances in amniotic fluid embolism. 

(a) Bring sections to water. 
(b) Stain with celestine blueIMayer's sequence, rinse. 
(c) Differentiate quickly in 0.5 per cent acid-alcohol, 

then blue. 
(d) Stain with erythrosin (1 per cent) for 5 minutes and 

rinse. 
(e) Differentiate quickly in 95 per cent alcohol, rinse. 
(f) Stain, with alcian green solution for 5 minutes. 
(g) Rinse - rhe section should now be slightly pink. 
(h) Rinse and treat with 95 per cent alcohol. 

(i) Stain with ethanolic saffron for 5 minutes. 
(j) Mount without going through water. 

The alcian green is made by mixing 50ml of 1 per cent 
aqueous solution of alcian green with 50 ml of 1 per cent 
acetic acid then adding 20mg of thymol and filtering. 
Ethanolic saffron is made by cutting up strands of saffron 
and warming in 95 per cent alcohol until no more will 
elute. This should be a deep yellow solution. 

DIATOM TECHNI UE IN 
s u s p x n m  DRo&ING 

There are several versions of this method, each with its own 
advocates. Mort: recent methods have used suction of the 
filtrate through a millipore membrane to trap the diatoms, 
but the author (BK) has encountered early dogging of the 
membrane by debris and prefers the older centrifugation. 
References to the published methods will be found in 
Chapter 16. 

Take a sample of water from the site where the body 
was recovered or where the immersion was first thought to 
have occurred. Several litres should be collected in a clean 
container and allowed to settle overnight. The top 90 per 
cent volume is then carefully decanted and the remainder 
centrifuged. The deposit should be examined under phase- 
contrast or dark-ground microscopy to see if any diatoms 
are present. If not, it is pointless to examine the autopsy 
tissues. If present, they should be retained for species 
comparison. 

If the water contains diatoms, then the material retained 
at autopsy can be processed. The following procedure 
should have been followed: 

(a) The sternum or a long bone such as the femur, or 
both, should be removed from the body in the 
usual way. It should be taken to a part of the mortuary 
or a side room distant from the cadaver 
and well-washed externally in a clean bowl or sink. 
Tap water can be used, if it is checked at intervals 
to ensure that it is diatom-free. Some water supplies at 
irregular times contain a few diatoms, though 
these are rarely numerous enough to cause problems 
in interpretation. 

When the exterior of the bone has been well 
washed to remove any contamination from the 
exterior of the body, a clean saw (not used in that 
autopsy) is employed to open the marrow cavity of 
femur or sternum. With a clean scalpel or gouge, 
several grams of marrow are removed into a glass 
universal (30 ml) container. Obtain red marrow if 
possible, as fatty yellow marrow causes problems 
during digestion. 

(b) Whole kidney, lung, liver or brain is also washed in 
this way and 1 x 1 cm cubes (several from each organ) 
cut with a clean scalpel from the deeper tissue. The 
organs can then be returned to the autopsy area for the 
usual gross examination. 

(c) Each container, holding its separate tissue, is placed 
in a fume cupboard and covered with five times 
the volume of concentrated nitric acid. If metal caps 
are used on the containers, they may need to be 
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shielded by polythene sheet to prevent dissolution. 
Digestion is allowed to proceed at room temperature 
for 1-2 days or, if the matter is urgent, they can be 
heated in a water-bath for a number of hours or 
overnight. When the solid cubes have dissolved into 
a slurry the containers are gently centrifuged, the 
supernatant acid poured off and replaced with distilled 
water. This process is repeated twice more to dilute the 
acid, knocking up the deposit, and recentrifuging, the 
final spin being as hard as possible to produce a small 
button of deposit. This may require transferring to a 
smaller ;onical centrifuge tube. 

(d) A portion of this is transferred by pipette or loop to a 
slide and covered with a cover-slip to examination 
under phase-contrast or dark-ground illumination. 

A prolonged search under medium power of the micro- 
scope is required before the sample is declared negative. 
The lung sample should be examined first, as if it is nega- 
tive it is unlikely that other organs can be truly positive, for 
diatom-containing water can percolate passively down the 
air-passages even.after death. 

Opinion is divided about how many diatoms can be 
accepted as presumptive evidence of drowning when found 
in distant organs like brain, bone marrow and kidney. One 
solitary organism is certainly insufficient and the author 
(BK) requires five as a minimum under one coverslip 
before acceptance. The tissue examined may make a 
difference to the yield. Peabody strongly recommends 
brain as the choice and condemns femoral marrow, but 
bone marrow was the tissue used by the pioneers of 
the technique and seems to the authors to be satis- 
factory. The type of diatom found in the tissues should 
correspond to those found in the water sample, though 
it must be admitted that most diatoms seem to the non- 
botanical eye to be ovoid or boat-shaped. Expert advice 
from a suitable biologist should be sought if the issue is 
important. 

USEFUL CONVERSION TABLES 

To convert from To Multiply by 

Centimetres 
lnches 
Grams 
Pounds 

Inches 0.394 
Centimetres 2.540 
Pounds 0.002 
Grams 453.592 

# 
TABLE A1 .1 Approximate weight of bodies 

Stones Pounds Kilograms 

TABLE A1.2 Height of bodies 

Feet and inches Inches Centimetres 

TABLE A1.3 Approximate breath-blood-alcohol equivalents 

pg/100 rnl breath rng/100 ml blood 

To convert Centigrade to Fahrenheit, multiply by 1.8 and add 32. 1 kg/ l00 ml in breath = 2.28 mg/100 ml in blood. 
To convert Fahrenheit to Centigrade, subtract 32 and divide by 1.8. 1 mg/100ml In blood = 0.43 pg/100ml in breath. 

* 603 * 
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TABLE A1.4 Length conversion of wounds, err. 

Inches Centirnetres 

0.25 0.63 
0.5 1.27 
1 .O 2.54 
1.5 3.8 1 
2.0 5.08 
2.5 6.35 

TABLE A1.5 Normal ranges of biochemical bloodanalyses 
-- 

Sodium 133-1 47 rnmol/l 
Potassium 3.4-5.0 mmol/l 
Urea 2.5-7.5 rnmol/l 
Calcium 2.2-2.6 mmol/l 
Chloride 95-1 06 mmol/l 
Bicarbonate 22-28 mmol/l 
Glucose (fasting) 3.6-5.6 mrnol/l 
Lactate 0.8-2.0 mrnol/l 
Phosphate (inorganic) 0.8-1.4 mmol/l 
Magnesium 0.6-1.0 mmol/l 
Serum protein (total) 60-80 g/l 
Albumin 35-48 g/l 
Bilirubin up to 17 pmol/l 
Alkaline phosphatase 30-90 IU/I 
Amylase 70-300 IU/I 
Creatinine 50-1 00 prnol/l 
Creatine kinase (CPK) Up to 24OIU/I 

TABLE Al.6 Body weigbt and h g r h  15-30years. *In this table, three weights (without clorhing) aregium for each body length: ( I )  weigbt 
for persons of average build = mi& entry; (2) weigbtfor lightly builtpersons = top entry; (3) weightfor heavily builtpersons = bottom 

""Y 

Women Men 

Weight (kg) Weight (kg) 

Body length (crn) 15 yrs 20 yrs 25 yrs 30 yrs Body length (crn) 15 yrs 20 yrs 25 yrs 30 yrs 

(continued) 



U s e f u l  conversion tables 

TABLE Al  .G Body weight and length 15-30 years. * (continued) 

Women Men 

Weight (kg) Weight (kg) 

Body length (cm) 15 yrs 20 yrs 25 yrs 30 ~ r s ~  Body length (cm) 15 yrs 20 yrs 25 yrs 30 ~ r s ~  

' From Basel JR, Geigy AG. 1953. Wssenschaftliche Tabellen, p. 199. By permission. ' Fourth decade weight should be maintained throughout life. 

TABLE A1.7 Weight offetus ($ in relation to age (month)" TABLE A1.8 Length (m) offetus in relation to age (month)' 

Lunar month Streeter 
Scammon and 
Calkins 

Second 
Third 
Fourth 
Fifth 
Sixth 
Seventh 
Eighth 
Ninth 
Tenth 

From Potter EL 1961. Pathology of the fetus and infant, 2nd edn. Chicago, Year 
Book Medical Publishers. By permission. 

Lunar 
month 

Second 
Third 
Fourth 
Fifth 
Sixth 
Seventh 
Eighth 
Ninth 
Tenth 

Crown-rump length Crown-heel length 

Streeter 

2.3 
74 

11.6 
26.4 
20.8 
24.7 
28.3 
32.1 
36.2 

Scammon 
and Calkins Dietrich 

Scammon 
and Calkins 

-- -- 

From Potter EL. 1961. Pathology of the fetus and~nfant, 2nd edn. Ch~cago, 
Year Book Med~cal Publ~shers. By perrnlsslon. 
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TMLE A1.9 Weights of the organs at uariow ages (in grams)* 

Lungs Brain Heart Kidneys Liver Spleen 

Men Women Men Women Men Women Men Women Men Women Men Women 

New born 
0-3 mth 
3-6 mth 
6-9 mth 
9-1 2 mth 
1-2yr 
2-3 yr 
3-4 yr 
4-5 yr 
5-6 yr 
6-7 yr 
7-8 yr 
8-9 yr 
9-19 yr 
10-1 1 yr 
11-12yr 
12-13 yr 
13-14 yr 
14-15 yr 
15-16yr 
16-1 7 yr 
17-18yr 
18-19 yr 
19-20 yr 
20-2 1 yr 

Boyd E 1962. In: Altman and Dither (eds), Growth, including reproduction and morphological development. Biological Handbooks, Federation of American Societies for 
Experimental Biology, Washington, pp. 346-8. 

TABLE A1.10 Heartr men and women, weight in relation to body weigh 6y  sex* 

Men Women 

Body weight Heart weight (g) Body weight Heart weight (g) 

Pounds Kilograms Mean Range Pounds Kilograms Mean Range 

(continued) 



Useful conversion t a b l e s  

TABLE A 1 . 1 0  Heart: men and women, weidt  in relation to body weifht by sex* (continued) 

Men Women 

Body weight Heart weight (g) Body weight Heart weight (g) 

Pounds Kilograms Mean Range Pounds Kilograms Mean Range 

155 70 304 
1 6 0  72 3 1 3  
1 6 5  74 3 2 3  
170 7 7  3 3 3  
175 79 343 
1 8 0  8 1  3 5 3  
1 8 5  83 363 
1 9 0  8 6  373 
1 9 5  88 382 
200 9 0  3 9 2  

Average weight o f  adult male heart: 2 9 4 g  Average weight o f  adult female heart: 2 5 0 g  

'Data from Smith HL 1928. The relation of the weight of the heart to the weight of the body and of the weight of the heart to age. Am Heart J4:79-93. 
NB There is considerable variation in published tables of heart weights: probably hypertensive hearts account for some of the upper ranges of 'normal', However, the 
authoritative publication of Hangartner etaL gives considerably higher normal maximum weights. (Hangartner J, Marley N, Whitehead A, Thomas A, Davies M. 1985. The 
assessment of cardiac hypertrophy at autopsy. Histopathology 9:1295-306.) 

T A B L E ~ .  1 1 Heart: normal weight in relation to body length 

Heart weight (g) Heart weight (g) Heart weight (g) 

Males Females Males Females Males Females 
Body length Body length Body length 
(cm) a =  +-40 a =  130 (cm) a=+-40 o = t 3 0  (cm) a =  240 a =  230 

o = standard deviation. 
From Zeek PM. 1942. Heart weight. I. The weight of the normal heart Arch Path01 34:820-32. 
Copyright 1942, American Medical Association. 
NB But see also Hangartner et a/. 1985 (details above). 
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TABLE A1.12 Brain: adults* 

Brain weight (g) 

SAMPLES AND CONTROLS 
NEEDED FOR DNA PROFILING 

Men Women 
Age 
(years) Mean Range Mean Range 

' Data from Sunderman FW, Boerner F. 1949. Normal values in clinical medicine. 
W. B. Saunders Company, Philadelphia 

TABLE A1.13 Brain: chiUren * 

Body length Brain weight 
(cm) (g) 

Birth-3 days 
3-7 days 
1-3 wks 
3-5 wks 
5-7 wks 
7-9 wks 
3 rnths 
4 mths 
5 rnths 
6 rnths 
7 rnths 
8 rnths 
9 rnths 
10 rnths 
1 1  rnths 
12 rnths 
14 mths 
16 rnths 
18 rnths 
20 rnths 
22 mths 
24 rnths 
3 yrs 
4 yrs 
5 yrs 
6 yrs 
7 yrs 
8 yrs 
9 yrs 
10 yrs 
1 1  yrs 
12 yrs 

' Data from Sunderman FW, Boerner F. 1949. Normal values in clinical medicine 
W. 0. Saunders Company, Philadelphia 

The essence of DNA profiling in forensic work is compari- 
son between two samples. One is the 'test' sample from the 
living or dead subject (or objects with which he or she has 
been in contact, such as clothing) and the other the 'con- 
trol', a somewhat inaccurate term for the samples obtained 
from a suspect, a group of suspects or a screening pro- 
gramme which may have hundreds or even thousands of 
items. 

Since the beginning of the DNA analysis, significant 
advances have been made in methodology allowing forensic 
identification of individuals from minute amounts of 
DNA. Microgram amounts of relatively undegraded DNA 
is required for multi-locus typing of the restriction frag- 
ment length polymorphism (WLP) analysis and hundreds 
of nanograms for single-locus typing. Polymorphic DNA 
sequences can be detected from the root of shed or freshly 
plucked single human hairs using the chain 
reaction (PCR). Mitochondria1 DNA (mtDNA) has been 
detected even in a sample from a single hair shaft. 

Blood 
As red cells have no nuclear DNA, sufficient blood must be 
obtained to extract DNA from the much sparser leucocytes. 
At least 1 ml and preferably 5 ml are taken into an EDTA 
tube, which extracts metallic ions and not only prevents 
clotting, but inhibits enzymes in blood or micro-organisms, 
which may break down DNA during storage. 

The blood sample, in a plastic (not glass) tube, should be 
frozen solid in a deep-freeze or the ice-making compartment 
of an ordinary refrigerator. As frozen blood is useless for 
some other forensic investigations, the DNA sample should 
be clearly marked as such. Other samples, for grouping and 
many other serological and toxicological tests, must be taken 
and stored at only 4°C. 

If a blood sample is to be taken directly to the laboratory 
for DNA profiling, then freezing is not necessary, but 
wherever there is delay, either freezing or, at second best, 
effective cooling should be carried out. 

Most of the laboratories are using nowadays FTA paper 
for the collection of blood samples. FTA paper is an absorbent 
cellulose-based paper that contains chemical substances to 
protect DNA molecules from nuclease degradation and 
preserve the paper from bacterial growth (Seah and Burgoyne 
2000). As a result, DNA on FTA paper is stable at room 
temperature over a period of several years. The use of FTA 
paper simply involves adding a spot of blood to the paper 
and allowing the stain to dry. 



Samples and controls needed for DNA profiling 

Blood stains, as opposed to liquid blood, should either 
be sent intact on surfaces, kept as cool as possible before 
and during transit to the laboratory - or rubbed with a cot- 
ton-wool swab moistened with water. This swab is then air- 
dried without heat and frozen. Although not required for 
DNA testing, always provide the laboratory with control 
swabs for conventional blood grouping, including swabs 
rubbed on an area of the fabric away from obvious stains, as 
well as an unused swab. 

Dried blood stains on hard surfaces can be scraped off 
with a scalpel into a small plastic container and sent as they 
are, kept as cool as possible. 

Buccal cells 

A disposable toothbrush may also be used for collecting 
buccal cells in a non-threatening manner. This method can 
be very helpful when samples need to be collected from 
children and this is the method actually used for most of 
paternity testing labs. After the buccal cells have been col- 
lected by gently rubbing a wet toothbrush across the buccal 
surface, the brush can be tapped onto the surface of FTA 
paper for sample storage and preservation. 

Seminal and vaginal fluids 

Swabs from vagina, rectum, mouth, etc., should be air- 
dried as quickly as possible, but not heated. They should 
then be stored in deep-freeze, unless sent straight to the 
forensic science laboratory. Liquid semen found in the 
vagina or elsewhere should be recovered with a fine pipette, 
placed in a small plain tube and frozen solid. 

Seminal stains on small items of fabric or any other small 
objects may be frozen or kept as cool as possible during 
transit. Bulk clothing cannot be frozen and should merely be 
kept cool, transit to the laboratory being made as soon as 
possible, using strong sterilized paper bags, not impervious 
polythene, which encourages mould formation. Alternatively, 
damp swabs may be taken of suspect stains, which are then 
dried and frozen. As with blood, suspect dried seminal 
stains on hard surfaces may be scraped off and transmitted 
dry to the laboratory. 

Mouth swabs may be taken either to seek semen in sus- 
pected oral intercourse (though positive recoveries are very 
rare) or to obtain buccal mucosa for DNA identification. In 
the latter case, the yield is small, so at least three to four swabs 
must be rubbed hard against the inside of the cheek - or the 
mouth lining scraped with an instrument and then smeared 

onto a swab. All such swabs should be frozen in the usual 
manner. 

Hairs - head, pubic, etc. 

Collection of hairs - head, pubic, eyebrow, axillary - from 
the victim or at the scene of crime is extremely important as 
a 2 cm piece of single hair is actually sufficient for mtDNA 
analysis. It is of paramount importance to avoid cross- 
contamination and to submit the hairs in sterilized paper 
bags, well identified. 

Autopsy tissue samples 

At least 0.5 g of tissue should be cut from the parenchyma of 
an organ and placed in a small plastic tube with no f~a t ive  or 
preservative. This should be frozen solid. Spleen is said to be 
one of the best organs for DNA recovery, though liver, muscle, 
kidney and brain may also be used. The fresher the tissue 
the better, and totally putrefied material was formerly of little 
use, as the nuclear chromatin was degraded. However, rap- 
idly developing new techniques are allowing the recovery of 
recognizable DNA from old material. 

For identification of skeletal remains using DNA tech- 
nology, a well-preserved tooth is the tissue of election. In 
addition, long bones (femur) or ribs can also be used. 

Other general remarks 

The sensitivity of DNA technology is changing the strategy 
of sample collection. Very sensitive low-copy-number 
DNA methods are being developed allowing the detection 
of subnanogram amounts of DNA. For this reason, it is 
extremely important to avoid cross-contamination from 
the personnel collecting the samples. 

DNA can even be obtained from personal objects, finger- 
prints, sweat and of course from saliva recovered from bite 
marks. 

Finally, as for other type of forensic evidence, the chain 
of custody must be extremely well-preserved. 

FURTHER READING 

Badir B, Knight B. 1987. Fluorescence microscopy in the 
detection of early myocardial infarction. Forensic Sci 
Int 3499-102. 



A P P E N D I X  2 

ouncil of Euro 
amminee of Ministers 
ecommendation No. R (99) 3 

B Recommendation No. R (99) 3 of the Committee 61 0 Appendix to Recommendation No. R (99) 3 61 6 
of Ministers to Member States on the 
harmonisation of medico-legal autopsy rules 

(Adopted by the Committee ofMinisters on 2 February 1999 
at the 658th meeting of the Ministers' Deputies) 

The Committee of Ministers, under the terms of Article 
15.6 of the Statute of the Council of Europe, 

Considering that the aim of the Council of Europe is to 
achieve a greater unity between its members; 

Having regard to the principles laid down in the 
Convention for the Protection of Human Rights and 

' When this recommendation was adopted, the Representatives of 
Denmark and the Netherlands, in application of Article 1 0 . 2 ~  of 
the Rules of Procedure for the meeting of the Ministers' Deputies, 
resewed the right of their Governments to comply or not with 

paragraph 2 (scope of the recommendation) of the present 
recommendation. 

When this recommendation was adopted, the Representative of 
Germany, in application of Article 1 0 . 2 ~  of the Rules of Procedure 

for the meeting of the Ministers' Deputies, resewed the right of 
his Government to comply or not with paragraph 2 f and h of the 
present recommendation. 

Fundamental Freedoms and, in particular, the prohibition 
of torture or inhuman or degrading treatment or punish- 
ment, and the right to life; 

Conscious that it is normal practice for autopsies to be 
carried out in all Council of Europe member States to estab- 
lish the cause and manner of death for medico-legal or other 
reasons or to establish the identity of the deceased; 

Considering the importance of compensation for vic- 
tims and families in criminal and civil proceedings; 

Underlining the need for investigation, description, 
photographic documentation and sampling during medico- 
legal autopsy to follow primarily medical and scientific 
principles and simultaneously consider legal requirements 
and procedures; 

Conscious that the increasing mobility of the population 
throughout Europe and the world, as well as the increasing 
internationalisation of judicial proceedings, require the 
adoption of uniform guidelines on the way autopsies are to 
be carried out and on the way autopsy reports are to be 
established; 

Considering the Council of Europe Agreement on the 
Transfer of Corpses (European Treaty Series No. 80) and 
having regard to the difficulties often experienced by the 
receiving country when a dead body is repatriated from 
one member state to another; 

Aware of the importance of proper autopsy procedures, 
in particular with a view to bringing to light illegal execu- 
tions, and murders perpetrated by authoritarian regimes; 



Principles and rules relating to medico-legal autopsy procedures 

Underlining the need to protect the independence and 
impartiality of medico-legal experts, as well as to make avail- 
able the necessary legal and technical facilities for them to 
carry out their duties in an appropriate way and to promote 
their training; 

Considering the importance of national quality control 
systems to ensure the proper performance of medico-legal 
autopsies; 

Underlining the need to strengthen international 
co-operation with a view to the progressive harmonisation 
of medico-legal autopsy procedures at a European level; 

Having regard to Recommendation 11 59 (1991) on the 
harmonisation of autopsy rules adopted, at its 43rd Ordinary 
Session, by the Parliamentary Assembly of the Council of 
Europe; 

Having regard to the Model Autopsy Protocol of the 
United Nations, endorsed by the General Assembly of the 
United Nations in 1991; 

Taking into account the 'guide on disaster victim identi- 
fication' adopted by the International Criminal Police 
Organisation (Interpol) General Assembly in 1997, 

1 Recommends the governments of member states: 
(i) to adopt as their internal standards the principles 

and rules contained in this recommendation; 
(ii) to take or reinforce, as the case may be, all 

appropriate measures with a view to the 
progressive implementation of the principles and 
rules contained in this recommendation; 

(iii) to set up a quality assurance programme to ensure 
the proper implementation of the principles and 
rules contained in this recommendation. 

2 Invites the governments of member states to inform the 
Secretary General of the Council of Europe upon his or 
her request of the measures taken to follow up the 
principles and rules contained in this recommendation. 

PRINCIPLES AND RULES 
RELATING T O  MEDICO-LEGAL 
AUTOPSY PROCEDURES 

Scope of the recommendation 
In cases where death may be due to unnatural causes, 
the competenr authority, accompanied by one or more 
medico-legal experts, should where appropriate 
investigate the scene, examine the body and decide 
whether an autopsy should be carried out. 
Autopsies should be carried out in all obvious or 
suspected unnatural death, even where there is a delay 
benveen causative events and death, in particular: 

a homicide or suspected homicide; 
b sudden, unexpected death, including sudden infant 

death; 
c violation of human rights such as suspicion of 

torture or any other form of ill treatment; 
d suicide or suspected suicide; 
e suspected medical malpractice; 
f accidents, whether transportational, occupational or 

domestic; 
g occupational disease and hazards; 
h technological or environmental disasters; 
i death in custody or death associated with police or 

military activities; 
j unidentified or skeletalised bodies. 
Medico-legal experts must exercise their functions 
with total independence and impartiality. They 
should not be subject to any form of pressure and 
they should be objective in the exercise of their 
functions, in particular in the presentation of their 
results and conclusions. 

Principle :I - Scene investigation 
A Generalprinciples 

1 In case of obvious or suspected unnatural death, the 
physician who first attended the dead body should 
report to the competent authorities, the latter 
deciding whether an examination should be carried 
out by a qualified medico-legal expert or by a 
physician familiar with medico-legal examination. 

2 Particularly in cases of homicide or suspicious death, 
medico-legal experts should be informed without 
delay and, where appropriate, go immediately to the 
place where the body is found and have immediate 
access there. In this respect, there should be an 
adequate structure of co-ordination among all 
persons involved and, in particular, among judicial 
bodies, medico-legal experts and police. 

B Examination of the body 
1 Role of the police 

The following tasks, among others, should be carried 
out by police officers: 
a record the identities of all persons at the scene; 
b photograph the body as it is found; 
c make sure that all relevant artifacts are noted, and 

that all exhibits, such as weapons and projectiles, 
are seized for further examination; 

d in agreement with the medico-legal expert, 
obtain identification of the body and other 
pertinent information from scene witnesses, 
including those who last saw the decedent alive, 
where available; 
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e protect the deceased's hands and head with paper 
bags, under the control of the medico-legal expert; 

f preserve the integrity of the scene and 
surroundings; 

2 Role of the medico-legal expert 
The medico-legal expert should without delay: 

be informed of all relevant circumstances relating 
to the death; 
ensure that photographs of the body are properly 
taken; 
record the body position and its relation to the 
state of the clothing and to the distribution 
pattern of rigor mortis and hyp'ostasis, as well as 
the state ofpost-mortem decomposition; 
examine and record the distribution and pattern 
ef 2~~ D!sod st-ns on h e  body and ac the scene, 
as well as other biological evidence; 
proceed to a preliminary examination of the body; 
except where the body is decomposed or skeletal, 
note the ambient temperature and deep-rectal 
temperature of the body, and estimate the time of 
death by recording the degree, location and 
fixation of rigor mortis and hypostasis, as well as 
other findings; 
make sure that the body is transported and stored 
in a secure and refrigerated location in an 
undisturbed state. 

Principle I1 - Autopsy physicians 

Medico-legal autopsies should be performed, whenever 
possible, by two physicians, of whom at least one should be 
qualified in forensic pathology. 

Principle 111- Identification 

In order to ensure that proper identification of the body is 
carried out in accordance with the disaster victim identi- 
fication guide adopted by the General Assembly of Interpol 
in 1997, the following criteria should be considered: visual 
recognition, personal effects, physical characteristics, dental 
examination, anthropological identification, fingerprints and 
genetic identification. 

Visual identification 
Visual identification of a body should be carried out by 
relatives or persons who knew and have recently seen 
the decedent. 
Personal effects 
A description of clothing, jewellery and pocket 
contents should be recorded. These may assist correct 
identification. 

Physical characteristics 
Physical characteristic should be recorded through an 
external and an internal examination. 
Dental examination 
Where appropriate, the examination of teeth and jaws 
should be carried out by a dentist with medico-legal 
experience. 
Anthropological identification 
Whenever human material is skeletised or in an 
advanced stage of decomposition, an anthropological 
identification should be carried out, if necessary. 
Fingerprints 
Where appropriate, fingerprints should be taken by 
police officers. A close collaboration should exist 
between all experts involved. 
Genetic identification 
Where appropriate, genetic identification should be 
carried out by an expert in forensic genetics. 

It is appropriate to take biological samples from the 
deceased in order to assist genetic identification. Measures 
should be taken in order to avoid contamination and 
guarantee appropriate storage of biological samples. 

Principle IV - General considerations 

Medico-legal autopsies and all related measures must be 
carried out in a manner consistent with medical ethics 
and respecting the dignity of the deceased. 
Where appropriate, the closest relatives should be given 
an opportunity to see the corpse. 
Before beginning the autopsy, the following minimum 
rules should be applied: 
a record the date, time and place of autopsy; 
b record the name(s) of the medico-legal expert(s), 

assistant(s) 'and all other persons present at the 
autopsy with indication as to the position and role of 
each one in the autopsy; 

c take colour photographs or video, where appropriate, 
of all relevant findings and of the dressed and 
undressed body; 

d undress the body, examine and record clothing and 
jewellery, verify the correspondence between injuries 
on the body and clothing; 

e where appropriate, take X-rays, particularly in cases 
of suspected child abuse, and for identification and 
location of foreign objects. 

Where appropriate, before beginning the autopsy, body 
orifices should be appropriately swabbed for the 
recovery and identification of biological trace 
evidence. 
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5 If the decedent was hospitalised prior to death, 
admission blood specimens and any X-rays should be 

. obtained as well as hospital records. 

Principle V - Autopsy procedures 

1 EXTERNAL EXAMINATION 

1 The examination of the clothing is an essential part of 
the external examination and all findings therein are to 
be clearly described. This is especially important in 
those cases where the clothing has been damaged or 
soiled: each area of recent damage must be described 
fully and relevant findings are to be related to the site 
of injuries on the corpse. Discrepancies in such 
findings are also to be described. 

2 The description of the body following an external 
examination must include: 
a age, sex, build, height, ethnic group and weight, 

nutritional state, skin colour and special 
characteristics (such as scars, tattoos or 
amputations); 

b post-mortem changes, including details relating to 
rigor and post-mortem hypostasis - distribution, 
intensity, colour and reversibility - and putrefaction 
and environmentally induced changes; 

c findings on a primary external inspection and 

j extremiries: shape and abnormal mobility, 
abnormalities; injection marks and scars; palmar 
surfaces, finger and toe nails; 

k material findings under fingernails. 
3 All injuries, including abrasions, bruises, lacerations 

and other marks have to be described by shape, exact 
measurement, direction, edges, angles and location 
relative to anatomical landmarks. Photographs should 
be taken. Bite marks shall be swabbed, and casts made 
where necessary. 

4 Signs of vital reaction around wounds, foreign particles 
inside wounds and in their surroundings and secondary 
reactions, such as discolouration, healing and 
infections must also be described. 

5 The investigation of cutaneous and sub-cutaneous 
bruising may require local skin incision. 

6 Where appropriate, specimens from wounds must be 
removed fbr further investigations, such as histology 
and histochemistry. 

7 All signs ofrecent or old medical and surgical 
intervention and resuscitation must be described. 
Medical devices must not be removed from the body 
before the intervention of the medico-legal expert. 

8 A decision has to be taken at this stage as to the strategies 
of investigation and the necessity of documentation by 
X-rays and other imaging procedures. 

description which, if required, include sampling of 11 INTERNAL EXAMINATION 
stains and other trace evidence on the body surface 
and a reinspection after removal and cleaning of the 
body; 

d inspection of the skin of the posterior surfaces of the 
corpse; 

e description and careful investigation of the head and 
the facial orifices includes: colour, length, density 
and distribution of hair (and beard); nasal skeleton; 
oral mucosa, dentition and tongue; ears, retro- 
auricular areas and external meati; eyes: colour of 
irises and sclerae, regularity and appearance of 
pupils, sclerae, conjunctivae; skin (presence and 
absence of petechiae to be described); if fluids have 
been evacuated from facial orifices, their colour and 
odour; 

f neck: checking for excessive mobility, presence and 
absence of abrasions, other marks and bruising 
(including petechiae) over the entire circumference of 
the neck; 

g thorax: shape and stability; breasts; aspect, nipples 
and pigmentation; 

h abdomen: external bulging, pigmentation, scars, 
abnormalities and bruising; 

i anus and genitals; 

A General 
1 All relevant artifacts produced by the dissection and 

from sampling procedures, must be documented. 
2 AU three body cavities - head, thorax and abdomen - 

must be opened layer by layer. Where appropriate, the 
vertebral canal and joint cavities should be examined. 

3 Examination and description of body cavities include: 
an examination for the presence of gas (pneumothorax), 
measurement of volume of fluids and blood, appearance 
of internal surfaces, intactness of anatomical boundaries, 
external appearance of organs and their location; 
adhesion and cavity obliterations, injuries and 
haemorrhage. 

4 The demonstration and dissection of the soft tissues 
and musculature of the neck have to be components of 
all medico-legal autopsies (see the paragraph 
concerning special procedures). 

5 All organs must be examined and sliced following 
established guidelines of pathological anatomy. This 
includes opening of all relevant vessels, for example, 
intracranial arteries, sinuses, carotid arteries, coronary 
arteries, pulmonary arteries and veins, aorta and vessels 
of the abdominal organs, femoral arreries and lower 
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limb veins. Relevant ducts have to be dissected, for the postero-lateral regions. In situ dissection is necessary 

example, central and peripheral airways, biliary ducts in certain cases, particularly for the demonstration of 
and ureters. All hollow organs have to be opened and injury tracks and evacuation of fluids. Dissection of 
their content described by colour, viscosity, volume organs should observe anatomical continuity of systems, 

(samples should be retained, where appropriate). All where possible. The whole intestine must be dissected 

organs have to be sliced and the appearance of the cut and its contents described. 
surface described. If injuries are present, the dissection 4 Skeleton 
procedure may have to vary from the normal one: this 

a The examination of the thoracic cage, the spine and 
should be appropriately described and documented. 

the pelvis must be part of the autopsy procedure. 
6 All internal lesions and injuries must be precisely b Where appropriate traumatic deaths need a precise 

described by size and location. Injury tracks must be 
dissection of rhe extremities, possibly complemented 

described in order to include their direction as regards 
bv X-rav examination. 

the organ anatomy. 
7 The weight of all major organs must be recorded. 

B Detailed 
1 Head 

a Before opening the skull, the periosteum must be 
scraped off in order to display or exclude any fractures. 

b The head examination procedure must allow the 
inspection and description of the scalp, external and 
internal surfaces of the skull and of the temporal 
muscles. 

c The thickness and appearances of the skull and 
sutures, the appearances of the meninges, the 
cerebrospinal fluid (CSF), the wall structure and 
contents of cerebral arteries and sinuses must be 
described. The description of the bones must also 
include an examination of their intactness, including 
the connection between the skull and the first two 
vertebrae. 

d In obvious or suspected head injury (for example, if 
a detailed examination is required or if autolysis or 
putrefaction is present) fixafion of the whole brain is 
recommended before its dissection. 

e Middle ears must be always opened and nasal 
sinuses where indicated. 

f The soft tissue and skeleton of the face is dissected 
only in relevant cases, using a cosmetically 
acceptable technique. 

2 Thorax and neck 
The opening of the thorax must be performed using 
a technique which allows the demonstration of the 
presence of pneumothorax and the inspection of 
the thorax walls, including the postero-lateral regions. 
In situ dissection of the neck must display the details of 
its anatomy. 

3 Abdomen 
The opening procedure of the abdomen must allow an 
accurate examination of all layers of the walls, including 

5 Specialprocedrires 
a If there is any suspicion of neck trauma, the brain 

and thoracic organs are to be removed prior to the 
dissection of the neck, to enable detailed dissection 
to take place in a bloodless field. 

b If there is a suspicion of air embolism, pre-autopsy 
radiology of the thorax must be performed. The first 
srage of the autopsy in such a case must be a careful 

opening of the thorax and dislocation ofthe 
lower three-quarters of the sternum with the 
subsequent opening of the heart under water, allowing 
the measurement and sampling of escaping air or gas. 

c For the demonstration of particular injury patterns, 
deviation from the normal procedure of dissection 
has to be accepted, provided that such procedures 
are specifically described in the autopsy report. 

d The dissection in traumatic deaths must include a 
full exposure of the soft tissues and musculature on 
the back of the body. The same procedure must be 
applied to the extiemities (so called 'peel-off' 
procedure). 

e In suspected or overt sexual assaults, the sexual 
organs are to be removed en bloc together with the 
external genitalia, rectum and anus, before they are 
dissected. Relevant swabs of orifices and cavities 
must be taken prior to this procedure. 

G Sampling 
The scope of the sampling procedure is to be case- 
dependent. However, the following minimum rules 
should be applied: 

a in all autopsies, the basic sampling scheme includes 
specimens from the main organs for histology and 
peripheral blood sampling (such as for alcohol and 
drug analyses and genetic identification), urine and 
gastric contents. All blood samples must be peripheral 
blood and not heart or thoracic; 

b if the cause of death cannot be established with the 
necessary degree of certainty, sampling includes 
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additional specimens and fluids for metabolic studies 
and thorough toxicology. This includes blood, 
vitreous humour, CSF, bile, hair samples and further 
relevant tissues; 
if death is related to physical violence, sampling 
includes the injuries, for example to determine wound 
age and any foreign materials in the wounds; 
if reconstructions are desirable, the removal of bones 
A d  osseous compartments may become necessary; 
if identification is the predominant aim, the removal 
of jaws and other bones may be necessary; 
if strangulation or the application of physical force 
to the neck is suspected or diagnosed, the entire 
neck structures, musculature and neurovascular 
bundles must be preserved for histology. The hyoid 
bone and the laryngeal cartilages must be dissected 
very carefully; 
biological samples must be collected in tightly closed 
jars, properly preserved and placed under seal and 
transported to the laboratory in perfect safety; 
certain specimens and fluids need to be sampled in a 
special way and analysed without delay. 

Release of the body 
After a medico-legal autopsy has been carried out, 
medico-legal experts should ensure that the body is 
returned in a dignified condition. 

Principle VI - Autopsy report 

1 The autopsy report is as important as the autopsy 
itself, as the latter is of little value if the findings 
and opinions of the medico-legal expert ate not 
communicated in a clear, accurate and permanent ' 

document. The autopsy report should be an 
integral part of the autopsy procedure and be 
drafted carefully. 

2 The report should therefore be: 
a full, detailed, comprehensive and objective; 
b clear and comprehensible not only to other doctors, 

but also to non-medical readers; 
c written in a logical sequence, well-structured and 

easy to refer to in various sections of the report; 
d be in a legible and permanent form, with hard paper 

copy even if it is retained in electronic storage; 
e be written in a discursive 'essay' style; 

3 When drafting an autopsy report, the following 
minimum content should be included: 
a legal preface to fulfil statutory requirements, if needed; 
b serial number, computer retrieval coding and 

International Classification of Disease Code 
(ICD) code; 

c full personal details of deceased (including name, 
age, sex, address and occupation) unless unidentified; 

d date, place and time of death, where known; 
e date, place and time of autopsy; 
f name, qualifications and status of medico-legal 

expert(s) ; 
g persons present at the autopsy and their function; 
h name of the authority commissioning the autopsy; 
i person(s) identifying the body to the medico-legal 

expert; 
j name and address of the medical attendant of the 

deceased; 
k a synopsis of the history and circumstances of the 

death, as given to the medico-legal expert by the 
police, judges, relatives or other persons, as well as 
information contained in the file, where available; 

1 description of the scene of death, if attended by the 
medico-legal expert; reference should be made to the 
provisions contained in Principle I above; 

m external examination; reference should be made to 
the provisions of Principle V above; 

n internal examination by anatomic systems, together 
with a comment on every organ. Reference should 
be made to the provisions of Principle V above; 

o a list of all samples retained for toxicology, genetic 
identification, histology, microbiology and other 
investigations should be included; all such specimens 
should be identified and attested by the medico-legal 
expert according to the legal system of the state 
concerned, for continuity of evidence; 

p results of ancillary investigations, such as radiology, 
odontology, entdmology and anthropology should 
be included, when such results are available; 

q one of the most important parts of the autopsy 
report is the evaluation of the significance of the 
accumulated results by the medico-legal expert. 
After termination of the autopsy, evaluation is 
usually provisional because later findings and later 
knowledge of other circumstantial facts can 
necessitat:e alteration and modification. Medico-legal 
experts must interpret the overall findings so that the 
maximum information and opinion can be offered. 
Also questions that have not been raised by the 
competent authority must be addressed if they could 
be of significance; 

r based on the final interpretation, the cause of death 
(in the International Classification of Disease should 
be given. Where several alternatives for the cause of 
death exist and the facts do not allow a 
differentiation between them, the medico-legal 
expert should describe the alternatives and, if 
possible, rank them in order of probability. If this is 
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not possible, then the cause of death should be 
certified as 'Unascertained'; 

s the report should be finally checked, dated and 
signed by the medico-legal expert(s). 

4 The date of the autopsy and the date of the provisional 
report should never be more than a day or two apart. 
The date of the autopsy and the date of the final report 
should be as close together as possible. 

SPECIFIC PROCEDURES 
(SELECTED EXAMPLES) 

Constriction of neck (hanging, manual and ligature 
strangulation) 
The examination of the scene where the body was 
found is extremely important: for example the presence 
of a chair or similar platform; fastening of the 
strangulation device; technique of tying of the knot; 
adhesive taping of hands and objects for trace evidence: 
- Strangulation marks: depth, width, intermediate 

rings, direction, suspension point, raised ridges of 
skin, zones of hyperaemia, presence of duplicate 
strangulation marks; further specific neck injuries: 
dried excoriations due to slippage of the implement, 
marks due to textile weave pattern and structure, 
distribution of petechiae in the skin, bruising, 
scratch marks, blisters in the strangulation mark. 

- Bleeding from facial orifices. Differences in widths 
of the pupils, localization of hypostasis, presence and 
distribution of congestion. 

- Injuries due to convulsions, defensive injuries, 
injuries due to being held forcibly. 
Dissection of the soft tissues, of the musculature and 

of the organs of the neck in a bloodless field is essential. 

Drowning/Immersion 
Note carefully the following findings: foam at the 
mouth, cutis anserina, maceration, mud and algae, 
lesions due to water animals, injuries due to 
surroundings (for example rocks and ships), loss of 
nails, skin, localization of livor mortis. 

Technique: sampling of gastric contents, precise 
description of the lungs (weight, measurement, extent 
of emphysema), sampling, lung fluid, liver and other 
tissues, for the possible demonstration of diatoms and 
other contaminants. 

If required, sampling of drowning medium (for 
example river, bath water) should be carried out. 

Sexually motivated murder 
The inspection and documentation of the scene of crime, 
e.g. relative to the injury pattern, is especially important. 
All injuries must be photographed together with a scale. 
If required, the body surfaces must be investigated under 
UV light and taped. Search for and sampling of foreign 
biological material must include pubic hairs and 
secretions on the body surface as for instance originating 
from bites. Such material must be preserved carefully for 
DNA investigation and protected against contamination. 
'En bloc' dissection of the genital organs is strongly 
recommended. It is also necessary to proceed to the 
careful removal and sampling of material under the 
fingernails and control hairs. 

Death from chiki abuse and neglect 
. . 

State cf nutr:::ca md geaerd czre, thcrc11mh "b" 

description and documentation of external injuries and 
scars, thorough examination for bone fractures (X-ray), 
must be evaluated. 

Consider the removal of a variety of tissues: for 
example all injuries, regional lymph nodes in 
malnutrition, endocrine organs, immuno-competent 
tissues, specimens from different parts of the intestine. 

Infinticide/sti/I- birth 
Special techniques of dissection are necessary to expose 
the falx cerebri and the tentorium cerebelli; describe the 
site of caput succedaneum; remove all fractures 'en bloc'; 
investigate all bone centres of ossification (size and 
presence). Special care is to be applied to the thoracic 
organs: degree of inflation of the lungs, flotation test 
'en bloc' and 'en detail'. However, the limitations of the 
flotation test must be appreciated. All malformations 
must be described. As regards abdominal organs, gas 
content of the intestine must be investigated. The 
umbilical cord and the placenta must be subject to 
morphological and histological examination. 

Sudden death 
A subdivision into three main categories relative to the 
further strategy after gross examination is useful: 

findings that obviously explain the sudden occurrence 
of death (for example haemopericardium, aortic 
rupture). Cases belonging to this category can usually 
be regarded as sufficiently solved; 
findings that could explain the death but allow other 
explanations. Cases belonging to this category 
necessitate the exclusion o f ,  for example,. poisoning 
and possibly histological proof of recent or chronic 
alterations relative to the cause of death; 
findings are either nillminimal or do'not explain the 
occurrence of death. Cases belonging to this category 
will usually require extensive further investigations. 
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This is especially so with sudden infant death cases. 
In such cases a more comprehensive investigative 
scheme is essential. 

7 Shootingfatalities 
The following should be carried out: 
- extensive account on the scene of the incident, of 

weapons involved, of types of bullets, of sites of 
'environmental' damage, of cartridge cases and of 
relative positions of persons involved; 

- thorough examination of the clothing and 
description of relevant damage and careful sampling; 

- thorough investigation and documentation of any 
blood (splashes) on the body surfaces (including 
clothing and hands); 

- precise description of bullet entry and exit wounds 
relative to anatomical landmarks and distances from 
the soles of the feet and bullet tracks within the body; 

- description of any impression marks of the muzzle; 
- excision of uncleaned skin specimens surrounding 

entry and exit wounds; 
- X-ray before andlor during autopsy (where necessary); 
- determination of bullet tracks and their direction(s); 
- final determination of direction(s) of fire, of the 

succession of shots, of intra-vital occurrence, of the 
victim's position (s). 

8 Death cawed by explosive devices 
a As well as evaluating the cause of death, autopsy is 

essential to assist in reconstructing the nature of 
the explosion and identifying the type and maker of 
the explosive device, especially in aircraft sabotage or 
other terrorist actions. 

b Full X-ray of the body must be made to detect and 
localise any metallic objects, such as detonator 
components, which may lead to the identification of 
the explosive device. 

c The pattern of injury may indicate that the dead 
person was a perpetrator of the explosion, for 
example maximum injury in the lower abdominal 
region suggests that he or she carried the device on . 
his or her lap during a premature explosion. 

d At autopsy, all foreign objects in the tissues, 
identified on X-rays, must be carefully preserved for 
forensic examination. 

e Samples of tissues, clothing, etc., must be retained for 
chemical analysis to identify the type of explosive. 

9 Blunt and/or sharp force injuries 
The following should be carried out: 
- examination of the weapons or objects that are 

possibly involved (especially their dimensions); 

- extensive examination and inspection of clothing 
(including damage, stains); 

- careful dissection and description of all tracks (layer 
by layer) including their dimensions and weapon- 
related traces, signs of vitality. 

10 Fire Deaths 
The following should be carried out: 
- examination of remains of clothing, - specific types 

and shapes of skin combustions; 
- search for heat-related alterations and peculiarities; 
- demonstration/exclusion of fire accelerants.; 
- search for signs of vitality: carbon monoxide, 

HCN, soot inhalation, skin lesions. 

11 Suspicion of intoxication (General Outlines) 
11.1 Where anatomical findings do not reveal a cause 

of death and/or there is vague suspicion of 
poisoning, basic sampling should include 
peripheral blood, urine, stomach contents, bile, 
liver and kidney. 

11.2 If specific suspicion arises, sampling should be 
group-related as follows: 
- hypnotics, sedatives, psycho-active drugs, cardiac 

drugs and analgesics, pesticides: as 
aforementioned under (1 1 .I); 

- drugs of abuse: as aforementioned under (1 1.1) 
and additionally cerebrospinal fluid, brain tissue, 
injection marks, hairs; 

- volatile fat-soluble substances such as fire 
accelerant and solvents: as aforementioned under 
(1 1.1) and in addition: blood from left ventricle, 
brain tissue, subcutaneous fat tissue, lung tissue, 
clothing; 

- nutritional intoxication: as aforementioned 
under (1 1.1) and in addition: intestinal 
contents, if possible taken from 3 different 
sites; 

- suspicion of chronic intoxication (heavy metals, 
drugs, pesticides etc.) as aforementioned under 
(1 1.1) and in addition: hairs (tufts), bones, fat 
tissue, intestinal contents. 

12 Decomposed bodies 
The presence of decomposition does not remove the 
need for a full autopsy. 

Radiological examination will exclude bony injury, 
the presence of foreign bodies, for example bullets. 

Toxicological studies (particularly estimation of 
alcohol concentrations) should be carried out but 
interpreted with great caution. 
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References to autopsy, death and homicide are limited in the index, as these are major subject of the book. Readers are advised to seek 
more specific references. us denotes differentiation or comparison. 

abdomen 
anatomy, forensic 229 
bruising, in child abuse 463 
compression, traumatic 'asphyxia in 363 
examination in air embolism 347,435-6 
exposure/incisions at autopsy 17 
internal examination at autopsy 18 
kicking injuries 230 
in neglectlstarvation 413, 414 
surface relations of organs 229 

abdominal injuries 229-33 
child abuse 230,463,472 
closedlblunt 229 
complications 233 
foreign bodies 232-3 
haemorrhage 230,232, 233 
illegal abortion 433 
openlpenetrating 229 
suicidal knife wounds 238 
in vehicular accidents 286 

drivers 283-4 
pedestrians 294 

abdominal organs 229 
examination at autopsy 18 
removal at autopsy 2 1-2 

abdominal wall, bruising 229-30 
abortion 

autopsy 435-6 
external examination 435 
internal findings 435-6 

criminallillegal 43 1, 432 
air embolism 346,432-3,434, 435 
causes of death 432-5 
cervix dilatation 432, 433 
dangers 435 
drugslchemicals 434-5 
infections 433-4 
infectionslbleeding 432 
instrumental interference 432 
intrauterine infection 433-4 
physical violence 433 
syringe aspiration 433 

deaths associated 43 1-5 

septic 57, 432 
skin colour 346 
sudden death due to 5 17 
therapeutic 346,43 1 

abrasion collar 2 6 3 4 ,  268-9 
abrasions 137, 138-43 

in bruising us hypostasis 59 
brush (tangential) 139, 140 

face 178 

motorcyclists 290 
scalp 175 

crushing 139-40 
defence wounds 165-6 
definitions and lay terms 137, 138 
fingernail see fingernail, abrasions 
footmarks 144, 150 
impact, of scalp 175 
intradermal bruising with 140, 141, 142, 146 
linear (grazes) 138, 139 
neck 

infanticide 441, 443 
strangulation 140, 372 

patterned 141-3, 144 
child abuse 475 
facial 178 
firearms muzzle 143 
pedestrians 234, 295 
ryres, vehicular injuries 142, 143, 294, 296 

post-mortem 139, 143, 149-50 
putrefied corpse 39 
scdp 175 
sexual offences 422 
strangulation marks 141, 148, 372-3 

acceleration injuries 205, 281, 291 
accidents see trauma; vehicular accidents 
acetabulum, sex differentiation 11 1 
acetaminophen (paracetamol) poisoning 572-3 
acetylsalicylic acid see aspirin poisoning 
acid fuchsin (AF) sraining 500 
acid phosphatase 428 
acquired immunodeficiency syndrome (AIDS) 579 
acridine-orange fluorescent stain 601 
actin 62 
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actomyosin 62 
acute tubular necrosis 345 
ADAM (Ecstasy) 58 1 
adenosine &phosphate (ADP) 62 
adenosine triphosphate (ATP) 61, 62 
adipocere 

chemistrylcharacteristics 70 
decomposition forms mixed with 72 
definition 64,70 
formation 68, 70-2 

bacteria 71 
in drowning 406 
importance 71-2 
timing 71 

adipose tissue 
decomposition see adipocere 
loss, in neglectlstarvation 414 

'adrenal apoplexy' 349 
adrenal !glands, autopsy 27, 349 
adrenal haernorrhage 349, 5 13 
adrenaline:noradrenaline ratio 4 19 
P2-adrenergic antagonisrs 5 15 
adult respiratory distress syndrome 345 
African features 122, 123 

age 
hypothermia relationship 4 15 
infant, sudden infant death syndrome and 452 

age estimation 
by dentition 5 3 4 5  
external examination at autopsy 1 1  

eyes 104 
infants 440,443, 448-9 
non-skeletalized bodies 104-5 
skeletal remains 116-22 

adult 1 I8 
child/young adult 118 
factors affecting 118 
fetuslyoung infant 117-1 8,449 
later years 11 8 
pubic symphysis 118-20 
radi~graph~lradiology 1 17, 12 1 
skull sutures 120-2 
sternal rib methods 120 

teeth 104-5, 534-5 
agrochemical poisoning 566-9 

organophosphorus pesticides 567-8 
paraquat 345, 566-7 

AIDS 579 
see alro HIV infection 

air 
in diving 488 
insufflation in illegal abortion 432-3, 435 
movement, effect on cooling curve 81 

airbags 289 
aircraft 

carbon monoxide poisoning 560-1 
crashes 

identification of dead from dentition 532-3 
necessities in planning 42-3 

pilots 296, 508 
air embolism 346-8 

air volume for 346-7 
arterial 346 
aspirorneter 347, 348 
autopsy in 3474,435-6 
barotrauma 346,488,489 
in cerebral veins, myth 347,435-6,490 
in cut throats 237, 346 
divers 488 
gas chromatography 347, 348 
homicide 346 
illegal abortion 346, 432-3,434 

autopsy findings 435 
legal termination of pregnancy 432 
mechanism of death 346, 347 
medico-legal aspects 346 
radiograph 347 
transfusionlinfusion/surgical accidents 346 

air guns 271 
injuries 271-2 

air-rifles, injuries 271-2 
airways 

damage, resuscitation artefacts 41 
froth in, in drowning 402-3 
gastric contents in 362-3 
obstruction 

anaesthetic-related deaths 4 8 4 5  
choking 361-3 
gagging 360-1 
infections 361 
pressure on neck causing 368 

occlusion, fatal pressure on neck 368, 369 
thermal damage 3 19-20 

Al-Alousi's 'temperature ratio' method 83, 87 
alcohol 552-9 

absorption 552, 553-4 
drugs affecting 554 
food effecr 553, 554 

behavioural effect 552, 556-7 
binge drinkers 554 
blood-alcohol curve (BAC) 554 
blood levels 19-20, 553 

ante-mortem vs post-mortem 546-7 
calculation from drinks 556 
deaths in custody 307 
peripheral vein blood 547 
road traffic deaths 296, 557 
sample coliection/containers 20, 545 
sample preservation 545, 546 
women 552 

breath 555 
carbon monoxide poisoning and 557, 560, 561 
cardiomyopathy associated 558 
choking association 363 
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alcohol (contd.) 
chronic abuse 552, 557-8 
concentrations of drinks 553-4, 555-6 
dearhs from exposure 419 
deaths in custody 307 
as depressant 552-3, 
diffusion (post-mortem) and sampling concerns 546-7 
driving and 554 

legal limit in UK 555 
urine levels 555 

elimination/excretion 554-5 
heat regulation changes 553 
hyporhermia and 553 
hypoxia 552 
merabolism 554 
mode of action 552-3 
modes of death 557-8 

acute alcoholism 307, 557 
chronic alcoholism 557-8 

physiological effects 552-3, 5 5 6 7  
putrefactive production 545-6 
spontaneous combustion association 323 
subarachnoid haemorrhage and 199, 519 
sudden death from berry aneurysm and 199,5 19 
sudden immersion in cold water 400, 557 
units 554, 555-6 

specific drinks 555-6 
volume/volume 555-6 

alcoholism 554-5 
acute 307, 557 
chronic 552, 557-8 
falls 557 

alkali, dearhs from 587-8 
alkaline phosphatase 169 
alveoli 

alcohol levels in air 555 
in newborn lung 447-8 
in paraquat poisoning 567 

Alzheimer's-like condition, in boxers 204 
ambient temperature see temperature, ambient 
American Society of Anesthesiologists 482 
amino acids 

dating of bones 122, 127 
in teeth 105, 535 

amitriptyline 573 
ammunition 247 

rifled weapons 248 
shorgun 246, 247-8 
see also bullets 

amnesia, retrograde 209-1 0 
Amnesty International 301 
amniotic fluid embolism 436-7 
amphetamine abuse 580, 58 1 
P-amyloid precursor protein 470 
anaemia, carbon monoxide poisoning in 562, 563 
anaerobes, adipocere formation 71 
anaesthesia-related deaths, medico-legal aspects 482, 483 

anaesthetic-related deaths 480-5 
airway obstrucrion 4 8 4 5  
autopsy procedure 480-2 
cardiac arrest 484 
causes 482-4 
equipment failure 485 
histology 483,485, 486 
hypoxia in, brain changes after 484,486 
incidencelrisk 484 . 
local/epidural anaesthesia 485 
modelcauses of death 482-4 

anaesthetisr 482, 484 
analgesics, poisoning 571-2 
anal intercourse 427,428-9 
anatomy, forensic 

abdomen 229 
chest 222-3, 223 
circle of Willis 5 12, 5 13 
cranium 181 
heart 223 

larynx 376,377 
scalp 1 7 4 5  
skin 137-8, 174 
skull and meninges 108, 181-2, 182, 189 
vertebral arteries 20 1 

aneurysms 
aortic 509-10 

atheromatous 509-10 
diagnosis 5 10 
dissecting 5 10 
fusiform/saccular 5 10 

berry see berry aneurysm 
cardiac 503 
cerebral arteries 196, 5 12-13 

rupture 51 1-13 
circle of Willis 197, 198, 51 1 
mycotic 51 1 
rupture, sudden death 509-13, 519-20 
syphilitic 510-1 1 

angel dust (phencyclidine) 580 
angiography, post-mortem 26,200-1, 203, 512 
animal bones 107, 108 
animal predation 

buried body decomposition 69 
dating of bones and 126 
immersion dearhs 396, 397, 398 
maggot infestation 65,66,  7 4 5 ,  77 
marine predation 68, 75-6, 396, 398, 399 
mummified corpse 7 3  
post-mortem damage 73-6,74, 75-6, 126 
putrefied corpse 67 
rype~lt$~es of damage 74  
see also insects 

anoxia 52, 53 
stagnant 352 

ante-mortem us post-mortem injury 
burns 317-19, 320 



Index 

in fire 7 
fractures 182, 344 
joint splits 7 
laryngeal fractures 378 
skull fractures 182 
'undertaker's fracture' 2 1 
wounds 167-9, 170-1 

anthropometric dimensions 123 
anticoagulants 545 
antidepressants, poisoning 573 
antifreeze agents 589 
antimony poisoning 59 1 
ants, post-mortem damage 75 
anus 

bruising 
homosexual offences 429 
sexual offences 422,427 

dilatation 
homosexuals 427 
interpretation 423-4, 428 
sexual offences 427,428 

examination at autopsy 16 
funnel-shaped 16,429 
in homosexuals 427,429 
injuries, in sexual offences 423 
patulous 427,429 

aorta 
anatomy 223 
aneurysms see aneurysms, aortic 
atherosclerosis 509- 10 
deceleration injuries 228, 229 
double-barrelled 5 10 
examination at autopsy 25 
impact injury 228, 229 
injuries 228 

vehicular accidents 285, 289 
'ladder tears' 21, 228, 285 
medionecrosis 5 10 
ruptured 228, 340 

vehicular accidents 285 
transection 228 

aortic valve disease 506-7 
sudden death 5 0 6 7  

aortic valve stenosis 506-7 
aortitis, syphilitic 5 11 
aotto-oesophageal fistula, surgical procedures, deaths associated 481 
apex, myocardial infarction 497 
apnoea, in sudden infant death syndrome 455-6 
apnoea alarms 456 
aponeurosis 174-5 
apoptosis, conducting system, sudden death due to 505 
appendicitis, acute 5 17 
appendix abscess 5 17 
arachnoid 189 
arachnoid granulations 189 
arcus senilis 104 
arm, injuries in vehicular accidents 284, 286 

arm-locks 353, 383 
deaths in custody 306 
fractured l a ~ ~ n g e a l  horns 378 

arrest, deaths after/during 305-7, 353 
see also custody, deaths in 

arrhythmias see cardiac arrhythmias 
arsenical poisoning 590-1 

acutelchronic 590 
autopsy findings 590-1 
blood/tissue levels 59 1 
corpse preservation 590 
fatal dosages 590 
sources 590 
toxicology samphg/results 591 

arsenious oxide poisoning 590, 591 
artefacts see post-mortem artefacts; resuscitation artefacts 
arterial spasm 503 
arteriovenous anastomosis 5 12 
arthritis 104 
asbestos/asbestosis 24-5, 103 
'asphyxia' 352-67,368,369 

autopsy diagnosis 356-7 
cautions on diagnosis 357, 358, 368 
classic signs 353-7 

absent in suffocation 358 
cautions on use 353, 357, 368 
congestion and oedema 356 
cyanosis 356 
engorgement of right heart 356 
fluidity of blood 356 
petechial haemorrhage 353-6, 364 

conditions/examples 352 
definitionslterminology 352, 353 
histological/biomechanical diagnosis 357 
hypostasis colour confusion 57, 58, 356 
ligature strangulation 382 
masochistic 235, 240 
mechanical 353,369 

see also choking; smothering; strangulation; suffocation 
nature of 352 
'obsolete diagnostic quintet' 353, 357 
plastic bag 390, 391, 596 
postural (positional) 355, 365 

deaths in custody 306 
sexual see sexual asphyxia 
in solvent abuse 596 
sudden death in epileptics 514 
suicide by 240 
traumatic 352, 363-4 

cyanosis 364 
deaths in custody 306 

aspiration, gastric contents see gastric contents 
aspirin poisoning 571-2 

hypersensitiviry 57 1 
spot tests 572 

aspirometer, autopsy in air embolism 347, 348 
assaults, berry aneurysm rupture and 198, 519-20 
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asthma, sudden death 5 15 
astrocytes, in cerebral hypoxia 213 
atherosclerosis 104 

aortic 509-10 
coronary see coronary atherosclerosis 

atlanto-occipital dislocation, in vehicular accidents 284 
atria, examinarion at autopsy 25 
auditory meatus temperature 7 
Austrian decree 1 

autoerotic procedures 389-92 
see alro sexual asphyxia 

autolysis 36, 59-60, 89 
early myocardial infarction vs 498 
post-mortem 345, 500-1 

automatic pistols 247,248, 273 
automatic weapons 248 
autopsy 

clinical (academic) 2 
forensic see autopsy, medico-legal 
history 1 
legislation 2 

types 2 
autopsy, medico-legal 2 

abortion 435-6 
abrasions caused by 143 
in air embolism 347-8, 435-6 
in 'asphyxia' 356-7 
attendance at 3-4 
authorisationlconsent 3 
blind 10 
brain examinarion 28-9 
bruise development 145 
burns 315-16 
case history 9-10 
child abuse 475-6 
computed tomography (CT) 3 1 
consent documents 3 
consent issues 2 
in decompression chamber 489 
dentures examination 15 
DNA profiling sample 604 
drowning see drowning autopsy signs 
epilepsy 514 
examination of organs see individual organs 
external examinarion see external examinarion at autopsy 
failure rates 45 
fatal abuse, evidence 301 
hazards for staff 10-1 1 

cyanide poisoning 586 
HIVIhepatitis infection 4,  10-1 1 

identification of body 8-9 
incisions 16-17, 17, 425 
infanticide 442-5 
internal examination see internal examination at autopsy 
legislation 2 
magnetic resonance imaging (MRI) 3 1 

mass disasters 44 
objectives 3 
obscure 44-7,493 

mode of death 4 6 7  
samples 45-6 
syndrome 45 

photography see photography 
plastic bag suffocation 359-60 
post-mortem artefacts see post-mortem artefacts 
precautions 10-1 1 
procedures 2-4 
putrefied corpse 39-40 

see alro putrefied corpse 
radiology see radiographylradiology 
reasons 493 
Recommendation No. R (99) 3 61 0 
report 33-5 

body sketches 35 
cause of death 10 
differential diagnosis 10 
discussions1conclusions 35 
external examination 34 
formatlinformation 33-5 
information required 34 
internal examination 34-5 
'original,' legal requirements 35 
rimescale 35 

resuscitation artefacts see resuscitation artefacts 
retention of tissueslorgans 3 
samples/ancillar)- investigations 29-30 
standards 1-2 

axonal injury, diffuse 
in child abuse 470 
concussion in 2 10 

back injuries, in human rights abuse 303 
'back spatter' 261 
bacteria 

adipocere formarion 71 
in putrefaction 64-5, 68 

'barbiturate blisters' 562, 574 
barbiturates 486, 573-4 

poisoning 573-4 
barium, in tracheobronchial tree 363 
baroreceptors 369 
barotrauma 346,488-91 

air embolism 346, 488, 489 
autopsy 30,489-90 
definition 488 
physical damage 488-9 
pulmonary 489 

Barr bodies 104 
basal arteries 46, 347 
'base wing index' 112 
basilar artery 201, 203 

see also basiloverrebra1 artery injury 
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basilovertebral artery injury 200-4 
autopsy appearances 201-2 
hypothesis and problems with 200 
see also vertebral artery 

basisphenoid synchondrosis 12 1 
bathroom, deaths in 400, 40 1,405 

electrical fatalities 326, 333-4, 334-5, 400,405 
homicide 400 

baton rounds 274 
battered baby see child abuse 
bartery acid 587 
beard, growth after death 61 
beatings, torture and human rights abuse 302-3 
beetles 77-8 
behaviour, alcohol effect 552, 556-7 
'bends' 346 
benzene abuse 597 
benzidine 127 
benzodiazepines, poisoning 542, 573 
berry aneurysm 196 

autopsy 5 12 
'congenital' 5 12 
multiplelsizes 5 12 
ruptured 5 1 1 

alcohol and 199, 5 19 
traumddisease interaction 198-9, 519, 520 

spontaneously leaking 199 
sudden death from, mechanism 198-9, 199, 

511 
'beyond reasonable doubt' test 341, 471, 518, 520 
bile, sample collection 548 
biochemistry 

post-mortem interval 89-90 
rigor mortis 61-2 
vitreous humour 88, 89-90, 575 

birds, post-mortem damage 76 
birth 

concealment 440,441,442 
live, definitionlproving 440-1,442, 443 
newborn, lungs 447-8 

biteslbire marks 527-32 
autopsylte-examination 528, 53 1 
bruises associated 146 
child abuse 474,476, 528 
common sites 528 
ear 180 
in foodstuffs 527-8 
identification of suspect 530 
impression/casts of mark 531 
investigation 530-1 
love bites 146,421,474, 528, 530 
matching with suspect's dentition 532 
multiple 529 
nature of mark 529-30 
nipples 528, 529, 530 
photography 528, 530-1,532 

preservation 528 
sample collection 528, 53 1 
self-inflicted 529 
in sexual offences 421-2, 528, 529, 530 

black eye, causes 178, 179, 180 
direct violence 149, 179 
fractures of anterior fossae of skull 179, 180 
gravitational seepage 179 
movement of bruises 146, 148, 175-6, 179 

bladder 
injuries 233, 289 
urine collection at autopsy 548 

blast injury 226,274-5 
bleeding 

absence in crush injuries 339 
deaths in custody 307 
in illegal abortion 432 
post-mortem 225,233, 340 
scalp injuries 175, 176 
spurious, behind larynx 58, 150, 375 
see also haemorrhage 

blisters 
barbiturate 562, 574 
in burns 315 

first degree 3 12- 13 
post-morteml'peri-mord' 3 15, 3 17 

in carbon monoxide poisoning 562 
in electrical fatalities 330, 331 
post-mortem artefacts 36 
in putrefaction 64, 65 

blood 
alcohol levels see under alcohol 
in carbon monoxide poisoning 562, 563-4 

see alro carbon monoxide 
~arboxyhaemo~lobin see carboxyhaernoglobin 
changes in drowning 404-5 
clotting 58, 341-2, 356 
culture, samples 29 
DNA profiling 106, 604 
flow, retinal, sign of death 54 
fluidiry in asphyxia 356 
groups 428,440 
from mourh/nostrils, post-mortem artefacts 12, 15, 

36 
pooling, in hypothermia 4 17 
pressure, alcohol effect 553 
purging in putrefaction 36,39, 65 
sample collection see sample collection, blood 
sample preservation 546 
sludging, in hypothermia 41 8 
splashes 5-6 

exclamatiori mark 6 
spurious formation of cyanide 587 
volume in cardiac tamponade 228 

blood-alcohol curve (BAC) 553,554 
blood-brain barrier 2 12 
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blood vessels 
calcificarion 26 

see also calcification 
examination at autopsy 25-7 

blowfly 76 
bluebottles 76-7 
'blue scar' of coal-miners 103 
blunt injuries 

abdomen 229 
deaths in cusrody 3 0 6 7  
human rights abuse 304 
penetrating 153 
scalp 177 
skull fractures 177, 183 
see alro abrasions; bruiseslbruising 

body 
buried see buried bodies 
clothed, examination at autopsy 8, 296 
dimensions 

effecr on cooling curve 80 
malelfemales (tables) 108 
race derermination 123 

fare afier dearh 53 
fluids, sample collection 19-21, 549 
fragments, in explosion deaths 275-6 
identification see idenrification . 
internal examination at autopsy 16-23 
labelsltags 9 
length/height see height; length 
posture, hypostasis pattern 56 
rerrieval at mass disasters 43-4 
scene of dearh see scene of death 
size, raciallethnic characteristics 105 
sketches, autopsy report 35 
transecrion 154 
weight see weighr 

body bag 7 
body secretions 

clothing 8 
purging, in putrefaction 36, 39,65 
release, exrernal examination of body 12 
sample collection see sample collection 
in sudden infant death syndrome 453 
see also frothy fluid; specific secretions 

bombs, injuries from 274-5 
bondage, autoerotic procedures and 39 1 
bone(s) 

animal origin 107, 108 
bullet wounds 2 6 6 7 ,  270 
decay, factors affecting 126-7 
density, dating of bones 126 
disease, infant fractures due to 468-9 
dried, srature determination 114, 117 
fragments, identification 107-8 
haversian architecture 108 
human origin, derermination 107-8 

injuries, bone marrow embolism 344 
long 

lengths in womenlmen (table) 113 
race determination 122-3 
sexing 112--13 
starure determination 114 

recent us old, differentiation 126 
recognition and confirmation 106-8 
sex determination from 108-14 
shotgun contact wounds over 250-1 
stature determination from 114-16 
wormian 469 
wounds from rifled weapons 266, 267, 270 
see also fractures; skeletal remains; spec+ bones 

bone dysplasias 468-9 
bone marrow embolism 344 
boxers, head injuries 204 
'boxer's artitude' .3 16 
boxing, kinetic energy transfer 137 
bradycardia 369 
brain 

air gun pellets 272 
autopsy 

examination 28-9,46 
f~vation 28, 29, 512 
meningeal bleeding 28 
removal 22-3, 150 
serial sections preparation 28-9 
weight 28 
wetcutting 28 

in bar~traumald~sbarism 489-90 
in carbon monoxide poisonmg 562, 563 
cerebral aneurysms 5 12-1 3 
damage 204 

carotid artery occlusion 369 
child abuse 192,205,465,471,476 
impact, theories 205 
mechanism 205-6 
motorcyclists 290 
pressure on neck causing 370 
see abo cerebral injuries 

deformation 
closed head injuries 205, 206 
laminar 206 
transient 206 

in electrical farallties 333 
petechiae 354 
putrefied corpse 40 
sample collection 550 
swelling see cerebral oedema 
see also enmes beginning cerebral 

brain death 52-3, 212 
medico-legal aspects 53 

brain membranes 
forensic anatomy 18 1, 189 
haemorrhage 28, 188, 190-2,211 



forensic implications 198 
see also extradural (epidural) haemorrhage; subarachnoid 

haemorrhage; subdural haemorrhage 
infections 189 

brainstem 
damage 53 
death 53 
in electrical fatalities 327, 329 
haemorrhage 207,214,339 
lesions, secondary 2 13-14 

breasts 
bites 528, 529, 530 
bruising, in sexual offences 422 

breath, alcohol levels 555,603 
breathing, evidence in newborn 445-8 
brittle bone diseases 468-9 
bromine, abuse 597 
bronchial asthma, sudden death 5 15 
bronchial obstruction, surgical procedures, deaths associated 481 
bronchial tumours 5 16 
bronchodilators, 5 15 
bronchopleural fistula 223, 225 
bronchus, thermal damage in fires 320 
bruiseslbruising 143-50 

abdominal 229-30 
abrasions with 140, 141, 142, 146 
alteration with time 145, 146-8 
bite marks 148, 530 
cerebral 206 
chesrlheartlface, resuscitation artefacts 40 
in child abuse 148,462-3,475 

age of bruises 148,463 
fingertip 145, 148,462, 463 

colour changes 147 
'coming our' 145 
dating, variables affecting 147 
defence wounds 165, 1 G6 
definition 143-4 
depthlsize and severity 145 
development 145 
factors affecting prominencelsize 144-5 
fingertip 145, 148,462, 463 
haemosiderin reaction 167 
hilt of knife causing 158 
hypostasis differences 59-60 

post-mortem us 59-60 
in immersion deaths 398 
intradermal 140, 141, 142, 144, 146 

human rights abuse 302-3 
kicking causing 147, 149 
lacerations with 150-1, 15 1 
lips 150 

in sexual offences 421 
lungs 226 
movement 146, 175-6 

see also black eye 
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muzzle imprint in shotgun wounds 250 
neck 

ligature strangulation 382 
manual strangulation 371-2, 374 

post-mortem artefacts 13, 36, 149-50 
prominence after deathlautopsy 145, 176 
putrefied corpse 40 
scalp 1754 ,463  
seatbelts causing 289 
in sexual offences 42 1,422,427 
sixpenny 148,463 
of special significance 148-9 
subcutaneous tissue 1 4 4 5  
'tramline' ('railway line') 148, 149, 302-3 
vessel fragiliry affecting 145 
vessels involved 144 

brush abrasions see abrasions, brush 
buccal cells, DNA profiling sample 604 
'bucket-handle' effect, femur 466 
buggery 427 
bullets 

dumdum 137,245 
explosive-tipped 137, 245 
modifications for kinetic energy transfer 137, 245 
'precessing' 265 
rifled weapons 248 
rubber and plastic 274 
soft-headed 245 
wounds see gunshot wounds; rifled weapons, wounds 

'bumper' fractures 293 
burial, traumatic 'asphyxia' in 363 
buried bodies 

decomposition 68-9, 126 
deep burial 69 

burning 
atypical localized (spontaneous combustion) 323-4 
suicide by 239-40 

burns 312-25 
in acute alcoholism 557 
anre-mortem 31 5 

post-mortem burns us 317-19, 320 
autopsy appearances 3 15-1 6 
child abuse 474 
dassificarion of severity 3 12-1 3 
corrosive acidslalMis 587 
deaths from lightning 336 
dry hear 314-15 

severity 31 5 
electrical 329-32 
fires 316, 318 
first degree 312-13 
flash 275 
friction see abrasions, brush 
hot water bottle 314, 320,433,435 
human rights abuse 303 
identification of body 99 
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burns (contd.) 
infections 3 14 
missile injuries from explosions 275 
moist heat (scalds) 313-14 
molten rubber 303 
muscle stiffening of body 63 
post-mortem 33 1-2 
renal failure after 345 
in rifled weapon wounds 259,262 
'Rule of Nines' 13,313 
scars, in identification 102 
second degree 3 13 
shotgun wounds 250,251,252 
spurious 'wounds' 3 16-17 
temperarureltime relationship 312 
third degree 3 13 

burnt bone fragments, identification 107-8 
'burst adas' injury 214 
'burst head' 255, 267 
'burst lobe' 207 

butane 561,595,597 
butcher's cleaver, wounds 165 
buttocks, bruising, in child abuse 462,463 

cachexia 413 
cadaveric spasm 6 1,62-3 
'cafe coronary' syndrome 362 
Caffey's syndrome 469 
calcification 

aortic valve 506, 507 
coronary arteries 26 
cricoid cartilage 376 
under periosreum 466 

calcium oxalate 589 
Calliphora 77 
callus, in identification of remains 124, 125 
callus formation 224,467, 468 
calvarium, removal 22, 347 
cameras 32-3 

see also photography 
Campbell de Morgan spots 1 1, 104 
cannabis 581 
capillaries 

bleeding (invisible to eye) I44 
dating embolilrhrombi 342 
permeability 212 

capsaicin, injury 306 
'captive-bolt' weapons 272-4 
Carabelli's cusp 534 
carbolic acid 587, 588 
carbon dioxide, suffocation associated 357-8 
carbon monoxide 

blood analysis 563-4 
sample collection 547 
sample preservation 546, 563 

blood levels 
anaemia 562, 563 

burnslfires 3 17, 322, 562 
road traffic deaths 296 
see also carboxyhaemoglobin 

in flash fires 320, 322, 564 
haemoglobin saturation 322, 563-4 
inhalation in fires 320-2, 561 

alive when fire started 564 
death due to 320-2 

poisoning 320, 560-5 
in aircrafi 560-1 
alcoholicslalcoholism 557, 560, 561 
autopsy 562-3 
in bathroom ,400 
blisters 562 
causes 560-2 
cherry-pink hypostasis 57, 32 1, 562 
children 322 
coal-mining 561 
divers 561 
elderly and infants 563 
neurological lesions after 563 
signs 321 
sodium hydroxide test 562 
suffocation in 357-8 
suicide 560 
vehicle drivers 560-1 

post-mortem formation 564 
in shotgun wounds 250,252,267 
sources 560-2 

fires 561 
heating appliances 560, 561 
incomplete combustion 561-2 
industrial processes 561 
motor vehicles 560 

carbon tetrachloride 597 
carboxyhaemoglobin 563-4 

analytical methods 564 
carbon monoxide poisoning 322, 562-3 
levels 

deaths in fires 562 
heat haemacomalperipheral blood 192, 3 17, 31 8, 3 19 

samples 20 
in shotgun wounds 250, 564 

cardiac aneurysm 503 
cardiac arrest 53, 55 

anaesthesia association 484 
asphyxia in 353 
aspirin poisoning 572 
choking due to food 362 
in electrical fatalities 328, 329 
manual strangulation vs 374, 378-9 
reflex 358,362,369-70,370-1 

carotid artery damage 378-9 
causes 371 
criminal abortion 432 
deaths in custody 306 
frequency 370 
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hanging andlus 384, 388 
immersion deaths 400, 403 
solvent abuse 595-6 

cardiac arrhythmias 
aspirin poisoning 572 
catecholamines 504, 579, 596 
electrical fatalities 327, 328, 329, 333 
sudden death due to 503 

cardiac asthma 505 
cardiac massage, external 231-2 
cardiac sarcoidosis 509 
cardiac tamponade 228 

aortic aneurysm rupture 510 
chest and heart injuries 227, 228 
myocardial infarction complication 502 

cardiomegaly 505 
cardiomyopathies 

alcoholic 558 
arrhythmogenic right ventricle 508 
definition 507 
dilated 507 

familial 507 
idiopathic 507 

heart weight 507 
hypertrophic obstructive 507 
sudden death 507-9 
World Health Organization classification 508 

cardiopulmonary resuscitation (CPR) 
child abuse us 467-8, 472-3 
myocardial contraction bands after 498-9 
see also resuscitation artefacts 

cardiorespiratory failure 52, 53 
sign of death 53, 55 

cardiovascular disease, death whilst immersed in water 397-8 
carotid arteries 

compression 369 
damage 

in hanging 388 
in manual strangulation 378-9 
reflex cardiac arrest 378-9 

examinationldissection 24, 379 
carotid sinus reflex 369 
'carotid sleeper' 306 
cartilage 

dating of bones 126 
stab wounds 163 

case history, in autopsy 9-10,453 
catecholamines 41, 361, 419 

arrhythmias caused by 504, 579, 596 
resuscitation artefacts 41, 353 
sudden death from subarachnoid haemorrhage 5 19 

cathepsins, in wounds 169 
'cat-o'nine-tails' 303 
Caucasian features 122, 123, 534 
cause of death see death, cause 
cavitation, high-velocity missiles/projectiles 246, 270 
cellular death 52,63-4 

central nervous system, in barotraumaldysbarism 490 
cerebellar tonsils, herniationlconing 21 1 
cerebral aneurysm, rupture 5 11-13 

see also berry aneurysm 
cerebralteries 197 
cerebral arterioles, sensitivity 199 
cerebral contusion 206 
cerebral dysfunction, hypothermia withland 4 15 
cerebral fat embolism 343 
cerebral haemorrhage see intracerebral haemorrhage 
cerebral hypoxia 212-13 

histology 2 12-13 
in sexual asphyxia 389 
stages and changes 2 13 

cerebral infarction 214 
cerebral injuries 204-12 

in child abuse 192,205,465,471,476 
concussion after 209-10 
couplconrrecoup damage 207-9 
deceleration 205, 206 
intracerebral haemorrhage 207 
mechanism 193,206 
rotatory movements of head and 209 
see also brain, damage 

cerebral lacerations 2 0 6 7  
cerebral oedema 21 1-12 

autopsy features 2 1 1 

cause 2 1 1 
child abuse 470,471 
hypoxia in 2 12 

cerebral veins, air embolism myth 347,435-6,490 
cerebrospinal fluid 

anaesthetic-related deaths 485 
leakage 189 
sample collection method 21, 548 
in subarachnoid haemorrhage 197, 199 

cervical shock, in illegal abortion 432 
cervical spine 

autopsy 21, 203 
damageldislocation in hanging 21 5, 384, 385 
hyperflexionlhyperextension injuries 214-15, 215, 284 
seatbelt damage 284 
vertebral artery trauma 203 

cervical vertebrae 
dislocation 215, 384, 386 
injuries 214-15, 215 

cervix 
dilatation, in illegal abortion 432, 433 
perforation 433 

chemicals, illegal abortions 4 3 4 5  
chemical tests, dating of bones 127-8 
chest 

bruising, in child abuse 463 
compression, traumatic 'asphyxia' in 363 
crushing 3 6 3 4  
flail 223,224, 294 
forensic anatomy 222-3 
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chest (contd.) 
haemorrhage 224-5 

external bleeding absent 225 
infection 224-5 
injuries 222-9 

cardiac tamponade 227, 228 
self-inflicted 243 
vehicular accidents 2834,285 

radiograph, in air embolism 347 
stablsucking wounds 225 

see also stab wounds 
suicidal knife wounds 238 
see also thorax 

chest wall 
damage, in child abuse 467-8 
injuries 223-4 
rib fractures see rib fractures 

'chicken-fat' piasma ciot 341 
child abuse 11, 414, 461-79 

abdominal injuries 230,463,472 
abrasions, patterned 475 
autopsy 475-6 

radiology 32, 476 
axonal injury, diffuse 470 
biteslbite marks 474,476, 528 
bone diseases us fractures due to 468-9 
bruising see under bruiseslbruising 
burns 474 
cardiopulmonary resuscitation us 467-8,472-3 
chest wall damage 467-8 
cigarette burns 474 
definitions 461 
duodenum rupture 472 
eyelearlmouth injuries 472-3,476 
facial injuries 178, 463, 472-3 
falls us 465 
fractures 224 

daring in 468 
spiral 467 

general aspects 461-2 
haemoperitoneum 463,475 
hair pulled, in 474-5 
head injuries 193,469-71 

brain damage 192, 205,465,471,476 
extradural haemorrhage 471 
mechanisms 469-70,471 
moving 471 
subarachnoid haemorrhage 197,470-1 
subdural haemorrhage 192, 193,469,470,471 

injuries 462-3 
miscellaneous 475-6 

liver damage 232,472 
medico-legal aspects 47 1 
modes of death 462 
non-fatal 462 
periosteum shearing 466 
psychological 46 1 

radiographylradiology 32,476 
rib fractures 224,467-8 
sample collection 476 
scalds 474 
scalp 463 
scene of death visit 475 
sexual 461 

anal dilatation 423-4, 428 
anal rapes 427,429 
internal examination 425 
rape 425-6,427,429 

shaking and subdural haemorrhage 192, 193,469,470,471 
skeletal damage 464-8 

chest cage 224,467-8 
dating of fractures 468 
limb fractures 466-7 
rib fractures 224,467-8 
skuii fractures 185, 464-6 
see also skull fractures 

subdural haemorrhage 192, 193,469,470,471 
teeth, avulsionlbreakage 473 
visceral injury 472 

children 
accidental hanging 389 
accidental injury, child abuse concerns 462 
adult-induced injury see child abuse 
age estimation from skeletal remains 118 
air gun injuries 271 
carbon monoxide poisoning in fires 322 
cerebral oedema 2 12 
hanging in 385 
head injury from falls 180 
neglect 412,417 
pedestrians, injuries 292-3 
scalds 314,474 
seatbelts 289 
skull fractures 180, 185,466 
suffocation 358 
vulnerability in vehicular accidents 289-90 
see also infant 

china, stablslash wounds from 156, 164 
chisel wounds 153 
chlordiazepoxide 573 
chloride 89, 317,404 
chloroform 597 
chlorophyll 408 
chlorpromazine 548 
choke-holds see arm-locks 
choking 36 1-3 

causes 361-3 
deaths in custody 307 
definition 353 
haemorrhage 361 
infanticide 443-4 
suicide 361 

cholinesterase, inhibition 567 
cigarette burns, child abuse 474 



circle of Willis 197, 198, 512, 513 
see also berry aneurysm 

circumcision 104, 105 
cirrhosis of liver 558 
cisternal puncture 548 
civil cases, disease and trauma 519, 520 
clavicle 

fractures, in child abuse 468 
medial end, epiphyseal fusion 1 18 

clay, modelling 128 
clinical toxicologist 541 
Clostridium perfiingens 57,434 

adipocere formation 7 1 
clothing 

body secretions on 8 
body temperature measurement and 82 
effect on cooling curve 8 1 
examination 

sexual offences 422, 423 
solvent abuse 597-8 

inadequate, hypothermia and 416 
pathologists' 4 
position in suicidal knife wounds 8, 239 
racelethnic characteristics, in identification 104 
removal methods 8 
ripped, in deaths from lightning 336 
road traffic accidents 8, 296 
scene of death 8 
soilinglburning in shotgun wounds 8, 250,251 
spontaneous combustion 323 
vehicular accidents 296 

clotting, blood 58, 341-2, 356 
clubbing injuries, in human rights abuse 304 
coagulative myocytolysis 498 
coal-mining, carbon monoxide poisoning 561 
cocaine 

bloodltissue levels 580 
deaths associated 58 1-2 
toxicological sample preservation 546 

coffin 
decomposition of bodies 69,72 
exhumation 37,38 
measurement 103 

'cogitation' see hypostasis, post-mortem 
cold 

injury caused by 414-18 
see also hypothermia 

local injuries 416, 419 
muscle stiffening 63 

collagen 168, 342 
collateral circulation 496 
~ollodiaph~seal angle 113 
colon 

perforation 5 17 
removal at autopsy 21 

colour of skin see hypostasis; skin, colour 
coma, epidural haemorrhage 190, 191 

combustion, spontaneous 323-4 
'commando punch' 371 
comparisons, technique of 106 
complications of injuries 339-5 1 

adult respiratory distress syndrome 345 
air embolism 346-8 
disseminated intravascular coagulation 345-6 
fat and bone marrow embolism 343-5 
haemorrhage 339-40 
infections 340 
pulmonary embolism 340-3 
renal failure 345 
subendocardial haemorrhage 348-9 
suprarenal haemorrhage 349 
see also under individual complications 

compression wave, explosions 274 
computed tomography (CT) 3 1 

gunshot wound 261 
computer graphic techniques, facial appearance reconstruction 

128-9 
concealment 

birth 440, 441, 442 
mummification in 72 

conception, products of 434, 436,442 
concussion 209-10 

diffuse neuronallaxonal injury 210 
extradural haemorrhage and 190, I9  1 

conductors, electrical 326 
congenital deformities 12 
congenital heart disease 455 
congestion, in 'asphyxia1 356 

traumatic 363 
conjunctival haemorrhage 472 
containers, sample collection 30, 545 
continuity of evidence 8, 544 
contrecoup lesions 179, 189,207-9 

black eyes and 179 
contusion 207, 209 
subdural haemorrhage 193 
vacuum effect 205, 207 

contusions 59, 137, 143-50 
cerebral 206 
conrrecoup 207,209 
definition 143-9 
firearm wounds 270 
see also bruiseslbruising 

conus artery 496 
conversion tables 603-4 
cooling, post-mortem 79-80 

'core' temperature 79 
curves 79 

factors affecting 79, 80-1 
nomogram method 83 
plateau 79-80, 82-3 

historical aspects 78-9 
measurement methods 8 1-2 
multiple-sire serial measurements 83 



Index 

cooling, post-mortem (contd.) 
rectal temperature 79-80 
'temperature ratio' concept 83, 87 
see also post-mortem interval; temperature, body 

copper deficiency 469 
Coppolino case 550 
corium (dermis) 138 
cornea, signs of death 54 
corneal reflex 54 
cornuae see under larynx 
coronary artery 

examination at autopsy 26,46 
in hypertensive heart disease 506 
luminal size estimation 493 
occlusion 494,495 
spasm 503 
stenosis 493, 503 
thrombosis 285,495,496, 503 

without infarction 504 
vessel types 505-6 
wounds, survival period after 170 

coronary artery disease 493 
coronary atherosclerosis 493-5 

atheromatous plaques 4934 ,495  
detection 493-4 

complications 494-5 
haemorrhage 494-5 
thrombosis 285,495,496, 503 
ulcerated plaques 494 

d i h s e  disease 494 
in elderly 509 
haemorrhage 494-5 
hypertension and 505 
mechani~m/~athology 493-4 
sires 495 
trauma relationship 5 18-19 

'beyond reasonable doubr' test 518 
time association 5 18 
violencelthreats precipitating 5 18-19 

see also myocardial infarction 
coronary insufficiency 505 

cause of death 503-5 
coroner 3 
corpus callosum, corn 206-7 
corrosive acids, deaths from 587-8 
cosrochondral junction, in age estimation 120 
cot deaths see sudden infant death syndrome (SIDS) 
coulombs 328 
counselling, in sudden infant death syndrome 456, 

457 
'counrry guns' 248 
coup lesions 207-9 
coverings, body, effect on cooling curve 81 
crack cocaine 581 
cranial suture closure 120-1 
craniometry 1 10-1 1, 124-5 
cranium, anatomy 18 1 

cratering, bullet wounds 266 
creatinine 89 
crenation 

edges of bites 7'j, 76 
shotgun wound edges 25 1,253 

crib deaths see sudden infant death syndrome (SIDS) 
cribiform plate, ruptured/fracrured 189 
cricoid cartilage 376 

displacement 378 
in strangulation 376, 378, 382 

crocodile-skin 331, 332 
crown-heel length 448,449 
crown-rump length 1 18 
crucifixion 365 
crushing, crowds, traumatic 'asphyxia' in 363 
crushing abrasions 139-41 
crush injuries 

abdominal 229 
bleeding absent 339 

crustaceans 76,78 
custody, deaths in 305-8, 353, 384, 386 

alcohol intoxication 307 
blunt injuries 3 0 6 7  
drugs 581 
hanging 308,384,386 
natural causes 308 
suicide 308 
see a h  torture 

cutis anserina 395 
cuts 154-5,444 

human rights abuse 303-4 
cur throats 236-7, 238 

homicidal 236, 237 
CV-One syndrome 200 
cyanide 

in fumes from fires 322 
inhalation 586 
poisoning 585-7 

autopsy findings 57, 585-6 
homicide 585 
sample collection 586-7 
suicide 585 
toxicology 586-7 

sample preservation 546 
smell 586 
spurious formation in blood 587 

cyanmethaemoglobin 586 
cyanosis 356 

carbon monoxide poisoning 562 
electric fatalities 333 
fatal pressure on neck 368 
hypothermia 417 
immersion deaths 400 
traumatic 'asphyxia' 364 

cyrochrome P450 572 
cyrological examination, sex determination 

104 
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dagger, 'stiletto' 23 1 
damp conditions, hypothermia in 415 
dartos muscle 61 
dating 

bruises, variables affecting 147 
emboli/rhrombi 342-3, 520 
fractures 468 
myocardial infarction 496-7 
pulmonary embolism 342-3,520 
skeletal remains 126-8 

environment effect 126 
physical appearance 126-7 
physical rests 127 
serologicallchemical tests 127-8 

subdural haemorrhage 195-6, 197 
wounds 166-9, 170, 171 

death 
brain see brain death 
cause 9-10 

mode us 55 
obscure autopsy 45-7 

cellular 52, 63-4 
in custody see custody, deaths in 
fate of body after 53 
gunshotlexplosive, radiology 31 
indications 53-5 
interval between injuries and 169-71 
manner 55 
mode 46-7,55 
pathophysiology 52-97 
scene of see scene of death 
signs 53-5 
somatic 52, 53 
sudden see sudden death 
time oflsince see post-mortem interval 
traumatic 8 
types 52-3 

death certificates 10, 55,341 
death certification, by physicians 493 
decalcification 203 
decapitation 

hanging 384 
railway suicides 297 
sexual offences 423 
'tail-gating ' motorcycle accident 290 

deceleration 28 1 
G forces 281 
seatbelts effect 288 

deceleration injuries 2 14, 2 15, 28 1, 287 
aorta 228, 229 
cerebral 205, 206 
liver 232 
lungs 226 
spinal 214, 215 
subdural haemorrhage 193,470 
tissue damage 28 1 
see also vehicular injuries 

decomposition 63-78 
adipocere formation see adipocere 
buried bodies 68-9, 126 
changes in 64 
charting teeth and 536-7 
coffin 69, 72 
damage by predators 67,69,73-6 
dry (mummification) see mummification 
identification of corpse 99 
immersed bodies 67-8, 396-7, 398-9 
infant 441,442-3,446 
maggot infestation 65, 66, 69 
mixed forms in body 72 
putrefaction see putrefaction 
tattoos in identity establishment 100-1 
time scale 64 

decompression 
aircraft 357 
divers 488,489 
physical damage 488-9 

decompression chamber, autopsy in 489 
decompression sickness 488 
deep vein thrombosis 34 1 , 5  13 

dating 342-3, 520 
in hypothermia 418 
medico-legal aspects 341-2, 520 
sudden death from pulmonary embolism 513, 

520 
defence wounds 165-6, 167, 168 
defibrillator, post-mortem artefacts 12, 36, 41 
degenerative disease, age estimation 122 
dehydration, in neglectlsta~ation 414 
delayed deaths 339, 563 

see also complications of injuries 
dental records 535 

diagrammaticlanatomical charts 535-6 
features to record 537 
odontogram 536 

dentine, staining 538 
dentistry, forensic 527-40 

bite marks 474, 527-32 
see also biteslbite marks 

identification of dead 532-8 
age determination 122, 5 3 6 5  
charting teeth 535-8 
generallreconstructive identity 533-5 
human origin 533 
mass disasters 44 
personal identiry/comparative 535 
positive match 537 
race determination 533-4 
sex determination 533 

need for expert odontologists 527 
photography role 537 
pink teeth 538 
radiography role 537 
see also teeth 
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dentures 
choking due to 361 drivers, medical checks 296 
examination at autopsy 15 
identification by 537 

dermis 138 
diabetes mellitus, post-mortem interval estimation 90 
'Diachylon' 434 
diastasis of suture lines 185, 187, 188 
diatoms, typeslspecies 407-8 
diatom techniques see under drowning 
diazepam 573 
DIC (disseminated intravascular coagulation) 345-6, 432,436, 

437 
diethylene 589 
digestion 85, 8 6 8  
diphtheria 361, 508, 515 
diploe 181 
Diptera 7 6  
diquat poisoning 566 
disasters see mass disasters 
discoloration see skin, colour 
discriminant function analysis 110 
disease, natural 

deaths before immersion 397-8 
deaths in custody and 308 
deaths whilst in water 397-8 
trauma relationship 198-9, 5 17-20 
vehicular injuries and 295-6 
see also individual diseases 

dismembered corpses, identification 99 
dissection techniques 1 6 2 3  

see also autopsy, medico-legal 
disseminated intravascular coagulation (DIC) 3 4 5 4 , 4 3 2 ,  436, 

437 
divers/diving 488 

'bends' 346 
carbon monoxide poisoning 561 
pressure changesleffects 488, 489 

DNA 105 
hair root cells 99 
hypervariable regions 106 
probes 106 
redundant segments 106 

DNA fingerprintinglpr~filin~ 105-6 
dating of bones 127 
'hit-and-run' accidents 296 
identity establishment 1 0 5 4  
infanticide 440 
method 106 
sampleslcontrols 106, 604 
seminallvaginal fluids 106,424, 428 
sex determination 104, 533 

doctors, fingerprints 101 
dogs, post-mortem damage 7 4  
dothiepin 573 
Down's syndrome 455 

drowning 10,401-2 
in acute alcoholisni 557 
adipocere formation 406 
autopsy signs 402-4 

froth in air passages 402-3,404 
other organs 404 
overinflation of lung 403,404 

barotrauma and 489 
cadaveric spasm and 63 
chemical changes in blood 4 0 4 5  
decomposition of bodies 67-8 
diagnosis and diatom test 406-8, 602-3 

problemslcriticisms 408 
techniques 406-7,408 

'dry-lung' 400, 403 
electrolytes changes in 40 1, 404-5 
in epilepsy 5 14 
freshwater 401 
haemodilution 401, 404 
haemorrhage 404 
histological changes 405-6 
human rights abuse 304 
infanticide 445 
lungs 402-3,404,405 
mechanism of death 401-2 
petechial haemorrhage 403 
pulmonary haemorrhage 403 
seawater 401-2 
sodium, release in 401 
see alro immersion deaths 

drug(s) 
alcohol absorption and 554 
deaths in custody and 307, 581 
illegal abortions 434-5 
overdoses, in hospital 543 
poisoningloverdose see under poisoning 

drug addictslabuse 577-84 
autopsy appearances 578-9 
autopsy risks for pathologist 579 
intravenous 577, 582 
'mainlining' 577, 582 
see also specific drugs 

drugs of dependence 577 
'durn-dum' bullet 137, 245 
duodenal ulcer, perforated 5 17 
duodenum 

rupture, in child abuse 472 
transection 230 

Dupertuis and Hadclen's table, stature estimation 116 
dura mater 189 
dust blasting 275 
Dwight's table, sex determination 112 
dysbarism 488-91 

autopsy 489-90 
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definition 488 
physical damage 488-9 

ear 
barorrauma 488,489 
bites 180 
blast injuries 275 
bruise below 148 
haemorrhage, in drowning 404 
injuries 179-80 

child abuse 473 
human rights abuse 304 

ear crepitance test 447 
'ecbolics' 434 
ecchymoses 144, 353 

see also br~iseslbruisin~; petechial haemorrhage 
'ecstasy' 581 
ectopic pregnancy 436 
elderly 

carbon monoxide levels in blood 563 
chronic subdural haematoma 194, 195 
falls 180 
hypothermia 415 ,41617  
neglect 412 
subdural haemorrhage 192-3 
sudden death (senile myocardium) 509 
tearing of gastrointestinal tract 5 17 

electrical conduit pipe weapon 248 
electrical fatalities 3 2 6 3 8  

in bathroom 3 2 6 , 3 3 3 4 , 3 3 4 5 , 4 0 0 , 4 0 5  
cardiac arrhythmias 327, 328, 329, 333 
cutaneous burnslmarks 329-32 

areola of blanched skin 331 
charring 331 
earching/'grounding' lesions 33 1 
firm contact (blisters) 329, 330, 331 
high-voltage 33 1 
histology 333 
spark burn 329, 330, 331 
temperature and hear generation 329-30 

cyanosis 333 
effecrs on muscle 328-9 
electrical considerations 327-8 
histological appearances 333 
homicide 3 3 4 6  
hypostasis, post-mortem 56, 333 
internal appearances 333 
metallic traces in marks 332-3, 335 
mode of death 329 
non-electrical trauma in 329 
pathway for current 326,327 
patterned electric marks 332, 336 
petechial haemorrhage 333 
physical factors 327 
post-mortem hypostasis 56, 333 
requirements for/events in 327, 328, 329 

resistance of skin 328 
rigor morris timing 6 1 
suicides 239, 326, 334 
time, importance 327, 328, 331 

electrical torture, in human rights abuse 304 
electric current 327-8, 328 

alternating (AC)/direct (DC) 327-8 
application to genitals 391 
frequency 327 
mA leading to death 328 

electric shock 326, 327 
tolerance to 327 

electrocution 326 
' see also electrical fatalities 

electrolytes, changes in drowning 401, 404-5 
electronic cameras, use at autopsy 32-3 
electrons 326, 327 
emaciation 4 12, 4 13 
emboli, sources 343 
embolism 341 

air see air embolism 
amniotic fluid 4 3 6 7  
bone marrow 344 
far see fat embolism 
foreign body 3 4 4 5  
pulmonary see pulmonary embolism 

'emmenagogues' 434 
emphysema 

in barotraumddysbarism 490 
interstitial 489 

emphysema aquosum 403,405 
enamel pearls, on teeth 534 
endocarditis, post-rheumatic 582 
endothelial proliferation 342 
endotracheal tube, position 481 
energy transfer, kinetic 137,245,246 
English Infanticide Act (1938) 439 
entomology 76-8 

collection of material 7 8  
insect succession 76 
insect types 76 
rationale 76 
see also insects 

enzyme histochemistry 498-9,500, 501-2 
enzymes 

daring of wounds 169 
in myocardial infarction 498 

eosinophilia, myocardial infarction 498, 500 
epicardial petechiae 333 
epicranial aponeurosis 1 7 4 5  
epidermis 138 

tags 139 
epidural anaesthesia, deaths related 485 
epidural haemorrhage see extradural (epidural) haemorrhage 
epiglottis, haemorrhages 378 
epiglortitis 361, 5 15 
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epilation 4 7 4 5  
epilepsy 

autopsy 514 
sudden death 5 14-1 5 

Purkinje cells in 5 1 4 1  5 
traumaticlpost-traumatic 188-9, 514 

epiphyseal fusion, age estimation 11 8 
epiphyseal injuriesllesions, in child abuse 466, 467 
equipment 

failure, surgicallanaesthetic deaths 484,485 
internal examination 18 
scene of death 4 5  

Erdheim's degeneration 5 10 
ergometrine, illegal abortions 434 
erythema, in burns 31 5 
erythema ab igne 3 12 
ethnic characteristics 

hair structure 99, 105 
identity establishment 105 
scars 102 
skin colour 99 
stature estimation from skeletal remains 114 
tattoos 100, 105 
see also race 

ethyl alcohol see alcohol ' 

ethylene 589 
ethylene chloride 597 
ethylene glycol poisoning 589 
Europe, sudden infant death syndrome in 452 
execution, extrajudicial 305 
exertion, sudden death and 51 9 
exhumation 36-9, 68 

arsenical poisoning 590 
coffin identification 37, 38 
legal procedures 37 
photography 37 
poisoning 38-9 
reasons for 37 
transportation 38 

exit wounds see rifled weapons, wounds; shotgun wounds 
explosions 

anaesthetic-related deaths 485 
deaths from 2 7 4 7  

autopsy in 276-7 
body fragments 275-6 
identificarion 276-7 
missile injuries 275-6 
nature of trauma 274-5 
radiographylradiology 3 1, 276 

explosives, detonation, carbon monoxide poisoning 563 
exposure, deaths from 419 
external examination at autopsy 11-16 

agelracelsex 11 
anatomical diagrams 14 
external marks 12 
procedureslroutine 1 1-16 
report 34 

vomitlsecretions 12-1 3 
weightllength 11-12 

external jugular occlusion 368 
extradural (epidural) haemorrhage 190-2 

blood volume 190 
in child abuse 471 
clinical signs and latent interval 190-1, 198 
formation and sires 190 
heat haematoma w 192, 317 
incidencelmortality rate 190 
'lucid' (latent) period 190, 191 
medico-legal aspects 19 1-2, 198 
in posterior fossa 19 1-2 
post-mortem artefacts resembling 192 

extradural space, heat haematoma 3 17 

eye(s) 
in age determination 104 
black see black eye 
colour, identity establishment 99 
examination 14-15 
globe tension decrease at death 54 
injury, in child abuse 472-3, 476 
laceration of eyebrow 15 1 
petechial haernorrhages 354, 371 
signs of death 5 4 5  
in traumatic 'asphyxia' 364 

eyebrow, injuries 15 1, 178 
eyelids, sign of death 54 

facelfacial appearance 
abrasions 178 
bloating in putrefaction 65 
bruising, in child abuse 463 
congestion 370 
examination, in solvent abuse 598 
external examination 13 
features in adipocere formarion 71, 72 
in hanging 384 
hypothermia 41 6,417 
identity establishment 99 
in ligature strangulation 380 
petechial haemorrhages 354, 355,356 
pressure marks 358, 360 
in putrefaction 65 
raciallethnic characteristics 105 
recognition in mummification 72 
reconstruction from skull 128-9 

facial injuries 178-80 
brain removal at autopsy 22 
in child abuse 178,463, 472-3 
from kicking 149, 178-9 
self-inflicted 242, 243 
in vehicular accidents 282, 284 

faeces, purging, in putrefaction 65 
faecoliths 414 
'Falanga' 303 
falls 180-1 
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acute alcoholism and 557 
contrecoup lesions 208 
deaths in custody 307 
elderly 180 
head injuries 18 1, 471 
head injury in children 180, 187, 465 
from height 

brain damage in children 465 
cadaveric spasm and 63 
injuries 18 1, 240 
injury to aorta 228 
onto feet 181, 214, 240 
onto head 181,471 
pelvic injuries 233 
skull fractures 184, 187 
suicidal 240 

hip, dislocation in 233 
occipital, skull fractures 184 
scalp injuries 177-8 
spinal injuries 18 1, 2 14 
from standing position, injuries 180 
trajectory 181 

falx, mechanism of brain damage 207 
fat 

alcohol insolubility 552 
effect on cooling curve 80 
putrefaction 67 

fat embolism 343-5 
autopsy findings 344 
in barotrauma/dysbarism 490 
cerebral 343 
in chronic alcoholism 558 
conditions associated 343 
marrow source 344 
petechial haemorrhage 344 
pulmonary 343 
systemic 343-4 

feet, beating of soles 303 
femoral heads, sexing from 112 
femoral vein, blood samples 19-20, 547 
femur 

fractures, in pedestrians 293 
sexing from 1 12-13 

'mathematical sexing' 112 
shaft and angle 1 12-1 3 

stature estimation 114, 115, 117 
fetishism 39 1 
fetus 

age estimation from skeletal remains 117-18, 449 
deaths, cocaine use 581 
decomposition 64 
delivery after death 65 
maturity estimation, ossification centres 444,445 
measurements 448,449 
mummified 72-3 
skeletal age 449 

fibrin 
amniotic fluid embolism 437 
dating of embolilthrombi 342 
staining 342,60 1 

fibrinogen 346 
fibrinolysis 346 
fibroblasts 168, 195 
fibula, fractures 293 
Fiedler's myocarditis 508 
'fight or flight' response 170 
fights, dynamic nature 154 
finger, desquamated casts 102 
fingernail 

abrasions 141 
concavity of mark 14 1, 373 

ligature strangulation 382 
manual strangulation 141, 372-3, 373 

examination, in sexual offences 423 
putrefaction 65 

finger pads, scarring 102 

desquamated casts 102 
identity establishment 101-2 

putrefying corpse 39, 102 
immersion deaths 395, 396 

fingertips, bruising by 148 
in child abuse 144,462,463 

fire 
anaesthetic-related deaths 485 
ante-mortem us post-mortem injury 7 
autopsy appearance after 3 15-16 
carbon monoxide poisoning 320-2, 561, 564 
cause of death 319-20, 322 
deaths, carboxyhaemoglobin levels 562 
evidence of being alive at 322, 564 
flash 320,322, 564 
heat haemacoma 19 1, 192,3 17 
injuries to body 7 
suffocation in 357 
vehicular accidents 288, 297 
see a h  burns; smoke 

firearms 2 4 6 8  
air guns 27 1 

calibre 247 
country guns 248 
muzzle, impressionlpatterned abrasion 143, 

250 
range of discharge estimation 270-1 
rifled weapon:; 248 
shotguns ismooth-bore) 246-8 
veterinary pistols and 'stud-guns' 272-4 
wounds see gunshot wounds 
see a h  bullets; rifled weapons; shotguns 

fire extinguishers 595 
flail chest 223, 224, 294 

- 
see aLro infanticide; stillbirth 
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'flaying' injury 152, 176 
scalp 176 
vehicular accidents 294 

flotation test 4 4 5 4 ,  447 
fluid, body see body secretions 
fluore'scence 127 

myocardial infarction 500-1 
sex determination 104 

fluorocarbons, abuse 597 
fontanelles, anteriorlposterior 181 
food 

alcohol absorption and 553, 554 
bite marks 527-8 
choking due to 361-3,362 
diatoms in 408 
lack, hypothermia and 416 
total deprivation 4 12 

foot, beating of sole 303 
footprints 

abrasionslbruises 144, 150 
identity establishment 10 1-2 

foramen magnum, ring fracture around 181, 185, 214, 283, 290 
force 

assessment, stab wounds 161-3 
intensity, in wounding 136 
in skull fractures 186-7 

forehead, sex determination from skull 109 
forehead injury, movement of bruises 146 
foreign bodies 

abdominal injuries 232-3 
choking due to 361 
embolism 344-5 
in gut 232 
respiratory obstruction 5 15 
sandlmud in immersion deaths 396,404 
in vagindrectum 426 

forensic autopsy see autopsy, medico-legal 
formalin fixation 28, 29, 30 
formalin inflation, lungs 24-5 
fractures 

ante-rnortem us post-mortem 182, 344 
'bumper' 293 
child abuse 224 
dating 468 

in child abuse 468 
heat, post-mortem artefacts 36 
infant, bone diseases causing 468-9 
'motor cyclist's' 185, 188,290 
spiral, in child abuse 467 
undertaker's 2 1 
in vehicular accidents 283,284,293 
see alro other pecifirfiactu~es; rib fracrures; skull fractures 

frenulum of lip, ruptureltearing 178, 473 
friction burns see abrasions, brush 
frontal lobe 

'burst lobe' 207 
contrecoup lesions 208, 209 

frontal sinus identification 124-5 
frostbite 416, 419 
frothy fluid, from mouthlnostrils 

burns 316 
drowning 402--3,404 
morphine addicts 578 
sudden infant death syndrome 454 

fruit, bite mark preservation 528 
fume inhalation 3 19-22 

causes of death 319-20, 322 
toxic substances 322 
see also smoke 

gagging 352, 353,360-1 
gags, in sexual asphyxia 391 
galea aponeurotica 174-5 
gall bladder 

examination at autopsy 27 
in starvation 4 14 

garrotting 353, 379 
see also strangulation, ligature 

gas appliances, carbon monoxide poisoning 
561-2 

gas chromatography 598 
autopsy in air emboIism 347, 348 

gas formation 66 
decomposition of immersed bodies 68 
putrefaction 64, 65, 435 

gasoline 560, 597 
gastrectomy 553 
gastric contents 

agonal regurgitation 547 
aspiration 362-3, 557 

in anaesthesia 4 8 4 5  
medico-legal aspects 596 
sudden infant death syndrome 453,454 

examination at autopsy 24 
mouth examination 15 
resuscitation arrefacts 41 
sample collection 27, 545, 549 

containers 545 
gastric emptying 

alcohol absorption and 553, 554 
factors effecting 87-8 
investigation methods 87 
post-mortem interval estimation 83, 85, 87-8 

gastric erosions, acute, in hypothermia 418 
gastric lining, alcohol irritation 553 
gastric transit time 88 
gastroenterostomy 553 
gastrointestinal haemorrhage, sudden death 516 
gastrointestinal tract 

barbiturate poisoning 574 
blast injuries 275 
foreign bodies 232 
paraquat poisoning 566 
perforation 233, 517 
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tearing in elderly persons 517 
see also intestine; stomach 

gastromalacia 36 
genitals 

examination at autopsy 16 
injuries 233 

sexual offences 423-4 
sample collection, in sexual offences 423,424 
self-mutilarion 240, 241 

genitourinary system, sudden death 517 
G forces 281-2, 288 
glass, wounds from 155, 156, 163-4 
'glassing' 15 5 
glottis, examination at autopsy 24 
glucose 89-90, 575 
'glue-sniffing' 595, 596 
y-gluramyl rranspepridase 558 
glycine 127 
glycogen 61, 62 

depletion 63 
glycol poisoning 589 
glycophorin A 40 
'goose-flesh' appearance 61,395 
Gough's test 5 1 1 

grade crossings, injuries at 297 
grain silo, suffocation in 357-8 
gramoxone 566 

granulation tissue 168 
gravel rash 138 
gravity 281 
grazes 137, 138, 139, 142 

see a h  abrasions 
grease ring 264-5 
great vessels, injuries 228-9 
gunpowder 248 
gunshot residues, cloching 8 
gunshor wounds 249-77 

air guns 271-2 
ammunition see ammunition; bullets 
carbon monoxide levels 250, 252, 267 
computed tomography (CT) 261 
contusions 270 
defence wounds 166 
exit 267-70 
external bleeding absent 225 
internal organs 270 
mechaniw 245-6,268 
radiology 3 1,276 
range of discharge estimation 270-1 
scars 102 
shock wave from missile 246 
suicidal 239,252,253,254, 255 
velocity of missile 246, 258, 268 
weapons 2 4 6 8  
see alro missile injuries; rifled weapons, wounds; shotgun 

wounds 
Gusrafson technique 105 

Haase's rule 448 
haematoidin 147 
haematoma 146 

heat 191, 192, 317,318, 319 
peri-orbital see black eye 
perirenal 510 
subcapsular liver 286, 340 

haematoxylin basic fuchsin-picric acid (HBFP) stain 500 
haematoxylin-eosin (H and E) autofluorescence 601 
haematoxylin-eosin (HE) staining 500 
haemodilmion, in drowning 40 1,404 
haemoglobin 57 

carbon monoxide saturation 563-4 
dating of bones 127 
degradation in bruises 145, 146 
glycosylated 546 

haemolysis, in subarachnoid haemorrhage 197 
haemopericardium 228, 229, 502 

blood sample collection 547 
dissecring aortic aneurysm 5 10 

haemoperitoneum, child abuse 463,475 
Haemophiltrr injhenzae 361, 5 1 5 
haemoptysis, sudden death from 5 16 
haemorrhage 339-40 

abdominal 230,232,233 
adrenal 349, 5 13 
autopsy in strangulation case 373 
behind oesophagus, hypostasis artefact 59, 150, 375 
brainstem 207, 214,339 
chest 2 2 4 5  
choking due to 361 
in coronary atherosclerosis 494-5 
delayed deaths due to 339-40 
drowning 404 
epidural see extradural (epidural) haernorrhage 
epiglottis 378 
infections, due to 340 
intracerebral see intracerebral haemorrhage 
intracranial see intracranial haernorrhage 
laryngeal, in manual strangulation 377, 378 
laryngeal fractures 378, 380 
mesenreric 230-1, 233 
perirenal 232, 510 . 
perivascular 4 18 
petechial see petechial haemorrhage 
post-mortem 225, 233, 340 
post-mortem artefacts 57, 59, 150, 375 
pulmonary 275,286,403 
Sheehan's 348 
spinal cord 2 16 
subarachnoid see subarachnoid haemorrhage 
subdural see subdural haemorrhage 
subendocardial 285,348-9, 590 
subintimal 494 
suprarend 232, 295, 349 
see also bleeding 

haernorrhagic diatheses 145, 354, 516 
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haemorrhagic shock, zonal lesions 499 
haemosiderin 147, 167, 168 

dating emboli/thrombi 342 
subarachnoid haemorrhage 197, 5 12 

haemostasis, failure 339-40 
haemothorax 224, 225, 258, 340 

blood sample collection 547 
source 224 

hair 
arsenical poisoning 59 1 

clubbed 251,262,315 
colour 

age determination 104 
identity establishment 99 

in copper deficiency 469 
DNA profile 99 

sample 604 
drugs of dependence 577 
effect on skull fractures 184 
loss, in thallium poisoning 592 
microscopic examination 99-100 
pubic see pubic hair 
pulled, in child abuse 4 7 4 5  
raciallethnic characteristics 99, 105 

scalp injuries and 174, 175, 176 
shaving 14 
singeing 315 

deaths from lightning 337 
shotgun wounds 251,253 
wounds from rifled weapons 262 

structure, identity establishment 99-100 
texture, in identification 105 
wetting 17 

hair follicles, rigor morris 61 
hallucinogens, deaths from 580 
halogenated hydrocarbons 597 
halothane 486 
handedness, determination 372 
handguns 248 
hands 

examination 12, 16 
sexual offences 423 

self-inflicted injuries 242 
sudden infant death syndrome 453 

hanging 383-9 
accidental 384, 389 
autoerotic procedures and 390,392 
autopsy appearances 387-8 
carotid arteries damage 388 
cervical spine damage 215,384, 385 
in children 385 
in custody 308, 384, 386 
decapitation 384 
homicide 389 
hypostasis, post-mortem 56, 387-8 
judicial 383-4 
knots 384, 385, 386 

laryngeal fracture 388 
marks 308, 381--2, 3 8 6 7  

position 387 
mechanism of death 388 
methods 3 8 4 6  
petechial haemorrhage 388 
serotonin from ligature mark 169 
signs 371 
suicidal 240, 384, 388 

head 
in air embolism 347, 435-6 
rotational trauma 200-4 
weight 187 

head injuries 1 7 4 2 2  1 

air-gun 271, 272 
in boxers 204 
cerebral oedema see cerebral oedema 
child abuse see child abuse 
closed 206 
deaths in custody 3 0 6 7  
examination at autopsy 14 
falls 1 8 1, 47 1 
infanticide 444-5 
intracranial see intracranial injuries 
nature of impact, and haemorrhages 198 
petechial haemorrhages 14 
post-morrem 176 
post-mortem heat injuries us 317, 318 
sexual offences 423 
shotgun wounds 258 
subarachnoid haemorrhage and 1 9 6 8  
survival period after 170 
vehicular accidents 283 

drivers 284 
motor cyclists 188 
pedestrians 294 

head-moulding, in childbirth 197 
heart 

air embolism 346, 347 
anatomy 223 
avulsion 228, 285 
in baiotrauma/dysbarism 490 
bruising, in vehicular accidents 285 
conducting system, sudden death due to 5 0 4 5  
in drowning 404 
in electrocution 327 
examination at autopsy 25-7 
incisions at autopsy 25 
injuries 226-8 

blunt 227 
cardiac ramponade 227, 228 
stab wounds 223,2267,229,238 
valves 229 

orientation 223 
'pendulum' effect 285 
petechiae 354 
putrefaction 66-7 
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rhythm disturbances see cardiac arrhythmias 
right, engorgement 356 
rigor morris 61 
rupture 502 
sudden infant death syndrome 454 
suicidal stab wounds 238 
weight 26, 505, 507, 509 

cardiomyopathies 507 
wounds, survival period after 170 
see alro entries beginning cardiac; lek ventricle; right ventricle 

heat 
convectionlradiation 3 14-1 5 
flexures 317 
generation, cutaneous electric marks 329-30 
injuries 312 

see alro burns; fire; scalds 
loss by body 79,  80-1, 81 

see alro cooling, post-mortem 
muscle stiffening 63 
radiant, injuries 312 
regulation, alcohol effect 553 

heat fractures, post-mortem artefacts 36 
heat haematoma 191, 192, 317,318,319 
hearing, inadequate, hypothermia and 416 
heating appliances, carbon monoxide poisoning 560, 561 
heavy metal poisoning 549, 585, 589-92 
height 

body 603 
estimation from skeletal remains 114-16 
identity establishment 103-4 
see alro length 

Heimlich manoeuvre, resuscitation artefacts 41 
helmets, cydistslmotorcyclists 290, 29 1 
Henry's law 488 
Henssgek nomogram 83, 84-5, 86 
hepatitis B, risk 4 ,  10-1 1, 544, 579 
herbicides, poisoning 566-7 
hermaphroditism 104 
hernia 5 16 
heroin 580 
hexylene glycol 589 
'hide-and-die' syndrome 4 18-1 9 
Higginson syringe 432,433 
high-velocity projectiles/missiles 246, 270 
high-voltage electrical burns 33 1 
hip, dislocation in falls 233 
Hippocratic facies 4 13-1 4 
histamine, in dating wounds 169 
histochemistry 498, 499, 500 

enzyme 498,501-2 
myocardial infarction 498-9, 500 
wounds 168-9 

histology 
asphyxia diagnosis 357 
cerebral hypoxia 2 12-1 3 
changes after wound infliction 167-8 
sample collection 30 

sudden infant death syndrome 455,456 
surgicallanaestheric-related deaths 483, 485, 486 

history of case, in autopsy 9-10,453 
'hit-and-run' accidents 8, 294, 296 
HIV, infectivity 11, 579 
HIV infection 

pre-autopsy test 10 
risk at autopsy 4,  10-1 1, 579 
risk in toxicology samples 544 
tuberculosis and sudden death in 5 16 

Home Office Pathologists 4 
homicide 

acute alcoholism 557 
air embolism in 346 
in bathrooms 400 
cyanide poisoning 585 
electrocution 334-6 
'faking' of vehicular accidents 297 
hanging 389 
injuries before immersion in water 398 
insulin poisoning 574-5 
ligature strangulation 379 
scalp lacerations 152 
second autopsy 3-4 
sexual offences 42 1,423, 424 
shotgun wounds 250,252 
slash wounds 155 
smothering 358 
stab wounds 155, IGO,  161, 163 
suicide us 235, 236, 238, 239 
vehicular 297 
see alro strangulation 

homosexual, anus in 427,429 
homosexual offences 428-9 
hospital, poisoning deaths 543 
housefly 77 
humane killers, weapons 2 7 2 4  
human immunodeficiency virus see HIV infection 
human rights abuse 301-1 1 

evidence of fatal abuse 301-5 
extrajudicial execution 305 
organizations 30 1 ,  302 
see alro custody, deaths in 

Human Tissue Acr 196 1 3 
humeral head, sexing from 112 
humerus 

sexing from 1 13 
stature estimation 117 

humidity, effect on cooling curve 81 
hunting accident, twelve-bore shotguns 259 
hyaline membrane 196 
hydrocarbons, halogenated 597 
hydrochloric acid 588 
hydrogen cyanide 586 
hydrogen peroxide 567 
hydrolysis, far 70,  7 1  
hydrostatic test 445-6, 447 
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hydroxyproline 127 
hygiene, examination at autopsy 12 
hymen 424,425 
hyoid bone 3 7 6 7 , 3 7 7  

fracture see larynx, fractures 
in manual strangulation 377 

hyperaemia, in rifled weapon wounds 260, 262 
hypercapnia, in solvent abuse 596 
hyperchromasia 500 
hyperextension injuries 2 14-1 5 
hyperflexion injuries 2 14-1 5, 284 
hyperkeratosis 414 
hyperpigmentation, human rights abuse 303 
hypersensitivity 

anaesthetics 485 
aspirin 571 

hypertension 
evidence 505-6 
intracerebral haemorrhage 207 

hypertensive heart disease 505-6 
hyperthermia 

effect on cooling curve 80 
malignant 485-6 

hypertrophic obstructive cardiomyopathy 506 
hypocalcaemia 588, 589 
hypoproteinaemia 414 
hypostasis, post-mortem 55-60, 333 

abdominal catastrophes us 5 17 
artefact, haemorrhage behind oesophagus 59, 150, 

375 
'asphyxia' confusion 57,58,356 
blotchy patches 55 
bruising vs 59-60 
cherry-pink, carbon monoxide poisoning 57, 321, 

562 
clotting of blood 58 
colour 57, 99, 562 
cyanide poisoning 57, 586 
distribution 56, 57 
electrocution 56, 333 
in hanging 56,387-8 
immersion deaths 396 
organs 18, 59 
petechial haemorrhage 355 
skin colour 99 
skin haemorrhages in 57 
sudden infant death syndrome 454 
testing 59-60 
timing/permanence 57-8, 58 

hypotension, in subendocardial haemorrhage 348 
hypothermia 10,414-1 8 

alcohol consumption and 553 
autopsy findings 4 1 6 1 8  

skin colour 416, 417 
biochemical markers 41 9 
blood pooling 4 17 
case history 10 

cyanosis 417 
death in hospital after 416 
effect on cooling curve 80, 81 
elderly 415, 4 1 6 1 7  
facelfacial appearance 4 16 
factors involved 4 15-1 6 
in 'hide-and-die' syndrome 4 18-1 9 
infants 415 
manifestations 416 . 
thrombosis 4 18 
vitreous glucose 90 

hypothyroidism, hypothermia in 41 5-16, 417 
hypovolaemic shock 499 
hypoxaemia, in drowning 402 
hypoxanthine 89 
hypoxia 352,353 

acute-on-chronic 455 
alcohol effect 552 
anaesthetic-related deaths 484, 486 
cerebral see cerebral hypoxia 
cerebral oedema and 212 
in coronary insufficiency 504 
episodic, myocardial fibrosis in epileptics 5 14 
oedema in asphyxia 356 
post-mortem diagnosis difficulty 357 
solvent abuse 596 
suffocation in airtight spaces 358 
total 53 
zee also 'asphyxia' 

identification 8-9, 98-135 
callus 124, 125 
characteristics used in 99-106 
coffin, exhumation 37, 38 
corpses/material requiring 98-9 
dentition used in see under dentistry, forensic 
DNA characteristics 105-6 
explosion deaths 2 7 6 7  
facial, after reconstruction from skull 128-9 
fatal abuse 302 
fingerprints see fingerprints, identity establishment 
general groupings and personal identity 98-9 
mass disasters, seriallpathology numbers 43 
ofmother 440 
need for, reasons 98 
non-skeletalized bodies 

age determination 104-5 
raciallethnic characteristics 105 
sex determination 104 
stature 103-4 

photosuperimposition techniques 128 
putrefied corpse 101, 102 
skeletal remains see skeletal remains 
tattoos 100-1 
see also age estimation; sex determination; stature 

iliac veins, blood samples 20 
imipramine 573 
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immersion deaths 3 9 5 4 1  1 
in bath 400,401 
cooling curve 81 
cyanosis 400 
death from natural causes before 397 
deaths from immersion 399-400 
decomposition of bodies 67-8, 396-7, 398-9 
estimation of duration 396-7 

I 
fingerprints 395, 396 

I 
hypostasis, post-mortem 396 
injuries before entering wacer 398 
injuries sustained in water 398-9 
low temperature 369,397,400 
maceration 395, 397,406 
mode of death 400 
natural death whilst in water 397-8 
position of body 399 
predator damage 396,397, 398 
reflex cardiac arrest 400, 403 
sandlmud in 396,404 
signs 395-6 
sudden immersion in cold water 400 
suicidal 239 
see also drowning 

immobility, venous thrombosis in 341, 520 
immunocytochemistry, axonal injury 2 10 
immunohist~chemistr~, myocardial infarction 502 
immunological methods, semen testing 428 
impedance 328 
incised wounds 137, 153-66 

cutslslashes 154-5 
lacerations us 150, 151, 177 
stabslpenerrating 155-66 

see also stab wounds 
industrial processes, carbon monoxide poisoning 561 
infant 

accidental hanging 389 
agelmaturity estimation 440, 443, 448-9 

from skeletal remains 1 17-18 
carbon monoxide poisoning 563 
decomposirion 44 1,442-3,446 
hypothermia 41 5 
live birth determination 440-1,443 
measurements 448-9 
neglect 412, 413,414, 417 
plastic bag suffocation 359 
sample collection 2 1 

separate existence 445-8 
skull flexibility 183 
smothering ('overlaying') see smochering 
sudden death see sudden infant death syndrome (SIDS) 
viability 440, 442 
vicreous humour chemistry 88 
see also children 

infanticide 439-50 
autopsy 442-5 
choking 443-4 

concealment of birch 440,441, 442 
death by act of omissionlcommission 441-2, 443, 

445 
decomposition of infant 441,442-3,446 
DNA fingerprinting/profiling 440 
drowning 445 
evidence of breathing 445-7 
functions of pathologist 440-2 
head injuries 4 4 4 5  
identification of mother 440 
infant maturity estimation 440,443, 448-9 
injuries 443 
investigations, pathologists role 440-2 
lavatory pan and 4 4 4 5  
'live birth' 440-1,442,443 
methods 443-5 
by omission to offer care 441-2,445 
respiration determination 445-8 
'separate existence' 440-1, 442, 443 

proof 445-8 
stillbirth determination 440-1 
strangulation 4 4 3 4  

infantile cortical hyperostosis 469 
infections 

after skull fractures 189 
airway obstruction 361 
burns 314 
chest 224-5 
delayed deaths due to 340 
haemorrhage due to 340 
in illegal aborcion 432, 43- 
medico-legal aspects 340 
post-traumatic 340 
risk at autopsy 4 ,  10-1 1, 579 
skin, in neglectlstanrarion 414 
see also HW infeccion 

infinite cylinder model 79,  83 
inflammatory response after injuries 170 
infrared monitoring, temperature 82 
infusion accidents 482 
inhumation 36-7 
insecticides, poisoning 567-8 
insects 

infestation of putrefied corpse 39 
larval length 77 
life histories 76 ,  77 
post-mortem damage 74-5, 75,  76 
sample collecdon 78 
types and succession 76 
see also entomology 

insufflation of air, abortion 432-3,435 
insulin 546, 574-5 
insurance, traumaldisease relationship 5 19 
intercostal muscles 224-5 
internal examination at autopsy 

abdominal organ removal 2 1-2 
body cavity exposure 17 
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internal examination at auropsy (contd.) 

body fluids see body secretions; sample collection 
dissection techniques 16-23 
equipment 18 
incisions 16-17 
neck structures removal 21 
pelvic organs removal 22 
report 34-5 
thorax 17-18,21 
see also specific anatomical regiondorgans 

International Death Certificate 10 
interpol document, mass disasters 44 
'Interruptin' 434 
inrersex 104 
interstitial fibrosis 507-8 
interventricular septum, rupture 227, 228 
intestine 

child abuse injuries 472 
contents, sample collection 549 
examination at autopsy 28 
injuries 230-1, 231, 233 
obstruction, narcotics causing 233 
removal at autopsy 21 
rupture 233 
strangulated 5 16 
see also colon; gastrointestinal tract 

intracerebral haemorrhage 207, 5 13, 5 14 
cocaine addicts 582 
traumatic 207 

inrracranial haemorrhage 5 17 
in child abuse 192, 193,464, 469-70 

intracranial injuries 189-21 5 
child abuse 193,466, 469-71,476 
subendocardial haemorrhage in 348 
see a h  individual injuries 

intracranial pressure, raised 21 1, 212, 213-14,473 
intrap~lmonar~ haemorrhage 403 
intrauterine infection 433-4 
incubation 481 
iris, changes after death 61, 99 
iron works, carbon monoxide poisoning 561 
ischaemia 52,496, 506 
ischaemic hearr disease 493, 505-6 

see also aortic valve disease; coronary atherosclerosis 
ischio-pubic index 11 1 

jaw 
edenrulous 535 
fractures 178 
see also mandible; maxilla 

jejunum, injuries, in child abuse 472 
joint splits, ante-mortem injuries 7 
joule burn 329 
judicial hanging 383-4 
jugular veins 

blood samples 20, 548 
cut 236-7 

jugular venous compression 368, 369 
jumping from heights, suicide 154, 240 

Kastel-Meyer rest 127 
keloid formation 304, 3 15 
Kernohan's notch 2 14 
kerosene heaters 561 
kicking injuries 149 

abdominal 230 
bruiseslabrasions 149 
facial 178-9 
kidneys 232 
lacerations 153 

kidney 
in ethylene glycol poisoning 589 
examination at auropsy 27-8 
failure, after trauma 345 
injuries 232 
paraquat poisoning 566 
sample collection 550 

kinetic energy transfer 137, 245, 246 
kinky hair syndrome 469 
'knee-capping' 305 
knife 

blade type 157-8 
dimensions from stab wound 157 
examination and measurements 15 5-6 
movement within wounds ('rocking') 156, 158-9, 161 
penetration of skin 162-3 ' 

serrated edge 158 
stab wounds by 156 

see also stab wounds 
taper of blade 158 

knife wounds 155, 156 
defence 165-6, 167 
'dentele' toothed incision 236 
scars from 102 
slashed 154-5, 155 
suicidal 236-9 
'tentative incisions' 236, 237, 238 
see also stab wounds 

kwashiorkor 414 

labelsltags, body identification 8 
laboratory toxicology see toxicology 
lacerations 137, 150-3 

cerebral 206-7 
firearm wounds 270 
incised wounds vs 150, 151, 177 
lung 226 
patterned 152-3, 1767 ,294 ,  295 
'sandwich effect' 15 1 
scalp 151, 152, 175, 176-7 
stellaie 176 
types of impact causing 15 1-2 
vehicular accidents 284 

lactic acid 62 
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'ladder tears,' aorta 21, 228, 285 
Laminaria digitak 433 
lanugo 448 
larder beetles 78 
laryngeal spasm 400,403 
larynx 

blockage 362 
bruising around, in manual strangulation 372 
compression 368 
cornuae (horns) 3 7 6 7 ,  377 
forensic anatomy 376, 377 
fractures of horns 

ante-mortem, proof 378 
autopsy damage causing 377 
bleeding 378, 380 
causes 378 
in hanging 388 
ligature strangulation 378, 382 
manual strangulation 377 
post-mortem 377 
significance 377 

haemorrhages 378 
manual strangulation 377, 378 
mucosal 375 

injuries 
ligature strangulation 382 
manual strangulation 3 7 6 7  

spurious bleeding behind 59, 150,375 
thermal damage in fires 320 

lavatory, infanticide 444-5 
laxatives, illegal abortions 433 
LD50 542 
lead poisoning 434 
lead shot (pellets) 246, 255, 256, 258, 259 
left circumflex artery 495 
left coronary artery 495 
left ventricle 

aortic stenosis 506-7 
in arsenical poisoning 590 
hypertrophy 61, 504, 505 
stab wounds 227 
wounds 170 

1% 
injuries in pedal cycle accidents 291 
injuries in vehicular accidents 

drivers 283,284 
motorcyclists 290 
pedestrians 293-4, 295 

see alro limbs 
Lendrum's stain 602 
length 

assessment 1 1-12, 103-4 
see also height 

Letulle's method, examination of viscera at autopsy 
leucocytes 

air embolism 348 
dating embolilthrombi 342 

dating of wounds 167-8, 170, 171 
sex differences 104 

level crossings, injuries 297 
life-support machines 53 
ligamenturn arteriosum 228 
ligature strangulation see strangulation, ligature 
lightning, deaths from 336-7 
limbs 

bruising, in child abuse 462 
diameter, in neglect/starvation 4 13 
fractures see fractures 
length after death 239 
see aho leg 

lips 
auropsy findings in sexual offences 42 1 
bruiseslbruising 150 
in child abuse 178,473 
frenulum of, rupture/tearing 178,473 
injuries 178 
pressure marks 360 
prints 101-2 

liver 
alcohol detoxification 554 
central/parakl tears 286, 287 
in chronic alcoholism 557-8 
cirrhosis 558 
fatty changes 557-8 
injuries in child abuse 232, 472 
necrosis, halothane association 486 
paracetamol poisoning 572-3 
paraquat poisoning 566 
rupture 231-2,232, 286 
sample collection 545, 550 
in solvent abuse 596 
subcapsular haernatoma 286,340 
temperature 82 
vehicular injuries 231, 232, 286, 287 

lividity see hypostasis, post-mortem 
'love-bites' 146, 421-2,474, 528, 530 
'lucid interval' 343 
lumbar puncture 548 

lung(s) 
autopsy, examination 24 
in barotraumaldysbarism 489,490 
diatoms in 406 
in drowning 402-3,404,405 
'dry-oedema,' in adult respiratory distress syndrome 345 
fat in 343-4 
fetal, maturation 447-8 
formalin inflation 24-5 

in cocaine addicts 582 
haemorrhage see pulmonary haernorrhage 
hypostasis 59 
injuries 226 

bruising 226 
deceleration 226 
penetrating 226 
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lung(s) (contd.) 
injuries (contd.) 

'pincer contusions'/lacerarions 226 
vehicular accidents 285-6 

newborn 447-8 
overinflation 403, 404 
paraquat poisoning 5 6 6 7  
post-mortem aeration in newborn 447 , 

sample collection, for volatile substances 549, 
598 

stillbirth 4 4 6 7  
sudden death in asthma 5 15 
surgicallanaesthetic-related deaths 486 
thermal damage 320 
weight 403 
see also entries beginning pulmonary, respiratory 

L u o l  Fast Blue stain 2 13 
lynching 384 
lysergic acid diethylamide (LSD) 580 
lysol 587, 588 

maceration 64, 442-3 
immersion deaths 395, 397,406 

macrophage 168,405-6 
maggot infestation 65, 66, 74-5,77 

see also animal predation 
magnesium 404-5 
magnetic resonance imaging (MRI) 31, 161 
malar flush 416,417 
malate dehydrogenase 502 
malathion 567, 568 
malic acid dehydrogenase (MDH) 600 
mandible 

fractures 178 
race determination from skeletal remains 122 
removal/examination 536 
sex determination 108, 109-10 

marasmus 413 
marbling 65 
Marfan's syndrome 5 10 
marine m red at ion 68,75-6, 396, 398, 399 

see also animal predation 
Marrius scarlet blue (MSB) stain 601 
masks, in sexual asphyxia 391 
masochistic practices 389-92 

see also sexual asphyxia 
Mass Casualty Plan 42 
mass disasters 

autopsy 44 
forward planning 4 1-2 
identity establishment 

from dentition 532-3 
frontal sinus comparison 124-5 

interpol document 44 
mortuary, facilities 42, 43 
necessities in planning 42-3 
pathologist's role 41-4 

pathology investigations 42-3 
retrieval of bodies 43-4 
Royal College of Pathologists guidelines 44 
temporary mortuaries 43 
toxicology samples 44 

mastoid process, sex determination 109 
masturbation 39 1 
maternal deaths see abortion; pregnancy 
maxilla 

fractures 178 
kicking injuries 149 
removallexamination 5 3 6 7  

MDMA (methylenedi~x~methamphetamine) 581 
meals, post-mortem interval estimation and 85, 87-8 
mechanical forces, wounding 1 3 6 7  
medical records, poisoning deaths 543 
medico-legal aspects 

air embolism 1146 
aspiration of gastric contents 596 
brain death 53 
child abuse 471 
extradural (epidural) haemorrhage 19 1-2, 198 
infections 340 
myocardial infarction 496, 5 18-19 
neglectlstarvation 414 
pressure on neck 370 
pulmonary embolism 340,34 1-2,520 
sexual asphyxia 39 1-2 
solvent abuse 596 
subarachnoid haemorrhage and berry aneurysm 198-9, 

5 19-20 
sudden infant death syndrome (SIDS) 4 5 6 7  
surgerylanaesthesia-related deaths 482, 483 
trauma and disease relationship 5 17-1 8 

medico-legal autopsy see autopsy, medico-legal 
medionecrosis 5 10 
meningeal haemorrhage 188, 190-2, 197 
meninges see brain membranes 
meningococcal septicaemia 349 
Menke's syndrome 469 
mentally disordered persons, self-inflicted injuries 240 
mercuric chloride 546 
mercy killings 346, 359 
mescaline 580 
mesentery 

haemorrhage 230-1,233 
infarction 5 16 
injuries in vehicular accidents 286, 289 
lacerationslinjuries 230-1, 23 1 
rupture 289 
thrombosis 5 16 

metallic ions, in electrical marks 332-3, 335 
metallic poisons 559-94 

see also arsenical poisoning 
metaphysis, avulsion/lesions 466,467 
methadone, misuse 580 
methaemoglobinaemia 57 
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methylamphetamine sulphare 58 1 

methyl chloride 597 
methylene chloride 597 
methylenedioxymethamphetamine (MDMA) 581 
meropic suture 12 1 
microbiological culture, autopsy samples 20 
microbiology samples 20,45-6 

collection at autopsy 29 
contamination at autopsy 29 
see also sample collection 

microvacuo~ation 2 13 
microwave thermography 82,83 
middle meningeal artery, in haemorrhages 190, 192 
miliary plaques 67 
military weapons 248 
minerals, diatomaceous materials in 408 
miners, identity establishment 103 
minisatellite DNA regions 106 
missile injuries 

in explosions 275-6 
mechanics 245-6, 268 
trajectory of missile 245-6 
velocity of missile 246, 258, 268 
see also firearms; gunshot wounds 

mitral stenosis 507 
molluscs 396 
Mond method 561 
Mongoloid races 122, 123, 533, 534 
morphine 548, 578-80 

autopsy appearances of addicts 578-9 
bloodIrissue levels 580 
sudden death 578 

mortuary, mass disasters 
facilities 42, 43 
temporary 43 

motorcycles, modern safety features 290 
motorcyclists, injuries 290-1 
'motor cyclist's fracture' 185, 188, 290 
motor vehicle accidents see vehicular injuries 
motor vehicles 

carbon monoxide sources 560 
see also vehicles 

mottling, in hypostasis 59 
mould formation, mummified corpse. 72,  73  
mouth 

autopsy findings in sexual offences 421 
blood from, post-mortem arrefacts 12, 15, 36 
child abuse 473 
examinarion at autopsy 13, 15 
injuries 178, 473 
paraquat poisoning 566, 567 
shotgun wounds 267 

rnucoid medial degeneration 5 10 
mucosal ecchymoses, in aspirin poisoning 571, 572 
mucus formation, in arsenical poisoning 591 
mud, on body, in immersion deaths 396 
'mugging' 353, 383 

mummification 64, 72-3 
adipocere with 72 
artificial 7 2  
factors affecting 7 2  
injury preservation 7 3  
timing 7 3  

Munchausen syndrome 241,243 
Munchausen syndrome by proxy 243 
muscle 

cadaveric spasm 62-3 
contractures, burns 316 
damage, renal failure after 345 
electricity efFects on 328-9 
flaccidity as sign of death 53, 60 
heatlcold stiffening 63 
rigor mortis 60, 61 
sample collection 550 
shortening, rigor mortis 62, 1 0 3 4  
spasm, electric current effect 328-9 

mutilated corpses 31,99 
mutilation, in sexual offences 423 
mycotic aneurysms 5 1 1 
myelomalacia 2 16 
myocardial failure, in drowning 40 1 
myocardial fibres, in electrical fatalities 333 
myocardial fibrosis 497, 503, 504, 509 

cause of death 503-4 
diffuse 503 
in epilepsy 5 14 

myocardial infarction 493,495-502 
ageldating 496-7 
arheromalrhrornbosis causing 495-6 
autopsy diagnosis 496-7 
cause of death 503-4 
complicarions 502-3 

aneurysms 503 
mural thrombosis 502-3 
myocardial fibrosis 503 
pericarditis 503 
ruptured heartltamponade 502 

enzyme hisrochemistry 498, 501-2 
fluorescent methods 500-1 
histochemical methods 498-9, 500 
immunohisrochemical methods 502 
incidence 495 
laminar 496,497 
macroscopic appearanceslstages 496-7 
medico-legal aspects 496, 5 18-1 9 
microscopic appearances 497-502 

morphological changes 497-9 
nuclei loss 500 
regionallfocal 496 
stages 497 
topography 496 
transmural 497 
transportation injuries 496, 498 
rraumalexerrion relationship 5 18-19 
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myocardial infarction (contd.) 
types 496 
see alro coronary atherosclerosis 

myocardial ischaemia 496,506 
myocardial necrosis 496, 563 
myocarditis 508-9 

chronic alcoholism 558 
solvent abuse 596 

myocardium 
blood supply 505-6 
contraction bands 498-9 
discoloration, post-mortem artefacts 36 
examination at autopsy 27 
fat embolism 344 
fatty degeneration 499 
fragmentation of fibres 499 
hypertrophic obstructive cardiomyopathy 507 
hypostasis 59 
senile 509 
staining 498,499, 500, 600-1 
waviness of fibres 499 

myocytes 499 
nuclei 509 

myofibrillar degeneration 498 
myosin 62 
myxoedema 415-16,417 
myxoma 5 1 1 

nails see fingernail 
narcotic drugs, deaths from 577-84 

autopsy appearances 578-9 
idiosyncratic sensitivityltolerance 579 
mode of death 579 
toxicology 579-80 

narcotics, body-packing 233 
nasal aperrurelbones, in sex determination 109 
nazi concentration camps 413 
,neck 

abrasions, manual strangulation 372-3 
bruising 

child abuse 463 
ligature strangulation 382 
manual strangulation 371-2, 373, 374 

constriction, cyanosis 356 
dissection, manual strangulation 375, 377 
examination at autopsy 21, 24 
fatal pressure on 368-94 

cyanosis 368 
durarion effect 370-1 
medico-legal aspects 370 
petechial haemorrhage 371 
see alro hanging; strangulation 

fatal pressure on, mechanism of death 368-71 
airway occlusion 368, 369 
carotid artery compression 369 
combinedlduration 370-1 
nerve effects 369-70 

reflex cardiac arrest 369-70, 370-1 
haemorrhage, manual strangulation 378 
injury to side of; vertebral artery trauma 201, 202 
post-mortem arrefacts 59, 150, 375, 377 
putrefaction 65 
rotational trauma 200-4 
self-inflicted injury 242 
suicidal stab wounds 238 

neck-holds, deaths in custody 306 
necropsy see autopsy 
negative autopsy see autopsy, medico-legal, obscure 
neglect 4 12-14 

children 412,417 
elderly 4 12 
general features 412-14 
infants 412,413, 414,417 
medico-legal problems 4 14 

negligence, medical 483 
surgical procedures, deaths associated 481 

Negroid features 534 
nerves, pressure on neck and 369-70 
Netherlands, sudden infant death syndrome prevention 452 
neurological lesions, carbon monoxide, poisoning 563 
neuronal injury, diffuse 209-10,470 
neurones, in cerebral hypoxia 213 
Newton's Law of Cooling 79 
nickel production, carbon monoxide poisoning 561 
nipples, bite marks 528, 529, 530 
Nissl granules 2 13 
nitrazepam 573 
nitric acid 322, 588 
nitrocellulose 248 
nitrogen, dating of bones 127 
nitrogen narcosis 488 
nitrostigmine (parathion) 567, 568 
non-accidental injury in childhood see child abuse 
nortriptyline 573 
nose 

bleeding 178 
blood from, posi-mortem artefacts 12, 15, 36 
fracture of bridge 178 

nuclear chromatin, in sex determination 104 
nylon bags, for samples 545, 549, 586, 598 

obscure autopsy see u n h  autopsy, medico-legal 
obscure syndrome 45 
obstetric catastrophes, subendocardial haemorrhage 348 
obturator foramen 11 1 
occipital bone, 'ring fracture' 181, 185, 214, 283, 290 
occupational stigmata, identity establishment 103 
odontogram 536 
odontologists, forensic 527 
odontology, forensic see dentistry, forensic 
oedema 

in 'asphyxia' 356 
in hyporhermia 4 17 
myocardial 500 
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post-mortem dependent 56 
see also cerebral oedema; pulmonary oedema 

oesophagus 
artefactual haemorrhage behind 59, 150, 375 
'banding' 375 
carcinoma 5 16 
corrosive acidslalMis effect 587, 588 
cyanide poisoning 586 
incubation 481 
soot inhalation 323 
varices 5 16 

Ohm's law 327,328 
Oil Red-0 343,344 
oleoresin capsicum (OC) 306 
omentum, injuries 286 
opioids 578-80 
organic solvents see solvent abuse 
organophosphorus pesticides, poisoning 567-8 
organs 

atrophy, in neglectlstarvation 414 
examination at autopsy 23-8 
firearm damage 270 
hypostasis 59 
position in stab wounds 159 . 
putrefaction 6 6 7  

ossification centres 117, 118, 119, 121 
fetal maruriry estimation 444, 445 
time of appearance (table) 1 19 

osteogenesis irnperfecta 468-9 
osteometric board 117 
osteoporosis 180 
oxalate salts, deaths from 588-9 
oxalic acid, deaths from 588-9 

oxygen 
blood content 353 
deprivation 352, 357-8 

0xygen:nitrogen ratio 489 
o~~haemoglobin 356, 396, 586 

pachymeninges 189 
pancreas, post-mortem artefacts 36 
~ancreatitis, acute, in hypothermia 418 
papillary muscles, myocardial infarction 497 
paracetarnol poisoning 572-3 
paradoxical respiration 223 
paraffin heaters 56 1 
paraquat poisoning 345, 566-7 
parathion 567, 568 
paroxysmal nocturnal dyspnoea 505 
paternity testing 106 
pathologists 2 

fingerprints 1 0 1 
infanticide investigations 440-2 
sudden death examination 492 
surgical procedure-related deaths 480 

patient's notes 48 1-2 
parterned abrasions see abrasions, patrerned 

patterned electric marks 332, 336 
patterned lacerations 152-3, 1 7 6 7 ,  294, 295 
PCP (phencyclidine) 580 
Pearson and Bell's table, 'mathematical sexing of femur' 112 
Pearson's table, stature calculation 116 
pedal cyclists, injuries 29 1 
pedestrians 

druglalcohol intoxication 296 
injuries 291-5 

children 292-3 
primary/secondary/tertiary 291 
scooping-up 291,292 
sequence of events 29 1-2, 292 
speed of' impact 293 
types 293-4 

pelvic 'indices' 11 1 
pelvic organs, removal at autopsy 22, 436 
pelvis 

fractures 233 
injuries 233, 294 
race determination from skeletal remains 122 
sex differen tiation 1 1 1-1 2 

penetrating injuries 155-66 
penis, in putrefaction 65 
penknife, wounds 226, 229 
peppering, in explosions 275 
pepper spray, injury 306 
peptic ulcer, perforated 5 17 
peribronchiolar cell infiltration 455 
pericardial sac, bleeding into 228 
pericarditis 503 
pericardium, examination in air embolism 347 
pericranium 175 
periodic acid-Schiff (PAS) stain 600 
periosteum 

blood and calcification under 466 
dating of bones 126 
shearing, in child abuse 466 

~erirenal haemorrhagelhaematoma 232, 5 10 
peritoneal caviry, bleeding into 230 
peritonitis 233, 517 

chemical 433 
perivascular haemorrhage, in hypothermia 418 
Perl's reaction 167, 197 
persistent vegetative state 53 
personal defence spray, injury 305-6 
personal identity, from skeletal remains 123-5 
pesticides, organophosphorus 567-8 
petechial haemorrhage 144 

'asphyxia' 354-6, 364 
as unreliable indicator 355 

barotraumaldysbarism 490 
causes 354 
distribution 354 
drowning 403 
electric fatalities 333 
facial appearance 354, 355, 356 
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petechial haemorrhage (contd.) 
fatal pressure on neck 371 
fat embolism 344 
in hanging 388 
head injuries 14 
love bites 528, 530 
lungs, examination 24 
post-mortem artefacts 36 
posture affecting 355 
scleralleye 354 
significance 355-6 
strangulation 354, 382-3 
subpleural 355,403 
sudden infant death syndrome 454,456-7 
traumatic 'asphyxia' 364 

pethidine, bloodlrissue levels 580 
petrol 560 
pets, post-mortem damage 76 
Pfitner's table, bodily dimensions 108 
pharynx, thermal damage 320 
phencyclidine 580 
phenols 588 

deaths from 587-8 
phenothiazines, poisoning 573 
phloxine-tartrazine stain 602 
phosgene, in fumes from fires 322 
phosphotungsric acid-haematoxylin stain (PTAH) 342,499 
photography 

at autopsy 13, 15, 32-3 
bice marks 528, 530-1, 532 
cameras 32-3 
child abuse 476 
exhumation 37 
film type 32 
identification by dentition 537 
illumination 32, 530-1 
scene of death 6 

composirion 33 
photosuperimposition techniques 128 
physical abuse 

in custody see custody, deaths in 
fatal, evidence 301-5 
see alro child abuse 

physical activity 
cadaveric spasm and 63 
sudden death and 5 I 9 
timing of rigor mortis 60-1 

physique, hypothermia relationship 41 5 
pial veins 347 
pia mater 189 
piercing, infanticide 444 
pigmentation, mottled, in heat injury 303, 304 
pistols, injuries 271-2 
placenta, examination in infanticide 443 
plastic bag 

sexual asphyxia 390, 391, 596 
suffocation 359-60, 596 

plastic bullets 274 
plastic containers, for samples 545 
plastic polymers, fumes from fires 322 
platelets 342, 346 
platysrna muscle, bruising 373 
pleural adhesions 21, 225,226 
pneumoconiosis, formalin inflation of lungs 24-5 
pneumonia, paraquat poisoning us 567 
pneumothorax 223,225-6 

autopsy 18, 31 
barorraumaldysbarism 489, 490 
causes 225 
natural/unexpected deaths 226 
resuscitation artefacts 41 
'sucking wound' 225 
tension 225 
rypes 225 

poisoning 541-5 1 
agrochemicals 566-9 
antimony 59 1 
arsenic see arsenicd poisoning 
autopsy 543 
corrosive acidslalkalis and phenols 587-8 
cyanide 585-7 
detection of poisonlchemical 543 
drugs of dependence 577 
ethylene glycol 589 
exhumation 38-9 
fatal concentrations, variations 542-3 
fatal dose concept 541-2 
hallucinogenic drugs 577-84 
hospital deaths 543 
medicines 8, 543, 570-6 

autopsy appearances 570-1 
autopsy dificulties 570-1 
laboratory test results 571 
mode of death 571 
see alro speczfic dmgs/medicines 

metals 589-92 
narcoric drugs 577-84 
organophosphorus pesticides 567-8 
oxalic acid and oxalate salts 588-9 
paraquat 566-7 
ricin injection 550 
sample collection see sample collection 
samples, 'exhibit labels'/'exhibits officer' 544 
subendocardial haemorrhage in 348 
thallium 591-2 

polaroid cameras, use at autopsy 32 
police 

autopsy request 3 
bice marks on 528 

police cells, suicide in 308 
police surgeons 42 1 - 
politics, human rights abuse and 301 
polyarteritis nodosa 5 1 1 
polymerase chain reaction (PCR) 428 
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polymorphonuclear leucocytes, infiltration 168, 170 
polyps, sudden death from 516 
pontine haemorrhage 5 17 
post-concussion state 209 
post-mortem artefacts 36 

abrasions 139, 143, 149-50 
aortic tears 285 
bleeding behind larynx 59, 150, 375 
blisterslbloatingldiscoloration 36 
blood from mouth/nostrils 12, 15, 36 
bruiseslbruising 13, 36, 149-50 
burns 331-2 
defibrillators 12, 36, 41 
epidural haemorrhage us 192 
gastromalacia 36 
haemorrhage 57,59, 150,375 
haemorrhage patches 36 
myocardium discoloration 36 
neck, haemorrhage 59, 150,375,377 
pancreas 36 
petechiae 36 
petechial haemorrhage 36 
putrefied corpse 36,65 
resuscitation see resuscitation artefacts 

post-mortem bleeding 225,233,340 
post-mortem blood clots 341 
post-mortem changes 56-63 

burns 317 
hypostasis 56-40 
immersion deaths 67-8, 396-7, 398-9 
surgeqdanaesthesia-related deaths 480 
toxicological 545-6, 547 
see also decomposition; hypostasis, post-mortem; 

rigor morris 
cooling'see cooling, post-morrem 

post-morrem dependent oedema 56 
post-mortem examination see autopsy 
post-mortem hypostasis see hyposrasis, post-mortem 
post-morrem interval 

cerebral hypoxia diagnosis 2 13 
entomology and 76 

see also entomology 
estimation 78-90 

body coohg/temperature 7, 79-83 
gastric emptying 83, 85, 87-8 
multiple site temperatures 83 
post-mortem chemistry 89-90 
rectal temperature 8 1-2 
retinal changes 54 
at scene of death 6 7  
'temperature ratio' concept 83 
thermometry 82-4,83 
vitreous humour chemistry 88-9, 89-90 
see aho cooling, post-mortem; rectal temperature 

hypostasis relationship 57 
rigor mortis and 60, 61 
'spot-check' for 6 1 

post-mortem overspill 363 
postural asphyxia 355, 365 
posture 

drunken prisoners 307 
effect on cooling curve 80-1 
petechial haemorrhages and 355 
sudden infant death syndrome 453 

potassium 88, 89 
release in drowning 401 

potassium cyanide 585, 586 
potassium fluoride 545, 546 
potassium permanganate 434 
pre-auricular sulcus 11 1 
precipitation (jumping from height) 240 
predators, post-mortem damage ree animal predation; 

insects 
pregnancy 65 

deaths associated 431-8, 5 17 
see aLo abortion 

ectopic 436 
evidence from skeleton 114 
legal termination 43 1, 432 
seatbelt problems 289 

premeditation, excessive 484 
pressure, adverse effects 488-91 
pressure marks 359, 360 
pressure sores 4 14 
Prinsloo and Gordon artefact 59, 150, 375 
procurator fiscal 3 
propane 561,595 
propeller-induced injuries 399 
properry, personal 8 

mass disasters 43-4 
see also clothing 

propylene 589 
prostaglandins, illegal abortions 434 
protein 

ante-mortem us post-mortem burns 3 17 
dating of bones 127 
identification of bone fragments 108 

pubic bone, sex differentiation 11 1 
pubic hair 104 

examination in sexual offences 423 
'pubic scars' 114 
pubic symphysis, age estimation 118-20 
'Pugilistic' attitude 63, 316, 321 
pulmonary artery, injuries 228-9 
pulmonary barotraurna 489 
pulmonary damage, explosions 275 
pulmonary embolism 24,340-3,5 13, 520 

after legal termination of pregnancy 432 
after surgery 483, 520 
appearances 341-2 
dating 342-3, 520 
medico-legal aspects 340, 341-2, 520 
post-mortem blood clot us 341 
predisposing factors 341, 520 
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pulmonary embolism (contd.) 

rare causes 5 13 
sources of embolus 341, 520 
sudden death, deep vein thrombosis 513-14, 520 
traumaldisease interaction 340-1, 341, 520 

pulmonary fat embolism 343 
pulmonary granuloma 577 
pulmonary haemorrhage 275,286 

drowning 403 
vehicular accidents 286 

pulmonary inflammation 455 
pulmonary ligament 226 
pulmonary oedema 343,356,455 

carbon monoxide poisoning 562 
deaths from corrosives 587 
drowning 402-3 
hypertensive heart disease 505 
hypothermia 41 8 
morphine addicts 578-9 

pulmonary thromboembolism 5 13-14,520 
pulmonary tuberculosis, sudden death 5 16 
pulsation, absence 352 
'punch-drunk' syndrome 204 
punching, in child abuse 472 
puncture mark, autopsy resuscitation artefacts 40-1 
puncture wounds 153 
pupils 

'cadaveric position' 54 
morphine administration effect 579 
sign of death 54 

Puppe's rule 266 
purging of body fluids 36,65 
Purkinje cells, sudden death in epilepsy 5 14-15 
putrefaction 6 4 9  

bacteria 6 4 5 ,  68 
blisters 64, 65 
definition 64 
facial bloating 65 
fingernail 65 
gas formation 64,65,435 
inhibition by adipocere formation 71 
internal organs 66-7 
purging due to 36, 65 
sequence of changes 64-7 
timing 64,67,69 

temperature effect 64, 67,68 
see also decomposition 

putrefied corpse 
bruising, glycophorin A detection 40 
externallinternal examination 39-40 
fingerprints 39, 102 
identification 39, 101, 102 
insect infestation 39 
post-mortem artefacts 36, 65 
sex determination 104 

pyloric spasm 553 
pyogenic infections, in cocaine addicts 582 

quinine, illegal abortions 434 
quinsy 515 

race 11 
determination 

dentistry, forensic 105, 5 3 3 4  
from skeletal remains 122-3 

identity establishment 105 
sex determination 108, 110 
skull features 1 LO, 122, 123 
subdural haemorrhage in child abuse 470-1 
see also ethnic characteristics 

radiation, burns 3 14-1 5 
radiocarbon test 127-8 
radiographylradi~log~ 

age estimation in skeletal remains 117, 121 
air gun injuries 272 
ante-mortem, identity establishment 125 
in barotrauma 3 1 
bullet wounds 266 
child abuse 32,476 
gunshot/explosion deaths 31, 276 
identification by dentition 537 
identification in explosion deaths 2 7 6 7  
mass disasters 44 
medico-legal autopsy 32 
mutilated remains 3 1 
neck, in manual strangulation 373-4 
pneumothorax 31 
vertebral artery trauma 203 

radiostrontium 128 
radius, in stature estimation 117 
railway injuries 297-8 
Rambo knife 143, 155 
rape 

anal 427,428,429 
children 425-6,427,429 
crime scene 5 
deaths associated 421 
evidence 425-6 
genital injuries 424 
see also sexual offences, deaths associated 

rats, post-mortem damage 75 
razors, stablincised wounds 163 
rectal temperature 

cooling curve 79-80 
in hypothermia 416 
measurement methods and controversy on 

81-2 
post-mortem interval estimation 81-2 

Henssge's nomogram 83, 8 4 5 ,  86 
at scene of death 7,  8 1-2 
'temperature ratio' concept 83, 87 

rectum 
foreign bodies 426 
rupture 231 

'red flare' 3 17 
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reflex cardiac arrest see cardiac arrest, reflex 
refrigeration, infectivity effect 1 1 

'refrigerator effect' 596 
relatives 

attendance at autopsy 3 
information on autopsy 3 

renal failure, after trauma 345 
report, autopsy see autopsy, medico-legal, report 
respiration 

cessation as sign of death 55 
changes in lung in infants 446-7 
chest wall injuries and 223 
evidence in newborn 445-8 
obstruction, foreign bodies 5 15 

'respirator lung' 345 
respiratory arrest, in electrical fatalities 328 
respiratory infections 454,456 
respiratory insufficiency, in fat embolism 343 
respiratory paralysis, in electrocution 327 
resuscitation artefacts 36, 40-1, 224, 353 

P-adrenergic catecholamines 4 1, 353 
airway darnage 41 
bruising chestlheartlface 40 
categories of damage 40-1 
defibrillators 12, 36, 41 
gastric contents 4 1 
haernorrhages 40,4 1 

Heimlich manoeuvre 41 
pneumothorax 41 
puncture marks 40-1 
see also cardiopulmonary resuscitation (CPR) 

rete pegs 168 
retina 

child abuse 472-3 
sign of death 54 

retinal haemorrhages 4 1,472-3 
retinal vessels, 'trucking' 54-5 
retraction ballslglobes 2 10 
retrograde amnesia 209-10 
retropharyngeal abscess, rupture 5 15 
revolvers 247, 248 

see also rifled weapons, wounds 
rheumatic valve disease 506, 507 
'Rhyl mummy' 72 
rib fractures 223-4 

callus formation 467,468 
child abuse 224,467-8 
pneumothorax 223 
respiration affected 223 
'string of beads' 467 
vehicular accidents 285, 290 

ricin 550 
rifled weapons 248 

ammunition 248 
barrel length 263 
muzzle velociry 268 
test firing 263, 270 

rifled weapons, wounds 258-67 
abrasion collar 263-4, 268-9 
blowback into barrel ('back spatter') 261 
in bone 266,267,270 
burninglblackening 259,262 
dose-range 261-2 
contact 258-60 
direction of discharge 265-6,268 
entrance wounds 262,264,265,266,267 
exit wounds 260, 262,263, 268-9 
extreme trajectory 265 
fouling 263 
gas rebound 263 
grease ring ('ring of dirt') 264-5 
hyperaemia around 260, 262 
mechanics 245-6 
medium-distance 263 
muzzle gases 259 
muzzle imprint 260 
posture affecting 266 
powder tattooing 262-3 
range of discharge estimation 263, 270-1 
rust stains 260, 261 
shelving/undercutting 265 
sootlsmoke soiling 262-3 
stellate 268 
suicidal 259, 261 

tangentiallglancing 269 
'through-and-through' 268 
unburnt explosive/filler on skin 263 

rifles 247, 248 
right coronary artery 495 
right ventricle 

hypertrophy 25 
stab wounds 226 

rigidity, cadaveric see rigor mortis 
rigor mortis 60-3 

biochemistry 6 1-2 
'breaking1 62 
charting teeth and 536 
duration 60 
electrical fatalities G 1 
external examination 13 
false, heat and cold stiffening 63 
fingerprint taking 10 1 
goose-flesh in 61,395 
gross effects 62 
height of body 103-4 
instanrlcadaveric spasm 63 
movement of body after 62 
non-skeletal muscleltissues 60, 6 1 
removal of cloches 8 
testing 6 0 , 6 l  
timinglsequence 60, 61 

factors affecting 60-1 
' .  ring fracture' 181, 185, 214, 283, 290 

road traffic accidents see vehicular accidents; vehicular injuries 
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Royal College of Pathologists 30, 44 
rubber bullets 274 
'Rule of Nines' 13,313 

sacrum, sex characteristics 1 12 
sdicylate poisoning 571-2 
saliva, samples 422, 528 
sample collection 

in abortion deaths 436 
at autopsy 19-2 1,547-50 
bile 548 
biteslbite marks 528, 531 
blood 19-20,547-8 

containers 545 
for cultures 29 
for DNA testing 106, 604 
road traffic deaths 296 
sites not suitable 19-20, 547 
siteslprocedures 19-20 

body fluids 19-21,549 
cerebrospinal fluid 21, 548 
in child abuse 476 
containers for 30, 545 
in cyanide poisoning 5 8 6 7  
in drug overdoses 543-4 
entomological 78 
exhumation 37 
intestinal contents 549 
microbiological 20, 29, 45-6 
microbiological contamination 29 
obscure autopsy 45-6 
in poisoning deaths 38-9, 543-4 
retention, legal issues 3 
saliva 422, 528 
scene of death 6 
semen 106,423,424 
in sexual offences 106,423,424 
in solventlvolatile substance abuse 549-50, 597-8 
stomach contents 27, 545, 549 
in sudden infant death syndrome 456 
in surgicallanaesthetic-related deaths 486 
tissues 550 ' 

toxicological 29-30,46,486, 543-4 
avoiding operator contamination 545 
containers 30, 545 
information for laboratory 544 
mass disasters 44 
post-mortem changes 545-6, 547 
preservation 544, 545-6 
request form 30 
sampling site 546-7 
timing 544 

toxicology kit 20 
urine 20, 548 
vitreous humour 20-1, 88, 548-9 
vomit 549 

samples 
ancillary investigations 29 
DNA profiling 106 
histology 30,46,486 
labelling and continuity of evidence 544 
microbiological culture 20 
post-mortem changes 545-6, 547 
tape 6 

sand, in body, in immersion deaths 396,404 
Saphir's myocarditis 508 
sarcoidosis, cardiac 509 
saw, internal examination of thorax 18 
scalds 312-14 

child abuse 474 
scalp 

bleeding 176 
afier death 176 

bleeding below 175 
in child abuse 463 
forensic anatomy 1 7 4 5  
injuries 1 7 4 8  

abrasions 175 
bruising 175-6,463 
from falls 177-8 
'flaying' 176 
lacerations 151, 152, 175, 176-7 

pecechiae 354 
scdping injuries 152, 176 
scanning electron microscopy 332-3 
scapula 

fractures 468 
sexing from 1 13 

scars 
age of 102-3 
appearancelco~oration 102, 103 
ethnic differences 102 
histology 103 
human rights abuse 102,303,304 
identity establishrnent 102-3 
knife and bullet wounds 102 
surgical 102 
traumatic 102 

scene of death 4-7 
attendance by pathologist 4 
body 

blood splashes 5-6 
clothinglproperty 8 
position 5 
removal 7 

equipmentlthermometers 4-5 
examination 4-7 
personnel at 5 
photographs 6,33 
protection 6 
samples 6 
solvent abuse 597 
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sudden infant death syndrome 453 
time since death estimation 6-7 

see alro post-mortem interval, estimation 
sciatic notch, greater 11 1 
scissors, injuries from 1 6 4 5 ,  166 
scleral haemorrhage, in child abuse 472 
scratches 137, 141 

see a h  abrasions; fingernail, abrasions 
screwdriver wounds 153 

I 
1 

scrotum 
\ injuries 233 

putrefaction 64, 65 
rigor morris 61 

SCUBA diving 488,489, 561 
season, putrefaction timing 64, 67 
seasonal incidence, sudden infant death syndrome 453 
seatbelts 287-9 

cervical spine damage despite 284 
childrenlsmall persons 289 
criticisms 288 
injuries due to 288-9 
injury reduction 287-8,288 
kinetic energy transfer reduced 137 
lap-strap type 287, 288 
legislation 287 
mechanism of action 287 
pregnancy 289 
types 287, 288 

self-biting, in children 474 
self-inflicted injuries 235-44 

non-suicidal 235, 240-3 
characteristics 242 
features assisting recognition 241 
for gain 241 

wound position and clothing 8 
self-martyrdom 240 
semen 

collectionlsampling 106, 423, 424 
post-mortem ejaculation 12-1 3 ,61,  391 
testing 106, 424, 426-8 

'spot' test 428 
seminal fluid, DNA profiling sample 604 
seminal stains 427-8 
senile myocardium 509 
septicaemia, in illegal abortion 433-4 
septum, ruptured 502 
serological tests, boneslbone fragmenrs 108, 127-8 
serotonin, in dating wounds 169 
sex determination 11 

bodily dimensions 108 
cytological examination 104 
dentistry, forensic 533 
DNA analysis 104, 533 
fluorescence 104 
identification from reeth 533 
non-skeletalized bodies 104 

skeletal remains 108-14 
accuracy 108 
bone length 112, 113 
long bones 1 12-13 
other bones 113-14 
pelvis characteristics 11 1-12 
pregnancy evidence 114 
sacrum characteristics 112 
skull 108-1 1 

teeth 109 
sex differences 

infant, sudden infant death syndrome and 452 
stature estimation 114 

sexual asphyxia 389-92, 596 
features 389-9 1 
mechanism 389 
medico-legal aspects 39 1-2 
plastic bag 390, 391, 596 
suicide us 390 

sexual intercourse, evidence 425-6 
sexual offences, deaths associated 421-30 

biteslbire marks 421-2, 528, 529, 530 
bruising 421,422,427 
children 106 

see aho child abuse, sexual 
decapitation 423 
DNA profiling 106, 424,428 
external examinationlfindings 42 1-4 
fingernail examination 423 
homicide 42 1, 423,424 
homosexual 427,428-9 
human rights abuse 305 
internal examination 424-5 
inrerpretation of minimal findings 425-6 
rectal temperature cautions 82 
sample collection 106, 423, 424 
semen testing 106,424,426-8 

shaken-baby syndrome 193,469-70,471 
shaking, subdural haemorrhage after 193,469-70,471 
shark attacks 76 
shaving, head 14 
shear stress 193, 206, 209 
Sheehan's haernorrhage 348 
ships, suffocation in tanks 358 
shock 170 
shock waves, explosionslmissiles 246, 275 
shooring, human rights abuse 305 
shotguns 246-8 

ammunition 246,247-8 
cylinder and choke barrels 246 
test firing 253 
twelve-bore 247 

shotgun wounds 249-58 
appearance 249,251-3,255-8 
burns 250, 251, 252 
carbon monoxide levels 250, 252, 267 



Index 

shotgun wounds (contd) 
cartridge constituents contributing 249 
close discharge 25 1-3 
contact wounds 249-5 1 

entrance us exit wound 267 
muzzle impression 250, 251 
over bone 250-1 

direction of dischargelinjury 254-5 
exit wounds 255,259, 267 
features 25 1-3, 255-8 
foreign body embolism 345 
hair singeing 25 1, 253 
internal tract 255-6 
mid-to-distant range 253-4 
radiography 257,258 
range of discharge estimation 249, 271 
'rat-hole' appearance 249,253 
secondary damage 256 
shape 249-50,254 
shelving/undercutting 254-5, 256 
short-to-mid-range discharge 253 
skull 266,267 
soilinglburning 249-50, 25 1,252 
suicidal 253,254, 255 
tangential 256,257-8 
tattooing in 252 
'through-and-through' 267 
track 255 
twelve-bore shotguns 251, 252, 253,254, 255,256, 258 

hunting accident 259 
wad wounds 2 5 4 , 2 5 6 7  

siderophage 577 
SIDS see sudden infant death syndrome (SIDS) 
sixpenny bruises 148,463 
skeletalization 67 
skeletal remains 1 0 6 8  

age determination from see age estimation 
are the remains bones? 107 
dating see under dating 
evidence of pregnancy from 114 
extrajudicial execution 305 
facial appearance reconstruction 128-9 
fatal abuse 302 
general categorization 107 
human origin, determination 107-8 
identification 99, 1 0 6 8 ,  537 

personal identity 123-5 
see aho under dentistry, forensic 

photosuperimposition techniques 128 
race determination 122-3 
sex determination see sex determination 
stature estimation see u n d r  stature 

skeleton, reassembly and layout 108 
skin 

in age determination 1 1, 104 
blisters see blisters 
burning see burns 

colour 12 
abortion deaths 346 
barotrauma 489 
burnt bodies 99 
carbon monoxide poisoning 57, 562 
cyanide poisoning 586 
ethnic characteristics 99 
hypostasis effect 99 
hypothermia 416,417 
putrefaction 64, 65 

crepitance 489 
destruction, second degree burns 313 
forensic anatomy 137-8, 174 
haemorrhages, in hypostasis 57, 58 
heated, splits in 316, 318 
infections, in neglect/starvation 414 
maceration see maceration 
in mummification 72 
in neglectlstarvation 413-14 
pigmentation, in identity establishment 99, 105 
'rain-drop' punctate pigmentation 590 
resistance to electrical current 328 
stab wounds 162-3 
structure 138 
temperature 79, 82 
thickness, stab wounds 162 

'skin popping' 578 
skin-slippage 64,65,99 
skull 

bulletlshotgun wounds 266, 267 
children 4 6 4 5 , 4 6 6  
examination at autopsy 22 
facial appearance reconstruction 128-9 
flexibility, in infants 183 
forensic anatomy 108, 181-2 
identification from 

age estimation 120-2 
personal identity 124-5 
race determination 110, 122, 123 
sex determination 108-1 1 

muscle ridges 109 
removal at autopsy 19 
stress lines 183 
suture lines 120-2, 181 

diastasis (springing) 185, 187, 188 
tensile strength 1 8 6 7  
thickness 18 1-2 

skull fractures 181-9 
ante-monem us post-mortem 182 
anterior fossae, black eyes 179, 180 
axeslcutting weapons 186 
basal linear 184-5 
base of skull 185 
blood below pericranium 175 
blunt injuries 177, 183 
child abuse 185, 464-6 
children 180, 185,466 



Index 

comminuted, bullet wounds 266, 267 
comminuted depressed 183, 186 
dangers 188-9 
depressed 177, 184, 186, 187, 188 

traumatic epilepsy after 188-9 
exrradural haemorrhage associated 190-2 
falls 184, 187 
force required for 186-7 
frontal bone 466 
'growing' 466 
'hinge' 183-4, 188, 290 
horizontal cracks 466 
infections 189 
linear 183, 184-5 
mechanics 182-4 

'struck hoop' analogy 182, 183, 206 
meningeal haemorrhage h e r  188 
motorcyclists 185, 188, 290-1 
occipital 184, 466 
occipitoparietal 464 
pond fracture 185-6, 186 
Puppe's Rule 184 
' .  rlng fracture' 181, 185, 214, 283, 290 
shotgun wounds 258 
significance 182,204 
sites 183-4 
'spider's web' (mosaic) 184, 186 
'staggered' 466 
stepped 185 
types 184-6 
vehicular accidents 188-9, 284, 287 

slashes 1 5 4 5 ,  155 
slippery elm 433 
smoke 

auropsy appearance of burns 3 15-1 6 
inhalation 317, 322 
soiling 252 
see also fume inhalation 

smothering 358-61 
accidental 360 
definition 353 
infants 358, 359,444,456-7 

cot deachs us 456-7 
sodium 89 

release in drowning 401 
sodium fluoride 545, 546 
sodium hydroxide, burns 588 
sodium hydroxide test, carbon monoxide poisoning 562 
soft tissue injuries, pedestrians 294 
soil, decomposition of buried bodies 69 
solvent abuse 595-9 

asphyxia 596 
auropsy 597-8 
chemical effects 596 
dangers 595-6 
effects 595 
facial examination 598 

medico-legal aspects 596 
methods of abuse 595 
physical danger 596 
reflex cardiac arrest 595-6 
substances used 589, 596-7 
sudden death 595-6 

somatic death 52, 53 
Sommer's movements 62 
soot 

inhalation 322-3 
staining, of skin 252, 262-3 

space-occupying lesions, intracranial 193 
'Spanish windlass' 240,379,380, 381 
spark burnsllesions 329, 330, 331 
spasm, cadaveric 61,62-3 
Spaulding's sign 443 
specimen collection see sample collection 
spermatozoa, retrieval 428 
spiked instruments, stab wounds 156 
spinal anaesthesia, deaths related 485 
spinal column, stature estimation 116 
spinal cord 

haemorrhage 2 16 
hyperflexion/hyperextension injuries 216 
infarction 216 
injuries 216 
removal/examination at autopsy 23, 24 

spinal injuries 214-16 
compressior~ damage 18 1, 2 14 
deceleration 214, 21 5 
examination at autopsy 23 
fractures in falls 18 1, 21 4 
hyperflexionlhyperexrension 214-1 5 

splanchnic shunt 397 
spleen 

cyanide poisoning 587 
damage, in chronic alcoholism 558 
examination at auropsy 27 
haemorrhage 23 1,233 
injuries 23 1, 286 
rupture 231 
vehicular accidents and 286 
weight, in drowning 406 

spontaneous combustion 323-4 
stab wounds 153, 155-66 

amount of force used 161-3 
characteristics 1 5 6 6 4  
chest 160, 162,222-3,225,226-7,229 

haemothorax and 2 2 4 5 , 2 2 5  
heart 223, 226-7, 229, 238 
lung injuries 226 
suicidal 238 

depth 159 
direction 158-9, 159-61 
homicide 155, 160, 161, 163 
human rights abuse 303-4 
infanticide 444 



stab wounds (contd.) 
kinetic energy transfer 136 
kitchen utensils 164 
knife dimensions and blade type 156, 157-8 
length 157 
movement of knife within ('rocking') 156, 158-9, 

161 
multiple 157, 158, 160 
nature of weapons 155-6 
non-suicidal self-inflicted 241 

sexual offences 423 
'shelving' (undercut) 159, 160 
skin 162-3 
skin thickness 162 
suicidal 238 

see also suicidal injuries, knife wounds 
survival period after 170 
'through-and-through' 226, 227 
track 160 
unilateral 'fish-tail' split 158 
'V-shaped' 160 

'stagnant anoxia' 352 
'staining' see hypostasis, post-mortem 
staining techniques 600-2 
stamping injuries 147, 149, 153 

flail chest 224 
great vessels 228-9 
head 179 
heart 227 

starvation 412 
'dry'l'wet' types 4 13 
general features 4 12-14 
infanticide 445 
medico-legal problems 4 14 

stature 
estimation from skeletal remains 114-16 

calculation systems 1 15-16, 1 17 
dried bones 1 14 
fragmentary bones 1 16 
lengthoflong bones 114, 115, 116 
spinal column 116 

intact body, identity establishment 103-4 
tables, femalelmale 115, 11 6 

'Stavanger definition,' sudden infant death syndrome (SIDS) 
45 1 

steel workers, identity establishment 103 
steel works, carbon monoxide poisoning 561 
steering wheel injuries 223, 229, 283, 287 

abdominal 229 
sternal rib methods, age estimation 120 
sternum 

autopsy in air embolism 347 
fractures 224,468 
sexing frorn 1 13 

stillbirth 439-40 
decomposition of fetus 64 
definition 439 
determination 440-1 
legal criteria 440-1 
proof of separate existence and 445,446 

stomach 
in aspirin poisoning 572 
in barbiturate poisoning 574 
carcinoma 5 16 
contents see gastric contents 
in cyanide poisoning 586 
deaths frorn corrosives 588 
in drowning 404 
emptying see gastric emptying 
examination at autopsy 27 
injuries 229-30 
in paraquat poisoning 566, 567 
'red velvet' in arsenical poisoning 590 
rupture 230,231,472 

strangulation 369 
abrasion marks 141, 148, 372-3 
cricoid cartilage 376, 378, 382 
deaths in custody 308 
definition 353 
features 370 
hypostatic artefacts of oesophagus us 59,373 
infanticide 443-4 
ligature 353,379-83 

accidental 383 
asphyxia 382 
embedded 380-1 
facial appearance 380 
hanging mark us 38 1-2, 386 
homicide 379 
infanticide 443-4 
knots 382 
laryngeal horn fracture 378,782 
ligature mark 141, 308,379, 380-2 
mode of death 381,382-3 
nature of ligature 379-80, 38 1 
position of mark 381-2 
signs of local injury 382 
suicidal 240, 350 

manual 371-9 
autopsy appearances 371-3 
bruising on neck 371-2, 373, 374 
cardiac arrest 374, 378-9 
carotid artery damage 378-9 
fingernail abrasionslmarks 141, 372-3, 373 
internal appearance 373-4 
laryngeal fractures 377 
laryngeal fracture significance 377 
laryngeal injuries 376-7, 378 
spurious bleeding behind larynx 375 
vagal inhibition 371, 378 
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petechial haemorrhage 354,382-3 
scleral haemorrhage in 354 

stress 
coronary atherosclerosis and trauma 5 18 
effect on digestion 88 
ruptured berry aneurysm and 199, 5 12 

stroke, cerebral haemorrhage and 207 
strontium 405 
struck-hoop' action 206 
'stud-guns' 2 7 3 4  
subarachnoid haemorrhage 196-8 

alcohol and 199 
appearanceslmechanism 196-8 
bleeding sources 197, 5 12 
blood volume 199 
bruise below ear 148 
in child abuse 470-1 
haemolysis 197 
investigation methods 203 
mechanism and relevance 198 
medico-legal implications 198-9, 5 19-20 
rapidiry of death 198, 199, 5 11 
resuscitation artefacts 41 
rotational trauma to headlneck 200,202 
ruptured berry aneurysm 198-9,5 11, 5 19-20 
sudden death due to 196,198, 51 1-12,5 19-20 
trauma and 196-7, 198,5 19 
traumaldisease interaction 5 19-20 
vertebral artery injury 200,202, 203 

subarachnoid space 189 
subclavian veins, blood samples 20, 548 
subcutaneous fat, in burns 31 5 
subcutaneous tissue 

bruising 144-5 
sample collection 550 

subdural haemorrhage 192-6 
acute 193-4 
blood volume 193 
in boxers 204 
child abuse 192, 193,469, 470,471 
chronic 194-5 

enlargement mechanism 195 
closed head injuries 193 
colour changes 194, 196 
dating 195-6, 197 
elderly 192-3 
forensic implications 195, 198 
formation 193, 195 
latent interval and coma 194, 197-8 
'neomembrane' formation 195 
racial aspects 470-1 
shaking causing 193,469-70,471 
'spontaneous' 192 

subdural space 189 
subendocardial haemorrhage 286, 348-9, 590 
'submarining' 289, 304 

subpleural petechial haemorrhage 355 
succinate dehydrogenase 498, 501 
succinylcholine 550 
sucking wounds, chest 225 
suction lesions, bites in sexual offences 421-2 
suction petechiae 530 

love bites 148, 421-2,474, 528, 530 
sudden death 492-526 

abdominal catastrophes 5 16-17 
abortion 517 
aneurysm rupture 509-13,5 19-20 
aspirin poisoning 571, 572 
bronchial asthma 5 15 
cardiac disease 493-5 1 1 

aortic valve disease 5 0 6 7  
cardiomyopathies 507-9 
coronary insufficiency 503-5 
exertion relationship 5 19 
hypertensive 505-6 
myocarditis 508-9 
senile myocardium 509 
trauma relationship 5 18-1 9 
see aLso coronary atherosclerosis; myocardial infarction 

definition 492-3 
electrical fatalities 329 
in epilepsy 5 14-1 5 
gastrointestinal haemorrhage 5 16 
genitourinary system 5 17 
haernopcysis 5 16 
in morphine addicts 578 
in old age (senile myocardium) 509 
pathologists 492 
pneumothorax causing 226 
pulmonary rhromboembolism 5 13-14,520 
respiratory obstruction 51 5 
solvent abuse 595-6 
subarachnoid haemorrhage 196, 198, 51 1-12, 519-20 
suprarenal haemorrhage 349, 5 10 
traumaldisease relationship 5 17-20 
tuberculosis 5 16 
vagal cardiac arrest 370 
women of child-bearing age 51 1 

sudden infant death syndrome (SIDS) 45 1-60 
autopsy 

failure 45, 456-7 
procedure 456 

autopsy findings 359, 360, 454-5 
external 453 
histological 455,456 

body secretions 453 
case history 10,453 
causation theories 455-6 
congenital disorders and 455 
counselling 456,457 

organizations 457 
definition 45 1 



sudden infant death syndrome (SIDS) (contd.) 
factors influencing risk 452-3 
gastric contents in air passages 363 
histology 455,456 
incidence 45 1-2 
medico-legal problems 456-7 
multiple 457 
negative autopsy 45, 456 
petechiae 354 
petechial haemorrhage 4 5 4 , 4 5 6 7  
posture at death 453 
publicity campaigns and 452, 455 
scene of death 453 
seasonal variation 453 
smorhering of infants and 359 
'Stavanger definition' 45 1 
suffocation us 456-7 
symptoms 453 

sudden unexpected dearh (SUD) see sudden infant death 
syndrome (SIDS) 

suffocation 352-67 
autopsy signs 360 
carbon monoxide, poisoning 357-8 
children 358 
cot deaths us 4 5 6 7  
definition 353, 357 
human righrs abuse 304 
plastic bag 359-60, 596 

suicidal gestures 235 
suicidal injuries 235-40 

fire-arm wounds 239 
automatic pistol 273 
rifled weapons 259,261 
shotguns 239, 252, 253, 254, 255 

humane veterinary killer 273 
jumping from heights 240 
knife wounds 236-9 

abdominal 238 
chest 238 
clothing 8, 239 
cut throats 2 3 6 7 , 2 3 7  
neck 238 
wrist 237-8 

multiple methods 237, 239 
sites 236 
stab wounds 238 
'tentative incisions' 236, 238 

suicide 
agrochemical poisoning 566 
'asphyxia' 240 
in bathroom 400,40 1,405 
burning 239-40 
carbon monoxide poisoning 560 
choking due to foreign bodies 361 
corrosive poisons 587,588 
in custody 308 

Index 

cyanide poisoning 585 
electrical fatalities 239, 326, 334 
falls from height 240 
hanging 240,385,388 
homicide us 235, 236, 238,239 
injuries before immersion in water 398 
by insulin 575 
ligature strangulation 240, 380 
medicine overdose 8 
methods 235 
by motor vehicle 297 
multiple methods 297 
notes 239, 391 
plastic bag suffocation 359, 360 
railway 297-8 
sexual asphyxia us 390, 392 
submersion 239 

sulphuric acid 588 
supraorbital ridges, in sex determination 109 
suprapubic angle 1 1  1 
suprarenal artery, damage 232 
suprarenal haemorrhage 232, 295, 349, 510 
suprarenal vessels, damage 232 
surgical procedures, deaths associared 480-7 

autopsy 480-2,486 
bronchial obstruction 481 
classification system 482 
disease process causing 482-3 
histology 483, 485,486 
medico-legal aspects 482,483 
modelcauses of death 482-4 
pulmonary embolism 483, 520 
sudden death in gastrointestinal haemorrhage 5 16 
techniquelequipment failure 483-4 
see also anaesthetic-related deaths 

suspension, in torture 305 
sutural diastasis 466 
suxamethonium 486 
syphilis 469, 5 1 1 

'tache noire' 54 
talc, granuloma 577 
tape, samples 6 
Tardieu's spots 354,355,364,454 
tartar emetic 591 
tattooing, in gunshot wounds 252, 262-3 
tattoos 

decomposition 10 1 
ethnic characteristics 100, 105 
identity establishment 100-1 
initials 100 
morphine addiction 579 
pigments 100, 101 
removal 101 
significance 100 

taurodontism 534 



Index 

teeth 
absence 535 
age determination 1 0 6 5 ,  534-5 
avulsionlbreakage, in child abuse 473 
bite marks 530, 531-2 
bull-tooth (taurodontism) 534 
Carabelli's cusp 534 
choking due to 361 
eruption times 533, 534 
fillings 535, 537, 538 
impressions 53 1 ,  532 
loosened/broken 178 
milk 534 
occlusal attrition 534, 535 
pink 530, 538 
racemization of amino acids 105, 535 
racial differences 105, 533-4 
sex determination 109 
see also dentistry, forensic 

'telefono' 304 
T e l W s  table, stature calculation 1 16 
temperature 

heat injury 312 
putrefaction 64, 67, 68 
scalds severity 3 14 
skin 79, 82 
tissue, electrical fatalities 330 
water, immersion deaths 369, 396, 400 

temperature, ambient 
decomposition of buried bodies 68 
decomposition of immersed bodies 67 
effect on cooling curve 8 1 
low 

cerebral hnction recovery after immersion 369 
deaths from exposure 419 
hypothermia 41 5 
immersion deaths 396,697, 698 

post-mortem interval estimation 7 
putrefaction 68 
rigor mortis timing 60 
succession of insects on corpses 76 

temperature, body 
adipocere formation 70 
auditory meatus 7 
'core' 79, 416 
defects 312 
diurnal variations 80 
gradient for cooling 79 
initial, effect on cooling curve 80 
malignant hyperthermia 485 
measurement methods 8 1-2 
post-mortem interval estimation 7, 79-83 

see also cooling, post-mortem 
raised, sudden infant death syndrome 453 
rectal see rectal temperature 
skin 79,82 

taking at scene of death 7 
'temperature ratio' concept 83, 87 
vitreous humour chemistry 88 

temporal bone, petrous, haemorrhage 405 
temporal bruise 176 
tendon tags 126 
tension pneumothorax 225 
terrorist explosions 274-5, 277 
terrorist weapons 248 
testes 

fetal maturiy estimation 448 
stimulation and sudden cardiac death 370 

thallium poisoning 591-2 
theophylline 5 15 
thermal burns see burns 
thermocouples 8 1, 82 
thermometers 4, 8 1, 82 
thermometry, post-mortem interval 82-4, 83 
thighs, bruising, in sexual offences 422 
thorax 

autopsy in air embolism 347,436 
barotrauma 489 
contents, removal at autopsy 21 
internal examination at autopsy 18 
see a h  chest 

throat 
blows to 371 
cut 2 3 6 7 , 2 3 8  

air embolism in 346 
thromboembolism, pulmonary 5 13-14 
thrombosis 

coronary artery see coronary artery 
mesenteric 5 16 
mural 495,502-3 
see also deep vein thrombosis; venous thrombosis 

throttling, definition 353 
'through-and-through' wounds 226,227, 267, 268 
thymic haemorrhage 454 
thymus, petechial haemorrhages in 354 
thyroid cartilage 376 

injuries, in manual strangulation 378 
thyroid horn 

fractures 382, 388 
see also larynx, fractures 

injuries, in manual strangulation 377 
tibia 

fractures 293 
stature estimation 117 

tissue, sample collection 550 
toluene abuse 596-7 
tongue 

examination 23 
haemorrhages 378 

tonsillar herniation 2 12 
torture 301 

beatings 302-3 
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torture (contd.) 

electrical 304 
inversion in and postural asphyxia 365 
patterned electric marks 332 
scars 102, 303 
see also custody, deaths in 

toxicology 54 1 
analyses 542-3 
laboratory, information for 544 
laboratory records 542 
mass disasters 44 
poisoning/drug abuse 

amphetamine 58 1 
antidepressants 573 
arsenic 590-1 
barbiturates 573-4 
cyanide 586-7 

ethylene glycol 589 
medicines 571, 572 
methadone 580 
narcotics 579-80 
organophosphorus pesticides 568 
paracetamol 572-3 
paraquat 567 

sample collection see sample collection 
solvent abuse 596-7 
surgicallanaesthetic-related deaths 48 1, 486 
toluene abuse 596 
see also poisoning 

trachea 
compression 368 
soot inhalation 322-3 

tracheobronchial tree, barium in 363 
traffic accidents see transportation injuries; vehicular injuries 
tranquilizer drugs, poisoning 573 
transfusion accidents 482 
transplant surgery 53 
transport, body 7 , 3 8  
transportation injuries 281-300 

cause of death 295-7 
motorcyclists 290-1 
myocardial infarction in 496,498 
pedal cyclists 29 1 
pedestrians see pedestrians 
railway 297-8 
suicidelhomicide by 297 
vehicular see vehicular injuries 

transsexualism 104 
transvestism 39 1 

tranyl~~promine 573 
trauma 

in acute alcoholism 557 
berry aneurysm rupture, and 198-9 
complications after see complications of injuries 
disease relationship 198-9, 5 17-20 

see also coronary atherosclerosis 

pulmonary embolism after 341, 520 
pulmonary fat embolism afier 343 
subarachnoid haemorrhage and 1 9 6 7 ,  198, 519-20 
suprarenal haemorrhage after 349 

traumatic asphyxia see under 'asphyxia' 
trichloroethylene 486, 597 
trichloromethane 597 
tricyclic antidepressants, poisoning 573 
Trotter and Gleser system 11 5 
tuberculosis, sudden death 5 16 
twinning, sudden infant death syndrome and 452-3 
ryres, bruiseslabrasions from 142, 143, 144 

UK, sudden infanr death syndrome in 452 
ultraviolet light 

dating bones 127 
myocardial infarction 500 
semen testing 427-8 

umbilical cord 
examination in infanticide 443 
post-parturn changes 443, 445 

unconsciousness 53 
'undertaker's height' 1 1, 2 1, 103 
unexpected death see sudden death 
United States, sudden infanr death syndrome in 452 
urea 89 
urethra,$njuries 233 
urine 

alcohol levels 555 
purging, in putrefaction 65 
sample collection methods 20, 548 
sample preservation 546 
toxicological analysis 543, 544 

'Utus paste' 434 

vagal inhibition 363, 370-1, 378, 399-400 
see also cardiac arrest, reflex 

vagal reflex see cardiac arrest, reflex 
vagina 

in aborrion deaths 346, 432 
examination at autopsy 16 
in fatal sexual offences 426, 427 
foreign bodies 426 
perforation, in illegal abortion 432 
tearinglinjuries 426, 427 

vaginal discharge 12 
vaginal fluid, DNA profiling sample 604 
Valsalva experiments 37 1 
vasectomy 428 
vasovagal cardiac arrest see cardiac arrest, reflex 
vasovagal refledshock see cardiac arrest, reflex 
vegetative state 52-3 
vehicles 

airbags 289 
exhaust fumes 560-1 
fragments, hit-and-run accidents 294, 296 


