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Foreword 

Having been personally and heavily involved for 
nearly 25 years in clinical and laboratory studies of 
the spine, having attended numerous conferences 
and meetings concerned with back pain, and having 
read a multitude of publications dealing with the 
vertebral column, the perception that I gained early 
after taking up my interest in the spine, was that 
compared with the lumbar and cervical spine the 
thoracic spine has received much less attention. My 
perception has continued to be sustained over that 
many years. My own explanation for the reasons why 
the thoracic spine has not attracted the same level of 
clinical and laboratory investigation as the cervical 
and lumbar regions is that the thoraCiC region is less 
often the source of complaints of back pain, that the 
presence of the ribs imposes substantially different 
biomechanical influences and there seems to be less 
pathology in that region of the spine. 

Taking account of this relative lack of past interest 
in the thoracic spine and the refreshing and thorough 
approach displayed by Dr Giles and Professor Singer 
to other regions of the spine already covered in this 
three-volume series, I have looked forward with 
particularly keen anticipation to their offering on the 
thoracic spine. I am not disappointed as they have 

assembled an excellent international team from 
diverse but relevant disciplines to address normal and 
pathological structure and function in addition to the 
diagnosis and management of pain involving the 
thoracic region. The team and their editors are to be 
congratulated for having assembled a comprehensive 
but readable account of existing knowledge, for 
having achieved substantial uniformity of style, and 
for having raised a range of new concepts. The 
resulting book presents a valuable source of informa
tion for professionals involved in the investigation 
and clinical management of back pain, as well as 
providing basic scientists with a rich source of 
existing knowledge as well as providing a substantial 
stimulus for new lines of investigation. 

I am grateful to have this opportunity to be able to 
express my personal gratitude to the authors and 
editors for ftlling an important niche in the spinal 
literature and I confidently predict that anyone who 
has an interest in back pain and its causes will reach 
a similar conclusion. 

Professor Barrie Vernon-Roberts MD, PhD 
Director, Institute of Medical and Veterinary Science 

Adelaide, November 1999 
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Preface 

Our intention in compiling this new text series is to 
provide an international perspective on the rational 
approach to managing mechanical spinal pain. We 
present a comprehensive review and analysis of 
clinically relevant information from the basic sciences 
leading to diagnosis and treatment of mechanical 
spinal disorders. 

This volume highlights the value of a team 
approach in appreciating the complexiry of thoracic 
spine pain and a range of treatment approaches. 
Thoracic spine pain poses a special challenge to the 
clinician, who must appreciate the variery of syn
dromes and referral patterns which can min1ic 
disorders at distant sites. Contemporary contribu
tions from the fields of anatomy, pathology, bio
mechanics, neuroanatomy, clinical medicine , pain 
control , radiology, orthopaedics, neurosurgery, chiro
practiC, osteopathy and physiotherapy are all pre
sented in this volume. Each section, written by 
experienced academic clinicians, provides a sum
mary of pertinent material. that will lead to an 

improved understanding of the causes of thoracic 
spine pain, emphasizing primarily mechanical sour
ces. Management approaches are outlined, based on 
routine assessment techniques and supported by 
clinical reasoning strategies. This text does not 
attempt to endorse a single therapy, but rather to 
highlight the common approach to mechanical treat
ment that may be provided by medical, surgical, 
chiropractic, osteopathy and physiotherapy practi
tioners. Newer invasive pain control strategies are 
also outlined to inform clinicians of such options for 
the management of chronic thoracic pain. 

Our goal is to present this information in a manner 
which will benefit both the undergraduate and 
postgraduate student of mechanical therapy, as well 

as all clinicians who seek a comprehensive review of 
thoracic spine pain. In the belief that qualiry illustra
tions facilitate the message, careful selection of 
material and detailed captions have been prepared to 
complement the text. An important second objective 
is to encourage greater communication between the 
c1.inical schools interested in this subject, through 
which a stronger scientific basis for evaluation and 
management of thoracic spine pain will emerge. 

The text is organized so that it can be approached 
in several ways, according to the needs of the reader. 
Section I introduces the reasoning behind this text, 
describing the enigma of thoracic spine pain, the 
known epidemiology of the problem, and its many 
complexities for the clinician. Section II presents the 
clinical anatomy, pathology and biomechanics of 
the thoracic region and contains special chapters on 
the adjoining cervicorhoracic and thoracolumbar 
junctional regions. This section also presents a very 
detailed overview of thoracic neuroanatomy to pro
vide a basis for understanding the diagnostic chal
lenge awaiting the clinician. 

The clinician who wishes a quick overview of 
clinical assessment concepts should consult Section 
III, Diagnosis of Thoracic Spine Pain. This includes 
diagnostic imaging procedures and medical and 
surgical approaches to thoracic spine pain, and 
separate chapters on the assessment and manage
ment strategies provided by chiropractors, osteo
paths and physiotherapists. A special chapter by the 
late Harry F Farfan MD describes his reminder to 
clinicians to examine the whole person when assess
ing thoracic pain. 

Section IV presents a multidiSCiplinary approach to 
the management of thoracic spine pain, and con
cludes with a comprehensive chapter summarizing 
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xii Preface 

the diagnosis of thoracic spine pain and the highly 
relevant issue of contraindications to spinal mobiliza
tion and 

Our both the clinical 
spinal pain is to provide 

the literature and 
clinical reasoning behind 

mechanical therapy. Despite 
mechanical intervention 

and to show long-term efficacy of these therapies, 
this text also sets out our challenge, as clinician

promote communication 
parties. Spine pain, 

pain, is multi-faceted, 
of ideas and knowledge 

offered to our patients. 
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Introdu(�tion. enigma thoracic spine 

Singer and S. J. 

The thoracic spine as an enigma 
within the vertebra! accounts for 
the smallest proportion of pubbshed studies on the 
spine as a whole, in contrast to the attention paid to 
the neighbouring cervical and lumbar regions. Sur
gery performed on the thoracic spine relates to 
deformity correction, disc herniation, metastatic dis
ease, traumatic instability and occasionally stenosis, 
but, in every case, the thoracic incidence is less than 
for the adjacent regions. Yet, as emphasized by many 
contributors to this 
often be linked to 
manifest elsewhere 
may implicate the 
(fable 1.1), and have 
clinician. It is timely, attention to 
the thoracic spine clinicians to appre-
ciate better the diagnostic puzzle this region offers. It 
is hoped that this book will prompt the reader to 

Table 1.1 Common pathologies that may implicate the 
thoracic spine 

• Post-thoracotomy 
• Intercostal neuralgia 
• Dorsal compartmem 
• Segmental radiation syndrome 
• Myogenic pain 
• Visceral and abdomiJial 
• Rib syndromes 
• Osteoporosis 
• Fracture 
• Vertebral collapse 
• Prolapsed intervertebral disc 

Adapted from Broadhurst' (1987), Grieve (1994). 

fundamental process of diagnosis 
effenive management strategies, 

where available, to non-operative musculoskeletal 
thoracic spine pain. 

Thus the objective of this text is to provide an 
overview to the anatomy, biomechanics, pathology, 
diagnosis and anoma.Jies of the thoracic spine; a 
careful presentation of thoracic spine neurology 
provides an important background to the diagnosiS of 
common conditions which affect this region. A 

spine. 

radiological, medical and 
thoracic spine foHows 

for musculoskeletal disorders 
of mechanical therapy 

concludes with a review 
a summary of the 

therapy of the thorac.i.c 

By way of introduction to the thoracic spine, three 
case studies from the literature are presented to 
high.Jight the diagnostic challenge of disorders of the 
thoracic spine (Fig. 1.1). 

Case 1: 

professional Australian 
24 hours post-competi

posteriorly in the right 
within the glenohumeral jOin! 

reported following a collision. 
but mechanism was unclear. 
pain progressively Increased over a 24-hour 
and was exacerbated with movement of the shoul
der joint. The initial provisional diagnosis was 
suggestive of a partial rotator cuff tear. On further 
assessment, full range of shoulder girdle motion 
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4 Clinical Anatomy and Management of Thoracic Spine Pain 

was achieved; however, the patient described non
specific discomfort on active abduction and flexion 
movements. Shoulder instability tests were neg
ative. A positive shoulder impingement test was 
recorded, with pain reproduced in the early range of 
internal rotation. Manual muscle tests for sub
scapularis and supraspinatis were pain inhibited. 
Motion and palpation of the cervical spine were 
considered to be within normal limits. Significantly, 
accessory motion of the second rib, at the angle of 
the rib, in a postero-anterior direction, was moder
ately restricted and palpation was reported to be 
extremely painful by the patient. The first rib was 
considered to be normally mobile and pain free. 

Oscillatory mobilizations (Maitland, 1986) in a 
postero-anterior direction on the second rib, at the 
angle of the rib, immediately produced full-range 
pain-free internal rotation. Subsequent reviews of 
this athlete over 1 week confirmed complete resolu
tion of his symptoms and return to sport (Boyle, 
1999). 

Case 2: 

A 44-year-old woman with a 7-year history of 
incapacitating epigastric abdominal pain, which had 
been linked to chronic pancreatitis, is described by 
Whitcomb et al. (1995) (Fig. 1.1 B). The patient was 
reviewed prior to a 95% pancreatectomy for pain 
control. Previously, comprehensive radiographic, 
pharmacological, endoscopic and surgical inves
tigations had been performed in an attempt to 
identify and treat the patient's pain. Her presenting 
symptoms included constant epigastriC pain radiat
ing to the back, which was relieved by forward 
leaning. The pain was unaffected by dietary intake, 
but was accompanied by nausea and worsened 
after vomiting. A history of repeated painful epi
sodes following normal household activities was 
reported. Previous history implicated abdominal 
dysfunction and appeared to direct the nature of 
subsequent interventions, which had included a 
pancreaticojejunostomy, treatment with pancreatic 
enzymes, narcotics, histamine-2 receptor blockers, 
proton pump inhibitors, antidepressants, non-ster
oidal anti-inflammatory drugs, metoclopramide, 
cisapride and other medications. The control of this 
patient's pain was inadequate despite the implanta
tion of a continuous intrathecal morphine infusion 
pump. She underwent coeliac plexus nerve blocks, 
each of which resulted in improvement in her pain 
for 1-3 weeks. The pain diminished when sitting 
and leaning forward; however, sitting erect caused 
immediate sharp pain, which was relieved by 
bending forward again. Physical examination of the 
patient's back revealed left erector spinae muscle 
spasm and tenderness in the T7-T8 paraspinal 
area radiating around the patient's left side toward 

the epigastrium. Suspicion of thoracic disc protru
sion was confirmed by CT myelogram, which 
demonstrated a T7-T8 osseous disc protrusion into 
the vertebral canal displacing the spinal cord. 
Following microsurgical thoracic discectomy, the 
symptoms progressively resolved, with the patient 
becoming pain free within several weeks. This case 
of a herniated thoracic disc mimicking painful 
chronic pancreatitis, although probably very rare, 
emphasizes the importance of a thorough history 
and careful physical examination. 

Case 3: 

A 49-year-old woman presented with acute low 
back pain which radiated into the left buttock, 
lateral aspect of the leg and down to the left foot 
(Lyu et al., 1999). Following MRI studies, a bulging 
disc and posterior vertebral osteophyte were 
revealed at the T11-T12 segment of the thor
acolumbar junction (TLJ). Surgical removal of the 
osteophyte and disc herniation reduced the back 
pain and radicular symptoms, confirmed at the 
3-year follow-up. This pattern of involvement of 
pain syndromes ariSing from the TLJ has been 
reported previously by Maigne (1980). TLJ syn
drome may be linked to pain referral patterns 
involving the iliac crest, buttock, greater trochanter, 
lateral thigh and inguinal regions (Fig. 1.1 C). 
Anatomical descriptions of the distant course and 
distribution of the lateral branches of the dorsal 
ramus from the last thoracic and upper lumbar 
segments have been summarized by Maigne 
(1996). Physiological confirmation of the distant 
referral of symptoms from the upper lumbar zyga
pophysial joints in normal volunteers has also 
been reported by McCall et al. (1979), following 
injection of physiological saline into these joints. In 
the clinical series reported by Maigne (1980), he 
described patients who rarely complained of pain 
at the TLJ; rather their symptoms were character
istically referred to the buttock, lateral thigh or 
groin. Occasionally, in the latter case, symptoms 
may be considered to relate to pelvic or gynaeco
logical disorders. Treatment consisting primarily of 
manual therapy, and in some cases injection of 
anaesthetic agents, directed at the thoracolumbar 
junction segments would relieve these symptoms 
(Maigne, 1996). The case described by Lyu et al. 
(1999) confirms the need for an index of suspicion 
when assessing back pain and for including the 
thoracic region in the assessment. 

These three clinical presentations highlight the 
diverse and at times obscure nature of thoracic 
musculoskeletal disorders, which may lead the 
clinician to consider inappropriate diagnoses and 
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Fig. 1.1 Three cases highlight different features of the 
thoracic spine which require careful consideration during 
the differential diagnosiS of thoracic pain syndromes. (A) 
SchematiC representation of the passage of the second 
thoracic dorsal rami, according to Maigne et al. (1991), 
which becomes cutaneous over the lateral shoulder region. 
Shaded area represents location of symptoms for this case, 
which included pain described within the shoulder jOint, 
relieved by OlobiUzation of lhe second costotransverse jOint. 
(B) A 7-year history of severe epigastric pain, represented by 
shaded area, and attributed to pancreatitis, was believed 
respoosible for a 44-year·old woman's disabling h.istory 
involving multiple interventions. A physical examination and 
imaging of her T7 -T8 disc space identified a herniated 
thoracic disc and osteophyte deforming the spinal cord. 
Microsurgical discectomy resulted in resolution of her 
symptoms. (C) Pain referred to the gluteal, greater trochan· 
ter regions and occasionally mimicking a Iwnbosacral 
radiculopathy may, according to Maigne (1980), correspond 
to irritability, injury or disease of the thoracolumbar 
transitional segments. 

treatments. Vigilance and care during assessment of 
the thoracic spine and transitional junctions is 
required to ensure that the most specific manage· 
ment is selected. Failure to do so can contribute to 
the frustration, disability and despair which Errico et 

al. (1997) describe for many patients with thoracic 
pain syndromes. 

Introduction: the enigma of the thoracic spine 5 

Epidemiology of thoracic pain 

The limited epidemiological data in relation to 
thoracic pain support the view that the thoracic 
spine is less commonly implicated in clinical pain 
syndromes than the cervical and lumbar regions. In 
the chronic pain clinic environment, the per· 
centage of patients with thoracic disorders is rela· 
tively smaU (2- 3%) (cf. Chapter 13). From a ques
tionnaire survey by Linton et at. (1998), an annual 
prevalence of spinal pain in the general population 
of 66% was calculated. Only 15% of those with 
sy mptoms reported their pain to be located in the 
thoracic spine, in comparison to 56% and 44% for 
the lumbar and cervical regions respectively. In a 
survey of factory workers, Occhipiniti et al. (1993) 
described a prevalence of thoracic pain of 5%, 
which did not show any association with age. In 
contrast, the prevalence of cervical and lumbar 
pain was 24% and 33% respectively, and increased 
with age in both cases. Despite the lower preva· 
lence, the degree of disability resulting from tho· 
racic pain disorders was similar to that of the other 
regions (Occhipiniti et al., 1993). This supports the 
view that, although mechanical thoracic spine pain 
is less common, it can be as disabling as lumbar or 
cervical pain (Edmondston and Singer, 1997). 

Occupational and recreational activities may 
influence the development of thoracic spine pain. 
Over a 14-week army training programme, Milgram 
et al. (1993) observed the' incidence of exertiona.1 
thoracic pain (8%) to be similar to that of the 
lumbar spine (10%). In a similar group of rec· 
reational sportsmen, the prevalence of lumbar 
spine pain or stiffness was 47%, compared to 15% 
in the thoracic spine (Van der Linden and Fahrer, 
1988). In the same group, the prevalence of chest 
pain or discomfort was 15%. 

Occupations that require sustained sitting may 
predispose to thoracic spine pain. Anderson et al. 

(1992) described a prevalence of thoracic pain in 
bus drivers of 28%, in contrast to 10% in non· 
drivers. However, in both groups the prevalence of 
cervical and lumbar pain was considerably 
higher. The implication is that occupational and 
recreational activities may predispose the thoracic 
spine to postural pain or mechanical dysfunction; 
however, this region appears relatively protected in 
relation to the more sagittaUy mobile cervical and 
lumbar regions. A sample of studies examining the 
incidence and prevalence of thoracic pain is 
presented in Table 1.2. Given the difficulty in 
establishing the precise aetiology of back pain 
from self·reported population surveys, it is quite 
probable that the thoracic region is under·repre· 
sented in the reported incidence of spinal pain 
syndromes. 
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6 Clinical Anatomy and Management of Thoracic Spine Pain 

Table 1.2 A summary of selected surveys reporting tbe occurrence of musculoskeletal complaints reportedfor tbe 
tboracic region according to clinic type or specific populations 

Author Year Discipline/Survey Incidence" Prevalence" 

Anderson 1992 Meta analysis 28 
Bechgaard 1981 Chest clinic 13 
Burton 1981 Osteopathic clinic 13 
Hinkley and Drysdale 1995 Osteopathic clinic 14 
Linton et al. 1998 Population based survey IS 
Milgrom et al. 1993 Military clinic 8 
Occhipiniti et al. 1993 Occupational pain survey 5 
Pedersen 1994 Chiropractic climc 7 
Stolker et ai. 1993 Chronic pain clinic 2 
Trollssier et al. 1994 School children 34 
Waskiewicz 1996 Stevedore workers 26 
Welch et al. 1995 Chiropractic clinic 3 

* per cent. 

Thoracic kyphosis and pain 

The thoracic kyphosis is the primary curve of the 
vertebral column, being present from embryonic 
development. In standing postures, the line of gravity 
passes ventral to the vertebral bodies, with the 
attendant axial load acting to increase the thoracic 
curve. These bending forces are resisted by the 
passive constraint of the posterior ligaments and the 
contraction of the deep one-joint muscles and tho
racic parts of the long extensors (Asmussen, 1960; 
White et al., 1977; Macintosh and Bogduk, 1991; 
Moore, 1997). Contrary to clinical theory, the tho
racic curvature in relaxed standing is relatively 
unaffected by passive muscle length or trunk muscle 
strength (Klausen, 1965; Toppenberg and Bullock, 
1986). Electromyographic activity in the erector 
spinae and abdominal muscles is very low or absent 
in relaxed standing (Asmussen, 1960). Influences on 
the magnitude of the thoracic curvature include the 
age of the individual (Stagnara et al., 1982; Singer et 
al., 1990), the position of the line of gravity (pearsall 
and Reid, 1992), the morphology of the vertebral 
body, and disc shape (Manns et al., 1996). Post
mortem studies have found that the resting form of 
the thoracic column changes little following the 
removal of ribcage and supporting musculature 
(Singer et aI., 1994), which conftrms the role of 
vertebral bodies, discs and ligamentous structures in 
forming and maintaining the essential thoracic 
kyphosis. 

The long held assumption of a relationship 
between spinal posture and the development of pain 
syndromes is now being challenged. Attempts to 
define the 'normal' thoracic kyphosis have demon
strated considerable variation in the asymptomatic 
population (Beck and Killus, 1973; Raine and Two
mey, 1997), suggesting that individual differences in 

thoracic curvature reflect vanatlons in the human 
phenotype rather than deviation from a 'normal' form 
(Stagnara et al., 1982). Even in older women with 
severe thoracic hyperkyphosis secondal-Y to osteopo
rosis, the prevalence and severity of back pain may be 
no greater than in women without such marked 
structural change (Ettinger et at., 1994). However, 
mobility, activities of daily living and respiratory 
function are more likely to be impaired in individuals 
with spinal deformities and to contribute to morbid
ity (Cook et at., 1993). 

An accentuated thoracic curvature will influence 
patterns of load bearing and spinal movement. In 
addition, the greater stiffness of the thoracic spine 
may induce long-term compensatory changes in 
patterns of motion in the lumbar and cervical regions 
and in the shoulder girdle (Culham and Peat, 1993; 
Jull, 1998). It is the mechanical consequences of the 
changes in thoracic posture that are likely to be 
important in the development of spinal pain. 

Patterns of thoracic spine and 
chest wall pain 

While pain from serious visceral and spinal metastatic 
disease can refer symptoms to parts of the spine, it is 
also true that pain ariSing from thoracic joints can 
simulate visceral disease. 

The sensory innervation of the thoracic spine and 
chest wall is via the terminal cutaneous branches of 
the dorsal and ventral rami of the spinal nerves. In the 
thoracic region, the derma tomes surround the chest 
wall, each dermatome being displaced caudally in 
relation to its corresponding spinal level. The caudal 
displacement of the dorsal ramus is more pro
nounced than that of the ventral ramus, creating a 
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step within each dermatome (Rickenbacher et al., 
1985). Neurogenic pa in may be due to infection (e.g. 
herpes zoster) or to mechanical compression of the 
thoracic spinal nerves by osteophyte or disc protru
sion (see Figs 5.6, 5.16). Nerve compression can 
prod uce sensory disturbances in the affected derma
tome , such as pain, para/dysaesthesia and/or numb
ness. Pain which is perceived as localized, superficial 
burning or stinging, is provoked by non-noxious 
mechanical stimuli or emotional stress, and which 
may not be influenced by rest or analgesics , is typical 
of neurogenic disorders (Hansson and Kinnman, 
1996; Gifford and But ler, 1997). Mechanisms which 
may explain neuropathic thoracic pain include 
increased activity in the primary sensory neurones 
(e.g . ectopic impulses or ephaptic transmission) or 
altered activity in the central nervous system, such as 
disinhibition or spontaneous activity of spina l noci
ceptive neurones (Hansson and Kinnman, 1996). 

Pain related to disorders of deep somatic stnlctures 
may also be referred to the chest wall or abdomen. 
Somatic referred pain is generally located close to the 
segment of origin, with some overlap between 
segments. Inter-individual variation in pain referral 
patterns is great, and the segmental pattern is not 
always sequential . Unfortunately, the site of referred 
pain is of little value in establishing the tissue of 
origin. Considerable overlap exists between pain 
distributions associated with stimulation of inter
spinous structures and deep thoracic musculature, 
and those described folJowing stimulation of the 
thoracic zygapophysial joints (KeIIgren, 1939; Fein
stein, 1954; McCall el al., 1979; Dreyfuss et al., 
1994). Pain from lower cervical discs and zygapophy
sial joints has also been shown to refer to the upper 
thoracic spine (Cloward , 1959; Dwyer et al., 1990). 
The mechanism of somatic referred pain is thought to 
be convergence of somatic nociceptive afferent 
input, from different peripheral Sites, on a common 
pool of spinal cord neurones. Pain is perceived in all 
or any of the regions which have input to the 
common neurone pool (Bogduk, 1997). Somatic 
referred pain may be sharp and severe in some acute 
conditions, but is commonly perceived as a deep 
ache which is diffuse and hard to localize. 

Visceral referred pain 

Abdominal and thoracic visceral organs may refer pain 
to the thoracic spine , chest wall and shoulder. Visceral 
referred pain is due to convergence of visceral 
nOCiceptive afferent fibres on dorsal horn neurones, 
which also receive afferent input from musculoskele
tal structures. Organs referring pain to the thoracic 
region include the heart, stomach , galJbladder and 
kidneys (Grieve, 1981; Quast and Goldflies, 1989). 
Referred visceral pain may vary in nature and location; 
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Table 1.3 Symptoms that may suggest non-mecbanical 
thoracic pain or serious musculoskeletal pathology, 
alerting the clinician to seek an urgent medical or 
surgical referral 

• Pain : severe, constant, worse at night , difficulty getting 
to sleep 

• Medication: need for high intake of analgesics or use of 

narcotic analgesics 
• Trauma associated with severe pain 

• Severe pain following a trivial evcnt (suggcsting 
verrebral collapse) 

• Constiturional symptoms: weight loss, poor appetite, 
unexplained fever, poor general health 

• History of previous trcatment for cancer 
• Shortness of breath or chcst pain during excrrion 

• Bowel or bladder function disturbance 
• Sensory cha nges numbness or paraesthesiae in legs or 

feet 

• Paraesthesiae or numbness of the chest wall 
• Lower limb weakness or gait disturbance 

however, typical patterns of referral are summarized in 
Table 1.3. Compression of the sympathetic trunk by 
costovertebral joint osteophytes can affect abdominal 
visceral function, as well as produce symptoms and 
autonomic disturbances in the thorax and limbs 
(Nathan, 1987; Lipschitz et al., 1988). 

A potential source of confusion in making a 
diagnosis is that pain of musculoskeletal origin may 
mimic abdominal or thoracic visceral pain. Up to 13% 
of chest pain in a medical setting can be referred from 
the thoracic spine or ribcage, making this the third 
most common source of chest pain (behind coronary 
artery disease and ang ina pectoris) (Bechgaard, 
1981). Features of the clinical examination that may 
assist the differential diagnosis of chest pain have 
been described by Arroyo et al. (1992). Mid-thoracic 
disc herniation may produce chronic abdominal pain, 
and the pain of low thoracic disc herniation may 
simulate renal or ureteric disorders (Grieve, 1994; 
Whitcomb et al., 1995). Pain behaviour may not 
always be indicative of the source of the symptoms; 
Grieve (1994) describes a series of examples where 
pain from non-musculoskeletal sources is influenced 
by posture and activity. Careful history taking, phys
ical examination and radiological evaluation are 

essential in determining the correct diagnosis. 

Non-mechanical causes of thoracic 
pain 

Pain in the thoracic spine and chest wall may be due 
to serious pathology of musculoskeletal stnlctures, 
such as tumours, infection or fracture. Most primary 
spinal tumours occur in the first half of life, and atIect 
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8 Clinical Anatomy and Management of Tboracic Spine Pain 

the lumbar spine and sacrum slightly more frequently 
than the thoracic spine (Weinstein and McLain, 
1992). osteoma in the thoracic 

rncchanical pain, have been 
1996). Although primary 
thoracic spine is the most 

particularly from pri 
mary lung, breast and prostate 
(Chade, vertebral bodies are most 
commonly affected, possibly due to their proximity 
to the site of the primal1' tumour (Onimus et al., 
1986). Pain and neurological impairment are the 
principal manifestations of spinal metastases, with 
80% of the tumours producing spinal cord compres
sion in the thoracic region (MacNab and McCullough, 
1990) (see Fig. 5.11). 

Traumatic fractures of the thoracic spine occur 
thoracic segments (see 

fractures of the verte
the majority of these 

vertehrae are predisposed 
stiffness of the thoracic 

mobility of the lumbar 
et aI., 1989; Boyle et CIt.. 

1998). T hc changc from a kyphotic to a lordolic 
curve, as well as changes in vertebral body and 
zygapophysial joint morphology, may further prediS
pose the transitional segments to fracture (Kostuik et 
at, 1991). The majority of traumatic fractures are the 
consequence of combined compression and f lexion 
loading. The thoracic kyphosis predisposes the trans
fer of compressive force into a flexion force tllat 
exceeds of the vertebral body. 
External 
object 
impact, 

evaluation 

f lexion when exposed to 
diagnosis of traumatic vertc 

history and radiologic31 

Fragility with spinal osteoporo 
sis represent an inability of the vertebral bodies to 
tolerate the loads associated with normal functional 
activities. The mid- and low thoracic vertebrae are 
common sites for osteoporotic vertebral fracture 
(Hedlund et al., 1989). One-third of such fractures are 
related to a fall, while 20% are associated with 
controlled activities such as lifting, bending or 
reaching In individuals with low 
spinal bone activities may subject the 
thoracic up to three times higher 
than their strength (Myers and Wilson. 
1997). vertebral deformities in the 
elderly of a specific fracture 
event, and may be identified inciden-
tally on (Grey et al., 1996) 
Progressive wedging of thoracic vertebral bodies 
is an inevitable feature of the ageing spine, but tends 
to be greater, and associated with mid- and posterior 
vertebral height loss, in individuals with a low bone 

mass (Evans et aI., J 993; Osman-Hamid et al., 1994). 
It is important to consider osteoporosis-related fragil

in the differential di.lgnosls 
particularly in women 

intervertebral 
prolapse 

Despite the low surgical incidence of thoracic disc 
prolapse, anatomical abnormalities of the interverte
bral disc are common in the asymptomatic popula
tion. These may include disc bulge, anular tears, or 
disc herniation with associated spinal cord compres-

10 29% of cases (Wood 
herniations requiring 

Ullcommon, and account j()r 
pelformed on herniated 

Simeone, 1992). The TS
common sites for thoracic 

injuries are uncommon 
thoracic levels (Arce and Dohrmann, 1985; Slillcrman 
et al., 1998). Thoracic disc herniations are directly 
associated with significant trauma in about one-third 
of cases (Stillerman et al., J 998). Central or radiating 
pain is a feature in a majority of patients with thoracic 
disc herniation, and usuaUy precedes neurological 
impairment. Evidence of spinal cord compression 
may include motor impairment, hyper-reflexia and 

spine 

sensory disturbances, gait 
dysfunction (Benson and 

al., 1998). 

syndromes of 

A specific anatomical diagnosis for mechanical tho
racic pain is difficult in many cases, but a clinical 
diagnosis can be based on information derived from 
the history and aU aspects of the physical and 
radiological examination. When serious pathology 

excluded (Table l.3), the 

I <) provide an overview 
reported studies according to different survey groups 
and clinical environments. 

Upper thoracic pain may be generated from the 
underlying joint structures and associated muscles, or 
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it may be referred from the cervical spine. Sustained 
sitting postures and joint loading may produce upper 
thoracic spine pain due to activation of joint nocicep
tors and to increased levels of muscle metabolites 
associated with elevated activity of the cervicothor
acic muscles (Harms-RingdahJ et ai., 1983; Simons 
and Mense, 1998). Pain may be referred to the tip of 
the acromion or scapular region via the cutaneous 
branches of the upper thoracic dorsal rami (Maigne 
et ai., 1991). Movement restriction in the upper 
thoracic spine may be secondary to pain or due to 
adaptive shortening of connective tissue or muscle. 
Normal cervical spine movement requires normal 
mobility of the upper and mid-thoracic motion 
segments (see Chapter 11). Cervical spine pain and 
movement restriction associated with disc degenera
tion or protrusion may impair the f low of movement 
between the cervical and upper thoracic spines, 
resulting in a progressive upper thoracic dysfunc
tion. 

Movement dysfunction of the upper two ribs is a 
common presentation. The rib articulations may 
produce local pain, or refer pain to the suprascapular 
fossa or shoulder (Bogduk and Valencia, 1994). The 
scalenii muscles, which insert onto these ribs, can 
become tight due to habitual postures or recurrent 
hyperactivity. The first and possibly second rib may 
become fixed in a cephalad pOSition, which can 
restrict end-range cervical movement, particularly 
rotation. This situation can be associated with com
promise of neurovascular structures of the thoracic 
inlet as they travel between the first rib and clavicle. 
The symptoms may include referred pain or par
aesthesia (medial arm, shoulder, forearm or hand), 
heaviness or weakness. Vascular symptoms might 
include coldness, blanching of the elevated hand and 
swelling of the dependent hand. 

Direct trauma to the thoracic spine or ribcage may 
be associated with a fall, sporting injury or motor 
vehicle acc ident. All may result in a varying degree of 
pain and movement loss, depending on the nature 
and severity of the impact. Although not well 

documented, patients with cervical whiplash injuries 
may also present with pain, abnormal tenderness and 
movement restriction in the upper and mid-thoracic 
regions (Carrothers, 1994; Giglia-Smith et at., 1997). 

Non-traumatic presentations in the thoracic spine 
may include acute joint ' locking ' and progressive 
movement dysfunction (McKenzie, 1990). The patho
mechanics of the acute locked joint have not been 
described for the thoracic spine, but may be extrapo
lated from descliptions of acute locking of lumbar 
zygapophysial joints (Bogduk and lull, 1985; Giles, 
1997). Pain onset can be associated with a sudden 
movement, or following a sustained position while 
sleeping. The symptoms are commonly unilateral, and 
include sharp pain that may radiate around the chest 
wall or directly to the anterior chest. Movements 
towards the painful side are limited by pain, including 
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respiratory movements where the rib articulations 
are involved. 

Mid-thoracic hypo mobility disorders are the most 
common thoracic presentation (Maigne, 1996). The 
symptoms are often insidious, and are usually present 
for some time before treatment is sought. The 

predilection for symptoms to focus about the mid
thoracic spine may be due to the high loading and 
movement demands on these segments due to 
mechanical forces (see Chapter 11, Fig. 11.2) and the 
higller incidence of thoracic disc degeneration in this 
region (Singer, 1997). The symptoms may vary from a 
constant dull ache to feelings of cramp or intense 
local fatigue. Increased discomfort is often experi
enced with sustained Sitting and at the extremes of 
range during movement. Difficulty in getting comfort
able at night, and morning stiffness, are two features 
commonly associated with these mid-thoracic dis
orders. The prinury movement restriction is that of 
rotation and, to a lesser extent, extension, while 
flexion is usually unaffected. Both the symptoms and 
movement restriction are unilateral in most cases. 

Although the thoracolumbar junction is a common 
site for vertebral fracture, non-traumatic mechanical 
disorders involving the low thoracic segments are 
uncommon relative to those in the upper and middle 
thoracic regions. Symptoms may be present locally or 
referred to the iliac crest, upper buttock or abdomi
nal wall (McCall et al., 1979; Maigne, 1996) (Fig. 
1.1 C). Movement restrictions are more common in 

the sagittal and frontal planes, particularly extension 
and lateral flexion. Articulations of the flfst and lower 
two ribs must be considered as a source of some of 
the symptoms, due to the higher prevalence of 
degenerative disease compared to the more cranial 
rib joints (Malmivaara, 1987; Nathan, 1987) (see Fig. 
5.1). Local tenderness at the lateral margin of the 
costotransverse jOint is usually indicative of rib joint 
involvement (Raney, 1966). Particular care is required 
in the treatment of the low thoracic vertebral 
segments with rotation manipulative techniques due 
to the morphology of zygapophysial joints in this 
region, which strongly restrain torsional loading 
(Singer and Giles, 1990). 

Red flags for diagnosis 

Features of the patient'S symptoms that may suggest 
non-mechanical thoracic pain or serious musculoske
letal pathology are summarized in Table 1.3. The 
clinician must determine the seriousness of the 
condition and refer the patient to an appropriate 
medical agent for management. These issues are 

described in the clinical management chapters and 
detailed in Chapter 18, which describes the contra
indications to mechanical therapy of the thoracic 
spine. 
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10 Clinical Anatomy and Management of Thoracic Spine Pain 

Diagnosis and management of 
thoracic 

Appropriate of thoracic spine pain 
disorders a careful review of 
history, suitable physical examination 
plan can The key elements of 
patient's enable an appropriately 
structured physical examination to be performed, are 
summarized in Chapters 9 and 18. The past and 
current medical history, together with current radi
ological imaging, are important in helping to exclude 
visceral disorders and serious musculoskeletal pathol
ogy as the cause of the symptoms. The extent of the 
phySical examination must be consistent with the 
patient's age and general condition, and the severity 
and irritabil!r) symptoms. Failure to account 
for this unllecessary discomfort and 

presenting problem. 
thoracic pain are often deep 

Each thoracic verte-
bra is articulations which may 
become thoracic zygapophysiaJ 
joints are deep LO the thoracic semispinalis and 
multifidus, and the costovertebral joints are com
pletely inaccessible in their location ventral to the 
transverse process. Establishing the specific tissue or 
structure tllat is the source of the patient's symptoms 
may not always be possible However, through a 
careful evaluation of the response to movement tests, 
muscle length tests, joint motion and soft tissue 
palpation examination, a hypothesis 
may be source and mechanism 
the symptoms. 

Managernent mechanical thoraCic spine 
orders is presenting symptoms and 
physical findings. Mobilization 
manipulation effective techniques 
for restoring thoracic spinal or rib joint mobility, and 
a variety of methods have been described (Grieve, 
1991; Bergmann et al., 1993; Lee, 1994; Maigne, 
1996; Hartman, 1997) and expanded in Chapters 15, 
16 and 17. Manipulation may achieve a more rapid 
restoration of pain-free movement, and is considered 
by some practitioners to be superior to mobilization 
for the treatment of thoracic spine hypomobility 
(Murtagh 1997). Retaining the often 
dramatic thoraCic mobility following 

requires appropriate 
and advice in relation lO 

posture Longstanding thoracic dysfullC 
tion may muscle length or altered 
patterns which will be more 
difficult and Sahrmann, 1994) 
Key faults in muscle function contributing to the 
patient's disorder must be identified in order to 
provide a realistic and effective rehabilitation pro
gramme. 

Summary 

of the thoracic spine has 
chapters will seek 

cd rllctural anatomy and 
region. Biomechanics of 

are discussed by Stokes 
considering the age-related 

ges to this region. Thoracic neuroanatomy is elegantly 
detailed in Chapter 8 by Groen and Stolker, who also 
report invasive pain management treatments for 
chronic thoracic pain (Chapter 13). The special 
clinical syndromes of the cervicothoracic and 
thoracolumbar transitional junctions are presented 
by Maigne in Chapter 10. Clinical diagnosis and 
radiological imaging procedures, orthopaedic and 

considerations of the 
chiropractic, osteopathic 

approaches to the managemenl 
thoracic pain are also outlliled 
overlap and repetition is 

, given the wide variery 
and the varied backgrounds 

cOlilribmofs_ The reader may be challenged at limes 
to reconcile views expressed within these chapters. 
In turn, it is hoped that this will prompt debate and 
discussion within and between disciplines. Despite 
the considerable growth in knowledge about the 
human spine in health and disease states, there is stW 
much to investigate and learn. 

The major goal of this text is to fe-introduce the 
thoracic spine. Long 

within the human axial 

to cast symptoms SOllie U10"dll'-'

may lead the incaUl.iolls 
O\'erlook thoracic structures when 
nosis (Fig. 1.1). A careful differential diagnosis, 
excluding seriolls pathology from the region, cou
pled with a high index of suspiCion, permits the 
identification of mechanical disorders which are 
amenable to manual therapy. 

In the absence of indications for such therapy, andl 
or the presence of'red flags' (Table 1.3), the clinician 

promptly the need 
surgical physicians for 

criteria to follow for 
Chapter 18. 

cOI1I.ributors to this volume 
overview of their 

hoped that the reader 
clInical acumen developed 

of their clients. The thoracic region will remain an 

enigma only to those who choose to overlook the 
possibility of its involvement in common mechanical 
disorders of the spine. 
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Anatomy of the thoracic spine 

K. P Singer and S. Goh 

This chapter reviews the structural anatomy of the 
thoracic spine and thorax. Historically the thoracic 
region of the human spine has been largely over
looked, with the greatest attention focused on the 
adjacent regions, which have occupied clinicians' 
time and attention. The thoracic spine has a markedly 
different mechanical role within the vertebral col
umn, designed for stability while accommodating a 
limited mobility. This central region of the human 
spine, in concert with the tnlOk musculature, pro-

Fig. 2_1 The function of the thoracic spine may be illus
trated by the dynamic action of the javelin thrower, who 
unleashes powerful axial torque, initiated by the lower 
limbs and transmitted through the thorax, into the throwing 

arm and implement (redrawn from Singer, 1989a). 

vides a supporting role to sustain aU postures and 
facilitate motion, be it during gait or more dynamic 
activities like throwing (Fig. 2.1). 

The natural history of the vertebral column is best 
depicted by alterations in spinal posture, with an 
accentuated thoracic kyphosis being the most notice
able change, particularly in women after menopause. 
Here, the progressive kyphotic deformity occurs in 
response to an imbalance between bone resorption 
and formation, which can alter the mechanical 
loading of the mid-thoracic region and often leads to 
fractures and wedging of vertebral bodies (Fig. 2.2). 

Thoracic vertebral anatomy 

Development of the thoracic spine 

Scant attention has been given to studies of the 
development of the thoracic region, despite its 
frequent involvement in the spinal deformities of 
kyphosis and scoliosis (Lord et at., 1995). Some 
morphometric studies, particularly relating to longi
tudinal growth patterns of vertebral body and disc 
height (Brandner, 1970) and thoracic pedicle diame
ters (Zindrick et at., 1986), have been recorded, 
where these parameters have been of value in 
radiological prediction of vertebral pathologies and 
selection of pedicle screw size for posterior instru
mentation respectively. A mapping survey of 12 
thoracic spines was performed by Panjabi et al. 
(1991) to provide reference ranges for many size and 
angle elements of this region of the spine. Similarly, 
Ebraheim et al. (1997) reviewed the thoracic zygapo
physial joints in adult spines from the perspective of 
surgical instrumentation fIXation. However, it is clear 
that this emphasis has been on skeletally mature 
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Fig. 2.2 Schematic depiction of changes in adult thoracic posture with advancing years. The thoracic kyphosis becomes more 
accentuated through increased loading on the vertebral elements. which is a function of the anterior displacement of the load 
moment. TIle biomechanicaJ disadvantage is highlighted through the increased distance from the vertical line to the apical 
vertebra (adapted from Singer. 1997). 

thoracic vertebrae, from a surgical perspective, with 
little work reporting earlier stages of development. 

The foetal ossification pattern for the thoracic 
vertebrae (depicted in Fig. 2.3A) shows the vertebral 
centra, which appear first in the lowest thoracic 
segments before involving adjacent cranial and caudal 
levels (Noback and Robertson, 1951). In contrast, the 
posterior arches ossify first at the cervicothoracic 
junction, where they also close in the midline before 
this trend migrates caudaUy (Lord et al., 1995). These 
sequences of ossification have been considered by 
Bagnall et al. (1977) to reflect functional stresses 
applied to the vertebral column in utero, to the 
developing thoracic and cervical regions. Evidence of 
closure of the neurocentral junction (Fig. 2.3B) was 
identified at 7 years of age by Lord et at. (1995), 
proceeding in a caudal direction from the upper 
thoracic region (Bagnall et al., 1977). The delayed 
closure of the lower thoracic segments may reflect 
the need to accommodate the cranial migration of the 
lumbar enlargement of the spinal cord. Studies using 
magnetic resonance imaging (MRI) to determine the 
closure of the neurocentral junction has shown this 
to occur by 16 years of age in both males and females 
(Yamazaki et al., 1998). In contrast, the vertebral 
body ring apophyses rypically unite by 10 years of age 
(Louis, 1983). The vertebral canal, large in proportion 
to the juvenile vertebral body (Fig. 2.3B), appears to 

achieve adult proportions by 7 years of age (Lord et 
al., 1995). 

The pre·term foetal zygapophysial joints maintain a 
relatively near vertical and coronal plane orientation 
throughout the thoracic region (Huson, 1967; Lutz. 
1967; Reichmann, 1971; Med, 1977) (Fig. 2.3C, D). 
The adult form for these joints involves a slight medial 
shift in coronal alignment, which ensures that the 
axis for transverse plane rotation is anterior to the 
vertebral body (Davis, 1959) (Fig. 2.3C). The main 
departures from this pattern occur at the cervicothor· 
acic junction (Boyle et al., 1998) and the thor· 
acolumbar junction (TLJ), where considerable varia
tion in zygapophysial joint configuration occurs 
(Davis, 1955; Veleanu, 1972; Singer et al., 1989a) (see 
Chapter 7. Fig. 7.1). 

The normal human vertebral column has 24 
presacral vertebrae: seven cervical, 12 thoracic and 
five lumbar (Terry and Trotter, 1953). In the spine, the 
number of thoracic vertebrae, defined by paired rib
bearing elements, may vary from 11 to 13. This 
inconsistency may lead to incorrect surgical planning 
if not recognized and adjustments made to match the 
radiographic anatomy to the site of pathology CWigh, 
1980). Fifteen thoracic vertebrae with paired ribs 
were identified in two sib1.ings by Melhem and Fahl 
(1985), confirming the variabi1.iry of tllis region. In a 
large skeletal collection, 7% showed variation in 
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A 

Fig. 2.3 (A) Photograph of a cleared foetus, stained with Alizarin Red, to highlight ossification centres within the axial and 

appendicular skeleton . The vertebral centra are shown clearly in almost aU thoracic segments, with the most developed stage 

at the thoracolumbar junction . [n contrast, the posterior arches show greatest development throughout the cervical and upper 

thoracic region. (B)A photomicrograph of a 200-�m thick horizontal plane section through the T12 vertebral body of a 2-year
old specimen illustrates the neurocentral junction (ncD, which demarcates the vertebral centmm from the ossification centres 

of the paired vertehral arches. Note the relatively large vertebral canal present at this stage of skeletal development. TIlickened 
articular cartilage (curved arrows) line the rib heads (h). (C) A.."jal cr image, demonstrating the radiographic presentation of 
the costovertebraI jointS and neurocentral junction (arrow head), as shown at 3 years of age. (D) By 13 years of age, the 

neurocentral junction is recognized only as a line of higher intensity (Alizarin specimen kindly prepared by Mr H. Baggot, 
Department of Anatomy and Human Biology, the University of Western Australia). 

thoracic number or configuration (Schultz, 1961). 

Confusion can occur when the transitional segments, 
at the cervicothoracic and thoracolumbar junctions , 
demonstrate characteristics of the adjoin.ing region. It 
is worth noting that where one transitional anomaly 
is found , other spinal variants will often be located 
elsewhere in the skeleton (Sclul1orl and Junghanns, 
1971), and these occasionally have clinical sig
n.ificance (Fig. 2.4). Although a feature in a small 
proportion of the population (approximately 1 %) 
(Singer and Breidahl, 1990), rudimentary cervical and 
lumbar ribs and lU1-united ossification centres of the 
transitional segments are examples of normal variants 
which may be seen in medical imaging (Fig. 2.4) 
(Gladstone and Wakeley, 1932; Foley and Whitehouse, 
1969) 

The thoracic vertebrae consist of two components 
- a body ventrally and an arch dorsally (Terry and 

Trotter, 1953). The body of the vertebra functions 
pr imarily, but not exclusively, to support the weight 
of the trunk due to the anter ior concavity of the 
thoracic kyphosis (Fig. 2.2). The vertebral body is 
deeper dorsally than ventrally, and is slightly concave 
on its cranial and caudal end-plate surfaces. The arch 

of the vertebra, with the body, encloses the vertebral 
foramen and serves to protect the spinal cord and the 
roots of the spinal nerves. Some axial load may be 
borne by the posterior elements through contact 
between the inferior articular processes and the 
laminae. The mid-thoracic vertebral segments in the 
adult conform to the typical configuration, consisting 
of a relatively small vertebral canal (Fig. 2.5A), and 
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superior costal facets on the root of the pedicle and 
inferior margin of the vertebral body, respectively. 
The spinous processes are elongated and directed 
postero-inferiorly. The vertebral body consists of 
slightly concave end-plates, thickened in regions 
approximating the attachment of the anulus fibrosus, 
and a thin cortical shell. Cancellous bone networks, 
aligned primarily to sustain <I..'(ial compressive loads 
(Fig. 2.58), act as host for a rich vascular network 
throughout the vertebral body and communication 
with the basi-vertebral plexus in the epidural space 
(refer also to Chapter 8). 

The muscular control for the thoracic region 
incorporates the long tn.lllk extensors CRab, 1979), 
and the thorax provides attachment for the pelvic 
trunk side-flexors and for the trapeZius muscles, 
which act to regulate pelvic and scapular motions 
respectively. The role of the trunk muscles in main
taining posture and co-ordination of motion is sum
marized by Moore (1997) in the first volume of this 
series. 

Ligamentous support for the thoracic spine 
involves an interplay of the costovertebral joint 
capsular ligaments, which provide strong discal 
attachment for the ribs via the intra-articular bands 
(Lohse et al., 1985) (Fig. 2.6), and the radiate 
ligaments, which embrace the head of the rib against 
the demi-facets (Burguet et al., 1987). The costo
transverse ligament and lateral costotransverse liga
ments combine to provide strong fixation of the neck 
of the rib to the transverse process. Zygapophysial 
joint capsular ligaments are less developed laterally to 
allow for the axial motion of these joints (see Fig. 
2.38). In contrast, medially, the ligamentum flavum is 
well developed . A detailed discussion of the spe
cialized function of thoracic spinal ligaments is 
presented in Chapter 3 (see Fig. 3.9). 

As an indication of the increasing load carried from 
head to sacrum, the thoracic vertebrae show a 
progressive caudal increase in size. This trend is 
reported from early antllfopological studies (Lanier, 

Fig. 2.4 Costal element variations are common at the 

cervicothoracic and thoracolumbar junctions. Rib length 

may be anomalously short at T12 (A) or lumbar ribs may 

arise variously from the Ll vertebral transverse processes 

(8). Mammillary process ossification centres that have not 

united with their host are also found (C -I), and are best 

identified by CT. Histologic examination of one case (F) 
showed the presence of articular cartilage separating the 

mammillary process from the superior articular process. In 
rare cases, the ununited ossification centre may be confused 

with a fracture of the transverse process, with bone window 
CT images highlighting the even corticated margins of the 
ossicle (adapted with permission from Singer and BreidahJ, 

1 990) . 
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Fig. 2.5 The typical mid-thoracic vertebral segments are depicted in axial (A), lateral (B) and frontal (C) projections. The 

transverse processes are long and slender, providing a costa l notch for articulation with the tubercle of the rib and paired 
demi-facets for the costovertebral joints. The zygapophysial joints are aligned in a coronal direction, and the spinous process 
is directed posteriorly and inferiorly. The vertebral body is crescent-shaped and attached to the posterior elements via 
thickened pedicles. The para-sagittal bone section at (B) highlights the comp lex trabecular architecture within the vertebral 
body, consist ing of primarily horizontal and vertical elements. Abbreviations: cf, costal facet; cvj, costovertebral joint; iap, 
inferior articular process; I, lamina; sap, superior articular process; sp, spinous process; tn, trabecular network; tvp, transverse 
process; vb, vertebral body; \,f, vertebral foramen. For a detailed inspection of all thoracic segments, refer to Fig. 2.7. 

Fig. 2.6 Schematic representation of the capsular 
ligaments of the lower thoracic costovertebral joints 
to illustrate differences between typical and atypical 

jOint morphology. The rib heads are 'cut-away' to 

show the articular surfaces. At no the intra-articular 
ligament is depicted attaching to the intervertebral 
diSC, dividing the superior and inferior demi-facets. In 
contrast, the TIl (and T12) costovertebral joints 
comprise a single articular facet arising from the root 
of the pedicle , attached by the radiate ligament which 
fans the joints' superior, anterior and inferior aspects. 
Abbreviations: OF, demi-facets; LoU, intra-articular 
ligament ; IVD, intervertebral disc; R, superior aspect 
of radiate ligament (adapted from Tan, 1993). 
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Fig. 2.7 Composite photo
graph of isolated thoracic ver· 
tebrae to highlight the seg· 
mental changes from Tl to 
Tl2 in size and stmcture. (A) 
In the axial view, change in 
transverse process orienta· 
tion, size of the vertebral 
foramen and shape of the 
vertebral body are demon· 
strated. (B) The frontal per· 
spective depicts the caudal 
change in costal facet angle 
on the transverse processes, 
the progressive increase in 
vertebral body height and 
reduction in transverse proc· 
ess length. Para·sagittal bone 
sections, surface stained by 
the Von Kossa method, 
emphasize the primarily verti· 
cal alignment of t.rabecular 
elements, the relatively thin 
vertebral end·plate and cor· 
tex bone. In addit ion , caudal 
reduction in bone element 
density / bone volume are 

apparent. (C) A posteriorly 
located Schmorl's node is 
seen on the inferior end·plate 
of Tl2 and marginal osteo
phytes, projecting from the 
anterior end·plates ofT7- T9, 
are shown. (D) The lateral 
view shows the change in 
spinous process angle and 
length, increase in vertebral 
body size and relatively larger 
pedicles in the upper and 
lower regions of t he thoracic 
spine, compared with the 
middle segments. 
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1939) and in contemporary examinations of thoracic 
vertebrae (Edmondston et ai., 1994a). TIle uniform 
caudal increase in thoracic vertebral body and disc 
dimensions is consistent with the cumulative load 
each segment carries (Fig. 2.7). The mechanical 
characteristics of the thoracic vertebral bodies follow 
this progressive trend, with a caudal increase in 
failure strength and bone density to accommodate 
the increasing body load (Singer et at., 1995). 

As a result of the thicker posterior dimension and 
loads which are anterior to the line of gravity, 
thoracic vertebrae demonstrate a wedge-shaped con
figuration , particularly the mid-thoracic segments 
and, to a lesser extent, the Til and T12 vertebrae 
(Davies et at., 1989; Edmondston et at., 1 994b) (Fig. 
2.7) (see Chapter 5, Fig. 5.6). From cross-sectional 
radiographical surveys, the vertebral bodies and discs 
are generally thicker in males , and the anterior 
vertebral dimensions demonstrate a slight decline in 
height due to changes possibly related to an alterna

tion in axial loading patterns with age. 
Each thoracic vertebra is distinguished by costal 

facets on the sides of the body and , in all but the last 
two or three segments, by articu lar facets on the 
transverse processes, articulating respectively with 
the heads and tubercles of the ribs. The laminae are 
short, thick, broad and overlap each other like roof
tiles from above downwards (Williams and Warwick, 
1980). The typical spinous process slants back and 
downwards, overlapping between T5 and T8 and 
being less oblique above and below this level. 
Projecting upwards at the junction of the laminae and 
pedicles are the superior articulating processes, 
facing backwards, upwards and laterally. The inferior 
processes project downwards from the laminae and 
face forwards, slightly medially and upwards . Fig. 2.7 
depicts all thoracic segments from different per

spectives to highlight the progressive nature of 
changes in morphology. Add i tionally, the detailed 
cancellous bone network within the vertebral body is 

highlighted from sagittal surface stained bone speci
mens, sectioned medial to the pedicle (Fig. 2.7C); 
these also depict the progressive change in cross
section of the thoracic vertebral bodies from small 
square-shaped elements to larger rectangular verte
bral bodies. 

The articular processes (zygapophyses) of adjoin

ing thoracic vertebrae form synovial jOints, which 
permit a limited degree of movement, primarily 
facilitating axial rotation (refer to Chapter 4 for a 
detailed discussion on segmental biomechanics). The 
primary axis of rotation for the mid-thoracic seg
ments is located close to the anterior region of the 
thoracic intervertebral disc (Davis, 1959). 

The lower thoracic zygapophysial joints provide 
specialized features whidl are characteristic of this 
region. The first is the greater development of the 
mammillary processes, which originate as extensions 
off the superior articular processes (Kaplan , 1945). 

Anatomy oj the thoracic spine 23 

The mammillary processes provide attachment for 

the multifidus muscle as it traverses medially to attach 
onto the spinous processes of the segments above. 
The direction of the mammillary process ensures 

that it deepens the recess into which the inferior 
articular process articulates. This is represented by 
Fig. 2.8B, D, E. 

Consistent with most synovial joints, small intra
articular synovial folds (lASFs) may be found within 
the thoracic zygapophysial and costal joints (Meyer, 
1972; Ley, 1975; Singer et at., 1990a). In the 
zygapophysial joints, the IASFs originate medially, 
from tissue adjacent to the ligamentum flavum, and 
extend varying distances into the medial joint cavity 
(Fig. 2.9). It appears that these folds, comprised of 

fibrous or fibro-fatty tissue, fill spaces within the 
joint . It is speculated that these small protrusions may 
become trapped between the articular surfaces and 
stimulate painful reflex muscle spasm (Kos and Wolf, 
1972). 

Variations in thoracic vertebral 
morphology 

Individuals may show transitional anatomical variants 
at both the cervicothoracic (Boyle et at., 1996) and 
thoracolumbar junctional regions (Singer et at., 
1989a), and these features are discussed in more 
detail in Chapter 7. Typically, these anomalies involve 
the articular processes, costal elements and, occa
sionally, (he vertebral bodies due to disruption to the 
primary and secondary ossification centres (Fig. 2.3). 
To illustrate a common variant found at the TI), the 
side-to-side variations in zygapophysial joint morphOl

ogy (articular tropism) are depicted in Fig. 2.10. 
Differences in the symmetry of the zygapophysial 
joints are very common at the TI], where 40% of 
cases show a 10° variation between right and left 
sides (Singer, 1989a; Singer et at., 1989a). This 
observation is consistent with several reports examin
ing the var iation in orientation of these transitional 
vertebrae (Whitney, 1926; Med, 1972; Malmivaara et 
at., 1987). 

Anatomy of the thoracic 
intervertebral discs 

In the human vertebral column, disc height accounts 
for approxinlately 20- 33% of the total length of the 
spinal column (White and Panjabi, 1990). The thoracic 
intervertebral discs, being narrower than those in the 
cervical and lumbar regions, contribute approx
imately one-sixth of the length of the thorac ic column 
(Fig. 2.11) (Ol iver and Middleditch , 1991). The ratio of 
disc to vertebral body height is 1: 5 (Kapandji, 1977). 
Thus the motion between vertebral segments in the 
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T11-12 

Fig. 2.8 TIlOracolumbar mortice jOint configurations represented by IOO-llm thick horizontal histological sections at TlI-T 12 
(A) andTl2-Ll (8). The mammillary processes act to contain the inferior articular processes either unilaterally, i.n the case of 
a.rticular asymmetry, or bilaterally. Axial CT inlages of thoracic spine (C) and thoracolumbar j unction (D) segments further 
highlight this normally occurring development of the manunillary processes (arrows). A para-sagittal CT inJage in a cadaver 
spine (£) depicts the projecting marrunillary process extending behind the inferior articular process at TlI-TI2, forming a 
cup-like jOint, which would act to impede further extension. Abbreviations: AC, articular cartilage ; lAP, infer ior articular 
processes; IF, ligamentum flavum; MP, mammillary processes. (Histomicrographs reproduced from Singer, 1994) 
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A 

Fig. 2.9 Intra·articular synovial folds (lASFs) demonstrated within lOO-flm th.ick horizontal histologic sections from 

thoracolumbar zygapophysial joints. These lASFs originate medially from tissue adjacent to the l.igamentum f lavum, and extend 
varying distances into the medial joint cavity (arrows). Comprised typicaUy of fibrous or adipo-fibrous tissue, these folds act 
to fiU spaces within the joint and may become trapped between the articular surfaces. They present in various forms from fatty 
tissue (A, C) to fibrous inclusions (B, D). Abbreviations: c, cartilage; LF, ligamentum flavum; MP, mammillary process. Scale 
marker = 5 mm (adapted and reprinted with permission from Singer et al., 1990a). 

thoracic region is slight, and is reduced further as a 
function of age (peacock, 1952). The outer anulus (Fig. 
2.11 E) is attached into the vertebral end-plates via 
Sharpey's fibres, with the most superficial layers 
extending beyond the end-plate into the periosteum of 
the outer vertebral body itself. The intra-articular 
radiate ligament of the head of the rib also attaches 
onto the anulus t1brosus (Fig. 2.6). 

Anterior disc height varies from approximately 
4 mm at T1-T2, with a gradual decrease towards 
T4 -T5, and increaSing again caudally to about 6 mm at 
Tll- T12 (Figs. 2.12- 2.13). According to Pooni et al. 
(1986), the anterior height is least at theT4-T5level. 
This view is supported from a large-scale survey of 
post-mortem thoracic spines (Fig. 2.12). Relative to 

the anterior dimensions, the thoracic discs are 
genef'dUy thicker posteriorly, particularly in the mid
thof'dcic region. Disc height dimensions are least in the 
upper thoracic segments, which may contribute to the 
relative stiffness of these segments (Gregerson and 
Lucas, 1967). A progressive increase in motion is 
recorded within the lowest segments, which are less 
impeded by the constraint of the thoracic cage and 
where the disc height is proportionalJy greater (White 
and Panjabi, 1990). A� with the vertebral bodies, 
thoracic discs demonstrate an anteriorly-wedged con
figuration from T1-T2 to TS-T9, a trend most evident 
in the mid-thoracic region (Figs 2.12 and 2.13). 

The thoracic discs vary from an elliptical shape in 
the upper segments to a rounded triangle in the 

Copyrighted Material



26 Clinical Anatomy and Management of Thoracic Spine Pain 

Fig. 2.10 There are multiple variations in the shape and 
configuration of the zygapophysial joints at the thor
acolumbar transitiooal junction. The most varied level is 
TIl-TI 2, wltich may show a thoracic joint on one side and 
a lumbar configuration on the other (A, B, C). Occasionally, 
where such anomalies are found at one transitional segment, 
others may be found elsewhere in the same spine. The 
TII-TI2 axial CT image of a 37-year-old male (C) revealing 
articular tropism also highlights a similar pattern of asym
metry at L4 - L5 (arrows show end-plate irregularities or 
bony sclerosis). 

middle segments, and on to a larger elliptical shape 
which is flattened posteriorly in the lower thoracic 
spine (Fig. 2.11 B- E). Discs within the mid-thoracic 
region have the most circular cross-section of all discs 
within the vertebral column (Pooni et al., 1986). 
There is a linear increase in cross-sectional area from 
the upper to lower thoracic regions (pooni et at., 
1986; Edmondston et al., 1994c; Singer et al., 1995). 
A larger disc height tends to decrease stiffness, while 
a greater cross-sectional area tends to increase it. 
Based on descriptions of the lumbar intervertebral 
disc, the arrangement of the anular fibres and their 
attachment to the cartilage end-plates allows for great 
strength between vertebral bodies, while at the same 

Fig. 2.11 A sagjrtal section of a 26-year-old normal thoracic 
spine at post-mortem is depicted (A) to highlight the 

relatively small vertical height of the thonKic discs and the 
physiological kyphosis, which is preserved even after hemi

section . The shape of the thoracic discs vary from flattened 
ellipses in the upper segments (B) to rounded triangles 
within the middle region (C) and, finally, larger, circular 
discs towards the lowest thoracic levels (D, E). The anulus 
fibroslls layers are clearly depicted (E) against the nuclear 
region which, in these examples, is slightly discoloured. 

time increasing resistance to torsion (Vernon

Roberts, 1992). Thus, in the thoracic spine, due to the 
relatively low vertical height of the vertebral bod ies , 

their principal role is for axial loading and support for 
limited spinal mobility (White and Panjabi, 1990). The 
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Fig. 2.12 Segmental trends in vertebral body (A) and intervertebral disc morphology (B) are represented as anterior
posterior height ratios. In both, the mid-thoracic segments show the greatest reduction in anterior height, particularly in 
females. These data are from a post-mortem radiological series of 93 cases. 
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Fig. 2.13 Segmental trends in anterior 
and posterior disc dimensions depicting 
reductions in mid-thoracic height recor
ded from 93 post-mortem radiographs. 
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Fig. 2.14 A.xial plane motion is facilitated by the typical 
coronal orientation of the vertebral segments above the 
thoracolumbar transition (A) with the presumed axis of 
rotation close to the vertebral body. The sagittal change in 
direction of the zygapophysial joints results in a marked 
reduction in rotation due to compression of the joint 
surface s (B). The presence of mammillary processes 

(arrows) and the ir proximity to the zygapophysial joints may 
further restrict segmental motion (C, D) (adapted with 
permission from Singer et al., 1989b). 

mid·thoracic segments achieve the greatest amplitude 
for axial rotation (Gregerson and Lucas, 1967), as 
depicted in Fig. 2.14A. In contrast, the vertebral 
morphology at the TLJ acts to impede rotation due to 
the configuration of the zygapophysial joints (Mar, 
kotf, 1972; Singer, 1989b; Singer et at., 1989b) (Fig. 
2.14B-O). Overall, sagittal and frontal plane motion is 
relatively small compared with the cervical and 
lumbar spine regions (White and Panjabi, 1990). 

Thoracic cage and ribs 

The costovertebral and costotransverse joints have 
the added disadvantage , that while most of the 

other joints have periods of rest after periods of 

Fig. 2.15 Thoracic costal facets change in direction from 

superior to inferior, to accommodate greater loading from 

upper limb and thorax. At T2 the facets face laterally and 
vertically (A), whereas atT9 they adopt a cranial orientation 
(B) to accommodate the costotransverse joint onto a 
thickened and more substantial transverse process. The 

progressive change in configuration from Tl to Tl 0 is 
depicted schematically (C) (adapted from Meyer, 1972) 

Fig. 2.16 The upper three thoracic ribs (A) reveal a broad 
flat profile and progressively increasing length. The first ribs 
provide attachment for muscles spanning the cervical spine. 
Each rib typically has a head, H, neck, N, and tubercle , T, 
with a cup-shaped depression at the anterior end for the 
articulation with the sternum. The lowest three ribs (B) are 
longer and more s lender, again providing for attachment of 

muscles spanning the lumbar spine. The last two or three 
ribs, sometimes referred to as floating ribs, may articulate 

only with the vertebral body and lack a tubercle for a 

costotransverse articulation. 

activiry, the rib jOints , unless they become ankylosed 
from disease, never rest entirely so long as life exists' 
(Goldthwait, 1940: 568). The thoracic ribs provide 
protection for the cardiopulmonary and visceral 
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Fig. 2.17 The first and last two or three thoracic ve rte bral 
bodies contain a single costal facet on the root of the pedicle 
for articulation with the rib head . OccasionaUy, the tenth 
may foUow the normal pa ttern , with a demi-facet sh ared 
with the ninth thoracic vertebra .  In this figure, TI , T I O, T I l 
and T 1 2  show isolated costal facets. The progressive cha nge 
in zygapophysial  joi.nt orientation is shown occurring a t  
T I O - T 1 1 , T l l -T l 2  and T I 2 - U .  Abbreviations :  cf, costal 
facet;  i ap , inferior articular  p rocess; p ,  pedicle;  sap, superior 
a rticular process; sp,  spinous process ; rvp, transverse 
process; vb, vertebral body; vf, vertebral foramen; z, 

zygapophysial joint 

vb 

vc 

sp 
I 

vb 

aa 

cvj 

Fig. 2.18 Axial CT images depicting the paired costovertebral and costotransverse joints a t T9 in a 3-year-old (A) and an adult 
(B). The larger costovertebra l  joints are depicted a t T l l (C), where the transverse processes are shorter and angled in a more 
posterior direc tion . Abbreviations: aa ,  abdominal aorta ; ctj , costotransverse joint; cvj , costoverteb ra.I joint;  ncj,  neurocemral 
junction ; I ,  lamin a ;  p,  ped icle;  sp ,  spinous process; vb , vertebra l  body; vc , vertebral canaL 
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contents of the upper abdomen.  This bony cavity is 
designed to accommodate the demands of respiration 
through specialized costotransverse and costoverte
bral joints posteriorly, and costosternal  articulations 
anteriorly. The movements of the thorax associated 
with the dynamics of respiration are reviewed in 
detail by Kapandji ( 1 977), Andriacchi et al . (1 974) 
and Harris and Holmes (1 996) . 

The lower ribs,  through their articulations with the 
transverse processes, act to convey upper limb and 
thorax load onto the axial skeleton.  This change in 
angle of the costotransverse joints, depicted in Fig. 
2 . 1 5B, C, is described by Meyer (1 972) . 

The upper and lower ribs (Fig . 2 . 16) provide 
attachment locations for large muscles spanning the 
cervical and lumbar regions of the spine respective ly. 
In this way, strong tension forces are applied to the 
thoracic region , which help explain the reactive 
changes at these rib articulations (see Fig. 5 . 1 ) .  

The T I  a n d  TI 0 -T 1 2  costovertebral joints are 
specialized insofar as a single costal facet i s  located 
on the root of the pedicles (Fig. 2 . 1 7) .  Occasionally 
the tenth thoracic vertebral body provides a shared 
costal facet with the ninth,  although variations have 
been reported (Shimaguchi, 1 974). 

The typical rib articu lations for the middle and 
lower segments are represented by axial CT images in 
Fig. 2 . 1 8 .  

The rib articu lations with the thoracic vertebral 
column,  like most synOVial jOints, contain small IASFs 
comprised of fibro-fatty tissue ,  which act to take up 
any voids berween articulating sUlfaces (Singer et al. , 
1 990a) (Fig. 2 . 1 9) .  These IASFs have been com
prehensively mapped for the thoracic rib joints by 
Meyer (1 972), and at the thoracolumbar junction by 
Tan ( 993).  Based on immunohistochemical studies 
of lumbar zygapophysial joint IASFs by Giles and 
Harvey (1 987), it is reasonable to conclude that these 
smal l inclusions could be innervated and produce 
painful entrapment of both rib and thoracic zygapo
physial joints eKos and Wolf, 1 972).  

The human thorax comprises the thoracic verte
bral co lumn and the rib articulations with the 
sternum. This complex arrangement of vertebrae ,  ribs 
and cartilage provides a flexible yet stable cavity for 
the cardiorespiratory system and main vessels .  The 
sternum consists of the larger manubrium and a more 
slender, at  times multi-segmented , body. Demi-facets 
are located on the lateral  aspect of the manubrium 
and body to accommodate the attachment of the 

Fig. 2.19 The paired costoverte bra l joints , represented at T I 2  (A) , frequently show the presence of LASFs, which originate 
between the pedicle and the rib head and penetrate anteriorly into the j o int space (arrows) . A thickened tlbrolls !ASP is  
depicted in (B), originating from a fibra-fatty network. The inset (C) highlights the length of this LASp, extend i ng approxim ately 

one-third the length of the join t .  Abbreviations:  bc , histological appearance of a bo ne cyst; d,  dura ; ff, tibro-fatty; If, Ligamentum 
tlaV1.lm; 0 ,  ossificat ion within the ligamentum flavum; rh, rib head ; sc,  spinal  cord;  v b ,  vertebral body. 
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Fig. 2.20 The sternum o f  the human thorax i s  comprised of the larger manubrium and the more slender body (B). Demi· 
facets, shown in the left photograph,  are located on the lateral aspect of the manubrium and body to accommodate the 
attachment of the clavicle and the first six ribs ( 1 - 6) via the costal cartilages. The xiphisternum,  depicted in (A). articulates 
with the inferior aspect of the body. Abbreviations :  c, clavicle; cc, costal cartilage ; M, manubrium ; r4 , fourth rib; T l ,  first 
thoracic vertebral body; x, xipho id process of sternum. 

clavicle and the upper six or seven ribs via the costa l 
cartilages .  The xiphisternum articulates with the 
infe rior aspect of the body of the manubrium (Fig.  
2 . 20) . The costal  cartilages provide a fl exible link 
from the end of the rib to the sternum, and 
contribute im portan t mobility to the ribcage . For the 
last two and occasionally three lowest ribs,  the costal 

cartilage terminates within the muscles of the a bdom

inal wall. 

Physiological kyphosis 

The physiological S-shaped sagittal c u rve of the 
human vertebral column is  well-adapted for main
tenance of uprigh t posture and efficient transmission 
of compressive forces. I n  the thoracic spine , the apex 
of the kyphotic curve, or the region of greatest 
curvature , typica Uy lies between T6 and T8 (Singer et 
ai. , 1 990b;  Korovessis et al. , 1 998) , the result of 
mechartical loads imposed on the anterior aspect of 
the vertebral bodies (Fig.  2 . 2) .  The cumulative effects 
of these loads may result in age-related progreSSion of 
the thoracic sagittal c u rve , a process that is accen
tuated in individua ls with osteoporosis (Sartoris ,  
1 996). Numerous factors contribute to the kyphosis ,  
with the shape of the vertebral bod ies being the 
major contributor (Whi te and Panjabi ,  1 990) . Recent 
in vivo (Manns et aI. , 1 996) and ex vivo studies (Goh 
et aI. , 1 999) have described the contribution of the 

thoraCic d iscs in dete rmining the geometry of the 
kyphotic curve . Other factors include reduced mus
cle tone, occupational and habitual posture , and 
osteopertia . 

The normal range of the thoracic sagittal curve 
generally lies between 2 0 °  an d 40° , though these 

values are age and gender specific (Fon et aI. , 1 980 ; 
Singer et at. , 1 990b) . ProgreSSion of kyphosis across 
the life span is most developed in females, and is 
attributed to reduced physical activity and muscle 
tone and, i n  older females, the effect of the breasts 
(Milne and Lauder, 1 974). 

Sununary 

In this first section of the text, the anatomy of t h e  
thoracic verte bral column has b e e n  presented t o  
highlight the reg ional differences of vertebrae and 
ribs as a preliminary to discussing the detailed 
ligamentous anatomy (Chapter 3) and functional 
biomechan ics of the thoracic sp ine and thorax 
(Chapter 4). 
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R. V Putz and 

The ligaments of the vertebral column can be 
divided into two groups. The inelastic anterior 
longitudinal ligament, consisting only of collagen 
fibres, and the segmental chain of the elastic liga
mentum f1avum comprise one group. The other 
group contains many ligaments running in direc
tions oblique or perpendicular to the long axis of 
the column: the posterior longitudinal ligament, the 

so-called 'transverse 
the joint capsule, and 

anulus fibrosus. The suprasri 
nous the spinous processes, 
in fact the thoracolumbar fasci:!, 

8rranged in the lozenge-
elevator gate. 

particular, these ligaments 
interact as a kind of ligamentous gear system which 
determines the co-ordination of various movements. 
In the thoracic region, control is supplemented by 
the attachments between vertebrae and ribs. The 
motion segments of the cervical region are rather 
dllrerent, since the powerful muscular cloak makes 
any marked differentiation of the ligaments unnec
essary. 

The motion segments of 
t'lltirety depend largely 

the geometrical form 
differentiation. In 

Ilunbar not only responsible 
taking but also play a parI 
limiting the thoracic vertebrae. 
where their function is solely to counter ventrally 
directed shearing forces, are simplest in form. The 
zygapophysial joints of the cervical region are more 
heterogeneously shaped. Their lateral ridges are 

vertebral 

, Miiller-Gerbl 

again directed somewhat dorsally, which IS an 
expression of the part they play in limiting rota
tion. 

Introduction 

'motion segment' 
by Junghanns, 1977 

between two contiguous 
ligaments, the intervertebral 

zygapophysial joints. Whereas 
literature on the discs 

9(0), and the zygapophysial 
increaSingly investigated 

clinical importance (putz, 1981, 1985; Bogduk and 
Twomey, 19R7; Mliller-Gerbl, 1992), very little atten
tion has been paid to the ligaments of the vertebral 
column themselves (panjabi et at., 1982; Lang, 1984; 
Behrsin and Briggs, 1988; Myklebust et at., 1988; 
Putz, 1992). This is reHected in their description as 
it appears in many textbooks, where they receive 

formal treatment, often 
of their internal structure 

without presenting a 
Iheir function. The 

1l1nerntion, however, has 
recent years (loeweneck, 

et at., 1990; Jiang 

In the following section the individual parts of the 
intervertebral Ligamentous apparatus are systemat
ically described and, on this basis, an attempt is 
made to analyse their function. The anulus fibrosus 
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is in a peculiar position, since it is an integral part of 
the intervertebral disc bllt also plays an important 
role as a component ligamentous 
apparatus. 

Ligaments of bodies 
and intervertebral 

Anterior longitudinal ligament 

Among the ligaments, which a.re composed princi
pally of collagen II and are therefore virtually 
inextensible, the anterior longitudinal ligament (ALL) 
is the only structure that consists of more or less 
parallel orientated fibres running the whole length of 
the vertebral coltmul. anterior (and 
sometimes also the the vertebral 
bodies together (fig" 
ted by Stofft ( 1966) 
fibres of the ALL are 
bone at the edges and are also 
closely interwoven and lateral 
surfaces of the vertebral bodies. The ligament begins 
at the anterior ridge of the foramen magnum, crosses 
the anterior arch of the atlas, and is relatively thick in 
the cervical region. It becomes somewhat narrower 
in the thoracic column, and then reaches its thickest 
and widest form in the lumbar region and at the 
transition to the sacrum. 

The superficial layer of the ALL runs from vertebra 
to vertebra, its fibres ;mgle of about 
20°. The deeper fibrcs lliJferent course, 
being attached to and crossing 
each other at an (Stofft, 1966). 
These morphological conJlrmed by the 
functional investigations et al. (1994), 
who showed that tensile strength is 
to be found in the ouLer portion of the ligament. The 
ALL has the greatest tensile strength of all the 
vertebral ligaments (Myklebust et aI., 1988). 

The importance of the superficial layer of the ALL, 
as a ventral sheet of inelastic parallel fibres, is obvious 
when taking into account the loading to which the 
vertebral column is constantly subjected during 
tlexion - a stress which, at the level of each individual 
segment, becomes straightforward 
pressure or tension. regions of the 
column, this ligament. inelastic stay and 
prevents overextension 1977). fn this 
way it makes it possible at least under 
physiological conditions the static and 
dynamic pressure surfaces of adja-
cent vertebral bodies. The ALL is, however, unable to 
offer effective resistance to ventrally-directed shear
ing forces, as exemplified in cases of spondylolisthe
sis. Such resistance is mostly supplied by the zygapo
physial joints. 
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The fibres of the deep layer, which cross each 
other at a widely obmse angle to enter the outer 

I1.brosus, do almost nothing 
most efficient in preventing 

IIlOvements. This mechanisllI 
be detail when the anuli 

Posterior longitudinal ligament 

The posterior longitudinal ligament (PLL) , which 
originates from the inside of the anterior border of the 
foramen magnum, is also divided into two layers (Figs 
3.1-3.4). The superficial layer is usually lost at the 
fourth lumbar vertebra, and is fmally continued as a 
narrow bundle to reach the anterior wall of the sacral 
canal. 

fibrosus. 

layer is a strong wide 
is arranged segmentally 

the two layers 
[he outer zone of each 

stretches over the somr"'Nhal 
concave surfaces of the vertebrae, 
enclosing space, which contains 
basivertebral veins and the plexus that they supply 
(Fig. 3.5). 

Between the atlanta-occipital and atlanta-axial 
joints, the superficial layer of the PLL is represented by 
the membrana tectoria and the deep layer becomes 
integrated with the cruciate ligament of the atlas. In 
the remaining part of the thoracic column, the 
superficial layer reaches a width of about 2 cm where 
it layer opposite the discs 

anulus fibrosus. In the 
regions, the two layers arc 

The fibres of the deep 
as coming from above 

forward at each segment 
perimeter of the anuius 

The descending fibres also reach the marginal rings 
and blend with the periosteum of the pedicles 
(fig. 3.4). 

On account of its structure, the PLL is certainly to be 
regarded as the segmental derivative of single bands. 
Because it binds the anulus fibrosus firmly together 
and stretches over the posterior surfaces of the 
vertebral bodies, this ligament represents a kind of stay 
for preventing extreme 

The oblique course of the 
they can, especially 

take up the stresses 
layer of theALL, the deep 

extends the functions 
Ihe ligamentous system. 

pocket, occupied only by loose COI1-

nective tissue and a venous plexus, develops behind 
the extension of the lateral fibres of the PLL into the 
anulus fibrosus. At the edge of the band, medial 
protrusions of the disc can be carried laterally into 
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AF 

ISL ---'--+-:-

Fig. 3.1 Cervical intervertebral segment. Abbreviations: 
ALL, anterior longitudinal ligament; AF, anulus fibrosus; ISL, 
interspinous ligament; LF, ligamentum flavum (attachment 
zone); PLL, posterior longitudinal ligament; SSL, supraspi
nous ligament; " cleft in the dorsal part of the anulus 

fibrosus (see text). 

PLL ALL 

AF 

ISL 

Fig. 3.2 Thoracic intervertebral segment. Abbreviations: 
ALL, anterior longitudinal ligament; AF, anulus fibrosus; ISL, 
interspinous ligament; LF, ligamentum fla\'Um (attachment 
zone); PLL, posterior longitudinal ligament; SSL, supraspi

nous ligament. 

LF PLL ALL 

/] 

AF 

Fig. 3.3 Lumbar intervertebral segment. Abbreviations: ALL, anterior longitudinal ligament; AF, anulus fibrosus; [SL, 
interspinous ligament; LF, ligamentum flavl.lm (attachment zone); PLL, posterior longitudinal ligament; SSL, supraspinous 
ligament; ThF, thoracolwnbar fascia. 
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Fig. 3.4 Posterior longitudinal Jjgament. Abbreviations: AF, 
anulus fibrosus; dl, deep layer; P, pedicle (transected); sl. 
superficial layer; " attachment to [he anulus fibrosus; ". 
attachment to the marginal ring of the vertebral body; •••. 

attachment to the periosteum of the pedicle. 

PLL OM 
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these. The outer edge of the deep layer of the PLL is 
continued as a thin membrane (Hofmann's ligament) 
which reaches the anterior borders of the segmental 
intervertebral foramina. This membrane, together 
with the PLL itself, forms a limit to the lateral extension 
of the anterior part of the internal vertebral venous 
plexus but is not connected to the dura mater (Wiltse 
et al., 1993).A close fixation of the spinal dura mater to 
the PLL exists around the circumference of the 
foramen magnum, but there is a looser connection 
between these two structures in the cervical vertebral 
canal, which may possibly have a mechanical rele
vance in limiting flexion in the cervical spine 
(Liidinghausen, 1967). 

Below the fourth lumbar vertebra the superficial 
layer of the PLL is reduced to a narrow bundle, which 
crosses the border between the first and second sacral 
segments and disappears into the anterior wall of the 
sacral canal. 

Unlike the ALL, the PLL contains elastic as weU as 

collagen fibres (Nakagawa et al., 1994) and Myklebust 
et al. (1988) have shown that the strength of this 
ligament in different regions of the vertebral column is 
not as great as that of the ALL. 

Anulus fibrosus 

The anulus fibrosus (Figs 3.1-3.3) is in general 
understood to be an integral component of the 

Fig. 3.5 Surrounding structures of the cervical vertebral canal. transverse section, po larized microscopy. Abbreviations: DM. 
dura mater; PLL. posterior longitudinal ligament. 
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intervertebral disc and, as such, to contribute to the 
function of the disc as a pressure cushion. This must 
be especially related to dynamic pressure, since 
pressure on the nucleus pulposus can only be taken 
up by an effective fibrous ring. It also follows that, 
because of the characteristic arrangement of its 
fibres, the anulus fibrosus (AF) plays an important 
part in controlling the kinematics within the individ
ual intervertebral segments. 

In the cervical region, the AF has a special part to 
play. It is during the first 10 years of life that lateral 
tears appear, leading outwards from the so-called 
uncovertebral clefts (Tondury and Theiler, 1990). 
They progress forward through the dorsal circum
ference of the disc towards the middle, and even
tually become complete diagonal fissures. 

In the thoracic and lumbar columns the fibres of 
the AF are packed together in 11-13 parallel lamellae, 
which cross one another at angles varying between 
12° and 90°. Occasional chondrocytes lie scattered 
among the fibre bundles. 

It follows from this distribution of the material that 
the main function of the AF is to take up tensile 
stresses within the disc. It is, however, striking that its 
thickness and division into layers varies greatly in 
different parts of the vertebral column. 

In the thoracic region, the AF exists as essentially 
circular rings of equal thickness at all parts of their 
circumference. This changes abruptly with the ori
entation of the zygapophysial joints between the 
twelfth thoracic and the first lumbar vertebrae. From 
then onwards the discs are significantly th.icker 
anteriorly than posteriorly. This does not simply refer 
to the absolute measurements, but is also reflected in 
the number of fibrous lamellae (lorenz, 1995). 

These changes in the segmental morphology of the 
discs indicate a direct relationship with segmental 
activity, and must be regarded as a functional 
adaptation. According to the theory expounded by 
Pauwel (1965) of causal histogenesis, it must follow 
from the regional variations in the structure of the 
zygapophysial joints that limitations in rotational 
movements at the lumbar column lead to relatively 
increased stress on the anterior part of the AF 
(Kubein-Meesenburg et al., 1990; Nager! et ai., 1 992 ; 

Putz, 1993). 

Ligaments of the vertebral arch 

The ligamentum flavum 

The ligamentum flavum (IF) is the strongest elastic 
ligament in the human body. It consists of elastin and 
elaunin fibres embedded in a covering of collagen 
fibres (yahia et at., 1990), and its proteoglycan 
content increases with age (Okada et at., 1993). It 
connects the upper and lower edges of the vertebral 

arches of adjacent vertebrae, where its attachments 
are mostly delineated by sharp bony ridges (Figs 3.6 
and 3.7). Although the LF contains a special reg
ulatory system for controlling interstitial calcification 
(Maruta et aI., 1993), its areas of origin in the thoracic 
and thoracolumbar transitional regions are heavily 
calcified (Hijioka et al., 1994) and show extensive 
ossification even in young people (Figs 3.6 and 3.7) 
(Herzog, 1949; Putz, 1981). Should these bony spurs, 
particularly in the thoracolumbar region, extend 
laterally into the intervertebral foramina, neurological 
problems may arise (see Figs 5.5 and 5.6). 

In the cervical region the IF is relatively thin, and 
both its thickness and lateral extension increase as 
the column descends. In the lumbar region it even 
covers the capsule of the zygapophysial joint and 
forms the posterior wall of the lateral recess and the 
intervertebral foramina (Figs 3.6 and 3.7). 

In the lower lumbar region of the column, and 
particularly at the fifth lumbar vertebra, the bony 
origin of the LF can bulge into the vertebral canal and 
produce a spinal stenosis. In most cases the distance 
between neighbouring vertebral arches is reduced, 
either with or without acn.lal hypertrophy of the LF 

There are conflicting reports on the tensile 
strength of the LF Chazal et al. (1985) att1ibuted great 
tensile strength to this ligament, but Myklebust et al. 
(1988) reported relatively variable findings. In any 
case, depending upon its origin, the LF possesses 
significant tension, which can make the wound edges 
close quickly cluring surgical operations. 

Rather surprisingly, Ashton et al. (1992) found that 
the LF does not contain a substantial number of 
sensory or autonomic nerve fibres. This supports the 
hypothesis that these l.igaments act only as a passive 

PLL 
__ ALL 

/ 

LF 

Fig. 3_6 Ligamentum flavum (IF) and the so-called 'trans
verse ligaments' (TL). 
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ZJ 

TL 

(C) 

Fig. 3.7 Surrounding structures of the 
lumbar vertebral canal. (A) Transverse 

section through the pedicles. (B) Trans-

verse section through the intervene
bral foramina. (C) Sagittal section 

through the intervertebral foramen. 
Abbreviations: AF, anulus fibrosus; OM, 
dura mater; LF, ligamennun flavum; 
PLL, posterior longitudinal ligament; 
TL, so-called ' transverse ligament'; Z], 
zyga pophysial jOint. 

(A) 

(B) 
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Fig. 3.8 Ligaments of the lumbosacral region. Abbrevia

tions: ILL, iliolumbar Ugament; ITL, intertransverse ligament; 

SSI1, superior sacroiliac ligament; " connective tissue in the 

intervertebral foramen (so-calJed intraforaminal ligament). 
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Sacrospinous and sacrotuberous 
ligaments 

Although it is impossible to go into detail here, it 
should be clearly stated that the extremely firm 
attachment of the sacrum to both lateral borders of 

the coccyx is a very important factor in ensuring the 
firm connection of the caudal end of the vertebral 
column to the pelvis. It guarantees the position of the 
sacrum, particularly under dynamiC conditions, and 
influences the whole mechanism of the vertebral 
column. 

Costovertebral attachments 

The particular structure of the intervertebral discs 

and the arrangement of the zygapophysial joints in 
the thoracic region can only be understood on 
examining the integral attachment of the ribs to the 
thoracic column more closely (Fig. 3.9). Every costal 
head from the second to the tenth rib is attached to 
the segmental disc and the adjacent vertebral bodies 
by the radiate ligament and the intra-articular liga· 
ment of the head of the rib. The radiate ligament of 
the head of the rib forms a true fan-like sheath 
around the head, which may be regarded as an 

anatomical adaptation to the rotary turning move
ments of these structures. The space between the 

Fig. 3.9 Ligamentous attachment of the ribs to the vertebral column. Abbreviations: CVJ, costovertebral joint; CT], 
costotransverse joint; CTl, costotransverse ligament; ITL, intertransverse ligament; Z]C, joint capsule; LF, ligamentum flavum; 

RL, radial (or radiate) ligament; SCTl, superior costotransverse ligament. 
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The interaction of the ligaments in 
the regional motion segments 

Cervical column 

In general, the ligaments in the cervical region are 
aU rather weak and show little stmctural differ
entiation (Figs 3.1 and 3. lOA). This is undoubtedly 
connected with the fact that the kinematic manage
ment of the cervical column is sufficiently initiated 
and controlled by the massive musculature of the 
neck. 

Thoracic column 

The ligaments of this region are similar in structure 
to those of the cervical column but are certainly 
more stoutly built (Figs 3.2 and 3.10B). They are 
principally concerned with the limitation of ventral 
flexion, whereas the management of the rotation 
and lateral f lexion in this region depends on inter
action with the costovertebral attachments. To a 

certain degree these exert a protective effect, so 
that only limited stmctural adaptation of the liga
mentous apparatus of the thoracic motion segments 
is necessary. 

Lumbar column 

The relationships in the lumbar motion segments 
are entirely different (Figs 3.3 and 3.10C). Here, the 
forces have to act on the vertebral column directly, 
and they can work only through short lever arms. 
As mentioned above, this leads, by means of causal 
histogenesis, to an adaptive reorganization of the 
lateral parts of the lumbar zygapophysial joints in 
the sagittal plane. In this way these joints are able 
to interact with the aotllus fibrosus to limit rotation, 
and at the same time to take up ventrally directed 
shearing forces (Putz, 1981, 1985, 1993; MiiUer
Gerbl, 1992). With the exception of the ALL and the 
LF, the obliquely directed ligaments work together 
during ventral and dorsal flexion like a gear system 
(Putz, 1989, 1992, 1993; Kubein-Meesenburg et al., 

1990; Nagerl et at., 1992), guaranteeing a close 
connection of the adjacent vertebrae during the 
whole range of movement as well as an equal load 
distribution over the vertebral end-plates and the 
zygapophysial joints. However, it should be noted 
that the predisposition for the functional effiCiency 
is founded in the pre-tension based on the internal 
pressure of the vertebral disc, and on the preven
tion of shear stresses by the zygapophysial joints. 
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Summary 

The functional role of all parts of the Ligamentous 
apparatus of the vertebral column, including the 
anuills fibroslls, is clearly in providing guiding struc
tures for the precise control of motion in each 
single intervertebral segment. The comparison of 
the different regions leads to the conclusion that 
morphology and arrangement of the Ligaments 
should be interpreted as the result of an effective 
adaptation process during evolution (putz and 
Mwler-Gerbl, 1996). 
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Biol'flechanics of the thoracic spine ribcage 

I. A. F. Stokes 

Introduction: Special 
characteristics of the thoracic 
spine 

This surveys the biomechanics of the 
racic spine, especially the relationship between 
forces and movements in the spine, and the relation
ship between forces and injury. These principles can 
be used to gain a better understanding of the spine 
from the of view of and degenerative 
conditions. spi11al growth development 
deformities, the causes to the spine, 
weU as principles used in both conservative and 
surgical treatment. In describing the relationship 
between forces and motion, and between forces and 
tissue damage, properties of the spine must be 
described mechanical The spine can he 
considered having 
geometrical properties and tissue material 
properties. these eharacteristics determine 
its structural properties. In addition, the spine 
functions under the control of a complex neuro
muscular system, consisting of muscles, sensory 
feedback and various reflex and central controllers. 

The spine has SOllle characteristics 
that distinguish from the and lumbar 
regions. Morphologically, it that is predonl-
inantl)' , The ribs to the tho raGe 
vertebrae, and the form of the zygapophysial joints is 
sueh that they lie predominantly in a coronal plane 
orientation. These morphological factors have impli
cations for the biomechanical function. For instance, 
the range 
region axial rotation 
greater [he lumbar and almost as 
as in the cervical region (White and Panjabi, 1978). 

Although painful degenerative conditions are more 
common in the cervical and lumbar regions, prob-
lems of deformity scoliosis 
exaggerated kyphosis) are '-''"''U,lfUI 

region. In study, Malmivaara 
an association hetween jOint morphol
ogy and degenerative changes, and noted this espe
cially at the thoracolumbar transitional levels. At 
TIO-Tll, there was anterior degeneration in the 
form of disc degeneration, vertebral body osreophyro
sis, and nodes. At zygapophvsi.a.l 
and costovertebral joint degeneration was dominant 
(posterior degeneration), TII-TI2, 
degeneration, vertebral osteoph)'to�is, 
Schmorl's nodes, and zygapophysial joint and costo
vertebral joint degeneration all occurred (anterior 
and posterior degeneration). 

Osteoporotic fractures are common in tho-
racic vertebrae (Singer et 995). Traumatic 
injuries aU levels of but the pallcrn 
of injuries Compression burst injuries 
from large vertical accelerations and decelerations are 
particularly common in the thoracolumbar and tho
racic regions. Therefore, the biomechanics of the 
thoracic region is important in a number of clinical 
and surglea.1 problems. 

Growth and developluent of the 
thoracic spine and ribcage 

Size and shape of vertebrae 

During grc)\vth, vertebral shape substantially. 
Growth neural arch occurs rapidly during 
embryonic development and up to the age of 2-3 
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years, by which time the diameter of the neural canal 
has reached almost adult proportions (Simril and 
Thurston, 1955; Tulsi, 1971), whereas the vertebral 
bodies continue to grow (Dickson and Deacon, 
1987). Since the dimensions of the neural canal 
develop at such a young age, factors such as diet and 
health status in the perinatal period can influence 
spinal growth and subsequent health (Clark et al., 
1986; Porter and Pavitt, 1987). The space available for 
the relatively large spinal cord inside the spinal canal 
is most limited in the mid-thoracic region. The control 
of growth is complex, with genetic, vascular, hor
monal and biomechanical factors all playing a role. 

Growth of the height of the vertebral bodies 
occurs in the cartilaginous region below the end
plates and circumferential growth results from appo
sitional bone formation (Dickson and Deacon, 1987). 
Additionally, there are growth centres in the neural 
arch. Following a cross-sectional study of vertebral 
body dimensions from X-rays of children aged 10-16 
years, Schultz et al. (1984) concluded that most of 
the growth during this period consisted of similar 
proportional increases in the length of the spine as 
well as in the antero-posterior and lateral dimensions 
of the vertebrae. However, girls developed a more 
slender spine than did boys (i.e. smaller vertebrae 
compared with spinal length). 

Adult vertebral body external dimensions have been 
reported in detail by Panjabi et al. (1991), who 
digitized a number of landmarks on 144 thoracic 
vertebrae taken from 12 adult cadavers, confirming 
that there are three distinct morphological regions of 
the thoracic spine: transitional cervicothoracic and 
thoracolumbar regions and an intermediate zone 
(T3- T9), which was considered important because of 
the presence of the combination of narrow spinal 
canal and critical vascular supply. The zygapophysial 
joint morphology also changes in these regions 
(panjabi et aL, 1993). The zygapophysial joint mor
pholOgy was thought by Oxland et al. (1992) to 
influence the mechanical behaviour. They tested 
thoracollunbar vertebral pairs and found that the 
range of extension atTll-T12 was half that atTI2-Ll, 
whereas the range of axial rotation was about twice as 
much at Tl1-T12. In part, these differences may be 
due to wide variations recorded for the location of the 
transition and also the complex morphology of the 
zygapophysial joints at this junctional region (Singer, 
1989; Singeretal., 1989a, 1989b). 

Thoracic vertebral dimensions have also been 
catalogued with a view to obtaining a database of 
'normal' dimensions from which deviations are indic
ative of osteoporotic fractures (Davies et aI., 1989; 
Smith-Bindman et al., 1991). 

Spine shape and posture 

The overall spinal shape and curvatures depend on 
the vertebral body and disc dimensions. Measure-

ment of the development of the spinal curvatures is 
complicated by the very large variability in overall 
spinal shape (Beck and Killius, 1973; Stagnara et at., 
1982; Propst-Proctor and Bleck, 1983; Singer et 
al., 1990), and measurement difficulties may be, in 
part, attributable to postural changes. However, 
based on measurements of the back surface profile, 
Willner and Johnson (1983) found that the spine 
generally reached minimum curvature early in the 
adolescent growth spurt. This finding may have 
consequences for the stability of growth and the 
development of spinal deformities. Since scoliosis 
deformity is usually detected by examining the 
symmetry of the rib cage posteriorly, it is important 
to know the normal bounds of symmetry. Burwell et 
al. (1983) measured 636 children and found that up 
to 8 mm of rib hump asymmetry was 'normal'. In 
those with asymmetrical back shape, a more promi
nent right side of the thoracic region was 10 times 
more common than a prominent left side. These 
findings parallel those of Vercauteren et al. (1982) 
and Carr et al. (1991). 

In older subjects, Fon et al. (1980) found that the 
degree of kyphosis increased with age and that the 
rate of increase was higher in females than in males. 
Gelb et al. (1995) made radiographic measurements 
of 100 adult volunteers over the age of 40 years to 
determine the sagittal contours of the spine. The 
majority of asymptomatic individuals were able to 
maintain their sagittal alignment despite advancing 
age. Loss of distal lumbar lordosis was most responsi
ble for sagittal imbalance in those individuals who did 
not maintain sagittal spinal alignment. 

According to Wing et al. (1992), there are diurnal 
changes in the profile shape and range of motion of 
the back. They reported overnight increase in stature 
averaging 20 mm, 40% of which, in the thoracic 
spine, was associated with a flattening of the 
kyphosis and compatible with disc height increases 
without commensurate changes in the intervertebral 
discs. Hamstring muscle length influences the spinaI 
posture, according to Gajdosik et al. (1994), who 
found that short hamstrings were associated with 
decreased flexion range of motion of the pelvic and 
lumbar angles and increased flexion range of motion 
of the thoracic angle. 

Ribs 

The ribs develop by growth in the costochondral 
cartilages anteriorly, and in a posterior growth region 
close to the vertebral bodies. Appositional bone 
formation within the ribs appears to continue 
throughout adult life. Early in life, the transverse 
plane dimensions of the ribcage become less circular 
in cross-section (more elliptical), with an antero
posterior to lateral ratio changing from about 0.8: 1 to 
0.6:1 by the age of 3 years (Openshaw et al. , 
1984). 
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Normal motion of the thoracic 
spine and intervertebral joints 

Basic principles 

Motion of the spine, or motion of vertebrae, can be 
considered as a combination of translations and 
rotations relative to a co-ordinate system. Similarly, 
forces (which produce translation) and torques 
(which produce rotations) can be considered to 
have components along and around the same set of 
axes. Since translations and rotations are fundamen
tally different, motion of the spine is considered to 
have six degrees of freedom (three translations and 
three rotations), and the force system acting on 
the spine has the same six degrees of freedom 
(Fig. 4.1). 

Co-ordinate systems 

A cartesian co-ordinate system is uniquely defined 
by the position of its origin and the direction of at 
least two of the three axes (the third axis, by 
definition, is perpendicular to the other two). Since 
the spine is flexible and moves, the definition of an 
axis system is not simple. Depending on the point 
of view, axes might be defined by reference to 
landmarks on an individual vertebra, by reference 
to the end vertebrae of the spine or a defmed 
region of it, or by reference to the position of the 
person's entire body (Fig. 4.2). The choice of axis 
system can be very important, since most measure
ments (of forces and of displacements) will be 
different depending the location of the origin of 
axes, the directions of the axes, and on whether a 
local, spinal or global reference is used. 

(a) 3 TRANSLATIONS 
and 

3 ROTATIONS 

(b) INSTANTANEOUS 
HELICAL AXIS 

Fig. 4.1 A thoracic motion segment, consisting of two 
vertebrae and the structures (disc and ligaments) that 
connect them together. has six degrees of freedom. These 
produce six distinct components of motion (three transla
tions and three rotations). Alternatively, the six components 
of motion can be expressed as motion along and around a 

helical axis (adapted from White and Panjabi, 1990). 
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(a) 
Local 

(vertebra) 

(b) 
Spinal 
(spine) 

(c) 
Global 
(body) 

Fig. 4.2 Axis systems: (A) vertebral, (B) spinal (spine with 

scoliosis), and (C) global (body) systems. The axis system 
that is used in any clinical measurements, such as from plane 
radiographs or CT sections, should always be defU1ed and 

specified. 

The spinal motion segment 

In order to simplify consideration of its biomechan
ics, the spine is often broken down into mechanical 
units called motion segments. Each motion segment 
consists of two vertebrae and all of the soft tissue 
structures (disc, ligaments, joint capsules, etc.) which 
lirtk these two vertebrae together. 

The mechanical properties of the motion segment 
are a function of its physical dimensions and propor
tions, and the tissue material properties. Much of the 
information about mechanical function of the spine 
necessarily comes from studies of cadaveric material 
in the laboratory. Here, the behaviour can be 
documented accurately, but without confidence that 
the testing conditions are indeed physiological. On 
the other hand, in vivo studies permit measurements 
of motion, but it is extremely difficult to estin1ate the 
forces acting on the spine in vivo. Therefore, results 
of laboratory testing of spinal specimens must be 
interpreted with caution. Most investigations of 
properties of motion segments have been performed 
with aged specimens, which may be weakened by 
degeneration, osteoporosis, etc. Anatomical speci
mens may undergo post-mortem changes, in addition 
to dehydration and other changes in frozen storage 
and during testing. The in vivo condition includes 
ambient loads, especially compressive forces, which 
disappear at the time of post-mortem and on removal 
of the specimen from the body. 

Stress and strain relationships of tissues 

Deformation of tissue in response to applied load is 
usually displayed by means of a stress-strain graph 
(Fig. 4.3). Stress is a standardized measure of applied 
load in a particular direction (load divided by area of 
specimen), and strain is a standardized measure of the 
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Fig_ 4_3 Stress -strain graph of a typical material. A sample 
was loaded past its elastic limit, unloaded to demonstrate 

plastic deformation, and then loaded again to failure. Stress 

and strain are standardized measures of load and deforma
tion. Representation of load and deformation as stress and 
strain permit comparison between tissue samples of differ

ent sizes. 

deformation in a specified direction (elongation 
divided by original length for direct strain, and shear 
deformation divided by specimen thickness for shear 
strain). 

Because of the complex behaviour of biological 
tissues, several special terms must be defmed in order 
to describe their response. In a stress-strain curve, 
several tissue characteristics are displayed and can be 
quantified. The elastic range is the range of deforma
tion from which complete recovery is possible after 
unloading. Biological tissues often have an initial 
region of laxity, then an approximately linear elastic 
range, followed by a non-linear elastic range. When 
the elastic limit is reached, plastic deformation may 
occur. After unloading a specimen that has been 
taken into the plastic range, a permanent, plastic 
deformation remains. Failure occurs when the ulti
mate or maximum stress is passed. These properties 
are illustrated in Fig. 4.3. 

Time-dependent properties are a function of the 
history of loading. These are illustrated in Fig. 4.4, 
which also shows how materials with time-depend
ent properties can be conveniently visualized and 
represented by equivalent structures consisting of 
springs and dashpots. 

The behaviour of ligaments, vertebrae, discs, etc., 
both acutely and over time, during normal in vivo 
function, trauma, or treatment situations, is a com
plex interaction between the tissue material proper
ties, together with the sizes and shapes of these 
structures. In the same way as tissue properties can 
be displayed by a stress-strain graph, a load
deformation graph (Fig. 4.5) is used to display 
structural properties. 

(a) Viscoelasticity 
STRESS 

I 
TIME 

STRAIN 

I 
creep 

C-------,�ry 
TIME 

(b) Load Rate Dependent 
STRESS 

LOADING RATE 

medium slow 

STRAIN 

(c) Hysteresis 
STRESS 

STRAIN 

Fig_ 4.4 Three types of material behaviour illustrated by 

stress and strain response and by equivalent spring and 
damper systems. (A) Viscoelastic behaviour: a step load 
produces a gradual increase in deformation and unloading 
initiates a slow recovery process. (8) Load -rate dependent 

behaviour. (C) Hysteresis : unloading path different from 

loading path , and energy is absorbed in each load-unload 
cycle. 
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Fig. 4.5 Idealized load-deformation behaviour of a motion 
segment for loading along one axis, and the corresponding 
deformation. Molion segments display non-linear behaviour, 
which has been characterized by Panjabi et at. (1989) as 

having an initial region of mininui stiffness ('neutral zone'), 
followed by an 'elastic zone'. 

Coupled motion 

The relative motion of adjacent vertebrae seldom 
occurs in a single direction, or even in a single plane . 
As described above, there a.re six degrees of freedom, 
but these normally occur in combination with each 
other. In general, application of a single force or torque 
does not produce a single corresponding translation or 
rotation. In fact, usuaUy, application of a single force or 
torque produces aU six translations and rotations in 
varying amounts . The tendency of certain degrees of 
freedom to be associated with each other (especially 
axial rotation and lateral bending) has been referred to 
as 'coupling', and was reported in the earlier part of 
this cenntry by Lovett (1905) who studied the cadaver 
spine and thorax and compared it with his observa
tions of living subjects . 

This complex mechanical behaviour is difficult to 
visualize. One helpful concept is the instantaneous 
helical axis of rotation. Here, for any instantaneous 
increment of motion, one vertebra can be conSidered 
as rotating about, and translating along, an axis of 
rotation which is fixed relative to the other vertebra. 
If the axis of force application is not the same as the 
axis of the resulting intervertebral motion, then 
coupling is present. If motion is planar, then the point 
where the axis of rotation cuts this plane is the centre 
of rotation. The instantaneous axis of rotation is not 
fixed and depends on the configuration of the 
applied forces and torques, as well as the position of 
the motion segment within its range of motion. Not 
only is the centre of rotation variable, but it is also 
difficult to measure accurately. Motion in the thoracic 
spine is not strongly constrained, and there is a large 
scatter in reported measurements of the location of 
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the centre of rotation. The dispersion of the results is 
probably partiy real, and partly the result of errors in 
measurement, because the calculation of an axis of 
rotation is very sensitive to measurement errors. 

The deformation experienced by any tissue or 
structure depends on how far it is from the axis of 
rotation. Thus, physical constraints dictate that the 
axis of rotation usuaUy passes through the inter
vertebral disc, minimizing the magnitude of strains 
within the disc structure. 

In vitrQ properties of motion 
segments 

An idealized load-deformation graph (Fig. 4.5) dem
onstrates experimentally determined characteristics 
of the motion segment. Load -deformation graphs for 
spinal motion segments show a non-linear relation
ship between load and deformation. Typically, there is 
a region of large deformation for small positive and 
negative loads, which has been called the 'neutral 
zone' (Panjabi et ai. , 1989). This region can be 
considered as a region of laxity, where minimal force 
is required to produce displacements from the resting 
position. The 'elastic zone' is a region in which there 
is a more linear relationship between additional force 
and motion, and the vertebrae return essentially to 
their unloaded pOSitions on removal of applied loads. 
Together, the 'neutral zone' and 'elastic zone' con
stitute the functional range of motion. 

At a greater range of deformation, there is a region 
of increasing stiffness beyond which damage may 
occur. Although these characteristics of the motion 
segment can be defined for cadaveric spinal speci
mens, these properties are presently unable to be 
determined in living subjects. 

Determination of the mechanical behaviour of 
a spinal motion segment 

Most of our knowledge of the mechanical behaviour 
of motion segments comes from mechanical tests of 
anatomical specimens, as a result of practical con
straints, despite some evidence that laboratory test

ing may yield results not truly representative of the in 
vivo behaviour. In particular, Keller et at. (1990) 
compared the in vivo and post-mortem behaviour of 
pig motion segments, and found them to be more 
comp liant and able to be deformed at a faster rate in 
vivo. They concluded that predictions of the mechan
ical response of the spine based on in vitro tests may 
be unreliable. ]anevic et ai. (1991) found that large 
compressive preioads decrease lumbar motion seg
ment f lexibility in vitro for rotational degrees of 
freedom, which may exp lain some of the difference 
between in vivo and in vitro behaviour. A typical 
motion segment test consists of a stiffness or a 
flexibility test. In the stiffness method, controlled 
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displacements (translations and rotations) are applied 
to the specimen, and the required forces are recorded 
with a load cell. In flexibility methods, the inverse is 
performed - a controlled load (direct force, for force 
couple) is applied to the specimen and the result
ing displacements (translations and rotations) are 
recorded. In either case, the results can be drawn 
as a series of load-deformation graphs, and then 
summarized by the main features of the graph -
slope or stiffness, non-Linearity, point of failure, etc. 
(Fig. 4.5). 

If it is asslUned that there are linear relationships 
between applied forces and resulting motion, then a 

6 X 6 matrix of numerical values can be used to 
describe the behaviour of one vertebra relative to its 
fIXed adjacent neighbour. This relationship can be 
expressed in the form of either a stiffness or 
flexibility matrix. Each column of the stiffness matrix 
gives the forces and moments required to produce a 
unit deformation (relative displacement or rotation) 
and, conversely, the columns of the flexibility matrix 
give the motions associated with a unit of applied 
force or moment. Terms on the diagonal of the matrix 
are the principal f1exibiLities or stiffnesses, whereas 
the off-<liagonal terms correspond to coupled behav
iour. Panjabi et al. (976) experimentally determined 
the value of the flexibility matrix for thoracic 
segments, and also derived the corresponding stiff
ness matrix. Gardner-Morse et al. (1990) showed 
how these values could be expressed quite accurately 
by an equivalent beam representation. Panjabi et al. 
(976) noted that, especially in the sagittal plane, the 
behaviour was not identical for positive and negative 
(forwards and backwards) acting forces and torques, 
and they reported the behaviour in the form of a 
Linear relationship in each direction. In fact, the 
relationship is not truly linear. Also, axial 'preloading' 
of a motion segment increases its stiffness Oanevic et 
aI., 1991). Goodwin et al. (1 994) found that compres
sion and distraction forces increased the torsional 
stiffness of thoracic segments, whereas only compres
sion forces were found significantly to increase the 
stiffness of lumbar segments. 

Finite element modelling of motion segments 
and of the spine 

Finite element modelling offers an alternative to 
experimental measurement of motion segment prop
erties. In this technique, the geometry of a complex 
structure is broken down "into a mesh of regularly 
shaped elements (Fig. 4.6), and the material proper
ties of each element are specified. The mechanical 
behaviour of the whole structure can be described in 
terms of local element tissue stresses and strains and 
vice versa. Finite element modelling can be used to 
investigate geometrical scaling effects of the dimen
sions of the lumbar spine. Goel and Gilbertson (1 995) 
consider that fLnite element modelling has become a 

Fig. 4.6 Finite element model of a lumbar spinal motion 
segment. The vertebrae, discs and ligaments are represented 

by cuboid elements, each with specified material proper

ties. The mechanical behaviour of the entire stmcture can be 
computed using the finite element analYSis technique 
(reproduced with permission from Goel et at., 1995). 

tool comparable to experimental approaches for 
investigating cliJ1ical problems of the thoracolumbar 
spine. 

Contribution of the spinal ligaments 

The ligaments of the spine are tensile members that 
prevent excessive motion. They are also suspected of 
having a proprioceptive role. Based on the magnitude 
of the deformation of ligaments during spinal motion, 
Jiang et al. (1994) found that the superior costo
transverse ligament appeared to be the most likely to 
provide sensory information which would be helpful 
to spinal stabilization. 

Panjabi et al. (1981) conducted a study in which 
Ligaments of thoracic motion segments were sub
jected to progressive cutting, either in a posterior to 
anterior sequence or an anterior to posterior 
sequence. They measured the motion resulting from 
an anterior or posteriorly directed force applied to 
the centre of the upper vertebra. This study con
firmed the tensile importance of the ligaments, as 
cutting of the tissues in tension caused a rapid 
50 - 1 00% increase in the amount of motion. 

Maiman and Yoganandan (1990) catalogued the 
failure characteristics of spinal Ligaments of 41 spines 
from all the thoraCic levels. They showed a pro
gressive increase in strength towards the lower 
anatomical levels. Mykebust et al. (1988) tested the 
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six major Ligaments from the T3 - T 4 level and found 
that they had very different failure mechanisms, 
which they attributed to differing composition and 
structure. However, all six of the ligaments failed at 
around 6 mm of extension , the greatest extension 
being 10mm for the ligamentum flavum. 

Contribution of the intervertebral disc to 
flexibility and strength 

The intervertebral disc has a special mechanical. role 
in transmitting large compressive forces, while also 
providing flexibility for rotations about all three axes. 
In compression loading, large pressures are generated 
in the nucleus pulposus, and these pressures are 
contained by tensi.1e stresses in the anulus. Compres
sion stiffness is relatively high initially, about 1 mm 
deflection per thousand Newtons (N) of compressive 
force, and it increases at greater forces. Disc compres
sion is accompanied by a similar amount of bulging 
(increase in disc radius). Combined flexion , compres
sion and shear loading of thoracic and lumbar motion 
segments produced an observed posterior displace
ment of the nucleus (Krag et at., 1987). Part of the 
ability of the nucleus to sustain high pressures results 
from the large swelling pressure of this tissue. At 
equilibrium, the externally applied loads, which tend 
to expel fluid, are balanced by the electrostatic forces 
tending to puLl more water into the disc. Although 
removal of the nucleus has little effect on com
pressive properties, it has a greater effect on motion 
in other planes (panjabi et at. , 1984). Deformation 
results in a flow of fluid within the disc, as well as 
fluid content changes (volumetric changes). These 
are especially apparent as diurnal changes in disc 
height. Whether these fluid changes augment the 
nutrition of intervertebral discs by a 'pumping' 
mechanism is unclear (Urban et at" 1982; Holm and 
Nachemson, 1983), The pathways for nutrition into 
the disc (which is avascular) include the end-plates 
and the disc periphery. Rates of diffusion of nutrients 
and metabolites by these pathways differ as a 
function of their molecular weight (Urban et at. , 
1982). 

Intervertebral discs can be subjected to quite large 
rotations in the sagittal plane without damage, 
whereas axial rotation permits tile smallest range 
before damage occurs, Thus, twisting has been 
considered as a common source of injuries to 
intervertebral discs, especially of repetitive small 
injuries leading to disc degeneration in later life. 

Contribution of the vertebral bodies to 
flexibility and strength 

Vertebral bodies deform under compressive loading, 
and the end-plates become more concave under the 
influence of intradiscal pressure (Brinckmann et at., 
1983). The central deformation of the end-plate has a 
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magnirude similar to the amount of bulging of the 
disc. Microscopic damage to the trabeculae (Hanssen 
and Roos, 1981), as well as herniation of the disc 
through the end-plate (Schmorl's node), may result 
from excessive axial compression load, 

The strength of an individual vertebra depends on 
its shape and internal structure, as well as the 
material properties of its bony tissue. In osteoporosis, 
there is a loss of bone mineral density (BMD) and of 
vertebral strength, Thoracic vertebrae at all levels are 
affected by osteoporotic fractures, which usually 
involve compression of the vertebral body and can 
lead to the characteristic hyperkyphotic appearance 
of elderly, osteoporotic people, especially women. By 
careful comparisons of shape of the thoracic and 
lumbar vertebrae of 52 non-osteoporotic women and 
195 post-menopausal women, EasteLl et at, (1991) 
concluded that over 20% of the post-menopausal 
women had vertebral fractures, with an average of 
two per person. This represents a major health 
concern in the ageing population. Although both 
exercise and diet are important, it is difficult to delay 
and impossible to prevent bone mineral loss in both 
men and women. Measurements using dual photon 
absorptiometry have shown that in women measur
able bone loss from the spine begins at skeletal 
maturity and proceeds at the rate of about 1 % per 
year both before and after menopause (Riggs et at., 
1986). 

Singer et al. (1995) point out that osteoporotic 
fractures are most common in the mid-thoracic spine, 
They studied 366 cadaver vertebrae from Tl to L5. 
Compressive strength correlated (r = 0.86) with BMD 
measured by dual energy absorptiometry, and with 
vertebral trabecular density (Hounsfield number) 
multiplied by cross-sectional area (r = 0,83) through
out the thoracic and lumbar regions. McCubbrey et 
al. (1995) found that static and fatigue characteristics 
depended on the denSity of bone in different regions. 
Anterior vertebral body densiry was most predictive 
of the static properties, while posterior regions were 
more predictive of the fatigue properties. It has long 
been recognized that mineralization of bone leads to 
greater strength, and this can be assessed radi
ologically as the degree of absorption of the X-ray 
beam (the lightness of the bone image). Therefore, it 
appeared that the strength of a bone should be 
quantifiable by the radiodensiry. X-ray absorptiometry 
gives estinlates of the bone mineral content (BMC in 
g/mm2) from which the BMD can be derived by 
normalizing for the bone thickness, Unfortunately, 
the size of a patient's bone can seldom be assessed 
accurately. As an alternative, computed tomography 
(Cn gives the distribution of radiodensity within a 
specified slice image, Bone is a tissue with a complex 
internal architecture, so BMO is not the sole determi
nant of the behaviour of individual bones; the 
internal architecture should ideally be taken into 
account too. 
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Maintaining the strength of vertebrae depends on 
adequate diet and physical activity. Snow-Harter et al. 
(1990) found that muscle strength is an independent 
predictor of BMD in young women, accounting for 
15 - 20% of the total variance in bone density in the 
femoral neck and in the spine, apparently because of 
an interaction between physical fitness, muscle 
strength and vertebral bone integrity. 

There has been much interest recently in the 
mechanical behaviour of bone in osteoporosis, and 
also in the effects of microgravity (during space 
travel). Maintenance of bone mass and bone strength 
apparently requires adequate exercise and diet. Bone 
responds to mechanical loading, and appears to be 
more sensitive to a few cycles of high load than to a 

lower sustained or frequently applied load (Rubin and 
Lanyon, 1987). 

Loss of strength of the vertebral bodies can also 
occur as a resu lt of pathological changes. McGowan 
et al. (1993) simulated metastatic lesions in an animal 

thoracic vertebral model by removing varying 

amounts of the cancellous bone. The normalized 
strength of thoracic vertebrae with trabecular defects 
was linearly related to the reduction in cross-sectional 
area, indica ting that the strength reduction due to 
lytic defects within the centrum of thoracic vertebrae 
is proportional to the cross-sectional area of bone 
resorbed . 

Contribution of the posterior elements to 
flexibility and strength 

Depending on their orientation, which varies along 
the length of the spine, zygapophysial joints can 
contribute to resisting compressive loading, shear 
loading and torsion loading (Fig. 4.7). However, 
probably because of flexibility in the neural arch, 
neither removal nor fusion of the zygapophysial 
joint has a dramatic effect on the flexibility of 
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Fig. 4.7 Orientation of zygapophysial joints which would 
provide resistance to (A) compression, (B) forward shear 
and (C) axial rotation. 

motion segments. White and Panjabi (1971) found 
that removal of the zygapophysial joints in the 
thoracic spine leads to increased extension motion 
and lateral bending, but little change in the amount 
of axial rotation. Conversely, in the lumbar spine, 
according to Stokes (1988), the greatest effect of 
zygapophysial joint removal is on the torsion behav
iour. Overall, it appears that the intervertebral disc 
is the most crucial structure for the mechanical 
integrity of the motion segment, but posterior 
structures help to guide the motion segment and to 
protect the disc from injury. Singer et al. (l989b) 
used CT imaging to investigate 44 spinal injured 
patients, and found more congruent 'mortice' joints 
at the segmental level of injury, suggesting that 
an abrupt transition of zygapophysial joint inclin
a tion predisposes to injuries at the thoracolumbar 
junction. 

In vivo behaviour of the thoracic 
spine 

The In vivo behaviour of the thoracic spine is 
difficult to study directly. Surface curvature measure
ments give an impression of the motion in the 
sagittal plane, but are probably unreliable for other 
planes (Hart and Rose, 1986). Gregersen and Lucas 
(1967) inserted pins into several spinous processes 
of seven subjects to measure thoracic spinal motion 
during the performance of maximal motion and 
during walking. The range of motion for axial 
rotation was found to be 9° between L1 and L5, and 
as much as 100 at the thoracolumbar junction 
(T12 - L1)_ This value is very high compared with in 
vitro measurements, and is suspected of being 
attributed to the diversity of transitional anatomy 
(Singer et al., 1989a), in addition to the problems 
noted by the authors with slippage of recording 
instruments affixed to the sacrum (Gregersen and 
Lucas, 1967). In the thoracic region there was 
approximately 6° of motion per level. During walk

ing, only a small part of this range of motion was 
employed. There was up to 2° of axial rotation per 
motion segment in the region T4-10. The greatest 
motion (about 2°) occurred in the mid-thoracic 
region atT6-T7. Lovett (1905) described a coupHng 
of lateral bending and axial rotation by examining 
both Hving subjects and anatomical specimens, and it 
was found that the degree of coupling was depend

ent on the extent of flexion or extension of the 
spine. Similar fmdings were obtained by Arkin (1950) 
using radiographic examination of living subjects. 
White (1 971) examined coupling relationships in 
thoracic spinal motion segments and compared them 
with vertebral alignments in scoHosis deformities. He 
concluded that the pattern of i n teraction between 
lateral bending and axial rotation resulted in a 

different pattern to that seen in scoliosis. 
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Thoracic spine and ribcage interactions and 
respiration 

Motion of the thoracic spine is connected to that of 
the ribcage by the costovertebral joints. The ribs 
articulate with the transverse processes, as well as 
with the vertebral bodies of the corresponding 
vertebra and that immediately cephalad . Motion of 
the ribs has been described as consisting of both 
'pump-handle' and ' bucket-handle '  motion. Although 
not well-defined , these terms imply rotations about 
the horizontal (mediolateral axis) and an axis joining 
the ends of the ribs respectively. The bucket-handle 
motion implies that the sternum remains fIXed 
relative to the thoracic spine, so the only possible 
motion is about the axis joining the two ends of the 
ribs. In reality, the motion during respiration seems to 
be more close ly aligned with an axis passing through 
the costotransverse and costovertebral joints posteri
orly (Jordanogiou, 1 969; Saumarez, 1 986; Wilson et 
al. , 1 987) . Detailed geometrical study of the ribs and 
costovertebral articulations has also defmed the 
possible movements (Minotti and Lexcellent, 1 99 1 ) .  

Th e  complex interactions in  chest wall mechanics 
during breathing are difficult to explain in terms of 
muscular recruitment .  Apparently, both the internal 
and external intercostal musculature, as well as the 
diaphragm and abdominal musculature, are involved 
(De Troyer et aI. , 1 983 ;  Saumarez, 1 986) . A novel 
approach to deducing functions of intercostal mus
cles was employed by Loring and Wood bridge (1 99 1 ) ,  
who used fmite element modeUing techniques to 
predict the effects of different patterns of muscle 
recruitment .  One conclusion was that the internal 
and external intercostal muscles could be inspiratory 
or expiratory, depending to some extent on the 
distribution of their act ivation at differing segmental 
levels of the chest waH . 

In vivo loading of the spine: moments of lifted 
objects and muscles and biomechanical 
models 

The spine is loaded by a combination of externally 
applied forces, bodyweight forces and forces due to 
the muscles which cross the motion segments. 
Because the moment arms of the muscles around the 
spine are usually small compared with those of lifted 
weights and bodyweight contributions, the forces in 
muscles are correspondingly high .  Fig. 4 . 8  illustrates 
a case in which compressive load on the spine 
reaches half of a tonne, which is comparable with the 
ul timate compressive strength of the spine. For any 
position of the body, and for given external load ing, 
the internal forces acting on the spine can be 
estimated by conSidering the equilibrium between 
internal and external forces and torques around the 
spine , The weight being lifted , together with the 
weight of body segments above the particular level of 
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l ifted 

(90 kg) 883 N 

294 N 

"\054 N 

4957 N 
Intervertebral 

force 

Fig. 4.8 Simple model of lifting mechanics at  the thor
acolumbar junction , for a heavy lift. Deep muscles of the 
back provide extension moments to counteract flexion 
moments of the weight of the head, arms and trunk, and of 
the l ifted weight. Because of the relatively short moment 
arm of the dorsal muscles, the forces developed by these 
muscles must be higher than the lifted loads. Consequently, 
the spinal loading is also high (adapted from Morris and 
Bresler, ) 96 1) ,  

the spine being considered , produce moments about 
the spine.  The magnitude of each moment is the 
product of the force multiplied by its d istance from 
the spine. These moments must be countered by 
muscles and ligaments , The analysis of this equilib
rium condition is done with the help of a bio
mechanical model (Andersson and Winters , 1 990) , 

Estimating the muscle forces in the trunk is 
difficult. Electromyography (EMG) is used to estimate 
these forces, although the EMG-to-force conversion is 
a lways approximate , Alternatively, biomechanical 
models are used to calculate muscle forces by 
considering the balance between external loads, 
bodyweight loads, and the muscle forces required to 
maintain equilibrium. However, this calculation does 
not produce a unique solution ,  since there are many 
combinations of synergistic and antagonistic muscle 
forces that can satisfy this balance , To obtain a 
solution , we must make assumptions about which 
muscles are active ,  and which control strategies are 
used to activate them . 

The exact pattern of co-activation of muscles must 
be found either experimentally by EMG, or by 
assuming rules that govern muscle recruitment. I n  
the case o f  lifting tasks, abdominal muscles are 
recruited , and these create an intra-abdominal pres
sure , In heavy exertions, thoracic pressurization also 
occurs. At one time these pressures were thought to 
augment the extension moments about the spine and 
to help to reduce compressive loading on the spine , 
This effect is now considered to be negligible . 

Understanding the complex patterns of muscular 
co-contractions is difficult. In simple, sagittal-plane 
lifting tasks, it appears that both muscular contrac
tion levels and compressive loading on the spine are 
minimized . For tasks involving moments out of the 
sagittal plane, EMG studies often show a greater 
degree of muscle co-activation than is required by the 
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Fig. 4.9 The system of three forces app lied by a brace to a 
spine with scoliosis deformi ty. 

simple constraints of equilibrium . It is suspected that 
the additional co-activation of antagonistic m uscles is 
part of a mechanism to stiffen the spine against 
perturbations , and thus make it more mechanically 
stable (Andersson a n d  Winters, 1 990; Gardner-Morse 
et al. , 1 995).  

Another complicating fac tor in biomechanical 
models of the trwlk i s  the con tribu tion of liga
mentous structures.  These passive structures only 
contribute to the forces acting on the spine when 
they are in a tightened position . In lifting tasks 
performed with a flexed sp ine , the erector spinae 
muscles are electrically silent ,  and the ligaments 
provide a major force contribution . However, the 
whole question of whether it is better to lift with the 
spine in a lord otic , kyphotic or neutra l  position is 
u nresolved (Dolan et al. , 1 988) . As ind icated in Fig. 
4 .8,  the fo rces on the spine are kept to a minimwn in 
a lifting task b y  keeping the lifted weight at the 
shortest possible horizontal distance from the 
sp ine . 

Spinal stability and instability 

The term spinal instability encompasses a wide range 
of con cepts , and few of these have been well defined . 
Accord ing to Ashton-Miller and Schultz ( 1 99 1 ) ,  spinal 
in stability has been used variously to imply hyper

mobility as a result of ligamentous or other inj uries, 
unpred ictability of painful symptoms, and abnormal 
re latio nships between coupled motion of the spine, 
as well as unpredicta bi lity of motion itself, including 
a tendency towards large deformations in response to 
small changes in the applied loads. The last of these is 

the classic mechanical definition of instability, such as 
occurs in a slender colunm subjected to com pressive 
load ing .  S ince the spine consists of a column of 
vertebrae linked by relatively flexible articulations, 
this strucUlre is proba b ly at risk for buckling d uring 
complex lifting tasks . Unless the tension in aU of the 
musculature is carefully bala nced , there could be a 
tendency for large deformations at individua l  articuJa
tions . These ideas have been investigated by Berg
mark ( 1 989), Crisco and Panjab i (1 99 1 )  and Gardner
Morse et al. (1 995). These works suggest a role for 
the muscles that cross several segments , as well as the 
shorter muscles (e .g .  multiJidus) . Almost aU of 
the possib le definitions of spinal instability are very 
difficult to demonstrate in vivo. If instability occurs, 
it is pro ba bly transient and unlikely to be recorded on 
an X-ray film. Therefore , of all the possible manifesta
tions of spinal instability, hypermo bility is probably 
the only one that can be documented with con
fidence . However, it is p robable that all of the other 
forms of instability listed above could be real p he

nomena,  and might be the causes of inj uries and 
acute onset thoracic spine pain . 

Trauma 

Thoracic spinal injuries 

All of the components of the motion segment 
contribute to its f lexib ility and may contribute to 
the ultimate strength , depending on the failure 
mechanism . This depends on the direction of load
ing.  Most  classifications of thoracic spinal injuries 
re ly on the supposed forces produc ing the inj ury 
(Holdsworth , 1 970;  Ferguson and Allen, 1 984) . 
White and Panjabi (1 978) introduced the idea of 
the ' majo r  inju ry vector' (MIV) to classify the causes 
of inj uries according to the predominant di.rection 
of load ing during a n  injury. Thoracic spinal inj uries 
can be produced by predominant ly compressive 
load , by excessive rotation about any of the three 
principal axes, or by varying com bina tions of forces 
and displacements . Axial co mpression inj uries occur 
most commonly near the thoracolumbar j unction 
(Holdsworth, 1 970). Denis ( 1 984) used the ' three 
column' concept to describe the consequences of 
acute spinal trauma . The three colUfilJ1s consist of 
the anterior column (vertebral body) , the middle 
column (posterior part of the vertebra and anulus) 
and the posterior column (posterior elements and 
neural arch) . Denis (1 984) reclassified spinal frac
tures based on the extent and type of injury to 
these three columns, and proposed that the degree 
of spinal stability after injury depends on their 
integrity. Panjabi et al. ( 1 995a) measured inter

vertebral motion of anatomical specimens after sim
u lated inj uries . They considered that the findings 
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supported the three-column theory of thoracolum
bar fractures, and they emphasi zed the role of the 
middle column as the primary determinant of 
mechanical  stabil ity of this region of the spine. 

Disc injuries, including d isc herniations, are re la
tively rare in the thoracic spine (see Chapter 5), 
Brown et al (1 992) retrospectively reviewed 55 
patients with 72 thoracic disc herniations. They did 
not state the causes, but implied that the onset was 
usually traumatic. The treatment programmes given 
to these patients were evaluated , and 15 of the 55 
patients (27%) eventually required surgery. They felt  
tbat  thoracic d isc herniations, similar to cervical  
and lumbar elisc herniations, do not always lead to 
major neurological compromise, so a less aggressive 
surgical approach can therefore be considered 
appropriate. 

The spinal col umn protects the spinal cord ,  and 
inj ury can compromise the cord . Panjabi et al. 
( 1 995b) investigated canal encroachment by bone 
fragments during thoracolumbar burst fractures in a 
model using cadaveric specimens, They measured 
the amount of canal encroachment during an exper
imental high speed trauma (burst fractures of 
T l I - U),  and compared it with that measured on 
post-trauma radiographic images ,  The dynamic canal 
encroachment was 33%,  compared with residual 
static canal encroachment equal to 1 8% of the canal 
diameter. These findings imply that the canal 
encroachment is greater while an injury is occur
ring than that seen on post-trauma radiographs 
or CT scans, This may explain the frequently 
poor correlation between the canal encroachment 
measured radiographically and the neurological 
deficit. 

Injuries to the ribcage 

The passive flexi bility of the chest wall is also of 
interest in understand ing inj uries to the skeletal 
components and visceral contents. Both impact 
trauma and blast trauma are of concern, Most 
studies of the ribcage have been done analytically, 
supported by experimental measurements of flex
ibil ity of the ribs and of the costosternal and 
costovertebra l  articulations (Schultz et al. , 1 974) . 
Models intended primarily for studying deforma
tions of the spine and ribcage in scoliosis have 
been reported (Stokes and Laible , 1 990; Wynarsky 
and Schultz, 1991 ; Stokes and Gard ner-Morse, 
1 993). Other mod els have been developed for 
impact Simu l ations, such as motor vehicle accidents 
and ejections from mili tary aircraft, Because of the 
complexity of the behaviour of the thorax, most of 
these models involve simplifications that make 
them suitable for a relatively narrow range of 
applications,  
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Treatment of thoracic spinal injuries 

The major biomechanical concern in the treatment 
of acute spinal inj uries is usually the maintenance of 
stability (mechanical support and restriction of 
motion) i.n order to prevent further injury and to 
facilitate bony healing , This can be provided exter
nally by bracing or internally by surgical constructs. 
The biomechanical requirement for stability may 
conflict with the need to decompress the spinal canal 
surgically by removing parts of the posterior ele
ments. 

New developments are underway in the field of 
instrumentation for surgical treatment of thoracic and 
thoracolumbar spinal injuries . Instrwnentation is 
required to provide acute strength, fatigue strength 
and control of spinal morioo after implantation,  
Flexibility requirements for spinal instrumentation 
are not well defmed , Apart from the need to p revent  
both excessive elastic deformation and catastrophic 
buckling, there is concern about whether excessive 
rigidity can produce ' stress shielding' of the bone , 
Although this is observed to a small extent, it is 
probably unimportant compared to the more rapid 
graft incorporation made possible by less flexible 
instrumentation, Craven et aI, (1 994) studied 
strength and BMD in two differing diameter rods in a 
dog spine fusion model,  and found both to be 
effective , Spinal instrumentation is required to cor
rect deformity as welJ as to stabilize the spine; thus 
the traditional approach of using distraction rods 
require's that these should span two to three verte
brae above and below the injured region to provide 
adequate stiffness, However, recent developments in 
spinal instrumentation, espec ially with pedicle 
screws, provide options which can be applied more 
precisely to the injured region ,  The size of the 
thoracic pedicle places restrictions on the intra
pedicular screws that can be used safely. Breaching of 
the cortical shell places the nerve root at risk of 
iatrogenic damage, Similarly, breaching of the anter
ior vertebral body as a result of excessive pedicle 
screw length can injure the great vessels.  Advanced 
technology systems that use a combination of pre
operative imaging and intra-operative mOnitoring are 
being developed to assist in the accurate sizing and 
placement of pedicle screws. These screws remain 
attractive , despite their inherent risks, because of 
their mechanical advantages . 

Biomechanics of painful 
conditions of the spine 

There is much disagreement about the role of 
biomechanical factors in the aetiology of low back 
pain. Some painful episodes apparen tly result from a 
single acute overload event,  whereas others may 
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resul t from a progressive weakening and degenera
tion of tissues from repetitive loading. Herreby et al. 
(1 995) conducted a 25-year prospective cohort study, 
and showed that back pain in 1 4- and 1 6-year-olds is 
a strong risk factor for pain in adulthood . In 
radiographs of the 1 6-year-olds there was a 1 2% 
prevalence of radiological abnormalities,  including 
7% prevalence of Scheuermann 's disease in the 
T5 - T 1 0  region, but these radiographic abnormalities 
were apparently not risk factors for back pain in 
children or subsequently in adulthood . 

Treatment 

Triano ( 1 992) reviewed studies on the biomechanica l  
effect of spinal manipulation a n d  pointed to difficul
ties in establishing the scientific basis of this fo rm of 
therapy because little is known about manual treat
ment methods or about the disorders to which they 
are directed . There are several putative physical 
effects of manual therapy: disruption of fi brous 
adhesions; release of capsular folds; and relaxation of 
muscle spasm (Giles, 1 997) . Triano ( 1 992) empha
sizes that it is difficult to obtain objective confirma
tion of the existence of these conditions in any · 
patient, or of the relief of these conditions by 
therapy. 

The common factor for aJJ manual methods is that 
they ap ply an external load to the spine and its 
surrounding tissues . Herzog et al. (I 993) used a thin , 
flexible pressure mat to measure forces exerted 
during spinal manipulative therapy by experienced 
spinal manipulators . They appbed a preload followed 
by a thrusting force on a specific part of the spine in 
a well-defined d irectio n .  During such manoeuvres 
they recorded average peak forces of 399 ± 1 1 9 N 
applied to the thoracic region.  Using an accel
erometer, they also detected the occunence of a 
' cavitation'  p henomenon, and this event occurred 
when the force of manipulation reac lled an average of 
346 N. Lee et al. ( 1 995) created a fmite element 
model of the spine, ribcage and pelvic responses to 
simulate a specific lumbar manipulative force in 
relaxed subjects.  Simulation of manipulation with 
postero-anterior force application of 1 00 N in the 
lumbar spine produced intervertebral translations of 
up to 1 mm at the location of force application, and 
also remote from it (into the thoracic spine).  

Thoracic spinal deformities 

Simple mechanical consideration of the structural 
stability of the spine suggests that spinal deformities 
should be common. Clearly, there a re excellen t  

controls over t h e  growth and development o f  the 
spine in most individuals, excep t  when muscular 
weakness prevents this . The apparently spontaneous 
development of scoliosis and abnormal kl'phosis is 
difficult to explain (Robin , 1 990) . Spinal growth and 
deve l op ment are important factors in the progression 
of spinal deformities (Bjerkreim and Hassan, 1 982; 
Weinstein and Pon seti, 1 983), but it is not clear 
whether abnormal growth ini tiates the deformity 
(Stokes and Laible, 1 990). Growth and maturation are 
apparently disturbed in id iopathic scoliosis.  However, 
there are few indications as to why idiopathic 
scoliosis is more common in girls, except that their 
vertebrae might be slightly more slender (Skogland 
and Miller, 1 98 1 ;  Schultz et al. , 1 984), and there are 
differences in the development of the sagittal spinal 
curvatures (Willner and Johnson,  1 983) and in the 
ti ming of growth and maturation (Drummond and 
Rogala, 1 980). I t  may be that a set of subtle 
mechanical factors, incl uding abnormal growth , jOint 
laxity and sagittal spinal curvature,  and neurologic 
factors may all play a part (Nachemson and Sahl
strand,  1 977) . 

Biomechanical factors in the aetiology 
and progression of scoliosis 

The exact biomechanical mechanisms responsible for 
scoliosis deformities ,  especially the t ransverse plane 
rotations of the vertebrae, are not fully understood . A 
number of biomechanical factors have been invoked 
including intervertebral motion 'coupl.ing' (Arkin, 
1 950) ,  posterior tethering during spinal growth 
(Somerville ,  1 95 2) and instability due to the presence 
of a lordosis in the thoracic spine (D ickson et al. , 
1 984) . 

Coupling 

Al though it has been noticed that both lateral 
bending of the spine and scoliotic d eformities show 
transverse plane rotation, these ' coupling' relation
ships berween lateral bending and axial rotation 
berween adjacent vertebrae are quite dissin1ilar 
(White and Panjabi ,  1 97 1 ).  Therefore, it seems 
unlikely that the complex pattern of deformity that 
develops in scol.iosis,  with maximal vertebral rotation 
at the curve apex, is controlled by the same 
mechanical principles that govern the coupling of 
lateral bending and axial rotation during normal 
kinematic motions of the spine . A second implication 
of this finding is that when a scoliosis is corrected by 
bracing or other treatment,  a correction in one plane 
will not necessarily prod uce comparable correction 
of other components of  the deformity, at least not as 
a result of the normal physiological coupling of spinal 
motions. 
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Tethering and reduced sagittal curvature 

Anoth er mechan ical p rinc ip l e which has been 
invoked to exp l a i n  the verteb ral ro tation is ' tethering ' 
by posterior structures of t he spine (Somerville, 
1 95 2 ;  D ickso n et at. , 1 984;  Jarvis et at. , 1 988) . There 
are several parts to this tbeory. Tethering is thought to 
prevent flexion of the sp ine a nd main ta in a lordotic 
shape , which then has a greater tendency to i nstabil
ity Secondly, the tether i s  though t to maintain a 
straighter al ignment of the posterior elements than of 
the vertebra l  bodies, thus ro tating the vertebrae in 
the curve . Reduced spinal sagitta l  pla ne curvature has 

been noted in the regions of spines with scoliosis 
(D ickson et at. , 1 984), alt hough it  is  u ncertain exactly 
which features a re p rima ry and which secondary 
(causative anel consequential) .  The ea rly teen years 
correspond to the most flat sagittal plane curvature of 
the spine (Wi[Jner and Joh nson, 1 983), so th is may be 
a risk fac tor for id iopathic scol iosis .  However, an 
ana lys is of the known flexibility characteristics o f the 
thoracic spine fa iled to explain how th ese mecha
nisms migh t gene rate the c lin ically observed patterns 
of deformi ty seen in sco l iosis (Stokes and Gard ner
Morse, 1 9 9 1 ) .  

Proprioception and balance 

There is a susp ic ion that people who develop 
idiopathic scolios is have a n  abnormality of the 
neuromuscu l ar contro l  of spinal posture (Herman, 
1 983).  There have been several studies of these 
patients ind i cat ing some subtle asymmetry or a bnor
mality of the proprioceptive postu ral balance,  vestib
ular and even brainstem fu nction.  However, unfortu
nately none of these fmd ings have yet been found to 
have diagnostic or prognostic power. 

Pathomechanics of progressive curvature 

As a general rule ,  an idiopathic scoliosis of greater 
than 20° Cobb is l ia b l e to progress if substantial 
growt h potent ial rem ains (Lonstein and Carlson, 
1 984) . A curve of 40° or grea ter is l iable to p rogres
sion (albeit at a much s lower rate) beyond skeletal 
maturity (Bjerkreim a nd Hassan,  1 98 2 ;  Weinstein and 
Ponseti , 1 983).  

I t  is widely believed that the p rogreSSion of 
scoliosis is controlled to a large extent by m echanical 
factors, especially the 'Hueter- Volkma nn law' as 
descr ibed by Arkin ( 1 949) and Roaf ( 963), According 
to th is theory, a vicious circle develops in which 
increased compression on the concave side of the 
curve decelera tes growth while red uced compres
sion on the convex side accelerates it. Roaf (1 963) 
developed a rationale for the pl acemen t of staples on 
the verteb ral  bodies for treatment of scoliosis with 
varying degrees of IQ'Phosis and lordosis .  Scoles et at. 
( 1 99 1 )  considered that the progression of Scheuer-
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marm's hyperkyphosis i s  also mechanically modu
lated , based on histolog ica l comparisons of the 
vertebral end-plates with the growth plates from 
tibial plateaux with B loun t 's disease. However, there 
are several  unanswered questions about the scientific 

basis for this theory of scoliosis p rogression . Fo r 
instance ,  the normal spinal curvatures (kyphosis and 
lordosis) in the sagittal plane are of similar magnitude 
to the curvature of scoliosis which i s  at risk to 
progress . Why do the normal kyphosis and lordosis 
not progress into hyperkyphosis and hyperlordosisl 
Also , the re lationship between loading and growth 
rate is probably not s im p le.  D iaphyseal bone (as 
opposed to growth cartilage) can respond d ifferently 
to mechanical compression . A child with a mal-union 
of a l ong bone will gradually remodel and straighten 
the d iaphysis by a process through which tissue on 
the concave (compress ion) side experiences apposi
tion of bone, whereas the tension side experiences 
resorption.  Conversely, the a lignme nt of teeth can be 
altered by means of orthodontic braces in such a way 
that compressed bone resorbs while bone on the 
oppos i te side of the tooth socket (the tension side) 
advances . 

From a mechanical point of view, the difference i n  
the force transmission between t h e  convex and 
concave sides of an angul ar deformity must increase 
as the angulation of the deformity increases, and this 
may produce an effective threshold when rapid 
progression is to be expected.  Development of the 
rotational deformity in the spine complicates this 
process further. The growth plates of long bones are 
also responsive to torsional loads (Arkin and Katz, 
1 9 56; Moreland , 1 980), but the origin of such forces 
in the spine during scoliosis p rogress ion is  not c l ear. 
PerdrioUe et at. ( 1 993) examined the shapes of 
vertebrae from individuals with scoliosis, and pro
posed that wedging deformation of vertebrae occurs 
preferentially on the concave sid e .  They considered 
that this defo rmation was mechanically media ted , 
and part of a progression process of spinal ' torsion ' .  
Asher and Cook (1 995) studied a c ross-sec tional  
d a tabase of 1 8 1  patients us ing stereoradi ogra p hy in 
order to test this hypo thes is . They reported that for aU  
common id iopath ic scoliosis deformities, includ ing 
compensatory curves,  evolution occurs as a combina
tion of lateral displacement of the apical vertebrae 
together with a rotation in a c lockwise arc for right 
apex deformities and a counter-clockwise arc for left 
apex deformities. 

Mechanical factors in the treatment of 
spinal deformities 

In both conservative and surgical treatment of spinal 
deformities, forces are applied to the spine . In the 
case of surgery, the desired forces can usually be 
applied more d irec tly. In the same way as the motion 
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segment has six degrees of freedom, there are ,  in 
genera l ,  six distinct c omponents to any deformity of 
the spine , and forces can be applied to correct each 
of these components. Thus, the mechanical treatment 
of spinal deformities can involve horizontal forces 
in the frontal or sagitta l planes, d istraction forces, 
lateral bending or flexion - extension moments, or 
moments in the transverse plane. In p ractice,  pre
cise control  over the applied forces is difficult to 
achieve . However, both brace treatment and 
surgical treatments are evolving in an attempt to 
address the three-dimensional nature of most spinal 
deformities. 

Non-surgical treatment of thoracic spinal 
deformities 

Exercises a nd physical therapy 

Although apparently based on the sound logic of 
selective strengthening of muscles and improvement 
of the trunk neuromuscular control  apparatus, exer
cise therapy has been used mostly in the management 
of non-progressive scoliosis. White and Panjabi (1 990) 
consider that the trunk muscles have little mechan
ical advantage from the perspective of curve correc
tion in cases of marked deformity. Stone et al. (1 979) 
studied 42 patients with 5 - 20° curves (by Cobb angle 
measurement) who performed trunk mobilizing and 
strengthening exercises, and compared them with 59 
matched retrospective controls who did not. There 
was minimal change in scoliosis in both groups, 
reflecting the difficulty of studying progression of the 
deformity in a popu.lation of patients with a small 
proportion of ' progressors ' .  Recently, Weiss (1 992) 
has claimed considerable success in preventing pro
greSSion of scoliosis with a structured programme of 
exercises directed at muscle strengthening. Overall , 
very few clinicians feel that they can rely on exercise 
alone to prevent progreSSion, and there is little 
scientific evidence of  their va lue as an adjunct to 
other conservative treatment.  

Braces 

Brace treatment usually employs the principle of 
three-point application of forces.  The middle force is 
directed at the region of maximaJ deformity, while 
eqUilibrium is provided by two additional forces at 
the extremes of the deformity (Fig. 4 . 9) .  The present 
trend in bracing for scoliosis i s  to attempt to control 
both sagittal curvature and frontal plane curvature at 
the same time . 

The success of brace treatment is lessened by 
larger scoliosis curve magnitude (Montgomery and 
Willner, 1 989) , but the reasons why this treatment is 
not always successfu l  remain unclear. The changes in 
spinal shape with brace wearing are complex . Willner 
( 1 984) found that the Boston brace produces simulta-

neous reduction of both scoliosis and lordosis curva
ture in the lumbar region, but reduced scoliosis alone 
in the thoracic region. Changes in skeletal configura
tion (spine and ribcage) of 31 patients with fight 
thoracic scoliosis were recorded by Labelle et al. 
( 1 992), u sing stereoradiography. They found that 
both the coronal and sagittal plane curvatures were 
reduced , l eaving the plane of m aximum curvature 
virtually unchanged . There was no significant 
improvement in vertebral rotation , but the ribs on the 
right (convex) side became more angled down
wards .  

Braces apply forces d irectly to the trunk, but  they 
may also encourage patients to recruit their own 
muscles in a beneficial way (passive and active 
theories of brace function). However, muscular 
activity within a Boston brace was mOnitored by 
Wynarsky and Schultz (1 989), who fouod little 
evidence that this second (active) mechanism is 
significant.  Wynarsk-y and Schultz (1 99 1) used a 
biomechanical model of the spine and ribcage to 
determine the locations and magnitudes of the 
passive brace forces,  and the tnl Ok muscle groups 
and their corresponding contraction intenSity magni
tudes that would optimally correct the scoliosis 
deformity of the spine. They inferred,  based on a 
comparison of model results with long-term clinical 
results, that even under optimal  conditions it is 
unlikely that a scoliosis can be fully corrected either 
by passive brace forces or by active muscle contrac
tions. 

Electrical stimulation of trunk muscles 

Electrical stimulation of muscles for correction of 
scoliosis (Axelgaard et al. , 1 983) is not effective in 
preventing scoliosis progression (Durham et aI. , 
1 990; Nachemson and Peterson, 1 995). Despite this 
lack of clinical success, modelling studies (Schultz et 
ai. , 1 98 1 )  suggest that many of the trunk muscles are 
well placed to provide correction forces. It is still not 
clear what biomechanical or other principles under
lie successful conservative treatment of scoliosis. The 
brace or the electrical stimulation might apply forces 
which then mod ify bony growth and deve lopment .  
Alternatively, the chronic stimulation of muscles 
might change the resting length or tension of these 
muscles, thus preventing progreSSion .  Initially, the 
treatment appeared promising and was used only at 
night .  Recently, the idea of night-time brace treat
ment has also become popular (price et ai. , 1 990) . 
Night treatment raises the fundamentaJ question 
about how a spinal deformity responds to force 
application .  Although the activity of bone celJs has 
diurnal variations, it seems that providing a stimulus 
during the night hours is sufficient to prod uce the 
d esired response in the case of orthodontic bracing. 
Unanswered questions remain about the underlying 
bone and muscle biology. 
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Surgical treatment of tho racic spinal 
defo rmities 

A severe scoliosis can be prevented from p rogressing 
further by surgica l fusion of the affected part of the 
spine. This also prod uces a loss of spina l motion , and 
there may be a loss of resp iratory function. However, 

these consequences may be less severe than if 
surgery were not undertaken. There has been a rap id 
develo pment in recent years in tbe comp lexity of 
surgical instrumentation and the number of options 
available to surgeons. New options include an terior 
instrumentation, sublaminar or sp inous p rocess wir
ing, curved rods whi ch are rotated during surgery 
(Cotre l - D ubousset instru mentation) , and a prolifera
tion of poss ib ilities p rovided by pedicle screw 
fIXation to vertebrae. These developments in instru
mentation design provide new possib ilities for the 
application of complex combination of forces to the 
spine as well as provi d ing increased rigid ity o f  the 
final construc t and ,  consequently, a more rapid 
postoperative recovery, often without the need fo r 
postoperative bracing. 

Spinal surgeons now face complex surgical pla n
ning decisions as a result  of these developments in 
the complexity of spina l instrumentation systems,  
and the informatio n available to hel p th em make 
decisions is extensive .  Mechanical studies in the 
l a boratory provide information on strength and 
flexibility of constructs applied to animal or human 
cadaver spines .  Animal experiments have been used 
to ga in ins ight into the fate of both the instrumenta
tion and the spinal fusion in vivo . In p rinciple ,  if the 
mechanical p ropert ies of both the spine and the 
instrumentation were understood completely, then 
b iomechanical models could predict the o u tcome of 
surgery. There have been a number of attempts to 
develop such models  (e .g .  Schultz and Hirsch , 1 974;  
Stokes and Gardner-Morse,  1 993) but they have not 
been sufficiently accurate to justify their use in 
individualized surgical planning.  

After the completion of surgery, the process of 
graft incorporation begins . More rigid fixation pro
motes more rap id fuSion ,  but there has been some 
concern that extremely rigid fIXation techniques 
would also produce ' stress shield ing ' of bone, result
ing in osteopenia . This was found in d ogs (McAfee et 
at. , 1 99 1 )  but not in goats Oohnston et at. , 1990), and 
it does not appear to be s igniiicant in hu man s .  
Laboratory testing o f  a spina l construct (con sisting o f  
a test instrumenta tion applied to a standardized 
spinal specimen) demands a laboratory test which is 
representative of in vivo cond i tions . Without standar
dization, comparisons between instrumen ta tion sys
tems and surgical options a re difficult  to interpre t 
(Ashman et at. , 1988; Panjab i , 1 988) . 

In the paediatric spine, the question of graft 
placemen t is espec ia lly important in the presence of 
continu ing growth . The tethering effect of a posterior 
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fusion can produce continu ing development of 
deformi ty of the vertebral c o lumn around the axis of 
the instrumentation, and this is known as the 
' c rankshaft phenomenon ' (Shufflebarger and Clark, 
1991). 

S urgical instrumenta tion gives surgeons consider
able con trol over the pa rt of the spine on which they 
operate, but much less c ontrol  over the unfused 
regi ons . This has manifested itself as the problem of 
' balance' or ' decom pe nsat ion ' associated with mod
ern rigid segmental instrumenta tion techn iques . Pre
operative lateral bending rad iographs have been 
recommended as a way to assess the regional 
flexi bility of the spine and i ts p robable re sponse to a 
long fusion .  

Conclusions 

The spine is a co mpl ex , flexible structure ,  which is 
dif!1cult  to understand biomecha nically. Each motion 
segment has six d egrees of freedom which interact 
with each other, and this complexity, combined with 
the inherent curvatures of the sp ine and the complex 
anatomy of the muscles and Ligaments, produces 
biomechanical behaviou r which i s  difficult to p red ict . 

However, it seems that if the underlying b iology that 
re l ates mechanical factors to b iological responses 
were better understood, then new possi bilities would 
emerge for effective treatments . 
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Pathology of the thoracic spine 

K. P. Singer 

The purpose of this chapter is to highlight structural 
and visceral pathologies that involve the thoracic 
sp ine, as a background to the assessment and 
management of conditions affecting the thorax. 

There are relatively few reports that document 
patterns of thoracic spine pathology, compared with 
the published literature on the lumbar and cervical 
regions. When the thoracic degenerative pathologies 
are viewed coUectively (Fig. 5.1), they show a trend 
which implicates the middle and lower regions , with 
the lowest prevalence (apart from costovertebral 
joint degeneration) in the upper thoraciC segments . 

Patterns of pathological changes in 
the thoracic spine 

The major pathological conditions have been classi

fied into those of an inflammatory, degenerative , 

metabolic, infective or metastatic aetiology, those 
involving anomalies of spinal curvature or which are 
secondary to trauma, and those with a m edical 
(visceral) basis. The references provide the interested 
reader with an introduction to both the historical and 
contemporary literature . Table 5.1 provides a swn
mary of the major conditions that are reviewed in this 
chapter. 

Inflammatory rheumatic conditions 

Ankylosing spondylitis 

Ankylosing spondylitis (AS) is an inflammatory dis
order associated with the HLA-B27 antigen , which 

occurs in 90-95% of patients with AS (Bullough and 
Boachie-Adjei, 1988). It involves synovial and cartila-

ginous Jomts, as weU as sites of tendon and liga
mentous attachment, and predominantly affects 
young Caucasian men with onset commonly between 
late adolescence and 35 years of age. There is a 
familial and racia.1 bias in the reported prevalence due 
to the variable frequency of HLA-B27 in different 

Table 5.1 General pathology classification jor 
conaitions airectly involving or rejen·jng symptoms to 
the tboracic spine 

Inflammatory/rheumatic 
Ankylosing spondylosis 
Diffuse idiopathic skeletal hyperostosis 

Degenerative 
Costovertebral and zygapophysial joint osreoarrhrosis 
Degenerative disc disease, osteophyrosis and ossifkation 
Schmorl's nodes and end·plate lesions 
Scheuennann's disease 

Metabolic 
Osteoporosis and osteoporotic fracture 

Injective 
Osteomyelitis 

Tumours 
Metastatic 
Benign 

SpinaJ curvature anomalies 
ScoliosiS 
Kyphosis 

Trauma 
TIloracic spinal trauma 

Transitional junction trauma 
Thoracic disc prolapse 

Meaical 
Visceral dysfunction 
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Fig_ 5_1 A composite representation of reported pathological changes to the joints and intervertebral discs of the thoracic 
spine. (A) From studies by Nathan (1962), vertebral body osteophytes are shown to increase in size in a caudal direction and 
to occur predominantly on the right side of the vertebral body, due to the presence of the descending abdominal aorta (aa). 

(B) From a large osteological survey by Shore (1935), the upper and lower zygapophysial joints of the thoracic region 
demonstrated greatest evidence of osteoarthritic changes, which increased in extent towards the thoracolumbar junction. (C) 
Degenerative changes of the costovertebral joints are most prevalent at the t!rst and last two thoracic vertebrae, a 
consequence of large muscle actions exerted on these ribs (Nathan et at., 1964). (D) The surgical prevalence of thoracic disc 
herniation indicates an increasing incidence towards the last mobile segment above the thoracolumbar transitional junction 
(Singer, 1997). (E) Vertebral body end-plate leSions, inclusive of Schmorl's nodes, are shown to occur predominantly in the 
lower thoracic segments, and are most prevalent in the inferior vertebral end-plate (Crawford, 1994). (F)The most severe disc 
degeneration has been identified in the middle thoraCic segments from radiological surveys (Lawrence, 1977). (G) In slight 
contrast to the surgical prevalence (D), the identification of small thoraCic disc protrusions at post-mortem revealed an 
increasing caudal trend for the mid-thoracic segments (Crawford, 1994); note the different pattern at post-mortem compared 
with the surgical summary (0). Consistent with surgical reports, few disc protrusions were identified in the highest segments 
(D and G). 

populations; however, the exact aetiology remains 
obscure (fribus et al., 1998). The prevalence given 
ranges from 0.1-1.5% of the population, varying 
according to the nature of the assessment (Resnick 
and Niwayama, 1995a). 

Typically, patients present initially with bilateral 
sacroiliitis , lumbar stiffness and thoracoltunbar junc
tion (TLl) back pain. Trunk muscle atrophy, a 

recognized feature of patients with AS, may contrib
ute to a tendency to an increased thoracic kyphosis, 
Owing to involvement of the costal joints and 
costochondral junction, patients may find deep 
inspiration painful, resulting in limited thoracic 
expansion. The disease process typically involves : 

joint eroSions, sclerosis of subchondral bone, widen
ing of the joint spaces, and proliferation of bony 
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fig. 5.2 Ossification of spinal ligaments is contrasted in (A), which shows a thoracic spine with thin lucent lines continuing 
across the face of the intervertebral discs. The zygapophysial joint space is still seen in this projection. Flowing ossification 
of the interspinoLls l igament and bridging osteophytes are depicted in (B), which is characteristic of diffuse idiopathic skeletal 
hyperostosis (DISH). Complete rib head ossification , in this case with ankylosing spondylitis, is shown at (C), with a 

completely aJlkylosed spinal column depict ed at (D). 

changes leading to eventual ankylosis (Resnick and 
Niwayama, 1995a) (Fig. 5.20). 

Ossifica tion of the outer layers of the anuilis 
fibrosus produces syndesmophytes, which extend 
across the surface of the intervertebral disc (IVD) 
and eventually bridge the disc space (Fig. 5.2A). In 
tIlis manner they may be distinguished from spinal 
osteophytes, which project several millimetres from 
the discovertebral junction. Ankylosis of the zygapo
physial, costovertebral and costotransverse joints 

follows, resulting in an immobile, fused spine, as 
depicted in Fig. 5 . 2C , O. Posterior interspinolls and 
supraspinous ligament ossification is also a feature 
(Fig. 5.2B-0). The natural history of the disease is 
of a slow benign progression without remission 
(Vernon-Roberts, 1994). In 20% of this population 
the disease progresses to the point of marked 
disability, particularly when hip jOint involvement 
develops. 

Concurrent with this disease may be vertebral 
osteoporosis, which increases the susceptibility to 
spinal fracture (Ralston et al., 1990; Tico et al., 
1998). When fractures are present, the vertebral 
end-plates may deform to give the radiographic 
appearance of ballooned discs. 

Diffuse idiopathic skeletal hyperostosis 

Ankylosing hyperostosis of the spine or DISH results in 
ossification of spinal ligaments without marked disc 
disease. TypicaUy this condition affects older men, 
being uncommon in those younger than 40 years, and 
does not usually result in severe disability (Weinfeld et 
al., 1997). The pathology of DISH also can involve 

bone spur formation (enthesophytes) within peri· 

articular ligaments of other large joints. This extra
spinal disease may produce more disability than the 
spinal form of DISH. Common extraspinal sites are the 
posterior heel, the superior pole of the patella, the 

ischeal tuberosities, olecranon processes, glenohum
eral and hip joints (Sutro et at., 1956). Occasionally a 
bony mass may be palpable within the substance of 
tendons at their insertion CUtsinger, 1985). 

This condition may be largely asymptomatic; how
ever, when symptoms are present the y commonly 
consist of spinal stiffness, particularly in the morning, 
and thoracic back pain ;  with spinal tenderness 
reported to be present in 90% of a series by Utsinger 
(1985). Loss of spinal mobi lity, and occasionally 
thoraciC cage motion, can be a feature (Resnick and 
Niwayama, 1976). 
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Fig. 5.3 Marked osteophytic development is shown in this case with diffuse idiopathic skeletal hyperostosis (DISH). from the 
anterior aspect (A), extensive flowing bridge osteophytes are seen spanning five adjacent levels; this is confirmed by 

inspection of the median sagittal view (B), which shows the extent of the thickened cortical nature of the osteophytes . The 
inremal disc height is preserved and the kyphotic angulation contributed to by vertebral body wedging (C). 

The principal features consist of flowing osteo
phytes along the course of the anterior longitudinal 
l.igament involving at least four adjacent vertebrae 
(Fig. 5.3; see also Fig. 12.15), intact disc spaces and 
vertebral end-plates, and the absence of sacroiliac or 
zygapophysial joint sclerosis or ankylOSiS. According 
to early surveys by Resnick and Niwayama (l995b), 
radiographic evidence of DISH may be found in 12% 
of the population. In the majority of these cases, the 
thoracic spine is involved (Malone et ai., 1998), 
particularly on the right side of the T5 -Tl2 vertebral 
bodies (Resnick and Niwayama, 1976). T here are few 
published large-scale studies of the prevalence of 
DISH; however, a recent investigation of 2364 
patients by Weinfeld et at. (1997) identified 25% of 
males and 15% of females over the age of 50 years 
with radiographic features of this disease. 

The co-existence of multiple pathologies with 
DISH was a feature of the post-mortem investigation 
by Vernon-Roberts et al. (1974). In their study, they 
identified osteoporosis, SclunorJ's nodes and lateral 
projection of disc tissues to be associated with their 
DISH cases. The thickened syndesmophytes (Fig. 
5.5D) acted to bridge the disc space and maintain 

disc height, in contrast to other forms of spinal 
degenerative conditions. 

Degenerative conditions 

In this section, degenerative conditions that have 
principally a thoracic manifestation are presented. 

Costovertebral and zygapopbysial joint 
degeneration 

Costovertebral and zygapophysial joint degeneration 
is most frequent in the upper and lower thoracic 
segments (Shore, 1935; Nathan et al., 1964; Tan, 
1993) (Fig. 5.18, C; see also Fig.12.8). The upper and 
lower thoracic segments behave mechanically as 
'stiffer' segments compared with the middle vertebral 
levels which, in comparison, show a correspondingly 
higher frequency of discal disease (Resnick, 1985) 
(Fig. 5.1F). The load transmission across the trdnsi
tional junctions, which lie on the inflexion points 
between the physiological kyphosis and the cervical 
and lumbar lordoses, may act to increase bony 
reactive changes within the costovertebral and zyga
pophysial jOints. The major trunk and upper limb 
muscle groups (Moore, 1997), which attach to the 
first and last thoracic ribs respectively, transmit 
strong muscle exertion forces across these transi
tional vertebral segments. 

Degenerative changes in the first, mid-thoracic and 
lowest two rib articulations were a feature of the 
survey by Nathan et at. (1964) (Fig. 5.1 C). The 
development of osteophytes and eventual bony 
fusion of the costovertebral and costotransverse 
joints in aged thoracic vertebral columns was a 
finding frequently reported by Schmorl �nd Jung
hanns (1971) in their extensive survey of spinal 
pathology. 

Shore (1935) reported the highest incidence of 
zygapophysial joint degeneration in the upper and 
lower thoracic segments (Fig. 5.1 C), and speculated 

Copyrighted Material



that this related to the influence of the line of gravity 
and the transfer of loads from posterior to anterior 
elements. Pal and Routal (1986, 1987) have devel
oped this theory to account for the increase in size 
and angulation of the pedicles at the cervicothoracic 
and thoracolumbar junctions (see Fig. 2.7). 

The cervicothoracic and thoracolumbar junctions 
represent sites of interplay of forces between very 
mobile and relatively immobile reg ions of the spine ; 
as a consequence, the patterns of degenerative 
change are found to be accentuated at these loca
tions. In the cervicothoracic junction, Boyle et al. 
(1998a, 1998b) found that fVD and end-plate changes 
were more evident, and osteophytic formation more 
pronounced, in the mobile segments immediately 
above the transition. It was considered that the upper 
thoracic region and thoracic cage acted to impede 
inter-segmental motion and thus 'protect' these levels 
from marked degeneration. nus observation for 
osteophytic formation was consistent with the skel
etal stu-vey by Nathan (1962) (Fig. 5.IA). 

T10 

T11 

T12 

L1 

Degeneration 

c::::J Least 
_ Moderate 
_ Severe 

Fig_ 5.4 A schematic depiction of the transition (arrow) in 
degeneration from anterior elements at TIO, to a posterior 
element pattern of degeneration at T12- Lt. Vertebral body 
osteophytes and disc degeneration were more prevalent i.n 
rhe TI 0 -Til and T1 \-TI2 levels, in comrast with costo
vertebral joint reactive changes which were greatest atTl2. 
Disc degeneration was least at T12- Ll, where the zygapo
physial joints acted to constrain torsion (based on studies by 

Malmivaara et at., 1987a). 

Pathology oj the thoracic spine 67 

At the thoracolumbar junction, Malmivaara et al. 
(1987a) demonstrated that particular pathologies 
tended to be concentrated at each segment. The 
TlO-TIl segment was characterized by disc degener
ation, vertebral body osteophytosis and Schmorl's 
nodes; the Tl1-T12 segment tended to show both 
anterior and posterior degeneration, involving zyga
pophysial and costovertebral joints; while theTl2-Ll 
joint was characterized primarily by posterior jOint 
degeneration (Fig. 5.4). A comparison of zygapophy

sial joint orientation with degenerative findings sug
gested that the posterior elements play a sigrtificant 
role in resisting torSional loads, and asymmetry in the 
zygapophysial jOint orientation tended to result in 
degenerative changes occurring mostly on the sagittal 
facing facet (Malmivaara, 1987). 

Degenerative disc disease and 
osteophytosis 

Thoracic disc degeneration 

Literature describing the incidence of disc degenera
tion throughout the vertebral column concentrates 
predOminantly on the lumbar spine (Kramer, 1981). 
The epidemiological review performed by Lawrence 
(1977), who assessed spinal disc degeneration using 
radiological criteria, indicated that the nlid-thoracic 
discs showed a marked degree of reactive end-plate 
changes and marginal osteophyte formation (Fig. 
5.5A). From recent post-mortem reviews, mild to 
severely degenerated discs were seen predominantly 
within the nlid-thoracic segments, peaking between 
T6-T7, and were particularly prevalent in males 
(Singer, 1997) (Fig. 5.1F). This may be related to the 
greater magnitude of axial plane segmental motion in 
the nlid-thoracic spine, which was evidenced in an in 
vivo study by Gregersen and Lucas (1967). Investiga

tion into the effects of torsion on lumbar IVDs by 
Farfan et al. (1970) demonstrated that 2° of rotation 
strain introduced a deleterious response in the anulus 
fibrosus. A torsion-induced strain response, relating to 
axial plane motion in the order of 6° for the mid
thoracic segments (Gregersen and Lucas 1967), may 
be the stimulus for the degenerative response seen in 
the mid-thoracic segments. 

The pattern of age-related decline in anterior disc 
height in men typifies the disc ageing process 
associated with senile kyphosis, as described by 
Schmorl and Junghanns (1971). In the absence of any 
marked reductions in bone denSity, the deformation 
of mid-thoracic discs in males appears to accentuate 

the kyphotic cUl-ve. Hence in older males without 
significant spinal osteopenia it is speculated that the 
cumulative effects of compressive loading and tor
sional stresses result in degeneration of the anterior 
anulus and the subsequent decrease in anterior disc 
height (Schmorl and Junghanns, 1971; Resnick, 1985; 
Goh et ai., 1999). In older females, however, mechan-
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Fig. 5.5 (A) Radiographic presentations of thoracic vertebral osteophytes are shown to highlight tlu'ee stages of development. 
In the cranial segment, two horizontal beaks are seen projecting horizontaUy from the venebral end-plate margin. At the next 
caudal level, the osteophytes have fused to form a bony bar and, at the lowest level , a so lid fusion across a wider aspect of 
the disc is demonstrated. (B) A horizontal section at the elise level ofT 12 dep icts a Ia.rge osteophyte on the right side of the 
vertebral body with a clearly demarcated line (arrow heads) defming the intervertebral disc and bony outgrowth. The flattened 
left side of the vertebral body defmes the position for the descending thoracic aorta, which acts to inhibit osteophyte 
formation. Despite the bony proliferation., the disc appears well preserved. (C) This shows the horizontal bony projections at 
both vertebr.tl end-plates (arrows) extending be yond the anterior cortex of the vertebral body. (D) In contrast, this shows 
extensive osteophyte formation with a thickened anterior cortex (arrow heads) . The extent of the th.ickened anterior cortex 
is contrasted sharpl y by the different trabecular bone volume between these two cases (C and D); a potential problem for 
conventional bone density assessment, wh.ich cannot distinguish between tra becular and cortical bone. 

ical loading through the anterior aspect of the 
kyphotic curve is more likely to influence the 
vertebral bodies, causing the anterior wedge deform
ity commonly associated with vertebral osteoporosis. 
Mechanically, the middle vertebral segments are 
disposed to greater axial compressive and bending 
moments, due to their location within the apex of 
the thoracic kyphosis (Singer et al., 1 995) (see 
Fig. 2.2). 

Disc calcification (see Fig. 12.4) has been reported 
by Melnick and Silverman (1 963) to peak within the 
mid-thoracic levels, which supports the notion of the 
mechanical load ing stress imposed on these seg
ments, and within the apex of the thoracic kyphosis. 
Compared to adjacent regions, mobility of the tho
racic spine is limited by the ribcage (Shea et al., 
1996) and relatively low height of the rvDs (Kapandji , 
1 977; Reuben et al., 1979). Despite this, most 
thoracic segments are capable of greater axial plane 
rotation, resulting from the generally more coronally 

orientated zygapophysial joints (Gregerson and 
Lucas, 1967) . 

After compiling the findings from 16 authors, 
Nathan (1962) suggested osteophyte formation fol
lowed by IVD degeneration was an attempt to 
redistribute force more uniformly across the vertebral 
end-plates. In his study of 346 skeletal spinal col
umns, Nathan (1962) reported a higher incidence of 
vertebral body osteophytes around the tenth thoracic 
vertebra, with the lowest at the first and second 
thoracic vertebrae (Fig. 5 . 1A). Between thoracic 
levels Tl and TIl, the osteophytes were predom
inantly on the inferior vertebral body end-plate 
border; they were found mainly in the middle of the 
vertebral borders atTl- T5 and on the right side from 
T5 - T12. The left-sided anterior osteophytes increased 
in the lower thoracic vertebrae until the asymmetry 
d isappeared in the lumbar region, a fmding which 
Nathan (1 962) attributed to the position of the 
descending abdominal aorta (Fig. 5.5B). The highest 
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incidence of anterior ly fused vertebrae was seen in 
the lower thoracic vertebrae (Nathan, 1962). 

A survey of 90 post-mortem thoracic spinal radio
graphs showed osteophytes to OCCllr w ith a peak 
incidence between T6 and T8 (Singer, 1997), con
sistent with the observations of Nathan (1962). 

In thoracolumbar disc degeneration, some degree 
of peripheral margin osteophyte formation of the 
vertebral body is frequently seen (Lawrence , 1977; 
Vernon-Roberts, 1992). This pattern of excess bone 
formation is commonly referred to as spondylosis 
deformans (Resnick, 1985), and is seen in approx
imately 60% of women and 80% of men (Schmorl and 
Jungharuls, 1971). The degree of intervertebral space 
narrowing and subsequent tilting of the vertebral 
bodies, resulting from disc degenerat ion , determines 
the extent and the type of marginal osteophytes 
(Malmivaara et at., 1987a) (Fig. 5.4C, D). 
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Ossification within spinal ligaments 

Ossification in the caudal attachments of the liga
mentum flavum has been repo rted from surveys of 
thoracic skeletal vertebraI columns by Davis (1955), 
Nathan (1959) and Maigne et al. (1992) (Fig. 5.6). 
These authors noted an increased caudal frequency 
of bony spicules , peaking in the lowest thoracic 
vertebrae (Fig. 5.6C, D). Bony spurs were identified 
in the majority of samples, which confirms tha t this is 
a norma l feature of the region. They did not seem to 
be age specific, appearing from the third decade of 
life. Maigne et at. (1992) determ ined that the size and 
frequency of these processes projecting into the 
ligamentum flavum acted to regulate the segmental 
response to torsion stress. Where the zygapophysial 
joints were orien tated to aUow rotation , the pro
cesses were more developed, particularly at the 

Fig. 5.6 Ossification with.in the ligamentum flavum CLF) (curved arrows) is shown in two 100-1101 thick histological sections 

from the Tll-T12 level of different individuals (A and B). In both, there is an expansion of the ligamentum flavum towards 

the vertebral canal which, in some cases, contributes to central stenosis. From macerated vertebrae at the thoracolumbar 

junction eTil and 12), these projections of bone (arrows) are seen from the posterior (C) and lateral projections (D), to 
indicate their direction anu position within the vertebral canal. Abbreviations: c, cartilage; iap, inferior articular process; mp, 

mammillary process; sap, superior articular process; z, zygapophysial jOint facer. 
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Fig. 5.7 Bony spicules are shown projecting from the laminae of adjacent vertebral levels (TS-T6) (arrows) in a macerated 
thoracic specimen. Marked occlusion of the intervertebral canal is shown in both the bony and radiographic views (A and 
B). 

thoracolumbar junction (Fig. 5.60). OccasionaUy 
these spicules may take other projections, as depic· 

ted in Fig . 5.7, where bony outgrowth extends into 
the intravertebral foramen. 

Scheuermann's disease 

Scheuermann's disease (SO) is a common problem 
that affects the adolescent spine. Major signs include 
end-plate irregularity and SchmorJ's nodes, four or 
more wedged vertebral bodies (resulting in accen· 

tuated thoracic kyphosis), and osteophytic over· 
growths (see Fig. 12.10). 

Although the incidence varies widely according to 
reports in the literature , Scheuermann's disease is 
found in apprOximately 10% of the population , with 
males and females affected equaUy (Bradford et at., 
1987). A strong genetic link is evident in the aetiology 
of Scheuermann's disease; however, this has yet to be 
conclusively defined . 

Histological stud ies reported by Ascani and La Rosa 
(1994) indicated pathological areas of growth carti
lage within vertebral end-plates, which these authors 
attribute to a disorder of endochondral ossification. 
The increased vertebral wedging has been related to 
growth disrurbance and mechanical loading, together 
produc ing the deformity. Age of onset is typically 
before puberty, and a key diagnostic feature is the 
inability of the individ ual to correct the thoracic 
deformity. Shortening of the hamstring and pectoral 
muscles is a common presenting fearure. There are 
compensatory increases in the lumbar and cervical 
lordoses. Functional tests of the back extensor 
muscles have shown red uced strength in patients 
with SO compared with controls (Murray et ai., 
1993). 

Pain is a common feature of SO, often localized to 
the apex of the thoracic kyphosis, the interscapular 

region and the cervicothoracic junction (Ascani and 
La Rosa, 1994). According to these authors, in older 
individuals pain may be reported more as backache, 

with a distribution which implicates the thoraco
lumbar junction segments (Tl1-T12), and symptoms 
tend to decline as ossification occurs. 

From a careful follOW-Up study by Murray et at. 
(1993) involving 61 patients , the natural history of 
the disease was reported as benign, despite the 

cosmetic and structural disturbances which produce 
a progressive hyperkyphosis . 

Schmorl's nodes and end-plate lesions 

Previous literature investigating the incidence of 
Schmorl's nodes in cadaveric or skeletal spines has 

been confined to thoracic segments between T8 and 
the TIJ The reported incidence ranges between 38% 
and 79%, the large variation reflecting differences in 
sample size, age, gender and racial characteristics of 
the study sample , and geographical distribution 
between these studies. 

SchmorI's nodes were found by, Schmorl and 
Junghanns (1971) in 38% of cadaveric spines , with 
the highest incidence in males. Hilton et at. (1976), 
who used spines containingT9- T12 vertebral bodies, 
found the greatest incidence of Schmorl's nodes were 
located within the Tl 0-TIl and Tll-Tl2 segments. 
They also noted an occurrence of end-plate lesions in 
38 of 50 cadaveric spine segments (TlO-L5), with 
equal incidence above and below 50 years of age. The 
same authors report a 60% incidence of Schmorl's 
nodes in spines under the age of 20 years , with the 

youngest being 13 years of age . Malmivaara et at. 
(1987a) encountered Schmorl's nodes in 29 of 37 
male cadaveric specimens (TI0-LJ) aged from 21-69 
years . In contrast to the frequency of Schmorl's nodes 
demonstrable at autopsy, Malmivaara et at. (l987b) 
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reported a limited value of pla in radiography in 
identifying Schmorl 's  nodes in the thoracolumbar 
region . In the i r  series of 24 cadaveric sp ines 
(TI O - Ll) ,  only 3 5% of Schmorl 's nodes, identified on 

direct bony observation ,  were evident with plain 
radiography (Ma lmivaara et al. , 1 987b). 

In one study, 64 out of 90 post-mortem thoracic 
radiographs had evidence of SchmorJ 's nodes (Singer, 
1 997) . Both male and fema le cases displayed 
Schmorl's nodes throughout the thoracic spine, with 
an increasing cf'd nio-cauclal trend (Fig. 5 . 1  E) . This 
fmding agrees with the resu lts of Scoles et al. ( 1 99 1 ) ,  
who described the d istribut ion of Schmorl 's nodes in 
norma l skeletons and those with Scheuermann's 

kyphosis from a series of 1 384 skeletal thoracolumbar 

spinal columns (T5 - 15). Stud ies by Hil ton et al. 
( 1 976), Malmivaara et al. ( 1 987 b) and Yasuma et al. 
(1 988) noted higher frequencies of SchmorJ's nodes 
on the inferior vertebral end-p lates (upper border of 
the d isc) . Fig .  5 . 8  depicts the typical location and 
presence of mult iple Schmorl's nodes in the lower 
thoracic segments,  consistent with Scheuermann's 
disease . 

Several authors have suggested that Schmorl 's 
nodes appear most frequently in an area of end-plate 
weakness, possibly resulting from an incomplete 
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resorption o f  t h e  notochord (Begg, 1 95 4 ;  Schmorl 
and ]unghanns , 1 97 1 ;  Hilton et al. , 1 976;  Resnick and 

Niwayama,  1 978) (Fig.  5 . 8A,  C, D) . 
Schmorl 's nodes have been reported to occur 

during the late teens, with lesions as frequ ent in the 
young as in the older individual (Schmor! and 

]unghanns , 1 97 1 ;  Hilton et at. , 1 976; Chandraraj et 
al. , 1 998) . I t  was suggested by Vernon-Roberts and 
Pirie (1977) that Schmorl 's nodes develop at an early 
age, with onJy a relatively small percentage forming in 
adult life .  Their examination of cadaveric lumbar 
spines indicated that vertebral end-plates h aving 
Schmorl's nodes tended to exhibit more advanced 
degenerative cha nges at an earlier age . 

Heithoff et al. ( 1 994) d escribed patients with 
thoraco lumbar Scheu ermann 's d isease who had asso
ciated degenerative d isc disease, suggesting that this 
was a manifestation of an intrins ic defect in the 
cartilagenous end-plate , resulting in inadequate nutri
tion and structural weakness and consequent early 
disc degeneration . 

End-plate disruption is proposed to eventuate onJy 
if the end-pla te itself is abnormal or the vertebral 
body subchondral  bone is weakened (Schmorl and 
Junghanns , 1 97 1 ) .  It has been proposed that congeni
tal deficiency of the cartilage end-plate at  the site of 

Fig, 5,8 Thoracic intravertebral protrusions, or Schmorl 's nodes, are depicted from several views to highlight their location 
and exte nt .  The tendency is for Sclunorl's nodes to occupy a position immediately posterior to the middle of the vertebral 
body (A) . They may p roject craniaUy and or caudally through the vertebral end-plate (arrows). End-p late i rregularities are most 
common in the lower thoracic spine,  as represented by the inferior end-plate ofTl l (arrow). A depression on the superior 
end-plate of a 2-mm thick bone section from TI l is shown at (B) ,  with slight inferior thickening of the end-plate compared 
with the regular thin end-plate. A central SchmorJ's node at T l 2  (C) , in a l OO-iJm thiCk horizontal histological section,  shows 
disc material surrou nded by sclerotic bony margins .  M u l tip le  Schmorl 's nodes are shown at the thoraco lumbar junction (D), 
aU app roxim ately in the same location and affecting the inferior vertebral end-plate , a cha racteristic of Scheuermann's disease . 
Abbreviations:  c, spinal  cord ; d, disc; ep,  end-plate;  pll, posterior longitudinal ligament; sn, Schmorl's nodes. 
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the remna nt notochord or scarring of degenerated 
blood vessels supplying the j uvenile disc redu ces the 
end-plate thickness, thereby increasing susceptibility 
to nuclear extmsion (Begg, 1 954; Schmorl and 
)unghalU1s, 1 97 1 ; Resnick and Niwayama, 1 978) .  

Metabolic conditions 

Osteoporosis and osteoporotic fracture 

Osteoporosis is d isease that can be characterized by 
decreased bone mass and micro-architectural deteri
oration of bone, which may lead to bone fragility and, 
s ubsequently, to a n  increase in rate of fracture 
(Editorial, 1 993). Although resorption of bone follows 
the normal process of ageing , it may be ' induced 
through d isordered metabolism of bone (Kanis, 
1 996) and is accelerated following menopause in 
women. The concern by health economists regarding 
the full impact of this d isease in Western societies is 
mounting , given the rapidly increasing proportion of 
o lder ind ividuals who will require various forms of 
management of thi s  'silent' disease. More recently, 
osteoporosis in men has become recognized as 
having a potentially significant bearing on health care 
costs (Seema n ,  1 995).  

The epidemiology of osteoporosis is well known, 
whereby the risk factors of age , gender and racial 
contributors to booe loss and corresponding fracture 
risk increase exponentially with age . For the thoracic 
spine,  one in four women over the age of 60 years 
will show at least one vertebra l body fracture on 
ra diogra p hi c  examination,  while the incidence 
increases to 1 00% in women over t he age of 80 years 
(Melton, 1 995) (see Fig . 1 2 . 17) .  

Evaluation is typically through bone density assess
ment, in which reference ranges for hip and lumbar 
spine bone minera l  content and denSity a re com
pared against the patient's values . Fracture risk, based 
on the known association between bone densi ty and 
bone strength (Biggemann et al. , 1 99 1 ; Singer et al. , 
1 995), can predict, in part,  the relative likelihood of 
injury to the individual.  Other factors, such as 
lifestyle, occupation, diet, smoking, p rema ture onset 
of menopause, level of exercise, vitamin D deficiency 
and environmental factors, need to be ta ken into 
account to pred ict the tme risk of fracture. 

The mid -thoracic segments are the most vulnerable 
to osteoporotic collapse or progressive wedge 
deform ity due to the mechanical d isa dvan tage of 
these segments situated within the apex of the 
thoracic k'yphosis (Edmondston et at. , 1 997) (Fig. 
5 . 9A; see also Fig. 2 . 2) .  The second peak for thoracic 
osteoporotic fracture is  at the thoracolumbar junc-

Fig. 5.9 Contrasting appearances of osteoporotic deformity and fractures of the thoraCiC spine are shown.  (A) A progressive 
accentuated thoracic kyphosis is shown with bridging osteophytes depicted at multiple levels .  (B) Vertebral body colla pse is 
shown to highlight severe traumatic deformity. A marked foca l  wedge fracture is seen at the crania l  leve l and a compression 
type of fracture a t  the lower level ,  with gas ev ident on the radiograph.  
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tion (De Smet et at. , 1 988) , where more rapid flexion 
and axial compression of the thoracic spine is 
believed to induce a pivot moment situated at this 
junction. These more dynamic loads may be sufficient 
to cause marked coUapse fractures under compres
sion (Fig.  5 .9B) . 

Infective conditions 

Osteomyelitis 

Although re latively rare in Western countries , spinal 
infections are a potentia lJy disabling condition . 
According to BulJough and Boachie-Adjei (1 988) , 
spinal osteomyel.itis comprises less than 1 % of such 
cases in the skeleton.  It is seen in individuals of 
various ages with the lumbar spine implicated more 
commonly than the thoracic region . Predisposing 
factors are urinary infections, diabetes and drug 
abuse. The presenting symptoms depend upon the 
virulence of the infective agent , but may include 
back pain,  rad iculopathy and general systemic signs 
of infection. Left untreated, sp inal  deformity and 
severe neural compromise may develop . Progressive 
destruction of the vertebral bodies can lead to 
co Uapse, resultant deformity and death (see Fig . 
12 . 1 6) . 

Tumours - metastatic and benign 

Thoracic spine tumours 

From the extensive study by Torma (1 957) , the 
thoracic spine was identified as having an involve
ment in 1 47 of 1 74 histologically confirmed cases 
of spinal metastases. This high predilection for the 
thoracic region is supported by other authors 
(Kakulas et al. , 1 978; Henson and Urich, 1 982). 
Of the patients studied by Torma ( 957) ,  tender
ness of the spinous process on percussion was 
present in one-third but, surprisingly, severe pain 
and muscle spasm was a feature in only one-fifth 
of the sample.  

The principal sources of origin for spinal metasta
ses have been reported by Wa lter (1 948), in dimin
ishing order of frequency, as : breast, prostate, lungs, 
kidneys, thyrOid, oesophagus,  skin and uterus. This 
pattern is conftrmed in more recent studies (KJe
kamp and Samjj , 1 998) .  The most common age at 
presentation is  the late 40s to early 50s (Torma, 
1 957) .  The gender association with spinal metasta
ses varies widely in the literature according to the 
clinical cohorts being studied , and , apart from 
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gender-specific metastatic d isease, there are no 
marked differences (Henson and Urich , 1 982). 

The typical clinical syndromes associated with 
spinal metastases involve back pain, weakness, dis
turbance of sensation and sphincter dysfunction. 
Back pain may suggest a radicular syndrome in 
which one or more nerve roots are involved . 

Of critical clinical concern is the need for suspi
cion when dealing with a patient who has a history 
of mal.ignancy. Such patients presenting with a new 
onset of spinal pain, or who d escribe pain at night, 
must be assumed to have spinal metastases until 
proven otherwise (perrin and McBroom, 1 992). 

From careful examination of 14 cases, the local
ization of tumour deposit was reported by Kakulas 
et at. ( 1 978) to occur within the vertebra l  bodies in 
1 3 ,  the pedicles in 1 0  and the lamina in five cases 
(Fig. 5 . 1 0).  This general pattern was conftrmed in a 
large series reported by Chade (1 976) ,  the only 
change being a larger p roportion with involvement 
of the vertebral  arch. 

Metastatic spread of the tumour may also include 
the ribs, which may lead to pathological fractures 
(Fig. 5 . 1 1A ;  see also Fig. 1 2 . 1 9) .  A survey of 1 06 
patients by Klekamp and Samti (1 998) confirmed 
that the h ighest proportion of metastases (86%) 
were found within the vertebral body (Fig. 5 . 1 1  B) . 

The mechanical effect of vertebral body collapse 
(as depicted at T8 in Fig. 5 . 1 1 8 ,  C) often produces 
an accentuated kyphotic deformity which can result 
in acute paraplegia due to occlusion of the verte
bral canal (Kakulas et aI. , 1 978) . 

The radiographic evaluation of spinal tumours 
and snrgical management is described in Chapters 
12 and 14 respectively. 

An acute onset scoliosis,  particularly in a younger 
person,  may ind icate an osteoid osteoma or osteo
blastoma (Myles and MacRae, 1 988) .  

Fig_ 5.10 The majority o f  spinal metastases are located 
within the vertebral body, followed by the pedicles and, 
finally, the posterior elements. 
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Fig. 5 . 11  (A) Thoracic spinal met.astatic disease is illustrated 
by a mid-vertebral body axial cr slice at T9 showing 
widespread destruction of the right transverse process 

(arrow head) aad lantin ae in a 45-year-old male. PatChy 
destruction of the vertebral body and right rib head, neck 

and angle is also evident. The abdom.inal aorta (a3) is 

depicted adj acent to the left Side of the vertebral body. The 

spinous process shown is from the cranial vertebral l eve l . 
(8) Anterior compression atTS is depicted in this 5 3-year·old 

patient,  with multiple myeloma , who sustained comp let.e 

paraplegia at the fracture s ite . (C) A higher m agnificatio n of 
[he case depicted in (8) highlights the retropu ls ion of the 

posterior vertebral body into the spinal cord . 

Spinal curvature anomalies 

Scoliosis 

Id iopathic sco liosis involves a lateral curvature of the 
spine which is introduced through a d isturbance in 
the longitudina l growth of the spine, particularly 
during the rapid growth period of early adolescence. 
A less common form, congenita l  scoliosis,  occurs 
through defects in the formation or segmentation of 
the vertebral column. These vertebral anomalies 
include hemivertebrae, wedge vertebrae , and uni-

Fig. 5 . 1 2  Macerated spine showing severe kyphoscoliosis 

and marked osteophytiC fusion across several segments 
within the region of the thoracolumbar tranSition, dep icted 

from posterio r (A) and anterior (8) aspects. A surface 
con tour image of a m ild scoliOSis in a 1 3-year-old female, 
showing the typ ical rib hum p appearance on the right 
aspect of the thoracic cage , is shown in (C) . 

l atera l  bar fo rmations (McMaster, 1 994) .  The pat ient 
with congenita l scoliosis may also have abnormalities 
of other systems . The progress ion of congenital 
sco liosis depends upon the l ocation of the vertebral 
anomaly, its type,  the extent of growth imbalan ce it 
introdu ces to the spinal column, and the age of the 
individual at the rime of d iagnosis (Fig. 5 . 1 2A - C ; see 
also Fig. 1 2 . 1 S) .  

Idiopathic sco liosis may occur from early in  the 
growth of the child through to the adolescent years, 
with surprisingly little known about the aetio logy of 
this skeletal disorder (Weinstein, 1 994) .  The preva· 
lence of adolescent id iopathic scoliosis is approx
imate ly 2 - 3% of c hild ren between 1 0  and 1 6  years of 
age . In the curvature range greater than 30° , there is 
an overwhelmi ng female predominance ( 1 0 : 1 ). 

There are four main curve patterns that have been 
identified ; thoracic,  lumbar, thoracolumbar and dou
ble major curves . Each of these cu rvature patterns 
has its own characteristics and predictable end-pOint 
(Weinstein, 1 994) .  Management of this disorder is 
based on the skeletal maturi ty of the patient at  the 
time of assessment in re lation to projected cu rve 
progress ion and its association with mechanical 
compromise , disability, back pa in ancl, possib l y, 

respirato ry compl ications . The key concerns a re  

s ke letal immaturity, coup led with curves of larger 
magnitude . It is now acceptecl that cu rves continue 
to progress through the life span (Ascani et al. , 1 986). 
The surgical indications and management of scoliosis 
are outlined in Chapter 1 4 . 
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Fig. 5 .13  Advanced senile kyphosis depicted radiographically (A) and macroscopically at post·mortem (B) in a 78--year-{) ld 
male .  Anterior disc wedging contributes to the accenmated curvature. Osteophyte formations are seen at mUltiple levels in 
the mid-thoracic region. A back shape contour map of a young adult with a normal thoraCic kyp hosis (C) demonstrates this 
non-invasive system for assessing spinal  curvature (FORMETRlC, Jenoptik , GmbH). 

Kyphosis 

The normal range for thoracic kyphosis across the age 
span has been reported by Fon et al. (1 980) and 
Singer et al. (1 990) .  A. progressive inc rease in 
kyp hotiC angulat ion occurs; thi s becomes more 
marked in women after the sixth decade , whereas in 
ma les the kyp hos is less susceptible to change . 

Alteration in the mechanics of the thoracic spine 
secondary to an increased kyp hosis can have clinical 
implications in terms of respiratory function com
prom ise , pain and long-term deformity. 

Pathological disorders associated with the thoracic 
spine include adolescent kyphosis, Scheuermann's 
disease and the ' straight back syndrome ' (Twigg et al. , 
1 967) (Fig. 5 . 1 3) .  

Trauma 

Thoracic spinal trauma 

The most common mechanism of fracture of the 
thorac ic region involves flexion and axial loads 
(Meyer, 1 992), attributed usua lly to falls or motor 
vehicle injuries (Daffner, 1990) .  Rapid load ing in 
flexion can induce traumatic vertebral end-plate 
ruptures or Schmorl's nodes . In a recent post-mortem 
study by Fahey et al. ( 1 998) of 70 spinal trauma cases, 
most acute Sclunorl's nodes were identified in sp ines 
from individuals aged between 1 1  and 30 years . The 
male to female ratio was 9: 1 ,  and Schmorl's nodes 
were predominantly confined to the T8 - Ll segmen ts . 

Of clinical interest was the absence of rad io Logical 
detection of these aCllte Schmorl 's node inj uries ; this 

is understandable when one considers that a differ
ence of some 4 0% in bone density is required for 
radiological identification.  

The co-existence of other pathologies of the 
thoracic spine, particula rly DISH and AS,  can compli
cate the management of patients with spinal fracture 
(Bernini et al. , 1 98 1 ) .  

Transitional junction trauma 

The transitional junctions are a lso susceptible to 
trauma, given the marked change in segmental 
dynamiCS from regions of relative mobility to the 
stiffer region of the thorac ic cage . In 246 1 spina l 
fractures reported by Rehn ( 1 968) , 54% occurred 
between TI l and L2, followed by 20% involving the 
middle thoracic region (Fig. 5 . 1 4) .  The most com
monly reported injury at the thoracolumbar junction 
is a wedge compression fracture (Harkbnen et al. , 
1 979 ; Willen et al. , 1 990) . While the cervicothoracic 
j unction is not affected by trauma to the same extent, 
the inj uries can be severe when forces are localized 
to these segments (Evans, 1 99 1 )  (Fig . 5 . 1 5) .  In  the 
series reported by An et al. ( 1 994), trauma cases 
reflected ei ther vertebral compression fractures or 
fracture - dislocation. These amhors refer to the diffi
culty in diagnosing inju ry in this region and recom
mend computed tomography (CT) and magnetic 
resonance imaging (MRI) to complement special 
rad iographic techniques. Fractures of the first rib can 
be missed on standard radiographic views (Chris
tensen and Dietz , 1 980), and often require special 
pOSitioning of the patient, such as the ' swimmers 
projection ' (Boyle et al. , 1 998a) . 
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Fig. 5.14 Thoracic spine injury is depicted in this composite image showing a fracture - d islocation at Tl l -T l 2 ,  with marked 
occlusion of  the vertebral canal (A , B) . A wedge compression fracture of the T12 vertebral body, w h i c h  has resulted in  an 
anteriorly displaced bony fragment (arrow) , is depicted in (C) . A burst compression frac ture of the T I 2  vertebral body (D) is 
seen in association with marked disruption of the Tl 2 - L I disc (E) . Severe comple te transection of the thoracic spine is shown 

in (F) from a post·mortem case, with complete disnJption of posterior and ante rior ele ments ;  the fracture extends th rough 
the vertebral body. (Fig.  5 . 1 4A is  used with permission of the publisher from Singe r et at. , 1 989a). 

Fig. 5 .15  Traumatic i njury at the cervicothoracic junction is represented by a vertebra l  compression injury at C7 CA, B) , with 
a large retropulsed bone fragmen t  extending into the spinal canal at this level CC) and prod ucing disruption of the lamiJue 
CD) , a resul t of a;'(ia l  compression forces (E) . Often trauma at  the celvicothoracic junction is a result  of compression and 

extreme flexion (E). Given the overlapping shadows from the first ribs and sternum , several v iews and the ' swimmer's 
projection' are required to demonstrate any frac tures adequa tely. 
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In the thoracolum bar trans itional region, Singer et 
at. ( 1 989a) described a patient series in which those 
with an abrupt ch ange in the zygapop hysia l joint 
orientation tended to sustain localized severe tra uma/ 
d islocation (Fig. 5 . 1 4A ;  see also Fig. ] 2 . 1 1 ) ,  in 
contrast to those with a more gradual change . 

Given the comparable stiffness of the thoracic 
region , trauma that is sufficient to d isrupt the 
vertebral elements is  usually associated with inj ury to 
the spinal  cord (Bolestra and Bohlman , 1 992) . 

Rib jractu·res 

Fractures of the ribs may occur through repetitive 
overload resul ting in stress fractures (Lord et at. , 
1 996) , direct trauma to the tho racic cage , metabolic 
disease (particularly osteoporosis or related calcium 
metaboI.ism disorders) or metasta tic disease pro
cesses. Plain radiography and bone scans are typically 
employed to screen for the presence of fractures if 
suspected .  

Thoracic disc prolapse 

Despite its relative rarity, this entity was first descri
bed over 1 50 years ago by Key (I 838) .  Thoracic disc 
injury and prolapse relatively rarely present as a 
clinical prob lem , with su rgica l management being 
required in approximately 2% of all intervertebral 
d isc prola pses (Brugge r, 1 977; Russel l ,  1 989). In 
contrast,  the macroscopic inspection of 368 cadave
ric spines by Andra e  ( 1 929) revealed 56 (1 5%) with 
IVD protruSio n ,  with the largest p roportion of these 
occurring in the thoracic spine .  Andrae ( 1 929) noted 
that many of the prolapses were small and flat in 
appearance, an observation confirmed by Schmorl 
and ]lmghanns ( 1 97 1 ) .  

A macroscopic review o f  49 thoracic vertebral 
columns, in which the d iscs were sectioned trans
versely, showed 34 cases with small elisc protrusions 
beyond the line of the posterior anulus (Fig. 5 . 1 6) .  
Most segmental levels were involved ,  with two main 
peaks located at the mid-th oracic and lowest thoracic 
segments (Fig.  5 . 1 G ; see also Fig. 1 2 . 5) .  

According to Carson et at. ( 1 97 1 ) ,  t h e  clinical 
incidence of thoracic disc p rolapse is  estimated at 
one in a milI.ion cases. The incidence accord ing to 
segmental level has been extenSively reported in the 
surgical literature . From a review of seven clinical 
studies involving 2 2 1  cases of surgically conflfmed 
thoracic prolapse, the level within the thoracic spine 
that showed most frequent p rotrusion was the 
Tl l -T l 2  disc (Fig .  5 . l D) .  This may be attributed to 
the rela tively greater disc height and volume at this 
region, coupled with localization of torsional forces 
which can occur im med iately above the level of TL] 
transition (Singer et at. , 1 997) . Indeed , Markolf 
( 1 972) proposed that  the eleventh and twelfth 
thoracic vertebrae represented a s ite of stnlCtura.l 
weakness for stresses in the vertebral column, due to 
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Fig. 5 . 1 6  Intervertebra l disc prolapse i s  shown for several 
thoracic segments, all from the lower levels . The fea ture 
common to many is  a midline posterior anulus fissure, 
which extends into the nuclear region of the disc (A, B,  C ,  
E ,  F).  A 1 00-!Jm thick horizontal histological section (D) 
depicts a postero-Ia teral prolapse through the disc at 
T 1 0 -TI l .  The rypical feature of these small herniations (F) is 
a focal appearance (white arrow) through the mid-substance 
of the posterior longitudinal liga ment, outl ined by several 
black arrow heads. If no herniation through the PLL occurs, 

there may be an encapsulated nodule of the prolapsed 
ma terial contained behind this Uga ment (A) (arrows). 
Abbreviations :  0, osteophyte ; P, pedicJes; sc, spinal cord . 

the reduced constraint of the ribcage and the change 
in zygapophys i al join t  morphology which facilitated 
rotation above the transitional leve ls  and impeded it 
below. Al though thoracic disc prolapse is rare in the 
upper third of the thoracic spine, the T l -T2 disc is 
the most common.ly affected (Morgan and Abood , 
1 998), usually involving individuals in the fourth to 
sixth decades of life (Russell , 1 989). 

With the adve n t  of CT and MRl , the incidence of 
reported disc protrusion has been considerably 
higher. For example , post-myelography CT scanning 
has revealed asymptomatic thoracic d isc prolapses at 
a rate of 1 1 - 1 3% (Awwad et al. , 1 99 1 ) .  Additionally, a 
recent MRl survey of asymptomatic volunteers by 
Wood et at. (1 995) fo und that over 30% of the sample 
demonstrated such leSions, wit h  many more showing 
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evidence of associated disc and end-plate lesions. 
The development of symptoms may be progres

sive , with the definitive investigation usually a late 
feature of the process. I n  his report, Russell (1 989) 
described 38 of 67 cases with a gradual onset of 
sympto ms, 1 3  of sudden onset and 16 of i ntermittent 
onset but progressively worsening. Less than 50% of 
patients describe a history of trauma,  al though this 
may be more conunon in yotmger males (Russell,  
1 989). Females and males are affected equally, and 
while any thoracic segment may be involved ,  disc 
p rolapse occurs most frequently in the middle to 
lower levels (Fig.  5 . 1 0) .  While the range of symptoms 
can be diverse, many patients present with poorly 
defined thoracic back pain and non-specific lower 
limb pain (Arce and Dohrmann, 1 985). Band-like 
chest wall pain is also a common complaint. 

Posterior t ll0racic pain and radicular pain tend to be 
associated with lateral disc hernia tions, which may be 
mistaken for visceral  disease (Whitcomb et al. , 1 995) . 

Se nsory and lower lin1b motor disturbances are 
common. According to Arce and Dohrmann ( 1 985), a 
high proportion of patients have some symptoms of 
cord compression .  Bladder or bowel problems may 
occur in the late stage of trus condition (Le Roux et at. , 
1 993), as can paralysis .  Love and Schorn (1 965) 
reported 36 of 61 patients with motor weakness, the 
majority reporting difficulty with gai t .  

The physical fmdings associated with thoracic disc 
prolapse are as varied as the history of complaints. 
The extent of neurological compromise is related 
closely to the size, composition and location of the 
disc prolapse, as well as to the spinal canal size at the 
level of the lesion. A fOUf-tiered classification pro-

Table 5.2 Thoracic pain referred from visceral pathologies 

Pain source Presenting symptoms 

Cardiac Crushing substernal pain 

posed by Burkus and Denis ( 1 993) helps to differ
entiate the type and presentation of the thoracic disc 
prolapse patient, from those without radiculopathy 
to cases with progressively more severe motor, reflex 
and sensory disturbances . 

The diagnosis is often unclear given the non
specific and deceptive symptoms, presentation and 
clinical findings. As with many cases of back pain, 
caution must be exercised when relying on imaging 
for the diagnosis of disc prolapse, and clinical 
correlation must be sought.  A multitude of neuro
logical disorders must be considered in the assess
ment of putative thorac ic disc prolapse .  Multiple 
sclerosis and amyotrophic lateral sclerosis,  spinal 
cord tumour, infarction and transverse myelitis 
should all be considered (Stahlman and Hanley, 
1 997). Table 5 . 2  presents a review of many non
mechanical sources of thoracic referred p ain, such as 
angina pectoriS,  pleuritiS, intercostal neurit is, herpes 
zoster (shingles), oesophagitis, appendicitis, chole
cystitis, peptiC ulceration and costochondritis, all of 
which can be incorrectly diagnosed . Carcinoma of 
the breast, lung, pancreas or kid ney must also be 
considered , as well as metastatic l esions to the ribs 
(Malone et ai. , 1 998).  Ultimately, the time course and 
intensity of the patient's symptoms, the physical 
evaluation fmdings and the results of imaging a re 
important when determining the management strat
egy. Unfortlmately the patient often presents after an 
extended period of time, and most suffer some 
degree of myelopathy; as a consequence, the majority 
of diagnosed thoracic disc pro lapses are there fore 
surgical problems . Surgical considerations are out
lined by Find lay and Eisenstein in Chapter 1 4 .  

Referral pattern 

Left pectoral region and shoulder 
Shortness of breath , pain increased with exertion 
Left shoulder, medial arm and jaw pain 

Aortic aneurysm 

Pericarditis 

Oesophagus 

Cholecystitis 

Renal disease 

Post-herpetic neuralgia 

I ntercostal new-dlgia 

Unremitting pain, patient distressed 
Unchanged by position 
Distal pulses diminished/absent 

Chest pain, worse with cough or forced respiration 

Common with fever 

Reflux,  bu rning sensation 

Dysphagia 

Nausea and vomiting 
Distress, uncomfortable 

Marked distress 

Neuralgic pain , rash 

Point tenderness 

(Adapted from LiUega rd ,  1 996 and Errico et al. . 1997.)  

Upper anterior chest 

Region of upper trapezius 

Sternumlback pain 

TS -T9 segments, epigastrium 

Low thoraC ic , costovertebraI angle 

Unilateral segmental distribution 

Burning pain in thorax or a bdomen 
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Causes of referred thoracic spinal 
pain 

Thoracic and chest wall pa in may be referred from 
pathology of the viscera . The rec iprocal situation may 
also arise , with profound consequences if the d iag
nosis is presumed or overlooked (Whitcomb et al. , 
1 995) .  The diagnos is of referred pain of somatic origin , 
to or away from the thoracic reg ion , is reviewed by 
Maigne in Chapter 10, where va.riations in the 
cutaneous nerve d istributions arising from the cervi
cothoracic and thoracolumbar junctions are pre
sented . 

Recognition that referred pain can arise from 
viscera is important , as is acknow ledgement that the 
pain location may not correspond with the soW"ce of 
the patho logy and that the nature or behaviour of the 
pain (e.g.  dull, sharp , constant or intermittent) can 
guide in formulating a provisional diagnosis . Th e 
astute c liniCian , vigilant for any unusual patien t  
presentation, should consider carefuHy t h e  poss ibility 
of a visceral component to thoracic spinal pain. 
EquaHy, the physic ian should acknow ledge the high 
percentage of patients who present with retrosternal 
pain arising not from the myoca rdium but from the 
thoracic cage (Wise, 1 994). 

As indicated earlier, there are m any visceral pa tholo
gies that can refer to the tho racic spinal region . These 
pain syndromes include,  but are not limited to, the 
following: ca rdiac system , pericardium , aorta , oeso
phagous , pleurae,  bronchii and pulmonary syste m ,  
stomach, liver a n d  gal l b ladd er, pancreas , kidney and 
adrenal glands, intestine, appendix and reproductive 
organs. Conversely, it is important to recognize that a 
considerable proportion of thoracic musculoskeletal 
pain syndromes can d isplay features that suggest 
card iac , pulmonary or a bdominal origins (OiHe , 1 93 7 ;  
Raney, 1 966; Hamberg and Lindahl, 1 98 1 ;  Fam , 1 987; 
Grieve, 1 994a; Arroyo et al., 1 992). Visceral afferents 
converge on the same p rojection neurones as somatic 
afferents within the dorsal horn; thus the pain soW"ce 
may be inappropriate ly represented cortically. The 
principal segmental levels responsi ble for visceral and 
abdomina l innerva tion are presented in Chapter 9 
(Table 9 . 3).  A summary of the princ ipal sources of 
thoracic pain referred from visceral and abdominal 
pathologies is provided in Table 5 .2 .  

Neuralgic pain affecting the thoracic sp ine m ay also 
arise from shingles (post-herpetic neuralgia) or inter
costa l neuromas following fractured ribs, thoracotomy 
or radical mastectomy. The reader is referred to the 
summaries by Grieve ( 1 994a, 1 994b) on this subjec t  
for an expanded discussion. 

Summary 

Thoracic spinal pain may comprise a larger proportion 
of musculoskeleta l complaints than is commonly 
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believed . This chapter has highlighted various patholo
gies tha t  may directly or indirectly be respons i ble for 
thoracic pain syndromes. The differe ntial diagnOSis of 
thoracic mechanical pain requires careful considera
tion of these poss i biliti es to avoid the consequences to 
bot h clinician and client of a misdiagnosis. Through 
careful screening, the clinician also wiH determine 
conditions where medical or surgical referral and 
management would be recommended . Key differ
ential diagnosis issues are outlined in Chapters 9 and 
18 to help distinguish patterns of visceral pain from 
that of so mat ic orig in . 

The clinician must recognize s ituat ions where 
manipulation of the thoracic sp ine would be contra
indicated , or cond itions which p redispose the patient 
to s ignificant risks if treated by m anipulation .  

Given the increasing aged pop ulation and the 
prevalence of spinal degenerative cond itions , it must 
be emp hasized that patients presenting with any 
ankylosis and advanced degenerative condition of the 
spinal column are vulnerable to stress concentration at 
points of force application . A careful history and 
appropriate imaging , where indicated (see Chap ter 
1 2) ,  wiH comp lement the assessment and often assist 
in determining the a ppropriateness of mechanical 
therapy. 
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Developmental anomalies of the thoracic region 

J. Saada, S. Song and W H. Breidahl 

Development of the thoracic spine 

Before reaching its final condition, the skeletal axis 
passes through three preliminary stages; mesenchy
mal, cartilaginous and bony (Verbout , i985; Williams 
et at., 1989). First its framework is determined by the 
notochord (a central ceUular rod extending along the 
long axis of the embryo), which has developed by the 
seventeenth day of gestation. Mesenchymal tissue 
adjacent to the notochord is induced to segmentalize 
and form paired segments called somites. A total of 
42-44 somites are formed, each producing a skin, 
muscle and bone component (parke, 1975). Cells 
from the bone form a component of the somite, 
ca l led a sclerotome, and migrate and multiply around 
the notochord. Each sclerotome divides in the axial 
p lane , with each division fusing with a sclerotomic 
division arising from a different, rostral or caudal, 
neighbouring sclerotome. This results in the forma
tion of a mesenchymal vertebral column. The site of 
sclerotomal division corresponds to the site of 
development of the intervertebral disc. Further 
migration of the sclerotogenous ceUs dorsally and 
ventro-Iaterally results in the formation of the prim
itive vertebral arches and the costal elements. 

Development of the mesenchymal vertebral col
umn is followed by the development of the cartilage 
(chondrification) and bony (ossification) vertebral 
columns at 6 and 9 weeks respectively, completing 
the three-stage process. 

Each vertebra has six centres of chondrification 
(Fig . 6.1); two costal, two neural arch, and two 
central (which form most of the vertebral body). 
Note that the two central chondrification centres fuse 
in the sagittal plane. The portions of the notochord 
incorporated within the body undergo atrophy and 
disappear; while those that lie within the inter-

vertebral discs enlarge and persist as the nucleus 
pulposus. 

Ossification of the vertebrae involves both primary 
and secondary ossification centres. Each vertebra is 
derived from three primary centres, one for the body 
and two for the vertebral arch (Fig. 6. 1). During the 
ninth week of embryonic life, the vertebral body 
chondrification centre undergoes anterior and poste
rior resorption by penetrating vessels and is trans
formed into ossification centres. For a brief period, 
the ossification centre for the body demonstrates a 
dorsal and ventral component that is separated by a 

plate of cartilage (in the coronal plane). These later 
fuse to form a single large centre, which is separated 
from the disc spaces by two thick cartilaginous 
plates . 

Vertebral arch ossification becomes evident in the 
second embryoniC month, first in the atlas and then 
progressing caudaUy (parke, 1975). Ossification of the 
vertebral bodies is usuaUy advanced by 16 weeks, 
starting initially in the lower thoracic vertebrae and 
progressing both cranially and caudaUy (Bagnall et at., 
1977). At birth, the ossification centres have reached 
the anterior and posterior borders of the vertebral 
body and further growth occurs from the cartilagi
nous plate along its interface with the ossification 
centre. In the infant the thoracic vertebral body has 
an ovoid shape, graduaJly changing to a rectangular 
shape between the first to the second year of life. 
Between the sixth to the ninth year of life, normal, 
ring-like cartilaginous ridges are formed around the 
periphery of the end-plates and assume a wedge-like 
configuration, t11US producing a slanted marginal 
defect when unossified (Kohler and Zimmer, 1993). 
These ring apophyses form secondary ossification 
centres around the twelfth year of life, and may be 
seen as sclerotic ridges around the superior and 
inferior end-p lates on radiographs (Fig. 6.2). Fusion of 
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DEVELOPMENT OF VERTEBRAL ELEMENTS 

Membranous Chondrification 

Ossification Term 

Fig. 6.1 The development of a typical thoracic vertebra 
from the membranous embryonal stage to that at term, 
passing through the chondrification and ossification stages 
sequentially. (Redrawn from Parke, 1975.) 

these ossified cartilaginous ridges begins around the 
fourteen th year of life, and is usually completed by 
the twenty-fifth year. This stmcture firmly anchors the 
anulus to the body and, when ossified, receives the 
Sharpey's fibres. 

Further secondary ossification centres also appear 
at the transverse and spinous processes around the 
sixteenth year of life, and fuse at approximately the 
twenty-fifth year. However, secondary ossification 
centres may remain unfused a t  these si tes and are 
referred to as accessory ossification centres (Singer 
and BreidaW, 1990). Usually innocuolls, unfused 
accessory ossification centres have occasional clinical 
s ignificance when fractures are suspected .  Where 
radiographic demonstrat ion is adequate, these nor
mal anatomical variants can generaUy be differ
entiated from recent trauma by their rounded cortical 

margins (Fig. 6.3). 
Within the flfSt year of life and during subsequent 

years a deep cleft-like indentation can be observed 
along the anterior vertebral body corresponding to 
the traversing vessels, and this may persist into adult  
life. 

The thoracic spine in the adult 

The height and width of the thoracic vertebral bodies 
increase in  the cranio-caudal direction (Williams et 
al., 1989). The interver tebral disc height is approx
imately 5 mm throughout the thoracic spine. The 
vertebral bodies and the intervertebral discs are 
gently wedged « 2 mm) anteriorly, giving rise to the 
physiological kyphosis of the thoracic spine.  How
ever, the kyphosis may increase in late adult life due 
to a combination of loss of disc height  and further 

Fig. 6.2 Anter ior step deformities caused by ring apoph
yses with triangular to discoid ossification centres 
(arrows). 

Fig. 6.3 Rudimentary ossification centres of tbe transverse 
processes at the thoracolumbar junction . Rowlded, corti

cated joint margins distinguish these centres from fractures 
(arrows). 

Copyrighted Material



anterior wedging of the thoracic vertebral bodies 
secondary to osteoporosis. Posteriorly the thoracic 
vertebra has a straight or slightly concave margin, 
with the posterior indentation for the vascular 
foramen of the basivertebral veins being found at the 
mid-level of the thoracic vertebral body. 

The pedicles constitute the narrowest portion of 
the vertebral arches and consist of a central spon
giosa, whicll is relatively thin and has a surrounding 
thick cortex. The interpedicular distance between the 
medial margins of the pedicles constitutes the width 
of the spinal canal, and this increases caudally. The 
first, eleventh and twelfth ribs each articulate with 
their corresponding vertebral bodies. All the others 
articulate with two adjacent vertebral bodies, with 
the larger articulating surface at the upper lateral 
margin of the corresponding vertebral body and the 
smaller articulating surface at the lower margin of 
the vertebral body inlmediately above. The first to the 
tenth ribs aJso articulate near the root of the 
transverse process of the vertebra. 

Normal radiographs of the 
thoracic spine 

In the lateral view, radiological visualization of the 
cervicothoracic junction is compromised by super
imposed soft tissues of the shoulder. This can be 
improved by using the 'swimmers' view. However, a 
wedge-shaped upper thoracic vertebra can be mim
icked by the superimposed glenoid fossa, rib or other 
overlapping bony structures, and care must be taken 
in interpreting the radiographs of this region (Keates, 
1996) (Fig. 6.4) 

In the mid- and lower thoracic spine improved 
visualization of the vertebral bodies can be achieved 
by taking the radiograph whilst the patient takes 
rapid shallow breaths, which gives rise to a tomo
graphic effect with blurring of the overlapping ribs 
and pulmonary structures. This is particularly useful 
in the context of trauma and the assessment of 
metastatic disease. 

In the antero-posterior CAP) view of the upper 
thoracic spine, superimposition of the superior 
border of the sternum may mimic a fracture (Fig. 6.5). 
The cortical structures of the pedicles project as 

round-to-ovoid rings over the upper portion of the 
vertebral bodies. As previously described, the supe
rior and inferior articular processes of the pars form 
the zygapophysial joints, with the joint surfaces being 
almost vertically orientated, and in the lateral projec
tion they are superimposed on each other and are 
further obscured by overlying ribs and lung tissue. 
They can be best visualized by rotating the body 200 
either anteriorly or posteriorly from the lateral 
projection. 
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Fig_ 6.4 The inferior angle of the scapula is superimposed 
on T7, m.imicking a sclerotic lesion of the vertebral body 
(arrow). 

In the AP projection, only the costotransverse 
joints at T9- TlO are seen without superimposed 
interfering strucnlres. The transverse processes are 
hardly seen in the AP projection due to interfering 
summations effects, and the spinous processes are 
barely discernible in the lateral projection due to 
relative overexposure of the film. 

The row of the spinous processes is easily recog
nized in the AP view, with the spinous processes of 
no, TIl and Tl2 seen projecting almost straight 
posteriorly. Because of their caudal orientation, the 
remaining spinous processes are seen extending 
below the inferior vertebral margins and inter
vertebral disc space, with their tips being projected 
over the inferior subjacent vertebra. 

Developmental anomalies 

Abnormalities of the vertebral body 

Any deviation from the normal developmental path
way of the vertebrae can result in deformity. The 
processes of mesenchymal segmentation or fuSion, 
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Fig. 6.5 The radiographic projection of the sternal angle 
over the thoracic spine produces a transverse radiolucent 
zone mimicking a fracture (arrow). 

chondrification and ossification can be used to 
explain the wide spectrum of developmental abnor
malities (Ozonoff, 1995; Kumar et al., 1988). The 
underlying cause for many of these disorders remains 
obscure, and may involve defects at more than one of 
the three developmental stages. Some entities are 
associated with widespread abnormality; for exam
ple, vertebral body abnormalities may be associated 
with congenital anomalies of the genito-urinary, 
gastrointestinal and central nervous systems, the so
called VATER (vertebral defects, imperforate anus, 
tracheo-oesophageal fistula and radial and renal dys
plasia) association (Beals and Rolfe, 1989). 

Disorders of mesenchymal segmentation or fusion 
are considered to result in ageneSiS of the vertebral 
body, hemi-metameric segment displacement and 
block vertebrae (Kohler and Zimmer, 1993). The 
complete absence of a vertebra (agenesis) results 
from failure of sclerotomal development, although it 
can also result from failure of ossification centres of 
the body to appear, particularly when the posterior 
elements are unaffected. The anomaly may be multi
segmental. 

Block vertebra (bony union of one or more 
vertebral elements) results from incomplete segmen
tation during the formation of the mesenchymal 
column. The fusion may be partial or complete 
(Fig. 6.6). 

In complete block vertebra (where there is fusion 
of the anterior and posterior elements), the height of 
the fused bodies equals the sum of the height of the 
involved bodies and the intervertebral discs between 
them, with a waist at the level of the intervertebral 
disc between the fused segments. The neural foram
ina of the block vertebra are ovoid and narrowed. In 
partial fuSion, four types are recognized (Kohler and 
Zimmer, 1993): fusion of the anterior third of the 
vertebral body; fusion of the posterior third of the 
vertebral body; fusion of the entire vertebral body; 
and fusion involving the posterior arch and pedicles. 
Another pre-cartilaginous stage abnormality is the 
hemi-metameric segmental deformity, whereby the 
left and right halves of the mesenchymal vertebral 
column fuse (often irregularly) across a skipped 
segment rather than with each other, with resultant 
scoliosis and ribcage deformity (Fig. 6.7). Since the 
left and right halves of the vertebral body arise from 
different chondral centres, failure of chondrification 
of one half will result in the development of a 

hemivertebra. Hemivertebrae have a wedge-shaped 
configuration, with the apex of the wedge being in 
the midline (Fig. 6.8). They are associated with rib 
anomalies and a scoliosis that is often present at 
birth. 

Failure of ossification, which normally occurs from 
a dorsal and ventral vascular invagination of the 
mature chondral centre, probably accounts for the 
development of coronal cleft vertebrae, ventral and 
dorsal. hemivertebrae. A kyphotic deformity is seen at 
the site of the dorsal hemivertebra (Fig. 6.9). Ventral 
hernivertebrae are extremely rare. Hypoplastic verte
brae may also result from disorders at this stage, 
particularly in the presence of both ventral and dorsal 
embryonal vascular insufficiency 

Coronal clefts result from failure of fusion of the 
anterior and posterior ossification centres, which 
remain separated by a cartilage plate and represent a 
delay in normal vertebral maturation (Fielden and 
Russel, 1970). In most cases, the clefts disappear by 6 
months after birth. Coronal clefts are usually seen in 
premature infants. Radiographically, a coronal cleft is 
recognized as a radiolucent vertical band seen behind 
the mid-portion of the vertebral body in the lateral 
view. 

A total sagittal cleft is rare, and is generally 
incompatible with life (Kohler and Zimmer, 1993). 
Partial ventral and dorsal clefts are more frequent. In 
all of these cleft formations, a persistent notochord 
divides the vertebral bodies into two halves. Each 
vertebral half decreases in height towards the 
unfused centre, giving the vertebra the appearance 
of a horizontally orientated cone in the coronal 
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(A) L---__ 

Fig. 6.6 Two patients with thoracic scoliosis. (A) Complex complete fusion of the body ofTlI andTI2 involving anterior and 
posterior vertebral elements. TIl has a 'butterfly' configuration. (8) Partial fusion of the body ofT9 andTIO. Note the failure 
of fusion of the vertebral arch ofTlI (arrow). 

Fig. 6.7 Right hemivertebra involving T5, resulting in a 
scoliosis concave to the left. 
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Fig. 6.8 Metameric hemivertebrae at the cervicothoracic 
junction; the right hemivertebra atT! is isolated in the axial 
plane from the corresponding leftTl hemivertebra, which is 
fused wi th the T2 vertebral body. 

projection; hence, it is generally referred to as a 

butterfly vertebra (Kumar et al., 1988) (Fig. 6.10) 
The involved vertebral body is widened, and the 
bodies above and below the butterfly vertebra adapt 
to the altered intervertebral discs on either side by 
showing concavities along the adjacent end-plates. 
Some bone bridging may occur across the defect. 
Anterior spina bifida, with or without anterior 
meningoceles, may be associated. Butterfly verte
brae usually occur in the thoracic or lumbar seg
ments. 

Abnormalities of the vertebral arch 

Abnormalities of development of the mesenchymal, 
chondral and osseous axial skeleton wiD also involve 
the vertebral arch, as is the case with the vertebra.1 
body. Failure of fusion of the spinous processes at the 
lumbosacral junction is not uncommon; less com
monly, they may rema.in open atT1l andTl2 (Suttow 
and Pryde, 1956). 

Fig. 6.9 Dorsal hemivertebra involving TI2 in a patient 
with Morquio's disease. Note the presence of 'central beaks' 
along the anterior borders of the thoracolumbar junction. 

Congenital absence of a thoracic pedicle is a rare 
anomaly (Lederman and Kaufman, 1986). Associated 
findings include: 

1. Contralateral pedicle sclerosis and hypertrophy -
enlargement or 'hypertrophy' of the contralateral 
pedicle at the level of a pedicle deficiency is a 

common finding, as is associated cortical thicken
ing and sclerOSiS. 

2. Retropedicular hypoplasia - an associated feature 
of hypoplasia and aplastic pedic1es is retrope
dicular hypoplasia of a portion of the neural arch, 

usually of the superior articular process. 
3. Spinous process tilt - tilt of the spinous process of 

the affected vertebra is a common fmding in 
neural arch deficiency, and may reflect rotational 
instability at the defective level. The tilt is usually 
towards the affected side. 

4. Rib and transverse process anomaly - the 
ribs adjacent to a deficient thoracic pedicle 
articulate anomalously with a slightly expanded 
posterior vertebral margin, anterior to the 
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Fig. 6.10 Bunertly vertebrae involving T9. 

normal placement ; the associated rib head and 
transverse process may be absent. 

5. Enlarged spinal canal capacity - this is accom
panied by an increase in epidural fat on rhe side of 
the deficiency. 

Failure of segmentation leads to Linkage and fusion of 
adjacent laminae and pedic les , termed congenital 
vertebral bars (MacEwen et at., 1968). These are 
frequent ly unilateral and have a restrictive effect on 
the ipsilateral spinal growth. Laminar fusions may be 
cartilaginous and difficult to detect on plain radio
graphs. 

Spinal dysraphism represents a failure of midline 
fusion of mesenchymal, neural and bony structures. 
This term refers to a large spectrum of disorders 
encompassing at least 14 distinct entities (Byrd et al., 
1991) not including the commonly encountered cleft 
in the spinal processes or non-un ited laminae of L5 or 
5 1, which are considered to be normal variants. The 
vertebral manifestations consist of incomplete fusion 
of the neural arch, typically with absence of the 
spinous processes and lam inae. A variable degree of 
protrusion of spinal contents can occur through the 
neural arch cleft, wh ich may be open or closed 
depending on the integrity of skin covering of the 
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defect. Associated segmental abnormalities such as 
hemivertebrae , butterfly vertebrae and block verte
brae are not uncommon. 

Diastematomyeba, a form of spinal dysraphism that 
commonly involves the thoracic spine, appears in an 
early embryonic stage and is associated with vertebral 
clefts and neuropathy in the lower bmbs and sphinc
ter disturbance (Byrd et at., 1991). If a bony septum 
divides the cord, diastematomyelia can be detected 
on plain mms (Fig. 6.11). Diastematomyelia is charac
terized pathologically by sagittal clefting of the spinal 
cord or filum terminale. The cleft is located between 
T9 and 51 in 85% of cases. A thoracic location is seen 
in 20% of cases, and a combined thoracolumbar 
lesion occurs in 15-20%. The spinal cord is typically 
split into two halves by a fibrous, bony or osteocarti
laginous septum (Fig. 6.12). The cleft typically 
extends completely through the cord, and the cord is 
usually split locally with a Single cord above and 
below the cleft. The rwo hemicords are somewhat 
asymmetric, and each hemicord contains a central 
canal and one set of dorsal and ventral horns and 
nerve roots. Half of the hemicords have a single dural 

Fig. 6.11 Radiological findings in diastematomyelia. The 
interpedicular d istance is increased from T7 to TIl. The 
body ofTS is deformed in a fashion consistent with bilateral 
hemivertebrae or notochordal remnant. 

Copyrighted Material



90 Clinical Anatomy and Management of Thoracic Spine Pain 

Fig. 6.12 Coronal magnetic resonance section through the thoracic spine in a patient with diastematomyeUa with a 'spUt' 
cord at the upper thoracic and thoracolumbar regions (arrows). 

tube, and the other 50% are enclosed in separate 
dural sacs (Byrd et al., 1991). 

Plain fIlms and computed tomography (CT) scans 
nearly always show an abnormal osseous spine. The 
hemicords and subarachnoid spaces are well seen at 
myelography, CT myelography or magnetic resonance 
(MR) scanning. At least 85% of patients with diastema· 
tomyelia have vertebral body anomalies, including 
hemivertebrae, block or butterfly vertebrae and 
narrowed intervertebral discs. Intersegmental lam
inae fusion with spina bifJda may also be present. An 
osseous spur is seen in about 50% of cases. The spur 
may traverse part or aU of the canal and be central or 
eccentric. The spinal canal is also widened with 
increased interpedicular distance. Cutaneous stig
mata overlie the spine in 50-75%, with hair patches, 
naevi and lipomas being common. Fifty per cent of 
patients with diastematomyelia are symptomatic, 
particularly patients with tethering of the spinal cord, 
presenting with motor and sensory defects of the 

lower limbs, bladder and bowel dysfunction, and club 
foot and scoliosis (Byrd et aI., 1991). 

Alignment 

Scoliosis 

Scoliosis is defined as the presence of one or more 
lateral-rotary curvatures of the spine, and is described 
in relation to the convexiry of the curve. It is 
considered non·structural if it corrects on bending 
toward the convexiry, and structural if it is relatively 
rigid. 

Scoliosis can be divided into idiopathic, congenital, 
neuromuscular and other groups (Young, 1996). 
Idiopathic scoliosis (Fig. 6.13) accounts for approx· 
imately 70% of cases. It usually occurs as a thoracic or 
thoracolumbar curve convex to the right and a 
Iwnbar curve convex to the left. It is currently 
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Fig. 6.13 ldiopatluc scoljosis; thoracic curve concave to 

the left and lumbar curve concave to the right. 

considered to be transmitted as an autosomal domi
nant trait, with females being affected eight times 
more frequently than males. The prevalence of 
significant idiopathic scoliosis (Cobb angle> 10°) in 
children aged 6-8 years and 12-14 years is 0.1% to 
1.2% respectively (Stirling et al., 1996). Congenital 

scoliosis may be vertebral, for example in the 
presence of a hemivertebra or fused vertebral bodies 
(see Fig. 6.6), or extravertebral, for example in the 
presence of developmental rib fusion. 

Neuromuscular scoliosis may result from poliomye
litis, cerebral palsy, muscular dystrophy and other 
myopathies. Other causes of scoliosis include skeletal 
manifestations of neurofibromatosis , the skeletal dys-
plasias, Scheuermann's disease and rheumato id arthri
tis, trauma, and following irradiation treatment. 

Radiographic examination for scoliosis includes 
erect and recumbent films of the entire spine from 
the cervical level to the sacrum, including both iliac 
crests and a lateral thoracolumbar spine. Left and 
right bending ftlms can also be obtained to determine 
the degree of correction that can be achieved. 

Measurement of the scoliosis is usua!ly done by the 
Cobb technique (Fig. 6.14) (Cobb, 1948). In this 
technique , the upper limit of the curve is defmed by 
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a line tangential to the upper margin of the most 
superior body tilting towards the centre of the 
curvature; the lower limit is defined by a line related 
to the lower margin of the most inferior body. One 
angle subtended between these lines (or perpendicu
lars constructed to them) measures the angle of 
scoliosis. Differences of 5 - 10° between examinations 
can arise from inter-observer differences and slight 
differences in positioning of the patient whilst the 
radiograph is being obtained. 

Operative and non-operative therapies are cur
rently used to treat scoliosis. Spinal fusion is the main 
operative treatment. Cases of unilateral bar, hemi
vertebrae and wedge vertebrae show progressive 
rotation regardless of the type of treatment; however, 

progreSSion of the curvature component can be 
limited by spinal arthrodesis (Lopez-Sosa et al., 1995). 
Rotation of the spine is atypical in block vertebrae. 
Evaluation of skeletal matur ity is important in the 
management of scoliOSiS, since progression of most 
mild to moderate scoliosis usually ceases after the 
secondary ossification centres of the iliac crest are 
completely fused to the parent bone . 

Scheuermann's disease 

This poorly defined clinical entity is characterized by 
an accentuated thoracic kyphosis with migration of 
its kyphotic apex into the thoracic spine or hmher 
caudally. The kyphosis remains smoothly rounded, 
and may be associated with a scoliotic deformity. 

Most affected persons are between 13 and 17 years 
old. In its classical form it is associated with a spinal 
deformity in the adolescent, which is considered to 
have multifactorial aetiology. A probable genetic 
defect of the vertebral end-plates or discs, resulting in 
inadequate nutrition and structural weakness, is 
thought to produce nuclear prolapses (Schmor l 's 
nodes) with subsequent uneven growth and marginal 
defects and a ventral shift of the load on the vertebral 

body (Begg, 1954). This retards growth locally, 
resulting in wedging and kyphosis. The integrity of 
the support ive posterior elements (zygapophysial 
joints) only serves to accentuate the kyphosis and 
they do not compensate for the loss of ventral sp inal 
height. Progressive h.,'phosis accentuates the patho
logical loading on the ventral aspect of the spine, 
which results in a vicious cycle of overstretching of 
the dorsal spinal muscles resulting in muscular 
insufficiency, and further postural deterioration (Koh
ler and Zimmer, 1993). This cond ition evolves when 
the spine is overloaded during growth, before the 
vertebral ring apophyses fuse with the vertebral 
bodies. A cardina l finding of Scheuermann 's disease is 
that Schmorl 's nodes are found more anteriorly, in 
contrast to otherwise normal vertebrae, where they 
are characteristically located posteriorly (Fig. 6.15). 

The cartilaginous protnlsion causes a confined 
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A B c 

Fig. 6.14 Cobb technique: the upper limit of the cUn'e is defmed by a line tangential to the upper border of the most 
cephalad body til ti.ng towards the cemre of the radius of curvature; the lower limit is defined by a Similar line related to the 
lower border of the most caudal body (A). The angle subtended berween these lines measures the angle of scoliosis (8). The 
same technique may be used to define the thoracic kyphosis with imersection of the lines subtended from perpendiculars off 

the apical and distal vertebrJI end-plates (C). 

Fig. 6.15 Scheuermann's disease: three contiguous level 
involvement at the thoracolumbar junction with loss of disc 
vo lume , anteriorly located Schmorl 's nodes, end-plate scle

rosis and minimal wedge deformity ofTl2. 

Copyrighted Material



sclerotic reaction in the adjacent vertebral spongiosa 
and leads to a loss of disc volume, resulting in a 
decreased width of the intervertebral disc space. 
Protrusion into the posterior margin, with extension 
into the intervertebral foramen or spinal canal, can 
lead to marginal avulsion. The affected end-plates 
become undulated, irregular and sclerotic. The 
kyphotic deformity causes increased weight bearing 
anteriorly, leading to irregular and coarse vertebral 
ring apophyses. The apophyseal fragments can 
appear dense. If the vertebral ring epiphysis dis
appears completely, the anterior margin exhibits a 
slanted or step-like deformity. The vertebral bodies 
assume a wedge configuration with the apex pointing 
anteriorly. 

To be a manifestation of Scheuermann's disease, 
the vertebral deformities and anterior disc space 
narrowing should involve at least three but not more 
than five vertebral segments. The kyphosis is not an 
obligatory finding, and is seen in 12-63% of cases 
(Kohler and Zimmer, 1993). The anterior vertebral 
margins appear indistinct, and the sagittal diameter of 
a vertebra affected by Scheuermann's disease is 
characteristically increased whilst longitudinal verte
bral growth is arrested. 

Fig. 6.16 Limbus vertebra; note the radiolucent defect at 
the antero-superior border ofT12 (arrow). 
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The true prevalence of this disorder is difficult to 
determine due to marked variation in symptomatol
ogy and diagnostic criteria. Radiologically, irregu
larities of vertebral growth zones are identified with a 
prevalence of 4 -5% and may even exceed 30% 
(Kohler and Zimmer, 1993). A frequency of 4-6% was 
found in a study on military personnel (Dameron and 
Gulledge, 1953). In a more recent snldy by Wood and 
colleagues (1995), 38% of aU asymptomatic subjects 
were shown to have Scheuermann's end-plate chan
ges or kyphosis on MR imaging. These findings 
emphasize the importance of obtaining full clinical 
correlation prior to initiating therapy for patients 
with radiological abnormalities. 

Limbus vertebrae 

A limbus vertebra represents a distinct type of disc 
herniation in which there is intra-osseous penetration 
of disc material at the junction of the end-plate with 
the bony rim of a vertebral body. An oblique 
radiolucent defect is seen coursing toward the outer 
surface of the vertebral body and this separates a 
small segment of the bone (Fig. 6.16). 

Inherited abnormalities of vertebral body 
achondroplasia 

Classic achondroplasia is the most common non
lethal skeletal dysplasia, and displays autosomal 
dominant inheritance (Taybi and Lachman, 1996). 
There is a generalized defect in encllondral bone 
formation, thus growth failure occurs at the neuro
central synchondrosis. Clinical manifestations include 
limb shortening, affecting proximal portions more 
than distal (rhizomelic micromelia), and thoraco
lumbar kyphosis in childhood with an exaggerated 
lumbar lordosis in adults. Spinal stenosis may result in 
compression of the lower brainstem, spinal cord, 
calida equina or nerve roots. 

Vertebral bodies are flattened and appear bullet
shaped in infancy and early childhood (Bethem etal., 

1981). The pedicles throughout the spine are thick 
and approximately one-half their normal length, so 
that the spinal canal is narrowed in its sagittal as well 
as its transverse dimensions. The vertebral bodies are 
concave on their dorsal surface, diminished in height, 
and often demonstrate anterior wedging (see Fig. 
6 . 17). The ribs are shortened and the antero-posterior 
diameter of the chest is decreased. The anterior ends 
of the ribs may be flared. 

Spondyloepiphyseal dysplasia congenita 

The usual pattern of inheritance is autosomal domi
nant; however, this rare condition exhibits consider
able genetic heterogeneity (Taybi and Lachman, 
1996). T here is decreased vertical height of vertebral 
bodies which, in infancy, may assume a pear shape 
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Fig. 6.17 Achondroplasia - note the spinal canal stenosis.  

related to lack of development of the posterior 
aspects of verteb ral bodies. in childhood,  anterior 
wedging, and generalized flattening of the vertebral 
bodies occurs, with the appearance of kyphoscolio
sis. The adolescent commonly has delayed develop
ment of the ring apophysis .  The vertebral end-plates 
are commonly irregular, with d isc intrusions resem
bling Schmorl 's nodes (Fig. 6. 18) . There may be 
sclerosis of the vertebral body end-plates. The long 
tubular bones have delayed epiphyseal ossification 
with irregu lar epiphyses and variable metaphyseal 
irregularity and flaring. The femoral  head often 
ossifies from multiple centres .  

X-linked spondyloepiphyseal dysplasia tarda 

Due to its predominantly X-linked mode of inherit
ance this condition only occurs in  ma le subjects, and 
genera lly becomes evident between 5 and 10 years of 
age , although autosomal dominant and autosomal 
recessive forms occur (Taybi and Lachman ,  1 996) . 
The characteristic rad iographic changes consist of a 
'hump'- shaped a rea of dense bone on the central and 
posterior portions of the vertebral body end-plates, 

Fig. 6.18 SpondyloepiphyseaJ dysplasia with disc space 

narrowing and end-plate irregula rit ies . 

and consequently the d isc spaces ap pear narrow 
posteriorly and wide anteriorly (Langer, 1 964) . 
Degenerat ive changes in the spine develop early in 
adulthood (Poker et at. , 1 965). Affected individuals 
may have thoracic d isc herniation.  

Mucopolysaccbaridoses (MPS) 

This term encompasses a group of inherited disorders 
of connective tissue metabolism with similar clinical 
and radiological find ings . The common rad iological 
fmdings have been designated 'dysostosis multiplex ' 
(McAlister and Heiman , 1 995) . In the spine there is 
defective development of the a ntero-superior portion 
of the vertebral  bodies at the thoracolumbar j unction , 
resulting in hook-shaped vertebrae and kyph os is . The 
vertebral bodies are oval, diminished in height or 
flattened . 

MPS-i (Hurler's syndrome) autosomal recessive is 
the best known of the group ,  and i ts dysostotic 
features OCClli', to varying degrees ,  in the other 
disorders (Maroteaux and Lamy, 1 965) (Fig . 6 . 1 9) .  
Death lIsually occurs in t h e  first decade from 
cardioresp iratory causes . 
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Fig. 6. 19 Hurler 's synd rome :  a mild thoraco l u mbar kypho
�is is present; the vertebral bodies a re rOlmded with ' inferior 
beaking' of some vertebral  bodies. Note the gibbus deform· 
ity at the thoracolumbar junction. (Simjlar but less severe 
changes are seen in Hunter's syndrome).  

MPS-II (Hunter'S syndrome) is d ist inguished from 
the other MPS d isorders by its X-linked recessive 
inheritance . The c lin ica l and radiological features 
tend to be less severe than MPS-I, and the progress ion 
is slower. In mild forms, surviva l into middle age or 
beyond is not infrequent .  

MPS-fV (Morquio's and related syndromes) is char
acterized by the appearance , in early infancy, of 
vertebral bod ies that are rounded with a small 
anterior beak. With subsequent growth a central 
tongue appears protruding from the anterior surface 
of the vertebral bodies.  In adu lthood , the vertebrae 
are flat and irregular (Lange r and Carey, 1 966) (Fig. 
6 . 20). Spinal instability may lead to upper spinal cord 
da mage during neck manipulation with or without 
anaesthesia.  

Nfmrofibromatosis 

This is a relatively common inherited condition, with 

an estimated frequency of 1 in  3000 births (Taybi and 
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Fig. 6.20 Pa tient presenting with a progressive scol iosiS.  
Note the lateral thoracic paravertebral mass (neurofibroma 
or thoracic meningocele) (arrow), which strongly supports 
the clinical diagnosis of neurofibromatosis. 

Lachman, 1 996) . Approximately 50% of cases are the 
result of sponta.neous mutations.  There are character
istic cutaneous manifestations, includ ing cutaneous 
neurofibromas and cafe-au-lait spots, and 60% of 
pat ients with neurofibromatosis will have some 
spinal abnormality. Scoliosis is the most common 
spinal manifestation. It may mimic idiopathic scolio
sis, or may appear as a sharply angulated short 
segment scoliosis that commonly affects the mid- or 
lower thoracic spine (Yaghmai , 1 986) . An angular 
scoliosis involving less than six vertebral bodies and 
that is not due to an underlying segmentation 
anomaly is virtually d iagnostic of neurofibromatosis. 
Rotation and lateral subluxation of vertebral bodies 
may be severe . 

The majority of meningoceles (cerebrospinal fluid
filled herniation of the meninges) occur in patien ts 
with neurofibromatosis . They appear as paravertebral 
masses protmding laterally from enlarged neural 
foramina,  and may be difficult to distingu ish from 
ne urofibromas (Fig. 6. 20). The presence of a scoliosis 
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with the convex region directed towards the mass is 
a feature that favours the d iagnosis of a m eningo
cele. 

Other spinal abnormalities associated with neurofi
bromatosis include:  

• Scalloping of the p osterior aspect of vertebral 
bodies 

• Foraminal enlargement 
• Pedicle erosion 
• Scalloped or twiste d ,  ribbon-like ribs . 

Marfan's syndrome 

This  is an autosomal dominant inherited disorder of 
connective tissue that affects the eye, skeleton and 
cardiovascular system (Magid et al. , 1990) . The exact 
nature of the connective tissue defect remains 
llilknown . Ind ividuals are characteristically tall and 
thin with limbs disproportio nately elongated in 
re l a tion to the trunk. The e stimated prevalence is 4 - 6  
per 100 000. 

Scoliosis or kyphoscoliosis,  Schmorl 's nodes, 
straight back and spondylolisthesis may be seen. 
Scoliosis occurs in 40 - 60% of patients with Marfa n 's 

Fig. 6.21 Thoracic scoliosis in a patient with Marfan's 
syndrome. 

syndrome (Sponsellars et at. , 1995) (Fig . 6 .2 1). It  may 
appear similar to idiopathic scoliosis, but usually 
begins earlier than the idiopathic form and lacks the 
female predominance of the idiopathic type. Dural 
ectasia may result in posterior sca !. loping of vertebra l 
bodies .  Osteoporosis of the spine is frequen tly seen, 
p articularly in females . 

Ehlers -Danlos syndrome 

This is another usually autosomal dominant in her
ited group of disorders of connective tissue that are 
characterized by hyperel astic ity and fragility of the 
skin,  hyperlaxity of joints and a bleeding d iathesis.  
Nine distinct categories of the disorder have been 
identified (Bye rs,  1994) .  A kyphoscoliosis is fre
quently present at the thoracolumbar junction . Pos
terior scalloping of vertebral  bod ies may also be 
seen . 

Osteopetrosis 

The term ' osteopetrosis' encompasses four inherited 
entities with defective osteoclastic resorption of bone 
resulting in increased bone density. The underlying 
pathophysiology is complex (Felix et at. , 1996) The 
two m ore common forms are the autosomal recessive 
le thal type and the autosomal dominant type .  

A u tosomal recessive lethal type 

The o bliteration of the marrow cavity by abnormal 
bone leads to anaemia a nd th.rombocytopenia, and 
predisposes to recurrent infections and early patient 
demis e .  There i s  general ized osteosclerosis, with 
failure of differentiation between the cortex and 
m edullary cavity. Vertebral bodies tend to be uni
formly rad i odense with a prominent a n terior vascula r 
notch . 

A u tosomal dominant type 

This is also called A1 bers-Schonberg's d isease. Affec
ted persons may be relatively asymptomatic.  The 
radiographic findings are simil ar to , bur less severe , 
than those in the autosomal recessive form of the 
disease . The vertebral end-plates become accen
tuated, especially with advancing age (Fig.  6.22) 

Osteogenesis imperfecta 

This is an inherited disorder of connective tissue 
characterized by the abnormal synthesis or quality of 
fibrillar collagen (Lachm a n  et al. , 1992), The four 
major clinical criteria are :  

1 .  Osteoporosis w i t h  abnormal fragility o f  the skel
eton 

2. Blue sclerae 
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Fig. 6.22 Osteopetrosis in a child, showing marked sclero
sis of the vertebral end-plates with relative sparing of 
the cen tra l zones (accentuation of the a nterior vascular 
notches) resulting i n  a ' ha mburger' appea rdnce of the 

vertebral bod ies. Note the prese nce of the healing rib 
fractu re; a common complication of osteopetrosis. 

3. Dentinogenesis imperfecta (abnormal dentition 
with blue or brown teeth) 

4. Premature otosclerosis . 

The presence of rwo of these abnormalities confIrms 
the d iagnosis. Fou r  sub-groups have been defmed , 
ranging from severe neona tal fractures with death in 
the perinata l period to normal  life expectancy. In 

those who su rvive infancy, the frequency of fractures 
peaks in childhood and decreases in adolescence.  The 

most characteristic radiographic find ing is a decrease 
in osseous denSity. Vertebral bodies may become 
either b iconcave or  wedge-shaped anteriorly (Fig. 
6. 23).  Severe kyphoscoliosis may occur. The radio
graphic findings may be similar in id iopathic j uvenile 
osteoporosis a nd Cushing 's syndrome . 

HomocysHnuria 

The term ' homocystinu ria '  encompasses a group of 
disorders characterized by inborn defects in methio-
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Fig. 6.23 Osteogenesis imperfecra tarda with marked osteo
po rosis and multiple compression deformities of the verte
bral bodies. 

nine metabolism. The most common synd rome is 
inherited on an autosomal recessive basis,  and affects 
the eye , s keleton , central nervous system and vas
cular structures.  

Skeletal changes include scoliosiS,  kyphosco liosis , 

joint laxity and contracture s .  Chest wall deformities 
may occu r gradually dw-ing childhood (MacCarthy 

and Carey, 1 968) . The vertebral bodies have an 

increased antero-posterior diameter, and may be 
biconcave in shape (Fig. 6. 24). There is generalized 
osteoporosis, and comp ress ion fractures are frequent. 
Posterior scallo ping of the vertebral bodies and 
degenerative disc disease have also been describe d .  

AlkaptonUria 

This is a rare , usu ally autosomal recessive inherited 
meta bolic d isorder that results in the accumulation of 
homogentis ic acid . Abnormal p igmentation of the 
ears or sclerae may be seen. Intervertebral disc 
calc ification is the most characteristic abnormal.ity of 
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Fig. 6.24 Marked osteoporosis and moderate loss of verte
b ral  body height in a patient with homocysteinu ria . 

the spine Oustesen and Anderson , 1 984) (Fig . 6 . 2 5) .  
The calcium deposits are found predominantly in th e 
inner fibres of the anulus fibrosus . Narrowing of the 
intervertebral d isc space and vacuum phenomena are 
also suggestive of this diagnosis. Progressive ossifica
tion of the d iscs may be seen, with formation of 
margina l intervertebral bridges and obliteration of the 
disc space, which may give the appearance of a 

bamboo sp ine and lead to the erroneous d iagnosis of 
ankylosing spondylitis . Osteoporosis of the vertebral 
bodies is present,  and in long-standing disease there is 

p rogressive kyphosis .  

Sununary 

An understanding of the development of the normal 
thoracic spine assists the recognition and evaluation 
of spinal d isorders . A wide range of vertebral abnor
malities,  includ ing defects of segmentation and 
fusion,  has been considered in the context of the 

Fig. 6.25 Pa tien t with alkaptonuria and marked degen
erative thoraco l u mbar d isc degenera tive changes charac
terized by anula r calcit,cation, loss of disc vol u m e ,  vac u u m  

phenomenon and disc ossificati on .  

thoracic region of the vertebral col umn . The causes 
and characteristics of congenital and acquired abnor
malities of spinal  cnn'atures have a lso been dis
cllssed . Identification of anomalies aids the clinician 
in the choice of mechanical therapy and , more 
importantly, prompts the appro pri a te referral of the 

patient where necessary. 
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Pathoanatomical characteristics of the thoracolumbar junctional region 101 

inferior articular processes which 'turn to face 
laterally' (Testut and Latarjet, 1948; Sobotta and 

Uhlenhuth , 1957; Hamilton, 1976 ; Williams and 
Warwick, 1980); a notion that is perpetuated in 
clinical sources (Hoppenfeld , 1977; Gehweiler et al., 
1980; Parke, 1982). To gain an understanding of the 
variations of this transitional region , the early anthro

pological, anatomical and radiological literature must 
be reviewed . 

Different configu rations for the TIJ, in terms of 
cranial and caudal segmenta l location of the transi
tion, have been widely reported (Humphry, 1858; 
Struthers, 1875; Hasebe, 1913; Schertlein, 1928; 
KUhne, 1932; Stewart, 1932; Lanier, 1939; Terry and 
Trotter, 1953; AJlbrook, 1955), as have asymmetry of 
the TLJ zygapophysia l joints (Barclay-Smith, 1911; 
Whitney, 1926; Shore , 1930), and a specialized 
mortice-like arrangement of the TIJ zygapophysia l 
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joints in which the superior articular processes 
embrace those from the vertebra above (Topinard, 
1877; Le Double, 1912; Davis, 1955) (Fig. 7.1). These 
variations in TlJ location and morphology were 
reported to be so common that the American 

ant!uopologist, W ingate Todd (922), thought it 
impractical to attempt any systematic framework for 
differentiating between thoracic and lumbar 

regions. 
A comprehensive radiological survey of the Tl 0 - L2 

segments was undertaken using computed tomog
raphy cm archives from over 600 patient examina
tions, complemented with histology performed on 75 
cadaveric TLJs (Singer, 1989a). From this work, the 
notion of a gradual transition rep resenting the normal 
anatomy of theTL] was outlined (Singer et al., 1989a) 
(Fig. 7.2). This progressive change from TlO-ll to 
T12-Ll appeared in 70% of cases at the TLJ, 

Fig. 7.1 Scattergrams dep icting the dispersion of right and 
left zygapophysial joint angles for the TIO-Tll, TII-TI2, 
TI2-Ll and Ll-L2 segmental levels. The relative con
sistency of coronal and sagittal jOint orientations, at 
TIO-TIl and Ll-L2 respectively, is emphasized in the tight 
cluster of data points. The marked variation at TIl-T12 and 
TI2 - Ll is evidenced in the scatter about the diagonal, 

wh.ich indicates both the diversity in level of the transition 

and also the extent of asymmetry or tropism between joint 
pairs. The classification of an abrupt transition was based on 
an angulation difference between adjacent paired joints of 
> 1200• In contrast, the gradual pattern depictS an inter

mediate segment interposed between the more coronally 
and sagittally orien tated levels. Right and left jOint angles 
were calculated by plotting a line of hest fit through the 
joint margins in relation to the sagittal midline. (Used with 
permission from Singer et at., 1989a.) 
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concavity of the thoracic region, has been clearly 
shown by Shore (1935) and Nathan (1962) to 
represent an important weight-bearing mechanism 
for the vertebral column . 

Axial load-sharing between anterior 
and posterior elements 

In an anatomical study attempting to quantify the 
proportion of weight-bearing shared between the 
vertebral mobile segments, Pal and Routal (1987) 
suggested that the vertebrae intersecting the line of 
gravity would undergo the highest axial loading. 
Nachemson (1960) and Pal and Routal (1987) have, in 
general, tended to discount the posterior elements as 
less significant contributors to direct transmission of 
axial loads. However, the work of Yang and King 
(1984) has shown that lumbar zygapophysial joints 
can contribute up to 47% of axial load bearing. This 
relationship depends on the distance of each vertebra 
from the line of gravity. Similarly, the marked increase 
in pedicle cross-sectional area at the TLl (Zindrick et 

at., 1986; Berry et al., 1987), appears purposefully 
designed to facilitate the transmission of load 
between the anterior and posterior elements relative 
to changes in posture. 

Fig. 7.2 Schematic illustration depicting the thoracolumbar 
junction mortice jOint, formed through the interlocking 
inferior articular processes of the cranial vertebra (A) and 
the enclosing superior articulaJ· processes of [he segment 
below (B). (Modified from Singer et at., 1989c.) 

As each synovial jOint is designed to sustain some 
load transmission across the articular surfaces (Radin, 
1976), the TLl zygapophysial joints were studied to 
consider their potential for Lxial load transmission. 
This feature was evident from coronal CT scans of the 
TLl zygapophysial joints, which demonstrated the 
medial taper and enclosure offered by these joints 
(Singer, 1989b). At the level of the mortice joint and 
above, the inferior articular processes would appear 
to abut against the lamina in axially loaded postures 
and in end-range spinal extension (Grieve, 1981), 
forming a deepened socket (Fig. 7.2). 

ZygapophysiaI joint tropism 

Differences between left and right sides in zygapo
physial jOint planes (tropism) is another common 
feature at the TLl (Fig. 7.3). In this instance , tropism 
greater than 20° between joint planes showed a two
fold higher frequency in males (Singer, 1989a). 
Tropism at one transitional level may indicate other 
spinal variants elsewhere in the vertebral column. 
The rationales proposed to account for tropism are 
many and varied. Debate exists between authors who 
advance either a genetic or functional rationale, or 
both. For example, performance of manipulative 
task� using the dominant upper extremity was the 
reas-on suggested by Whitney (1926) for TLl zygapo
physial joint asymmetry. Odgers (933) was of the 
belief that the multifidus muscle influenced the 
development of lumbar zygapophysial joint sagittal
ization and would account for the variety of articular 
plane orientations between joint pairs; a view upheld 
by Lutz (1967) and Pfeil (1971). In the model 
proposed by Putz (1976, 1985), lateral mechanical 
shear stresses on the articular surfaces were con
sidered to be responsible for shaping the zygapophy
sial joints. 

The investigations by Huson (1967), Cihak (1981), 
Reichmann (1971), Hadley (1976) and Med (1980), 
who studied zygapophysial joint orientation during 
early development of the vertebral column, have 
almost invariably recorded that the orientation of all 
joints lies close to the coronal plane in utero. 

However, in utero variation in the development of 
the zygapophysial joints has also been reported; some 
individuals showing the ultimate adult form and 
configuration of the lumbar zygapophysial joints 
(Reichmann , 1971). 

ZygapophysiaJ joint tropism occurs most fre
quently at Tl1-T12 (Malmivaara et aI., 1987a; Singer 
et aI., 1989a), an area which has been described by 
Veleanu et al. (1972) as the 'headquarters' for the TL]. 
The highly variable orientations in the zygapophysial 
joints present at this level may indicate an inter
mediate stage in the evolution of this transitional 
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Fig. 7.3 Axial plane CT slice through the superior end-plate at Tll-T12 and L4 - L5 in a 60-year-old male . Marked articular 
tropism between the right and left articular planes is represented at both segmental levels, and reflects a tendency for multiple 
variations to be present within the same individual. 

region. The gradual type of transition, which was 
found in the majority of cases, is the most developed 

form for this region (Singer et at., 1989a). 

Mortice joints 

Early descriptions of inter-locking zygapophysial 
joints (Hildebrandt, 1816 ; Hwnphry, 1858), and the 
TL] 'mortaise' joint coined by Topinard (1877) and 
others (Le Double, 1912; Davis, 1955), have been 
extensively reported . Davis (1955, 1961) suggested 
that the 'mortice' effect could be gauged according 
to development of the mammillary processes and 
their projection behind the inferior articular pro
cesses. This morphological feature was examined 
radiographically, with the use of CT, and histo
logically, to provide a quantitative description of the 
relationship of the mammillary processes to TL] 
zygapophysial joint orientation (Fig. 7.4). The most 
common segmental level demonstrating mortice 
joints was TI1-T12, followed by TI2 -U (Davis, 
1955; Malmivaara et ai., 1987a ; Singer, 1989b). 

Of interest was the presence of unilateral mortice 
joints , defined previously by Malmivaara et at. 

(1987a), and their association wit ll zygapophysial 
joint tropism. It was evident from the CT studies 
(Singer et aI., 1990a) that unilateral mortice joints 
frequently showed the presence of a mamm.illary 
process on the side of the coronaUy orientated 
joint, which appeared to form a posterior buttress 

for the adjacent inferior articular process. This 
feature was also evident in the CT scans of some 
subjects who were positioned in uniJateral trunk 
rotation, whereby separation of the joint appeared 
to be arrested by the mammillary process (Singer el 
aI., 1 989b) . 

According to the comparative studies reported by 

VaUois (1920) and Kaplan (1945), the mammiJIary 
processes are most evident at the TIcI in those 
primates who achieve an orthograde pOSition dur
ing ambulation . Speculation by both writers sug

gests that these processes develop in response to 

the activity of multifidus which, from electromyo
graphic studies performed by Donisch and Basmaj

ian (1972), appears to function primarily as a 
stabilizer of adjacent vertebral segments during 
axial rotation. This finding might suggest that the 
multifidus acts more as an antagonist to rotation at 
the TL], and thereby reinforces the morphological 
role of the zygapophysiaJ joints in preventing tor
sion. The laminar fibres of multifidus, which attach 
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T12-L1 

Fig. 7.4 A photomjcrograph of a ISO-11m thick transverse section cut in the plane of the superior vertebral end-plate at 
TI2-Ll to illustrate a Type I mort ice joint formed by the mammillary processes embracing the inferior articular process. The 
articular cartilage appears normal. Abbreviations: AC, articular cartilage; lAP, inferior articular process; LF, ligamentum flavum; 
MP, mammillary processes. 

to the mammillary processes immediately below, 
would tend to act closer to the axial plane, whereas 
the fibres passing superiorly to the spinous process 
of the cranial segments might function as a 'brake' 
to flexion coupled with rotation. This may further 
ensure that the joints remain relatively approxi
mated, as a sWltegy to reduce segmental mobility. 

Accessory ossification centres at 
the thoracolumbar junction 

The development of the TIJ zygapophysial joints is 
often associated with the appearance of vertebral 
process variants (Hayek, 1932; Heise, 1933). Acces
sory ossification centres appearing adjacent to the 
spinous, transverse and mammillary accessory pro
cesses are a relatively rare finding, occurring in 
approximately 1- 2% of the popuJations studied by 
Pech and Haughton (1985) and Singer and Breidahl 
(1990a). Rudimentary costal elements are more 
frequently observed, and appear to be more com
mon, in men than women (Schertlein, 1928). The 
clinical Significance of these variations is their possi
bIe confusion with fractures at the TlJ (Keats, 1979; 
Singer and Breidahl, 1990a) and their contribution 
to miscalculations of vertebral levels during surgical 
staging (Wigh, 1979, 1980). 

Intra-articular synovial folds 

Histologically, intra-articuJar synovial folds have been 
demonstrated consistently in the TIJ zygapophysial 
joints (Singer et at., 1990b). This finding comple· 
ments similar observations reported on zygapophy
sial joints of the lumbosacral junction (Giles, 1987), 
lumbar (Tondury, 1940; DOff, 1958; Kirkaldy-Willis , 
1984), thoracic (ley, 1975) and cervicaJ regions 
(Tondury, 1940; Bland, 1987; Giles and Barker, 1998). 

According to Tondury (1972), these intra-articular 
synovial folds act as displaceable space-miers, which 
deform to accommodate incongruities between the 
articular surfaces during normal joint excursions. The 
relative change in orientation of the TIJ zygapophy
sial joints may also account for differences in the 
morphology of these inclusions as seen at the mid
joint level. Fibro-aclipose folds were noted more in 
coronally orientated joints, which appeared suited to 
the marked translatory movements performed by 
these joints. In contrast, fibrous folds tended to 
predominate in the more sagittally orientated joints 
(Singer et ai., 1990b), occasionalJy showing histo
logical evidence of fibrosis at their tips to suggest that 
these folds may become tractioned or compressed. 
The mechanical situations favouring this occurrence 
may include sudden torsional forces or compression 
due to joint approximation during flexion or exten
sion postures. 
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Biomechanics of the 
thoracolumbar junction 

Limitation to regional spina.! and segmental mobility 
occurs by virtue of the shape of the vertebral bodies, 
the thickness of the i.ntervertebral discs, and the 
relative orientation of the zygapophysial joints (Fick, 
1911; Pearcy, 1986). 

In the thoracic region, the almost vertical align
ment of the zygapophysia.l joints, together with the 
costovertebral joints and the splinting effect of the 
dbs, precludes any marked tendency towards flexion. 
Similarly, thoracic extension and rotation are limited 
due to the constraint afforded by the posteriorly 
projecting lamina and approximation of spinous 
processes. The stabilizing role of the thoracic cage is 
lessened in the lower thoracic segments due to the 
greater mobility afforded by the floating ribs. 

Several in vitro investigations have been per
formed on the thoracolwnbar vertebral colwnn to 
determine the mobility of these segments (White, 
1969; Kazarian, 1972; Markolf, 1972). In general , the 
influence of variation in transition patterns has been 
largely overlooked. However, the consistent finding 
from these studies has been the limitation in segmen
tal mobility due to the specialized morphology of the 
zygapophysial joints. Kazarian (1972) has drawn 
attention to the idiosyncratic motion behaviour of the 

lower thoracic vertebral elements, particularly when 
loaded axia.lly; similarly, Markolf (1972) has empha
sized the torsional resistance afforded by the TLJ 
segments. An in vivo study was performed by 
Gregersen and Lucas (1967) to examine segmental 
mobi.l.ity patterns t11roughout the thoracolumbar 
spine, but this investigation did not attempt any 
special examination of the TLJ region. 

Axial rotation at the thoracolumbar 
junction 

The change of zygapophysial joint orientation at the 
TU has been interpreted by anatomists and clinicians 
as signifYing an abrupt change in the mobility of 
these joints, particularly in the horizontal plane 
(Humphry, 1858; Levine anel Edwards, 1987). It is 
interesting to note that White and Panjabi (1978) 
base mobility information for T12 - L1 on extrapola
tions from adjacent lower thoracic and upper lumbar 
segments. The different regional orientations of the 
TLJ zygapophysial joints permit mainly rotation in 
the thoracic segments and sagittal movement in the 
lumbar region (Davis, 1959; Gregerson and Lucas, 
1967; Evans, 1982). For example, the upper lumbar 
joints, through approximation of the articular sur
faces, also restrict mobility, particularly extreme 
extension (Davis, 1955) or flexion (Kummer, 1981); 

Fig. 7.5 (A) A CT slice taken through the superior end-plate ofT 10-Til with the subject in comfortable end range right tmnk 
rotation, to illustrate the extent of axial translation of the zygapophysial joints. The spinous process of the cranial segment 

confirms the axial displacement induced through the subject'S rotated posture. (B) The same subject scanned through the 

superior end,plate at L4 - L5, showing the relative approximation and separation of zygapophysiaJ joints produced through a 
sustai ned right trunk rotation position. (Reproduced with permission from Singer, 1994.) 
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indeed, the posterior elements of the upper lumbar 
segments are positioned to afford stability in the 
plane of the intervertebral disc (Farfan, 1983) and 
appear to minimize excessive torsional forces 
(Stokes, 1988). 

Low-dose CT was used by Singer et al. (1989b) to 
examine subjects who were scanned in a trunk 
rotated posture to consider the potential for segmen
tal motion at the TL]. This study consistently demon
strated ipsilateral compression and contralateral sepa
ration of the sagittally directed articular surfaces, 
whereas coronaUy directed joints tended to show 
translatory displacement of the articular zygapophy
sial jOints, as depicted in Fig. 7.5 (Singer et al., 
1989b). Similarly, those subjects possessing a mortice 
type of jOint demonstrated little motion relative to 
adjacent segments. 

Other anatomical, developmental and degenerative 
mechanisms would appear to increase this resistance 
to torsion, for instance the ingrowth into the 
ligamentum flavum by laminar spicules (Davis, 1955; 
AlIbrook, 1957; Maigne et al., 1992) and, in some 
instances, ossification of the ligamentum flaVllm 
(Kudo et al., 1983). The orientation of the laminar 
fibres of multifidus muscle may also serve to increase 
the axial 'stiffness' of the TI] (Donisch and Basmajian, 
1972). 

The notion that axial plane rotation is restricted in 
the upper lumbar region, due to predominantly 
sagittal orientation of the zygapophysial joints, is not 
new. Hildebrandt (1816), and numerous commenta
tors over the ensuing decades, have dismissed lumbar 
inter-segmental rotation as minimal (Humphry, 1858; 
Lewin etat., 1962; Kummer, 198 1; Farfan, 1983; Putz, 
1985). Actual rotation is said to be produced through 
displacement of adjacent vertebrae which induces 
lateral shear forces within the intervertebral disc 
(Gregersen and Lucas, 1967), flexibility of the neural 
arch (Farfan, 1983; Stokes, 1988) and, to a lesser 
extent, by compliance of the articular surfaces 
(Lewin et al., 1962). 

At the TL], a 'close-packed' joint position may be 
achieved when the thoracolumbar colLlllln is exten
ded, as a result of the medial taper of the zygapophy
sial joints (Singer, 1989b) and the mortice-like disposi
tion of the articular surfaces and the mammillary 
processes (Topinard , 1877). This apprOximation 
WOUld, to coin Davis' (1955) description, act to 'lock' 
the TL] segments (Fig. 7.3). 

Biomechanics of spinal injuries at 
the TI) 

The TiJ has been the focus for many clinical and 
surgical reports, due to the high frequency of serious 
spinal trauma located within the lower thoracic and 
upper lumbar mobile segments (Rehn, 1968; Rostad 

et at., 1 969 ; Sch.morl and Junghanns, 1971; Denis, 
1983; Larson, 1986). In this context, the transition 
has been classically regarded as mechanically dis
posed to trauma; being less capable of attenuating 
axial and torsional stresses at a point of marked 
anatomical and mechanical change (Humphry, 1858; 

Macalister, 1889). The localization of injury to theTL] 
has been attributed to the difference in mobility 
between the thoracic and lumbar regions, given the 
tendency, during rapid hyperflexion, for the 'stiff' 
thoracic segments to act as a long lever, which pivots 
over the lumbar spine 0efferson, 1927; Levine et al., 
1 988). The majority of traumatic injuries at the TLJ 
involve the vertebral bodies, usually producing a 

compression or burst fracture (Rehn, 1968; Denis, 
1983; Lindahl et al., 1983; Willen et at., 1990). 

However, descriptions ofTL] injuries do not appear 
to have considered the influence that transitional 
variations of the zygapophysial joints might play in 
the mechanism of injury and the type of trauma 
sustained. As predicted, an abrupt transition pattern 
at the TLJ tended to localize trauma to these 
segments, particularly when rotation was a known 
contributor to the injury mechanism (Singer et at., 
1989c) (Fig. 7.6). 

Fig. 7.6 An illustration of the severity of trauma at the 

thoracolumbar junction , evidenced in a fracture dislocation 
at Tll-Tl2. Complete occlusion of the vertebral canal is 

evident through the anterior shear tra nslat ion of the 
proximal segments. A flexion/torsional force might be 
presumed to have effected the injury, producing the wedge 
compression fracture and fragmentation of the twelfth 
vertebral body. 
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Pathoanatomical changes at the 
thoracolumbar junction 

Osteoarthritic changes in zygapophysial and costo
vertebral joints occur most commonly at Tll-T12-
11; vertebrae which suffer the peak incidence of 
traumatic fractures in the thoracolumbar spine. Varia
tion in zygapophysial joint orientation and asym
metry atTl1-T12- 11 levels exceed that encountered 
in any other part of the thoracolumbar spine. The 
incidence of zygapophysial joint osteoarthritis is 
greater in the joints orientated more sagitally at 
T11-T12, where the variation in the zygapophysial 
angle is the greatest (Malmivaara et at., 1987a; Singer 
et aI., 1989a). However, zygapophysial joint osteo
arthritis is most frequent at TI2-U, where the 
zygapophysial orientation is typically more sagittaL 
Spondylosis, disc degeneration and Schmorl's nodes 
are most frequently encountered within TI0-Tl1-
T12 vertebrae. 

These findings suggest that all forms of 'anterior 
column degeneration', involving spondy losis, disc 
degeneration and SchmorJ's nodes, may be promoted 
through the reduced resistance to torsion at 
TlO-Tll-Tl2 (Markoif, 1972). Major or minor 
trauma causing axial compressional and tensile for
ces, coupled with torsion, may lead to anular 
ruptures and may cause disc bulging or strain at the 
anular insertions leading to spondylophyte formation. 
Schmorl's nodes can be produced in cases with 
compression trauma, any weakness of the end-plate 
being a predisposing factor (Schmorl, 1927; Malmi
vaara et at., 1987a, 1989). 

The relationship between zygapophysial joint ori
entation and osteoarthritis suggests that repeated 
torsional trauma or strain may well have a major role 
in the development of zygapophysial joint osteoar
thritis in the sagittally orientated zygapophysial 
joints. This model of torsional strain and its con
sequences on the anulus of the intervertebral disc, 
and the restraint to torsion by posterior joints, has 
been developed by Farfan et at. (1972). However, the 
findings in the thoracolumbar junctional region do 
not support the concept of a 'three joint complex' in 
which the pathoanatomical changes develop con
currently in the zygapophysial joints and in the discs. 
The independence of the anterior and posterior 
changes at the same intervertebral level may stem 
partly from the unequal distribution of mechanical 
stresses, especially torsional ones, which are dis
Sipated through the TIJ region. 

The pathoanatomical fmdings suggest different 
mechanisms in the origin of spondylosis and disc 
degeneration. Spondylosis at the margins of the 
vertebral body may be an enthesopathy at the 
insertion of the outer layers of anulus fibrosus. Disc 
degeneration may stem from the inner layers of the 
anulus or from damage to the epiphyseal plate. 

The fmdings showing concurrence of pathoana
tomical changes at different levels of the thor
acolumbar junctional region (Fig. 7.7) suggest that 
factors such as prolonged immobilization, excessive 
loads on the spine, constitutional weakness or 
metabolic causes may predispose to overall degenera
tion in the thoracolumbar junctional region in addi
tion to factors operating at a single level, e.g. trauma. 
The intervertebral disc is the largest avascular struc
ture in the body, receiving a blood supply only to its 
most peripheral regions (Williams and Warwick, 
1980), and disturbances in the nutritional metabolism 
of the discs could cause degeneration at affected 
spinal levels. Those factors that predispose to overall 
segmental joint degeneration probably have less 
influence on zygapophysial and costovertebral joint 
osteoarthritis than on disc degeneration and spon
dylosis. 

Veleanu et al. (1972) indicated that similar patterns 
of osteoarthritis are demonstrated in the lower 
thoracic zygapophysial and upper lumbar joint 
regions, due to these elements sustaining similar 
stresses. Lewin (1964) suggested that the thor
acolumbar mortice jOint morphology might predis
pose to the early development of osteoarthritis. This 
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c=J Least 
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_ Severe 

Fig, 7,7 A cranial-to-caudal shift in relationships between 
spondylosis, disc degeneration, costovertebral and zygapo
physial joint osteoarthrosis at the thoracolumbar junction. 
These patterns of degeneration may reflect the different 
segmental responses to wrsional strain within the disc and 
posterior joints and, additionally, the forces applied to the 
lowest ribs from trunk muscles. (Redrawn from Malmjvaara, 
1989) 
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observation was conflfmed for theTLJ by Malmivaara 
et al. (1987a) in an investigation of macerated 
vertebrae. However, histological examination of hya
line articular cartilage by Singer et at. (1990a) was 
unable to confirm an association between articular 
cartilage degeneration and tropism. Indeed, zygapo
physiaI joint tropism and the presence of well
developed mammiUary processes and mortice joints 
appeared to act in a protective way (Figs 7.3, 7.4). 

Davis (1955) suggested that the mortice joint 
morphology might act as an 'axis' for flexion forces, 
resulting in localized TLJ vertebral compression 
fractures. This theory may also relate to the high 
frequency of vertebral end-plate lesions (Schmorl's 
nodes) in this region (Resnick and Niwayama, 1978; 
Hilton, 1980) (Fig. 7.8). In the absence of marked 
torsionaI forces, usually producing fracture/disloca
tion trauma, the vertebrae appear to be more 
susceptible to intravertebral disc herniation through 
the end-plates. According to Malmivaara et at. 
(1987b), this patter n of end-plate injury appears most 
commonly in the lower thoracic vertebrae. 

Fig. 7.8 Lateral radiograpb from a 33-year-old male , show· 
ing multiple Schmorl's nodes through the inferior end'plates 

of TIl, Tl2 and LJ at the thoracolumbar junction. Bony 
laminar 'spicules' are noted projecting inferiorly in the 
region of the Ugamentum flavum at aU levels. 

The lower thoracic and upper lumbar vertebrae 
have been associated with a marked incidence of 
osteoarthritis of the zygapophysial and costovertebral 
joints (Shore, 1935; Nathan et al., 1964). Studies 
concentrating on pathologies involving the vertebral 
bodies and intervertebral discs of theTLJ (Malmivaara 
et at., 1987a ; Malmivaara, 1987a, 1987b, 1989) have 
helped to describe the pathoanatomic relationships 
between Schmorl's nodes, costovertebral joi.nt 
osteoarthritis, vertebral body osteophyrosis and inter
vertebral disc degeneration (Fig. 7.5). The thesis 
expounded by Malmivaara and co-workers supports 
the view that patterns ofTLJ degeneration are closely 
linked to the transitional characteristics of the anter
ior and posterior elements, and their respective 
capabilities for resisting torsional and compressive 
forces applied to this region. 

Clinical anatomy of the 
thoracolumbar junction 

In a !lumber of cases, transitional variations in 
zygapophysiaI joint orientation appeared at both 
thoracolumbar and lumbosacral junctions (Singer, 
1989a). The observation of multiple anomalies pres
ent at several transitional junctions has been docu
mented previously by Ki.ihne (1932), Schmorl and 
Junghanns (1971), MacGibbon and Farfan (1979) and 
Wigh (1980). This tendency has several implications 
for the clinical assessment and management of 
patients with spinal pathology. Schwerdtner (1986) 
found that patients with structural variations at the 
lumbosacral junction tended to show poor responses 
to manipulative therapy and recommended con
servative management in these cases. Similarly, Wigh 
(1979) noted that surgical patients with thoraco
Iwnbar and/or lumbosacral transitional variations 
were more likely to have inappropriate surgery. Wigh 
(1980) suggested that part of the difficulty in 
diag.nosing the symptomatic level appeared to stem 
from the incorrect identification of accessory ossifica
tion centres and vestigial ribs (Singer and Breidahl, 
1990a). 

Some clinical features and syndromes appear to be 
specific to the TL). For example , investigations 
reported by McCall et al. (1979) and Maig.ne (1980, 
1981) have suggested that irritation to the lateral 
branches of the dorsal ranli from the low thoracic and 
upper lumbar segments at the TIJ may be confused 
with low back pain syndromes, as these nerves 
become cutaneous over the buttocks and the region 
of the greater trochanter. A discussion on clinical 
pain syndromes related to the TIJ is presented in 
Chapter 10. 

Markolf (1972) has suggested, on biomechanical 
grounds, that the first segment above the transitional 
level with coronally orientated zygapophysial joints 
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would be more susceptible to torsional stress. This 
speculation could not be confirmed within the 
context of a preliminary study of T LJ spinal injuries 
(Singer et al. , 1 989c) . However, there is evidence that 
thoracic disc herniations appear more frequently in 
the lower thoracic segments compared with the 
middle and upper thoracic region (Chin et al. , 1 987; 
Ryan et al. , 1 988) . According to Bury and Powell  
( 1 989) , the incidence of thoracic d iscal herniation 
is approximately 4%. However, the rel ationship 
between level of lesion and the TL] transition may not 
be COincidental ; mechanical aetiologies are often 
implicated in the production of symptoms (Russell ,  
1 989) . 

Intra-articular synovial folds were demonstrated in 
the superior and inferior jOint ' spaces' of the TL] 
zygapophysial joints and, less frequently, at the 
middle third of the joint (Singer et al. , 1 990b). 
Investigations by Giles and Harvey ( 1 987) and Gron
blad and Virri ( 1 997) h ave clearly indicated the 
presence of free nerve endings in the substance of 
similar synovial folds within lower lumbar zygapophy
sial joints; therefore it  may be assumed that compres
sion or traction of these structures could prod uce 
pain . The specific morp hology of the TLJ zygapophy
sial joints appear to dictate the type and location of 
intra-articular synovial  folds (Singer et al. , I 990b). 
Therefore, forceful mobilization techniques that com
press or apply torsion to these joints may be 
provocative . 

From the foregoing discussion, it would appear 
that conservative treatment of painful d isorders 
arising from the TL] may be more app ropriate than 
some of the recommended mechanical therapies 
(Grieve, 1 98 1 ;  Singer and Gil es, 1 990). The clinical 
impression advanced by Lewit (1 986) that the T LJ is 
designed for rotation appears to contradict the 
anatomical and biomechanical studies reported on 
this region (Singer, 1 989b; Singer et al. , 1 989b). 

Summary 

A review of the anatomy of the TIJ reveals that, in a 
majority of the ind ividuals studied , the posterior 
elements of the TL] exhibit anatomical features 
consistent with reducing stress through an area of 
considerable morphological and functional variation, 
principally through a gradual transition in the orienta
tion of the zygapophysial  joints. This fmd ing chal
lenges the notion that the TLJ is necessarily a ' weak 
point '  of the vertebral column.  

It was evident that the conventional d escription of 
an abrupt transition produced a more demarcated 
pattern of segmental rotation and that this transition 
type was associated with a higher p roportion of 
severe spinal injuries. 

The TLJ represents the most variable of the 
vertebral transitional regions in terms of zygapophy
sial joint orientation, tropism and segmental level of 
transition. The mortice arrangement at the T l l -T I 2  
an d  T l 2 - LJ zygapophysial joints appears to limit 
rotation and extension. Examination p rocedures and 
any mobil izing interventions shou ld consider these 
factors for the effective management of patients 
with mechanical dysfunction at the thoracolumbar 
transition .  
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Thoracic neural anatomy 

G. J. Groen and R. J. Stolker 

The thoracic region is almost uniformly depicted as 
the most segmentally organized area of the human 
body. This implies that a systematic description of 
the thoracic spinal nerves and their branches may 
not seem so difficult. However, because of regional 
differences in adjacent structures and internal 
organs (e.g. ribs and costovertebral joints, heart, 
lungs, oesophagus, in addition to upper abdominal 
organs), not only the topography of the nerves but 
also the functional implication of thoracic pain is 
variable. It should be emphasized that pain in the 
thoracic area may arise from structures related to 
the thoracic spine (discs, spinal dura , nerve roots, 
costovertebral joints, myofascial structures, zygapo
physial joints) (Dreyfuss et at., 1994), but never 
forget that internal organs may also refer pain to the 
thoracic region. Even chronic abdominal pain 
related to thoracic disc herniation has been repor
ted (Whitcomb et at., 1995). Furthermore, as cardio
pulmonary surgery is performed with increasing 
frequency, iatrogenic sources of thoracic pain sec
ondary to operative procedures, varying from breast 
surgery to thoracotomies, must not be overlooked. 
Post-thoracotomy pain, in particular, is a vexing 
problem (Kirvela and Antila, 1992). After cancer 
operations, an incidence of up to 11 % of chronic 
post-thoracotomy pain has been reported (Keller et 
at., 1994), more commonly following chest-wall 
resection and pleurectomy. A number of these thor
acotomy procedures, such as large vessel inter
vention on the aorta, may even lead to disabilities in 
the function of the thoracic spine (paraparesis/ 
paraplegia). As an increasing number of patients are 
subjected to this so-called 'aortic-cross clamping' 
procedure (Gelman, 1995), in which the arterial 
blood supply of the thoracic spinal cord is at risk, 
the arterial blood supply will be dealt with briefly. 

Even therapeutic procedures for spinal pain, such as 

the percutaneous partial postelior rhizotomy, have 
been reported to lead to functional disturbances of 
the thoracic spinal cord, when performed using 
incorrect technique (Koning et at., 1991). 

The major (macroscopic) scheme of branching of 
thoracic spinal nerves is as follows (Fig. 8.1). The 
spinal nerve is formed by the united dorsal and 
ventral roots, just lateral to the dorsal root ganglion 
(DRG). It generally bifurcates into a larger ventral 
ramus, i.e. the intercostal nerve, and a smaller dorsal 
ramus for the supply of the dorsal structures (e.g. 
zygapophysial joints, intrinsic back muscles and 
overlying skin). The intercostal nerve gives off lateral 
and CUL'lneous branches supplying, respectively, the 
lateral and anterior wall of the thorax and the 
abdomen. The intercostal nerves are located in the 
area bounded by the internal and innermost inter
costal muscles, while those supplying the abdominal 
wall run in an analogous layer between the trans
versus abdominis and the internal oblique muscles. 
For further details, the reader is referred to standard 
textbooks. 

Just lateral to the DRG the spinal nerve is con
nected to the sympathetic trunk: by communicating 
rami. This scheme can be extended, particularly in 
relation ro the innervation of the thoracic spine, and 
this will be described in further sections. 

The thoracic spinal cord and 
topographical relations 

Unlike the lumbar spine, in the thoracic area protru
sions of intervertebral discs (see Fig. 5.16), which 
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Fig. 8.1 Schematic drawing of position and branches of thoracic spinal nerves in the back, thorax wall (right side of figure) 

and abdominal wall (left s ide of figure). I, spinal nerve; 2, ventral ramus of spinal nerve (intercostal nerve); 3, dorsal ramus 

of spinal nerve; 4, medial branch of dorsal ramus; 5, lateral branch of dorsal ramus ; 6, sympathetic trunk; 7, communicating 
rami; 8, lateral branch of intercostal nerve; 9, anterior cutaneous branch of intercostal nerve; 10,11 and 12, external, internal 
and innermost intercostal muscles; 13 and 14, external and internal oblique muscles; 15, transversus abdominis; 16, rectus 
abdominis. 

are infrequent (Skubic and Kostuik, 1991; Russell, 
1 992), generally do not lead to radicular symptoms. 
It should be noted that the main component of the 
thoracic vertebral canal is formed by the spinal 
cord. In the vertebral canal the spinal cord is 
bounded, from deep to superficial , by the sub
arachnoidal space bounded by the pia-arachnoid 
membrane, the spinal dura, the epidural space 
containing the internal vertebral venous plexuses 
and fatty tissue, by the dorsal aspects of vertebral 
bodies and intervertebral discs, the posterior longi
tudinal ligament (PLL), and dorsally by the ligamenta 
flava and the laminae of the vertebral arches. The 
intervertebral foramina and the superior and inferior 
articular processes articulating in the zygapophysial 
joints (,facet joints') occupy the lateral border of the 
spinal canal . 

In the cervical and thoracic areas in particular, 
pathological processes originating from or related 
to the surrounding tissues will affect spinal cord 
fimction if they protmde far enough into the verte
bral canal. These extramedullary (or extra-axial) 
pathological processes impinging upon the spinal 
cord will cause 'disturbances', i.e. loss of function, 
of the main ascending and/or descending tracts 
instead of the radicular signs and symptoms that 
occur more commonly in the lumbar region .  TOpo
graphical and somatotopical relations determine the 
type of functional loss below the level of the 
lesion. 

The location of the major tracts is as follows (see 
also Fig. 8.2): 

• The pain-conducting spinothala mic tract lies in 
the antero-Iateral part of the white substance, 
and is generally described as the antero-Iateral 
system (ALS) including its deep ascending fibres 
to the mesencephalon. Fibres derived from sacral 
segments ascend superficially; those from lumbar 
and thoracic levels more deeply. 

• Proprioceptive informat ion is mainly relayed via 

the so-called dorsal COI.UITUl -medial lemniscus 
(DCML), also referred to as the funiculus dorsa
lis-lemniscus medialis (FDLM) system, which is 
localized in the dorsal coluITUl. This system also 
shows a marked somatotopiC organization; sacral 
fibres ascend medially, lumbar and thoracic fibres 
more laterally. 

• The descending (lateral) corticospinal tract is 
located in the lateral fimiculus, and projects 
mainly to alpha and gamma motoneurons of the 
lumbar intumescence. Fibres directed to sacral 
levels descend more superficially (i.e. laterally), 
fibres to lumbar and (a minority) to thoracic 
levels descend more medially. 

Although the spinal cord contains more ascend
ing and descending systems , the majority of symp
toms are related to these three systems only, and 
will be described briefly. 
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4 

Fig. 8.2 Diagram of arterial blood supply of the spinal cord 
showing vascu lar territories and anastomosing circular 

arter ial ring between the anterior and posterior spinal 
arteries. 1, anterior radicular artery; 2, posterior radicular 
artery; 3, anterior spinal artery supplying the central area; 4, 
posterior (postero-lateral) spinal arteries; 5, anterior median 
fissure; I, amero-lateral system CALS or'spinothalamic tract'); 
II, corticospinal tract; Ill, funiculus dorsalis - lemniscus 
medialis system (FDLM). 

Symptoms caused by pathological 
processes 

Anterior compression of the cord 

As a consequence of the above, extra-axial patho
logical processes originating from the dorsal side of 
the vertebral bodies or intervertebral discs will finally, 
when compressing the anterior part of the spinal 
cord, lead to functional loss, i.e. loss of pain and 
temperature sensitivity in dermatomes below the 
level of the lesion; flfSt in the sacral area, followed by 
lumbar and thoracic levels. This is, however, not the 
complete story, as the first structures impinged upon 
are the PLL and the ventral spinal dura. Both 
structures have a rich innervation (see below) so, in 
the case of irritative leSions, referred pain may be a 
flfst symptom and appear prior to the onset of spinal 
cord compression symptoms. 

Posterior compression of the cord 

Although seldom reported, extra-axial pathology 
compressing the spinal cord dorsally will lead to a 
loss of FDLM functions below the level of the lesion. 
However, pain symptoms are rare, as the dorsal dura 
is poorly supplied by nerve fibres (see below). 

Lateral compression of the cord 

Laterally originating pathological processes, although 
very rare, may first lead to muscle weakness, hyper
tonia and reflex disturbances (Le. hyperreflexia and 
pathological reflexes) below the level of the lesion, 
caused by compression of the corticospinal tract. 
However, spinal roots and dural sleeves are often 
involved as well leading to related symptoms, includ
ing radicular pain and paraesthesia. At the level of the 
leSion, reflexes may be diminished or absent. 

Intramedullary lesions 

Finally, spinal cord lesions can also arise from within 
the spinal cord (intramedullary or intra-axial lesions), 
with similar symptomatology. Although differentia
tion between intra- and extramedullary spinal cord 
lesions is difficult without modern imaging technol
ogy such as high resolution magnetic resonance (MR) 
imaging, the symptoms themselves might give a clue 
about the origin of the lesion. For instance, as 
discussed above, pain is more common in extf'J.
medullary leSions, while intramedullary lesions may 
be painless for lack of nociceptors within the spinal 
cord. However, in traumatic lesions of the spinal cord 
and spinal tumours, painful sensations are frequent 
and troublesome sequelae of paraplegia and quad
riplegia (see below). Furthermore, central lesions in 
the spinal cord will first affect the deep ascending! 
descending fibres, and thus may lead to a sparing of 
superficially located fibres (e.g. the so-called sacral 
sparing, characteristic of thoracic syringomyelia). In 
addition, bladder function is affected earlier in intra
axial than in extra-axial disease (Rowland, 1991). 
Finally, although there is a high correlation between 
the level of spinal cord tumours in the thoracic region 
and the dermatomal level of sensory disturbance, it is 
important that further MR imaging is performed 
sufficiently cranially to indicate the limits of the 
compression (Hirabayashi et al., 1995). 

Spinal cord injury pain 

Following spinal cord injury, a large number of 
patients experience pain. Reported incidences range 
from 47-96% (yezierski, 1996). Although trauma
related pain from musculoskeletal, capsular, dural, 
radicular or visceral origin is to be expected, damage 
of the spinal cord itself may also be a source of pain. 
One of the most disabling syndromes after spinal cord 
injury is central dysaesthetic pain, defined as the 
presence of pain caudal to the site of injury for any 
period of at least 4 weeks post-injury, and usually 
starting within the first year (Davidoff et al., 1987). 
The prevalence of dysaesthetic pain is reported to be 
highest in patients with incomplete spinal cord 
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injuries, in comparison to patients with complete 
spinal cord injury, although some controversy exists 
(yezierski, 1996). 

Although understanding of the background of this 
centrally-originating pain resulting directly from 
lesions of the spinal cord is far from complete, recent 
findings, partly based on experimental animal models 
of spinal injury, have led to the following hypothesis 
on the cascade of post-injury reactions in the spinal 
cord (yezierski, 1996). Mechanical trauma and local 
ischaemia result in neuronal cell loss and a munber of 
neuronal changes occur, including axonal damage, 
axonal sprouting, changes in receptive field and 
neuronal excitability, changes in receptor up and 
down regulation, and reactive growth of glial cells. 
Loss of spinal nOciceptive neurones may create an 
imbalance in spinal and supraspinal sensory function 
between somatosensory and somatonociceptive 
input (Beric, 1993). Combined with a loss of segmen
tal and/or supraspinal and propriospinal inhibitory 
influences, spinal neurons may become hyperactive 
and are thus held responsible for producing par
aesthetic and/or dysaesthetic sensations referred to 
the affected dermatome (yezierski, 1996). In this 
respect, major emphasis is given to the loss of local 
GABA-ergic neurons, the decreased influence of 
descending monoaminergic pathways from the brain
stem and the changes in activity of the endogenous 
opioid and cholecystokinin (CCK) peptide systems 
(Xu et a!., 1994). Thus, the loss of local inhibitory 
control within the injured spinal cord, executed by 
local circuit inhibitory GABA-ergic neurons, con
tributes to the increased responSiveness of dorsal 
horn neurons and to the onset of painful reactions to 
non-noxious stimuli, i.e. allodynia. Similar mecha
nisms are also thought to appear in deafferentation 
pain. Future lines of research are mainly focused on 
these areas (for a more extensive review, see Yezier
ski, 1996) 

Arterial blood supply to the spinal 
cord 

The spinal cord is supplied by branches of segmental 
arteries, which enter the vertebral canal via the 
vertebral foramina and run as anterior and posterior 
radicular arteries along the nerve roots to the spinal 
cord, where they divide into ascending and descend
ing branches, which communicate in a longitudinal 
direction. Thus, one anterior spinal artery is formed 
ventrally, and two postero-lateral arteries dorsally. All 
arteries are interconnected with each other via 
horizontal anastomoses (the so-called vasocorona). 

The anterior spinal artery gives off horizontal 
penetrating branches into the anterior median fis
sure, which bifurcate and supply both anterior horns 
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and adjacent antero-Iateral white matter (including 
the spinothalamic and major part of the corticospinal 
projections) (see Fig. S.2). The remainder, including 
the FDLM, are supplied via perforating branches from 
the circular arterial ring. At nearly all levels anterior 
and posterior radicular arteries are present, although 
their pattern is not symmetrical; generally, left 
arteries predominate. Whilst the number of posterior 
radicular arteries exceeds that of the anterior ones 
(ratio 3.7: 1, ]ellinger, 1966), their diameter is gen
erally smaller - the posterior radicular arteries are no 
larger than 600 /lm (piscol, 1972). Furthermore, large 
anterior radicular arteries are more or less concen
trated around the lower cervical (C5-CS) and thor
acolumbar (T9-L2) spinal cord segments. 

The functional implication of this is that the spinal 
cord can be divided into areas with a rich and poor 
blood supply, with transitional zones. The upper 
cervical and lower lumbosacral segments in partic
ular should be regarded as 'water-shed' areas with a 
meagre supply (Piscol, 1972), and consequently these 
areas are at risk in situations such as hypovolaemic 
shock. Alternatively, richly supplied areas are at risk if 
the major supplying artery is damaged by trauma or 
c1uring surgery. Symptoms related to anterior spinal 
artery damage can be deduced from Fig. S.2: bilateral 
loss of pain and temperature sensitivity below the 
level of the lesion, spastic paraplegia, bilateral flaccid 
paralysis and reflex loss at the level of the lesion, and 
bladderlbowel dysfunction; without loss of proprio
ception or tactile discrimination. 

Arterial blood supply to the thoracic 
spinal cord 

The arterial blood supply to the thoracic spinal cord 
is mainly attributed to larger radicular arteries (diam
eter � 400 /lm) (Piscol, 1972) at the mid- and lower 
thoracic level, which originate from spinal branches 
of intercostal arteries. The largest radicular artery 
(diameter up to l.2 rum) is the a. radicularis magna 
(artery of Adamkiewicz). This anterior radicular artery 
originates in the majority of cases (> SO%) from the 
lower intercostal and upper lumbar arteries on the 
left side (T9 - L2) (piscol, 1 972) . 

Thoracolumbar spinal cord damage may result 
particularly from aortic cross-clamping procedures. 
Postoperative paraplegia caused by prolonged ischae
mia (long cross-clamp times, particularly those above 
30-45 minutes), resection of the artery of Adamkie
wicz or spinal cord reperfusion-effects by oxygen
derived free radicals has been reported in up to 40% 
of cases (GeIman, 1995). Since spinal cord perfusion 
pressure is equal to mean arterial pressure minus 
mean venous pressure or cerebral spinal fluid (CSF) 
pressure (depending on which of the two is higher), 
draining of CSF has been advocated in order to lower 
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the CSF pressure and allow more blood flow (Gel
man, 1 995). However, great controversy exists as 
experimental and human studies often do not pro
duce the same results. 

Furthermore, therapeutic procedures for spinal 
pain, such as percutaneous partial posterior rhi
zotomy, have been reported to lead to funct ional 
disturbances of the thoracic spinal cord (Koning et 
al., 1 99 1 ). Koning and colleagues attributed the 
ischaemic lesions of the spinal cord to a 'local steal 
phenomenon' induced by percutaneous partial poste
rior rhizotomy; however, in the current authors' 
opinion they are caused by a technically incorrect 
procedure . As the psychological implications of 
negative comments on these procedures must not be 
underestimated, an objective discussion is appro
priate . 

Koning and colleagues state that heat application 
leads to local hyperaemia and vasodilatation (Koning 
et al., 199 1 ). However, to be effective, the spinal 
arteries should be of considerable calibre. In the 
mentioned T4- T6 levels , the number of spinal 
arteries generally is low and their diameter is small 
(Piscol, 1 972), so a real 'steal phenomenon' seems 
unlikely. Furthermore, a local vasodilatation may 
increase the demands of the related artery from the 
supplying vessel ,  thus leading to an increase in flow 
distal to the artery, rather than a decrease. Moreover, 
even supposing such a local steal of blood occurs, 
both spinal cord arteries (anterior and posterior) 
would reallocate their blood. This would lead to a 
typical hypo perfusion syndrome in the border zone 
of their vascular territories (Bartsch, 1972) in which 
the symptoms would include, primarily, a lesion of 
the crossing spinothalamic nerve fibres, from both 
sides. Therefore, the unilateral symptoms described 
in both patients studied cannot be explained by 
hypoperfusion. Furthermore, the lesions of the spinal 
cord were reported to be one spinal cord segment 
lower than the level of rhizotomy. This is incorrect as, 
topographically, the affected segments of the spinal 
cord are located precisely at the level of the 
rhizotomies. Finally, a traumatic lesion of the local 
vasculature was reported as unlikely, since the lesion 
would then occur ipsilaterally and at the same level as 
the rhizotomy. This is difficult to understand. Ipsi
lateral lesions of radicular arteries may either result in 
hypoperfusion in both the anterior and posterior 
spinal arteries leading to a bilateral hypo perfusion 
syndrome (Bartsch, 1 972) or, in the very improbable 
case of a major anterior radicular artery, an anterior 
spinal artery syndrome , also with bilateral symmet
rical symptoms. 

It is therefore advocated that a high thoracic 
percutaneous partial posterior rhizotomy should not 
be performed following a latero-dorsal approach, but 
by a straight dorsal approach through a drill hole 
made by a Kirschner wire, as described by Stolker et 
al. ( 1 994a, 1 994b). 

Neural terminology 

A central position in the innelvation of the spine is 
taken by sympathetic structures such as the sym
pathetic tnmk and the rami communicantes, i .e .  the 
neural connections between spinal nerves and sym
pathetic trunk (Groen, 1 986; Groen et al. , 1987, 
1988, 1990). They are not only topographically 
related to the spine, but also serve as a neural 
pathway for vasomotor and viscero- and somato
sensory nelve fibres. Although the term 'sympathetic
afferent' is still used in various reports it should be 
abandoned as , by definition, the sympathetic system 
is a motor (efferent) system . It would be better to 
describe these fibres as 'viscero-afferent' or 'viscero
sensory' using sympathetic pathways. 

Direct connections of the sympathetic trunk to 
internal organs or prevertebral ganglia are defined as 
splanchnic nen'es. In the thoracic region large 
splanchnic nelves can be identified, known as the 
greater, lesser and least splancl1l1ic nerves, which 
contain pre- and postganglionic sympathetic and 
sensory nerve fibres supplying the upper abdominal 
organs (Kuntz, 1953; Mitchell, 1 953; Pick, 1970). 
Other visceral branches are directed towards the 
heart , lungs, aorta and oesophagus and are named 
accordingly (Hovelacque, 1 927). Pick (1970) 
observed a large number of thoracic splanchnic 
nerves forming regular plexuses, without specifying 
their target . Muscular, articular and vascular branches 
of the thoracic sympathetic tnmk are described by 
Mitchell (1953) in general terms and, in the monkey, 
in much more detail by Stilwell ( 1 956). In earlier 
studies (Groen et al., 1 987, 1990) segmental connec
tions of these thoracic splanchnic nerves have been 
determined, including nerve fibres to the costoverte
bral joints and anterior longitudinal ligament (ALL). 
Although by definition these types of branches 
should be named 'splanchnic', they will be described 
below as direct branches of the sympathetic tnlOk. 

The sympathetic outflow originates in the inter
medio-Iateral and medial column of the thoracic and 
upper lumbar spinal cord (C8-L2). These myelinated 
preganglionic fibres (diameter 1.5"':4 �m) emerge 
from the spinal cord through the ventral roots, join 
the spinal nerves at their prOximal start and soon 
leave, in white rami communicantes, to join either 
the adjacent sympathetic ganglia or their inter
mediate segments. After synapsing on the principal 
ganglionic cells, the urunyelinated axons of these 
ganglionic neurons (generally described as post
ganglionic fibres) may return to the spinal nerve in 
grey rami commlmicantes , usually joining the spinal 
nerve just prOximal to the white ramus, to be 
distributed to their target organs via the ventral and 
dorsal spinal rami. Furthermore, the postganglionic 
nerve fibres may leave the sympathetic trunk as 
medially directed splanchnic branches mainly to the 
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viscera, or as the above-mentioned direct branches 
towards the spine. Related to this thoracolumbar 
sympathctic omflow, it is usual 
communicating rami between 
whilst rami are 
that area. However, fusion of white and grey rami may 
occur, particula.rly in the thoracic region, and grey 
rami may contain myelinated soma to-efferent (motor) 
and somato-afferent (sensory) nerve fibres (Mitchell, 
1953; Pick, , 1970; Groen at., 1987, 
Williams 1995). Since often mixcd 

white and will DO! 
distingUished the following 
dealt with as 'rami communicantes'. 

Thoracic spinal innervation 

Much of systematiC of the 
spine has been extrapolated from the comprehensive 
description of that in the monkey by Stilwell (1956). 
He stated that it is obvious that only spinal structures 
that are innervated can act as a source of pain. As the 
ligamentum flavnm (Ashton 1992; Ahmed 
at., 1995a) the internal plexus arc 
known innervated, all 
spine mal' considered as source oj 
Free nerve endings have been demonstrated in the 
capsules of zygapophysial joints (pedersen et al., 
1956; Stilwell, 1956; Hirsch et ai., 1963; Jackson et 

ai., 1966; GHes et at., 1986: Yamashita et ai., 1990), 
and in I'LL and the fibrosus O{c'ofc, 
1940; Slihv·cll. 1956; Hirsch 963 ; Jacbol1 
at., 1966; Yoshizawa et (1/. Groen et 
1990). 

Recently many papers have appeared on the 
immunohistochemical identification of spine-related 
nerve fibres, all concerned with the detection of 
neuropeptides. Not only is still debate on 
significance function of pep tides bUl 
on their or absence spinal tissues, 
number peptides difficult to 
because of methodological difficulties. Therefore, the 
presence (but not the absence) of neuropeptides 
used as markers for nociceptive function is con
clusive (Cop pes et at, 1997). 

Currently, substance P-inUllUl HJreactive 
fibres known to in the sensory 
transmission modulation (nociceptive) 
impulse::. (Licsi et aI., 1983; Grbnblad et ai., 1991a), 
have been identified in the dura (Edvinsson et at., 
1983; Ahmed et ai., 1993b; Segikuchi et ai., 1996; 
Kumar et ai., 1996), the zygapophysial joints (Giles 
and Harvey, 1 wr'; EI-Bohy et 1988; Grcinblad et 
ai., 1991b; et at., 1992; Beaman et at., 
the PLL et ai., 1985; et ai., 1996) 
the intervertebral disc et ai., 
Coppesetai., 1990, 1997; Ahmed et ai. , 1991, 1993b; 
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Ashton et aI., 1994). Other markers have also been 
applied in identifying functional types of nerves, e.g. 
calcitonin gene-related (CGRP)-IR 
fibres have found in 
1985; lmal 1995; Kumar 1996), spinal 
dura (Segikuchi et al., 1996; Kumar et al., 1996) and 
intervertebral discs (Konttinen et ai., 1990; Ahmed et 
ai., 1991; Ashton et ai., 1994), whilst vasoactive
intestinal polypeptide (VIP)-IR nerve fibres have been 
identified marrow, spinal 
and intervertcbral discs et al., 1 
Ahmed et !993b), and hvdroxylase 
IR nerve in blood walls in 
periostcum, discs, spinal dura, spinal ligaments 
(Ahmed et ai., 1993b), and also in the PLL as vessel
independent nerve fibres (lmai et aI., 1995, 1997; 
Nakamura et at . 1996). 

The of the spine complex. To bllHd 
of all connections, not only regional 

studies (nlOS! which have performed in 
lumbar region) but also macroscopiC and microscopIc 
fmdings should be amalgamated. Much work has been 
done by dissection, with or without the aid of an 
operating microscope, intravital methylene blue, 
myeline 1956; Hirsch 1963) or 
staining et ai., 
1991 b). none of techniques 
provide evidence, as not nervous tissue 
stained exclusively. These objections can be overcome 
by applying a general neural marker staining method, 
such as whole-mount enzymehistochemistry for acet
ylcholinesteras(' (AChE) (Jackson et at., 1966; Balj('t 
and Dmkkcr, 1 �)7'5; Baker el 1 ')86; Tago et 
1986; Groen, Kojima et 990a, 1990b; 
et at., 1994, 1996a) or immnnoltistochemical detec· 
tion of the protein gene product (PGP) 9.5 (Thompson 
etai., 1983; Bleysetal., 1996b). Particularly when the 
specimens are relatively small, as in experimental 
animals or human foetuses, unique overall views can 
be obtained the origin of fibres up to 
plexiform in target organs 1986; Groen 
etai.,1990; etal., 1990a, 1990b). It should 
emphasized that AChE activity indication 
cholinergiC nature of neurons; noradrenergic nervous 
elements, for exanlple, are also stained. Consequently, 
somato-cfferent, pre- and postganglionic sympathetic 
and somato- and viscero-afferent nerve fibres are made 
visible. 

As the of conneoions within the pen ph· 
eral autonomic nervous system does not change 
Significantly betl.veen the foual period and the adult 
stage (Kuntz, 1953; Pick, 1970), and many findings in 
the adult coincide with those obtained in human 
foetuses (pedersen et at., 1956; Jackson et at, 1966; 
Groen et 1987), a comparison between the foetal 
and adult this respect valid. Thus 
connectivity neural paw�rns more or 
determined in life, although relative dimensions 
will be altered in ageing. 
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Considering an anatomical classification system for 
spinal pain, Steindler and Luck (1938) and, more 

recently, Bogduk (1983) distinguish between ventral 
and dorsal compartments, which are div ided by a 
virtual frontal plane through the dorsal wall of the 
intervertebral foramen. The ventral compartment 
contains the vertebral bodies , discs, ALL and PLL, 
ventral dura and prevertebral muscles; in the thoracic 
area, the costovertebral joints; and in the cervical 
area, the uncovertebral joints (Groen, 1991). The 
dorsal compartment contains the zygapophysial 
joints, the dorsal part of the dura and intrinsic back 
muscles and Hgaments, and, in the thoracic area, the 
costotransverse joints as well. This anatomical classifi
cation may seem somewhat artificial, but the major 
differences are due to the source of innervation. 
Ventral compartment structures are directly supplied 
by nerve fibres topographica lly and functionally 
related to the sympathetic trunk and rami commu
nicantes from both sides, whilst dorsal compartment 
structures are supplied via ipsilateral dorsal rami of 
the spinal nerves. The only dorsal compartment 
structure that does not seem to fit into this scheme is 
the dorsal spinal dura, since it is supplied via the 

ventral spinal dura and has a bilateral nerve supply. 
Furthermore, the extent of overlap of innervation is 
different; ventral compartment structures may be 
bisegmentally or multi segmentally innervated, whilst 
dorsal compartment structures are bisegmentally or 
monosegmentally innervated. This has implications 
for referral pain patterns. Moreover, they differ in 
therapeutic approach (see Chapter 13). 

Innervation of the ventral 
compartment 

Costovertebral joints 

Medio-ventral to the thoracic sympathetic trunks, 
regularly built networks of interlacing bundles of 
nerve fibres are found in the capsules and radiate 
ligaments of the costovertebral joints. Contributions 
to these costovertebral joint nerve plexuses are 
derived directly from small branches of the sym
pathetic trunks, and from para vascular nerves and 
perivascular nerve plexuses of intercostal arteries 
(Groen et aI., 1987) (Fig. 8.3). The costovertebral 
joint nerve plexuses are continuolls with the nerve 
plexus of the ALL and are easily differentiated from it, 
as the prevertebral ligamentous nerve plexus is 
predominantly longitudinally orientated. These obser
vations coincide with the fUldings in the monkey 
(Stilwell, 1956), where the existence of a para
vertebral autonomic nerve plexus is formed by 
communications between the spinal and sympathetic 
trunk ganglia , with branches to adjacent spina l 
structures. 

The contributions to the costovertebral joint nerve 
plexuses originate in adjacent parts of the sym
pathetic trunk in a regular segmentally organized 
manner, generally from the neighbouring sympa
thetic segment and the segment cranial to it (Stilwell, 
1956; Larnicol et aI., 1982; Groen et at., 1987). Thus 
it seems that the costovertebral joint nerve plexus is 
always supplied by at least two segmental levels, and 
that there is overlap in innervation. This is not 
surprising, in analogy to the dermatomal pattern 
characterized by overlap of neighbouring derma
tomes. A similar bisegmental pattern is also found in 
the zygapophysial joint innervation, derived from the 

Fig. 8.3 Ventro-lateral view of right mid-thoracic sym
pathetic tnmk. Costovertebral joint nerve plexuses , e.g. 
visible at location marked COg, co9 (head of rib 8, 9), are 
formed by direct branches of various calibre from the 
sympathetic trunk, with cOlll1ections to perivascular nerve 
plexllses of intercostal arteries . The nerve plexus is con
tinuous with nerves in the ALL (vertical shadow at the right 
side of the figure). Abbreviations: aic 10, 10th intercostal 
artery; cv, vertebral body; di, intervertebral disc; im, 
intermediate ganglion; nsm, major splanchnic nerve; T8,T9, 
sympathetic segment related to spinal cord segment T8-T9 
(see Groen et at. 1987). Human foetus, 22 weeks, AChE 
whole mount staining (x1 5), 
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adjacent segment and the one cranial to it (Pedersen 
et at., 1956; Stilwell, 1956; Lewin et al. , 1962; 
Bogduk, 1982; Bogduk et ai., 1982; Auteroche, 1983; 
Stolker et at., 1994c; Chua and Bogduk, 1995). 

Although in early human foetal material encapsu
lated and complex non-encapsulated endings have 
not yet developed, as they appear after the sixth or 
seventh month of development (Malinsky, 1959), 
type I and type II mechanoceptors and type IV 
nociceptor endings have been found (Vrettos anel 
Wyke , 1974; Wyke, 1975) in the capsule of costo
vertebral joints in the cat. Electrophysiological 
experiments suggest that afferent discharges from 
these mechanoceptors contribute to a reflex regula
tion of postural and respiratory muscle activity of 
paraspinal and intercostal muscles (Vrettos and Wyke, 
1974; Wyke, 1975). This would mean (hat the 
sympathetic trunk, in this respect, would serve as a 
pathway for soma to-sensory nerve fibres. However, 
since small to minute ganglia in the costovertebral 
jOin( nerve plexuses have been described (Groen et 
at., 1987), and recen( reports have appeared on (he 
sympathetic capsular nerve supply of other joints 
(Ashton et aI., 1992), (his does nor exclude an 
efferent sympathetic mechanism. 

pll 

4 
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Despite the distinct supply of costovertebral joints 
described above, these joints are seldom reported as 
a source of thoracic pain (Pascual et at., 1992). 

Anterior longitudinal ligament 

Throughout the entire spine , vertebral bodies and 
intervertebral discs are sWTounded by a continuous 
network of interlacing nerve fibres (Groen et at., 
1990). Ventrally this network comprises the nerve 
plexus of the ALL, present from the cervical to the 
lumbar level, and dorsally it comprises the nerve 
plexus of the PLL, continuous from the cervical to the 
lumbosacral region . At the level of the intervenebral 
foramina, the anterior and posterior nerve plexuses 
are connected to each other by medio-ventral and 
media-dorsal branches of rami communicantes, 
wh.ich corroborates the fUldings of Stilwell (1956) in 
the monkey. Thus the lateral border of the inter
vertebral disc is supplied by nerve fibres originating 
from the plexiform arrangement of branches from 
rami communicantes just ventral to the spinal nerve 
(Figs 8.4 and 8.5). However, according to Taylor and 
Twomey (1979) and Bogduk et ai. (1981), the lateral 
region of (lumbar) intervertebral discs is innervated 

cvTg 

/ 

Fig. 8.4 Cranio.<Jorsal view of the 9th thoracic vertebf'dl body (cvT 9), after removal of the vertebral arches by cutting the 
pedicle. Our of a ramus communicans branches arise, e.g. directed to the PlL nel-ve plexus as sinuvertebraJ nerves (arrows) 
and to the radicular branch of an intercostal artery (open arrows). Abbreviations: drg, dorsal root ganglion; pU, PLl nerve 
plexus; rc, ramlls communicans; tsg, sympathetic trunk ganglion. Human foetlls, 16 weeks, AChE whole mount sta ining (x9. 5). 
from Groen et al. (1990), with permission. 
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I/I · �  
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Fig. 8.5 Cranial  view of the plexiform arrangement of branches of rami communicantes, at the level of the 2nd thoracic spinal 
nerve , showing a sympathetic trunk ganglio n ,  the dorsal root ganglion with the dorsal and ventral roots,  and the ventral and 
dorsal ramus of the spinal nerve .  The med ial ramus communicans gives off branches, which bypass the spinal ne rve and dorsal 
root ganglion and join the dorsal rdmus of the spinal nerve and separate branches, i . e .  sinuvertebral nerves, to the PLL. 
Abbreviations:  drg, dorsal root ganglion;  rc, rami communicantes; rd , dorsal ramus of the spinal nerve; rdd ,  dorsal root;  rdv, 
ventral root ;  nn " dorsal ramus of the spin a l  nerve ; svn , sinuvertebra l nerves; tsg, sympathetic trunk ganglion; rv, ventral ramus 

of the spinal nerve . Human foetus,  16 weeks , AChE whole mount staining (x25) .  From Groen et al. ( 1 990) , with 
permission . 

by direct short branches arising from the ventral rami 
of lumbar spinal nerves.  

At the thorac ic level the ALL nerve plexus receives 
bilateral contributions from media-ventra l  small bran· 
ches of the sympathetic trunk, anterior bra nches of 
rami communicantes and perivascular nerve plexuses 
of intercostal arteries (Figs 8.6 and 8.7) .  The former 
·two sources are consistent with the data obtained by 
Stilwe l l ( 1 956) in the monkey and Bogduk et at. 
(1981)  in the lumbar region in humans . Branches of 
the nerve plexuses of the costovertebral joints run 

transverse ly and obliquely towards t ile nerve plexus 
of the ALL overlying the two adjacent verte bral bodies 
and vanish into this nerve plexus (Figs 8. 6 and 8.7) 
(Groen et at. , 1 987). Further contributions , although 
relatively rare, derive from interconnections between 
the left and right thoracic sympathetic trunks (Groen 
et al. , 1 990). 

The ALL is dense ly innervated throughout its entire 
length .  The bundles of nerve fibres in the ligament are 
connected to each other and form a regularly 
arranged longitudinal nerve p lexus (Figs 8.6 and 8 .7),  
which is consistent with the find ings o f  Stilwell 
( 1 956) in th e monkey and Jackson et al. (1966) in the 
l umbar region in humans. This arrangement is more 
evident at the leve l  of the in terverte bra l discs t han at 

the l evel of the vertebra l  bodies, where many 
transverse connections give the plexus a denser 
configuration (Fig. 8 .7) .  Bundles of fibres entering the 
nerve plexus at  the level of the vertebral body 
dichotomize repeatedly. Transverse nerve fibres are 
continuous with similar bundles from the con· 
tralateral side,  whilst ascending and descend ing 
nerve fibres continue into sinlilar bundles from the 
adjacent levels above and below the level of entry 
(Figs 8.6 and 8 .7) .  Fu rther branches from the ALL 
nerve p lexus pen etrate the vertebral bod ies along 
rad ialJy arranged blood vessels and · are given off 
towards the outer zone of the anulus fibroslls (Feriic , 
1 963 ;  Ra biscl10ng et al. , 1 978; Yoshizawa et al. , 1 980; 
Lang, 1 985 ;  Windsor et al. , 1 985; Groen et at. , 
1 990) .  

Thus t h e  AL L  nerve plexus overlying o n e  vertebral 
body is formed by b ra nches from both sympathetic 
trunks , ma inly originat ing from the neighbouring 
thoracic sympathetic trunk segment,  and from bran· 
ches of the costovertebral joint nerve plexuses arising 
from the sub· and superior sympathet ic trunk seg· 
ments (Groen et at. , 1 987) . The ALL nerve plexus at 
the level of the intervertebral d isc is supp lied by the 
two adjacent thoracic sympathetic trunk segments, 
the costovertebral joint nerve p lexus and , partly, from 
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Fig. 8.6 Detailed ventra l view of the mid-thoracic (T 6-8) 
ALL nerve plexus. At the leve l of the vertebral body, 
indicated by a dark area with a c lear cranial and caudal 
border zone , bu ndles of nerve fibres derived from the 
sympathetic trunks (not visi ble) and perivascular nerve 
plexuses run medially a nd d ivide in ascend ing, descending 
and transverse branches. Fu rther branches run longitudi
naUy and con t i nue i.nro similar branches of adjacent lower 
and upper leve l s ,  i.n front of the intervertebral discs 
(indicated by a grey zone). Abbreviations: aic, intercostal 
a rtery; cvT7, 17 vertebral body ; diT6_7 ,  T6 -T7 in te rvertebral  
disc; npl ,  perivasc u l a r  nerve plexuses.  H uma n foetus, 1 6  
weeks,  ACh E  whole mount staining (x24). 

the nerve plexus overlying the adjacent verte bral 
bodies (Groen et al. , 1 9 90). This segmental overlap 
corresponds with the observations in animals (Stil
well , 1 956; Forsythe and Ghoshal, 1 984) a nd in 
humans (Cloward, 1960; Edga r and GhadiaIJy, 1 976; 
Bogd uk et al. , 1 98 1 ) ,  and has implications for referral 
pain patterns re lated to the ALL (see below). 

Recenr retrograde tracer studies performed in rats, 
on the anterior part of lumbar intervertebral d iscs 
(Morinaga et al. , 1 996) , also support a multisegmeo
tal innervation,  in which the already described 
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Fig. 8.7 Tracing of the mid-thoracic (Ts _ .0 ALL nerve p le)oJs 

with the left and right sympathetic trunks .  The nerve plexus 
rece ives , mainJy at the level of the ve rtebral bodies, 

contribu tions from the sympathetic trunks, perivascu lar 
nerve p lexl.lses and costovertebral joint nerve plexuses .  The 
grey blocks indicate the position of the ve rtebral bodies. The 
white lines in the sympathetic trunks ind icate the thoracic 
sympathetic segments (see Groen et aI. , 1 987). A bbrevia

tions:  cvTs, T5 vertebral body; cvp l , costovertebral jOi.nt 
nerve pleJ,:uses; npl,  perivasculu nerve p lexuses ; lsd , right 
sympathetic lrunks; tss, left sympa thetic trunks.  From 
Groen et al. ( 1 990), with permission. 

ventral ' sympathetic'  ALL nerve plexus conceivably 
could be the neura l  pathway. However, in their study 

of a considerable number of animals ORGs showed 
no staining of transported tracer and, especially at the 
level of the injected intervertebral disc, the adjace nt 
ORGs remained negative (Morinaga et al. , 1 996). 
Although this cou ld be related to technical errors , not 
unusual in tracer stud ies , another explanation could 
be that organization of lumbar anterior disc innerva
tion is different from that on other levels .  Fur
thermore , it is not clear from their report if the ALL 
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innervation was investigated as well . Local labelling 
of neurons in the sympathetic trunk as found in our 
preliminary tracer study (Groen et al. , 1 990) was not 
described,  but may have d ivulged additional explana
tory information. In a second study by this group,  the 
importance of the presence of referred pain in 
derma to mal areas other than those related to the 
causative d isc was emphasized (Takahashi et aI. , 
1 996) . Whilst this could explain why patients with a 
degenerative disc in the lower lumbar segments 
occasionally complain of groin pain (Ll - L2 derma
tome), it is tempting to say that the described 
hypothetical neural mechanisms (Takahashi et al. , 
1 996) may not be restricted to the lower lumbar area,  
since there are no major differences in organization 
patterns between the cervical, thoracic and lumbar 
areas (Groen et at. , 1 990) . 

Origin and extensions of 
sinuvertebral nerves 

In the following survey it will become clear that the 
remainder of the ventral compartment is supplied 
by nerve fibres related to the junction of the 
sympathetic trunk and spinal nerves, i . e .  the rami 
communicantes , and that the dorsal compartment 
nerves partly originate in these rami . Since the rami 
communicantes and spinal nerve are connected in a 
plexiform manner, it is obvious that branches origi
nating in this meshwork may seem to originate in 
the spinal  nerve and/or rami communicantes. Those 
branches that re-enter the intervertebral foramina 
towards structures inside the spinal canal,  such as 

the PLL and spinal dura , are generally known as the 
recurrent meningeal or sinuvertebral nerves (Von 
Luschka, 1 850) . Ever since they were first described 
(Von Luschka , 1 850) there has been much debate 
about their origin; is it in the sympathetic trunk 
and/or in the spinal nerve? The sinuvertebral nerves 
have been reported to originate from both the 
spinal nerve and the sympathetic trunk or its rami 
communicantes (Von Luschka, 1 850;  Hovelacque, 
1 92 5 ;  Kaplan, 1 947 ;  Wiberg, 1 949 ;  Pedersen et al. , 
1 956; Stilwell , 1 956; Cloward , 1 960; Murphey, 1 968 ; 
Bogdllk et al. , 1981) ,  or to originate exclusively 
from the spinal nerve (Spurling and Bradford ,  1 939; 
Roofe, 1 940;  Bridge, 1 959;  Wyke, 1 970, 1 987; 
Brown,  1 977) .  Pedersen et al.  (1 956),  in the lumbo
sacral region, described that in only a few cases do 
the sinuvertebral nerves arise from rami commu
nicantes, while Bridge ( 1 959), in the thoracolumbar 
region, has observed many sympathetic fibres pass
ing through the intervertebral foramina independ
ently of the sinuvertebral nerve . Accord ing to 
Wiberg ( 1 949) and Pedersen et al. ( 1 956) a sym
pathetic contribution is not always present in the 

lumbosacral region,  while Kimmel ( 1 96 1 )  describes 
a sympathetic and spinal nerve contribution only 
after the stage of 47 mm (9 weeks), with an exclu
sively sympathetic contribution prior to this stage. 
Groen and colleagues'  work has revealed that a 
maximum of five (at least one large and several 
small) sinuvertebral nerves in one intervertebral 
foramen originate from one, sometimes two, rami 
communicantes close to the connection with the 
spina l nerve, j ust distal to the D RG and directly 
ventral to it (Figs 8.4  and 8 .5) (Groen et at. , 
1 990) . 

In the current authors' opinion, the above-men
tioned dillerences in fmdings are caused by differ
ences in methodology - i .e .  mainly gross dissection 
without a specific nerve stain and reconstructions 
based upon microscopic sections by which plexiform 
arrangements of small bundles of nerve fibres are 
difficult to recover (Wiberg, 1 949; Stilwell , 1 956; 
Bogduk et al. , 1981) .  Moreover, in gross dissection 
the comp licated origin of the sinuvertebral nerves 
hinders the establishment of the identity of these 
nerves (Stilwe ll , 1 956) . Also, the origin of the 
sinuvertebral nerves in the rami communicantes, 
close to the spinal nerve, interferes with a reliable 
identification in gross d issection. In many dissections, 
after removal of the dorsal part of the vertebral 
column and its contents the dorsal and spinal roots 
are retracted postero-lateral ly in order to expose their 
anterior aspects (Von Luschka,  1 850; Wiberg, 1 949;  
Pedersen et aI. , 1 956) .  Consequently, the sinuverte
bral nerves seem to continue into the spinal nerve , 
which gives the impression that the spinal nerve is 
the origin of these nerves.  

It i s  time to end this debate.  In view of the 
knowledge now obtained about the type of nerve 
fibres found in the PLL and spinal dura ,  the debate 
seems o nly to be a semantic ,  academic discussion. 
Sinuvertebral nerves do contain postganglionic sym
pathetic as well as somato- and viscero-sensory nerve 
fibres that follow sympathetic pathways (lmai et al. , 
1 997) .  Only in denervation studies (Nakamura et at. , 
1 996) is it important to know the exact location of 
the denervation .  

At the same location at which the sinuvertebral 
nerves originate, the rami communicantes give off 
branches to the dorsal ramus of the spinal nerve (Figs 
8 . 4 ,  8 . 5) .  The latter fibres pass the spinal nerve and 
the DRG both cranial ly and caudally. Some of these 
plexiform bundles of nerve fibres accompany the 
sinuvertebral nerves for a short distance and then 
turn dorsally towards the dorsal ramus of the spinal 
nerve (Fig. 8.5) .  This corroborates the fmdings of 
Stilwell ( 1956) in the monkey, and Dass (1 952) and 
Kikkawa et al. (1 978) in humans. Finally, further 
branches are given off towards the radicular branch 
of an intercostal artery (Figs 8 .4 ,  8 . 5) ,  important for 
intraradicular blood flow (parke and Watanabe , 1 985;  
Yabuki and Kikuchi,  1 995) .  
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Al though only one sinuvertebra l  nerve at each 
intervertebral foramen is described in many reports 
(Von LlIschka, 1 850;  Hovelacque, 1 92 5 ;  Spurling and 
Bradford, 1 939 ;  Roofe, 1 940;  Lazorthes et at . ,  1 947 ; 
Wyke, 1 970, 1 987; Bogdu k et aI. , 1 98 1 ) ,  it is now 
well  proven that there is more tha n  one nerve at  each 
level , vary ing from ' several' (pedersen et at. , 1 956) ,  
'minimally two' (Stilwell , 1 956) ,  ' two t o  four' (Kim
mel,  1 96 1 )  and 'up to six'  (Edgar and N Lmdy, 1 966) to 

'one or two large and one to four sma ll '  (Groen et at . , 
1 990) . The sinuvertebral nerves are said to be absent 
in other mammals, such as the dog and cat ,  accord ing 
to Forsythe and Ghoshal ( 1 984) .  However, as they 
used gross dissection and since observations in other 
mammals  such as the rat ,  by means of the AChE 

whole mount staining (Koj ima et at . , 1 990a , 1 990b), 
clearly showed the presence of these nerves , the 
assumpt ion of Forsythe and Ghoshal ( 1 984) should 
be abandoned . 

What is the destination of the sinllvertebral nerves' 
I t  is weU established that the sinuvertebra l n e rves 
ramify and form a nerve plexus in th e  PLL and 
contribute to a nerve plexus in the ventral sp ina l dura 
(pedersen et ai. , 1 956; Hirsch et aI. , 1 963 ;  Edga r and 
GhadiaUy, 1 976; Groen et aI. , 1 990) . However, 

descriptions of branching patterns and segmenta l 
extensions - important for referral pain patterns -
vary. As the larger sinuvertebral  nerves run parallel to 
the ventral rami of the spina l branches of the 
segmental arteries, which are directed towards the 
ossification centres of the vertebral bodies, many 
have an ascending and/or descending direction (Fig. 
8.8) and thus are connected with corresponding 
nerves from the neighbouring segments (Groen et 
ai. , 1 990). S inuvertebral nerves may also bifurcate or 
run transversely towards the other side (Figs 8 .8 , 8 . 9) .  
In many reports , general ly  on t h e  lumbar region, 
preferentia l branching patterns or regiona l patterns 
have been described (Von Luschka , 1 850;  Spu rl ing 
and Bradford ,  1 939; Roofe , 1 94 0;  Lazorthes et ai. , 
1 947 ;  Wiberg , 1 949 ;  Pedersen et al. , 1 9 56; Stilwel l ,  
1 956; Bridge , 1 959;  Cloward , 1 960;  Ki mmel, 1 96 1 ;  
Edgar and Nundy, 1 966; Wyke , 1 970, 1 987; Brown , 
1 977;  Bogduk et ai. , 1 98 1 ) .  

Although many o f  the observations may seem t o  be 
contrad ictory, d ifferences appear to be related to 
inter- and intra-i ndividual  variabil ity. In the study by 
Groen and colleagues (1 990), all types of branches of 
sinuvertebral nerves were found : short and long 
ascend ing , short and long descend i ng , bifurcating 
and transverse or ob lique crossing branches, includ
ing some intermediate forms. The larger sinuvertebra l 
nerves generally show a short ascend ing or descend
ing course to the respective superior leve l ,  or a 
bifurcation into an ascending and descend ing nerve 
to the next adjacent level .  Some sinuvertebral ne rves 
may be even longer and reach the next level above 
(Groen et ai. , 1 990), wi th consequent impl ications 

for segmental innervation patterns (see below). 
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Fig. 8.8 Dorsa-lateral view of the mid-thoracic (T4 -7) PLL 
nerve plexus after removal of the ped ic les and the spinal 
cord . The ventral spinal dura was removed by cutting i ts 
contributing nerves (') . Large and small sinuvertebral nerves 
enter 

'
the PLL nerve p lexus. A bifurcating large sin uverrebral 

nerve ( 1 )  is shown, as well as an ascending sinuvertebral 
nerve at  the l evel of T, w hich con tin ues into a large 

descending s in uvertebra l nerve from 1'1 (2) . Abbreviat ion : 
d rgT4, dorsal root ganglion. Human foetus, 22 weeks, AChE 
whole mount sta in ing (X 1 2) .  

Posterior longitudinal ligament 

In the intervertebral  foramen the larger sinuvertebral 
nerves,  with some para llel branches, pass the DRG 

ventrally. After entering the vertebra.! cana l ,  they 
ramify several times and give off bra nches that  
connect with similar branches from the other side 
and from adjacent levels  above and below the leve l of 
e ntry of the sinuvertebral nerves (Fig . 8 . 8) .  The 
smaller s inuvertebral nerves ramify exten Sive ly into 
slender bundles of nerve fibres and do not have a 
p referen tia l d irection. Thus a PLL nerve plexus is 
formed parallel to the outlines of the PLL, wh ich is  
mo re irregular than the ALL nerve plexus Oackson et 
at. , 1 966; Groen et at. , 1 990; Koj ima et at. , 1 990a, 
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Fig. 8.9 Tracing of the PLL nerve plexus showing large and 
small sinuvertebral nerves entering the vertebral canal at the 
level of the intervertebral discs (indicated by broken lines) . 
The PLL nerve plexus has a more irregular arrangement 
compared to the ALL nerve p lexus . One large sinuvertebral  
nerve (arrows) crosses obliquely to the other side. The cut 
pedicles of the vertebral  arches are indicated by asterisks. 

1 990b; Imai et aI. , 1 99 5 ;  Nakamura et al. , 1 996).  The 
nerve plexus is wider at the level of the intervertebral 
discs (Fig. 8 .9) than at the level of the vertebral body. 
It has been stated that the PLL has a rich nerve supply 
in comparison to the less developed innervation of 
the ALL (Gronblad et al. , 1 99 1 a) ;  however, Groen and 
colleagues' findings indicate that there is  no major 
d ifference in innerva tion density between the ALL 

and PLL (Groen et aI. , 1 990), although only comput· 
erized, quantita tive analysis can p rovide a defmitive 
answer (Bleys et aI. , 1 996a). 

Immunohistochemical studies in the rat lumbar 

PLL have revealed a superficial, bundled network 
with larger and small nerve fibres extending upward 
and downward in the PLL, and a deeper, dispersing 
network consisting of thin varicose nerve fibres 
confined to the intervertebral region (Kojima et al. , 
1 990a , 1 990b ; Imai et al. , 1 99 5 ,  1 997) . It was 
reported that, at least in the rat, the deeper network 
is mainly formed by nerve fibres which enter the 
spinal canal independently from the sinuvertebral 
nerves (Imai et al. , 1 995). These nerve fibres p rob· 
ably correspond with the smaller sinuvertebral 
nerves as d escribed earlier in human foetuses 
(Groen et al. , 1 990) . 

In their e legant AChE study of rats , Nakamura et 
al. ( 1 996) provided evidence for bilateral and multi· 
segmentally organized innervation of the posterior 

portion of lumbar intervertebral discs and PLL They 
found a profound dege neration of nerve plexuses in 
the dorsal aspect of lumbar intervertebral discs and 
PLL, following bilateral resection of the adjacent 
sympathetic trunks. Although their work was per
formed in rats, and they did  not provide insight into 
the origin of rats' sinuvertebra l nerves, they support 
the idea that disc and PLL innervating nerve fibres 
bypass sympathetic pa thways , as stated earlier 
(Groen et al. , 1 990; Stolker et at. , 1 994d) . However, 
a direct interp retation of all their fmdings must be 
handled with care for, since they descr ibed 'a deep 
nerve network' related to the posterior interverte
bral disc and 'a superficial network' related to the 
PLL, the deep network cou ld still be related to the 

PLL, which is attached to the intervertebral disc 
precisely at this location (Pres tar and Putz, 1 982). 
Further observations of a deep nervous network in 
the PLL were d escribed in the rat (Kojima et at. , 
1 990a, 1 990b; Imai et at. , 1 99 5 ,  1 997) and the 
rabbit (Cavanaugh et at. , 1 995) . Moreover, after the 
sympathetic trunk resection , tlleir figures st ill show 
the presence of larger ascending and descend ing 
nerve fibres parallel to the margins of the PLL, 
resembling the large sinuvertebral nenres described 
earlier (Groen et aI. , 1 990) . Finally, their semi
quantitative measurements were only confined to 
the transverse nerve fibres in the deep network. 

The fmd ings by Cavanaugh et al. (1 995) also fit 
well with the above-mentioned description of the 
PLL nerve p lexuses in humans (Groen et aI. , 1 990) . 
In their silver impregnation study in lumbar d iscs in 
the rabbit , an extensive distribution of fine nerve 
fibres (1 - 3 1Jl11) and some encapsulated end ings 
were found in the superficial parts of the anulus 
fibrosus and adjacent PLL attachments . At the 
regions where the ALL and PLL are in contact with 
the anulus fibrosus,  a larger population of nerve 
fibres was observed.  The PLL showed a dense 
superfiCial network of large , branching nerve bun
d les (4 - 8  pm in diameter) , with small d iameter 
( 1 - 2 1Jl11) nerve tlbres in d eeper layers of the liga
ment (Cavanaugh et al. ,  1 995) .  

The many cranio-cauda l a n d  transverse connec
tions between the nerves,  found at every level of 
the spine and not only the thoracic area (Groen et 
al. , 1 990), provide an explanation for the observed 
pain patterns after mechanical stimulation of the 
PLL during operations under local anaesthes ia 
(Wiberg, 1 949; Cloward , 1 960; Murphey, 1 968) and 
for referred pa in patterns seemingly outside the 
normal referral areas (Takahashi et al. , 1 996) .  As 
stated by Edgar and GhadiaUy ( 1 976) ,  it is evident 
that this ligament might be responsible for much of 
what is called discogenic pain, since it is anatom
ica lly the first structure outs ide the anu lus fibrosus 
impinged upon by a d isc protrus ion . 

Many studies have identified nerve fibres in the 
outer zone of the anulus fibrosus (Pedersen et al. , 
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1 956; Rabischong et at. , 1 978; Yoshizawa et at. , 
1 980 ; Bogduk et at. , 1 98 1 ; Windsor et at. , 1 985 ; 
Konttinen et at. , 1 990 ; Coppes et at. , 1 990, 1 997;  
Ahmed et at. , 1 99 1 , 1 993b ;  Gronblad et at. , 1 99 1 a ;  
Ashton e t  at. , 1 994; Cavanaugh e t  at. , 1 995 ; Naka
mura et at. , 1 996). A definite nociceptive role for 
these nerve fibres has been described as uncertain, 
as Korkala et at. ( 1 985) could not find substance 
P-immunoreactivity in the intervertebral discs. More 
recently, at least in the lumbar spine , more indica
tions for primary discogenic pain have been found 
(Konttinen et at. , 1990; Coppes et at. , 1 990, 1 997;  
Ashton et at. , 1994 ; Kaapa et at. , 1 994). In contrast, 
according to Cyriax ( 1 94 5 ,  1 978), the dura mater 
should be a more important strucnlre in this 
respect, although this is questioned by Kumar et at. 
(1 996), whiJst  Weinstein et at. ( 1 988a , 1 988b) and 
Gronblad et at.  ( 1 99 1 a) emphasize the role of the 
DRG. 

It can be concluded that, in the thoracic area -
and other regions of the spine show the same 
pattern (Groen,  1 986; G roen et at. , 1 990) - the PLL 
receives a biJateral nerve supply with many cranio
caudal connections.  Consequently, in concordance 
with the find ings of St i lwell ( 956) in the monkey, 
the PLL nerve plexus overlying one vertebral body 
predominantly receives contributions from two spi
na.! segments by the adjacent sinuverte bral nerves 
from both sides. I n  the case of a long ascending o r  
descending sinuvertebral nerve, more spinal seg
ments are involved, but never more than two 
cranial or two caudal to the level of entry. In  
general,  the PLL nerve plexus overlying one inter
vertebral disc receives bilateral contributions from 
three spinal segments, via the neighbouring, supe
rior and inferior sinuvertebral nerves. Aga i n  here, in 
the presence of a long ascending or descending 
sinuvertebral nerve , more spinal segments are 
involved (Groen et at. , 1 990,  1 99 1 ,  1 992 ; Stolker et 
at. , 1 994d). Furthermore, the current autllOrs have 
not foun d  a basi s for Wyke 's claim ( 1 970) that 
intersegmental connections between the nerves 
supplying contiguous segments are absent in the 
thoracic regio n ,  s ince overlapping innervation areas 
were demonstrated at  every level of the spine 
(Groen et at. , 1 990). As h as already been depicted 
by Stilwell ( 1 956), such an overlap of innervation 
could conceivably play a part in the d ifficulty of 
accurate localization of pa in arising from the PlL or 
caused by any structure that impinges upon the 
ligaments . 

Fi nally, one to three branches arise from the 
primary bra nches of the larger sinuvertebral nerve s  
a n d  run dorsa lly towards the ventral spinal dura 
mater as spiralling nerves (Fig. 8. 1 0) .  Another sup
ply to the ventral  spinal d u ra is provided by small 
spiralling nerves originating from the PLL nerve 
plexus (Fig. 8 . 1 0) ,  which cross the epidural region 

in accordance with the results of Edgar and Gha-
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Fig. S.lO Dorsal view o f  the upper dloracic (T2-7) verrebral 

canal after complete laminectomy by cutting the pedicles of 
the vertebral a.rches and removal of the spinal cord by 
cutting the ventra l and dorsal roots . The ventral spinal d ura, 
of which the lateral , cut, margins are visible as dark lines 
(open arrows), shows a dense longitudinal nerve plexus in 
sharp focus.  Its contri buting nerves are derived from 
primary branches of sinuvertebral nerves, which lie deeper 
and somewhat out of focus, as dorsally d irected spiralling 
nerves (arrows) and from lie PLL nerve p lexus itself (arrows 
plus asterisks) . Abbreviations: drgT G, dorsal root ganglion ;  
rrT2 , ventral and dorsal roots; svnT6, sinuvertebral nerves.  
Human foetus, 22 weeks, AChE whole mount staining 

(x9) 

dially (1 976). The Pll nerve plexus gives off further 
branches to the blood vessels of the vertebral 
bodies, epidural blood vessels and the outer layers 
of the anulus fibrosus (Pedersen et at. , 1 956; Stil
well , 1 956; Groen et at. , 1 990) . 
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Spinal dura 

It is generally agreed that  the sp ina l dura is supp lied 

by the sinuvertebral nerves or i ts primary branches 
and that this nerve supply is more or less confmed 
to the ventral spinal d ura (Hovel acque , 1 92 5 ;  
Kap l a n ,  1 94 7 ;  Lazorthes e t  at. , 1 947;  Pedersen et 
at. , 1 956;  Stilwell , 1 956;  Kimmel, 1 96 1 ;  Edgar a nd 
Nundy, 1 966; Edgar and Ghadially, 1 976; Brown, 
1 977;  Groen et at. , 1 988;  Segikuchi e/ at. , 1 996) . 
Dorsal rec urrent nerves directed to the dorsa l spinal 
dura were observed by Stilwell (1 956) and Kimmel 
(1 96 1 )  and were mentioned by Edgar and Ghadially 
( 1 976) . However, in a study by Groen et at. ( 1 988) 
these nerves could not be identified,  although these 
structures co uld have been missed by the d issec
t ional approach .  

Fig. 8. 1 1  Dorsal view o f  the upper thoracic (T2 _ 6) ven tra l 
spinal dura ,  with dural sleeves surrounding the roots (rr) of 
the spinal nerves . Spiralling nerves , which have been c u t  
during t h e  removal of t h e  dura , are visible a t  a ll levels,  
indicating th eir connections with the sinuvertebral nerves 
and the PLL nerve plexus (arrows in righ t figure) . The 
ventral spinal d ura nerve plexus is primarily longitu dinally 
arranged with many interconnections between the nerves. 
The nerves in the ' i ntersJeev a l '  parts of the d u ra pass to the 
dorsal spinal dura. The right figu re shows a tracing of this 
ventral spinal d u ra nerve plexus. The ' intersleeval' parts of 
the dura a re indicated by asterisks. Human foetus, 22 weeks, 
ACh E  whole mount staining (x 1 3) .  

Further input in the ventral d ural nerve plexus 
comes from spiraUing branches from the PLL nerve 
plexus (Edgar and G hadially, 1 976; Groen et at. , 1 988, 
1 990) and by connections with the perivascular 
nerve plexus of radicu lar arteries at the dura l sleeves 
(Fig . 8 . 1 3 B) .  The spira lling appearance of the sup p ly
ing nerves seems to provide an adequate adjustment 
for the well-known displacement of the spina l d ura 
during flexion - extension movements (Lang, 1 985;  
Tencer et at. , 1 985). These nerves have also been 
observed in the adult  spine (Groen , unp ublished 
observation). The 'anterior elural  ligaments ' ,  descri
bed by Lang (1 985) and Tencer et at. (1 985) as 

connections between the ventral sp inal dura and the 
PU, may serve as ' conductive ' tissue for the supply

ing nerves. 
In the ventral spinal du ra the supp lying nerves 

bifurcate in ascending and descend ing branches of 

various lengths (Figs 8 . 1 0 , 8 . 1 1 , 8. 1 2) ,  which ramify 
extenSively in a mainly longi tud ina l d irection , 
although transverse branches a lso ex ist (Groen et at. , 
1 988) . The nerve fibres may [lm along dural blood 
vessels ,  but a large number nm independently from 
blood vessels (Fig .  8. l 3A,  C) with many inter
connections in the dural nervous network. Connec
tions with similar dural nerves are not restricted to 
the thoracic levels,  but are present throughou t the 
whole length of the dura (Groen et at. , 1 988) . This 
corresponds with the fmdings of Kimmel (1961) ,  
Edgar and Nundy (1 966) a n d  Jackson et al .  ( 1 966) . 

The dorsal sp ina l dura has a meagre nerve supply 
to the lateral quarters, whilst the med ial  half is devoid 
of nerves (Fig. 8 . 1 30,  E). This exp l ains why no pain is 
elicited on pierc ing the d orsal medial spinal dura in 
procedures such as lumbar puncture (Cyriax, 1 94 5 ,  
1 978). The dorsal dural nerves are derived from the 
ventral d ural nerve plexus at the inters!eevaI parts, 
anel do not form an evident nervous network (Fig. 
8 . 1 3 0). Furthermore , some branches supp ly the 
dural  sleeves.  

The dural nerves have been described as sensory 
(nociceptive) (Kimmel , 1 96 1 ;  Edgar and Nundy, 
1 966; Edgar and Ghad iaUy, 1 976; Wyke, 1 987), which 
is consisten t with both their small size and the 
presence of free nerve endings Oackson et at. , 1 966), 
and with the recent demonstration of substance 
P-immunoreactive fibres in the spi.nal dura (Edvinsson 
et at. , 1 983;  Segikllchi et at. , 1 996) . Another portion 
of the dural nerves is considered to be vasomotor 
(sympa thetic) (Pedersen et at. , 1 956; Stilwell et at. , 
1 956;  Ahmed et at. , 1 993b).  However, a vasosensory 
role can not be excluded (Norregaard and Mosko
witz, 1 985 ;  Groen et at. , 1 988) .  

Thus, a lthough Bridge ( 1 959) was n o t  a ble to 
detect any dural nerves in the sp inal dura of the cat , 
dog and humans,  it is an undeniable fact that the 
spinal dura is innervated in h umans (Kimmel, 1 96 1 ;  
Edgar and Nundy, 1 966; Jackson e t  at. , 1 966 ; Cuatico 
et at. , 1 988; Groen et al. , 1 988) (as represented in 
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Fig. 8.12 Drawing of a major dural nerve showing its 
primarily cran io-caudal or ien ted branching pattern. The 
levels of the spinal roots as they pass the dural sleeves (open 
double arrows) are considered as segments. At variolls levels 
(indicated by broken lines, see arrows) connections with 
adjacent dural nerves ex ist . The cranial extension of this 
dural nerve reaches lip to two and a half segments, the 
caudal extension up to four segments . 
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Fig. 8. 1 3E) and in the rat (Ahmed et at. , 1 993b;  
Segikuchi et al.,  1 996) . Very recently, however, all. 
intriguing study appeared in which , at least in the rat ,  
the functional Significance of spinal dural nerves in 
the pathogenesis of spinal pain was questioned 
(Kumar et at. , 1 996) . I n  primalily the ventral parts of 
the cervical and lumbar spinal dura in rats they found 
relatively few CGRP and SP-IR nerve fibres and mast 
cells (identified by serotonin) , compared to a rich 
neuraI network and all. abundant mast cell population 
in the cranial d u ra .  However, a rich CGRP-positive 
network was identified in the PLL and the so-cal led 
' perid ura l membrane ' .  Furthermore, in the spinal 
dura , nerve fibres associated with blood vessels were 
not observed . Their assumptions are based upon a 
supposed parallel in pathophysiology between the 
vascular headache as described by Moskowitz ( 1 984) , 
in which dural CGRP and SP-IR trigeminovascular 
nerve fibres and degranulation of mast cells play a 
central role, and the spinal dura-related pain . It was 
concluded that the spinal dura is relatively insensitive 
and may not be implicated i n  the pathogenesis of 
spinal pain (Kumar et at. , 1 996) . The clinical entity of 
distinct dural referred pain as caused by meningitiS 
was, strangely enough , not discussed . Although the 
existence of spinal dural innervation per se was not 
denied they emphasized the relative lack of CGRP 
and SP-IR nerve fibres, which is in contrast to the 
findings of Segikuchi et al. ( 1 996), who did find 
CGRP and SP-IR nerve fibres in the rat spinal dura , 
and the observations by Ahmed et at. ( l 993b) 
concerning the rat ,  Stilwell ( 1 956) concerning the 
monkey and Kimmel ( 1 96 1 ) ,  Edgar and Nundy ( 1 966) 
and Groen et at. ( 1 988) concerning h u mans . As 
described earlier, Groen and colleagues found irrefu
table evidence in human foetuses for spinal dural 
innervation at all levels by identifying a large network 
of AChE-positive nerve fibres in the ventral dura, both 
perivascular and not associated with blood vessels 
(Groen et at . ,  1 988). The differences described could 
therefore be related to interspecies variety aDd 
perhaps to regional differences, since the thoracic 
area was not described by Kumar et at. (1 996) . 

Furthermore, AChE staining for peripheral nerves is  
to be considered as a general neural  marker with an 

. almost complete overlap in nerve staining with the 
immunohistochemical staining for PGP 9 . 5  (Tago et 
at. , 1 986; Bleys et at. , 1 994 ; Matth ijssen et at. , 1 994).  
Therefore, since the CGRP and SP-IR nerve fibres 
should be regarded as a sub-population, a lot of the 
spinal dura nerve fibres should still be regarded as 
sensory or sympathetic (Ahmed et at. , 1 993b). 
Unfortunately, the perivascular dural nerve fibres 
identified by the current authors (see Fig . 8 . 1 3C), 
which probably contain CGRP-IR nerve fibres, were 
not reported in the study of Kumar et at. (1 996). This 
could again be related to interspecies variation . 
However, their conclusion that the pattern of spinal 
dura innervation was similar  to that of the PLL nerve 

Copyrighted Material



J 30 Clinical A natomy and Management of Thoracic Spine Pain 

Fig. 8 . 1 3  Details of spinal dura nerve plexus .  
(A) Montage of  photographs with different 
optimal focus showing a de tailed view of the 
ventral spinal  dura nerve plexus .  At various 
levels,  adjacent dural  nerves are intercon
nected with each other (open arrows) . The 
dura l  nerves branch extensively before d ivid
ing into terminal b ranches (smaU a rrows) . The 
size of the branches varies between I and 
1 0  J.lm .  Human foetlls ,  22 weeks, AChE whole 
mount staining (x8 1) .  (B) Deta iled view of the 
roots of a thoracic spinal nerve (T 1 0) . Small 
branches (arrows) of the perivascular nerve 
plexus of the accompanying rddicular artery 
are connected [Q the ve ntral spinal dura nerve 

plexus, medial [Q it .  Abbreviations: rr, dorsa l 
and ventra l  roots; rraic, rad icular artery; dm , 
ve ntral spinal  dura nerve plexus. Human 

foetlls, 20 weeks , AChE whole mount sta ining 
(x27), (C) Detail ed view of dural nerves, 
perivascular (") as  well as in dependent from 
blood vessels .  Note the very small ( l -J.lffi 

diameter) terminal nerve fibres (arrows). 
Hlunan foetus, 20 weeks, AC h E  whole mount 
staining (x96) . (D) Deta iled view of the lateral 
quarter of the dorsal  dura, sh owing a sca rCity 
of dm-a l  nerves, partly running along blood 
vessels (0) . Human foetus, 1 7  weeks, AOtE 
whole mount staining (X79) .  (E) Schematic 
dorsa l view of the spinal  dural nerves, in 
which the spi.nal dura is represented as a 
cylinder with dural sleeves. The rich veorral 
spinal dura nerve plexus is partly supplied by 
branches fro m the petivascular  nerve plexus 
of radicular a rteries, and gives off some 
branches to the lateral parts of the dorsa l 
dura .  The middle two quarters of the dorsal 
dura are devoid of nerve fibres. I ,  ventral 
spinal dura nerve pIeXt.IS ;  2,  lateral parts of 
the dorsal d ura; 3, dural sleeves; 4 ,  perivas
cular nerve plexus of rad icular arteries. 
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plexuses is erroneo us (Figs 8 .9 - 8 . 1 3),  as is their 
statement that the spinal dura was not dissected from 
the PLL completely (Kumar et al. , 1 996) . An alter
native exp lanation for these different fmdings could 
be their description of CGRP and SP-IR nerve fibres in 
the so-called ' peridural membrane' .  This structure has 
been described in humans (Wiltse et Cli. , 1 993), and it 
may parallel the posterior vertebral periosteum . Its 
significance in rats n eeds further verification,  for 
detailed descriptions of the ' perid ural  membrane'  
have not yet appeared in new editions of standard rat 
anatomy textbooks (Greene, 1 963;  Hebel and Strom

berg, 1 976) 

Segmental innervation patterns 

As a result of the longitudinal orientation of the dural 
nerves, which may ascend and/or descend up to fou r  

segments cranial or caudal to  the level of entry in  the 
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d u ral plexu s (Fig. 8. 1 2) ,  a justifiable conclusion is that 
dural nerves may spread over up to nine segments 
and that a great amount of overlap exists between 
adj acent dural nerves (Groen et ai. ,  1 988, 1 991 ; 
Stolker et al. , 1 994d) .  This has already been partly 
described by Edgar and Nundy ( 1 966) , although their 
reported segmental expansion of dural nerves did not 
exceed three segments (one to two caudal, one 
cranial). 

Based upon the expans ion and overlap of the dural 
nerves it cou ld be postul ated , in paralle l with the 
study of Gill ette et al. ( 1 993) in the cat, in which a 
neu rophysiological convet-gencc: on wide dyna mic 
range neurons in the poste rior horn was observed, 
that there is a convergence of multilevel dural 
innervation on restricted spinal segments (Groen et 
ai. , 1 988, 1 99 1 ;  Stolker et al. , 1 994d) as depicted in 
Fig. 8. 1 4 .  As a consequence, irritation of the spinal 
dura at one particular level (for instance T9), which 
has led to nociceptive stimulation, may have entered 

DURA LEVELS 
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Fig_ 8.14 Diagram of hypothetical convergence of multilevel dural in nervation on restricted spinal segments ,  based upon the 
expansion of spinal dural nerves (maximally nine segments) and overlap of neighbouring dural nerves . Adjacent spinal cord 
segments receive comparable convergence , e . g .  on segme nt (X - I) neural input from spinal d ural levels (X - 5) - (X  + 3) may 
converge. (After Groen , 1986; Groen et ai. , 1 988.) 
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the spinal cord at many levels (up to about nine ;  in 
this case T5 - U ) .  Furthermore, as referral of pain to 
dermatomes is restricted to derma tomes of spinal 
segments in which the nociceptive input arrives, it 
implies that mono level d ural irritation may lead to 
referred pain in skin areas distant from the original 
site (Fig. 8. 1 5) .  The c linical e ntity of this type of dural 
pain has been recognized by Cyriax (1 978), although 
it was described erroneously as ' extrasegmentally 
referred dural pain ' ,  which is in fact a contradiction 
because referred pain is always a segmental process I 
In view of the knowledge now obtained, the term 
' multisegmentally referred dural pain' is preferred . 
This divergence of monolevel dural innervation to 
multiple segmen ts of the spinal cord may be a 
common clinical feature ;  for example, in cervical 
intervertebral disc herniation patients generally a lso 
complain of pain in the interscapular region. 

It will be evident that suc h processes of con
vergence and divergence could conceivably play a 
role in referred pain mechanisms related to the nerve 

supply of the ALL, PLL, vertebral bodies and inter
vertebral discs . In these cases segmental innervation 
patterns are also important,  as schematized in Fig . 
8. 16 .  Furthermore , segmental referral of pain origi
nating in the viscera and projecting into the thoracic 
spinal cord segments should a lways be considered by 
the clinical investigator (Fig. 8 . 1 7) .  Al though visceral 
pain is generally referred to well-known segmental 
areas, atypical projection of pain may appear (Hansen 
and Schliack , 1 962) . For example,  heart ischaemia 
leads to angina referred to the left ventral thorax and 
left arm (dermatomes CB- T7), but the pain may 
sometimes be projected to the dorsal side of the 
thorax, comparable with pancreas-related referred 
pain (Hansen and Schliack, 1 962 ; Lang and Wachs
muth,  1 982). Finally, as will be described in more 
detai l  below, zygapophysia l  joints have a bisegmental 
innervation;  the capsule  of a particular zygapophysial 
joint is supplied by branches of the dorsa l ramus of 
the upper segment and one more cephalad level 
(Stolker et al. , 1 994c; Chua and Bogduk, 1 995). 

DURA LEVEL SPINAL CORD 
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Fig. 8. 15 Diagram of hypothetical divergence of monolevel spinal dural innervation to multiple spi nal  cord segments (up to 
nine) and related overlapping derma tomes, depicted for spinal ve ntral d u ra at level T9 (after Groen, 1 986; Groen et at. , 
1 988.) 
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LEVELS X-4 X+4 
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ANT.  BODY X+ I 
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FA CET 

c=Jlevels if long sinuvertebral nerves are present 

Fig. 8. 16 Diagram of segmenta l innervation of a motion segment (after Groen et at. , 1 990; Groen , 1 99 1 ) .  This hypothetical 
scheme is based upon the ra mification patterns of supp lying nerves and upon subsequent overlap in innervation. comparab le  
!O that  in derma tomes . I t  shows the rela tion between a part icu lar spinal structure and the original level of innervation b y  
spinal cord segments. In this  way i t  is possible to depict the nerve supply o f  the intervertebral disc, vertebral bodies, dura 
mater and zygapophysial joints at a specific level (X) - (X  + 1). Th us, for example, the posterior body o f T5 is supplied by the 
spinal co rd segments T45 (T 3-6 i.n the case of long sinuvertebral nerves - light shaded recta ngles) . and the dura at  level T 5 by 
the spinal cord segments T ' _ 9 .  This diagram imp lies that pain referred by spinal cord segmen ts (X) and (X + 1)  may have i ts 
origin in d ifferent structures on different leve ls .  The innervation levels of the ALL and PU are included in the anterior and 
posterior vertebral body respectively. 

dermatome areas 

internal T9 TIO T l l  TI2 LI L2 

Fig. 8.17 Diagram of thoracic dermatomal areas sharing the same segmental innervation with internal organs.  The light 
shaded rectangles display infrequent referral areas. Diseases in [he interna l orga ns may lead !O referred pain in [he related 
derma tomes. In bi latera l nrgans (l ungs, kidneys , geo.ital organs) referral of pain generally is [0 the side of the body ipsilateral 
!O [he organ disease . Diseases of duodenum, ileum, l iver, ga l lb ladder and ascending colon generally refer !O the right side of 
the body, while those of heart, stomach, jejunum,  pancreas,  spleen, descending colon and sigmoid generally refer to the left 
side of the body. (After Hansen and Schliack, 1 962.) 
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On the one hand, this bilateral nerve supply to 
ventral compartment structures implies that right
sided sources of pain may project to the left side 
and vice versa ; on the other hand , the multi
segmentally organized innervation may lead to refer
ral of pain to distant  areas seemingly not related to 
the segment where the source of pain is localized 
(Fig . S . 1 4) .  It may seem that the localization of pain 
is not a major determinant for a clinical diagnosis; 
however, peripheral blockades of nerves may be of 
help to determine the origin of pain (Stolker et al. , 
1 994d; see also Chapter 1 3) .  

Innervation of the dorsal 
compartment 

The dorsal compartment is supp lied by the medial 
and lateral branches of the dorsal rami .  In an earlier 
study (Stolker et at. , 1 994c) it was shown that the 
dorsal ramus originates directly lateral to the DRG, 
generally perpendicularly to the long axis of the 
spinal nerve (Fig . S. l S) .  However, in a recent report 
(Chua and Bogduk,  1 995) the proximal trajectory of 
the dorsal ramus of the thoracic spinal nerve was 
depicted graphically as being more lateral than 
dorsal .  Rami communicantes connect the sympa
thetic trunk with the spina l nerve (Fig. 8. 1 8) .  As 
described earl ier in this chapter, branches from the 
rami communicantes pass above and below the 
spinal nerve and DRG to join the dorsal ramus (Figs 
8.4 and 8. 5) ,  which conftrms the findings of Dass 
( 1 952) and Kikkawa et at. (1 97S) in humans, and of 
Stilwell ( 956) in the monkey. This is the analogous 
pathway for sympathetic vasoregulatory nerve ftbres 
of the capsule of the thoracic zygapophysial j oints, 
as described for lumbar zygapophysial joints (Gron
blad et ai. , 1 99 1 b; Ahmed et at. , 1 993a).  Thus 
blockades of the dorsal rami will block not only 
sensory nerves, but also these sympathetic nerve 
fibres. 

The dorsal ramus is separated from the ventral 
ramus (i .e .  the intercostal nerve) by the anterior 
part of the superior costotransverse ligament (Fig.  
8. 1 S). I n  the thoracic region, the dorsal ramus is to 
be considered as  a short (3 - 1 5  mm ,  mean 5 mm) 
common trunk which bifurcates immediately dorsal 
to the superior costotransverse ligament into a 
medial and a lateral branch (Fig . 8. 1 S) (Stolker et 
aI. , 1 994c). Sometimes a third , intermediate branch 
is found. The medial branches supply the adjacent 
intrinsic muscles of the back,  the zygapop hysial 
joints and , in the upper thoracic region,  the skin ; 
the lateral branches supp ty intrinsic muscles,  costo
transverse joints (Vrettos and Wyke, 1 974) and,  in 
the lower thoracic region,  the skin . 

Fig. 8.18 Transverse cryomicrotome section at the level of 
the intervertebral foramen T4 - s ,  bounded by the postero
l atenll part of vertebra l  body T, (anteriorly) and the 
zygapophysial joint T4 - 5  (posteriorly) showing thoracic 
spinal nerve T.j and its bra nches. Un decalcified specimen, 
superior view. The zygapop hysial joint T4_ 5 clearly shows a 

synOVial fol d  in the a rticular cavity, berween th e superior 
articular process (an teriorly) and the inferior anicular 
process (posteriorly) . After its origin in the spinal nerve ,  the 
dorsal ramus runs dorsal, crosses amero-medial to the 
superior costotransverse Ugament and bifurc a tes into a 

medial branch and a latera l  b ranch,  the l arrer mnning 
posterior to the rib.  1, spinal cord ; 2,  zygapophysial joint 
1'.j - 5 ;  3, dorsal root gangUon; 4 ,  dorsal root;  5, ventral root ;  

6 ,  ventral ramus spinal nerve T4 (i . e .  intercostal nerve T4); 7, 
dorsal ramus; 8 ,  medial branch of the d orsal ramus; 9, lateral 
b ranch of the dorsal ramu s ;  1 0 ,  superior costotransve rse 
l igamen t; *, rami communicantes.  Female, 96 years of age, 
AChE stain ing (x6) . 

Thoracic zygapopbysial joint 

In an analogy to the innervation of cervical and 
lumbar zygapophysial joints (pedersen et at. , 1 956; 
Stilwell ,  1 956;  Lewin et al. , 1 962 ; Bogduk,  1 982 ;  
Bogduk e t  al. , 1 982 ; Auteroche,  1 983), the thoracic 
zygapophysiaJ joints receive a bisegmenta l  innerva
tion from the med ial branches of the d orsal ramus of 
the upper segment and one more cephalad level 
(Stolker et at. , 1 994c; Chua and Bogduk, 1 995).  Thus 
zygapophysial joints T5 and T6, for example , are 
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supplied by T4 and T5 sp inal nerves .  This is not 
su rprising in view of the analogy in innervation 
patterns o f  the cervical , thoracic and lumbar spines 
as described earlier (Groen et at. , 1 987,  1 988, 1 990) . 
However, no consensus is present concerning 
detailed information on the topography of supp lying 
nerves. While Chua and Bogduk ( 1 995) report ' that 
the thorac ic medial branches are not that close to the 
zygapo phys ial jOint,  as they swing laterally to c i rcum
vent the multifidus ' ,  this is in contradiction to the 
fmdings of Lazorthes (1 972), Maigne et at. ( 1 99 1 ) and 
Stolker et at. (1  994c) . Furthermore, Fig. 8. 1 8  c learly 
shows the close rela tionship between the dorsal 
ramus,  its medial bra nch and the lat eral zygapophysial 
jOint capsule . It should be emphasized that, beside 
the supp ly by the ascending and descending bran
ches of the thoracic medial branches of dorsal rami, 
the zyga pophysial joint capsule is further supp lied by 
proximal nerve branches d erived from the short 
dorsal ramus i tself or from the proximal part of the 
medial branch (Stilwell , 1 956; Lazorthes, 1 97 2 ;  
Maigne e t  at. , 1 99 1 ;  Stolker e t  at. , 1 994c) . A s  this 
proxi mal i nn ervation cannot be reached by perc u ta
neous facet (zygapophysial) denervation (PFD) proce
dures, a thoracic PFD will not lead to a comple te 
denervation of the zygapophysial joint (Stolker et at. , 
1 993,  1 994e; see a l so Chapter 1 3) .  

Alt hough few if any studies have been performed on 
tho racic zygapophysial joint capsule innervation ,  the 
curre nt authors believe that the res ults of earlier 
studies on zyga pophys ial joints in other regions of the 
spine can be extrapolated to the thoracic region 
without any hesitation , since there are no major 
differences in i nnervation patterns between the 
various parts of the spine (Groen et at. , 1 990) . Most of 
the knowledge is extrapolated from the work of 
Stilwell ( 1 956) in the monkey. Also,  synovial folds are 
present in the thoracic zygapop hysial jOints (Fig . 8 . 1 8) 
and these probably contain ,  in analogy to the lumbar 
region (Giles et at. , 1 986; Giles and Taylor, 1 987), small 
myelinated nerves that may elucidate pain if p inched 
between the opposed articular facets (Gi les and Taylor, 
1 982) - although in the thoracic region the mobility of 
these joints is relatively restric ted .  Fu rthermore , in the 
l umbar zygapophysial joint capsules fine nerve fibres 
and free nerve endings (yamashita et at. , 1 996) and 
substance P-im munoreactive fibres were found in 
hu mans (Giles and Harvey, 1 987; Gron blad et at. , 
1 99 1  b) and in the rat (Ahmed et at. , 1 993a) . 

Dreyfuss et al. ( 1 994) proved that thoracic zygapo
p hysia l jointS are a potential source of thoracic pain , 
a l though the existence of a facet syndrome per se has 
been disputed Gackson,  1 992). Dreyfuss et at.  ( 1 994) 
determined referral pain patterns after provocative 
intra-articular injections with contrast medium in the 
T3 - T I O  thoracic zygapophysiaJ jOints. According to 
Dreyfuss and colleagues, intracapsular injection leads 
to a distension of the jO in t capsule , which may 
activate local nociceptors and cause local and d istal 
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(referred) pain . However, in about one quarter of the 
volu nteers the provocation did not result in pain, 
despite capsular d istension.  Perhaps mechanical ( i . e .  
capsular diste nsion) stimulation was insufficient for 
nociceptor stimulation. Another explanation could be 
that chemical stimulation, e .g .  by hypertonic salin e ,  is 
the primary s timulating factor of these nociceptors. 
Not surprisingly, a substantial overlap in the referral 
patterns of the thoracic zygapophysial joints was 
fo und,  whilst the most intense pain was fe l t  wi thin 
the core referral zone at or approximately one 
segment below the provoked joint (Dreyfuss et al. , 
1 994). JOint referred pain did not occur superiorly for 
more than one-half the vertical height of the vertebral 
segment , while no jOint evoked pain m ore than two 
and a ha lf segments inferiorly to the joint injected 
(Dreyfuss et at. , 1 994) . 

For a quick reference , relations between the 
location of the spinous processes and the level of the 

related zygapophysial joints were described by Lang 
and Wachsmuth (1 982).  Spinous processes TI -T3 and 
T l 1 -'1'12 are located approximately at the level of the 
zygapophysial joint of the adjo ining level and the one 
below (e.g.  spinous process '1'3 relates to the T3 -T4 
joint leve l) .  Spinous processes T4 - T I O  are located 
approximately halfway between the adjoining zyga
pop hysial  jOint and the joint below (e .g . sp inou s 

process T7 l ies halfway between zygapophysial joint 
T7 -T8 and T8 -T9) . 

Cutaneous branches of dorsal rami 

Generally, two different patterns of cutaneous inner
vatio n are d iscerned in the thoracic area (Hove
lacque, 1 927 ; Stilwe ll , 1 9 56; Braus , 1 960; Lazorthes, 
1 972;  Maigne et at. , 1 99 1 ;  Sto lker et ai. , 1 994c ;  Chua 
and Bogd uk , 1 995) . In the upper thoracic region , 
cutaneous extensions of medial branches curve 
around the multifidus to become subcu taneous neal" 
the spinous processe s ; in the lower thoracic region , 
the skin is supplied by the lateral branches of the 
dorsal ram i  (see Fig. 8. 1 ) .  Although ' upper thoracic' 

may vary from Tl - T60) and ' lower tho racic ' from 
T7(8) - Ti l according to most authors, different 
descriptions have been published (see Chua and 
Bogduk, 1995).  For the levels 'I'l l and TI 2 , a 
topography more or less analogous to that described 
for the l umbar region (Bogd uk et al. , 1 982) is agreed 
upon. Furthermore, acco rding to Hansen and 
SchJ iack ( 1 962) and Lang and Wachsmuth ( 1 982) , the 
oblique caudal orientation of the dorsa l spinal rami 
causes a caudal replacement of the dorsal derma
tomes. Th us the orientation of the dermaromes at the 
back is as follows i n  rela ti on to the tip of the spinous 
process: dermaromes T l - T7 are located one level 
caudal to the corresponding spinous process (e.g .  
dermatome T5 is next to spinous process T6) ; 
dermaromes T8 - T 1 2 are located approxima tely two 
levels caudal to the corresponding sp inous process . 
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Fig. 8. 19 Schematic drawing of the nerve supply of the 
thoracic ventral  compartment at the level of the vertebral 
body (c) anel i ntelvertebral disc (d). The ventral and dorsal 

roots of the spinal nerve are retracted dorsal ly (a rrow) . 
Bundles of nerve fibres originating from rami commu
nicantes pass cranial a nd caudal to the spinal nerve and the 
dorsal root ganglion (") towa rds the dorsal ramus of the 
spinal nerve. Large and small sinuvertebral nelves derive 
from the rami communicantes. 1 ,  ALL nerve plexus; 2 ,  
sym pathetic trunk;  3 ,  ram i  communicantes; 4 ,  ventral ramus 
of the spina l nerve; 5, ramus of the sp i na l nerve; 6, 
sinuvertebral nelves; 7,  PLL nerve plexus .  From Groen et al. 
( 1 990), with permission . 

have an effect on nocicept ive pathways , but would 
also interfere with the ' neurogenic inflammatory'  s ide 
of the process . 

It is clear that ventral compartment stmctures 
receive a mult isegmentaJ and bilateral nerve supply 
from nerve fibres topographically and functionally 
related to the sympathetic trunk and rami commu
nicantes (su mmarized in Fig. 8 . 1 9):  first,  the costo
vertebral joints, ALL, adjacent intervertebral discs and 
periosteum of vertebral bod ies , via direct branches 
from the sympathetic tmnk or perivascular nerve 
plexuses of intercostal arteries; and secondly, the PLL, 
adjacent intervertebral disc and periosteum , and 
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spinal dura via the sinuvertebral nerves which have 
their origin in rami communicantes. Dorsal compart
ment structures receive a bisegmental and unilateral 
nerve supp ly via dorsal rami of the spinal nerves, 
which contain nerve fibres derived from rami com
municantes that join this ramus after crossing the 
ventral ramus. 

The substantial overlap in the innervation of the 
spine implies that pain projection and patterns are 
not spec ific and are therefore insufficient alone for 
diagnosis (Wyke , 1 987;  Groen et al. , 1 988, 1 990; 
Gillette et at. , 1 99 3 ;  Stolker et at. , 1 994 d) . Fur
thermore ,  some authors consider all signs and 
symptoms in spinal pain to be rather non-specific 
Qackson et at. , 1 988; Moran et at. , 1 988; Revel et ai. , 
1 992). Therefore , in the d iagnostic phase segmental 
blocks may be of value as an adj uvant diagnostic 
procedure to distinguish the different syndromes 
(Steindler and Luck, 1 938; Mooney and Robertson, 
1 976; Bogduk and Marsland,  1 988; Laros, 1 99 1 ; 
Stolker et at. , 1 993,  1 994a,  1994d ; see also Chapter 
1 3) .  It  is important to realize that a multisegmental , 
bilateral innervation pattern may, in some cases, 
demand multilevel bilateral blockades . 

Finally, it should be emphasized that thoracic pain 
may also be referred from thoracic and upper 
abdominal viscera (Whitcomb et at. , 1 995), not only 
related to inflammatory processes or cancer but also 
caused by metastatic tumours which have developed 
in vertebral bodies .  Other possible causes of thoracic 
spinal pain (for instance , degenerative) are discussed 
elsewhere (Grieve, 1 98 1 ;  Bonica and Sola, 1 990; see 
also Chapter 5) . 
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Diagllosi�fi;j thoracic !t,�Ylldrome s 

J. H. Bland 

A perusal of the litcr:l1 syndromes of 
the thoracic spine area is far less 
commonly affected disorders that 
affcct the cervical and lumbar regions of the spine. 
Such is far from true. There are many conditions, 
particularly associated with osteoarthritis and some 
of which are relatively uncommon, that may manifest 
unique and frequently puzzling syndromes. For exam
ple, the author has seen a case of neurogenic 
claudication with positionaUy dependent weakness 
reSUlting from a thoracic disc h�rniation, which was 
successfuUy treated 

The thoracic spinc 
lumbar or cervical ribcage and 
the configuration 
when osteoarthritis 
to neural compression, 
because of the relative 
of the thoracic spinal cord. 

more serious 
compression 

Back pain has been with us from time inunemorial. 
However it is only in the past few decades that 
various thoracic disease entities causing back pain 
have been differentiated. As with other body regions, 
the history and physical examination are relied upon 
for diagnosis of a disease state more than any other 
diagnostic contributions. Historical elicitation and 
physical examination lor diagnosiS. 
The manifestations arise in the 
thoracic spine are pain and loss 
of function. Therd(m:. important to 
understand the anatomy of this 

comprehend sig
nificant historical signs. For 
instance, observation of the surface of the thoracic 
spine, particularly the skin, provides helpful informa
tion. Pigmented spots (cafe au lait), pedunculated 
polyps, rash, localized blisters (herpes zoster), hairy 
patches and birthmarks may all be diagnostic. Sub-

common and may be 
over the back, or even present 

as an buttock, suggesting 
able neurological involvement. 

Contrary to usual considerations of thoracic dis
orders, the spectrum of pathology is wide and varied. 

Table 9.1 lists diagnoses made over the course 
of a 2S-year period in which the author had a 
special interest in clinicaJ thoracic spine syndromes 
(TabJe 9.1). 

Clinical 
thoracic 

I<U·J.VJlJ. of the 

Disc high proportion of thoracic 
pain syndromes. ClinicaUy the thoracic spine is 
handily divisible into three sections: the fLIst consists 
ofT1 andT2, and is examined with the cervical spine 
because the nerve roots serve the upper limbs; next 
is T3 -T6, where displacements are extremely 
unusual; followed by T6-T12, where they are rela
tively frequent. Reduction is easy; however, relapse is 
commonplace. Both posterior and anterior thoracic 
pain disc lesion. 

The 

As at the mechanism of 
usuaJlv may compress the 
mater centrally, giving rise to unilateral extrasegmen
tally referred pain. A T6-levei protrusion can cause 
pain up to the base of the neck and down to the 
waist. A protrusion at T12 can refer pain up to T6 and 
down to the sacrum. 
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Table 9.1 Tbe wide and varied spectrum of thoracic 
pathology, representing diagnoses made over the course 
of a 25-year pr:riod in which the author had a special 
intr:rest in clinical thoracic spine syndromes 

1. Thoracic intervertebral disc prolapse : calcified and 
non·calcified, calcification confined to the nucleus 
pulposus in children and adults . 

2. Thoracic osteoarthritis. 
3. Scoliosis and kyphoscoliosis - espeCially during rapid 

growth spurt, progression of CUl"Vature and 
concomitant osteoarthritis. 

4. Scheuermann's disease - 32 cases observed, 
commonly in adolescents , but even in middle age 
associated with osteoarthritis. 

5. Referred pain from cervical osteoarthritis to the 
thoracic spine area. 

6. Osteoarthritis affecting intervertebral discs , 
costotransverse aed costovertebral joints. 

7. Metabolic bone diseases: osteoporosis (with and 
without demonstrable fracture), osteomalacia, Paget's 
disease. 

8. Postural disorders, mainly in young women. 
9. Altered spinal biomechanics secondary to pregnancy. 

10. Primary and secondary tumours involving the thoraciC 
spine: tumours of the spinal cord and nerve roots, 
neoplasms of the chest wall and pleura . 

11. Ankylosing spondylitis and rheumatoid arthritis. 
12. Vertebral osteomyelitis and disc space infections in 

both children and adults. 
13. Bornholm disease (epidemic pleurodynia - named for 

the island of Bornholm in the Baltic Sea). 

14. Intercostal neuralgia , with unknown specific aetiology 
- perhaps shingles . 

15. Post-nephrectomy syndromes , entrapment of 12th 
thoracic intercostal nerve in the scar tissue. 

16. Avulsion fracture of spinous processes, clay shoveler 's 
fracture . 

17. Serratus anterior nerve palsy. 
18. Intrinsic spinal cord disease: focal arachnoiditis in the 

thoracic spinal cord; arachnoid cyst; radiation necrosis 
of the spinal cord. 

19. Diabetic peripheral neuropathy. 
20. Visceral disease in the chest and abdomen: coronary 

artery disease; pleurisy; hiatus hernia; renal disease; 
penetrating peptic ulcer; biliary disorders; 

pancreatitis. 
21. Aortic aneurysm with thoracic vertebral involvement. 
22. Post-herpetic neuralgia. 
23. After rib fracture, 'slipping rib' syndrome and allied 

mechanical disorders ; Te itze 's syndrome ; avulsion of 
lower costal chondral junction. 

24. Sub-scapular burSitiS. 

The nerve root 

A postero·lateral displacement of the disc may pro
duce root pain referred anteriorly. At TI and T2 (both 
rare occurrences), symptoms may be felt in the arm; 
root pain at lower levels causes pain to be experi
enced at the side or front of the trunk. A low cervical 

disc lesion is usually the cause of pa.in felt at the 
upper thoracic level and in the arm. Below the sixth 
thoracic dermatome , a syndrome may arise from a 

thoracic disc lesion. At that level, diagnosis is often 
difficult due to the dilemma of balancing signs of 
visceral disease against those that might be confirma
tion of a joint disorder. 

The onset of a thoracic spine disc displacement is 
variable, from abrupt to a graduaUy appearing poste
rior thoracic backache. In postero·lateraJ displace
ment unilateral pain will be noted to the front of the 
chest or the abdomen, presenting diagnostic difficul· 
ties. Compression of TIl or Tl2 roots causes dis
comfort in the iliac fossa, sometimes radiating to the 
testicles. Coughing may initiate sharp pain, but a 

deep breath tends to hurt more. Symptoms suggest
ing pleurisy or intercostal net"Ve or muscular abnor
mality are also exaggerated by deep breathing , 

helping to rule out cardiac pain. True joint signs are 
uncommon and neurological signs, strangely enough, 
are conspicuous by their absence. There are no 
clinical tests for conduction, i.e. weakness, or mobil
ity of net"Ve roots , and analgesia is rarely noted. As at 
any other level, pain from protnlding discs is a 
function of posture and the pllysical activities under· 

taken by the patient. 
It is important to know whether the extremities are 

equal in length . Any discrepancy should be equalized 
by placing appropriate sized heel blocks beneath the 
shortened extremity, if the shortening is actual and 
not relative. At this pOint, the general posture should 
be noted from the front, sides and back of the patient. 
Are the shoulders level and is the pelvis horizontaP 
With thoracic muscle spasm there may be a list to one 
side , with loss of normal contours of the thoracic 
spine . An increased ltunbar lordosis will have an 
effect on the biomechanics of the thoracic spine. 
When the lateral spinal curve (scoliosis) is structural , 

the direction of the cavity and convexity should be 
noted. The degree of compensation or decompensa

tion can be determined by dropping a plumb-line 
from the spinous process of C7, the vertebrae 
prominens. With compensation, the string should fall 
in the midline of the nates. In true disc herniation, 

when the herniation is lateral to the net"Ve root the 
patient tilts away from the lesion, and when the disc 
protrusion lies medial to the net"Ve root the patient 
will lean towards the side of the lesion . 

A gibbus obset"Ved in the thoracic spine is an 

important obset"Vation - it could be related to 
infection (tuberculosis), fracture or a congenital bony 
anomaly of the spi.ne . In an elder ly female patient 
with thoracic spine pain , a kyphotic deformity may 
indicate compression fractures secondary to osteopo
rosis. In a young patient, excessive rounding may be 
related to ank-ylosing spondylitis or a decrease in the 
growth of the spine in Scheuermann's disease during 
adolescent years. It is also important to obset"Ve 
movement of the chest cage during respi.ration . With 
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normally relatively little movement between the 
thoracic bodies (;, physiologic state), 
ease in I horacic spine may excursion 
chest cage rotated maJaligned vertebral 
bodies attached longer 
synchronously - for example, in ankylosing spondy
litis. 

Gait 

The gait can be very Important in determin 
ing whether or not disease originates in the spine or 
the lower extremities. Gait observation discloses 
gross weakness or atrophy of the muscles that can 
affect normal gait. Gait may be divided into two 
phases; during which the foot 
contact ground, and phase, when 
opposite contact ground. Familiar-
ity with observation 
pathologic of important clinical 
signs. 

Range luotion 

Young have spines more flexible 
than those of advancing age, due i.1I part to greater 
elasticity of soft tissues connecting the vertebral 
bodies in the young individual. Does motion cause 
pain'The cervical spine, of course, has the greatest 
range of of all spinal clinical estimate 
being that cervical spine about 600 

an hour, lumbar spine fllr and the thoracic 
spine least ranges of motion be determined 
are flexion and extension, right and left lateral f lexion 
or tilt, and rotation to the right and to the left. As 
osteoarthritis progresses in discs and zygapophysial 
joints, so does the corresponding decrease in normal 
motion. must be taken examine all 
motions making observations, of course, 
the cervical lumbar spine examination 
the thoracic spme. Measurement chest expansion 
is a mandatory clinical observation. 

Palpation 

The examiner should palpate for muscle 
while the is seated, standing, and during 
testing of motion. If a suspected malingerer does not 
flex the lumbar spine while erect, the patient should 
be asked to kneel on the padded seat of a chair facing 
the back rest. The muscles usually relax and soften 
dramatically, disclosing the malingering manoeuvre. 
In this lumbar spine even round 

the thoracic paravertebral muscles 
extraordinarily firm and tender"' they bulge 
muscle spasm increases? Are they more prominent 
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on one side than on the other? Are there any localized 
masses? 

The spinous processes are palpated and 
not covered muscle or thick connective tissues 
Tender spinous processes indicate disease, including 
fracture, infection and tumour. The iliac crest and 
sacrum should be palpated. The tops of the iliac crest 
are normally aligned with the upper level of the 
fourth lumhar vertebral body. Soft tissue palpation is 
also importallt. Abdominal as well as 
palpable inlra ahdominal organs, and spleen, 
should be The inglli.n;1I region should 
examined for hernia. The anterior abdominal muscles 
contract normally when the upper (T6- T9) and 
lower (TIO-Ll) muscle fibres have normal inuerva
tion. If the abdominal muscles are weak in the 
presence hip flexors. IlVpcrcxtension of 
lumbar spine when the tries to elevate 
the lower extrenlities or from a supine 
position. 

Dura mater signs 

mater at 
greatest degree stretches the 

cervical and levels. Pain 
neck flexion hence common defect at either 
level. If other neck movemellls extension, lateral 
f lexion and right!1eft rotation - are full and pain free, 
the thoracic zygapophy sial joints are probably nor
mal. Scapular approximation, i.e. throwing the shoul-
ders back far possible and the scapuJ;Je 
together, the thoracic of the 
mater via nerves; 
pain can be lateral thoracic 
disc lesion. Pain from stretching the first thoracic root 
(with the arm extended toward the ceiling and then 
f lexed to touch the upper thoracic spine in the 
midline) involves the Tl or T2 roots; this is a great 
rarity and occasionally accompanied 
neurological If weakness present, however, 
the possibility serious diseases 

Joint signs 

Articular signs are best sought by a series of active 
movements. passive diagnostic 
nificance of the body weight 
Extension spine should first, followed 
by the two side flexions. Bilateral limitation in the 
young patient indicates seriOUS disease, but in the 
elderly may be attributable to no more than normal 
loss of mobility. Next, the entire spine should be 
rotated flfSt to the and then to 
left. Lastly, of the thoracic spine should 
petformed. causes asym 
metrical limitation three or 
movements. The movement most likely to cause pain 
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in a disc lesion is the extreme of passive rotation, 
achieved by holding the patient's knees between the 
examiner's to fix the pelvis. In a minor disc protru
sion, this may be the only painful movement. 

Resisted movements 

The right and left lateral flexion, extension and 
f lexion and both rotations are all performed with the 
examiner providing resistance to each movement. 
Abnormal muscle contractions may produce the 
following symptoms: 

• Pectoral muscles - pain on resisted adduction felt 
anteriorly on the chest 

• Intercostal muscles - pain on breathing or taking a 
deep breath 

• Latissimus dorsi - pain on resisted adduction felt in 
the back of the chest 

• Inferior posterior serratus (rare) - pain on resisted 
rotation 

• Rectus abdominus - pain on resisted flexion 
• Oblique abdominal muscles - pain on resisted 

rotation. 

Lesions of muscle do not radiate pain from the 
posterior thoracic spine to the anterior or vice versa. 
Such distribution is sufficient on its own to acquit the 
muscles. 

Cautionary notes 

A finding of painful and limited lateral flexion away 
from the painful side with both rotations free from 
pain always creates suspicion of serious lesions. 
Rotation is the movement most likely to be painful 
with a disc lesion; therefore, if rotary range is full and 
painless with another movement hurting, the exami
ner must be forewarned by this discrepancy. Neo
plasm or neuroma are possibilities. 

Joint capsular lesions show a capsular pattern that 
is best described as equal and grossly severe limita
tion of movement in every direction. Such suggests 
tuberculosis (rare nowadays), cancer or ankylosing 
spondylitis. 

Spinal cord symptoms and signs 

Because of the clearly increased risk and relative 
narrowness of the bony thoracic spinal canal, spinal 
cord lesions must be ruled out as contributing to the 
clinical picture. Occasionally the only symptom of 
compromise of spinal cord function is the perception 
of a 'pins and needles' sensation in both lower legs on 
neck flexion. This is not a particularly ominous 
sign. 

Abdominal reflexes are obtained by lightly and 
rapidly stroking the upper (T7 - T9), middle (T9- TIl) 
and lower (Tll-T12) abdominal wall with a pointed 
instrument obliquely from the midline outward. Care 
should be taken not to scratch the skin. The response 
is a contraction of the abdominal muscles of that 
segment. Note that bilateral absence of reflexes may 
be congenital, and hence is of less signiflcance than a 
lack of response on one side. Abdominal reflexes 
should be investigated especially in myasthenia gravis 
and suspected Parkinsonism. Overactive patellar and 
Achilles reflexes are regarded as evidence of dysfunc
tion of extrapyramidal pathways from the precentral 

Table 9_2 Differential diagnostic signs and symptoms In 
thoracic pain syndromes 

1. Visceral disorders are not influenced by thoracic 
movements. 

2. Osteoporosis in older patients is painless unless 
pathological wedging has occurred; such may cause 
symptoms lasting up to 3 months. 

3. Fracture of a rib causes localized pain lasting 6 weeks 
at most; symptoms from fracture of a vertebra cease 
at the end of 3 months. 

4. Osteitis deformans, aortic aneurysm, tuberculous 
bone infection and metastatic malignant disease result 
in pain arising from diseased bone. 

5. Ankylosing spondylitis produces pain that is variable, 
intermittent, continues for years irrespective of what 
the patient does; ache is often worse on waking; 
lumbar spine becomes rigid before thoracic joints 
stiffen; a flat lumbar spine is associated with upper 
thoracic kyphosis in ankylosing spondylitis. 

6. A neuroma in tissues on one side of the patient's 
spine painfully lirnits lateral flexion away from that 
side; the reverse of the expected finding with a disc 
lesion. A spreading patch of cLltaneOLlS analgesia 
should arouse suspicion; initial symptoms may be 
confmed to the posterior thoracic area. 

7. Adult osteochondrosis is painless but limits extension 
in particular. 

S. Neuritis of the spinal accessory, long thoracic or 
suprascapular nerve produces constant unilateral 
scapular pain for ao estimated 3 weeks. 

9. Pain from early thrombosis of the aoi·ta is occasionally 
perceived in the lower thoracic spine area. 

10. The d iaphragm embryologically is derived from C3, 
C4 and C5 myotomes and sclerotomes, with the pain 
normally confined to the C4 d ermatome. Pain arising 
from that part of the pleura not in contact with the 
diaphragm is perceived in the chest. A Pancoast's 
tumour will invade the chest wall. In epidemic 
myalgia, the pain is bilateral and accompanied by 
fever. 

11. In the initial stage, neuralgic amyotrophy causes 
bilateral upper thoracic pain; later symptoms spread 
down one or both arms. 

12. Embryologically the anatomical cardiac components 
are mainly derived from the first, second and thi.rd 
thoracic dermatome-myotome-sclerotome segments. 
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motor cortex through subcortical centres of the 
spinal cord. The Babin�kl eon�hts of dorsi-
tlexion of the big toe other toes, 
reflecting impaired tract in 
the spinal cord. The by stroking 
the outer border of the plantar 
surface. Often the Ihat the other 

is the same, but the techniquc 
reflex is elicited by stroking around the lateral 
malleolus, the Oppenheim reflex by firmly pressing 
thc anterior tibial surface on descending towards the 
foot, and the Gordon reflex results from squeezing 
the calf muscles. The Gonda reflex is an upward 
movement of the big toe elicited by pressing one of 
the other toes downward and releasing it with a 
snap (the fourth toe Complete 
functional interrupti Oil cord is charac-
terized by an extremely defence retlex 
giving rise to a most both legs and 
simultaneous evacuation Jnd bladder, 
known as the Mass 

A guide to the of thoracic 
spine pain is provided 

Radiologic assessment 

With the continuing development and refinement of 
new radiological techniques, especially computer-
ized tomography (CD and magnetic 
resonance (MR) scan,. of thoracic 
pain syndromes beyond 
has become commollplace. 
spine have a very 
decision-making anel 
scans and myelography, 
studies, are essential 
stances. 

The advent of newer methods of radiographic 
imaging does not change the need for careful clinical 
and diagnostic patient evaluation. Close co-operation 
between the radiologist, the neuroradiologist and the 
clinician is essential for accurate and cost-effective 
patient care. 

It is important to emphasize the maximum applica-
tion of clinical skills syndrome, 
and the integration radiography into 
clinical practice, research Radiology is 
a tool to be used cOIlJunction with 
other methods. The always be 
supplied with aU .information, 
preferably through to assist 
with the optimal selection from the broad spectrum of 
modem diagnostic options. Clinicians should also 
personally read the patient's plain ftIms and, wherever 
possible, review with the radiologists the far more 
complex but highly educational CT and MR scans. 

Diagnosis oj thoracic pain syndromes 149 

Radiological 
tribukS 
of disease 
failure 

study of the thoracic spine con
diagnosis and ongoing assessment 

identifying healing as well 
Hadio!ogical studies also further 

spine biomechanics 
study of other stmctllrcs 

precise interpretation of 
spine. It is sound practice 

diagnosis of cervical osteoarthrilb 
is essentially a radiological one. On radiographs of 
middle-aged and elderly people these signs are the 
mle and not the exception; they are pcrhaps a more 
reliable sign of middle age than grey hair! Eighty per 
cent of normal (control) subjects have thoracic 
osteoarthritis. It seems logical for aetiological pur
poses to study the 20% of men over 50 years of age 
who osteoarthritis. 

maiority of patients with 
asymptomatiC. A significant 

episodes of stiff neck; 
transient neurological 

of the nerve roots or 
Bothersome but clinically 

unimportant and hyperaesthesias 
occur in the hands and feet of some patients. A very 
few patients develop more or less disabling syn
dromes secondary to nerve root or cord damage. 

Clinical embryological issues 

It is to k now from which 
derived. The dermatome, myotome 

migrate during the embt·yonic 
and often have 
Table 9.3 lists the approx 

of viscera from T2 

Table 9.3 Segmental derivations of viscera from T2-S5 

Viscera 

Lungs 
Oesopilagus 
Stomach 
Uver 
Pancreas 
Small 
Appendix colon 
EpididymiS 
Ova ry, testes, adrenal glands 
Bladder fundus, kidney, uterine fundus 
Colonic tlexure 
Sigmoid colon, rectum, cervix 
Neck of bladder, prostate, urethra 

Segmental 
spinal level 

T2-T5 

T4-T5 

T6-TS 

T7-TS. 

TS, Iefl 

T9-TIO 

TIO-Ll 

TIO 

TIO-Tll, Ll 
TlI-Ll 

L2-L3 

52-55 

52-55 
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The thoracic spine and the 
autonomic nervous system 

The autonomic nervous system has an intimate 
relationship with various parts of the thoracic spine, 
In the upper portion it passes across the necks of the 
ribs, It is in close contact with the rib heads and the 
costovertebral joints in the mid-thorax; in the lower 
portion the more anterior aspects of the vertebral 
bodies are contacted, The splanchniC nerves run a 
steep and obUque course over the lower thoracic 
vertebrae. Gloobe and Nathan (1971) described the 
distortion, attenuation and fibrosis of the sympathetic 
tnlOk (cord and ganglia) that occurs with lumbar 
syndesmophytes and osteophytes, and found that 
such changes were less marked at the TI2-Ll level. 
Distribution of branches to the anterior longitudinal 
ligament and the anterior aspect of the intervertebral 
discs were reported, Comparable morphological 
studies of the sympathetic nervous system in the 
thorax have not been reported, but considering such 
diseases as ankylosing spondylitis and thoracic spine 
osteoarthritis (both discs and zygapophysial joints), 
they could suggest an explanation for some of the 
puzzling features of autonomic concomitance of pain 
in these disorders. Sympathetic dysfunction and even 
blocking or inhibition can reasonably be expected as 
sequelae to irritation and compression, Such is an 

uncertain field for morphological and neurophysio
logical research, but currently these are the clinical 
implications. 

Specific disorders of the thoracic 
spine 

Paget's disease 

Paget's disease is characterized by gross hyper
function of osteoclasts, which manifests as com
pensatory hyperactivity of osteoblasts resulting in an 
affected bone characterized by a patchwork appear
ance of bone resorption and deposition. The normal 
osteoblast/osteoclast relationship is grossly disturbed 
(Bullough and Shenoba, 1988) (Fig, 9,1), The disease 
may affect one or multiple bones, and clearly involves 
the spine, Radiographic evaluation discloses 
increased width and loss of height of affected 
vertebrae, enlargement of the pedicles, and bone 
masses that may project beyond the vertebral body, 
Bone scans demonstrate increased uptake in affected 
bones, Computerized tomography scans reveal verte
bral changes with narrowing of the spinal canal and 
the lateral recesses where the nerve roots exit. 
Sometimes spinal lesions may involve the spinal cord 
or result in cauda equina compression. Such com
pression often occurs in the thoracic rather than the 
cervical or lumbar spine, In patients with progressive 

Fig. 9.1 Paget's disease of the skull, Note the mottled 
appearance of the bone, reflecting the pathologic osteo
blast/osteoclast synthetic resorption disparity at a cellular 
leveL The disease may affect the thoracic spine, with similar 
tissue consequences and clinical reflections, 

spinal cord signs, a decompressive laminectomy is 
usually effective. The procedure may be difficult 
because of excessive bleeding from the thickened, 
enormously vascularized bone, Some patients may 
have cord compression resulting not from the Paget's 
disease itself, but from sarcomatous degeneration of 
involved bone, Cord compression from associated 
epidural haematoma has also been described (Lee et 
al., 1988). 

Rheumatoid arthritis 

Rheumatoid arthritis primarily involves the cervical 
spine, particularly and intensively at the CI-C2 level. 
It is mentioned here although it is rather unusual to 
have rheumatoid involvement in the thoracic spine 
that is of clinical sign.ificance, Thoracic involvement 
in ankylosing spondylitis does occur almost univer
saUy, but rheumatoid spondylitis occurs only in a few 
individuals (Heywood and Meyers, 1986), In such 
patients the disease presents with local pain, and 
pathologic flOdings including vertebral collapse, sub
luxation and zygapophysial joint granulations, Radi
ologically there is evidence of erosion of the end
plates and the zygapophysial joints, Although 
neurological changes are seen when the disease 
involves the lumbar spine, none have been reported 
from thoracic involvement. Rheumatoid arthritis 
occasionally requires differentiation from thoracic 
spine osteoarthritis or disc space infection, 

DISH syndrome 

The prime characteristic of DISH syndrome (diffuse 
idiopathic skeletal hyperostosis or Forestier's disease) 
is calciJication of the anterior longitudinal ligament, 
as well as all related, anatomically similar ligaments, 
Some patients have gross ankylosis of the spinal 
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(A) (B) 
Fig. 9.2 (A) Thoracic spine with DISH syndrome CAP and lateral views). Note long bony bridging between the vertebrae, 
sometimes caUed 'kissing osteophytes'. Right: Lateral view showing the bony bridging and ossification of the anterior 

longirudinal ligament. (B) DISH syndrome involving the cervical spine. Note the extremely heavy ossification of the anrerior 

longitudinal ligament, nearly 0.8-1.0 mm of bone added onto the vertebrae. 

column , largely antero-laterally (Fig. 9.2). Clinically, 

the disease becomes apparent with pain and stiffness, 
most particularly in the thoracic spine. Cervical and 
lumbar spinal symptoms may be associated with 
similar co mplaints and similar lesions in other joints 
peripherall y. Physical examination discloses compro
mised flexion and loss of normal lumbar lordosis . 
Spinal tenderness is seen in the great majority of 
patients; such tenderness may be seen at other 
involved points. Most frequently, the thoracic X-ray 
shows calcification of amero-lateral aspects of affec
ted vertebr,il bodies; zygapophysial joints are not 
commonly involved, and the intervertebral disc 
heights are peculiarly preserved . Treatment of DISH 
syndrome is non·operative, although some patients 
may develop cord compression from fractures similar 
to those seen in ankylosing spondylitis (Case records 
of the Massachusetts General Hospital, 1989). A few 
patients display neurological signs from associated 
posterior osteophytes or ossification of the posterior 
longitudinal ligament (PLL). This circumstance is very 
common among Japanese, but more recently has 
been recognized in Western populations (Wsuyama, 
1984). An association between DISH and ossification 
of the PLL has been recognized 00banputra et at., 
1988). Ossifi cation of the PLL is most common in the 
cervical spine but may also occur in the thoraciC 
spine , most commonly in the T4- T8 segments. 
Patients with cord compression from ossification of 
the PLL may require surgery, using either an anterior 
or a posterior approach. 

Scheuermann's disease 

Scheuermann's disease (osteochondrosis juvenilis) 
(Fig. 9.3) is a strange but not uncommon degenerative 
process, occurring in children or adolescents. It is 
characterized by wedge-shaped deformities of verte
bral bodies that result in a kyphotic spinal deformity. 
Pathologically, there is disruption of the groWlh plate 
and protrusion of intervertebral disc material into the 
vertebral body, known as Schmorl's node. This event 
is the most characteristic aspect of the disease 
(Wilcox and Spencer, 1986). The disease presents in 
juvenile patients as back pain, either thoracic or 
lumbar, and frequently seems to follow an injury. The 
pain generally corresponds to the site of injury, 
somewhat peculiarly. Physical examination discloses 
local tenderness at the site of the leSion , loss of 
lumbar lordosis and general sp inal stiffness with 
decreased spinal mobility. Radiographs d emonstrate 
wedging of adjacent vertebral bodies, Sclll11orl's 
nodes, loss of disc height , fragmentation of the 
epiphyseal rings and sclerosis of adj acent vertebral 
margins. Most frequently, minimal conservative treat
ment with rest, moderate exercise and analgesics is 
successful. A few patients with marked kyphosis 

reqUire bracing. Operative treatment is indicated only 
for correction of a severe spinal deformity, or to treat 
spinal cord compression in patients with severe 
kyphosis , which is rare. Surgical management is that 
of anterior disc resection and fusion followed by 
posterior instrumentation and arthrodesis. 
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(A) (B) 

Fig. 9.3 (A) Scheuermann's disease, thoracic with some extension into the lumbar spine. Note that most vertebrae have lost 
their expected anatomical outline, have radiolucent areas and holes in the bone particularly anteriorly. The second vertebra 
from the bottom has a mottled density. The spine has lost its normal curvature, being nearly straight. There is some disc 
involvement, with varying thickness, radiolucency and radiodensity. (B) Scheuermann's disease with more striking 
involvement in the third vertebra from the bottom (l4·year-old male). Clinically, the child had a definite kl'phosis in (he 
thoracic spine. 

Ankylosing spondylitis 

Ankylosing spondylitis is a form of inflammatory 
arthritis occurring mainly in young people , primarily 
males, resulting in ankylosis of varying magnitudes -

the worst causing a near statue-like condition. Ossifi
cation of the intervertebral discs occurs, with bulging 
of anterior and posterior surfaces by bony osteo· 
phyte·like structures called syndesmophytes. The 
zygapophysial joints also are commonly fused, lead

ing to a rigid inlffiobile spine (Fig. 9.4A). The 
radiological appearance is the so-called 'bamboo' 
spine (Fig. 9.4B , C). Usually the disease manifests 
itself with pain , stiffness and progressive loss of 
motion. Neurological symptoms may appear in some 
patients in association with destructive lesions of the 
spine. It is thought that such destructive lesions are 
traumatic in origin, perhaps secondary to a fracture 
or to an injury at a mobile joint in an otherwise rigid 
spine. These structures should be differentiated from 
osteomyelitis or metastatic tumours, and this is 

frequently a difficult task. The disease is strongly 
genetic, characterized by an HLA B27 antigen, a test 
for which establishes the diagnosis in 90-95% of 
cases (Ryall and Helliwell, 1998). Surgical stabiliza· 
tion and decompression are rarely reqUired. 

Bony thoracic callal stenosis 

Compressive myelopathy in the lumbar and cervical 
spines, consequent to osteoarthritis, and proliferative 
degenerative changes in the laminae and zygapophy· 

sial joints are well known and have long been 
recognized. In the past 15 years it has been recog· 
nized that dorso-Iateral compression also occurs in 
the thoracic spine (Barnett et at., 1987). Thoracic 
canal stenosis occurs in the absence of any systemic 
disease. The syndrome occurs primarily in older 
patients presenting with general symptoms of gait 
disturbance, pain and 'pins and needles' sensations in 
the legs. Sensory symptoms commonly appear when 
the person stands or starts to walk, and are relieved 
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(A) 

(C) 
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(B) 

Fig. 9.4 Ank-ylosing spondylitis. (1\) Note calcified anterior 
longitudinal ligament in the lower half of the photograph, 
'squaring' of the vertebrae and compression fracture in 
upper portion of the illustration. (B) Enlarged close-up of 
severe, near total ankylosis of rhe lower thoracic spine. 
Note, to the right, severe ankylosis including the zygapophy
sial joints ancl complete calcification of the anterior longitu
dinal ligament. (C) Clinical appearance of the nearly 
completely ankylosed spine in the above patient, with mid
dorsal k-yphosis and rigid thoracolumbar lordosis. 
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by lying down. Thoracic stenosis may mimic the 
symptoms of lumbar canal stenosis ,  since both 
lesions involve narrowing of the bony canal. On 
neurological examination , spastic parapares is is com

monly found accompanied by lower thoracic sensory 
leve l changes , wll..ich are read ily d emonstrable clini
cally. Reflexes a re virtually uniformly hyperactive , 
and the Babinski response is characteristically exten
sor. The compressive lesion is noted in the lower 
thoracic spine,  and consists of zygapophysial join t  
hypertrophy, short pedicles a n d  striking thickening 
of the lam..inae. The ligamentum flavum is usuaUy 
thickened, hypertrophied and sometimes calcified, 
resulting in constriction of the spinal canal and cord 
compression.  In most patients , anterior disc hernia
tion is not observed. This is  an important pOint, as 
thoracic stenosis is best treated with decompressive 
l am..inectomy, the approach for which is inadequate 
for removal of herniated thoracic discs. The lesion 
itself is d ifficult to identify on plain X-ray or myelo
gram ftlms,  which is perh aps why the condition has 
often gone undiagnosed . Thoracic stenosis is readily 
and thoroughly visualized on cr scan with or without 
accompanying contrast media .  Magnetic resonance 
scans with high quality axial and pa rasagittal images 
are likewise wonderfully d iagnostic . It is  important 
that the parasagittal MR scans be carefully examined, 
for the lesion could be missed if only mid line images 
are considered . Thoracic sp inal canal stenosis can 
usually be successfuUy treated with decompressive 
laminectomy, including resection of the medial zyga
pophysial joints and the ligamentum flavum. Com
monly the d isc need not be removed , and removal 
should not be attempted . Occasionally there is the 
issue of whether a modest disc p rotrusion is contrib
u ting to neural compression,  and decision-making at 
the operating table is cruciaL Such has occurred in 
younger patients with congenitally (rather th an 
acquired) narrow canals when symptoms followed 
known trauma. In these unusual cases, laminectomy 
can be combined with transpedicu lar  disc removal to 
ach ieve effective decompression. 

Osteoarthritis of the thoracic spine 

Osteoarthritis affects three sites in the thoracic sp ine : 

the intervertebra l  disc; the zygapophysial joints; and 
the articulations of the rib with the vertebral body 
and the transverse process. The osteoarthritic chan
ges in d iscs and zygapophysial joints sometimes result 
in neural compression , either of nerve roots or the 
spinal cord (Fig. 9.5). Osteoanhritis of the costoverte
bral and costotransverse j oints is frequently a source 
of chronic pain,  but is not associated with neuro
logical changes. In most cases, the in tervertebral disc 
begins to lose water content in the third to fourth 
decade of l ife and microscopic alterations appear. 
Gross ly, the nucleus pulposus is shrunken and 
fragmented, and the anulus fibrosus also thickens 

and deteriorates with significant changes being tears 
in concentric fibrous bands . As in osteoarthritis 
generally, the tissue changes strongly indicate biolog
ical attempts to repair. Th..is results in anular tears with 
nuclea r d isplacement and osteophytosis .  The term 
' spondylosis deformans ' is used to d escribe the 
process anterior ly, and osteochondrosis when it 
involves the vertebral body and the end-plates of the 
discs. Abrupt disc herniation into the vertebral body 
results in a Schmorl 's node. Most medical clinicians 
believe that the pain and loss of spinal mobility are 
mainly due to lack of use, fai lure of stretching, 
relative immobilization, weight bearing stresses and 
making demands upon the tissues involved.  Spondy
losis deformans and osteochondrosis do not, in 
themselves , cause pain or loss of spina l mobility or 
lead to neurological symptoms. Compression of 
neural structu res may occur if there is acute or 
c hronic nucleus pu lposus protrusion, posteriorly or 
postero-Iaterally. When a larger d isc fragment is 
displaced into the spinal canal or the lateral recesses 
(neural foramina), symptoms and signs cau occu r  

Fig. 9-5 Osteoa rthritis of the thoracic spine. Note osteo
phytes . mai nly anterior, calcified intervertebral discs and 

that TJ 2 (ftfth vertebra from bottom) has coUapsed foUow
ing herniation of a thoracic disc .  
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either acutely or gr'ddual ly. A series of small protnl
sions may lead to and cord 
signs develop when 
encroaches upon the 
as neural compression 
the canal or in the 
clinically important 
cord compression,  
almost entire ly to however, 
combinations of the two can occur. Patients use the 
fol lowing words to describe radicular pain:  electric, 
shock-like, pins and needles, radiating from proximal 
to distal, a narrow band,  bright, sharp, stabbing and 
intermittent.  Myelopathy is  generally more common 
in clinical practice than rad iculopathy. Osteoarthritic 
changes i n  the zygapophysial joints, quite common in 
the cervical or  lum b:lr less so in the 
thoracic spine.  Such spinal canal 
n arrowing and consequent symptoms . 
Symptoms may follow changes super-
i mposed on a congenil :lI Changes include 
thickening and j o ints, 
their capsules and thickening and 
calcification of the and short, 
thick pedicles. M inor d isc p rotrusions,  insufficient  to 
be symptomatiC i n  normal  patients, m ay contribute 
to the clin ical picture in those with stenosis (Yama
moto et at. , ] 988) . Osteoarthritis of the costoverte
bral a nd costotransverse joints also may lead to local 
thoracic spine pain as well as pain in the paraspinal 
region .  These osteoarthritic cha nges may perhaps 
lead to symptoms and interco�tal n erve compression, 
but this is difficult separate as an 

nerve root signs, 
education of the 

entrapment at  the 
"pi na l  cord and 

of as  little as 
Analgesics , or  

(1 g four 
times daily) or diazepam times a day), 
p lus local colcl applications - ethyl duoricle spray has 
been used - may be useful .  Basic exercises are 
clesigned to improve posture and to increase abdomi
nal  and sp inal  musde contro l .  Stretching exercises 
are very important.  Local appl ication of heat ,  massage 
and electrical st imulation has been employed .  Myo
fascial  syndromes resulting in thorac ic  pain have 
been treated with trigger-point injections of local 
anaesthetic or a comhmatioll anaesthetic and 
corticosteroids.  

Herniations of thoracic 

Herniated thoracic are clearly 
quite uncommon frequency of 
herniation of the lumbar or cervical discs ,  When they 
clo occur, thoracic d isc p rotrusions may threaten the 
spinal cord and can require emergency surgery. 
Herniated thoracic discs occur mainly in the lower 
thoracic spine, probably related to increased mobil i ty 
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in that  portion of the thoracic spine (Fig. 9 . 5 ;  see also 
Fig. 1 2 . 5) be a factor, for inst3.llCf' 
h istory buttocks. Protrusions 
be latera l  with cent ral being the 

prorfll., jons usually produce 
accompanied by spina l  cord 

in sym ptoms and signs 
may be chronic or 

rapid eOtNimting a surgical emergency. 
Radicular symptoms are usually in the d istribution o f  
the lower thoracic roots , Evaluating such patients 
presen ts a diagnostic problem, as root pain in the 
abdomen m ay mimic viscera l d isease . A d etailed 
neuro logical examination will discl ose dermatomal 
sensory loss, lower motor weakness of abdominal 
musc les or  asymmetrica l  abdominal reflexes, With 
central disc p rotrusions, rad icular pain may o r  
n o t  b e  i s  a common but  variahle 

cord compression includ<" 
paraesthesias of the legs, 

disturhance. Neurological signs 
spastic o r  in very acute 

hyperactive deep reflexes, 
n us, signs and Beevor's sign. 
a spinal cord lesion causing paralysis of the lower b u t  
not the upper abdominal  muscles ,  the umbilicus 
rises; this i s  Beevor's sign, Breathing patterns should 
be o bserved to ascertain whether the intercostal 
muscles are functioning. If the C3 - C5 nerve roots to 
the diaphragm are intact and a spinal  corcl lesion is 
present (caused by trauma or tumour) result ing in 
paralv�i.s of the intercostal muscles, respiratory move
ments abdominal .  If abdominal 

on one side only. 
flu l led toward the norm a l  

coughing, the paralysed 
unaffected side .  When 
ancl neck toward the 

ent ire abdominal muscu
lature keeps the umbilicus in the central position. 

Radiating pain and paraesthesias are commonly 
procluced i n  gross herniation of thoracic inter
vertebral d iscs or in intraspinal obstruction second
ary to rumours. These conditions raise intracranial  
and intraspinal fluid pressure. Coughing, sneezing, 
stra ining to move the bowels ,  twisting the back 
while stooping, h eavy lifting or eve n  standing for a 
long may cause such pain 
paraesth<"sla [<"fleets an increase in 
spinal can also be produced 

veins i n  the neck,  thereby 
and intraspinal  presslIr<" 

veins . This is call Naffziger's 
neurological examinat ion 

fmdings pointing to a compressive lesion in the 
lower thoracic spinal cord ,  a plain X-ray should be 
obtained to exclude a gross lesion (metastatic lesion 
to the spine). Such films may disclose discal calcifi
cation or other osteoarthrit ic changes, but these d o  
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observed in the lower limb (the L1 and S 1 dorsal 
dermatomes are contiguous as there is no dermatome 
supplied by L2- L5), and in the face there is no dorsal 
dermatome between C2 and the trigeminal nerve. 

T2-T6 

From a personal previous study of 16 dissections of 
the thoracic spine, Maigne et al. (1991) observed that 
the pattern of innervation was basically the same at 
this level. The major difference is that the medial 
branches of the dorsal rami of T2 -T6 continue their 
course superficially after reaching the tip of the 
spinous process. Lateral to this process they pass 
through rigid orifices constituted by paravertebral 
tendons, which can occasionally compress them. 10 
four of the 16 cases, one of the cutaneous dorsal 
branches appeared to be compressed in this fashion. 
This could possibly contribute to certain forms of 
upper thoracic or periscapular pain, although such 
entrapments may be symptom-free in the majority of 
cases. The dorsal cutaneous branches of the second, 
third and fourth thoracic nerves then lie under the 
tendon of the splenius cervicis muscle, easily found 
by its triangular-shaped tendon that inserts mainly on 
the spinous processes ofT4. The nerves pass through 
the tendinous fibres of the rhomboideus muscle and 
then move laterally. In this last portion of their 
course, the nerves are directed obliquely and laterally, 
increasing this angle caudally. They do not become 
superficial until they have passed through the muscle 
portion of the trapeZius at 1-3 cm from the midline. 
The dorsal cutaneous branch of the second thoracic 
nerve continues laterally to the acromion, whereas 
the adjacent cutaneous branches are shorter. Distal to 
T6, the pattern is reversed; the medial branches 
terminate at the tip of the corresponding spinous 
processes and the lateral branches, which have both 
motor and sensory fibres, continue their cOll1"se 
distally, perforating the thoracolumbar fascia and 
becoming superficial to innervate the subcutaneous 
tissues and the skin. 

Pain patterns from the cervicothoracic 
junction: experimental data 

The following is a summary of the data pertaining to 
pain referral from the neck to the upper thoracic and 
periscapular regions. 

Clinical observations 

The connection between the upper thoracic/inter
scapular region and the lower cervical spine is 
acknowledged in cases of cervical radiculopathy, as 
the acute or chronic phase of this condition is often 
accompanied by upper thoracic pain. The same pain 

referral is observed in the rare cases of tumours of the 
cervical medulla. 

Cloward (1960), while performing cervical dis
cographies in patients with radicular pain, noted 
several cases where pain referred to the upper 
thoracic/interscapular region, either medially or lat
el-ally, during injection of contrast into the affected 
disc. More precisely. the needling and stimulation of 
the postero-Iateral part of the anulus of the lower 
cervical discs referred pain to the shoulder with 
radiation into the upper arm, while stimulation of the 
anterior part of the anulus selectively referred pain to 
muscles along the vertebral border of the scapula or 
into the middle of the back. According to Cloward 
(1960), the involved muscles could be the levator 
scapulae in the first case and the rhomboideus major 
and minor in the second. This author gave two 
possible explanations: the sclerotomal correspond
ence between the stimulated disc and the muscles 
(C3- C5); or the fact that, embryologically, the ventro
lateral sheath of musculature of the lower cervical 
region undergoes subsequent migration to obtain a 
secondary skeletal attachment to the vertebral col
umn at a considerable distance from its origin. 
Periscapular pain is also a frequent adverse reaction 
to incorrect cervical manipulation. 

Experimental studies 

Dwyer et al. (1990) presented the patterns of pain 
referral from the cervical zygapophysial joints in 
normal volunteers. lnjection of the lower zygapophy
sial joints (C5 -C6 and C6-C7) led to pain radiating to 
the posterior shoulder, the scapula or the upper 
thoracic spine, varying according to the injected 
level. 

Thoracic pain syndromes from the 
cervicothoracic junction 

Two thoracic pain syndromes from the Cl} are 
described; interscapular pain and lateral upper tho
racic spine pain. 

Interscapular pain 

Thoracic interscapular pain is a very common com
plaint, especially in women, where it is very often 
considered to be psychogenic. However, although 
women may perhaps have this type of involvement 
more often than men, it is seen in both genders and 
at all ages. The ensuing disability varies according to 
the profession (e.g. typists can suffer badly). An 
essential point is the usual cervical origin of the pain, 
which has a clinical stereotyped picture of inter
scapular vertebral pain. This cervical origin of inter
scapular thoracic pain was acknowledged by Robert 
Maigne more than 30 years ago (Maigne, 1964). 

Copyrighted Material



Cervicothoracic and thoracolumbar spinal pain syndromes 159 

Fig. 10.1 -n1e interscapular point (*). The pain is experi
enced at this level and elicited by pressure on it. Technique 
of palpation requires an oblique pressure directed toward 
the lateral aspect of the spinous process ofT4. 

Symptoms 

Usually the pain is experienced as a very painful point 
between the scapulae, at T4 or T5. n1is point is felt 
either medially or slightly laterally, with both sides 
being equally involved. It can be accompanied by 
cervical pain, or may present in isolation. The pain is 
sometimes increased by prolonged neck flexion; for 
example, working at a desk. Ipsilateral rotation or 
lateral bending of the cervical spine may be painful. 

Clinical signs 

The physical examination reveals the same signs in all 
cases. These include both thoracic and cervical 
signs. 

I. Thoracic signs: 
a. Palpation of the interscapular point reveals a 

specific tender point or zone (described by 
Maigne, 1964), always close to the apex of the 
spinous process ofT4 (i.e. seen on fluoroscopy 
to overlie the body of T5), localized to either 
the right or left side (Fig. 10.1). The pressure of 
the palpating ftnger must be directed obliquely 
toward the lateral aspect of the spinous pro
cesses, and not sagittally toward the zygapophy
sial joints. This point is very tender in a 
localized area , and pressure on it reproduces 

the familiar periscapular pain. nus peri scapular 
point has been called the 'cervical point of the 
back' (Maigne, 1964). 

b. The other clinical sign is the presence of an 
area of skin that may appear slightly thickened 
and is always extremely sensitive to the pinch
roll manoeuvre (cellulalgia). Tlus area includes 
all or part of the cutaneous territory of the 
dorsal branch of the first and second thoracic 
nerves, which extends to the acron1.ion. This 
cellulalgia is located ipsilateral to the peri
scapular point. 

2. Cervical signs: 
a. With the patient lying supine and relaxed with 

the head geml)' supported by the physician'S 
hands, palpation of the cervical spine (segment 
by segment, one side after the other) reveals 
tenderness of one or occasionally two seg
ments, often C5-C6 or C6-C7, ipsilateral to the 
periscapular poim, and cellulalgia. I n the 
absence of other diagnoses such as disc hernia
tion or synovitis, this tenderness corresponds 
to a painful minor intervertebral dysfunction 
(PMlO), or a nooor mechanical dysfunction of 
the motion segment caused by either a disc or 
a zygapophysial disorder. 

In addition to these frndings, assessment of the 
response to treatmem is important. Thus in many 
cases cervical manipulation leads to resolution of the 
cervical PMID and the accompanying painful peri
scapular point. The sensitivity of the overlying skin to 
the pinch-roll test cleady decreases. nus relief may 
occur instantly, or in some cases three to five sessions 
may be required. 

Connection between the interscapular pOint and 
the lower cervical spine 

There is no obvious anatomical link between the 
interscapular point and the lower cervical spine. It 
can only be hypothesized that the interscapular point 
might correspond to the distal attachment of the 
splenius cervi cis (the splenius of the neck, to be 
distinguished from the splenius capitis, the splenius 
of the head). This muscle shares its proximal attach
ment to the upper two or three cervical transverse 
processes with the levator scapula. Its major distal 
attachment is to the lateral aspect of the spinous 
process ofT4, corresponding closely to the clinically 
painful spot (Fig. 10.2). The distal attachment extends 
to the interspinous ligaments above and below 
(T3 -T 4 and T 4 -T5), with some tendinous fibres also 
inserting on the spinous processes of T3 and TS. It 
would seem that this insertion is the only one that 
could correspond to the precise location of the 
interscapular point; the insertions of other muscles 
are spread out over several vertebral levels or over 
too large an area. The splenius cervicis is supplied by 
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Fig. 10.2 Caudal attachment of the splenius cervi cis eSC) to 

the spinous process ofT4 and to the adjacent interspinous 

ligaments. CaudaJ attachment of the levator scapulae (LS) to 

the inner angle of the scapulae. This point CO) corresponds to 

the 'levator point'. 

the dorsal rami of C5, C6 and C7 (Gray, 1973), and 
these levels correspond to the level involved by the 
PMID. Thus, it appears that the interscapular point 
could correspond to an insertional pain of a spasming 
or painful muscle. The mechanism for the presence of 
cellulalgia in the derma tomes of T1 and T2 is more 
difficult to understand, and Maigne (1964) suggested 
the following explanation. In the tnmk, the derma
tomes C4 and T2 are neighbours, as the derma tomes 
C5 - T1 are drawn out into the upper limbs during 
embryological development. The cutaneous branches 
of the lowest cervical spinal nerves are described as 
being vestigial or non-existent. It is possible that , at 
the thoracic level, the cutaneous dorsal branch ofT2 
represents the sensory supply for the lower cervical 
levels (C5, C6, C7, CS, Tl). 

Treatment 

The treatment for this type of back pain is applied at 
the cervical level, no matter what the pathogenic 
mechanism might be. Treatment options include 
manipulation, injection of the involved cervical 
zygapophysial jOint, or the use of physical modalities 
(collar, short-wave diathermy, etc.). 

1. Manipulation. Spinal manipulation is a very 
effective therapeutic tool for the treatment of 
upper thoracic/periscapular pain of cervical ori
gin. It should be applied only by trained practi

tioners because of the potential risk of injury of 
the vertebral arteries, although in fact these 

accidents appear to be very rare taking into 
consideration the high number of manipulations 
performed every day throughout the world. Their 
definition and their possible mechanisms of action 
are described in the next section (see below). 
Three basic manoeuvres acting on the CT] are 
advocated: rotation, lateral flexion and the 'chin
pivot', a manoeuvre combining rotation, exten
sion and lateral flexion. Because the hypothesized 
mechanism of the pain is a 'spasm' of the muscle 
splenius cervicis, manipulations of the upper 
thoracic spine in flexion are also used, which 
stretches this muscle. Usually, one to three ses
sions are sufficient. If there is no result after the 
second seSSion, treatment by manipulation should 
be abandoned and referral for conservative man

agement considered. 
2. Zygapophysial joint injections. If manipulation is 

not applicable (e.g. lack of improvement, a techni
cal contraindication such as stiff neck or pain with 
mobilization), zygapophysial joint injections pres
ent a suitable alternative. The zygapophysial joint 
that was tender on palpation has to be inftltrated, 
and the injection is normally performed under 
f luoroscopic guidance. The patient sits facing the 
examining table desk with the head resting 
forward on crossed hands, thus flexing the neck in 
a relaxed position. The tender spot is carefully 
marked. The needle is inserted about 10 mm from 
the midline, in the centre of the spot, and 
penetrates until periosteum is contacted. After 
aspirating to ensure that the needle is not inter
vascular, the injection itself should be easy and 
without resistance or pain . The author uses 1- 2 ml 
of corticosteroid (Hydrocortancy[TM ). Anaesthetic 
block of the joint without fluoroscopy guidance is 
considered risky, and is strongly contraindicated. 
This technique is suitable for every cervical 
zygapophysial joint from C2-C3 to C7 - Tl. The 
patient must be informed of a possible adverse 
reaction (increased pain) a few hours later, which 
may, on occasion, last for up to 24 hours. 

3. Pharmacotherapy. Analgesics are often useful in 
the acute phase, as are non-steroidal anti-inflam
matory drugs if osteoarthritis is likely. 

Lateral upper thoracic pain (the levator 
scapulae syndrome) 

When a patient is suffering from neck pain, the pain 
often radiates to the superior angle of the vertebral 
border of the scapltla. In other cases, only the 
radiated pain is present, without any neck complaint. 
In these cases, the l evator scapula plays a role in the 
pain referral. In neck pathology, this syndrome (the 
levator scapulae syndrome) involves pain referral to 
the shoulder and the periscapuJar point. The exam
ination reveals the same thoracic and cervical signs in 
all cases. 
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Clinical signs 

1. Thoracic 
Pres�lIrc the scapular tnserlion of the 
scapllia tender and the patient·, 
pain. This point is caUed the 'levator point' (Fig. 
10.2). The pinch-roll test is positive in the con
tiguous dermatome of either C4 or T1-T2. The 
cellulaigia is located ipsilateral to the levator 
point. 

2. Cervical 
The technique 
been above. reveals a 
tender vertebral level, which may be at C4-C5 or 
C5 -c6, ipsilateral to the painful insertion and the 
cellulalgia. Provided that a disc herniation or 
synovitis has been ruled out, tllis tenderness 
should correspond to a caused by eil 
disc zygapophysial disorder. 

Connection between the levator pOint and the 
lower cervical spine 

There is no doubt about the nature of this pOint, 
which corresponds exactly distal attachment 
the fibres levator scapulae the superior 
of the vertebral Interestingly, 
muscle upper on the superior 
cervical transverse processes with the splenius cervi
cis, both being derived embryologicaUy from the 
same muscle. Both are superficial, and are innervated 
by the dorsal rami of the lower cervical roots (C4 -c6 
for the scapula, lor the splenius 
cervicist appears that levator point 
correspond insertional a spasming 
painful muscle due to a cervical painful dystunc
tion. 

Treatment 

same as 
the levator 

periscapular 
syndrome 
cervical 

Notalgia paraesthetica 

Notalgia paraesthetiea was first described by Astwaza
turow in 1933 (cited in Bernard-Pleet and Wayne-
Massey, Notalgia comes a Greek 
meatling in the back'. cases have 
described Wayne-Massey Clinically, 
gia paraesthetica consists of pruritus and localized 
dysaesthesia and hyperaesthesia in the distribution of 
one of the cutaneous dorsal rami of the upper 
thoracic area. The aetiology proposed was that of a 

dorsal ramus second to 
The study et al. 

lends support for hypothesis, because 
compression of :l nerve tmnk \vas observed in four 
out of 16 cases. These compressions could be the 

cause of the pain and other related symptoms, 
although anatomical may be grealer 
than the presentation pathology. 
author has encountered only clinical 
meeting uiagnostic criteria. 111 these cases, 
there was a trigger point at the lateral aspect of the 
spinous process, where the nerve is likely to be 
compressed by the tendons. Injection of local anaes
thetic at this point abolished the signs and symptoms 
The presence an anaesthetic of skin 
dermatomaJ conftrms neural blockade 
The author'S recommends treatment by 
tion with a corticosteroid. They have insufficient 
experience with this condition to determine whether 
surgery is an efficacious therapeutic option. 

Thoracolumbar junction and 
thoracolUlnbar spinal pain 
syndromes 

The thoracolumbar junction (fI.,J) is comprised of the 
TI0-TIl, 2 and T12 mOlion segments. 
This tramll area, interposcd between the 
racie and spines, is the source 
characteristic pain syndrome charActerized by a 
referral of the pain in the related dermalomes 
(f10-U). 

Although )udovich and Bates (1950) were the first 
to report and groin relerred from 
TLl, tllis fully described 
by Maignc the term 
acolumbar syndromc· described the tenni-
nology and stressed the implication of the thor
acolumbar zygapophysial joints in this syndrome. He 
emphasized its frequency among low back pain 
sufferers, and advocated treatment by spinal manip-
ulation. He authored 15 this topic, 
the majority these published French medical 
journals. 

Course of the thoracolumbar nerves 

Standard ""''''''-7' 

The thor;lcnlumbar nerve roots into two 
ventral and after exiling intervertebral 
foramen. The findings of two previous studies dealing 
with the course of these nerves are reported here 
(Maigne et al., 1986, 1989). 

The thoracolumbar ventral 

The TI0 ventral rami inrercostal nerves. 
They run Wider lhe ribs and end in the abdominal 
wall. They supply the intercostal and abdominal 
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Fig. 10.3 (A) The lateral cutaneous branches of the sub
costal and iliohypogasttic nerves sweep anteriorly. Both 
nerves become superficial as they cross the iliac crest (C). 
(B) The branch of the subcostal nerve (SC) passes through a 
muscular orifice (oblique muscles), the branch of the 
iliohypogastric nerve (II-!) through a rigid fibro-osseous 
tunnel (white arrow head). 

muscles as well as a strip of skin in line with the ribs, 
parallel to each vertebral level, representing the 
dermatome. The T12 and L1 ventral rami are the 
subcostal and iliohypogastric nerves respectively. 
They run parallel to the iliac crest and supply the 
lower muscles of the abdominal wall and the skin of 
the groin area. When they pass over the lateral aspect 
of the iliac crest, they give rise to a lateral cutaneous 
branch descending along the lateral surface of the 
hip. In most cases, this branch terminates at the level 
of the greater trochanter (Fig. 1O.3A); however, at 
times it courses 5 -10 cm distally. Interestingly, the 
branch of the iliohypogastric nerve becomes super
ficial by passing through a rigid fibro-osseous tunnel 
formed by the fibres of the muscle obliquus externus 
and the superior rim of the iliac crest. As seen in the 
author'S own dissections, this orifice may occasion
ally entrap the nerve. The branch of the subcostal 
nerve passes through a weaker, purely muscular 
orifice (Fig. 10.3B). 

The thoracolumbar dorsal primary rami 

The thoracolumbar dorsal primary rami are of smaller 

diameter than the ventral rami. They are very short, 
dividing after a few millimetres into medial and lateral 
branches. The medial branch runs dorsally along the 
angle between the transverse and zygapophysial 
processes of the corresponding vertebra and gives off 
branches supplyi.ng the zygapophysial joint capsule at 
that level. These nerves are very thin and are difficult 
to study macroscopically. A second inconsistent 
branch runs caudally to supply the zygapophysial 

joint capsule at the level below. The medial branch 
then passes along the spinous process, supplying the 
periosteum of both the lamina and the spinous 
process prior to terminating at the tip of the latter. It 
also innervates the multifidus muscle, one or two 
levels caudal to the vertebral exit (Hayashi et at., 
1992). 

The lateral branch is directed caudally, laterally 
and dorsally, supplying the erector spinae muscles 
and passing through the thoracolumbar fascia two 
to four levels caudal to their exit CMaigne et ai., 
1989), where it becomes superficial. This branch 
gives cutaneous innervation to the subcutaneous 
tissues of the lumbar and buttock areas as distal as 
the gr eater trochanter in some cases (Fig. 10.4). The 
skin covering the sacral area is innervated by the 
SI-S4 or S5 dorsal rami. 

The most common pattern presents with the T12 
branch lying laterally and the L1 branch medially as 
they traverse the iliac crest. At this level, the distance 
between the two branches varies from 1- 5 cm. The 
L1 branch crosses the crest at a very consistent 
distance of 7 cm from the midline. Of particular 
interest is the fact that the Ll dorsal ramus becomes 
superficial by passing over the crest through a tlbro
osseous tunnel formed by the thoracolumbar fascia 
and the superior rim of the iliac crest. This fibro
osseous tunnel is a rigid structure, which makes the 
nerve prone to compression. An entrapment neurop
athy is thus possible at this level. 

Fig. 10.4 Dorsal cutaneous rami of T12 and Ll supplying 
the lower lumbar area and crossing the iliac crest (C) 
(dotted line). The SpinOIlS processes of L2 and L5 are noted 
to the right of the image. 

Copyrighted Material



Cervicothoracic and thoracolumbar spinal pain syndromes J 63 

Variations 

The iliac crest is usually traversed by two or three 
branches of the dorsal rami ,  which supply the 
cutaneous region of the buttock. Data from the 
dissections carried out by the author and his col
leagues indicate some anatomical variations in that 
the 11 dorsal ramus supplies a significant area of skin 
in 65% of the cases. In the remaining 35%, the L2 
ramus (receiving a contribution from L3 in up to 10% 
of cases) is the major cutaneous branch for the 
buttock, although this relationship was variable. The 
fourth and ftfth lumbar levels have no significant 
dorsal cutaneous territory. 

Pain patterns 

The different pain patterns have been studied in 
healthy volunteers and in patients. TheTI] appears as 
a pain generator with a special feature; the radiation 
of pain downward in the corresponding derma tomes. 
This was fu-st illustrated by Kellgren (1939), who 
injected the thoracolumbar interspinous ligaments in 
normal volunteers and noticed a referral of the pain 
to the iliac crests. McCall and co-workers (1979) 
noticed the same type of referral when injecting the 
upper lumbar zygapophysial joints. In patients, it is 
common to reproduce the radiation of the pain by 

needling or injecting around the zygapophysials of 
the TL]. 

Pain syndromes of the thoracolumbar 
junction syndrome 

The thoracolumbar junction syndrome is defined by a 
dysfunction of the TIJ referring pain in the whole or 
part of the territory of the corresponding derma
tomes (e.g. Tll- L I or L2). Depending on the branch 
involved, the pain could refer to the low back 
(cutaneous dorsal rami) (Fig. 10.5A), to the groin 

(subcostal or iliohypogastric nerve) or to the lateral 
aspect of the hip (lateral cutaneous rami of the 
subcostal or iliohypogastric nerve) (Fig. 10.58). All 
combinations of these clinical presentations are 
possible with one, two or three involved territories. 
Furthermore, even if the patient is unaware of 
symptoms in the above regions, the clinical examina
tion may reveal tenderness of the cutaneous and 
subcutaneous tissues in the involved dermatome. 

Low back pain 

Symptoms 

Low back pain is certainly the most frequently 
encountered pain complaint in theTLJ syndrome. The 
pain is distributed in the derma tomes ofT)l, T12, 11 
or L2; however, because the limits of these derma
tomes are ill defmed, due to overlapping and anasto
mOSiS, the pain is usualJy spread in the lateral pa rt of 

the low back without corresponding exactly to a 
specific dermatome. Rarely, the pain is bilateral (the 
sacral area being pain-free); more often, it is uni
lateral. Oddly, the right side is more commonly 
involved than the left. In a personal series of 100 
cases, the pain was on the right in 62%, but the 
author has no explanation for this fact. Vernon
Roberts et al. (1997), studying the COlLrse of the 
degenerative process at the disc T12 - L1, pointed out 
that the anular radial tears were twice as frequent on 
the right than on the left part of the anulus. They 
related this to the fact that most people are right
handed. 

The pain is usually acute, of less than 2 - 3 months' 
duration, often appearing after a false rotatory 
movement of the trunk, prolonged strenuous pos-
ture, lifting or, occasionally, without any obvious 

precipitating factors. Repeated attacks are, of course, 
possible. Less commonly the pain may have a more 
clu'onic course , but the disability is always less than 
that seen with lumbar pain syndromes. The pain is 

Fig. 10.5 Areas of pain and tenderness in the thoraco
lumbar junction syndrome. (A) Unilateral low back pain 
(cutaneous dorsal rami of Tl 0- L1 or L2 roots). The 'iliac 
crestal point' (*) is characteristically located 7 em from the 
midline. (8) Pain on the lateral aspect of the hip area (lateral 
cutaneollS branch of the subcostal and iliohypogastric 
nerves). Pain on the groin area (arrow head) (subcostal and 
iliohypogastric nerves). 
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frequently increased by contralateral side bending, 
whereas ipsilateral side bending is pain free. This is 
likely to stretching of the cutaneous 

and the iliac crest, where 
and appears to be 

svndrome. This is in con 
Ilinction pain syndromes. 

where bending increases the pain. 
This compared to a Lasegue 
sign of the trunk. Extension is often painful, as is 
ipsilateral rotation. Flexion is normal or painful, but 
without stiffness. This could be due to a mild 
protective guarding of the lumbar paras pinal 
muscles. Interestingly, this syndrome occurs more 
frequently after the sixth decade, as low back pain 
in younger patients usually has a lumbar discogenic 
origin. 

Clinical hack 

When spine, care must always 
fi,r two clinical signs. The 

posterior iliac crestal poim'; 
'pillclHOU' test. 

The posterior iliac erestal point is present when 
pain and deep tenderness are located at the level of 
the iliac crest at a point which is consistently located 
7 cm from the midline. Pressure at this point causes a 
sharp pain similar to the patient's complaint. The pain 
is usually excruciating, whereas the crest is much less 
painful even I cm to the left or right of this point. A 
small bony groove can be palpated at this level, 
correspontli.ng passage of the cutaneollS 
branch requires careful and precise 
localization. facilitated by placing 
patient flexed position across 

open up the spine into 
elements. This is a very 

convenient position to examine 
spine from the TL) to the sacrum, because thc 
lordosis is reversed. The examiner places a finger 
along the iliac crest with moderate pressure every 
0.5 cm, in an attempt to isolate the tender point. The 
finger is moved Slightly laterally, medially and verti· 
cally in a probing' manner. Onee the irritated nerve is 
located, deep pressure and gentle movement pro· 
duce marked tenderness, which is clearly demon
strated reaction. The opposite iliac 

similar manner and is com 

test is achieved because 
by hyperalgesia of 
in the involved denna· 

tomes. hypersensitivity can 
revealed grasping fold of skin between 
thumbs and forefingers, lifting it away from the trunk 
and rolling the subcutaneous surfaces against one 
another in a pinch and roll fashion. On the involved 
side the skin overlying the buttock and iliac crest is 

found to be tender when compared to the oppOSite 
side. This sign is difficult to elicit if the patient is 

[he examination is hunied 

of the thoracolumba r 

of the TLJ should 
presenting with low back 

pam is unjlateral, located 
iliac crest and buttock, and when an iliac crestal point 
is found. 

Clinical examination of the thoracolumbar junction 
should be carried out with the patient in the position 
described above (lying across the examining table). 
Two manoeuvres are used: the first is longitudinal 
friction pressure over the zygapophysial jOints; 
the second is lateral pressure against the spinous 

friction pressure over 
pressure is applied deeply 

I cm lateral £0 the spinolls 
hy a slow, gentle friction m',"'>mp 

finger. Tenderness is 
ipsilateral to the lower 

e"tingly, clinical examination under f1uoroscopie 
control has shown that the tender spot always 
corresponds to a zygapophysial jOint, provided the 
palpation is slow and careful. TIl-TI2 is the most 
frequently involved jOint, followed by TI 0 -TIl and 
TI2-Ll. This is likely to be due to the 011entation of 
the articular processes. Tll-T12 has a thoracic 
orientation in almost 59% of cases (Maigne et al., 

the widest range of 
each side, as demonstrated 
normal volunteers who 

the �J and then under\yenl 
(Maigne et at., 

unusual stress and overuse 
of the cases, TII-TJ 

sagiLlal orientation, thus restricting the fJllgC of 
rotation at this level to 0.5° TIO-TIl then undergoes 
the greatest amount of rotation instead of T11-TI2. 
When TlO-TIl is tender, it is often due to this 
transitional abnormality. 

Pressure against the lateral aspect of the spinous 
process is applied with the thumb slowly and 
tangentially at each \evel. This manoeuvre imparts 

the vertebra. Ipsilateral 
at the involved level 

X·rays, CT or magnetiC 
of the TIJ are unrunarkahle 

eases. They are often 
anatomical studies, 

at this level. These imagUlg 
value regarding the 

response to treatment. In a previous study, Maigne et 
al. (1992) demonstrated an increased frequency of 
ossification at the attachments of the ligamentum 
f1avum at this level as com pared to other levels of the 
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thoracic spine, by using CT scan cuts. They hypothe-
sized that this frequency high level of 
rotational strain (Maigne et al., 
1992). 

Confirmation that 
to the iliac crest and 
by an anaesthetic 

from theTLJ 
demonstrated 

painful zygapophyslal is inserted in 
the centre of the the zygapo-
physial jOint, 1-1.5 cm from the midline. The point 
for injection is generally located on a horizontal line 
crossing the interspinous ligament. The needle is 
inserted until periosteum is contacted. After aspira
tion for blood, 3 mJ of anaesthetic (lidocaine 1%) is 
injected around the zygapophysial jOint, and more 
laterally around the dorsal ramus. The cutaneous 
branch of the dorsal Jlso be blocked as it 
crosses the iliac point). The 
technique is easy; the at the level of 
the tender point the superior 
rim of the crest. then injected 
around the nerve lechnique, the 
injection should, suppress the pain 
and discomfort prniollsly the patient'S 
rotation, flexion or extension movements, and dimin
ish the tenderness over the iliac crestal pOint, thus 
confirming the diagnosis. 

Pain in the groin 

Symptoms 

Because it is acknowledged 
covering the groin 
related to a TIJ origin. 
has been ruled out 
back pain or be an 
sometimes be localcfi 

TIl dermatomes, 
theTLJ 

Clinical signs in tbe groin 

dermatomes 
pain is easily 

hip pathology 
accompany low 

The pain may 
in thenO or 

involved level of 

Two clinical features are characteristic of the involve
ment of the ventral rami (subcostal and iliohypogas
tric nerves); a positive pinch-rOll test and tenderness 
over the superior aspect of the pubis. 

The pinch-roll 
lying supine. The 
sides. 

Tenderness over 
found with friction 
This hypersensitivilv 
the pain threshold 

of the pubis is 
of this area. 

a lowering in 

Examination of the thoracolumbar junction 

The examination of the TLJ is conducted as described 
above, and the findings are basically the same. 

A diagnostic block may be useful for establish.ing th.e 
diagnosis . blocking the zygapophysial 
joint ramus is insufficient, and 
mandatory around the ventral ramus 
well. done without fluoroscopic 

pain. 

needle as described 
dorsal ramus and by conducting 

toward the intervertehral 
vcmral ramus. The injection 

blocks the nerve and relieves the 

Pain over the lateral aspect of the hip 

The third feature of theTLJ syndrome is pain over the 
lateral aspect of the hip. It is a referred pain in the 

Clinical 

cutaneous branch of either 
subcostal nerve. 

lateral aspect of tbe hip 

Referred Hcrritory is characterized 
distribution, pinch-roll test and a 
iliac crestal point. The lateral cutaneous branch 
usually reaches the trochanteric area, but can some
times descend 5-10cm distally. A shorter variety may 
be found, ending a few centimetres below the iliac 
crest (Maigne et al., 1986). When the pain is referred 
to this area, the pinch-roll test is positive, as 
compared to the other side. 

The lateral iliac crestal point has the same charac
iliac crestal point (see: 

thoracolumbar origin, above). The 
palpated by the index or 

in the lateral decubitus 
to reveal the tender point. 

lateral part of the iliac 
anlcfo-superior iliac spine, 

intersection of the crest by a vertical line drawn from 
the greater trochanter. This location corresponds to 
the crossing of the iliac crest by the nerve, where a 
bony groove is often palpable. 

Clinical pictures of the thoracolumbar 
junction syndrome 

Each 
the 

pain syndromes characterizing 
appear in isolation 

patient. Furthermore, 
isolated to only one 

one precise area), the 
a positive pinch-rOll 

iliac crestal pOint, or 
ness over the superior aspect of the pubis, independ
ent of the patient's primary complaint. Another very 
common pattern is low back pain originating from 
the TLJ associated with pain emanating from the 
lower lumbar discs or zygapophysiaJ joints. 
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Causes of the thoracolumbar junction 
syndrome 

At the nJ 

The most common cause of the TLl syndrome is a 
minor intervertebra l  dysfunction at theTLJ (T I O -T I l ,  
T l l -T l 2  orTl 2 - L I ) .  One, two o r  three levels can be 
invo lve d .  Patients are often unaware of sym ptoms at 
the level of the TLl, and pain is us ua lly felt distally in 
the corresponding de rmatomes .  The nature of this 
dysfunc t ion remains unknown , although the involve
ment of either the zygapophysial joints or the disc is  
very likely. More than any other part of the spi n e ,  the 
TLl is invo lved in rotatory movements.  At the lumbar 
levels , the total amount of rotation is limited because 
of the orientation of the zygapop hysial joints in the 
sagittal plane.  Above T I O ,  despite a more favourable 
orientation, the rota tio n is restr icted by the ribcage, 
which is fixed to the thoracic spine . The major  pa rt of 
the rotation is thus concentrated between TIO and 
T1 2 . This may lead to an overuse of the moti on 
segment,  which could initiate d isc or zygapophys ia l 
degeneration . On the other hand,  the frequent 
zygapophysial asymmetry at TI l-T I 2  could d isrupt 
the smooth rotation (see also Chapter 7) and initiate 
painful blockages or hypo mobility in case of false 
motions, partic ularly  if ro tatio n  is combined with 
forward flexion. Some other causes are possible, 
although very rare , such as a d isc herniation or a 

collapse of the vertebra l body of TI l ,  T I 2  or Ll 
refe rring pain only to the low bac k .  

Othel' causes 

There are other possi ble causes for referred pa in in 

the cu taneous nerves of TI l ,  T1 2 or L l . Although 
the primary cause for pain m ay not be located at  the 

TIl, the symptoma tology and the clinical signs are 
similar to the TLJ syndrome .  Moreover, both TLJ and 
non-TIJ causes can be associa ted in a given patient , 
and thus have to be diagnosed and treated simul
taneous ly. 

Nerve entrapment 

Entrapme nt of the cutaneous dorsal ramus of L l  
(l\'laigne et al. , 1 989) may occu r. When the cuta
neous dorsa l rami cross the iliac c rest, the most 
medial among them (Ll in the majority of cases , 
sometimes L2) become superficial by perforating a 

rigid fibro-osseous tunnel formed by the thoraco
lumbar fascia above a nd the rim of the crest below. 
This orifice,  located approximately 7 cm from the 
midline, may entrap the nerve , lead ing to pa in in its 
cutaneous territory (Fig. 1 0 . 6) .  The clinical s igns are 
very similar to those observed in the TLl syndrome , 

except for the fact tha t the TLl is normal to 
palpation .  The major feature is the iliac crestal pOint,  
where pressure reproduces the patie nt ' s pain 
(Fig.  I O.5A) .  The anaesthetic block of this point 
must abolish a ll signs and symptoms to establish the 
diagnosis. The author's group has, at the present 
time, a series of 21 patients with this syndrome . All 
were o lder patients (mean age, 67 years) and all 
were operated on (neurolysis) , allowing a confIrma

tion of the diagnosis and immediate relief in the 
majority of cases. None of the m had hyperaesthesia 
in the territory of distribution of the nerve, pOSSibly 
d ue to overlapping of derma tomes .  It  seems likely 
that this entrapment might be associated in many 
cases with a TIl synd rome , thus reinforc ing the 
symptoms in the low back. 

En trapme nt of the lateral  cutaneous branch of the 
iliohypogastric nerve (Maigne et at , 1 986) may also 

Fig. 10.6 Left side. SuperfiCial emergence of the dorsal cutaneolls nerve of LI though a fibro-osseous tunnel (arrow, F-T) . 
Dotted l i.ne CO) is the iJiac crest. 
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occur. A similar arrangement to that  described a bove 
may be observed CUl a neous b ranch of 
the iliohypogastric becomes super-
fici a l  by passing sort of fibro-
osseous tunnel 
late ra l  part of the iliac I'crtical line passing 
over the greater em from the 
antero-slIperior iliac This orifice is  
demarcated by the below and the 
aponeurosis of the obliquus externus muscle above, 
and may sometimes en trap the nerve . The pain is 
located on the c rest and radiates downward, to the 
trochanter o r  even lower. The p inch-roll test is  
positive i n  t h e  affected dermatome, and p ressure 
over the lateral  iliac crestal point reproduces the 
patient's pain. Here, too, the TIJ is normal to 
palpation.  

This e ntrapmenl 
than entrapment of 
with very few 
pression . 

less frequent 
ramus of L 1 ,  

New advances: pain lumbosacral 
junction projecting in the TIJ dermatomes 

Japanese authors have recently addressed the ques
tion of why sciatic pain is often accompanied by 
radiation to the groin area . They demonstrated (in 
the rat) a possible link between the L5 - L6 disc and 
the L2 root .  This disc could be partially innervated 
by d ichotomizing sensory C fibres presen t  in the L2 
spin a l  n erve or higher also innervate 
the groin skin (Takahashi  Furtheml0re , 
by blocking the low back pain 
patients with degenerated discs, they were 
able to relieve the ,upporting the 
p re mise that discogenic lower lumbar 
spine could p rojecl (Nakamura 
et al. , 1 995) 

Clinical treatment options for the 
thoracolumbar junction 

The treatment of the TLJ syndrom e  is  at first the 
treatment of the 11 J treatment 
of the nerves may 

Spinal manipulation 

Definition and m/>ct'al'lIs.m 

The TlJ syndrome is particularly responsive to spinal 
manipulative therapy. Manipul ation is a forced move
ment applied to a joint within the anatomical  limits .  
This movement is characterized by a ' c racking' sOllnd 
due to a vacuum phenomenon as the zygapophysial 

joints separate . This vacuu m  phenomenon, or cavita-
t ion.  sudden separation 

the cavitation appears 
which could play a 
muscles. This is true not 

any p art of the spi n e .  
/\gapophysial jo ints mar 

segmen t .  Manip u lation may 
In an unpu blished study us ing 

i n t radiscal p ressu re transd u cers into the lumbar discs, 
the author and colleagues demonstrated that the 
ma nipulative thrust ini tiated a sudden and temporary 
negative intradiscal  p ressure .  This could alter the load 
transmission through the disc, thought to b e  one of 
the factors transforming a pain-free degenerated disc 
i nto a painful one.  

Teclmit/lle 

The i m portant ,  because 
result  after one or two manoeu\res, 

diagnosis .  The most frequenl ly  
used techniques a re described in 
elsewhere (Maigne, 1 996) . One to five sessions a re 
necessary to tre a t  the patient,  with one to fou r  
manoeuvres i n  e a c h  session . If there is no improve
ment after the second one,  the treatment and the 
diagnosis should be re-evaluated.  

Technique 

a re best performed 
according to the tecIUllq!le 

anaesthetic block 
steroid HydrocortancylTM (3 m l) is 
Injections are also the treatment of choice i n  cases 
of nerve e ntrapment a t  the iliac crest (posterior or  
lateral p a rt) . The needle i s  inserted in the centre of 
the iliac c restal pOint ,  until contact i s  made w i th 
periosteum. The needle is then directed upwards to 
the r im of the c rest and around the nerve .  

Indications 

i n j ections c a n  be performed 
in elderly patients 

o r  after the fai l u re 01 
One or two injections 

usually llegative resul t should 
reconsideration of the diagnosis . The same applies for 
injection of the cutaneous b ranch,  which may be 
perfor m ed as a primary tre a tment when the TLJ 
appears normal o r  the iliac crestal point i s  very 
sensitive . 
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Henry F. Farfan, MSc, MD CM, FRCS (C) 

Harry Farfan ( 1 924 - 1 994) is acknowl edged as a 
pioneer spinal surgeon and resea rcher. Tn 1 975 he co
ordinated the esta blishme nt of the Inte rna tional 
Society for the Study of the Lumbar Spine, and 
subsequently helped form the North American Spine 
Society in 1 984 . He contributed extensively to the 
li terature on mechanical disorders of the spine , and 
challenged many with his theories on spine path ol
ogy, particularly concerning the d isc . Through 
debate, he sought to encourage all who were 
in terested in these issues . His textbook,  Mechanical 
Disorders of the Low Back, is considered a classic in 
clinical biomechanics of the lumbar sp ine .  In tlus text 
and his many other publications he disclosed his 
interest in spinal evolut ion, mathema tical analysis of 
spinal mechanics , posture , manual therapy, bio
mechanics , pathoana tomy and spina l surgery. His 
final paper, published in Spine (Farfan, 1 995), pro
vided insight into his lasting in terest in mathematical 
analysis of the relationships between stmcture and 
function . Dr Falfan was a men tor to many around 
the worl d .  He was very supportive of the multi
diSCiplinary approach to spine research a n d stimu
lated the development of theories of clinical practice . 
However, Ius interest in spine research was based , 

first and foremost, on his concern for achieving the 
best outcome for his patients. 

I reco rd my indebtedness to Mrs Aurel ie  Farfan for 
kindly granting permission to incorporate into this 
text previously unpublished wo rk by Dr Farfan on the 
association between thoracic spine pain and upper 
limb and neck di sorders . I am gratefu l to Dr Charles 
Aprill, radiologist,  a long-time friend and coUeague of 
Dr Farfan ,  for making me aware of th is manuscr ipt .  I 
also exp ress my appreciation to Drs Simmons and 
Hadjipavlou fo r perm ission to cite t heir obituary 
tributes. 

Kevin P Singer 
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The spine and 
syndrome 

'tired neck 

H. F. Farfan 

The primary source cervicll-clorsobrachialgia is 
often thought to be inlervertebral joints, 
and little thought has been given to the thoracic spine 
as the source of this complaint. The emphasis in this 
chapter is given to a primary source atT5 -T6, causing 
widespread pain in the thoracic spine, pseudo
angina, pain and stiffness in the neck, pain in the 
upper extremities, temporomandibular joint (rMD 
problems, and other complaints on the face. The 
pathomechanics are discllssed, and symptoms and 
treatment are outlined 

The tired ne<-�k 

In the literature, there conditions involving 
pain in the neck, in the upper back and in the upper 
extremities. These have been given names describing 
the geographical distribution of the pain, such as 
cervicalgia, brachialgia, cervico-brachialgia, cervico
dorsalgia and cervico-dorso-brachialgia. These con
ditions are often associated with fibromyalgia, or 
the more fashionable myofasciaJ syndrome. These 
were originally classed as 'muscular rheumatism' 
(Hult, 1954). 

CervicaJgia and 
cia ted with the cervical 
stood. In these, and direct 
relationship between joints and the 
distribution of sympL01lJS extremities. 
However, locating affected may 
remain a problem, especially when the neurological 
signs and symptoms do not conform to the normal 
pattern. When there is no correlation between a 
specific neck problem and the upper extremity 
symptoms, the cause of the brachialgia is in doubt. 

Some hraehialgias are also clearly 
problems sorncvvhere other than the 
joints, such as when the thoracic outlet is compro
mised. Several variations of the thoracic outlet 
syndrome have been described, but the presence of a 
cervical rib is almost mandatory in order to make this 
diagnosis. Signs to confirm vascular compression, 
accompanied by signs of neurologic involvement, are 
generally surgical prerequisites. Even then the results 
of surgical intervention may leave something to be 
desired, symptomatology can 
even surgery. 

In chron.ic neck pain, recent 
the zygapophysial joints 
source of pain because 
tile upper back. While it 

that may refer pain to the face 
upper back (Bogduk and Marsland, 1988) (Fig. 11.1), 
treatments based on the theory that a cervical joint is 
the source of pathology have nO£ been overly 
successful in resolving the back or upper extremity 
symptoms. The extent of referred pain from cervical 
joints has sometimes obscured the possibility that 
pain in the upper back may arise from intervertebral 
joints in the upper thoracic region; hence the reason 
for 'dorsalgia' in cervicaJ·(\orso 
brachialgia. 

of cervical brachialgi:l 
by cervical discs, arthritis 
joint syndromes, and 

to thoracic outlet syndrome. 
,yndromes that are essentially 

unexplained still remain. ll1ese have been classed 
under different names. 

In 1958, there was an epidemic of what the 
Japanese called 'occupational cervicaJ-brachial dis
order' (Ohara et at., 1982). In Australia, certain 
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Fig. 11.1 Referral patterns originating from cervical zyga· 
pophysiaJ joints. 

disabilities such as epicondylitis, cramp of forearm 
muscles, tenosynovitis at the wrist and hand, and 
carpal tUIUlel syndrome were originally grouped 
together lU1der the term 'repetitive strain injuries' 
(Ferguson, 1971). Later, this group came to include 
the cervico-brachiaigias of unknown origin . In Scan· 
dinavia , the cervico·brachialgias of unknown origin 
were called 'tension neck syndrome' (Waris, 
1980). 

In this chapter, it is proposed to draw attention to 
the role played by certain muscles of the neck and 
thoracic spine, and their effect on the joints of the 
upper thoracic spine. 

At the present time, there is no known neuro
logical connection between an upper thoracic inter
vertebral joint and either the neck or the upper 
extremity. However, biomechanical considerations 
led the author to conclude that a relationship does, in 
fact, exist (Farfan and Baldwin, 1986). 

Biomechanical factors 

The head balances at the tip of the cervical column 
and, in normal relaxed posture, this balance is 
maintained without continuous muscular activity 
(Basmajian , 1974). The centre of gravity of the head 

falls in front of the cervical spine, so it is evident that, 
to avoid excess muscle activity, it is necessary to have 
a 'counterweight' behind the centre of motion in the 
spine to counteract the tendency of the head to nod 
forward. This counterweight is supplied by the 
weight of the shoulders, each with its muscles, 
suspended by the levator scapulae and rhomboid 
muscles from the neck. The system balances within a 
narrow range of head f lexion and extension. Thus, 
when the head is extended Slightly, the shoulders are 
naturally brought forwards. When the head is flexed, 
the shoulders tend to move backwards. 

However, it is fairly easy to unbalance the system 
by interfering with the position of the head or that of 
the shoulders. When this occurs, there is an immedi· 
ate response in the longus colli, longissimus , levator 
scapulae and rhomboid muscles, which contract. 
Both scapulae are then spontaneously stabilized by 
the action of the lower fibres of the trapezius muscle. 
This response is easily verifiable. When advancing the 
head or extending the arms, active contraction of the 
levator scapulae becomes palpable . Electromyo
graphic (EMG) studies confirm this action CBasmajian, 
1974). 

Because contraction of the levator scapulae and 
rhomboid muscles produces a turning movement on 
the levator scapulae, this tendency must be counter
acted by contraction of the lowest portion of the 
trapezius. The action of the middle and upper 
portions of the trapezius is minimal during this 
response. These only come into action when an extra 
burden is placed on the shoulders or extended 
arms . 

Therefore, with imbalance of the system there is 
activity from the levator scapulae (rhomboids) and 
from the lower trapezius. When these muscles 
contract, a compressive force is created between Cl 
and TI2. This force tends to increase the lordosis of 
the neck and the kyphosis of the thoracic spine. The 
intervertebral joint most likely to suffer is the one 
with the smallest cross-sectional area of its disc and 
that which lies close to the apex of the thoracic 
curve. In most individuals, this vertebra is the fifth 

thoracic vertebra, with variation from T3 to T7 
(Kazarian, personal communication) . 

There are other reasons why this vertebral level is 
the most frequently affected. Among them is the fact 
that at this level, there is often a slight scoliotic curve. 
It is also a common site of a vertebral malformation. 

Relation of the head in balance to 
symptomatology 

Muscular effects (fibramyalgia) 

Striated mllscle cannot maintain a sllstained effort for 
long periods of time. Any such activity will calise a 
painful fatigue in the levator scapulae , rhomboids and 
lower portion of trapezius. These muscles become 
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tender to the touch, principally at their points of 
origin and insertion (Fig. 11.2A). Occasionally the 
tenderness may be felt in the trapezius ,  which may be 
recr uited when the levator scapulae is fatigued. The 
affected muscles are contracted to the touch. Some
times the induration may be patchy, giving the muscle 
a fibrous, ropy feel, often with tender nodules. 

The cause of pain is thought to be due to waste 
products produced by muscle; however, no abnormal 
build-up of expected chemicals has been detected 
(Mooney, 1991), despite increased EMG activity 
(Fowler and Kraft, 1974). Abnormal muscle enzyme 
blood levels may be elevated (BjeUe et at., 1979). 
Muscle biopsies have shown degeneration and 
inflammatory exudates (Bengtsson et at., 1986) , but 
trus is inconclusive because the same changes have 
been reported from so-called normal muscles. 

Contraction of the levator scapulae and rhomboid 
muscles causes the neck to be stiff. This stiff neck is 
not accompanied by a loss of cervical lordosis and, 
characteristically, the loss of motion is symmetrical. 
These two fmdings may allow a distinction between 
this and a stiff neck arising from a cervical disc or 
zygapophysial joint problem. 

Effects on the T5 -T6 joint 

The unaccustomed increased compression force has 
a deleterious effect on the T5 -T6 joint and, to a lesser 
extent, on the adjacent joints (Fig. 11.28). They 
undergo eady degeneration, with typical changes 
appearing in [he discs as well as in the zygapophysial 
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joints. In a series of four chronic cases treated by the 
author with spinal ftision , there was severe degenera
tion of the zygapophysial joints in all cases. The 
degenerative T5 -T6 jOint may cause paraspinal 
muscle spasm, and it may refer pain arOlU1d the chest 
wall (usually unilaterally) to the epigastrium at the 
appropriate level. This pain may be of sufficient 
intensity to cause the mistaken diagnosis of an upper 
gastrointestinal problem or a cardiac crisis (pseudo
angina). 

Tenderness is often palpated in the midline, at the 
T5 -T6 interspinous ligament and , to a lesser extent, 
at adjacent levels . 

It may be mentioned that ganglia of the autonomic 
nervous system lie in close relation to the inter
vertebral discs at this level . It should also be noted 
that the ganglia in this region (T3, T4) are concerned 
with the blood supply of the upper extremities (Dohn 
and Sara, 1978). 

The fifth intercostal space is not the only tender 
location in the thoracic wall. Tenderness is also found 
in the pectoralis muscles and the anterior chest wall. 
The reason for this is not clear, and it may be due to 
referred pain from the brachial plexus; this wiH be 
discussed later. 

Effects on the face 

When the cervical lordosis is increased it is accom
partied by extension of the head, which is necessary 
to minimize shear stress at the atlanto-occipital joint 
(Helleur, 1983). The extension of the head is resisted 

Fig. 11.2 (A) Origin and insertion of levator scapulae and lower fibres of trapezius. (B) The collective force moments result 
in compressive forces commonly crossing the T5 -T6 segment. 
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by the 'strap' muscles and the muscles of the f loor of 
the mouth, and also by the elastic resistance of the 
trachea especially during inspiration. 
These to move the lower 

and 
breathers 
dry momh 
postnasal drip. 

This makes it difficult 
when the head is extended, 

problem become 'mouth 
breathing pattern causes 

non-alJergic rhinitis and 

The effect on theTMJ of the habitual 'mouth open' 
position of the mandible may lead to displacement, 
perforation or trauma to the TMJ cartilaginous disc. 
Temporomandibular joint problems are welJ-recog
nizec! sources of facial pain and, because of the close 
relationship of the joint to the C2 and C3 nerves, 
ac!vancingTMJ dysfunction may also be the source of 
headache s[de of the neck. 

The relationship between 

cause a 

TMJ problem must 
treatment to be impJe-

that a problem of posture 
it is not known if there 

primaryTMJ problem coule! 
ilnbalanee of the head. 

Effects on the upper extremities 

Increased lordosis of the cervical spine with the 
forward-downward displacement of the shoulders 
has an effect on the structures exiting through the 
thoracic outlet. The cords of the brachial plexus are 
brought rib, and the situation 
aggrav,lted of a cervical rib. In those 
individuals supraclavicular ribs (15% males, 
85% incidence of upper extrernity 

t hey are more severe. 
difference in reported 

cases, occurring six times more 
commonly in males (Maeda et 
1982). In individuals with asymmetrical first ribs, the 
symptoms occur earlier and more severely on the side 
with the high rib. 

The brachial plexus cords are tender to palpation 
and in some cases appear swollen. In connection 
with this, it should be noted that pressure on the 
shoulders exacerbates the symptoms in the upper 
extremities ane! CUlses increased upper back pain 
This is brachial plexus problem 

joint, where pressure 
agg.l:{Vation of symptoms but 

those extremities. 
complaint of numbness in 

distribution. However, senSJ
normal, although a 

touch with cotton wool may be poorly perceived. 
Wasting of the thenar eminence may be present. 

The tendon reflexes are all normaL The EMG may 
show the presence of carpal tunnel syndrome or 

ulnar neuritis, but it seldom shows changes about the 
elbow. There is frequently a complaint of swelling in 

as evidenced by the 
more difficult to put 

Complaints of colour change 
sweating do occur, 

vascular, thermal changes 
to be due to irritation 

nervous system in the neck, or possibly of the upper 
thoracic chain. Headache has been thought to relate 
to involvement of the autonomic system, which runs 
along the llmominate artery 

Lateral epicondylitis of the elbow (2%) and bursi
tis/tendonitis (30%) occur frequently in association 
with this condition (HuJt, 1954) , and these may be 
due to irritation of the branches of the plexus. The 

at the lateral epicondyle 
along the radial nerve above 

of the scapulo-humerJI 
irritation of the 

important considerations 

A large proportion (27%) of these patients suffer from 
sleep disorders or insomnia (McDermott, 1986), and 
there is often a psychological overlay caused by (or 
causing) job dissatisfaction (Kiesler and Finholt, 
1988). 

condition that leads to a 
unbalance the head Of! 

dcvelopment of the tired neck 
number of traumatically 
lead to upper back and 

instance, compression fractures of the cervical, 
thoracic or even lumbar spine, trauma to the soft 
tissues of the neck (such as whiplash), or trauma to 
the shoulder where the shoulder is forced downward 
and forward by a fall or a falling object. In addition, 
postural changes following cervical joint surgery 
could lead to the development of chronic pain. 

However. habitual bad posture the 
commonest cause leading 
and the numerous occupational 

summarized by Andersson 
COllUHonest forms of poor 

100ward. This is commonly 
computer screen clearly. 

person's head is extended forward to view the 
screen. The situation is somewhat ameliorated by 
tilting and lowering the screen. However, there is 
the problem of focal length of the eyes; lenses that 
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are suitable for comfortable reading of a book may 
not be suitable for the reading distance between 
the eyes and the computer screen. In this respect, 
it is worth noting that reading with bifocal lenses 
may actually aggravate the posture problem. 

2. Arms extended. As the arms are extended, the 
shoulders drop down. Stability of the shoulder 
blades during this activity is supplied by the 
cervical and thoracic musculature. Demand on the 
muscle is increased when the elbows are straight
ened, and is further increased when the arms are 
at shoulder height or above. Thus, it helps if 
individuals sit as close to their work as possible, 
with a keyboard at a comfortable height -
normally at the level of the waist or slightly lower. 
Workers on an assembly line need similar protec
tion. In addition, workers should not be required 
to reach upward for tools or parts, especially if 
they are heavy. Arm rests or supports for the arms, 
which prevent the depression of the shoulders, 
are important aids in prevention of these stresses. 
The rests should be at the correct height to cause 
only slight shoulder elevation. 

3. Shoulders down. Anything that forces the shoul
ders downward, such as bags with heavy straps, 
heavy coats, or tight brassieres, should be avoided. 
Carrying heavy parcels such as briefcases or 
groceries at arm's length is also to be avoided; the 
packages should be clutched close to the body 
and, if possible, carried under the arm. 

Treatment 

It is essential that patients understand clearly what 
the problem is and the necessity for taking responsi
bility for their own rehabilitation. If the condition has 
lasted longer than 6 montl1s it has reached a stage of 
chronicity, and complete recovery cannot be gua.ran
teed although amelioriatioo is possible. Standard 
therapy modalities for stiff neck are seldom of value 
in these cases. 

The methods of unbalancing the head and neck are 
demonstrated to the patient, as well as the counter
measures. The necessity of resting the joints of the 
upper back is stressed, which involves relieving the 
compression on the spine by the weight of shoulders 
(approximately 9 kg) and, less importantly, the head 
(about 2 kg). 

Patients are taught the following simple technique 
of relaxing the muscle cramps in the neck. The 
patient lies supine, with the head supported in the 
Hexed position by a firm support (book or pillow). 
The head is turned to one side and one hand is placed 
on the side of the patient's face. A forceful contrac
tion of the neck muscles to bring the head back to the 
centre is made against the resistance of the hand. This 
is repeated facing to the other side. The duration of 
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the contraction is 3-5 s. This isometric-type contrac
tion is repeated as necessary until relaxation of the 
cramped muscle is obtained. Many patients achieve 
sufficient relief from this technique, and do not 
require further treatment. 

If more active treatment is required, the first 
objective is to localize the offending joint. Radio
graphs are of little help. A few days of non-steroidal 
anti-intlammatory medication, if tolerated, will 
usually serve to allow identification, via palpation, of 
the point of maximum tenderness in the midline. 

A local injection of 1.0 ml 2% xylocaine at the 
identified level will reach the zygapophysial joints if 
the injection is carried Ollt deep to the fascia 
overlying the paraspinal musculature and close to the 
spinal process. This inftltration serves the purpose of 
proving to the patient and surgeon alike that the main 
problem has been localized because, following the 
injection, most of the pain in the neck, upper back 
and upper extremities disappears. The trigger points 
are not injected. 

Exactly what is the connection between T5 and the 
widespread pain in the cervical and thoracic spines 
and upper extremities? Does degeneration of the jOint 
come first, causing the muscular contracture of the 
levator scapltlae and lower trapezius muscles , or is it 
the reverse' In any case, the effect of the injection 
may be prolonged by the inclusion of a soluble 
steroid. Occasionally a second joint may be involved, 
and this may also require similar treatment. 

Maintenance 

The best maintenance is produced by a change in 
work habits; however, this may fall into the category 
of 'easy to say but hard to do'. 

Theoretically the muscles could be retrained and 
strengthened, but this is very difficult to achieve 
when the faulty muscles are totally fatigued. The least 
bit of exercise may bring on a return of pain. 
Exercises of the shoulders, which require the shoul
ders to remain behind the plane of the cervical spine, 
are helpful. An aerobic routine may help (Mooney, 
1991). 

Upper extremity problems 

Fluid retention in the female seems to cause aggrava
tion of upper extremity symptoms. Anti-inflammatory 
medication in these patients seems to exacerbate the 
symptoms further. 

Local nerve entrapment syndromes are best not 
treated until the upper back problem has been 
controlled for fear of recurrence of the problem. 
Ulnar nerve neuritis or medial epicondylitis should be 
treated by transposition of the nerve. If care is 
utilized to remove a section of the medial inter-
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muscular septum, transposition of this nerve may 
release the cords of the brachial plexus. T his minor 
surgical procedure is best tried before removal of the 
first rib, as it has a reasonable chance of success in 
relieving the brachial plexus symptoms. Lateral epi
condylitis and bursitis of the shoulder are treated in 
the usual manner. 

Bursitis of the shoulder and lateral 
epicondylitis 

Epicondylitis 

As stated above, bursitis and epicondylitis have a 
clear relationship to cervical-(dorso)-brachialgia, but 
this relationship has not previously been explored. 

In an anatomic study by the author of 101 
cadaveric shoulders, everyone demonstrated that the 
coracobrachialis muscle did not only insert into the 
tip of the coracoid process. Invariably, a portion of 
this muscle missed the coracoid attachment and 
proceeded to insert at the tendinous intermuscular 
septae of the middle deltoid. This prolongation of 
coracobrachialis was continuous with the coraco
acromial ligament, forming a wide band which 
covered the area of attachment of supra- and infra
spinatus and was under muscular control. This 
ligament is not identiJ:led in standard anatomy texts. 
The significance of this ligament is that it is under 
neural control, and irritation of the musculocuta
neous nerve may give rise to bursitis/tendonitis, by 
clamping down on the rotator cuff. 

Lateral epicondylitis can be explained Similarly as 

being due to irritation of the radial nerve. The 
epicondylitiS often manifests itself as tenderness of 
the radial nerve as it exits from the musculospinal 
groove onto the dorso-Iateral aspect of the arm. 

The connection between medial epicondylitis and 
the ulna nerve is even more direct. The ulna nerve at 
the elbow is invariably tender to touch, and the small 
vegetative branch entering the area just above the 
epicondyle is often swollen and tender. 

Summary 

Tired neck syndrome characterizes the commonest 
group of cervico-dorso-brachialgias, the common 
element being the thoracic spine. Patients are often in 
chronic pain by the time they are diagnosed, and are 

best treated by a multidisciplinary approach from 
specialized health professionals including physicians, 
dentiSts, manual therapists and ergonomists. Treat
ment must include education and a change of 
occupation or work pattern. 
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of the spine 

I. W McCall 

Radiological 

The thoracic vertebral bodies increase progressively 
in size from cranial to caudad (see Fig. 2.5). The 
pedicles arise from the upper half of each vertebral 
body, pass postero-lateraUy and are angled slightly 
inferiorly to the neural arch. The laminae are con
tinuous with the lateral mass and are relatively flat 
and overlap with the adjacent laminae. The articular 
processes arise from the pedicle in a superior and 
inferior direction, and joints are 
aligned primarily in The spinous 
process is long and and pos-
terioriy, with close level. The 
transverse processes 11pward and 
posteriorly from the The inter-
vertebral foramen is the level of 
the inferior haU' of the vertebral body and the 
superior and inferior margins are formed by the 
pedicles, with the neck of the rib antero-laterally. 
The ribs articulate with the transverse process 
posteriorly. The head of the rib articulates with the 
vertebral body of the same level as the rib, but there 
is also a smaller demi-facet articulating with the 
vertebral body above. The crest of the head of the 
rib is joined at the by an intra-
articular ligament, which the plane of 
the intervertebral disc. 

The thoracic spinal epidural fat 
posteriorly between the dura and 
laterally in the intervertebral There is little 
epidural fat anteriorly are linked 
anteriorly by the anterior longitudinal ligament, 
which is thicker in the thoracic spine than the 
cervical or lumbar regions and is more prominent 
opposite the vertebral bodies. The anterior longitudi
nal ligament is contiguous with the anterior fibres of 

the postcrior longitudinal ligamcllt 
post('r.i.or aspect of the vertehral 

to the central part of 
vertebral body but is attached to the posterior 
vertebral rim and is continuous with the anular fibres. 
The thoracic posterior longitudinal ligament is also 
thicker than in the cervical or lumbar spines. The 
ligamentum flavurn is less prominent, and links the 
lamina at each level. on the inner surface. 

The dural sac is significantly larger than that of the 
spinal cord, and the dural sheath extends along the 
thoracic shorter distance than 
lumb,lf cord is circular compared 

the median fissure indents 
In the upper thoracic 

the the cord is two levels 

between cord and vertebra. The nerve roots are seen 
within the subarachnoid space at the side of the cord 
until they exit at the appropriate intervertebral 
foramen. The termination of the cord normaUy occurs 
in the region of T12, with a widening of the cord at 
the conus medularis. The thoracic discs have a 
nucleus pulposus, which is more centrally located 
than in the lumbar spine region. The disc is thinner 
vertically lumbar spine, with a uniform 
thickness posterior. 

The a kyphosis, which 
normal although an upper limit 
45° h:1S (Fon et al., 1980). The 
kyphosis disparity between the 
ior and of the vertebral bodies 
vertebral bodies are supplied by a central artery and 
drain via the basi-vertebral vein. The central vessels 
arborize to the upper and lower vertebral end-plates, 
where there is a prominent end vessel plexus (Crock 
and Yoshizawa, 1977). The interspinous ligament is 
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between each spinous process, with the superficial 
intersp inous ligament along the tip of the spin.)us 
process. 

The standard radiographic investigation consists of 
lateral and antero-posterior CAP) plain ftlms. The 
lateral view will demonstrate the vertebral body and 
discs satisfactorily, but the zygapophysial joints and 

pedicles may be difficult to visualize due to the 
overlying ribs and superimposition of the joints (Fig. 
12.1). The j oints themselves will not be seen on an AP 
view due to their alignment in the coronal plane. The 

paravertebral shadow is seen on the AP view of the 
chest as a well-defined soft tissue line parallel to the 
spine, and is slightly wider on the left compared to 
the right (Fig. 12.1). 

(A) (8) 

The transaxial images, which are created either by 
computerized tomography CCD or magnetic reso
nance (MR), demonstrate the relationship of the 

vertebra, pedicles , lamina and dural sac , and will also 

identify the nerve roots and relationship to the 
foramen (Fig. 12.2) Magnetic resonance is required to 
differentiate the cord from the remainder of the 

cerebrospinal fluid (CSF) in the dural sac wIllie also 

providing detailed anatomical differentiation of the 
anulus and nucleus. Ind ividual nerve roots can be 
visualized in the foramen on the transaxial scans of 
CT, but are better seen on the trans axial or sagittal MR 
scans (Fig. 12.3). The muscles of the thoracic spine 
include multifidus , erector sp inae and trapezius 
(Moore, 1997). 

Fig. 12.1 Thoracic spine. (A) Normal amero-posterior thoracic radiograph. The pedicles (arrows) and paravertebral shadow 

(atTOW head) are clearly demonstrated. The disc heights are normal. (8) The lateral view is slightly rotated, showing the 
pedicles (thin arrow) and zygapophysial joints on one Side (large arrow). 
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(A) (B) 

(C) (D) 

Fig. 12.2 CT thoracic spine. (A) Transaxial anatomy at the level of intervertebral disc, with coronally aligned zygapophysial 
joints. The upper parts of the ribs are seen articulating across the disc space. (8) lamina, with costovertebral and 
costotransverse joints. (C) lower part of pedicle. (0) Foramen with dorsaJ ganglia (arrow). 

Disorders of the thoracic spine 

Disc degeneration 

Changes of ageing that occur in the disc are initially 
reflected in a gradual decrease in water content in 
both nucleus and anulus, associated with a loss of 
chondral cells and a change in the protein poly

saccharides. The nucleus becomes dry, resulting in 
granular changes and clefts occurring in the centre of 

the disc parallel to the end-plates. These clefts may 
extend into the anulus, both anteriorly and posteri
orly in the thoracic spine, with some extending to the 
full width of the anulus. Concentric cracks may also 
occur, due to degeneration of the colJagen fibres 
within the anulus. Degenerative changes in the d iscs 

may also extend to the cartilage end-plate, with 
fissure formation , horizontal clefts and increased 
vascular penetration from the vertebral bodies. In the 
later stages, calcification and ossification of the end
plate cartilage occurs. The degenerative process of 
the disc may result in a gradual disruption of the 
posterior anular fibres, potentially leading to a 
portion of the nucleus protruding through the defect. 
Tears may be acute following a traumatic episode, but 
more commonly occur without any recognized pre
disposing factor. Herniation of the nucleus pulposus 
tends to occur in the third or fourth decade, where 
there is some degeneration of the disc but a 
reasonable degree of hydration in the nucleus per
sists. However, disc herniations in younger subjects 
can occur, usually re lated to underlying disc disorders 
such as Scheuermann's disease . A su bstantial propor
tion of thoracic disc prolapses may be present 
without causing symptoms. Prospective studies using 

Copyrighted Material



180 Clinical Anatomy and Management of Thoracic Spine Pain 

(A) (8) 

(C) CD) 

Fig. 12.3 Magnetic resonance image of normal thoracic spine showing the cord within the canal at [he level of the pedicles 

and the nerve roots in the foramen on T1 weighted images in the axial plane CA, B). The thoracic cord is depicted in the mid

sagittal plane (C) and the exiting nerve roots at the level of the intervertebral foramen (D). 

MR on asymptomatic volunteers have demonstrated 
thoracic disc hern iation in 37% of subjects. The 
distribution of their location was wide, but the 
majority were located berween T5 -T6 and TlO-Til 
(Wood etal., 1995). Disc bulging due to degenerative 
changes without true herniation was present in 48 of 
the 90 asymptomatic subjects (53%) in this study 
(Wood et al., 1995). Other studies have shown an 

incidence of about 15% of incidenta l disc herniations 
(W iUiams et al., 1989). In the thoracic spine, sympto
matic disc herniations most commonly present with 

back pain or myelopathy, which includes prog.ressive 
paraparesis, hyper-reflexia, altered sensation to pin 
prick and occasionally urinary problems . The present
ing back pain is non-specific, occurring locaUy or in a 
radicular fashion , and can be mistaken for cardiac, 
thoracic or abdominal pathology. 

The most appropriate imaging technique for dem

onstrating disc lesions in the thoracic spine is MR. 
Disc herniations are not identified with plain radio
graphs unless they contain significant calcification 
(Fig. 1 2.4). Computerized tomography will demon-
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(B) 

(A) (C) 

Fig. 12.4 Radiographs show extensive calcification within the intervertebral disc on the AP (A) and lateral (B) views (curved 

arrows), while CT (C) shows the extension of the calcification into the spinal canal (arrow head). 

strate a disc herniation , but the differential attenua· 

tion between disc and cord is not great and the 
absence of fat in the anterior epidural space removes 
the marked contrast diJferential that is so useful in 
diagnosing a disc herniation on CT in the lumbar 
spine . Computerized tomography associated with 
contrast medium in the dural sac provides a good 
evaluation of a disc herniation but this requires a 
lumbar puncture, which may result in post-proce
dural headache and vomiting. On MR, the features of 
herniated nucleus pulposus can be clearly seen on 
the sagittal and axial planes in both Tl and T2 
weighted images. The Tl weighted image demon
strates a normal intermediate signal intensity of the 
nuc leus , extending posteriorly beyond the line of the 
posterior rim of the vertebral body in one or two 
images, with the low signal intensity dural sac being 
indented by the disc prolapse (Fig. 12.5). On T2 
weighted spin echo or gradient echo sequences, the 

nuclear material may show increased signal within 
the disc herniation unless the protmsion is more 
longstanding, in which case the signal may be 
reduced (Fig. 12.5). The outer fibres of the anular/ 
posterior ligament complex are intact in a disc 
protrus ion, and will be seen as a low signal rim 
around the protmsion . If the disc material has 
penetrated this barrier and is extmded, the low signal 
olltline will be lost against the line of the higher 
signal CSF The a..'Cial scan will ident ify the precise 
location of the disc herniation and its relationship 
with the nerve roots and cord. The cord may be 

significantly indented by the protrusion in the tho
racic spine. The nerve roots within the canal are more 
difficult to identify. If extrusion has occurred , careful 
analYSis of the sagittal and axial scans is required to 
assess whether a free fragment has migrated from the 
disc, particularly if it is in the nerve root canal. 
Calcification may also be present within the disc 
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Fig. 12.5 A sagittal T2 weighted MR image demonstrates a 
large disc herniation, which is causing severe compression 

of the corel. The signal intensity within the herniated 
material is reduced, indicating a significant loss of water 
content. Irregular end-plates and multiple Schmorl's nodes 
are evident at adjoining levels. 

prolapse and this is best seen on CT, which demon
stt-ates the high attenuation of the calcium (Fig. 12.4). 
This is more discriminatory than MR, where low 
signal may represent chronic discs either with or 
without calcification. Computerized tomography 
should therefore be undertaken in the evaluation of 
thoracic disc herniation if surgery is being con
sidered. On CT, a herruation will be demonstrated as 
a focal soft tissue mass, contiguous with the disc 
encroaching on the spinal canal either centrally or 
postero-Iaterally, having an attenuation value of 
between 50 and 100 Hounsfield umts. Low attenua
tion of the dural fat, if present, will be obliterated and 
the dural sac deformed but, in the absence of fat, CT 
myelography may be required to assess the degree of 
cord compression and obstmction. This may also be 
acrueved by using CT uruts to highlight the dural sac, 
which falls between minus 20 and plus 20 Hounsfield 
units, but differentiation from the epidural venous 
plexus may still cause confusion. 

The natural history of disc hermation is for gradual 
resorption, the majority showing a reduction in size 
of 30 to perhaps 100% on conservative treatment. 
There is a poor correlation between symptom resolu
tion and the rate of reduction in the size of the 
herruated disc, the latter often being slower than the 

former. A follow-up study of asymptomatic thoracic 
disc herniations showed that all subjects remained 
asymptomatic. There was some fluctuation in size of 
the disc herniations, but only 27% changed in Size by 
more than 8% (Wood et at., ]997). Large disc 
herniations tended to decrease in size and small 
herniations tended to increase a little, but overall, 
significant change did not occur in the majority of 
herniations (Wood et at., 1997). 

Disc degeneration may proceed without causing 
disc herruation and, although some mild disc bulg
ing may occur posteriorly, the predominant anular 
bulging occurs anteriorly. This is often associated 
with osteophyte formation on the anterior rim of 
the vertebral body, primarily to the right of the 
midline of the vertebral body. The presence of the 
descending aorta, closely applied to the thoracic 
vertebra to the left of the rrudline, appears to 
reduce osteophyte formation at trus site. Anterior 
disc degeneration is well demonstrated on plain 
radiographs, which show a loss of disc height and 
often adjacent sclerotic changes in the anterior part 
of the vertebral end-plate (Fig. 12.6). The osteophyte 
formation appears as an anterior extension of the 
end-plate and may show diffl.lse calcification, but 
marrow extension into the osteophyte rim may be 
demonstrated. The decrease in anterior disc height 
may accentuate the thoracic kyphosis, producing a 
degenerative ky phosis of the dorsal spine (Manns et 
at., 1996). 

The degree of kyphosis is less severe than that 
resulting from osteoporotic collapse, but is probably 
more common (Manns et at., 1996). The relation
ship between disc degenel-ation, kyphosis and tho
racic back pain is unclear. Irregularity of sclerosiS of 
the vertebral end-plates also occurs in conjunction 
with Schmorl's nodes, and vacuum phenomena are 
occaSionally demonstrated within the disc; this is 
accentuated by flexion and extension views. Disc 
degeneration is well demonstrated on MR, with the 
height loss seen on the Tl weighted images (Fig. 
12.6). On T2 weighted spin echo sequences, there is 
a reduction in the normal rugh signal intenSity of 
the nucleus and, in severe degeneration, the exten
sive loss of signal results in a uniform low signal 
throughout the disc. Disc degeneration is commonly 
demonstrated on MR in asymptomatic subjects, 
being present in 56%, with a very sirrular incidence 
in those under 39 years of age as compared to those 
of 40 years or more. Degenerative changes were 
more common in men than women at both ages 
(Williams et at., 1989). Occasionally, increased sig
nal within the disc on Tl has been reported in the 
thoracic spine. This has been shown on CT to be 
due to the presence of calcification within the 
degenerate disc (Tyrell et at., 1995). This hyper
intensity is thought to be due to a shortened Tl 
related to the surface relaxation phenomenon 
caused by the binding of a layer of water on the 
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surface of the calcium crystal (Bangert et at., 1995). 
In the later stages of calcification, the high concen
tration produces decreased signal on TI. As there is 
no clear relationship between radiographic evidence 
of disc degeneration and pain, in the presence of 
pain with multiple levels of disc degeneration, 
further investigation to define the site of pain will 
be required. Discography, which is an invasive 
investigation, is required to stimulate the disc by 
direct injection into it. Discography is not per
formed regularly in the thoracic region, but is an 
entirely feasible examination. The needle placement 
requires precision to avoid penetrating the p leura 
but, with careful guidance , the injection of contrast 
into the nucleus is undertaken and the pain 
response, due to the injection, is assessed (Fig. 
12.7). Local anaesthetic may then be injected into 
the disc to assess whether this relieves the induced 
symptoms. Evaluation of the disc by discography 
may be further enhanced by lmdertaking CT, which 
wi.1l demonstrate the exact distribution of the con
trast medium. 

[n a series of 100 patients, discography was 
reported by Schellhas et at. (1 994) to have deter
mined whether the observed disc pathology related 
to the clinical pain complaints in all patients. 
Clinically concordant extra-spinal pain, such as chest 

(A) 
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wall, intrathoracic and upper abdominal pain, was 
frequently provoked by thoracic disc injection 
(ScheUhas et at., 1994). 

Thoracic zygapophysial joint 
degeneration 

Pain can be induced by the injection of a noxious 
stimulus into the zygapophysial joints of the thoracic 
spine. The distribution of paIn is dependent on the 
level of stimulation but considerable overlap occurs, 
involving three to five different joint referral zones 
(Dreyfuss et at., 1994), partially due to the fact that 
the zygapophysial joints are innervated by the medial 
branches of the dorsal rami in each jOint, supplied by 
at least two levels (see Chapter 8 for a detailed 
presentation on this subject). The area of pain referral 
is around and below the joint level. The exact margin 
of the induced pain may be difficult to define. Plain 
radiological assessment of the thoracic zygapophysial 
joints for degeneration is difficult, due to the overlap 
of the ribs and the coronal alignment of the zygapo
physial joints. Increased sclerosis around the jOint 
and narrowing of the jOint space are the main features 
of degeneration. Computerized tomograph.ic scans, 
however, are the most effective method of evaluating 

.. 

(B) 

Fig. 12.6 Disc degeneration. CA) Radiographs demonstrate anterior reduction in disc height, with sclerosis of the end-plate 

and anterior osteophyte formation. (8) MR image of disc degeneration shows loss of disc signal intensity on T2 weighted 

images, as well as height loss. 
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(A) (B) 

(C) 

Fig. 12.7 Thoracic discography. (A) Tl weighted sagittal MR image shows loss of disc height at TlI-T12, with end-plate 
disruption ofTl1 anteriorly. (8) T2 weighted images show slightly increased signal within the disrupted end-plate. (C) The 
discogram shows the contrast outlining the interosseolls disc herniation and injection reproduced the symptomatic low 
thoracic back pain. 

degeneration of the zygapophysial joints, and will 
demonstrate osteophytic bone formation around the 
joint margins. Irregularity and sclerosis of the joint 
sllfface is also clearly demonstrated by CT (Fig. 12.8). 

The joint may be visualized on MR, but the osteo
phyte formation is less easily seen. ZygapophysiaJ 
joint cartilage is best demonstrated on the axia l Tl 
weighted MR images, but if the thoracic cartiJage is 
thinned it is not easily evaluated. Correlation 
between radiographic zygapophysiaJ joint osteoar-

thritis, as demonstrated on CT, and the presence of 
thoracic or lumbar pain, has not been evaluated. 
However, since no relationship is present in the 
lumbar spine (Schwarzer et at., 1995), it is unlikely to 
be any more specific in the thoracic spine. Severe 
osteoarthritis of the thoracic zygapophysial joints 
may also demonstrate increased isotope activity with 
technetium MOP scanning . This is more sensitive if 
single photon emission CT is used, and is best seen 
on axial views . Increased isotope uptake suggests 
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Fig. 12.8 Thoracic zygapophysiaJ joint osteoarthritis: there 
is marked joint space narrowing and sclerosis of the 
zygapophysial joints, demonstrated weU by CT. 

very active bone production and sclerosis around the 
jOint, but in the lumbar spine the correlation between 
symptoms and zygapophysial joint activity is not 
substantiated. No studies of the thoracic spine have, 
to date, been undertaken. The most effective method 
of relating symptoms of thoracic pain to the zygapo
physial joints is by local anaesthetic injection into the 
joint or by block of the medial branch of the posterior 
primary ramus. This is appropriate for patients who 
have persistent thoracic pain for 3 months or more 
and who have no root or neurological deficit. A long
acting local anaesthetic (0.5 mJ) is injected, with or 
without sterOid, to increase the therapeutic element, 
although studies have shown no benefit from the 
intra-articular steroids (Caretta et ai., 1991). The total 
quantity of the injection should be less than 1 ml, as 
the capaCity of the zygapophysial jOint capsule in the 
thoracic spine is small. Avoiding rupturing the cap
sule, which would lead to epidural or pericapsular 
spread of the local anaesthetic, is necessary to 
maximize the specit1city of the examination. 

Chronic neurological compression 

The spinal canal may become narrowed over a period 
of time due to degenerative changes, which consist of 
a combination of anular bulging and degenerative 
hyper trophy of the zygapophysial joints along with 
thickening or buckling of the ligamentum f1avum. 
The degree of narrowing may be increased by the 
presence of an old disc herniation that has become 
calcifted, and calciftcation of the ligamentum f1avum 
may also increase the severity of the stenotic effect. 
However, canal stenosis due to disease of the 
vertebral bodies, such as Paget's disease or ossiftca
tion of the posterior longitudinal ligament, is rare. 
Stenosis may be developmental in conditions such as 
achondroplasia or Morquio's disease. In the thoracic 
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spine, stenosis may result in dural sac or cord 
compression. If the spinal cord is compressed myel
opathy may ensue, which presents clinically as a 
degree of spasticity and weakness below the level of 
the compression through the involvement of the 
corticospinal or spinothalamic tracts. Associated with 
compression of the cord or nerve roots, the stenosis 
may result in epidural venous congestion, which 
further reduces the available space in the spinal canal 
and may cause oedema of the nerve roots. Moreover, 
the arterial supply to the cord and nerve roots may 
also be compromised by direct compression or by 
generalized increased intraspinal pressure. The lateral 
plain ftlm is of limited value for measuring the 
dimensions of the thoracic spinal canal due to 
overlapping ribs, but a calcified disc with extension 
into the canal may be demonstrated. The AP view will 
enable the interpedicular distance to be measured. 
This varies depending on age and level, being most 
narrow at T6 and T7 and measuring between 15 and 
20 mm in the adult at this level. Computerized 
tomography enables the cross-sectional area and 
shape of the canal to be assessed, and also evaluates 
the effect of the disc and ligamentum f1avum on its 
functional capacity. Measurement of the cross-sec
tional size of the dural sac and cord may be difficult 
on un-enhanced CT in the thoracic spine as the 
amount of low attenuation epidural fat is variable, but 
a small amount of contrast injected in the spinal canal 
will be sufficient to provide a CT myelogram that will 
allow accurate assessment, proViding the contrast is 
not obstructed. Computerized tomography is also the 
most effective way of demonstrating calcification or 
ossification of the posterior longitudinal ligament or 
the ligamentum f1avmTI, which has been shown to be 
a significant cause of thoracic spinal stenosis (Fig. 
12.9). Magnetic resonance imaging, however, is the 
investigation of choice for the assessment of the 
spinal canal and cord. TheT2 weighted fast spin echo 
(FSE), or gradient echo sequences, will demonstrate 
the dural sac and cord and identify the degree of 
compression. Midline sagittal scans will depict the 
effect of bulging discs, and off-centre scans will show 
the postero-lateral indentation due to the combined 
effect of zygapophysial hypertrophy or ligamentum 
flavum and a bulging disc (Fig. 12.9). Axial scans 
should demonstrate the nerve roots surrounded by 
the high signal CSF The loss of CSF around the nerve 
roots, which may be combined with deformity, 
indicates stenotic compression. In the thoracic spine, 
interpretation of the Tl weighted images may be 
difficult as the low signal of CSF will be similar to that 
of the cortical bone of the vertebra, the posterior 
longitudinal ligament and, if present, a calcified 
ligamentum flavum. On the T2 weighted image, 
however, the degree of compression of the cord will 
be clear, with an absence of high signal CSF anteriorly 
and posteriorly. In severe cases of cord compression, 
increased signal within the cord on the T2 weighted 
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(A) (8) 

(C) (D) 

Fig. 12.9 Some examples of spinal stenosis. (A) The lateral radiographs shows only minor evidence of canal narrowing (D) 
Computerized tomography shows that the spinal canal is narrowed by ligamennuTI flavum calcification and osteoarthritis of 
the zygapophysial joints. Sagittal (C) and axial (D) MR T2 weighted sagittal views show compression of the cord, causing a 

high signal within it clue to myelomalacia. The disc is weU preserved, with high signal in the nucleus, in (D) 

sequences may be seen. A relationship between the 
presence of myelopathy and a h igh signal in the cord 
on T2 weighted images has been demonstrated in the 
cervical sp i.ne (Takahashi et at., 1989). This may weU 
also be the case in the thoracic spine, although it is 
yet to be conftrmed. Foraminal stenosis is best 
demonstrated on MR, particularly in the Tl weighted 
images, These clearly identify loss of the high signal of 
fat within the foramen and loss of differentiation of 

the intermediate signaI nerve root and low signal 
vessels by the fat, compared to other non-stenotic 
levels. The frontlback stenosis of the foramen can be 
demonstrated on axial scans by showing the narrow
ing of the space between the posterior vertebra l 
margin and the articular process, but the absence of 
fat makes this less easy to evaluate on Tl as compared 
to T2 weighted sequences. Computerized tomog
raphy wi.ll also demonstrate front/back stenosis satis-
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(E) (F) 

Fig. 12.9 (E)TJ weighted sequence before and after gadolinium. DTPA contrast injection shows enhancement of the cord at 
the site of compression (arrows). (F) ParasagittaJ study shows narrowing of the foramen by the osteoarthritic zygapophysiaJ 
joint (arrow). 

fac£Orily, but up/down stenosis will require reformat
ting of the images. This can easily be achieved with a 

block of images on a conventional system, or through 
the use of spiral CT. 

Scheuermann's disease 

This usually presents around puberty with thor
acolumbar pain or, occasionally, as a kyphosis of the 
thoracic spine. The kyphosis may initially be attrib
uted to poor posture but pain, if present, is often 
exacerbated by stand ing , sitting and heavy physical 
activity. The pain typically subsides with the cessation 
of growth, although adults who have untreated 
disease may have back pain, especially if there is a 

moderate kyphosis (lowe, 1990). Pain is located in 
the area of the deformity but may aJso occur in the 
lower lumbar spine, especial.ly if there is a hyper

lordosis. 
The kyphosis is accentuated by forward bending, 

and does not disappear on hyperextension . There is 
also a group of patients, usually young maJes with 
an athletic or heavy working background , who have 
lower lumbar pain without kyphosis and also have 
radiographic features of Scheuermann's disease. 
The aetiology of Scheuermann ' s disease is unclear 

although there is a familial relationship, and micro
scopic studies suggest that the matrix of the carti
lage end-plate is abnormal, with a decrease in the 
coHagen to proteoglycan ratio resulting in an altera
tion of the endochondral ossification (Ascani et aI., 
1982). Scheuermann's disease has also been found 
to be associated with endocrine diseases, hyper
vitaminosis, inflammatory diseases, neuromuscular 

disorders and spondylo lysis. The radiographic 
appearances are best assessed on the lateral erect 
study. To fulfil Scheuermann's criteria, there should 
be wedging of 5° or greater at three or more 
adjacent vertebrae. The end-plates are irregular, 
often with anterior Schmorl's nodes, and may be 
mildly sclerotic (Fig. 12.10). The intervertebral discs 
are commonly narrowed, although it is not clear 
whether this is resultant from, or causative of, the 
end-plate abnormalities. Detachment of the anterior 
vertebral rim apophysis has also been described, 
especially in the lumbar spine. The end-plate chan
ges may be present without significant vertebral 
wedging and prominent interosseous d isc hernia
tions may be seen, particularly in the lumbar spine, 
where sclerotic endosteal rims within the vertebral 
body are associated with some remodelJing and an 
increased AP diameter of the vertebra (Heitoff et al., 
1994). The AP radiograph will sometimes show an 
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associated mild scoliosis. A severe kyphosis may 
occasionally develop, and there is a risk of thoracic 
disc herniation in these cases. If clinical symptoms 
of increasing pain or weakness and alteration of 
sensation in the lower limbs develop, the patient 
should be eva luated with MR imaging. The vertebral 
wedging will be well demonstrated , usually with a 
normal yellow marrow high signal on Tl weighted 
sequences, indicating the chronic and benign natl.lre 
of the vertebral changes. The end-plate irregularity is 

(A) 

(C) 

reasonably well defIDed, and the high signal in the 
nucleus on the T2 weighted spin echo sequences 
will be diminished or absent (Fig. 12.10). 

A d isc herniation may be present, indenting the 

dural sac ; this results in a high signal on T2, and cord 
compression , if present , can be assessed for severity. 
The cord may be closely applied to the anterior wall 
of the vertebral canal if the i-")'phosis is severe, and 
this will be clearly demonstrated on the sagittal and 

axial projections. 

(B) 

Fig. 12.10 Scheuermann's disease. (A) Lateral radiographs 

show wedging of the vertebral bodies, with increased AP 
dimensions a nd irregularity of the end·plates. CS, C) Sagitt.ll 

Tl and T2 weighted MR studies show loss of disc signal and 

irregularity of the end-plates. The AP diameter of the 
vertebra is also increased. The h.-yphosis is within normal 

limits, and there is no evidence of disc prolapse. 
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Trauma 

The thoracic spin e is a common site of vertebral 
injUl")' due to compression forces . It is also affected by 
bu rst or flexion rotation fo rces in severe injury, 
which are particula rly serious because of the poten
tial fo r spinal cord da mage. In the acute stage ca reful 
eval uation is particularly important , as neurological 
in jury may not be ful ly apprec iated initially and there 
may be inherent instabi l ity of the spine which is not 
recognized . Radiographs are the in.it ia l  imaging tech
nique, and i t  is crucial in the investigation of all 

patients who have had significant inj ury of the 
th oracic spine that the entire spine is demonstrated , 

(A) 

(C) 
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particularly the transitional ju nct ions , Both AP and 
lateral views should be performed to include all 
vertebrae relating to the inj ured area,  and the lateral 
view should be undertaken on a ' shoot through' basis, 
without moving the pat ient where possible .  If the 
upper thoracic spine is not seen the n a ' swimmer's 
view' should be attempted , but CT imaging, part ic

u larly using the latest spiral CT process with mu lt i
planar reconstruction, may be more effec tive in 

imaging this part of the spine . Although it may be 
helpful in the interpretation to consider the mecha
nism of injury, the process of inj ury may be complex, 
particularly in severe motor veh icle accidents,  Evalu
ating the extent and pattern of the injll ry may be 
assisted by using the ' three column. concept' (DeniS ,  

(D) 

Fig. 12 . 1 1  Thoracic spinal injury. (A) La teral racliograph shows a crush inju ry  to three ve rtebral bodies .  (B) AP radi ograph 

shows widening of the interpediclliar distances.  The interpediclIlar d istance at T I 2  is normal.  (C) CT confirms the lamina 

fractu re at Ll ami demonstrates canal  encroach ment by fracture fragments.  (D) CT at T 1 2  shows an intact posterior arch , but 
there is subluxat ion of tbe left costove rtebral joint. 
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1 989) . The anterior column is formed by the anterior 
half of the vertebral body, while the posterior half of 
the vertebra forms the middle column. The pedicles, 
l amina, zygapophysial  joints and spinous process 
make up the posterior co lumn . Injury involving only 
the anterior column, with the middle column and the 
posterior elements remaining in tact, usually resul ts 
from a hyperflexion injury and is  stable . Inj u ries with 
disruption of the middle column i nvariably involve 
either anterior or posterior columns as well,  and are 
often unstable . Three column fractures, which usually 
result from flexion - rotation or latera l  forces, are 

(A) _--'-_ 

(C) 

always unstable . Eva luation of the plain films is 
important , and the ap pearances may range from a 
minor compression fractu re of the anterior half of 

the vertebral body with no loss of he ight of the 
posterior vertebral wall to more extensive disruption 
of the vertebral body with loss of height of both 
anterior and posterior vertebral  wa ll s (Fig .  1 2 . 1 1 ) . 
Compression of the vertebral body may result in a 
burst fracture,  with fragmentation of the body 
posteriorly into the spinal canal .  Compression inj u
ries of the thorac ic spine that involve the posterior 
half of the vertebral body are likely to result in 

(B) 

Fig. 12 .12 Thoracic spinal injury. (A) L1teral radiograph 
s h ows wedging of the m i d-thoracic vertebra l bodies in a 

chil d 's spine.  (B) Tl weighted sagi ttal image shows 

decreased signal in most of the mid-thoracic vertebrae.  (C) 
The T2 we ighted sequence shows high signal  in the u pper 
vertebrae at five levels, confirming the multiple level 
compression inj u ries. 

Copyrighted Material



(A) 

(C) 
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(B) 

(D) 

Fig. 12.13 Spondyloathropathy. (A) Lateral and (B) antero
posterior radiographs show focal irregularity of the end· 
p late and lucency in the adjacent vertebral body (arrow) . 

There is a suggestion of coarsening of the vertebral 
trabeculae in the third vertebra below. (C) The Tl weighted 
MR shows irregularity of the e nd·plate and low signal in the 
vertebra ,  with high signal on the T2 image . CD) Sacroiliitis 
was present in this patient .  High signal in the vertebrae on 
both Tl and T2 indicates a haem angioma, and a small 
prolapse is present at the d isc above, which is best seen on 

the axial T l  weighted image (E), which also s hows the 

baema ngioma with no evidence of a paravertebral soft tissue 
mass. 
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fractures of the lamina or pedicles. This may be 
recognized on the AP view by increased separa tion of 
the pedicles,  and a lucent line may be seen vertically 
through the lamina or across the pars interarricularis .  
The AP view will also demonstrate widening of the 
paravertebral shadow due to local haemorrhage and 
oedema ; tills may extend well above and below the 
actuaJ fracture site (Fig. 1 2 . 1 1) .  Hyperflexion inj uries 
may result in fractures of the spinous process, and 
these should also be evaluated .  Severe injuries that 
result in displacement of one vertebra on another 
inevitably result in fractures or dislocation of the 
zygapophysial joints or both . Hyperextension injuries 
are uncommon in  the thoracic spine due to the 
restraining influence of the ribcage . The main feature 
of these injuries is disruption of the anterior longitu
dinal ligament,  willch may be associated with an 
avulsion fracture of the anterior vertebral body and 
compression injury of the lateral masses of the spine . 
Computerized tomography is an essential investiga
tion if there is doubt about the extent of the injury 
and the integrity of the posterior elements. The axial 
images will show fractures in the lamina and pedicles , 
and also deftne the retropulsed fragments and resid
ual canal dimensions (Fig. 1 2 . 1 2) .  Magnetic reso
nance imaging is of value for the demonstration of 
spinal cord injury and is  able to differentiate betwee n  
cord haemorrhage and oedema, which may have a 
bearing on the longer term prognosis (Flanders et at. , 
1 990) . Magnetic resonance imaging will also demon
strate vertebral body oedema as low signal on T l  
weighted sequences and increased signal intensity o n  
T 2  weighted studies d u e  t o  trauma in vertebrae that 
appear normal on plain radiographs. The number of 
vertebrae involved may be greater than is apparent 
from the plain radiographs.  

Conditions where medical referral 
and management is reconunended 

Inflammatory arthropathy 

The thoracic spine is commonly affected by sero
negative spondyloarthopathies.  These present with 
characteristic low backache and stiffness over the 
region of the sacroiliac joints. The symptoms are most 
pronounced on waking in the morning, and gradually 
improve with movement and exercise. Thoracic pain ,  
however, may also b e  a n  early feature , and careful 
assessment of the thoracic spine is indicate d .  The 
initial examination comprises AP and lateral plain 
films of the thoracic and lumbar spines,  and a prone 
AP view of the sacroiUac joints .  The early features of 
sacroili itis are subtle ,  with the norma l sharp articular 
margin of the synovial part of the joint becoming 
s l ightly irregular. The joint space may become wid-

ened and, at a later stage , subchondral sclerosis 
develops in association with the irregular surface 
(Fig. 1 2 . 1 3).  Care must be exercised to prevent  over
diagnosing sacroiliitis .  U there is any doubt about the 
normality of the sacroiUac joints ,  either a Tc99 MOP 
bone scan with single photon emission CT (SPECT) 
or a dynamic contrast-enhanced fat-suppressed M R  
study o f  the sacroiUac joints should b e  performed . 
The isotope bone scan should be assessed quantita
tively by comparing the activity in the sacroiUac join ts 
with that of the sacrum . There is a wide normal range, 
but clinically significant increases usually result in 
ratios above 1 :  5. Magnetic resonance in the coronal 
or axial plane will show the cartilage on the T I  and T2 
weighted images.  Tttitial erosions of the cartilage may 
be difficult to visualize and the earliest features are 
increased subchondra l oedema, seen as high signa l  in 
the bone on either the short tau inversion recovery 
(STIR) sequence or the fat-suppressed T2 weighted 
FSE sequence. If gadol inium OTPA is injected rapidly, 

with dynamic imaging, a rapid rise of signal on Tl in 
the sacroiliac joints will indicate a n  inflammatory 
process (Bollow et at. , 1 995) .  

In the thoracic spine,  the lateral radiograph may 
demonstrate early changes in the eothesis at the site 
of insertion of the anterior longitudinal ligament and 
anular complex anteriorly. The earliest stage is that of 
focal  erosions at the anterior rim of the end-plates, 
sometimes associated with some localized sclerosis in 
the adjacent vertebral body (Fig.  1 2 . 1 4) .  The normal 
concavity of the anterior surface of the thoracic 
vertebrae  is lost, prodUCing the appearance of 
squaring. 

On the AP film, the lateral edge of the vertebral 
end-plates may also show i rregularities due to focal 
erosions, and there may also be some locali zed 
widening of the paravertebral shadow. Assessment of 
the heads of the ribs should also be undertaken, as 
erosive changes at  the costovertebra l  joints may be 
seen. Imaging of the thoracic spine with Tc99 IMP 
isotope scanning in the ini tial stages of the disease 
may a lso be of va lue .  The planar views show 
increased uptake, particul arly i.n the region of the 
costovertebral joints, and the lise of SPECT increases 
the sensitivity of the examination and enables identi
fication of the precise site of activity in the axial plane 
(Fig .  1 2 . 1 4).  

As the disease progresses to a more advanced stage,  
ossification of the paravertebral ligaments occurs, 
particularly involving the anterior and lateral l iga
ments, producing syndesmophytes (Fig. 1 2 . 1 5). Ossi
fication of the syndesmophytes is closely applied to 
the disc and vertebral body, as it involves the anulus 
and longitudinal ligaments. It differs from the osteo
phyte that projects outwards from the end-plate rim 
due to bulging of the anlllus, causing traction on the 
ligament bone interface. Posterior ossification of tbe 
long interspinous Ligaments and erosive changes i n  
the zygapophysiaJ joints may b e  difficult t o  see o n  the 
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(A) 

(B) 

(C) (D) 

Fig. 12 .14 Spondyloathropathy. (A) Lateral radjograph shows a nterior squaring of the thoracic vertebral bodies, due to focal 
erosions of the anterior rim of the end·plate, with localized sclerosis (the ' shiny corner' sign) . (B) Ossification berween adjacent 
vertebrae. (C)ATc'J9 MDP bone scan shows increased activity in the costovertebrdl  joints. (D) CT shows irregulariry and sclerosis 
of the articu lar surface of lhe ribs and zygapophysia l joints. 

plain film. The ossification seen on the AP view of the 
thoracic spine in cases of psoriatic arthropathy or 
Reiter'S disease may differ, as the paravertebral 
ossification b ridging the disc originates from the 
vertebral wall away from tbe end-plate as opposed to 
the syndesmop byte formation (Fig. 1 2 . 1 5) .  

Computerized tomography exam i nation o f  the 
thoracic spine will prove useful for demonstrating 
erosive changes in the zygapophysial joints and in 

the costovertebral and costotransverse a rticulations 
(Fig. 1 2 . 1 4) .  The role of MR imaging in the earlier 
stages of spondyloarthropathy has not been estab
lished , although squaring of the vertebral body and 
erosive changes can be demonstrated on the vertebral 
rim. More commonly, however, the T2 weighted fat
suppressed FSE sequence or STIR sequence, which 
suppresses the fa t and enhances the high signal of 
water, may show increased signa l  along the anterior 
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Fig. 1 2 . 1 5  Diffuse idiopathic skel etal hyperostosis (DISH) .  

T h e  flowing ossification a.long t h e  anterior surface of the 
vertebrae bridging the disc space is clea rly seen . 

vertebral  body and at the enthesis .  In more advanced 
cases of inflammatory spondyloarthropathy the end
plates of the vertebral bodies may be extensively 
erode d ,  with the inflammatory p rocess extending 
along to the dise . Radiographs demonstrate the end· 
plate irregularity, which may also be sclerotic,  while 
some d isc narrowing and the irregularity of the e nd
plate and inflammatory changes in the adjacent 
vertebral body are clearly seen on MR. OccaSionally in 
these circumstances there is increased signal on the 
Tl weighted image due to calcification within the 
diSC, associated with the d isease, commonly in more 
solidly fused levels .  If the calcification is heavy, 
however, it will appear as a low signal and be obvious 
on the plain films .  The presence of extensive destmc· 
tion of the vertebral body, extending fully along the 
vertebral e nd-p late , is usually associated with either a 
pseudarthrosis of the posterior elements or incom
plete fusion above and below other fused segments.  
Radiographs show extensive destmction, and 
Tc99 M OP isotope studies show increased activity in 
the vertebrae and particularly in the posterior e1e· 
ments. Both MR and CT imaging will demonstrate 
defects in the posterior elements,  and M R in partic· 
ular will demonstrate increased signal in the discs and 
end-plate and identify any element of cord com
promise (Kenny et at. , 1990) . 

Ossification of the anterior longitudinal ligament 
may occur in cond itions that have to be d ifferentiated 

as they have less clinical significance.  In particular, 
the ossitlcation of diffuse idiopathic skeletal hyper· 
ostosis (DISH) is a common tlnding in older subjects 
and p roduces flowing ossification of the anterior 
longitudinal ligament (see Chapter 5). I t  projects well 
beyond the vertebral body and is usually seen on the 
righ t of the midline in the thoracic spine,  as the 
abdominal aorta is closely applied to the left anterior 
verte bral surface and has the effect of arresting any 
significan t ossified projections (Fig. 1 2 . 1 5) .  The 
extensive ossification may be present in conjunction 
with normal disc spaces, and is well demonstrated on 
CT. Although DISH will restrict tho racic movement,  it 
does not appear to have any other symptomatic 
relationship . Degenerative osteophyte formation due 
to anular bulging also produces a classical p icture ,  
w i t h  a narrowed a nterior d i s c  space , sclerosis of the 
e nd·plate and, occasionally, well defined thickening 
and buttressing associated with ossified projections 
from the rim of the vertebral body (Fig. 1 2 . 5) .  On 
MR, the osteophytes are shown to have a ma rrow 
content. 

Infection 

Mechanical thoraciC pain must be differentiated 
from an inJective focus in the thoracic spine .  Adult 
d i sc infection may be blood·bo rne, or result from 
surgery or d irect p uncture of the dise . In the case of 
blood·borne infection,  t his develops in the adjacent 
vertebral body and o nly secondarily involves the 
discs . In young and middle·aged patients there is 
often a history of previous illness, which may be 
associated with septicaemia and which is followed 
by the onset of pers istent or increasingly severe 
thoracic pain. Occasionally tuberculous infection 
may present with a p artial  or complete long tract 
neurological deficit ,  but there is usually a history of 
persistent  pain . The pain of infection tends to be 
constant and not relieved by rest .  Unless there has 
been a very short history, the initial d iagnosis can 
usually be made from changes evident on plain 
ftlms. These include a loss of sharpness of the 
vertebral e nd-p lates and d iscontinuity of the line of 
subchonclra l  bone, with a mixture of adjacent bone 
lucency, or, in more developed infection ,  a degree 
of sclerosis .  Initially the disc space may be of 
normal height but it becomes narrow as the infec· 
tion progresses, and this is associated with widening 
of the paravertebral shadow on the AP view. Pus 
may track anterio rly to the vertebral body under the 
longitudinal ligament,  resulting in scallo ping of the 
anterior vertebral body surface (Fig. 1 2 . 1 6) .  This 
feature is more commonly seen in tuberculosis but 
is  also a feature of pyogenic infection,  and has not 
proved to be a good discriminant between the two 
types of infection . In severe cases of infection 
extensive vertebra l  body destruction may be 
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(B) 

CD) 

Fig. 12.16 Infection. (A) Initial l a teral rad iograph shows 
scalloping of the anterior vertebral margins and mild 
irregularity of the anterior part of the end-plates, wi th some 
anterior disc space narrowing. (B) The AP radiograph shows 
widening of the paraverteb ral shadow on the left.  (C) Later, 

a la teral radiograph shows marked end-pl ate destruction ,  
disc space narrowing and sclerosis o f  the vertebral bodies. 
CD) MR image shows a paravertebral mass and vertebral 
destruction as intermediate signal on T1 weighted and (E) 
increased signal on STIR fat suppressed study. The disc space 
also shows marked increase in signal . 
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demonstrated, with complete loss of the intervening 
disc space and collapse of the vertebral bodies into 
each other. This m ay result in a local kyphosis in the 
early stages of the infection. These plain film chan
ges may not be obvious,  and in patients with 
constant pain a n  isotope scan may be helpful by 
providing a rapid evaluation of the whole spine,  
which may demonstrate other occult infective foci .  
The use of SPECT will increase the sensitivity of the 
study and define the anatomical site of increased 
activity more precisely. Indium 1 1 1 _  or technetium99m-
labelled w hite cells provide a more speciftc demon
stration of sites of infection,  with the labelled white 
cells accumulating in the infective site . However, 
results have been disappointing in the spine , with 
significant accumulation only occurring in an acute 
abscess (Whalen et al. , 1 991) .  Chronic infections, 
with low white cell accumulation, are difficult to 
see and may produce false negative examinations, 
and spinal lesions may also be obscured by white 
cell accumulation in the liver and spleen .  Computer
ized tomography w iJI evaluate the extent of bone 
d estruction and may demonstrate extensive bone 
fragmentation ,  w llich has been suggested to be 
ind icative of tuberculosis rather than septic spondy
litis Gain et al. , 1 993) . Magnetic resonance imaging 
has established itself as a valuable method of dem
onstrating infection in the early stages of the dis
ease, and wiJI also demonstrate the presence of 
epid ural  abscess and cord compression . On the T l  
weighted images there are areas of decreased signal 
intensity within the disc , verteb ral end-plates and 
vertebral bodies,  associated with irregularity of the 
vertebral end-plate . On the T2 weighted images, 
high signal is present in the disc and vertebral body 
due to inflammatory exudate and oedema and this is 
particularly enhanced on the STIR sequences 
(Fig . 1 2 . 1 6) .  The use of gadolinium DTPA on the Tl 
weighted fat-suppressed sequences is a lso valuable 
in areas of infection (post et al. , 1 990) . This tech
nique is particularly useful in the case of an epidural 
abscess, which appears as a well-defmed soft tissue 
mass with tapered edges, and is typically isointense 
within the spinal cord on Tl and hyperintense on 
T2 . Following gadolinium injection the abscess may 
enhance with a d iffuse h omogeneous or heterogen
eous mass, or have a thin peripheral line of 
enhancement around the main abscess mass . In the 
early s tages of disc infec tion after invasive radio
logical and therapeutic procedures, the plain film 
wiJI be normal until the infection of the disc invades 
the end-plate .  Early changes on MR may show 
increased signal within the disc prior to the radio
graph becoming positive in these circumstances. 
Occasionally tuberculous spondylitis may demon
strate atypical fmdings, including vertebral involve
ment without d isc disruption and/or involvement of 
the posterior elements, without destruction of the 
body or disc. These features would be well demon-

strated with either MR or CT. Where doubt exists, 
a needle biopsy should be performed to identify 
the organism and to initiate appropriate treatment 
following culture and histology. 

Osteoporosis 

The onset of thoracic pain in the e lderly may occur as 
an acute episode, but thoracic pain is more com
monly associated with a gradual kyphosis of the 
thoracic spine. Lateral rad iograp hs of the spine 
demonstrate loss of bone density with increased 
radiolucency of the vertebral bodies, which exhibit a 
sharp white outline described as being like a pencil 
line . In the more advanced stages , vertebral collapse 
may occur. This may only involve the upper end-plate 
of the vertebra l  body, and is often more pronounced 
in the central part of the vertebra (Fig. 1 2 . 1 7) .  It 
produces a degree of wedging anteriorly, but with a 
curved upper vertebral surface. Both end-plates may 
collapse, producing a biconcave pattern, but usually 
t his degree of severity results in a markedly flattened 
vertebra which can appear sclerotic due to the 
condensation of residual osteoporotic trabeculae .  
Some slight disc widening may occur in the central 
part of the disc due to the vertebral collapse. 
Occasionally, in severe cases, a black line of very low 
attenuation may be seen in the vertebra , a vacuum 
phenomenon due to nitrogen being drawn in from 
the blood around the collapsed trabeculae. This may 
be outlined by increased density due to condensation 
of the collapsed trabeculae. Multiple levels may be 
involved,  with an increased kyphosis. The appear
ances are usually diagnostiC on the rad iographs, but 
differentiation from myeloma or occasionally meta
static d isease may be difficult . Destruction of the 
pedicles on the AP view will help differentiate forms 
of metastatic d isease from osteoporosis, where the 
pedicles are usually clearly seen even if there is 
extensive osteoporotic vertebral collapse . If differ
entiation is not clear, whole body isotope scans may 
be of value , as metastatic d isease can affect other 
areas and these will show increased uptake .  
Increased isotope uptake may well occur in osteopo
rotic collapse, and can be identifted as a line of 
uptake a long the upper part of the vertebra l  body and 
not extending beyond the line of the vertebra on the 
AP view (Fig. 1 2 . 1 7) .  Metastatic tumour expands 
beyond the vertebral outline and often involves the 
whole vertebra so that the increased isotope activity 
is much more extensive and beyond the vertebral 
line. Myeloma may not be demonstrable as increased 
uptake on an isotope sca n ,  although reduced verte
bral activity has been shown to occur in some cases. 
The d ifferentiation and d i agnosis  of osteoporosis and 
metastatic disease is best acbieved with MR. Recent 
studies have identifted features that enable d iffer
entiation of the coHapsed vertebra. The malignant 
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(C) 

Fig. 12 .17  Osteoporosis .  (A) Severe osteoporosis is demonstrated on the lateral radiograph ,  with increased lucency in the 
vertebral bodies, wedge compression of the mid·thoracic vertebrae and upper and central end-pla te co l lapse in the lower 
thoracic vertebrae. A vacuum sign (a rrow) is seen in the fragmented upper vertebral body of T I l .  (B) The TC99 MDP study 
depictcd is of a pa t ie n t wi th osteoporosis and a mild scoliosis, showing linear increased activity on the upper aspect of th e  
verte b ra ,  wh ich does not extend beyond the vertebr al ma rgin. Activity is a l s o  seen in fractured ribs. (C) The MR Tl  weighted 

image shows two c o l lapsed vertebral bod ies , the lower with normal marrow signal . Some sign reduction i s seen in the 
vertebra above . The vertebra below shows high signal with coarse striations,  consistent with a haemangioma .  (D) T2 weigh ted 
sagittal study shows normal or only slightly increased signal in the coUapsed vertebra l bodies . 
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vertebral body shows a convex posterior cortex , and 
the presence of an epidural mass is a highly discrim
inatin g  feature. The signal on the Tl weighted 
sequence is low diffusely throughout the vertebral 
body, while there is an inhomogeneous increase in 
signal on Tl after TV gadolinium DTPA and on T2 
weighting. Low signal on T1 in the ped icles may also 
be present (Chenod et al. , 1 996) . On the other hand , 
in osteoporotic collapse there may be a retropulsion 
o f  bone. The T1 weighted signal is normally high in 
the majority of the vertebra and, following gadolin
ium , the signal rapidly returns to normal (Fig.  1 2 . 17) .  
There is a horizontal band-like pattern and iso
intensity on T2 (Chenod et al. , 1 996) .  The pedicles 
h ave normal signal on TI in osteoporosis .  Using 
similar  criteria ,  Moulopoulos ( 1 996) showed a statis
ticaUy signifICant (p < 0 . 0 1 )  d ifference between the 
two features. The diagnosis of osteoporosis is usuaUy 
made by means of bone denSitometry using dual 
X-ray absorptiometry (OXA) of the lumbar spine and 
femoral neck,  although who le body assessment can 
also be made. The dual energy X-ray beam scans the 
lumbar vertebrae and produces a measure of mineral 
content, which has a high accuracy and preCiSion, 
but errors may occur in the elderly in the presence of 
extensive aortic calcification , diffuse idiopathic 
hyperostosis or severe osteoarthritis of the zygapo
p hysial joints.  If these features are present, quantita
tive CT bone densitometry may be undertaken;  this 
can assess vertebral trabecular bone density without 
measuring the overlying aortic calc ification and 
paraverteb ral  ligament ossification. 

Scoliosis 

The thoracic spine is the most common site for spinal 
deformity, and the most common cause is an idio
pathic scoliosis . This primarily involves adolescents 
between the age of 10 and 1 5  years , and is  
p rogressive in a percentage of subjects, most com
monly in females .  The condition is often identified 
due to clothes not fining or by the recognition of a ri b 
deformity. The diagnosis is made clinicaUy by the 
demonstration of a rib hump on fo rward bending and 
by palpation of the spinous processes .  The diagnosis 
will be confirmed on a n  AP radiograph,  which will 
show the curvature of the spine; this is usuaUy right 
sided associated with rotation of the vertebrae 
producing asymmetry of the pedicles, which is 
maximal a t  the apex of the curve (Fig. 1 2 . 1 8).  The 
curve may be a single thoracic curve, but  double 
curves of the thoracic and lumbar spine occur, and 
also single thoraco-I umbar curves .  Occasionally the 
curve wiU be 20° or more,  and may require a fuU 
scoliosis serie s .  In these circumstances ,  the AP 
projection may be supplemented with an AP view 
with the s p ine unde r  traction or with lateral bending 
films.  These will show the degree of  flexibility of the 

curves and help to d ifferentiate structural from 
compensatory curves.  Finally, a lateral view wiU 
define the degree of lordosis or kyphosis. Rotating 
the patient under screening control so that the apical 
verte bra i s  in a true AP position wiH enable a reliab le  
eval uation of the degree of lateral curvature,  allowing 
for the vertebral rotation.  Wedging of the vertebra l  
bodies may be present i n  a more established scoliOSiS , 
with the disc d isplaced to the convex aspect of the 
end-plate. Assessment of the ring apophysis of the 
vertebral bodies and the position of the iliac crest 
apophysis in relation to the main iliac bone will assist 
in establishing the degree of skeletal maturity and 
thus the potential for fu rther deformity of the curve 
during the growth that rema.i ns. Fusion of the iliac 
apophysis medially usually indicates the end of the 
growth spurt , but spinal growth may continue slowly 
until the early twenties. Idiopathic scoliosis is usually 
painless , so if pain is present, or if the curve is rapidly 
progressive , then other causal factors such as intra
spinal and paraspinal tumour or herniated nucleus 
pulposus should be ruled out.  In these c ircum
stances , a whole body isotope scan may be of val ue to 
exclude tumours such as an osteoid osteoma or 
osteoblastoma; if positive, a CT scan in the locality is 
indicated.  Magnetic resonance imaging of the spine is 
recommended in patients who have pain or evidence 
of neurological abnormality or where there is an 
unusual aspect such as a left sided curve, rigidity, or 
rapid deterioration (Fig . 1 2 . 1 8) .  

Tumours 

The most common tumour in the spine is metastatic 
disease , which may present with pain ,  often of an 
unremitting nature .  Metastatic spinal tlUTIOur may be 
associated with neurological symptoms and signs, 
sometimes without evidence of a primary cause . 
More often,  however, the patient is known to have a 
primary tumour, and imaging is requ i.red to eval uate 
new symptoms or as a routine to exclude metastatic 
sprea d .  Radiographs of the thoraCiC sp ine remain the 
initial investigation of symptomatic patients, and 
features that are strongly indicative of metastatic 
disease include loss of the pedicular outl ine, vertebral 
collapse and widening of the paravertebral shadow 
(Fig. 1 2 . 1 9) ,  although tuberculosis may produce 
s imilar features. Plain radiogra phs are not sensitive fo r 
the diagnosis of early lesions, as the vertebral bodies 
may appear normal with as much as 50% bone loss. 
Isotope bone scanning with Tc99m MOp, using the 
whole body facility, is therefore indicated if the 
radiographs are normal or if assessment of the extent 
of spread of a known primary tumo ur is reqUired. 
MagnetiC resonance imaging is also a very accurate 
method of demonstrating metastatic involvement of 
the thoracic vertebrae, which appears as focal areas 
of low signal in the high signal fat on T 1  weighted 
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sequences, often with re latively iU defined outlines .  
These lesions may show inc reased signal on T2 
weighted sequences, but usuaJJy have a high signal on 
fat-suppressed S11R sequences (Meirowitz et al. , 
1 994) (Fig. 1 2 . 1 9) .  Magnetic resonance imaging is 
more accurate for diagnosing metastatic lesions in the 
thoracic vertebra ,  but isotope studies are more 
appropriate for whole body assessment.  

Primary bone tumours are rare in the spine . 

However, the most common les ion is a haeman
gioma, which may involve both the vertebraI body 
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(C) 

Fig. 12 .18 Scoliosis. (A) An antero
posterior radiograph demonstrates lat
eral curve of the thoracic spine,  due In 

congenital scoliosis,  with mul tip le ver
tebral anomalies including hemi-verte
brae and block vertebrae . (B) The 
corona l plane MR scan clearly demon
strates the vertebral anomalies. (C) 
Idiopathic thoracolumbar scolios is is 
demonstrated, with some vertebral 
rotation .  CD) MR demonstrates the 
displacement of the nucleus pul posus 
to the convexity in the thorac ic spine. 
(E) A coronal MR scan demonstrates the 
curve with a low signal line i .n the cord 
onTl in the upper thoracic and cervical 
region,  due to a syrinx (arrow). 

and posterior elements. This is visualized on the plain 

radiographs as vertical striations of increased a nd 
decreased density and widened spaces between the 
trabeculae (Fig . 1 2 . 20) .  Expansion of the vertebral 
body may occur and,  if p resent , can be d ifficul t  to 
d ifferentiate from Paget's disease (Fig. 1 2 . 20) These 
areas are weU demonstrated on MR where the 
striations are high , and low signal on T l  due to the 
thickened trabecu lae,  vascular s inusoids and fat, with 
similar linear high signaI on T2 . Haemangiomatolls 
foci  are often smaU, round areas of sl.ightly increased 
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(B) 

(0) 
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Fig. 12 .19 Metastases. (A) The latera l  radiograph shows 
generalized loss of bone density consiste nt  with osteo· 

porosis ,  b u t  the upper posterior vertebral end·plate and 

posterior wa l l  outline of T4 is lost (arrow) . (B) The antero· 

poste r i or radiogra ph shows loss of the left T4 pedicle. (C) 
CT shows t um o u r  tL�sue destroying vertebra and occupying 
the spina l  canal ,  compressing the cord . (0) Tc"9m MOP study 

shows multiple are�s of i ncreased isotope u p take .  (E) MR 
sagittal STI R sequence suppresses fat and shows a l a rger 
number of metastatic lesions as high signaL 
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Fig. 12.20 Page t's disease. (A) Classical radiograpttic 
appearance shows coarsening o f  the trabecular pattern with 
expansion of the vertebral body. Expansion may be minimal 
and the features may be dlfficu l t to dlfferentiare from a 

haemangioma (8). (C) C1' shows marked cortical and 
trabecular tttickening . (D) The MR pattern may be similar to 
haemangioma with inc reased signal on both 1'1 and (E) 1'2 
sequences.  Differentiat ion may a lso be hel ped by 1'c99m 

MDP study, in which up take may be ma rkedly increased 

unless the disease is in the late stages or has been trea ted . 
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signal on both the Tl and T2 weighted images.  Rare 
lesions include eosinophilic granuloma, which is 
d emonstrated on films vertebra 
aneurvsma.l bone which cause 
extensive resorption of the vertebral body and 
posterior elements; and malignant tumours, such as 
Ewing's tumour which also causes extensive per
meative bone destruction and verteb ral  
Bone-producing tumours occasionally occur, 
sclerosis IS seen on the plain rad iographs, more 
commonly in the posterior elements . Such lesions 
m ay be osteoid osteomas or osteoblastomas,  the latter 
showing m ass effect . These arc demonstrated 
on Tc'l') MDP isotope scans by localized 
uptake of isotope, and CT will conJinn the presence 
of the tumour and evaluate its size and compressive 
effect on the neighbouring tissues, particularly the 
cord . 
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Medical and invasive management of thoracic 
spinal pain 

R. J. Stolker and G. J. Groen 

Introduction 

Acute spinal pain is a common problem for many 
patients (Andersson, 1991). However, these com
plaints tend to heal spontaneously. Independent of 
the treatment given, only 1% of patients with acute 
spinal pain are still suffering after 90 days (Nachem
son, 1985). In the acute phase, patients are treated 
with drugs, physical therapy and injections of local 
anaesthetics. These measures may make the patient 
feel more comfortable, but they will not affect the 
prognosis (Nachemson, 1985) . 

According to the defmition of the International 
Association for the Study of Pain (!ASP), pain lasting 
for more than 3 months is classified as chronic 
(Merskey, 1986). In these chronic pain patients, it is 
not easy to make a precise diagnosis after specific 
back pain caused by tumour, infection or inflamma
tion have been mled out. Signs and oymptoms are 
often non-specific and fail to correlate with findings 
at radiological imaging (Wood and Badley, 1987; 
Mayer, 1991; Jensen et at., 1994). Furthermore, the 
pain pattern may not be specifically related to the 
origin of pain. As a result, a defmite diagnosis can 
seldom be made initially. The patient will undergo a 
variety of diagnostic and unsuccessful therapeutic 
procedures, or will be referred on. It is important to 
emphasize that, if possible , the treatment of patients 
should be cause-related. Only if the cause cannot be 
found, despite extensive attempts, or in cases where 
a cause-related treatment is not available, it is justified 
to treat patients sy mptomatically. Such treatment may 
comprise drug therapy, various forms of manual 
therapy including physical therapy, transcutaneous 
electric nerve stimulation (TENS), or a combination 
of these and other modalities . In some countr ies a 

series of injections of local anaesthetics ,  with or 
without sterOids, is not unusual. Despite all attempts, 
a group often classified as ' therapy-resistant ' will 
remain. This group of patients comprises about 
40 - 50% of the population visiting a pain clinic 
(Vervest et at., 1993a). The localization of complaints , 
cervical:thoracic:lumbar, 113s been determined as 
5: 2:20 (Stolker et at., 1993a). Consequently, it would 
seem that thoracic pain is the major problem in only 
3-4% of the patients presenting to a pain clinic. This 
percentage is in accordance with the findings of 
others (Brose et al., 1991). 

Classification 

Several classification systems of chronic spinal pain 
have been developed. Some systems concern the 
whole field of pain, while others are restricted to 
spinal pain only. The most well known is based on the 
organ system from which the pain originates (Bonica 
and Sola, 1990). In this system, musculoskeletal, 
neurogenic, referred and psychogenic pain can be 
distinguished. Another system , which applies to the 
spine only, is based on the localization of the 
nociceptive source and the irradiation pattern (Wyke, 
1987). This classification system distinguishes 
between pr imary, secondary, referred and psycho
genic pain. Pain is classified as primary pain if it 
originates from stmctures of the spine itself, i.e. 
jOints, bone, ligaments, vessels, muscles or meninges . 
Secondary pain is pain projected to the skin, supplied 
by a nerve which is affected by a degenerative or 
compressive process . The majority of spinal pain is 
considered to be primary pain (Brose et at., 1991; 
Vervest et at., 1993a). 
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An anatomical classification system for spinal pain 
has been proposed, first by Steindler and Luck 
(1938), and later by Bogduk (1 983 ) .  It divides the 
spine into ventral and dorsal compartments, which 
are separated by a virtual frontal pl ane through 
the posterior wall of the intervertebral foramen. The 
clue to this division is the innervation of the 
compartments. The ventral compartment consists 
of the vertebral body, the intervertebral disc, the 
anterior and posterior longitudinal ligaments, the 
ventral part of the dura, and the prevertebral 
muscles (Groen, 1991). The zygapophysial joints, 
the intrinsic back muscles, the dorsal part of the 
dura, and the dorsal ligaments are situated in the 
dorsal compartment (Bogduk et aI., 1 981; Bogduk, 
1982). 

A five-axis system for all pain syndromes has been 
proposed by the Sub Committee on Taxonomy of the 
IASP (Merskey, 1 986) and recently updated (Merskey 
and Bogduk, 1994) . In this system, several subgroups 
are dedicated to spinal pain. 

As none of these systems are completely suitable in 
clinical practice, more recently a modification has 
been designed by combining the four systems above 
(Stolker et al., 1994a). This system is based on signs, 
pain pattern, symptoms, data from radiological imag
ing and e1ectrophysiological examination and results 
of test blocks. The following clinical syndromes can 
be distinguished: dorsal compartment syndrome, 
instability, anular tear, myogenic pain, herniated diSC, 
segmental pain, epidural adhesions and spinal sten
osis. However, most patients with spinal pain will not 
suffer from a single 'clean' syndrome, but from a mix 
of syndromes (Schwarzer et aI., 1994a). In general, a 
differential diagnosis or working hypothesis can be 
made with this classification, which is important to 
answer the question: where is the pain coming from? 
It should be emphasized that for patients with central 
pain syndromes and other deafferentation syndromes 
this model may only be suitable for diagnostic 
purposes, as blocks of affected nerves are not of 
therapeutic or prognostic value despite a positive 
response to a local anaesthetic in the test procedure. 
Deafferentation syndromes, characterized by low 
sensory input, wi.1l not respond to definitive blocks 
(Loeser, 1 972; Ovelmen-Levitt et at., 1984) .  In 
patients with spinal pain from malignant disease, 
local blocks are often contraindicated because of 
local tumour growth. Furthermore, tumour pain is 
usually not restricted to certain nerves or other 
structures of the spine if invasive growth is present. 
Moreover, denervation following function loss may 
be present (Stolker et al., 1993b). 

In clinical practice, the following syndromes 
occur most frequently in the thoracic area: post
thoracotomy syndrome, intercostal neuralgia, dorsal 
compartment syndrome, segmentally irradiating 
spinal pain (in the lower thoraciC area), myogenic 
pain and pain referred from the internal organs. 

General and regional 
characteristics 

In order to search for a substrate for the pain, 
knowledge of the innervation pattern of the spine is 
mandatory. As almost aU spinal structures are known 
to be innervated (with the exception perhaps of the 
f laval ligaments, the internal venous plexus and the 
inner parr of the nucleus pulposus), they can all act as 
a source of pain. Detailed information about the 
innervation is given in Chapter 8 .  It is important to 
mention that the general innervation pattern of the 
spine shows a multisegmental overlapping (up to 
eight segments for the ventral dura), and sometimes a 
bilateral, design (Stilwell, 1956; Groen, 1 986; Groen 
et al., 19 87 ,  1 988, 1 990). In the dorsal compartment, 
only a bisegmental pattern has been reported (8og
duk, 1982; Bogduk et al., 1 982; Auteroche, 1 983; 
Stolker et al., 1994b; Chua and Bogduk, 1995). The 
zygapophysial joints are innervated by the medial 
branches, while the costovertebral joi.nts are supplied 
by the lateral branches of the dorsal rami (Vrerros and 
Wyke, 1 974). The costovertebral joint (articulatio 
capitis costae) is situated in the ventral compartment, 
and is innervated by the plexus of the anterior 
longitudinal ligament (Groen et at., 1987). 

The design of the innervation of the spine is the 
reason why spinal pain is often felt i.n more than one 
segment, pain may overlap, pain patterns are non
specific, and it may be referred to a dermatomal 
distribution that is different from that which might be 
expected. For example, pain originating from the 
L3-L4 disc may be felt in the groin (L1). This stresses 
the need for a cautious use of the term 'non-organic 
signs' for unexpected findings which suggest the 
presence of major psychological involvement (Wad
dell et al., 1980). This anatomical convergence in 
humans has been found to correlate with the 
neurophysiological convergence on the level of the 
wide dynamic range neurons in the cat (Groen et al., 
1990; Gillette et at., 1993). Thus, blockades in the 
peripheral nervous system may be helpful in deter
mining the origin of pain (Stolker et at., 1994a). 

As pain in the lumbar and cervical area is more 
common, less attention has been paid to the thoracic 
region. Although the innervation pattern is compara
ble to that of other spinal regions, special conditions 
are present in the thoracic spine. The vicinity of the 
pleura and the different orientation of the zygapophy
sial joints have consequences for percutaneous pro
cedures. The presence of ribs, rib cartilage, the 
sternum and costovertebral joints may lead to addi
tional pain syndromes (pascual et aI., 1992). 

The mobility of the thoracic spine is less than in 
other regions. Lateral flexion is almost impossible 
because of the costovertebral joints. Flexion and 
extension are said to be restricted to a few degrees 
(Grieve, 1 98 1 ) .  It seems reasonable to assume that 
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this may explain the lower incidence of pain arising 
from the thoracic zygapophysial joints in comparison 
to the incidence in the lumbar and cervical regions. 
In clinical practice, in the thoracic region, the dorsal 
compartment syndrome , myogenic pain and segmen
tal pain occur most frequently. The ventral compart
ment syndrome, herniated disc, spinal stenosis, 
epidural adhesions or autonomic related pain syn
dromes are, compared to the lumbar region, sel.dom 
encountered (Schirmer, 1985; Dietze and Fessler, 
1993), which emphasizes again the relationship 
between spinal mobiliry and strain. 

Treatment 

Non-invasive treatment 

Medical pharmacology 

The medical treatment of thoracic spinal pain is the 
same as for other areas of the spine. Drug therapy 
starts with prescribing paracetamol, which has an 
analgesic and antipyretic effect. It has a peripheral 
and a central site of action. In recommended doses 
the side effects are minor; only an acute overdose 
may lead to a lethal hepatic failure. 

As secondary muscle spasms can occur, it may be 
helpfuJ to prescribe additional benzodiazepines such 
as diazepam (2 mg three times a day). 

TIle second step in medication is the prescription of 
non-steroidal anti-inflammatory drugs (NSAIDs), 
which are used worldwide (Koch-Weser, 1980). The 
mode of operation is by peripheral inhibition of the 
biosynthesis of the prostaglandins. Long-term admin
istration may affect the kidneys and lead to haemato
poietic reactions such as neutropenia, thrombopenia, 
and, rarely, aplastic anaemia (Flower et al., 1985). 
Another major side effect is the damage to the 
gastrointestinal system, especiaUy to the stomach waU. 
AJI side effects are a result of the mechanism of action, 
the binding at the cyclo-oxygenase receptor. In 
general, the severity of side effects correlates with the 
potency of the drug. As the structure of NSAIDs differ, 
it is possible to switch to another NSAlD from a 
different group in case of an allergic reaction (Flower 
et aI., 1985). It has been claimed that some NSAIDs, 
especiaUy sulindac, should affect the kidneys less than 
others (Erikson et al., 1990; Whelton et at., 1990). 
More recently, nabumeton, which selectively binds 
the cyclo-oxygenase 2 receptor, has become available 
for clinical use. It is expected that, with the use of this 
drug, the incidence of aU inherent side effects due to 
binding the cyclo-oxygenase 1 receptor will be 
diminished (Hyneck, 1992; Roth et aI., 1994). 

It has been questioned whether chronic spinal pain 
is an indication for the use of opioids (Houde, 1974; 
Newman, 1983; Portenoy and Foley, 1986; McQuay, 
1989; Brena and Sanders, 1991). However, the use of 

weak opioid-agonists, such as codeine and tramadol, 
has gained more widespread use. Usual doses are six 
times 5 - 20 mg and three times 50 -100 mg daily, 
respectively. The major side effects are constipation 
and nausea, The frequency of constipation after use of 
tramadol is substantially lower than foUowing use of 
the other opioid-agonists, Of the partial opioid
antagoniSts and agonist-antagonists, such as bupre
norpiline, pentazocine, nalbuphine and butorphanol, 
the first agent is used most frequentl)'. Sublingual 
administration of buprenorphine may sometimes be 
advantageous, its usual dose being 0,2-0.4 mg three 
to four times daily, with a ceiling effect at a dose of 
2 .4  mg daily. The disadvantage of pentazocine and 
butorphanol is the possibiliry of developing a dys
phoric state of the patient, The major disadvantage of 
nalbuphine, and to a lesser extent all other drugs of 
this group, is nausea Gaffe and Martin , 1985), 

The prescription of strong opioids is even more 
controversial (portenoy, 1994; Schug and Large, 
1995), As psychological involvement and financial 
compensation problems may play an important role 
in a small category of patients with chronic spinal 
pain, meticulous restriction of the prescription of 
strong opioids is mandatory in order to avoid 
addiction, In many countries legal restrictions prohi
bit widespread use for pain of a benign origin, It is 
recommended that strong opioids only be prescribed 
under the following conditions: 

• A clear diagnosis of the origin of the pain has been 
made 

• There is an absence of major psychologic and/or 
psychiatric pathology 

• Tablet administration is controlJed, in order to 
avoid the use of the prescribed drugs by others 

• There is no long-term parenteral use 
• All other treatments have failed 
• lnitial control of effects and side effects has been 

achieved 
• Provision is made for re-evaluation after a test 

period of 4 weeks 
• There is restriction of prescription to one physi

cian only (porter and Jick, 1980; Maruta and 
Swanson, 1981; Gourlay and Cherry, 1991; Lie
beskind, 1991; Portenoy, 1994; Schug and Large, 
1995). 

The drug which has been most commonly used is 
sustained-release morphine sulphate, The dose has to 
be titrated, and its major side effect is constipation, 
which can be reduced by the administration of 
transdermal fentanyl (Ahmedzai et at., 1994), This has 
been introduced more recently, with major experi
ence limited to cancer patients, However, the prob
\em of drug tolerance in chronic opioid administra
tion remains unsolved. 

U deafferentation is present , tricyclic anti
depressants may be considered as mono therapy or as 
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co-medication. As the greatest experience is in the 
use of amitriptyline, this is usually considered as the 
dmg of first choice. The analgesic effect is achieved 
with low doses (l0-100 mg), which are insufficient 
to cause an antidepressive effect (Sullivan et al., 
1992). The analgesic effect is often partiaL The side 
effects are many, but a dry mouth from the anti
cholinergic effect and drowsiness are the most 
clinically relevant. This drowsiness can be an advan
tage in patients with a disturbed sleep pattern. Long
term administration is reported as not-problematic 
(Baldessarini , 1985; Max, 1994). 

Other conservative measures 

Several methods of physical therapy, either in isola
tion or as part of a rehabilitation programme, belong 
to the modalities mostly used in conservative manage
ment. Passive movement manoeuvres and exercise 
programmes also have their place, and are described 
elsewhere in the book (see Chapters 15-17). 

Transcutaneous electric nerve stimulation has 
gained widespread use in the symptomatic treatment 
of acute and chronic spinal pain in general. The 
efficacy of TENS could not be demonstrated in a 

prospective, double-blind, placebo-controlled trial 
(Deyo et al., 1990); however, other authors claim that 
patients may benefit from the application of TENS 
(Meyler et al., 1994; Woolf and Thompson, 1994; 
Verdouw et at., 1996). Although their success rate 
barely exceeds the placebo effect (assumed to be 
about 30%), these authors claim a place for this 
treatment because the alternative to TENS is often no 
treatment at aU, and it has no serious side effects. 

Several other modalities for treating pain by short 
sensory hyperstimulation have been described 
(Melzack, 1994); examples are intense TENS, injec
tion with irritating fluids (such as hypertonic saline), 
needling, ice massage, scarring, cauterization and 
acupuncture. These therapies, which have their 
origins in folk medicine, are based on the principle of 
administration of 'pain to abolish pain' or 'hyper
stimulation analgesia' (Melzack, 1994). Substantial 
investigation at the basic science level has provided 
compelling evidence for the (possibly different) 
mechanisms responsible for these phenomena 
(Kunesh et at., 1987; Le Bars and Villaneuva, 1988; 
Wahren et al., 1989; Le Bars et at., 1992); however, 
some authors still consider that their clinical efficacy 
requires further investigation (see Willer et at., 

1984). 

Invasive treatment 

Invasive therapy includes both surgical and per
cutaneous procedures. In general, invasive treatment 
is only to be considered after failure of proper, 

conservative treatment, or in the case of imminent 
damage to the spinal cord in severe spinal stenosis. 
However, the estimated risk of chronic drug intake 
should always be compared to the risk of an invasive 
procedure, because the side effects of conservative 
treatment are not always milder than the side effects 
of invasive therapy. 

Neurosurgical/orthopaedic treatment 

Previously, neurectomy of an intercostal nerve and 
surgical rhizotomies were performed in order to treat 
intercostal pain referred from the spine. However, 
this therapy has to be considered obsolete, as it mal' 
lead to loss of sensation and, occasionaUy, denerva
tion (loeser, 1972; Ovelmen-Levitt et at., 1984; Pagni 
et at., 1993). For this reason, percutaneous partial 
rhizotomy has been advocated in the treatment of this 
pain syndrome (Stolker et at., 1994c). 

The main purpose of surgery of the thoracic spine 
is to correct severe scoliosis or to protect the spinal 
cord in the presence of a fracture or severe spinal 
stenosis with imminent neurological deficit (Skubic 
and Kostuik, 1991). As the incidence of a thoracic 
herniated disc is 500-1000 times lower than in the 
lumbar region, disc surgery will seldom be performed 
(Dandy, 1942; Schirmer, 1985; Skubic and Kostuik, 
1 99 1 ). In general, pain syndromes not associated 
with severe scoliosis or neurological sequelae are 
rarely an indication for surgery in the thoracic spine, 
in contrast to the situation in the lumbar spine. 

Dorsal column stimulation has been applied in 
many patients with chronic spinal pain (North et at., 
1993; Krainick and Thoden, 1994). However, the 
experience in the thoracic spine is very smaU. 
Furthermore, the 'failed back syndrome', which is 
infrequent in the thoracic spine, is considered to be 
one of the principal indications for dorsal column 
stimulation; consequently its place in the treatment 
of chronic thoracic spinal pain remains unclear. 

Percutaneous procedures 

These include test blocks and therapeutic blocks, 
which may be by injection of trigger pOints, epidural 
injection of steroids or neurolytic blocks. 

Injection of trigger pOints 

Injection of trigger points, with local anaesthetic or 
saline, is the simplest means of invasive treatment. 
These injections gained popularity in the 1980s, and 
a complete map of these trigger points has been 
achieved (Travell and Simons , 1983). Nowadays, their 
effectiveness in managing chronic spinal pain is 
questioned. In the authors' experience, these injec
tions seem to be more appropriate in acute pain 
problems than in chronic pain. 
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Epidural steroids 

Injections of corticosteroids have gained widespread 
clinical use. However, the exact indications for this 
therapy and its effectiveness remain unclear (Kepes 
and Duncalf, 1985; Benzon, 1986; Nelson, 1993). 
Reported indications include acute herniated disc, 
acute back pain, chronic back pain with or without 
radiation, and the post-laminectomy syndrome. 
Almost all studies concern injections in the lumbar 
area, and no data for the thoracic region are 
available. In this region, possible indications may be 
acute back pain and chronic pain with or without 
radiation. A recent systematic review of all con
trolled studies concerning lumbar epidural injec
tions concludes that there is no evidence for the 
effectiveness of this therapy in chronic back pain 
without radiation (Koes et al., 1995). Furthermore, 
none of these studies has involved follow-up of 
more than 6 months. White et al. (1980) concluded 
that no patient was cured definitively. Incorrect 
needle placement may play a role in negative 
fmdings, as fluoroscopic control was not routinely 
used in gUiding the needle insertion. Incorrect 
needle position has been reported in 25% of cases 
(White et al., 1980). In other studies, this percen
tage was even higher (EI-Khoury et al., 1988; 
Renfrew et al., 1991); therefore, fluoroscopic guid
ance for needle insertion is strongly advocated. 

Adverse reactions of epidural injection seem to be 
rare (Delaney et al., 1980). However, serious side 
effects have been described in several case reports, 
for instance: transient hypercorticism (Knight and 
Burnell, 1980; Stambough et at., 1984; Thel et at., 
1990); intraocular haemorrhage (Clark and Whitwell, 
1961); epidural haematoma (Williams et at., 1990); 
dural tap (Barry et at., 1982); and meningitis, 
described by Dougherty and Fraser (1978) after 
accidental intrathecal injection and, as a rare compli
cation of regular epidural administration, by Gut
knecht (1987). 

In conclusion, there seems to be little place for 
epidural administration of steroids in chronic tho
racic spinal pain, only in cases of acute spinal pain 
and radiating chronic pain. 

Test blocks 

Traditionally, test blocks are thought to serve diag
nostic and/or prognostic purposes. However, the 
prognostic advantage lies in the possibility of estimat
ing the result of a neurolytic blockade (White and 
Kjell

.
berg, 1973). Others doubt or reject the prog

nostIC value of a block (Loeser, 1972; Onofrio and 
Campa, 1973; Jackson et at., 1988; Lilius et at., 1989, 
1990; Jackson, 1992), having used blocks with local 
anaesthetic to predict the outcome of surgical 
rhizotomies and spinal fuSions, respectively. More
over, inadequate technical procedures and incom-

plete clinical evaluation of the patient before starting 
blockades may lead to a negative result of a defmite 
procedure after a positive block. Furthermore, even 
after 'correct' procedures, false-negative and false
positive results are possible. The reasons for these 
results are listed in Tables 13.1 and 13.2. 

Diagnostic block may be helpful, or even essential, 
in establishing a clinical diagnosis (Stolker et at., 
1993a, 1994a, 1994d; Schwarzer et at., 1994a, 
1994b); moreover, it achieves a possible target of 
therapy (Sluijter and Mehta, 1981; Nash, 1986; 
Vervest and Stolker, 1991). 

In order to enhance the reliability of test blocks, it 
is absolutely necessary to perform these blocks under 
radiologic control with the use of contrast medium if 
necessary. Furthermore, it is mandatory to use only 
small amounts of contrast dye (Le. maximum of 1 ml 
for a spinal nerve and 0.5 mJ for a zygapophysial joint) 
in order to avoid overflow of dye to neighbouring 
structures. In many cases adclitional blocking of these 
structures and adjacent levels may be required in 
order to obtain a negative response. This confirms the 
location of the target structure. It is recommended 
that blockades be repeated with different local 
anaesthetics and patients be examined during the 

�ction of the local anaesthetic agent, preferably by an 
mdependent, blinded investigator (Bonica, 1974; 
Schwarzer et al., 1994b; Stolker et at., 1994a; North 
et al., 1996). However, a cascade of blockades will 
confuse the patient, decreasing the reliability of the 

Table 13.1 Causes of false-pOSitive test blocks 

• Overflow of local anaesthetics to the epidural space 
(Goldstone and Pennant, 1987; El Khoury et at., 1988; 
Purcell-Jones et al., 1989) 

• Overflow of local anaesthetics to sympathetic fibres 
(purcell-Jones et al., 1987) 

• SystemiC uptake of local anaesthetics and spread into 
the central nervous system (Woolf and 
Wiesenfeld-Hallin, 1985) 

• Denervation 
• Placebo response (LiJjus et al., 1989; Silvers, 1990; 

Schwarzer et aI., 1994a) 

Table 13.2 Causes of false-negative test blocks 

• Too small an amount of local anaesthetiC 
• (partial) intramuscular/intravenous injection (Vervest 

and Stalker, 1991) 
• Multicausal pain syndrome (Stalker et al., 1994a) 
• Multileve l pain syndrome (fajima et al., 1980; Kikuchi 

et aI., 1981, 1984; White, 1983; Kirkaldy-Willis, 1984; 
Tile, 1984 ; Dooley et al., 1988; Purcell-Jones et aI., 

1989; Stanley et al., 1990) 
• Failing communication between patient and doctor 
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response to the test procedure. Therefore, plaruting 
in advance, based on clinical findings, is advocated 
(see below). 

It is possible to achieve an effect of a local 
anaesthetic which is longer or shorter than the 
duration of pharmacological action. This may be the 
result of a placebo effect (LiJius et aI., 1989; Silvers, 
1990; Schwarzer et al., 1994b), an incomplete block, 
an additional sympathetic block (purcell Jones et al., 
1987), or the interrruption of the 'vicious pain circle' 
(O'Brien, 1984). This is a mechanism that occurs 
more frequently in acute pain syndromes. However, 
the treatment of chronic pain by a series of blockades 
with local anaesthetics is based on the same working 
mechanism. 

Formerly, electrostimulation, direct stimulation of 
the structure via a needle or by pressure (as in 
provocative discography) and injections of hyper
tonic solutions were used more commonly in clinical 
practice (Steindler and Luck, 1938; Inman and 
Saunders, 1944; Mooney and Robertson, 1976; Kellg
ren, 1977). As patients tend to 'recognize' their pain, 
a negative response after stimulation is more reHable 
than a positive response. Therefore, the use of 
stimulation as a diagnostic tool is Hmited nowadays, 
perhaps with the exception of provocative discog
raphy (Walsh et al., 1990). However, it remains a 
useful tool in mapping pain patterns in volunteers 
(Mooney and Robertson, 1976; Dwyer et al., 1990; 
Dreyfuss et aI., 1994). 

Neurolysis 

Neurolytic blocks should be considered only after a 
positive test procedure, i.e. for temporary pain reHef 
(Saris, 1986; Dubuisson, 1989). Techniques of 
neurolysis include surgical, chemical and physical 
modalities. Surgical treatment has a poor long-term 
outcome (Onofrio and Campa, 1972; Loeser, 1972). 
In many patients sensory loss may develop which 
can be followed by a constant burning pain, even 
worse than the original complaint and sometimes 
over a larger area, the so-called 'expanded fields' 
(Ovelmen-Levitt et al., 1984). This may be attributed 
to plasticity of the spinal cord following denerva
tion. The same problems have been described after 
chemical neurolysis with alcohol, phenol or glyc
erin. The advantages of chemical techniques are the 
cost and the Simplicity of the technique. Disadvan
tages are the short time of pain reHef; this can last, 
in many cases, for several months only despite 
potentially permanent loss of sensation. In case of 
return of normal sensation, the block could be 
repeated. Another disadvantage is the unpredict
ability of the site of action of the fluids. Control of 
their spread is lost once they have left the syringe, 
even where fluoroscopiC control and radiocontrast 
dye has been used (Dubuisson, 1 989 ; Swerdlow, 
1988; Wood, 1989). 

Surgical and chemical techniques may have many 
disadvantages, which can be avoided by using phys
ical techniques. Electrocoagulation has been aban
doned as a result of the unpredictability of the size of 
the lesion; instead, cryocoagulation has been advo
cated as a method of neurolysis (Katz, 1989). 
However, its effect only lasts a few months. Moreover, 
the probes used are thick (l4G), and there is a 
potential risk of damaging the nerve. This technique 
may only be used on exclusively sensory nerves. The 
sensory loss seems to be reversible. Presently, indica
tions for cryocoagulation are restricted to the treat
ment of neuromas. 

Another physical method of neurolysis is radio
frequency (R-F) lesioning. Lesions induced in this 
manner are reported to be reprodUCible, controllable 
in size, and of longer lasting duration (Cosman et aI., 
1984; Cosman and Cosman, 1985; Vervest and 
Stolker, 1995). Small 22G needles can be used for 
temperature-controlled lesioning (Sluijter and Mehta, 
1981). If properly performed, R-F lesions are partial 
leSions, not leading to permanent sensol)' loss nor, in 
the longer term, to deafferentation (Sweet and 
Wepsic, 1974; Stolker et al., 1994d, 1994e; Van Kleef 
et al., 1999). However, no clifference could be 
demonstrated in a study comparing 67"C with 40°C 
lesions in cervical PPR (percutaneous partial rhi
zotomy) (Slappenclel et al., 1 997). 

It has been claimed that thin unmyelinated fibres 
are less susceptible to heat by R-F current than thick 
fibres (Letcher and Goldring, 1968; Sweet and 
Wepsic, 1974; Sluijter and Mehta, 1981). However, 
other authors fmUld that it is more probable that R-F 
lesions are non-specific, and that all fibres within 
reach of the current will be lesioned equally (Klumpp 
and Zimmerman, 1980; Smith et al., 198 1 ;  Bogduk et 
al., 1987; Arendzen, 1989; Hamann and Hall, 1992; 
Stolker et al., 1996). The partial character of an R-F 
lesion depends on the pOSition of the electrode and 
the size of the lesion. 

As the size of a R-F lesion is always smaller than the 
size of the blocked area with local anaesthetics, a 
positive test block may be followed by a negative 
result of the definitive procedure (Cosman et aI., 
1984 ; Bogduk et aI., 1987; Moringlane et aI., 1 987; 
Vinas et al., 1992). Technical failure and alternative 
anatomical pathways may be other sources of neg
ative results (paliie, 1959; Coggeshall et al., 1975; 
Bogduk and Long, 1980; Cosman and Cosman, 1985; 
Lang, 1985; Umeda et at., 1987; Groen et aI., 1988; 
Haynsworth and Noe, 1991; Vervest et aI., 1 993b; 
Stolker et aI., 1994c, 1 994e). Since the innervation 
shows a multisegmental pattern, multilevel treatment 
will often be required. 

Radiofrequency lesions seem to have a half-life of 
about 3 (Vervest et al., 1994). Caution is recom
mended if sensory loss is already present and in the 
case of central pain syndromes (Stolker et al., 
1993b). 
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Percutaneous zygapophysial denervation 

A percutaneous zygapophysial (facet) denervation 
(PFD) is indicated if the following signs and symp
tomS are present: (almost) continuous paravertebral 
pain in a region of the spine without neurological 
deficit; paravertebral tenderness; and temporary pain 
relief after a block of the medial branch of the dorsal 
ramlls or an intra-articular zygapophysial jOint block 
with local anaesthetics (Stolker et al., 1993a). Con
comitant, but not always present, are pain provoca
tion on extension or rotation of the spine, diminished 
movement in the affected part of the spine , non

segmental radiation pattern, and pain after sitting or 

standing for a prolonged tin1e (Lippit, 1984; Lynch 
and Taylor, 1986; Eisenstein and Parry, 1987; Helbig 
and Lee, 1988). Moreover, radiological signs like 
spondylosis , zygapophysial jo int arthritis in the lower 
thoracic area, osteoporosis and vertebral collapse 
have been described in relation to this syndrome . 

In 1976, a lumbar ' facet syndrome' was described 
by Mooney and Robertson. Remarkably, the syn
drome in the thoracic spine had already been treated 
in the 1970s (Lora and Long, 1976 ; Shealy, 1976), but 
was described much later (Sto lker et al., 1993a). All 
the signs and symptoms a.re rather non-specific (Revel 
et al., 1992; SchwarLer et al., 1994c) so, in the 
current authors' opinion , the combination of the four 
obligatory signs is mandatory to the diagnosis . 

Therefore, it has been suggested that only the test 
block should be relied upon as a diagnostic tool 
(Schwarzer et al., 1994c). Furthermore, as a con
sequence, these authors advocate the use of the term 
'facet pain' instead of syndrome; the current authors 
believe that this is not justifiable . 

In the thoracic area, the form of the articular 
processes of the vertebra makes a nerve block more 
suitable than an intra-articular block. The dorsal 
avproach is impossible, and a lateral approach is 
dangerous because of the vicinity of the pleura. In the 
lumbar area, nerve blocks and articular blocks are 
considered to be of equal value (Carrera, 1980; Dory, 
1981; Destouet et at., 1982; Marks, 1989; Nash, 1990; 
Marks et al., 1992; Schwarzer et al., 1994b, 1994c). 
This opinion makes the existence of a really selective 
intra-articular block unlikely, because the dorsal 
compartment contains more innervated stmctures 
than the joints alone (Raymond and Dumas, 1984; 
Carette et aI., 1 99 1 ; Stolker et at., 1994b ; Chua and 
Bogduk, 1995). Furthermore , these investigators used 
more than 0.5 ml of local anaesthetic, making a 
selective block unlikely Oackson et al., 1988; Carette 

et al., 199 1; Jackson, 1 992) . In conclus ion , the term 
'dorsal compa11ment pain' is more suitable, as the 
exact structure in the dorsal compartment acting as 
the origin of pain remains uncertain (Stolker et at., 
I 994a). 

Concerning the term PFD, it suggests a denervation 
but is in fact nothing more than a lesion of the medial 

branch. As the medial branch has already divided into 
several branches, some of which branch very prox
imal to the ventral side of the jOint, it is obvious that 
a denervation is impossible (Stolker et aI., 1994b). 
Thus the term ' percutaneous medial branch neu
rotomy' is more suitable for the procedure, which 
interrupts nerves supplying the dorsal compartment, 
and not the zygapophysial joints exclusively (Stolker 
et al., 1994b). 

As the innervation pattern is bisegmental, a PFD for 
one level should be performed at the same level and 
one level more cranially. The patient is placed in the 
prone position and, under fluoroscopic guidance , 

22G electrodes (IOcm long, with a 5-mm bare tip) 
are placed lateral to the point where the lateral 
process meets the superior articular process. The 
needle is advanced until there is bony contact 
(Fig.13. 1). After checking the position on antero
posterior and lateral views, a physiological control is 
performed with stimulation current. If these para
meters are satisfactory an R-F lesion is made under 

Fig_ 13.1 Fluoroscopic view of percutaneous facet denerva
tion at T4-n. The white arrows indicate the tip of the 
needles. (A) Antero-posterior vie\'\'. (B) Lateral view. 
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local anaesthesia, administered through the needle. A 
more extensive description of the technique is given 
elsewhere (Stolker et al. , 1993a) .  After anatomical 
control investigations, a more lateral position than 
that mentioned in this description has proved useful 
(Stolker et at. , 1 994b , 1 994c) . This is due to the 
observation tha t ,  following the original technique, 
repositioning of the electrode was necessary because 
of u nsatisfactory electro physiological stimulation 
c riteria . 

Only three papers deal with thoracic PFD. In two 
of these studies, nine and ten patients were described 
respectively. They were treated with the 1 4 G  Shealy 
electrode according to the original technique (lora 
and Long, 1 976; Shealy, 1 976) .  Fifty per cent or 
greater reduction of pain was achieved in 33% and 
60%, respectively, of the patients in these two studies. 
The follow-up was for 3 years.  In a more recent study 
by Stolker et at. ( 1 993a), greater than 50% pain relief 
was achieved in 83% of the patients, with a follow-up 
of 4 years . An explanation for the difference in results 
may be the d ifferences in technique and a more strict 
indication for the procedure , i . e .  presence of all  four 
of the above-mentioned signs and symptoms and a 
positive (greater than 50% relief) response to a test 
block.  The only side effect reported is transient 
postoperative pain in 1 2% of the patients.  Currently, 
results of a prospective, randomized , placebo-con
trolled trial are only available for the lumbar spine 
(Gallagher and Petriccione di Vadi ,  1 994).  These 
authors reported a significant result compared to 
placebo after 6 months. Other open studies in the 
l u m bar and cervical spines show good results in 
2 1 - 89% of patients (Stolker et at. ,  1 994a). The 
success rate in all studies decreases with time . This 
may be due ta n e rve regeneration, as observed i n  
animals aft e r  a few weeks (Hamann a n d  Hall , 1 992) . 

Percutaneous partiat rhizotomy 

The i ndications for a percutaneous partial rhizotomy 
(PPR) are segmentally radiating pain (segmental  pain) 
lasting more than 3 - 6  months, without a treatable 
cause, failure of conselvative therapy, and response 
to a segmental blockad e  for the time of the pharmaco
dynamiC action of a local anaesthetic . The classic 
segmental pain pattern occurs in the herniated disc 
syndrome. Segmental pain is distinguished from the 
herniated disc related pain in that compression 
pathology is absent on MRl and there is no neuro
logical deficit. The causes of segmental pain are listed 
in Table 1 3 . 3 .  In the thoracic area, intercostal blocks 
are used as segmental blocks (Tajima et at. , 1 980; 
Dooley et at. , 1 988; Purcell:lones et at. , 1 989). It must 
be emphasized that sensory loss is a contraindication 
for a PPR, as nerve lesioning will not only fail ta help 
but may actually worsen a (partial) d enervation pain. 
As a consequence, post-herpetic neuralgia is not a 
suitable ind ication for PPR (Stolker et aI. , 1 993b). 

Table 13.3 Causes of thoracic segmental pain syndrome 

• Intercostal neura lgia 
• Post-thoracotomy syndrome 
• Pathology of the ribs (tumour, pseudarthrosis, 1 2th rib 

syndrome) 
• Osteoporosis 
• Vertebral metastasis 
• Traumatic colla pse of a vertebra 
• Herniated e l ise 
• Segmental pain 

• Ossification of spinal ligaments 

The mechanism of segmental pain remains con
troversial (Epstein et at. , 1 973 ; Murphy, 1 977;  Hasue 
et at. , 1983;  Rydevik et at. , 1984 , 1989; Parke and 
Watanabe , 1 985 ; Weinstein ,  1986, 1991 ; Weinstein et 
at. , 1 988 ; Xiuqing et at. , 1 988; Abram , 1 988) 
Sometimes the pain pattern in segmental pain syn
drome is completely segmenta l .  This may be 
explained by the nelves in the d ura l sleeves and in 
the posterior longitudinal ligament, variations in 
segmental innervation, and intersegmental connec
tions (Pallie ,  1 959;  Hasue et at. , 1 983;  Kikuchi et aI. , 
1 984 ;  Groen et at. , 1990). 

The technique of PPR was first described by 
Uematsu et at. ( 1 974), and was later modified by 
Sluijter and Mehta (98 1 ) .  In the upper thoracic spine 
the classical approach is not possible because of the 
shape of the vertebrae and the proximity of the 
pleura (Uematsu , 1982; Pagu ra, 1 98 3 ;  Arbit,  1 989);  
therefore a dorsal approach is  applied, using a hole in 
the lamina made with a Kirsc hner wire (Stolker et at. , 
1 994d) .  The target point is the same as in the classic 
dorso-Iateral approach (Fig . 1 3 . 2) .  It must be empha
sized that, in the literature, the position of the dorsal 
roo t  ganglion has been described as inside the 
intervertebral foranlen (Rickenbacher, 1 982). How
ever, more recently the position has been found to be 
variable , rather more lateral ,  and sometimes even 
partially outside the foramen (Hasue et at. , 1 989; 
Stalker et al. , 1 994e) . 

The target structure in PPR is the dorsa l root 
ganglion and not the dorsal root,  as suggested by the 
name of the proced ure (Sluijter and Mehta, 1 98 1 ;  
Nash,  1986; Stalker e t  at. , 1 994d, 1994e) . Under 
fluoroscopy, in 1 5° oblique and lateral views, the 22G 
cannula (with a length of 1 0  cm and a bare 5-mm tip) 
is placed cranio-dorsally inta the intervertebral fora
men . In the antero-posterior view, the target point is 
caudal from the lateral border of the pedicle (Stalker 
et at. , 1 994e) . Once the anatomical positioning has 
been completed, a stimulation current of 50 Hz is 
applied, which produces a tingl ing feeling in the 
corresponding dermatome within a range of 
0.4 - 0 . 8  V A stimulation current of 2 Hz should not 
elicit contractions of the intercostal muscles within a 

voltage twice as high as the threshold for sensation. 
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Fig. 13.2 Fluoroscopic view of percutaneous partial rhizotomy. (A) Dorsal approach at T4 after contrast injection, an tero
posterior view. Note the contrast to the inte rcostal nerve ( J ) ,  the epidural space (2), and to the intercostal nerve one level 
below (3) .  (B) Same patient as in (A) , dorsal approach , lateral view. Note the tip of the needle in the intervertebra l  forame n.  
(C) Latera l  approach at  TI l after contrast injection, antero-posterior view. (D) Same patient as in (C), la teral view. 

If the e1ectrophysiological para meters are insuffi
Cient, the cannula has to be rep laced . After injection 
of a radiocontrasr dye to visualize the nerve and/or 
the epidural space and to exclude an intravasal 
position , loca l anaesthetic is adminis tered and a R-F 
lesion of 67°C of 90 s duration is a pplied. Further 
details  are given elsewhere (S luijter and Mehta, 1 98 1 ; 
Stolker et at. , 1 994d) . 

Although the PPR has been performed for many 
years, only a few reports are available concerning the 

results, especiaUy for the thoracic area . AU studies 
have an open retrospective design (Uematsu et al. , 
1 974;  Verdie and Lazorthes, 1 982;  Pagura ,  1 983;  
Nash, 1 986; Niv and Chayen, 1 992;  Stolker et al. , 

1994d). Success rates vary from 39 - 85% with a 
follow-up time of up to 6 years . Some studies describe 
the results in cancer patients only (pagura , 1983;  
Nash , 1 986; Niv and Chayen, 1 992); others concern 
patienrs suffering from pain distal  to the spine (Niv 
and Chayen , 1 99 2 ;  Stolker et al. , 1 994d) . However, 
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thoracic segmental pain from spinal origin seems to 
be a good ind ication for a PPR. The side effects 
include a transient hypoaesthesia and transient post
operative pain in 1 5 - 20% (Nash, 1 986; Dubuisson, 
1 989; Niv and Chayen , 1 992;  Stolker et al., 1 994d) . It 
is important to emphasize that sensory loss is a side 
effect and not a goal. After a surgical rhizotomy, 
sensory loss is the ru le (Loeser, 1 972; Onofrio and 
Campa, 1 973 ;  Kocks et at., 1 988; Pagni et at. , 1 993);  
however, it may be difficult to detect this loss 
clinically due to the extensive overlap of dermatomes 
(Sherrington, 1 898; Foerster, 1 93 3 ;  Dykes and Terzis, 
1 98 1 ) .  The technique with PPR of achievi ng lesions 
under general anaesthesia until hypoalgesia and 
hypo aesthesia develop, as described by Pagura 
( 1 983), has the same disadvantage and must therefore 

be a bandoned . Permanent loss of sensation may lead 
to d eafferentation, which may be followed by expan
sion of the painful area to adj acent dermatomes , 
which may subsequently require treatment.  This 
phenomenon of ' expand ing fields ' (Ovelman-Levitt et 
ai., 1 984 ; Sweet, 1 984) has never been observed in 
PPR (Sluijter and Mehta , 1 98 1 ;  Vervest and Stolker, 
1 99 1 ;  Van Kleef et at., 1 993 ;  Stolker et at. , 1 994d) . 
However, in PPR a hyperaesthesia may occur, but it is 

transient in nature (Van Kleef et at., 1 993 ;  Stolker et 
at., 1 994d). The partial nature of a PPR has been 
conflfmed in an electrophysio10gical study of cervical 
PPR (Van Kleef et al. , 1 993), as well as in an 
anatomical study in thoracic PPR (Stolker et at., 
1 994e) . However, it may be possi ble that somewhere 
a ' point of no return ' ,  with irreversible nerve damage, 
may be passe d ,  as described by Gybels and Sweet 
( 1 989) in the R-F lesion of the Gasserian ganglion 
with thick needles . The use of thin 20G and 22G 
needles, in combination with an applied temperature 
of 6rc, assures a lesion smaller than the size of most 
dorsal root ganglia . 

As already mentioned,  the tip of the cannula has to 
be positioned in the dorsal part of the foramen,  not 
only to avoid lesioning motor fibres but a lso because 
the radicular arteries are located in the anterior part 
of the foramen . Damage to these arteries may lead to 
serious neuro lOgical seque lae, in pa rticular in the 
lower thoracic and upper ILUnbar area , where, 
theoretically, the anterior spinal artery of Adamkie
wicz may be lesioned . Because of the limited 
reliability of the anrero-posterior position of the 
cannula in the lateral view due to overprojection of 
the foramina , electrophysiological thresholds are nor 
only of value in avo iding moror loss (which probably 
wou l d  be undetected , especially in the thoracic 
region), but also and more importantly to verify a 
dorsal  position in the intervertebral foramen . 

Spinal cord lesions have been described as compli
cations after thoracic PPR (Verdie and Lazorthes, 
1 982;  Koning et al., 1 99 1 ) .  They are without doubt 
the result of technical failure, as discussed e lsewhere 
(Sto lker et al. , 1 994d, 1 994e; see also Chapter 8) . 

Percutaneous sympathectomy 

The sympathetic chain contributes to the nerve 
plexus of the anterior longirudinal ligament, which 
innervates the anterior part of the spine (Groen et al., 
1 990; see also Chapter 8). This is the rationale for 
sympathetic blocks in the treatment of spinal pain 
derived from the ventral compartmen t (S lu ijter, 
1 988). However, unti l now ventral compartment pain 
has only been described extensively in the lumbar 
spine, and,  to a lesser extent, in the cervical area, 
whereas the thoracic region is seldom affected. Most 
thoracic ventral compartment pain originates from 
the intervertebra l disc (Skubic and Kostuik, 1 99 1 ) .  As 
noted above , the incidence of a disc herniation is 
500 - 1 000 times less frequent in the thoracic spine 
than in the l umbar area (Sch irmer, 1 985;  Dietze and 
Fessler, 1 993);  accord ingly, the incidence of thoracic 
ventral compartment synd rome is probably also very 
low. However, the clinical importance and the 
incidence of this syndrome have to be definitive ly 
determined . Although the technique of a percuta
neous thoracic sympathectomy has been known for a 
longer time, and a teclmique using R-F lesioning has 
been described (Wilkinson,  1 984, 1 985), to the 
current authors ' knowledge no stud ies have been 
performed on this technique in relation to thoracic 
spinal pain . Percutaneous thoracic sympathectomy 
has only been used in the treatment of causalgia ,  
reflex sympathetic dystrophy and arterial insuffi
ciency of the upper limb. Because of the risk of 
pneumothorax, sympa thetic blockade in this region 
is often restricted to the ste llate ganglion.  

Discussion 

Controlled studies 

At present it is only accepta ble adequately to evaluate 
the effectiveness of pain therapy using a randOmized , 
double-blind , placebo-controlled design. In order to 
carry ou t such a study, several cond itions have to be 
met .  Firstly, there must be a standard ized indication 
for the therapy, the terminology used must be 
generally accepted, and there must be agreement on 
inclusion and exclusion criteria . Secondly, a proper 
pilot study has to be performed in  order to assess the 
potential benefits. Thirdly, the technique has to be 
verified and standardized. Finally, a long-term follow
up is necessa ry, measuring the result by comparable 
pain scales. 

In the case of rhoracic PPR and PFD, these c riteria 
have only recently been fu lfilled . Moreover, the 
problem of ind ivid ual skill has not been solved . This is 
an important issue in percutaneous techniques , in 
which objective criteria for measuring technical 
performance are so far complete ly lacking.  
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On the other hand,  it may be questioned whether, in 
the case of PPR, such a doubl e-blind , placebo
controUed design is even possibl e ,  Sometimes, a rash 
in the corresponding dermatome may occur during 
and after R-F lesioning,  and a tra nsient sensory loss 
Oonger than the duration of action of the local 
anaesthetic) may be detectable. Nevertheless , the first 
placebo-controUed studies have been instigated in 
several centres , The first report concerning l umbar 
PFD demonstrated its effectiveness (GaUagher and 
Petricc ione di  Vad i ,  1 994). I nitial short-term results in 
Dutch studies on cervical PPR and lumbar PFD show a 
significant difference between R-F and sham lesions 
(Van Kleef et al" 1 996) .  Longer fo llow-up is now being 
undertaken,  PFD has proven to be more effective in a 
prospective, dou ble-blind con trolled study than sham
lesioning on the medial branch (Lord et al. , 1 996) .  

It must b e  emphasized that  good results in t h e  p ilot 
studies a re not only due to skilled technical perform
ance and the use of imaging techniques, but also to 
the correct patient selection proced ure .  These ele
ments are cl1Jcial  for a successfu l outcome, 

In the authors' clinical studies (Stolker et at. , 
1 993a,  1 994d), power calculations were used (in the 
absence of a control group) in order to exclude the 
possibility that results were due to a placebo effect .  
Calculations in all  studies revealed a power of > 0.99, 

showing that a p lacebo effect alone was unlikely to 
be responsible for these results . The placebo effect is 
speculative .  It  has been reported to be related to the 
therapy assnmed to have been given (Evans, 1 974); 
thus, if patients are expecting opioids, the placebo 
effect is stronger than if they are expecting to be 
treated by paracetamol .  In invasive pain treatment, 
the incidence of a placebo effect has been reported 
to be fairly high - up to 36% (Jackson et at. , 1 988; 

LiJius et at. , 1 989, 1 990; Carette et aI , 1 99 1 ) .  For this 
reason, a 50% placebo effect was used in the 
calculations instead of the usual 25 - 30%. 

However, in some studies a success rate even lower 
than the placebo effect has been reported (Loeser, 
1 9 7 2 ;  Onofrio and Campa, 1 974; Andersen et al. , 
1 987 ;  Kocks et at. , 1 988; North et aI" 1 99 1 ;  Van Kleef 
et at. , 1 993),  This may be due to a longer follow-up 
time, incorrect patient selectio n ,  or inadequate tech
nical performance.  It  has been reported that  a 
placebo effect should decrease , or even disappear, in  
t ime (King and L'lgger, 1 976) .  

Strategy 

If a mix of pain syndromes is detecte d ,  the working 
hypothesis may be tested by test blocks . In the case of 
a multisegmental  radiating pain , testing and, in the 
case of a positive response , treating the dorsal 
compartment syndrome first is recommended.  Seg
mental pain is never to be tested or treated first 
except in cases where a monosegmental syndrome is 

present as single syndrome . The reason for this advice 
is that the dorsal compartment syndrome may pres
ent as multilevel segmental pain , 

Following treatment, the first review should be 
done afte r  at least 2 months in order to avoid 
recording a false-positive result lasting only some days 
or weeks, or a false-negative resu lt  due to the 
presence of postoperative pain which usua Uy only 
lasts for several weeks. 

Role of the sympathetic nervous 
system 

In patients suffering from spine-related pain syn
dromes, autonomic symptoms are observed quite 
frequently. It is not easy to assess whether this is a 
primary mechanism of pain or a p h enomenon 
secondary to chronic pain , However, in genera l  the 
sympathetic nervous system is thought to play a role 
in maintaining pain (Livingston, 1 94 3 ;  Roberts, 1 986; 

Bonica , 1 990; Janig, 1 990; Weinstein , 1 99 1 ) .  This may 
be explained by the spro uting of sympathetic fibres 
in the dorsal root ganglion,  wllic h has been reported 
to occllr after peripheral nerve lesions in the rat 
(McLachlan et aI" 1 993). Features of autonomic 
dysti.lllction may be very impressive ; . for example, in 
reflex sympathetic dystrophy, diffuse pain, cold , 
blue/pale or red/warm limb, sudo motor abnormal
itieS ,  sensory and/or motoric loss, trophic changes 
and an increase of pain on exercise may occur 
(Bonica, 1 990). 

In patients with cervical and lumbar s p inal pain 
these features are not as prominent and not always 
simultan eously present as they are in sympathet
icaHy maintained pain (Lucking and Blumberg,  
1 988) . Signs such a s  diffuse pain with a colder, blue 
or pale limb are encountered most frequently, but 
these may also be due to disuse of the limb, 
Sometimes the patient states that the complaint 
worsens with changes in the weather. It may be 
questioned whether some tiling such as sympathet
ically m a intained spinal pain exists (Livingsto n ,  
1 943), and t h e  signs o f  this syndrome in the 
thoracic spine are large ly u nknown . 

In general , the d iagnosis 'sympathetically main
tained pain'  is assumed if bl ockade of the sympathetic 
trunk is  followed by sympathicolysis and abolishment 
of pain (Boas ,  1 990;  Stanton H icks, 1 990; Wilson ,  
1 990). More recently, the phentolamine test has been 
advocated as a d iagnostic manoeuvre in the limb 
(Arner, 1 99 1 ;  Raja et at. , 1 9 9 1 ) .  Perhaps this test 
could also be llsed to determine thoracic sympathetic 
spinal pain, 

As the common pathways with sensory fibres 
come from the ven tral compartment of the spine , 
pain o rigin ating in the anterior longitudinal liga ment, 
the anterior part of the disc and the vertebral body is 
blocked as well folJ owing sympathetic blockade 
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(Bogduk et at. , 1 98 1 ,  1 988; Groen et at , 1 988, 1 990,  
1 992) ; th is refutes any possibility of these blocks 
being specific enough to prove the sympathetic 
origin of sp inal  pa in . 

Thus, the observation that a sympathetic block 
achieves pain relief, even without signs of sym
pathico lysis (Sluijter, 1 988), may not only be 
expla ined by a placebo effect but also by a blockad e 
of common fibres coming from the anterior part of 
the ventral compartment (Groen et aZ. , 1 992) . On 
anatomical grou nds it is possible for such a phenom
enon to occu r in the dorsal compartment as well , 
because of common pathways of sympathet ic and 
somatosensory fibres in the dorsa l ramus (Dass,  1 9 5 2 ;  
Groen et at. , 1 990) . Th is is confirmed by the authors' 
observation in a number of patients that sympathetic 
symptoms subside after a percutaneous zygapophy
sial denervatio n .  More central convergence of affer
ent fibres at the level of wide dynamic range neurons 
in the dorsal horn of the spinal cord provides another 
exp lanation for this phenomenon (Roberts , 1 986; 
GiHette et at. , 1 993) .  

The current authors believe that thoracic sympa
thetic spinal pain is always a secondary phenom
enon . 

Long-term results and recurrence rate 

There are only a few reports ava ilab le with a fol low
up of longer than 4 years (Verdie and Lazorthes, 1 982 ;  
Nash, 1 986; North e t  at., 1 994; Vervest et aZ. , 1 994); 
in all studies the success rate diminishes with time , 
and a recurrence rate is reported in all cases. It must 
be emphasized that,  in the authors'  clinical studies , 
repeat in terventions had to be performed in a 
substantial number of patients , mostly with a resu l t  
comparable t o  that o f  the primary intervention.  As 
with surgical neuroablative procedures, R-F lesioning 
cannot be considered a permanent treatment (Loeser, 
1 972;  White and Kjellberg, 1 973) .  

In the authors' studies o f  the thoracic spine , 
additional treatment was rarely mandatory (after PPR, 
n = 5 : 1 1 % ;  after PFD, 11 = 3 : 7 . 5%) ;  whereas in their 
cervical long-term study not only were more repeat 
interventions necessary (n = 23: 4 3%) , but additional 
treatment was also frequently required (Sto lker et aZ. , 
1 993a,  1 994d; Vervest et aZ. , 1 994) . Th is may not be 
d ue solely to features particular to the cervical spine, 
but m ay also be a result of the longer follow-up (4 
years compared with 5 . 5  years) . A repeat intervention 
may be considered as a ' booster ' . The restricted 
duration of effect is not a major problem , since the 
p rocedure only causes minor side effects and is 
repeatable. A half-l ife of 34 months of pain relief 
could be calcu lated from this test for a complete 
cou rse of treatment with cervical PFD and PPR. 
Observing the long-term results , a co mparable half-

life could be expected for thoracic PPR and PFD. 

The find ing of a half-life of 34 month s  conflicts with 
the opinion that R-F lesioning will not calise any long
term effects, this being one of the major criticisms of 
R-F lesion.ing . 

In the group wi th poor results, this may have been 
due to incorrect indications for treatment or to other 
factors as yet unknown. Psychological factors may 
play a role in some patients (H ildebrandt and 
Argyrakis, 1 983) , but the authors failed to identify 
such cases prior to treatment.  

R-F lesioning in pain therapy: its 
position today 

It may be questioned whether it is j ustifiab le to 
perform therapeu tic proced ures which are as yet not 
completely established , even in patients often con
sidered to be 'therapeutic outcasts ' .  In the au thors ' 
cl.inical experience, after careful diagnosis in order to 
exclude causal treatment or the presence of a major 
psychiatric d isorder, promis i ng long-term follow-up 
resu lts with only minor side effects were observed . 
These results perhaps serve as a j ustification for this 
approach. 

The next quest ion is whether a wider and earlier 
application of these techn iques is to be recom
mended . It must be emphasized that caution is 
required in applying the results of uncon troUed 
studies in smaU selected patient groups more exten
sively. It may even be possible that this ' negative ' 
patient selection is the key to success. 

Therefore, at present the authors would not advise 
the application of these proced u res to the con
siderably larger group of patients suffering (sub) 
acu te spinal pain . The decreasing probab i l ity of 
return to work d oes not j ustify the use of incom
p letely established treatment in a period in which the 
chance of spontaneous recovery still exists. More
over, no reports are avail able on R-F proced ures in the 
acute phase of spinal pain . 

The IASP classify sub-acute pain as lasting less than 
3 months ; consequently an interval of at least 3 
months between the onset of pai.n and commence
ment of invasive R-F t reatment is obligatory before 
the chance of spontaneou s  recovery (Nachemso n ,  
1 985) c a n  be fma lly abandoned . 

Fulfilment of the following cond itions is essential 
for the performance of R-F lesions:  

• The exclusion of cause-related therapy 
• D urat ion of the co mplaint of at least 3 months 
• A proper ind ication 
• An adequate technique i n  skilJed hands 
• The use of an imaging technique to control needle 

positioning and aU ow verification and acquiSition 
of hard cop ies . 
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Conclusions 

Thoracic pain occ u rs seldom, 
compared cervical  and lumbar syndromes 
accordance with Rosomoff et at. (1 989) , the authors 
believe that c hronic spinal pain can be classified i n to 
several ' syndromes' (Sto lker et at. , 1 994a). This 
classification may be helpfu l  in selecting patients for 
medical ,  a n d  invash'e treatment .  Invasive 
therapy, surgical and percutaneous techniques. 
is  only a fter failure conservative 
ment'  R-F may be rhe treatmenl 
pain originating from the dorsal c o mpartm e n t  and in 
thoracic segmental p a in ,  and will not  lead, if propedy 
p e rformed, to deafferentation . The indications for 
PPR and PPD h ave been d iscussed : however, thei r  
exact place be elucidated in controlled 
studies 'fhe sympathetiC 
nervous lIlay play a secondary 
mechanism, but tIle clinical consequences of thlS 
remain unclear, 
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Surgical treatment of diseases and trauma 
of the thoracic spine 

G. F. Findlay and S. Eisenstein 

The nature of the disease processes of the thoracic 
spine that demand surgical therapy differs signifi
cantly from that of the cervical and lumbar spines . In 
those regions , the commonest reason for surgical 
intervention is degenerative disease. In the thoracic 
spine, whilst degenerative processes are common, 
they only infrequently necessitate surgical treatment. 
The clinical chaJlenge presented by the thoracic 
spine is not only to identify those diseases of a sinister 
pathology, but also to diagnose accurately those 
patients for whom there might be a surgical solution 
to their problem. 

The range of diseases that may affect the thoracic 
region is huge . Degenerative disease is common and 
may manifest its presence in many ways , ranging from 
mild discomfort to severe myelopathy with a calcified 
thoracic disc protnlsion. Neop lastic disease may 
present with alacrity in metastatic disease, or with a 
very long evolution in some prin1ary bony neoplasia . 
Tumours arising in the axial skeleton will present in a 
totally different manner to those arising from the 
intradural structures. Trauma usuaJly presents as an 
acute situation, but late complications related to post
traumatic deform ity may present many years after the 
initial event. Deformity may cause problems from the 
paediatric age group right through to the elderly. 
Many other processes such as infection , metabolic or 
vascular disease can affect this area of the spine. 

As in other areas, the key to successful manage
ment lies in early and accurate diagnosis. The 
diagnosis of many soft tissue and degenerative 
pathologies in the thoracic spine can be extremely 
difficult , as can be seen from the preceding chapters . 
Whilst severe instability or neurological deficit is 
fortunately rarely the result of conditions of the 
thoracic spine, the diagnosis is often delayed. How
ever, certain features available in the history and 
examination of patients should alert the clinician to 

Table 14.1 Red flags for possible serious thoracic spinal 
pathology 

• Age less than 10 or greater than 60 years 

• Previolls history of malignancy 

• Weight loss 
• Pyrexia 
• SystemiC 

• Hrv/drug abuse 
• Violent trauma 
• [nstabWty-type pain 

• Progressive axial pa.in 
• Intercostal root pain 

• Sphincteric disturbance 
• Kyphos deformity 
• Symptoms/signs of myelopathy 

Adapted from: Clirtical Standards AdviSOry Group (1994). 

the presence of significant disease. In the lumbar 
spine, such features have been designated as 'red 

flags ' (Clinical Standards Advisory Group, 1994). 
These 'red flags ' may be adapted for the thoracic 
spine , and are shown in Table 14.1. 

Pathology 

Clinical presentation 

Disease of the thoracic spine may present essentially 
in one of three manners. There may be an inCidental 
occurrence, or the patient may present with a pain 
syndrome or with neurological symptoms or signs. As 
elsewhere: asymptomatic degenerative changes are 
common in the thoracic spine and will be discussed 
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later. However, certain lesions may remain asympto
matic for a long period and occasionally will be 
diagnosed by chance during an unrelated investiga
tion such as a chest X-ray (Fig. 14.1). 

Pain is a particularly prevalent symptom in many 
different pathologies. It is basically due to one of the 
following mechanisms: degenerative, destructive, 
structural, visceral or neurological. Degenerative 
mechanisms may affect several structures, thereby 
producing pain. Most such episodes of pain will be 
transient and, as in the lumbar spine, resolve sponta
neously. Potential sites for painful degenerative dis
ease are the disc itself (even in the absence of actual 
herniation), the thoracic zygapophysial joints and the 
costovertebral joints. Due to the multiplicity of these 
joints within the thoracic spine and their relative 
difficulty to image accurately, diagnosis is often 
difficult. The pain shares many of the features seen in 
the lumbar spine with axial pain, which may or may 
not be exacerbated by movement. Pain may be 
referred to adjacent myotomal areas, and radicular 
pain may also be present if the process impinges on 
the segmental nerve. Pain in the interscapular area 
may actually be referred from degenerate cervical 
segments, and is a common fmding in the form of 
local painful trigger points. 

Destructive lesions such as tumours or infection 
are potent causes of pain. The expansion of a tumour 
causes periosteal stretching and hence pain. The 
inflammatory reaction to acute infection produces 
intense pain, especially if the abscess extends into the 
extradural space. Either process as it advances may 
cause sufficient destruction to permit collapse, angu
lation and instability ofthe spinal column, resulting in 
severe pain wh.ich is exacerbated by any movement 
Genkins and Findlay, 1995). If the process com
presses or infiltrates the intercostal nerve root, then 

(A) 

radicular pain may be present. Such pain may be most 
severe in the distal radiation of the affected nerve 
root, falsely giving the impression of intra-abdominal 
pathology (Findlay, 1997). 

Structural disease reSUlting in scoliosis or kyphotic 
deformity may produce sufficient abnormal stresses 
on the thoracic spine that pain resu.lts. In long
standing cases, this may also be associated with 
degenerative change at the apex or at either end of 
the curve producing pain. However, an important 
warning sign is that of an adolescent with scol.iosis 
who complains of persistent severe pain in the spine. 
An intraspinal tumour must be excluded by appro
priate inlaging. 

Visceral disease may affect the spine directly, 
causing spinal pain. Examples include direct spinal 
infiltration by either a bronchogenic or a pancreatic 
tumour, although other lesions such as an aortic 
aneurysm may also cause spinal pain. In contrast, 
many patients may present with apparent visceral 
disease when in fact the cause of the pain is of spinal 
origin (Whitcomb et aI., 1995). As long ago as 1937, 
Oille reported that, of 600 patients presenting with 
chest pain, the pain was due to degenerative spinal 
disease in one-third. 

Pain of neurological origin usually originates from 
the radicular nerve root. However, intramedu.llary 
.lesions may cause pain due to damage to central cord 
structures. Such pain is characteristical.ly described as 
a diffuse, dysaesthetic, burning sensation affecting 
segments distal to the .lesion. 

All lesions affecting the thoracic spine may be 
associated with the onset of neurological defiCit. The 
basic presentation is sinliJar in aU disease processes, 
although clearly the rate of onset and severity will 
differ. Neurological deficit due to nerve root involve
ment is rare. This is due to the considerable overlap in 

(B) 

Fig. 14.1 A) Chest X-ray showing asymptomatic paraspinal mass on right side due to a large Schwan noma. (Il) Coronal MR 
scan of the same case. 
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both motor and sensory innervation of the intercostal 
nerves , and the fact that paresis of individual sections 
of intercosral or abdominal musculature cannot be 
identified, However, careful sensory examination may 
identify an area of dermatomal hypoalgesia , 

Impairment of spinal cord function produces 
sensory, motor and sphincteric dysfunction , Sensory 
involvement produces loss of feeling in the feet and 
legs. There is a sensation of numbness and heaviness 
in the legs. Occasionally, loss of temperaUlre sensa
tion may manifest itself on entering a hot bath. Loss of 
proprioceptive awareness leads to ataxia of the gait 
that is noticeably worse in the dark. 

Weakness also produces an initial heavy feeling in 
the legs , As this progresses, the inability to walk 
becomes gradually more evident; the patient has 
difficulty riSing ft'om the seated position, frequently 
stumbles and eventually has to hold on to furniture or 
use walking aids. Sphincteric loss is usually a late 
feature, with loss of awareness of bowel and bladder 
fullness and ultimately painless urinary retention or 
overflow. Patients with disease processes which affect 
the conus of the cord are more likely to have early 
sphincteric disturbance, and will often show a mixed 
picture of upper and lower motor neurone signs. 

Examination of the patient with thoracic spine 
disease may show signs referable to axial column 
disease and also neurological deficit. Pathology of the 
axial thoracic spine should be carefulJy sought; it may 
show evidence of local disease such as deformity, 
local tenderness or a soft tissue mass, Neurological 
signs may help to identify the spinal level involved. 
Thus, a sensory level to pinprick examination may be 
evident. Spastic weakness of the limbs is often 
asymmetrical , and in mild cases is usually most 
evident by examination of the patient'S gait. Reflexes 
will be increased and there may be clonus and 

extensor plantar responses. An asymmetric lesion 
may produce evidence of a Brown-Sequard lesion, 
with ipsilateral weakness and contralateral sensory 
loss in the limbs, 

It is very difficult to produce a precise diagnOSis of 
the exact pathology simply by clinical exa mination, 
but the syndrome of spinal cord compression should 
be readily identified. Regrettably the diagnosis is 
often grossly delayed as shown by the study of Pena et 
at, (1992), who found a median delay in diagnosis of 
2.5 years, 

Assessment 

If a clinical diagnosis of a soft tissue lesion has been 
made, further investigation may be indicated onIy if 
the pain syndrome fails to resolve spontaneously or 
with appropriate therapy. However, if sinister struc
tural disease or neurological signs are present, then 
appropriate investigations to clarify the exact patho
logical process are necessary. TIle speed at which 

these investigations are performed will depend on 
the clinical situation. Patients presenting with rapidly 
evolving myelopathy demand urgent investigation , A 
prompt diagnOSis not only increases the chance of 
neurological recovery, but may also allow less aggres

sive treatment. For example, a patient presenting 
with metastatic disease which has not caused verte
bral body destruction or marked neurological deficit 
can, in some situations, be adequately treated by 
radiotherapy, whereas the patient with kyphotic 
deformity and marked cord compression will always 
require surgical intervention. 

Plain radiography is frequently unhelpful in the 
thoracic spine, It is clearly of importance in trauma , 

and may reveal the presence of neoplasia if there is 
marked bony destruction. It can be of considerable 
help in the diagnOSis of osteomyelitis, where the 
involvement of the end-plates and intervertebral disc 
is typical. Deformities are clearly seen, as are extra
spinal lesions such as aortic aneurysms, 

The standard i.nvestigation for a patient with 
suspected disease of the thoracic spine is magnetic 
resonance imaging (MRI). Although imaging with a 

whole spine coil has the advantage of showing the 

Fig. 14.2 Small intramedullary cavernoma, 

Copyrighted Material



226 Clinical Anatomy and Management of Thoracic Spine Pain 

Fig. 14.3 Multiple metastatic deposits from primary breast 

cancer. 

entire spine, it must be realized that the sensitivity of 
such an examination is decreased. If such a study 
reveals no pathology, it is often wise to repeat the 
examination on a regional coil as small intramedullary 
lesions in particular may be revealed (Fig. 14.2). 
Metastatic disease (Fig. 14.3) and infection (Fig. 14.4) 
are particularly well disp layed. Degenerative disc 
disease is less clearly shown than in the lumbar spine, 
and it should be realized that it is often asympto
matic. 

Details of bony architecture are poorly seen on 
MRl, but computerized tomography (CT) scanning 
complements the MRl pictures. There is no place for 
CT as a screening tool, but it is the best method for 
displaying foramina I lesions or lesions of the zygapo
physial or costovertebral joints. Calcified lesions such 
as thoracic disc protrusions are more exactly imaged 
with CT than with MRl, which can give a false 
in1pression of their true architecture and size. Intra· 
dural lesions are normally well displayed by MRI (Fig. 
14.5), but lesions such as arachnoid cysts or arachnoi
ditis are best imaged by CT myelography. 

Fig. 14.4 Staphylococcal osteomyelitis with kyphotic 
deformiry and extradural abscess. 

Fig. 14.5 Multiple neurofibromata, after gadolinium 
enhancement, in a patient with neurofibromatosis. 
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Discography is infrequently used in the thoracic 
spine, hilt feasible via a CTguided postero,larefal 
approach the lumbar its place 
assessment patients with possible painful 
degeneration unclear. et al. 
undertook discography examination of 100 patients 
with abnormal thoracic discs as diagnosed by MRI. 
They found that the examination elicited pain in only 
75% of cases, and the pain was concordant in only 
50%. 

Other diagnostic tests mar indicated, 
on the picture. with suspected 
visceral of thoracic pain should be appro 
priateJy investigated. lf a demyelinating disease is 
possible, then cerebral MR1 may support the diag
nosis if multiple plaques are seen. Patients with 
malignant disease but no stmctllral lesion should 
have examined presence 
plastic cytology. 

Surgical approaches 

Prior to considering individual disease processes 
may surgical treatmenL is appropriate 
consider varying surgical that 
necessary treat thoraCIc disease. 
disease process may affect different sectors of the 
axial thoracic skeleton, it is essential that the surgical 
approach is not only appropriate to the situation of 
the lesion but is also performed in a manner that will 
ensure spine following intervention 

The laminectomv approach is 
appropriate the management diseases 
the posterior elements of the spine. It is also the 
preferred approach for the management of the great 
majority of intradural lesions, whether they lie within 
or without the cord itself. A laminectomy in the 
thoracic of an aduJt. does nOt 
promise zygapophysial and is performed 
a patient an intact spinal column, will not 
iatrogenic instability. However. a proceuure 
the presence of a destructive lesion of the anterior 
column may well produce instability. In a growing 
child, even a Sinlple laminectomy that spares the 
zygapophysial joints may produce progreSSive kypho
tic det()rmitv (Yasuoka et 

Becallse the potential 
produce ial rogenic instaiJilii v, and owing 
relative inaccessibility of many lesions via this 
approach, surgical procedures designed to give direct 
access to lesions without compromising spinal stabil
ity have evolved. Access to the postero-Iateral and 
lateral of the thoracic can be 
with both lranspedicular costotransverscct 
omy and each combined 
posterior instrumentation fusion if necessary 
Access to the anterior thoracic column requires a 

transthoracic approach, which may be either extra
pleural or transpleural. The eorrect exposure 
demands thoracotomy performed 
correct than the 
level - the spinal 
The thoracotomy should extend posteriorly to the 
angle of the rib to permit adequate access within the 
thoracic cavity. The excised rib itself is normally 
insufficiently substantial to provide a weight-bearing 
bone graft, useful in supplementing it. 

Anterior to the upper thoracic 
brae is due to the of the 
vessels. Additionally, the major biomechanical 
that occur at the cervicothoracic junction, coupled 
with any destructive lesion in the vertebral body, 
readily combine to produce kyphOSis, further limiting 
surgical access. Standard anterior cervical approaches 
will give T1 and occasion-
ally to T2, with a separate 
transthoracic U1C1SlOn to give caudal 
(Micheli and Hood, 1983) Sundaresan et al. (1984) 
described an anterior sternoclavicular approach with 
the removal of part of the manubrium and the medial 
third of one clavicle, aUowing access from C3 to T4. 
This approach was further by Charles 
Govender 1989, and b) and colleagues 
1991. 

More the place endoscopic surgical 
techniques has been explored. Initially the tech
niques were limited to simple biopsy or drainage 
procedures (Mack et at., 1993), but they have been 
extended to include the performance of anterior 
release in scoliosis, I.he removal 
thoracic and the management of neoplastic. 
infective traumatic lesions thoracic 
including the application of instrwnentation. Poten
tial drawbacks of such surgery include: the need for 
great endoscopic experience by the surgeon; multi
ple access portals; specially designed and expensive 

the potential uncontrollable 
Advantages for the 

less postoperative pain; a reducti.on 
respiratory complications; postoperative 
shoulder problems. Reduced hospital stay and costs 
are also claimed . The status of such procedures has 
been well reviewed by Regan and McAfee (1997). 

In addition to the careful selection of the appro-
priate approach, must be paid 
the stability the spine. et al. 
showed isolated simple disceclomy, a rib 
excision or wlilateral total removal of the zygapophy
sial joint did not affect spinal stability in the thoracic 
spine. However, the combination of rib-head excision 
and discectomy extending right back to the neural 
foramen result in significantly increased 
motion. presence of ribcage does 
excellent thoradc 
However. lesions, 
anteriorly and posteriorly, may, in combination with a 
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decompressive surgical procedure, render the tho
racic spine unstable. 

counter problem of potenrial or actual 
irNability, several methods of instrumentation have 

developed course nCCI"ssary to supple
such fIXation techniques with bone 

grafting, as instrumentation alone will always fail 
eventually. In anterior surgery, several designs of 
plating systems are available using screw fixation into 
the vertebral bodies. These must be low profile to 

impingement erosion of vessels, 
all must be incorporated with weight-bearing 

in the �pinal column. may be 
lrlcortical iliac crest or morselized bone graft con
tained within some type of metallic cage. Alternative 
fIXation using a parallelogram constmction with 
appropriately angulated screws connected to parallel 

cross-linked offers greater but still 
requires a weight graft. 

Posterior ftxation devices are more The use 
distraction hook fixation become 

less common. Fixation may be achieved by the 
application of contoured rectangular loops fixed with 
sublaminar cables. Due to the need to control long 
bending moments with simple sublaminar fIXation, 

instrumentation needs to be performed over 
several segments. However, this problem 
clinically due to i.nherent relative rnfJexibility of 
the thoracic spine. Alternatively, conloured rods held 
by transpedicular screws provide excellent fLxation. 
The thoracic pedicles are Significantly shorter and 
narrower than in the lumbar spine, and the insertion 

pedicle screws this region much more 
demanding and dangerous counter 

Dvorak et described anatomical 
of extrapedicular screw insertion sho\-ving that, 

in vitro, such a screw showed greater pull-out 
strength - especially in the upper thoracic spine -
than conventional transpedicular screws. The use of 
such instrumentation techniques ensures that the 

is inhere:n tty at the of the 
sllfgrcal procedme. permits the 

of the patient without external 

Management
' 
of specific disease 

entities 

Non-specific pain from the 
structures of the spine is infrequent 
clinical complaint normally an exact 
pathoanatomical diagnosis. Non-specific pain is com
mon in athletes, especially those involved in throw
ing actions such as javelin, or quarterbacks in 
American Football. It is also a common complaint in 

in the 30� age range, seems more 
conunon in females. Fortunately, condition is 

self-limiting responds to gradual 
reactivation. 

Pain 

More persistent cases are, however, seen in aLI 
spinal clinics. Often simple reassurance that there is 

significant disease, of the 
nature of condition and encouragement to 

gradu;illy resume activity is Only in 
cases will severity and of the 

problem be sufficient to warrant consideration of 
surgical therapy in the absence of any neurological 
symptoms or signs. Investigation of such patients is 
problematic. There are so many joints and possible 

of pain Ille thoracic exact 
locaHzation of the source seems impos-

Plain radiographs and MRl may as in the 
lumbar spine - eVidence of degenerallve change. This 
is most frequent at the rostral and caudal ends of the 
thoracic spine, but is normal evidence of ageing in 
the majority. By the age of 40 years, 50-60% of 

will show asympwmatic degenerative change 
et aI., Scllellhas et al. showed 

strongly 
in the a dis-

cogenic cause thoracic pain. They suggested that 
anterior anular tears caused pain referred to anterior 
sites such as the ribs and sternum, while lateral tears 
could pcoduce radicular type pain. Howevcr, the 

of discography this area is even open to 
than it lumbar spine. Skubic and 

(1991) a classiJiGltion of the 
causcs of thoracic pain. However, over all 18-ye3r 
period they were able to identify only 13 cases in 
whom they were prepared to consider an anterior 
thoracic fusion. Two of t11ese had only fair or poor 
outcomes, but the remainder experienced improve-

or complete relief. 
Other structures be the source thoracic 

such as the /vgapophysial or the costovertebral 
articulations, but are even more difficult to prove as 

the pain source. Finally, it should be recalled that 
many visceral diseases may present with pain referral 
to the thoracic area (see Chapters 5 and 9). 

and Schorn 'Xi5) reported the first 
clescri ption of treatment of 
herniation was in 1922. As 
spine, asymptomatic degenerative change and protm
sion of thoracic discs is common. Wood et al. (1997) 
estimated the incidence of asy mptomatic thoracic 
disc herniation to be 37%. They followed up 20 
asymptomatiC patients with MRl scans, and revealed 

separate thoracic herniations a mean 
of 2 years of the palients developed 

symptoms referable the disc lesions. 8% of 
the lesions increased in size over that period, but 15% 
actually reduced in size. Brown et al. (1992) retro
spectively reviewed 55 cases of thoracic disc hernia
tion, and found that only 27% had eventually required 
surgical treatmem. 

morphology 
sinlilar to that 

thoracic disc herniations may 
lumbar with soft, 

contained or extruded protrusions. is 

Copyrighted Material



Surgical treatment of diseases and trauma of the thoracic spine 229 

very uncommon. However, many thorac ic hernia
tions differ signillcantly from those of the cervical or 
lumbar spine. They have a peculiar tendency to 
calcify or even to ossify (Fig. 14.6). The striking factor 
of calcified discs in this region is that , rather than 
seeming to arise from the disc itself, the calcification 
seems to arise from the posterior longitudinal liga
ment. It assumes a pyramidal shape and can grow to 

a large size, resulting in severe cord compression . The 
origin of the process from the posterior longitudinal 

Fig. 14.6 Ossified thoracic disc protrusion removed by 
transthoracic approach 

Fig. 14.7 Pyramidal shaped ossified thoracic disc protru

sion arising from the posterior longitudinal ligament. 

ligament permits the base of the herniation to extend 
well beyond the disc margins, a point of considerable 

importance in the planning of surgical approach (Fig. 
14.7). The cause of the calcifying or ossifying nature 
of such protrusions remains obscure, but they can be 
sufficiently impressive that the apex of the pyramidal 
herniation can erode through the dura and become 
embedded in the cord itself (Findlay, 1991; Stone et 
at., 1994). 

Thoracic disc herniations may become sympto
matic by causing either radicular pain or, more 
commonly, myelopathy. There is little debate that the 
presence of significant or progressive neurological 
deficit due to a large thoracic disc demands surgical 
removal. However, intercostal pain on its own may 
often be managed by pain-relieving techniques such 
as intercostal or nerve root blocks. Patients with 
myelopathy will often experience no, or only mild, 
axial pain, but those with significant cord damage 
may describe central cord type pain with its charac
teristic burning dysaesthetic discomfort felt in the 
lower limbs. 'It has long been recognized that 
laminectomy is exceptionally dangerous in the surgi
cal treatment of such lesions. Hulme (1960) devel
oped the costotransversectomy approach for such 
lesions , and this immediately improved outcome and 
decreased the morbidity associated with laminect
omy. Patterson and Arbit (1978) described a trans
pedicular approach that affords excellent access to 
postero-Iateral herniations. However, for large calci
fied midline lesions the current trend is towards an 
anterior approach. This was first described by Craa
ford and colleagues in 1958; since then, several other 
authors have advocated a transthoracic approach. 
Drawing on experience of radical transthoracic exci
sion of tumours, Findlay (1991) described a radical 
approach involving the partial osteotomy of the 
adjacent vertebral bodies to allow even greater access 
to the intraspinal lesion. This approach has been used 
in more than 30 cases, with excellent clinical results 
and very low morbidity. On the other hand, a more 
minimally invasive approach, again with excellent 
results, using an endoscopic technique , has been 
described by Rosenthal et al. (1994). 

Trauma 

The thoracic spine has a daunting task. It must be 
sufficiently rigid to carry the ribcage and its contents, 
as well as the head, neck and shoulder girdles. It must 
be sufficiently flexible to allow some movement in all 
planes . While combining these conflicting require

ments, it must protect its own contents, the spinal 
cord. The thoracic spine can perform its tasks 
remarkably well for decades without maintenance of 
any kind, but it was never designed to withstand the 
stresses it has had to suffer since the industrial 
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revolution. Modern machines, modern transport and 
modern leisure pursuits all provide trauma hazards 
beyond the capability of the spine to protect the cord. 

The thoracic spine is normally curved slightly and 
graduaUy forwards (kyphosis). Most injuries of a 
serious nature produce varying degrees of crush of 
the vertebral bodies, with downward wedging in 
front (compression), backward shunting of bone and 
disc fragments (burst), or sharp kinking (l,:yphos). 
These injuries can be combined with forward shift of 
the top part of the spine (dislocation) (Figs 14.8, 

Fig. 14.8 Fracture-dislocation T 11-Tl2 caused in a road 
traffic accident. Tl2 demonstrates an anterior wedge com
pression of vertebral body; Tll-TI2 demonstrates kyphosis 
of 450 and dislocation ofTlI forwards on T12. 

Fig. 14.9 CT image of Tl2 showing 'burst' element of 

vertebral body injury (same patient as Fig. 14.8). 

14.9). The result can be pain , deformity and paralysis. 

Paralysis of varying degrees (paraparesis to para
plegia) represents the most serious consequence of 
thoracic spine trauma. The least kind of injury is also 
the most common, and is nothing more than a 
ligament or muscle strain; however, even this little 
injury can produce chronic debility and a diminished 
lifestyle. 

Classification 

The purpose of any classification is to he lp define the 
extent of injury, to reveal a possible threat of further 
injury, and to be able to make some prediction as to 
the frnal result. As soon as poss ible after injury, it is 
important to assess instability and neurological 
deficit. 

Instability 

Instability is one word summarizing the risk of injury 
to the spinal cord (or of further injury to a cord 
already damaged) in the ensuing few weeks after 
trauma, leading to a decision as to how the patient 
and the spine should be protected. Obvious burst 
fractures and dislocations mean that the spine can 
continue to shift about; this is obvious 'instability'. 
Severe wedge compression (down to less than half 
the norma l height of the vertebral body) is often 
regarded as an unstable situation, by definition . 

Instability implies a need for protection . Protection 
may require nothing more than rest in bed , or it 
may require a major operation with internal metal 
ftxation. 

Neurological deficit 

This is either present or absent, and must be 
documented, either way, in detail. Of greatest impor
tance is to note whether a deficit is 'complete' (total 
loss of aU movement and feeling in the lower limbs) 
or ' incomplete ' (some 'escape' of function, even the 
smallest patch of sensation remaining). There is 
always some hope of a useful recovery of function in 
a paralysed patient if the deficit is found to be 
incomplete in the first few hours after injury. 

The level of loss of sensation (the dermatome level) 
is also of importance in the docu mentation ; the 

discovery of a rising level must cause some alarm , anel 
may be the result of bleeding in the spinal canal or 
inadequate immobilization of the patient . 

Mechanisms of injury 

Many texts reveal an obsession with mechanisms or 
manner of injury, but in most cases of severe trauma 
the mechanism can only be guessed at, and this 
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information does not contribute to the management 
of the patient or the pathology. Mechanisms of injury 
can be categorized as follows: 

1. Flexion/compression: this is the most frequent 
mechanism, and is seen in road traffic accidents 
and heavy falls. It is traditionally the injury 
suffered by miners in a rock fall. An imporrant part 
of the examination of any injured patient, and 
especially an unconsciolls patient, is the examina
tion of the front of the chest; a sterno-manubrial 
dislocation is a clue to the great likelil100d of a 
compression fracture. 

2. Flexion/distraction: for example, seat belt injuries. 
3. Extension: caused, for example, by a road traffic 

accident or a heavy fall backwards onto a hard 
object. 

4. Rotation: caused by any high velocity force with a 
twisting component. 

Consequences of injury 

1. Pain, from any bone and soft tissue injury. Even if 
cord damage results in loss of sensation below the 
level of injury, there can be chronic pain arising 
from the actual site of injury, 'neuritic' pain from 
the cord itself, or intercostal neuralgia from nerve 
root injury. 

2. Posture (deformity), usually in the form of a 
kyphos (folward kink) and/or scoliosis (sideward 
kink). A kyphos may produce severe discomfort 
against the back of a chair or even when lying 
supine. 

3. Paralysis, involving not only loss of muscle power 
and sensation in lower limbs, but also loss of 
control of bladder and bowels. 

Management of injury 

Management of spinal injury has both general and 
special aspects: 

1. General. A spinal injury is frequently only one of a 
number of serious injuries suffered by an individ
ual patient, and a careful examination of the whole 
patient is required. A thoracic spine injury may be 
associated with trauma to the chest wall and any 
of its contents (Fig. 14. 1 0). Basic plain radiography 
should include chest films to rule out haemo/ 
pneumothorax and enlargement of the cardiac 
shadow. 

2. Special. A para lysed patient will need a urinary 
catheter and an urgent MRl scan to determine the 
extent of cord damage. Good-quality plain spine 
films are necessary to exclude the possibility of 
injury at two or more different levels. An intra
venous line may be needed for feeding. 

Spinal injuries are managed differently in different 
centres, depending very much on the culture pervad
ing a particular centre. That may even depend on a 
national culture, rather than on some internationally 
agreed ideal. It is sufficient to state that, even in the 
presence of cord injury and paralysis, no study has 
shown that aggressive surgical decompression and 
internal fixation has ever, of itself, achieved spinal 

Fig. 14.10 Chest radiograph of case illustrated in Figs 14.1 and 14.2: arrows indicate fracture neck of scapula and rib. There 
is a haemothorax on the same (right) Side. 
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(A) CD) 

Fig. 14.11 (A) cr scan (tra nsverse section) of  burst fracture with l a rge vertebral body fragment pushed posteriorly into spinal 
canal .  CD) The same case , some months later, showing spontaneous re modelling with re storation of pa tency of spinal canal 
without surgical intervention .  (Illustration courtesy of Mr W. EI Masry, FRCS.) 

cord recovery over and above that which could be 
achieved by intensive non-surgical management.  
Indeed , there is an inevitable , if smaU,  incidence of 
complication of surgery that will leave the patient in 
a worse cond ition than if surgery had not been 
pe rformed at  aU. There is (surprisingly) general 
agreement that cord injury occurs mainly at the 
moment of impact. Part of the j ustification for surgery 
is the opportunity to remove bone and other tissue 
that is com pressing the cord , but there is no evidence 
that a decomp ression will produce an earlier or 
better return of cord function than the passage of 
time alone. On the other hand , there is ample 
evidence that time alone will produce a remodelling 
of the spina l canal and a dramatic resorption of the 
bone seen to intrude into the canal shortly after 

inj ury (Fig. 1 4 . 1 1 ) .  

Intensive non-surgical management 

Some would have caUed this ' conserva tive ' manage
ment,  suggesting an e leme nt of benign neglect . This is 
far from the truth in a modern spinal cord injury 
centre , whe re great attention is paid to posturing the 
spine in order to achieve a d egree of correction in 
bed , to constant monitoring and re cording of neuro
logical stanIS , urinary function and care ,  skin care 
and co ntro l of pain and muscle sp asm . Counselling , 

mobilization , preparation fo r independent living 
and modification of home fac ilities are all part of 

this intensive management,  which continues after 
d ischarge from hospital and for l ife .  

Surgical management 

Spinal  fus ion , with or without internal fIXation, is 
appropriate soon after injury where a sp ine is so 
u nsta ble that there is a d istinct  danger of cord damage 
or of aggravation of cord damage even from the 
limited but necessary movements required by nursing 
in bed . 

Early surgery is not appro priate simply to achieve 
early mobil ization. There is a daunting Ust of compli
cations of surge ry. With the most careful technique 

there may yet be some loss of segmental level of 
neuro logical function,  infect ion , pseudarthrosis and 
implant fa ilure. There are other aspects of spi.nal cord 
injury that make early mobilization problematic; 
dysautonomia can cause severe hypotension, which 
will be aggrava ted by sitt ing too early, and time alone 
wi.l.l see this complication settle . 

Late su rgica l stabilization (m onths rather th an 
weeks after injury) is appropriate for chronic pain at  
the site of injury, and for a deformity such as kyphosis 
which is i ncreasing in sp ite of adequate time allowed 
for bone and soft tissue healing. 

The most u seful technique is that of anterior 
(transthoracic) bone strut grafting and metal fixation 
of robust des ign . This can be supplemented by 
posterior grafting and rod/hook fIxation if considered 
necessary (Fig . 1 4 . 1 2) .  
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(A) 

(B) 

Fig_ 14. 12 Traumatic scoliosis of 23° with chronic pain at 

site of fracture·dislocation ofT 1 1 -TI 2 (same case as shown 
in Figs 1 4 . 8 - 1 4 . 1 0) .  (A) Preoperative de fomlity. (B) Correc
tion with fusion of T i l to L l  llsing iliac tricortical bone 

block and KANEDA ftxation 

Deformity 

Introduction 

The management of spinal deformity represents a 
return to the origin of orthopaedic philosophy and 
the earliest tradirions of orthopaedic practice; the 
achievement of 'straight children ' .  In those early days 

(A) 

(B) 

Fig. 14. 1 3  (A) Andry's crooked sapling, from Orthopaedia, 
1 743.  (B) Representation in the crest of the British 
Orthopaedic Association. (Photograph reproduced by 
permission of Tbe Journal of Bone and Joint Surgery, 
Blitish Volume.) 

almost all  of orthopaedics was conducted by exte rnal 
spl.intage rather than by smgery, as exemplified by 
the many representations of Andry's crooked sapling 
lashed to a stake (Fig. 1 4 . 1 3) (Andry, 1 743 ,  repro
duced 1 961). Modern surg.ical treatment for spinal 
deformity often requites the insertion of a ' s take'  
alongside the crooked spine, in  a re markable re
creation of Andry's illustration. The badges of ortho
paedic profeSSiona l associations around the world 
proudly display this emblem. 
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For the newcomer to spinal deformity practice , 

there is a new language to learn . This should not be 
regarded by novices as a deterrent , but more as a 
chaUenge when joining a fascinating and rewarding 
clinical endeavour. 

The deformities 

The great maj ority of spinal deformity, whether 
idiopathic , congenital or neuromuscular, is to be 
found in the thoracic spine. This is not to say that  
deformities are not found frequently in the cervical 
and l umbar spine , but that the deformity is clinicaUy 
most obvious in the thoracic spine . 

Scoliosis 

Scoliosis is a s ide-to-side 'S' bend in the spine, or part 
of an ' S '  bend, prod uced by something more than just 
temporary asymmetric  posture (Fig.  1 4 . 1 4A) . The 
term implies an elemen t of permanence because of 
so me structural a bnormality inherent in the spine of 

(A) (B) 
Flg_ 14.14 Adolescent idiopathic scoliosis typically involv· 
ing the thoracic spine in fe males. (A) ScoliosiS with a spinal 
curve convex to rhe right. (B) The rib hlunp is more obvious 
on forward bending. 

a particular ind ividual . In addition, there is  a lmost 
always some degree of twist in the spine (rotation), 
where several vertebrae a re permanently turned 
about their vertical axis so that the spinous p rocesses 
point into the concavity of the bend . This rotation can 
be the most important feature in a scoliotic spine, 
because it  is  the rotation of thoracic vertebrae which 
causes the unattractive rib hump . It is  the rib hump 
(Fig.  1 4 . 1 4BJ that is usually seen as the obvious 
deformity in the patient, and not the curved spine . 
The ribs are attached to the sides of the vertebrae;  
as  the vertebrae rotate with t h e  development of 
scoliosis, the ribs rise up on one side to form the 
hump. 

Kyphosis 

Kyphos is is a smooth forward bend of the spine . 
The thoracic spine has a norma l fO lward bend of up 
to 40° ,  so that in this instance the kyphosis is 
normal or physiological .  In c l inical practice , the term 
implies an excessive forward bend (Fig . 1 4 . 1 5) ,  and 
may be found together with scoliosis - i . e .  kypho

scoliosis. 

Fig. 14. 1 5  Kyphosis in Sche uermann's  disease. 
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Kypbos or gibbus 

Kyphos (or gibbus) is  a sharp forward bend, but more 
l ike a kink or a knuckle in the spine . This is 
traditionaHy the term applied to the deformiry 
resulting from the destruction caused by tuberculosis 
(Fig. 14 . 1 6),  but i t  can be found wherever vertebrae 
have coUapsed into wedges - such as in osteoporosis,  
cancer, injury or infection of any kind - and in any 
d isease that weakens bone. It i s  also rarely fOtUld at 
birth or soon after, in children born with imperfectly 
formed vertebrae (congenital kyphos) .  

Lordosis 

Lordosis is the opposite of kyphosis (see a b ove). It  
is  a smooth backward bend of the spine, found as 

normal posture in the cervical and lumbar spines to 
balance the thoracic kyphosis, but the term may 
also indicate an excessive or pathological condition . 
It may be fou nd in the lumbar spine as compensa
tion for a pathological kyphosis in the thoracic 
spine.  A relative lordosis of  the thoracic spine Ooss 
of normal kyphosis) is frequently associated with 
id iopathic scoliosis.  

Fig. 14.16 Kyphos or gibbus in healed tuberculosis of the 
spine. 

Spondylolisthesis 

Spondylolisthesis is a horizontal shift of one vertebra 
in relation to another, as if the vertebra slides along 
the one below it ,  in any direction, to take up a new 
but abnormal position. As it happens, the d i rection of 
shift is usuaUy forward . (Spondylolisthesis must not 
be confused with similar sounding words such as 
spondylosis,  meaning degenerdtive changes in the 
spin e ,  and spondylolysis, meaning an un-u nited frac
ture of the l amina of a vertebra .) Spondyl o listhesis is 
rare in the thoracic spine other than as a result  of 
major inj u ry (Fig . 1 4. 1 7).  

Nature of the deformity 

It is sometimes held that spinal deformities are 'only 
cosmetic ' ,  as if they did not matter much because 
they are usuaUy painless and no longer associated 
with a diminished life expectancy. The fact is that 
there is a degree of deformity that is so pervasive as to 
go well beyond a question of vanity. Severe scoliosis 
and kyphosis are just  such d eformities. The who l e  
body shape may be alte red t o  a degree that is  simply 

Fig_ 14 .17 Post-traumatic spondylolisthesis: translation of 
one vertebra, and the res! of the spine above it, anteriorly on 
the rest of the spine beneath it. 

Copyrighted Material



23 6 Clinical Anatomy and Management of Thoracic Spine Pain 

unacceptable to the patient and ma terially affects 
patients ' perceptions of their place in society. 
Moreover, the deformity is very likely to be pro
gressive and may indeed cause disabling pain later in 
adult life . 

The causes 

Scoliosis 

By far the most common spinal deformity to require 
treatment is scoliosis. There are several types of 
scoliosis, cl assified accord ing to cause, and each type 
needs a different treatment programme . 

Idiopathic ('cause not known ') 

This is the most common d iagnosis (ironically, in a 
condition classified by ' cause '), affecting mostly 
adolescent girls and generally prod ucing a thoracic 
curve to the right, with a right-sided rib hump. The 
spine appears perfectly normal at birth but deforms 
in the adolescent years of rapid growth , for reasons 
not yet understood . Because the curve is associated 
with a loss of the normal thoracic kyphosis, the 
deformity is more correctly termed 'lordoscoliosis' 
(Professor Robert Dickson, Leeds) . Despite the term 
' idiopathic ' , it is known that this type of scoliosis 
runs in families ; consequently there must be a genetic 
influence of varying importance. 

Id iopathic scoliosis can also appear in infants and 
juveniles , less commonly, but then it presents major 
problems in management because of the early start in 
the deformity. 

Extensive research worldwide and over many years 
has failed to produce a convincing and conclusive 
answer to the question of the cause of the disease . 
Theories are many, based on suspicions of genetic 
tendenc ies, hormone imbalances, neuromuscular 
imbalance and the various stresses of childhoo d ,  
physical and emotional (Goldberg et at. , 1 997). The 
answer is likely to be found in a gradual realization 
that all these factors are relevant , in varying propor
tions,  in all cases of ' idiopathic'  scoliosis.  

Congenital 

The spine is deformed from the start of its develop

ment in the foetus, either through failure of the 
vertebrae to for m  symmetrically, or through failure of 
the vertebrae to separate completely from each other 
(Fig. 1 4. 1 8) .  The worst of these deformities are found 
when the two types of failure occur together. This 
type of scoliosis presents the greatest treatment 
challenge of all because of its tendency to increase 
from birth despite major and repeated attempts to 
achieve correction . 

Fig. 14.18 Congenital scoliosis ti pper thoraciC spine: com· 
bination of hemivertebra (dotted lines) and unsegmented 
bar (alongside solid line). 

Neuromuscular ('paralytic,) 

In these cases the spinal column may be normal at 
birth, but one of the many paralysing conditions that 
affect the stabilizing muscles of the spule occurs , and 
scoliosis develops . These paralys ing cond itions are 
sp inal injury, cerebra l  palsy, pOliomyelitis, transverse 
myelitis and the muscular dystrophies (Fig. 1 4 . 1 9) 
(Mehdian et al. , 1 989). The paralysis of myelodys
plasia (spina b ifida) will be present at bU1:h, and any 
scoliosis may be compolmd ed by the presence of 
congenital abnormalities, as described above.  

Other causes 

This is a disparate group of rarer causes, such as the 
scoliosis secondary to sp inal tumours, acute back 
strains, disc prolapse , advanced lumbar spondylosis 
and (very rarely) hysteria . 

Kyphosis 

KyphosiS is far less common than sco liOSiS, but suc
cessful treatment may be more d.ifficult to achieve. 

Juvenile osteochondrosis (Scheuermann's disease) 
is a mysterious cond ition ,  and is probably the most 
common cause of mild·to-moderate kyphosis in 
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Fig. 14.1 9  Neurom uscular or paralytic scoliosis (Duch· 
enne's muscular dystrophy) with loss of independent sitti ng 

stability. 

developed nations (Scheuermann, 1 920) . The end· 
plates of the thoracic vertebrae of teenage boys are 
damaged in some way that produces anterior wedg· 
ing of the verte bral bodies and results in the ' round 
shoulders'  (Fig. 1 4 . 1 5) which parents sometimes 
blame on bad posture in a lazy child . Pa tients often 
comp lain of low back pain from a compe nsatory 
lumbar lordosis . 

Infection in the form of tubercular destruction of 
one or more adjacent thoracic vertebrae is probably 

the most common cause of a pathologic al kyphos is in 
under·developed countries . The deformity is likely to 
be sharply angled (a gibbus) and cause spinal cord 
compression with pa ralysis (Fig. 1 4 . 1 6) .  

Spinal injury (see above) i s  a frequent cause of 
kyphosis because the injury is so often a c rush of one 
or more vertebral bodies, and associa ted with pa raly· 
sis through d irect d amage to the spina l cord at the 
level of the crush (Fig. 14 .8) .  

Osteoporosis associated with t h e  menopause, alco· 
hol ism and d ietary inadequacy is the most important 
cause of k.l'p hoSis in adults . The loss of mineral 
content of the bone so weakens the ve rtebral bodies 
that they coUapse into wedges under rhe normal 
loads of daily living. The pain prod uced in th is 
condition is severe and a lmost incurable .  

Fig. 14.20 Fixed high thoracic kyphosis in a nkylosing 

spondylitis. 

Co ngenital abnormalities occur less frequently in 
the sagittal p l ane , but they can cause a severe and 
progressive kyphosis with a likelihood of prod UCing 
paralysis if untreate d .  

Rheuma toid disease o f  t h e  sp ine , a s  exemplified 
in an kylosing spondylitis, can produ ce a kyp hosis 
and loss of fo rward gaze in young adults (Fig. 
1 4 . 20) . 

Id iopathic kyphosis is rare , a nd is probably the 
forward-deforming co unterpart of idiopathic lordo
scoliosis .  The thoracic ve rtebrae are all very slightly 
wedged,  as are the d isc spaces between them . 

Degenerative changes of age ing in the discs of the 
cervical and lumbar spine are frequently associated 
with a relative kyphosis (loss of lordosis) in these 
areas , p rod uc ing the typical stoop of the eld erly. 

Lordosis 

Excessive lordosis is almost always a deformi ty to 
compensate fo r a prinlall' kyphosis deformity else
where in the spine. It is also the logical response to 
fixed flexion deformities at the hip . In the thoracic 
spine i t  is  seen as a relative loss of the normal 
kyphosis in i d iopathic scoliosis .  
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Spondylolisthesis 

Spondylolisthesis may result from disc degeneration 
(spondylosis) which allows one vertebra to slide 
fOlwards on the one below, but this is an uncommon 
feature in the thoracic spine. It  is more likely to be 
the result of a traumatic dislocation. 

Diagnosis and assessment 

On the basis that scoliosis is by far the most common 
deformity dealt with, the remainder of this ch apter is  
devoted largely to it .  

Scoliosis is a problem not only because of the 
abnormal body shape,  but also because it tends to be 
progressive . The greater problem is that advanced 
scoliosis is very much more difficult to trea t  well than 
mild or moderate scol.iosis, but there is no certain 
way of knowing which curve will progress, nor how 
far it will progress. The partial solution to this 
problem is a combination of early d iagnosis and 
continued vigilance ; in other words, a long-term 
programme of regular visits to the clinic for examina
tion and repea t  imaging, at least Lmtil bone maturity is 
achieved sometime between the ages of 16 and 1 9  
years. Once progression is confirmed , a scheme of 
trea tment, possibly including surgery, can be planned 
for the individual patient. 

Early detection was only partially successful when 
left to parents and teachers, because i t  is d ifficu lt to 
notice subtle changes in posture in someone who is 
seen casually on a d aily basis. A formal programme of 
cl.inical examination at school (school screening) was 
expected to solve this proble m ,  but proved to be too 
expensive for the small number of cases discovered . 
Most school nurses and doctors are now qu ite 
capable of detecting early scoliosis during routine 
health checks in schools. 

The clinical examination is extremely simple and 
merely requires the inspection of the back of a child 
bending fOlward , looking for a teli-tale rib hump (Fig.  
1 4 . 1 4B) .  Other asymmetries of the trunk, which can 
be seen quite easily in the erect posture , are waist 
creases, shoulder heights, and a prominence of one 
shoulder blade. General awareness of scoliosis has 
increased i n  recent years,  but the ideal of consistent 
ea rly detection has not yet been achieved, and is 
probably an unrealistic goal . 

Imaging of the spinal curvature is the next step, 
once the consultant staff are satisfied that the 
deformity warrants an accurate baseline measure
ment against which to j udge future developments .  
For the majority o f  scoliosis clinics this imaging will 
be in the form of X-rays, at least for the [u'st 
examina tion.  Thereafter many clinics will repeat the 
imaging in the form of one of the new computerized 
trunk-shape measurements, which can quantify the 
asymmetry of the deformity without the risk of 
exposure to X-rays (Fig. 1 4 . 2 1 )  (Singer et at. , 1 999). 

Fig. 14.21 QUANTEC Imaging (Liverpool ,  UK) of chest wail 
asymmetry in scoliOSis, capa ble of estimating spinal c u rva

ture as well as vo l umetric difference between rib hump and 
opposite side. 

On the erect standing antero-posterior X-ray view, a 
standard measurement of the side-to-side bend 
(Cobb, 1 948) and the rotation (Perdriolle and Vidal ,  
1 985) allows comparison with similar measurements 
made at intervals of months or years. The Cobb 
method uses an ordinary protractor to measure the 
curve(s) in degrees, and the Perdriolle method uses a 
specially designed protractor to measure the rotation . 
On this view, the extent to which the spine is out of 
balance - that is, by how many centimetres the 
cervicothoracic junction is shifted off to one side of 
the lumbosacral junction - can a l so be measured (Fig. 
1 4 . 22). This information is of particular importance 
when consid ering the possible need for surgery. 

These X-rays should also show the iliac crests so 
that a rough assessment can be made of the patient'S 
skeletal maturi ty (Risser, 1 958); in general , idiopathic 
spinal curvatures wi.1l cease or slow in their progres
sion as skeletal maturity is reached (Fig.  1 4 . 23) .  The 
lateral view (standing) is used to assess the exten t of 
lordosis or kyphosis. 

The rib hump 

The rib hump is measured by one of a number of 
devices available for this purpose, either directly on 
the patient'S back or by one of the photographic 
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Fig. 14.22 Antero-posterior view of spine from behind, 
taken with patient  standing erect.  Both curves measured by 

the Cobb method and showing sp ine approximately 2 cm 

out of balance to the right.  

Fig. 14.23 I l iac apop hysis appears p rogressively from lat
eral to medial as child reaches bone growth maturity. Risser 
IV indicates maturity, often coinciding with a halt in the 

progression of mild to moderate curvatures . 

imaging techniques (FORMETRlC; ISIS; QUANTEC) . A 
very simple but useful measure is that produced by a 
spirit level (inclinometer) placed transversely across 
the rib hump in the forward-bending position. 

However, the QUANTEC technology can provide a 
volumetric measure of the rib hump, reflecting more 
accurately the part of the deformity that most 
distresses the patient. 

Further examinations 

Further examinations depend on circumstances;  if 
the patient with idiopathic scoliosis is being coo
sidered for surgical treatment, AP X-rays will be 
needed with the patient bending to each side as far as 
possible in order to assess curve stiffness. In  congeni
tal scoliosis ,  there is always the suspicion that there 
may be other abnormalities in the spinal canal (split 
cord or d iastematomyelia) , kidneys and heart. Conse
quently, CT, MRI, myelography, intravenous pyelog
raphy and cardiac and lung flmction tests are 
necessary (in varyi.ng combinations) in preparation 
for surgery. 

Treatment 

Conservative 

For many years there was a widely accepted rule of 
thumb whereby idiopathic scoliosis was left lmtrea
ted if the Cobb angle was less than 20° ; treated 
conservatively in a brace ( 'Milwaukee' or ' Boston') if 
it was between 20° and 40° ;  and treated by a spinal 
fusion operation if it was beyond 40° . 

This rule remains current in many centres, but 
variations are appearing in others; bracing has been 
abandoned,  not only because it is tmacceptable to 
self-conscious teenagers but also because recent 
studies have raised serious doubts as to its efficacy 
(Dickson et at. , 1 980) .  There is a trend to recom
mending surgery for curves reaching 3 5 ° .  The con
troversy over bracing is far from settled . The non
bracing philosophy relies on the progression of the 
scoliosis  halting spontaneously, or on the scoliosis 
progressing to 35° and beyond to prove the need for 
surgical treatment. However, a recent report by 
Lupparelli et at. ( 1 999) indicates that considerable 
benefit may be gained through the use of braces that 
permit motion away from the deformity. This results 
in forces being generated which act to correct the 
deformity. There was a time when it was thought that 
certain exercises had some influence on the deform
ity, but this has been disproved;  the only exercises 
now prescri bed are as part of a bracing regin1en. 

Electrical stimulation of the muscles on the con
vexity of the curved spine (at n ight-tin1e) has been 
used as a substitute for bracing mild curves because it  
is more acceptable to patients, and because i t  was 
seen to counteract some muscular imbalance thought 
to have produced the scoliosis in the first place .  This 
treatment again remains controversial , but is certa inly 
less popular than previously. 
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Surgical 

The decision to opt for surgery is based on three 
factors : 

1 .  Curve severity - the degrees of bend (Cobb angle) 
and rotation with rib hump 

2 .  Curve dyna mics - the rate of curve progression , 
the curve stiffness, and spinal balance 

3. The skeletal maturity of the patient - the leve l of 
development of the whole patient as well as the 
bone of the spine, irrespective of the pat ient 's 
chronological age .  

A dec is ion in favour of surg ical treatment is likely to 
be made for patients: 

• with a progressive curve which barely corrects on 
side-bending and shows a d efmite list to one side 

• where the cu rve is greater th an 350  
• with a n  unsight ly rib hump 
• with a Risser sign of ITr or less and who have not 

yet reached the men arche (Fig. 1 4 . 2 3) .  

The purpose of SlJfgery is  not  only to ha l t  progression 
of the curve , but also to achieve some correction of 

(A) 

the curve and its rib hump. All the operations involve 
a spina l fusion (bone graft) of some sort, in order to 
slow the growth of the spine and to stabilize it in the 
grafted position. All modern operations involve the 
insertion of some system of metal fixation to stab ilize 
the spine u ntil fus ion is complete ; all these systems 
provide some correction as well . 

In congenital scol iosis , the purpose of surgery is to 
set the stage for future growth to halt the progression 
of the d eformity and poss ibly reverse it,  but striving 
too much to achieve correction d uring the operation 
can be dangerous for tl1e sp inal cord . 

The operations most co mmon ly performed 
(together with bone grafting) are: 

1 .  HarringtoD posteri or instmmentation (Harrington, 
1 960). A rod supports hooks a t  either end so as to 
spread open the concavity of the curve (distrac
tion); th is is someti mes combined with a compres
sion system on the convex side . 

2 .  The Harri.ngton- Luque technique . This is as 
above ,  but sublaminar wire loops along the 
concavity are used to help pull the curved spine 
towards the straight rod (thus most closely resem
bling the o ld orthopaedic symbol of Andry 's 
deformed tree,  see Fig. 1 4 . 24). 

(B) 
Fig. 14.24 (A) Severe (76°) progressive curve of early onset scoliosis in an 8-year-old boy. (B) TIle effective use of Harrington 
distraction rod and su blamlnar wire loops in achieving inl pressive correction of c u rve and restoration of balance is 

demonstrated in the same patient. 
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(A) (B) 
Fig. 14.25 Adolescent idiopathic scoliosis 42° .  (A) Out of balanc e .  (B) Corrected to 1 5 '  with restoration of ba lance by the 

more recent Cotrel-Dubousset technique . 

(A) 
Fig. 14.26 Long C-shaped curve of neuromuscular (Duchenne 's) scoliosis .  (A) Markedly out of balance . (B) Reduced and 
balanced by Luque segmental subl aminar wiring to rods .  
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3. The Zielke method (Zielke, 1982). This is an 
anterior instrumentation through the chest (and 
through the diaphragm into the abdomen, if 
necessary) which places screws transversely 
through the vertebral bodies, supporting a rod 
passing through the screw heads. This technique is 
ideal for curves with an apex at the thoracolumbar 
junction.  It is capable of an impressive degree of 
derotation of the spine. The Webb - Morley system 
is a British version of this German method , which 
in turn was based on the pioneering design of 
Dwyer in Australia. 

4 .  The Cotrel-Dubousset (CD) method (Cotrel and 
Dubousset, 1985) . This system is applied posteri
orly and is a major advance on the Harrington 
system, using rods on both sides of the spine,  and 
multiple hooks or screws. It is also capable of 
impressive derotation (Fig. 14 . 2 5) . 

5 .  The Luque segmental sublaminar system (Luque, 
1 982) . This is a posterior procedure, ideal for 
neuromuscular (paralytiC) scoliosis, where most of 
the thoracic and lumbar spine has to be fused in 
one operation . Double rods are secured to the 
spine by wires looped around the laminae (Fig.  
1 4 . 26) . 

Two other procedures are frequently used in 
conjunction with the above operations, usually under 
the same anaesthetic: anterior discectomy at several 
levels ,  most often through a thoracotomy, to loosen a 
particularly st iff curve; and excision of part of several 
ribs in the rib hump (costoplasty) to improve the 
appearance of the distorted chest wall (Barrett et al. , 
1 993). 

In congenital scoliosis it is sometimes necessary to 
remove aU of a ' wedge ' vertebrae by a combined 
anterior and posterior approach . In other patients it is 
necessary to destroy the vertebral body end-plates 
along the convexity of a curve (epiphyseodesis) i n  
o rder t o  slow down the deforming growth on that 
side .  

In the presence of a stiff, severe kyphosis, such as 

in juvenile osteochondrosis (Scheuermann's disease), 
it is necessary to perform an anterior release and 
posterior compression with fusion . In ank)'losing 
spondylitis, it is too d angerous to operate on the 
thoracic spine directly for fear of p roducing paralysis .  
A combination of osteotomies (cutting across verte
brae) in the lumbar spine and at the cervicothoracic 
jlUlction, will produce gratifying improvements in 
posture and forward gaze . 
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Chiropractic management of thoracic spine pain 
of mechanical origin 

D. J. Lawrence and B. Bakkum 

Exanlination 

Conservative management of a patient begins with a 
thorough medical history and physical examination. 
This is especially true for patients with thoracic spine 
pain. Several pathologies that are potentially life
threatening have thoracic pain as part of their clinical 
picture. It is imperative that the health care practi
tioner understands the nature of a given patient's 
problem(s) so that an informed decision can be made 
as to whether or not a patient is a candidate for 
conservative management. 

Taking a history is the first step in evaluating a 
patient's condition. It is essential to take a complete 
history because, in the vast majority of cases, the 
information gathered will lead the physician to the 
correct diagnosis. It is in the history that the patient's 
subjective complaints or symptoms are discussed. A 
patient's history usually consists of a ch.ief complaint, 
present illness and a past medical history (prior and 
Silberstein, 1977). 

The complement to the history is the physical 
examination. This is the process by which the 
objective fmdings or signs of a patient's condition are 
noted by the physician. It entails not only the actual 
physical examination of the patient (DeGowin and 
DeGowin, 1976) but includes orthopaedic and neuro
logical testing (Hoppenfeld, 1976). Diagnostic imag
ing and laboratory procedures may also be per
formed. 

Subjective f"tndings associated with 
thoracic spine problems 

The most common presenting symptom that patients 
have is pain. Thoracic spine pain can have many 
causes, and a careful history is very important in 

beginning to discern the source of the pain (Sportelli 
and Tarola, 1992). It is necessary to ascertain the 
location of the pain by having the patient point to 
where it hurts. Even though it is sometimes difficult 
for the patient to reach the location of thoracic spine 
pain, this procedure usually keeps misunderstandings 
between the doctor and patient to a minimum. It can 
also help the physician determine whether the pain is 
localized or diffuse in nanlre. The patient is usually 
able to locate the pain of most injuries accurately. 
Referred pain from viscera usually results in pain that 
is difficult for the patient to localize. It is important to 
find out not only where the pain is presently, but also 
if it has changed location since onset. Similarly, ask 
the patient whether the pain radiates. For example, a 
peculiar set of symptoms has been identified as theT4 
syndrome (McGukkin, 1986; De Franca and Levine, 
1995). A mid- to upper thoracic joint dysfunction can 
cause radiating pain into the head and into both 
upper extremities. Glove-like paraesthesia in both 
extremities is also recognized with trus syndrome. If 
the pain radiates to the low back, head/neck or 
extremities, these areas must be examined as well. 
Neural irritation usually causes pain that radiates 
along the course of the peripheral nerve; for exam
ple, the pain of intercostal neuralgia is usually severe 
and runs between the ribs. 

The patient should describe the quality of the pain. 
Different types of tissues have characteristic pain 
qualities. Ligament pain is usually sharp and well 
localized, while muscle or tendon pain is dull and 
ach.ing. Both of these are usually associated with a 
histoq' of trauma. Bone pain, e.g. from a tumour or 
osteoporosis, usually feels very deep and boring. 
Fractures, which involve irritation to the periosteum, 
result in sudden, sharp pain. Vascular pain is poorly 
localized and usually achy; it often gets worse with 
exertion and is relieved by rest. Nerve pain is sharp 
and stabbing, but may also have a burning qual.ity. 
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out the problem and whether 
there was a sudden onset or if it was gradual or 
insidious. Usually with a sudden onset there is some 
associated trallma. Slow onset problems often 
visceral, metabolic or degenerative in nature. 

Ask the patient about the progress of the problem: 
is it getting worse, staying about the same or getting 
better! This information, along with the timing of the 
onsel, can help determine whether the problem is 
acute or chronic and whether it is of a progressive 
nature 

It important to ascertain the sctting of pain. 
Acute injUlies usually cause constant pain in the short 
term, while chronic disorders may be more episodic. 
MetaiJolic or lise-eral problems, especially tumours, 
tend to cause constant The of day that the 
pain is better or worse should be determined. 
Tumours tend to hurt more at night 

Detcrmine prOVOGHive and palliativc factors 
associated With the condition. Specific movements or 
positions that improve or worsen the pain are usually 
associated with lIlUsculoskcletal injuries. Rc�piratory 
movements commonly seen exacerhate tho 
racic spine and rib problems. Other types of pain, 
such as viscerogenic or neurogenic, are not usuaUy 
affected by c1"lJnges in position or other movements. 
Pain from ligament injuries tends improve with rest 
and worsen with use. Muscle strains may be worse in 
the morning and fee! somewhat better after the 
muscle is usnt Pain degenerative arthritis is 
usually \vorse lirst thing in the morning and gets 
better with mild movement; however, as the day 
progresses, the pain gets worse ag;Jin 

In order to determine severity of the have 
the patient fill out a visual analogue scale. This entails 
having the person put a mark on a 10 em line to 
indicate the perceived severity of pai.n Indicate 
that left of the line represents no pain and 
the right side of the line is the worst imaginable pain. 
The location of the mark can then be measured for a 
quantitative (",rimatioll Visual analogue arc 
also llseful during the course of treatment 111 order to 
ascertain the patient's perception of improvement in 
pain severity. 

Objective f"mdings associated with 
thoracic problems 

General 

Examination of the patient usuaUy begins as soon as 
the doctor and patient tneer. Gair can bt"f.',in to be 
analysed as the patient walks down a hali or enters 
the examination room. Gross postural changes and 
abnormalities can be noted. Persistent pain may 
calise patienrs move shift around to tl") find 
comfortable position during the history-taking proce
dure. The patient'S discomfort can be generally 
assessed during the hititory. 

It be rememben'd that examination of the 
thoracic spine may be quite extensive. A chest 
examination must be performed whenever a thoracic 
spine problem suspected. If the history or examina
tion indicate that the head, neck, back, abl.jomen 
or extremities are involved, these areas must be 
examined in addition to the thoracic spine and chest. 

Vital signs 

The signs shollid be r("corded the beginning of 
the physical examinatiOtI. Establish the patient's 
height and weight by questioning and then measure
men t. An unexpected decrease in height could be the 
result compression fracture. increased tem
perature usually illdicates infection. Pulse, respira
tory rates and blood pressure (Reeves, 1995) give 
information about the cardiovascular and respiratory 
systems, which I�)rm part a differential diagnosis. 

Observation 

The patient must. he appropriately undressed for the 
actual inspection. The skin of the back and chest 
should be inspected, and any lesions or swelling 
noted. Ilerpes zoster (shingles) commonly asso-
ciated with intercostal ncn·es and a charaCieristic 
lesion pattern following the course of the affected 
nerve. 

Posture is usually examined the patient 
standing and looking forward. Frequently, the lise of a 
plumb line makes visualization of alterations in 
posture easier. When seen from the side, the patient 
should normally exhibit iJ;llanced amount lordo
sis (anterior curve) in the cervical and lumbar regions 
and kyphosis (posterior curve) in the thoracic region. 
There should gentle transitions between these 
curves. with no sudden angulations. Excessive kypho
sis is most commonly seen in the thoracic spine, and 
usually indicates that imaging of the spine is neces
sary (Keim and Hensiger. 1989) Scheuennann's 
disease (epiphYSitis of the spine) IS a calise of 
kyphosis in adolescents. A sharp posterior angulation 
(gibbus) may indicate a compression fracture. Dow
ager's hump severely kyphotic upper dorsal 
region from multiple compression fractures usually 
due to postmenopausal osteoporosis. Round back 
(i.e. thoracolumbar hypcrkyphosis with decreased 
pelvic inclination) may indicative of ank-ylosing 
spondylitis. 

From behind, the patient's spine should be ori
entated verticaUy with symmetrical omsculalllre. Any 
alterations of the ribs, sternum or costal cartilages 
should be noted. Scoliosis Oateral curvature) is never 
normal. \1ost scoliosis idiopathic, and begins to 
manifest itsell the pre-adolescult years (Baron, 
1991), although degenerative (de novo) scoliosis is 
also commonly encountered (Ogilvie, 1992). Radio
graphlc examination is appropriate LO ch,lraeterize 
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the scoliosis, and the Cobb method of mensuration is 
commonly used to quantify the condition. 

The posture can also be assessed with the patient 
sitting and bending forward at the hips. Changes in 
the spinal curves, body symmetry and muscle tone 
should be noted. Unilateral rib hump or persistent 
scoliosis during forward bending (Adam's sign) is 
indicative of a stmctural scoliosis. A scoliometer may 
be used to quantify the amount of deformity (Murrell 
et at., 1993). A myriad of problems outside of the 
thoracic spine can cause postural changes, and these 
should be addressed as necessary by the physician. 

Musculoskeletal evaluation of the 
thoracic spine 

Active ranges of motion 

The active ranges of motion of the torso in the 
cardinal planes should be evaluated (Magee, 1992). 

Most of the motion of the thoracic spine is limited by 
the ribs, except for rotation. The majority of tmnk 
rotation below the level of C2 occurs in the thoracic 
spine. Since motion of the thoracic spine is linked 
with lumbar spine and hip motion, the physician 
must note where the motion is occurring during this 
portion of the examination. Usually these motions are 
performed standing, but sometimes they may be 
done seated, which reduces the effects of hip motion. 
This examination should be always performed only to 
the point of pain. Quantification of the motion of the 
thoracic spine is difficult, but there are a variety of 
goniometers and inclinometers that are available 
(Triano et al., 1992). 

The patient should be able to flex the trunk to 
about 90°, with approximately 20-45° of this com
ing from the thoracic spine. While fully flexed, the 
patient's spine should be observed for a smooth, 
even forward curve. With a non-stmctural scoliosis, 
the curve will disappear upon forward flexion of 
the spine. Vertebral rotation due to structural scolio
sis will cause a unilateral hump (convex side of 
curve) and a concomitant hollow (concave side of 
the curve) on the other side of the spine in full 
flexion. 

Tmnk extension (backward bending) in the thor
acic spine is typically 25-45°. The thoracic spine 
should straighten during this movement, or even 
curve slightly backward. If the patient has an 
excessive kyphosis, it will remain during this 
motion. 

Lateral (side) flexion should be about 20-40°, and 
equal to both right and left. Normal tmnk rotation is 
approximately 35 -50° to both right and left. 

Chest (costovertebral) expansion should be meas
ured with a tape measure at the level of the fourth 
intercostal space. The difference between full expira
tion and inspiration is from 4 -7.5 cm. Any pain 
caused by this motion should be noted. 

Passive ranges of motion 

The passive ranges of motion of the thoracic spine 
should be determined only after the active ranges of 
motion have been performed. This will minimize the 
likelihood of the doctor exacerbating any problems 
by trying to move the trunk too far. These motions are 
in the same directions as those for active ranges of 
motion, and the ranges should be similar or slightly 
increased. Motions that are painful during the active 
but not the passive portion of the examination are 
usually musculotendinous in origin. Pain that is 
provoked by both active and passive motions may be 
ligamentous. 

Resisted isometric contraction 

These are performed in the same directions as the 
active and passive ranges of motion. Since the 
thoracic spine is influenced by many muscles that are 
innervated by multiple spinal cord levels and motor 
nerves, it is usually difficult to isolate specific muscle 
weaknesses in this region. Pain of musculotendinous 
origin is usually made worse during this portion of 
the examination. Pain that is exacerbated hy motion 
but not by resisted isometric contraction is probably 
ligamentous. 

A recent development is the computerized muscle
dynamometer system (Triano et al., 1992). Various 
systems can measure not only isometric strength, but 
also isokinetic, isoinertial and dynamic variable resist
ance. Many of these systems are designed to test the 
lumbar spine, but application to the thoracic spine is 
beginning. 

Static palpation 

The spinous and transverse processes and paras pinal 
musculature must be palpated. The entire extent of the 
ribs and costal cartilages, along with the anterior 
abdomen, should be examined. The scapulae and 
surrounding musculature should be palpated. Tender
ness, temperature alterations, muscle spasm and areas 
of diffuse or focal swelling should be noted. Special 
attention should be paid to areas of pain. Painful areas 
that are not tender to the touch may be sites of referred 
pain. With a major deviation of a spinous process 
associated with trauma, imaging may be necessary to 
mle out fracture or dislocation (locked zygapophysial 
jOints) (Sharaiuddin et al., 1990). 

The muscles in the region of the thoracic spine 
should be palpated for muscle spasm and for trigger 
points (TraveU and Simons, 1983; Vecchiet et at., 
1991). Differential diagnosis between myofascial pain 
syndromes and fibromyalgia is problematic, mostly 
because of defmition misunderstandings (Goldman 
and Rosenberg, 1991; Goldenberg, 1992). Whenever 
trigger points are located, the precipitating factors 
associated with those points should be identified. 
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011hopaedic examination 

The spinous processes 
may be percllssed 
ness is encountered, 
trauma or neurological 
out br imaging 
1992; Wood and Hanley, 
ten, 1993). 

prominences 
If tender· 

a history of 
must be ruled 

983; Meyer, 
Khoury and Whit-

The Soto- Hall test can help localize the site of 
injury, especially in the upper thoracic spine. If 
during this manoeuvre the legs involuntarily bend to 
relieve pressure in the back/neck (Brudzinski's sign), 
meningeal llTitation is suspected. Naffziger's test may 
be performed to test for space-occupying lesions in 
regions of the spinal canal. Kemp's test may help 
indicate a sprain of the zygapophysial (facet) jOints in 
the lower thoracic 

Neurological examination 

In the thoracic region, of cutaneous 
nerves is such that overlapping 
of the areas of skin if just one 
spinal cord level or spinal nerve mot is compromised, 
there may be no detectable sensory loss. Several 
landmarks for locating thoracic dermatomes include 
the nipple line (T4), xyphoid process (T7), umbilicus 
en 0), and groin above tl1e inguinal ligament (T12). 

The patellar and Achilles' reflexes should be tested, 
since compromise of the spinal cord in the thoracic 
region will affect the deep tendon reflexes below that 
level. Also, with thor;\cic 
Babinski reflex will 
superficial abdominal 
present with lower 
Patients with hard 
symptoms are not 
therapy. 

sign maybe 
compromise. 

system signs and 
conservative 

Chiropractic mechanical examination 

Static palpation 

Static palpation for paravertebral muscle spasm is still 
considered an important component of the manual 
examination of the spine. 

joint play assessment 

developed by 
prone pOSition, 

the examiner's thumbs the spinous 
process of each posterior-to-anterior 
direction. This pressure a slow, con-
trolled manner. A slight amount of motion can be 
detected as the vertebra is moved between the ones 
above and below. The end of this motion should feel 
slightly springy. If the normal amount of this 'spring
ing' movement is not detected, or the end-feel stops 

suddenly (feels 
Often 

'hard'), hypomobility is suspected. 
dysfunction is associated 

does not linger after 
inflamed joints, the 

by pressure release . 
pressure may be applied 

transverse processes in a 
pressure can be applied to the 

of each in a lateral direction. 
procedures test each zygapophysial jOint separately. 
The tests should be performed on both sides of each 
vertebra. If increased radiation of radicular pain is 
associated with the pressure, foraminal encroach
ment is suspected. 

End-feel of rib motion can also be assessed. With 
the patient prone, the examiner's hands are placed 

of ribs with the tlngers pointing 
. Posterior-to-anterior 

ribcage. If one rib 
hypermobile with respect 

tested individually by pressing 
tubercle of the rib 

Motion palpation 

During the 1930s, Gillet was frustrated with the static 
misalignment theory of the chiropractic sublu.xation 
(palmer, 1910). He developed the theory that these 
problems were more accurately described as a lack of 
the proper subjective degree of motion in the motor 
unit, and coined the term 'tlxation' (Faye and Wiles, 
1992). motion palpation, in 
the motion in the joints, 

the 

'foday, motion palpation 
chiropractiC examination 

methods are used to determine 
not dysfunctioning, but also 
specific direction of motion loss. This information is 
used to decide the vertebral Ieve1(s) that are to be 
manipulated (some chiropractors prefer the term 
'adjusted'), and the line of drive or vector of the force 
used. It is in1perative that other causes of pain, 
besides jOll1t dysfunction, are ruled out before 
manipulative therapy is performed so as not to 
exacerbate a pathological problem. 

Motion the spine is usually np,-t"rnnp, 

with There are also special 

ing 

2.llow motion assessment 
patient prone. A quick evaluation 
usually performed before 

n."""'>0"1 ,ite(s). Since the whoit' 
is a it is in1portant to assess 
the portions of the spine and not only the areas of pain. 
Joint dysfunction(s) in one area of the spine may influ
ence and lead to symptoms in another area. 

The thoracic spine is very complex to motion 
palpate because of the extra joints associated with 
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the ribs. For normal motion of the thoracic motor 
units to occur, the costotransverse joints must also be 
fully mobile. The influence of the costovertebral 
joints is not known, as there is currently no protocol 

to assess the motion of those joints. It is of paramount 
importance for the physician to recognize the feel of 
the stabilizing factor the ribs have on the thoracic 
motor units, even when those joints are normal. The 
ribs limit lateral flexion in this region to such an 
extent that motion palpation of lateral flexion in the 
thoracic spine is usually not performed. Motion of the 
thoracic spine is assessed in the other cardinal planes 
of motion: flexion, extension and rotation. 

Flexion palpation of the thoracic spine is per
formed by having the patient seated on a stool or 
examining table with the practitioner seated behind 
the patient with one arm placed over the patient's 
shoulder in order to control the movement of the 
patient. The thumb of the other (palpating) hand is 
placed between the patient 's spinous processes. The 
patient's trunk is moved forward in a series of short 
flexion motions, and the examiner feels for the 
normal separation of ' the spinous processes. By 
changing the level at which the trunk flexion occurs, 
and the position of the palpating thumb, all of the 
motor units of the thoracic spine can be examined. 
Most examiners begin at the bottom of the thoracic 
spine and move upwards during the examination. 
Areas of hypomobility (or hypermobility) and areas 
where pain is elicited are noted. 

Extension of the thorac ic spine is similarly tested, 
but the patient's trunk is extended instead of flexed. 
The spinous processes should normally approximate 
with this movement. UsuaUy this motion is assessed 
by placing the examiner's thumb first to one side of 
the spinous process and then the other. The patient 
may need to be hyperextended, especially in the 
upper thoracic region, in order to examine fully the 
extension of the zygapophysial joints. 

Rotation of the thoracic spine is examined in a 
similar manner. The palpator 's thumb is placed first 
on one side of the spinous process and then the other 
while the patient 's trunk is rotated to one side. 
Rotation should be assessed in both directions. In 
assessing rotation of the thoracic spine, it is very 
important to prevent simultaneous lateral flexion of 
the trunk occurring. 

Costotransverse joint motion of the second to the 
ninth ribs is assessed by contacting the tubercle of 
the rib with the palpating thumb. The examiner's 
other arm reaches in front of the patient to grasp the 
contralateral shoulder, and the patient's trunk is 
rotated away from the side of the rib that is being 
palpated . If the rib is hypomobile, it will feel more 
prominent than a rib with normal motion at the 
costotransverse joint. Usually this motion will also 
induce pain in the hypomobile joint. The pain should 
diminish once the rotational motion is relaxed. End
feel can also be assessed with this procedure. 

To motion palpate the costotransverse joint of the 
first rib, the practitioner contacts the first rib by 
palpating in the posterior triangle of the neck. The 
head and neck are then extended and rotated away 
from the side of palpation by using the non-pa lpating 
hand. At the end of this motion, the first rib should be 
difficult to palpate . A hypomobile I;b will remain 
palpable. If so, testing the end-feel of the rib in this 
position will elicit a hard, non-springy end-feel and, 
usually, pain. 

The actual procedures of motion palpation vary 
from individual to individual such that this can be 
considered a diagnostic art. Reliab ility studies involv
ing motion palpation have produced conflicting 
outcomes (Faye and Wiles, 1992). As future research 
is conducted, these examination techniques should 
be refmed to as close to a gold standard as science 
applied to act can produce. 

Thermographic recording 

Local variations in skin temperature are largely 
accepted as resulting from changes in the underlying 
blood vascularity (plaugher, 1992). Several thermo
couple devices, such as the Nervoscope, have been 
developed for the manual determination of these 
variations. Reliability studies have not shown con
s istently good results (Lopes, 1993), anel these 
devices are not widely used at the present time. 
Infrared thermography appears promising as a clin
ical procedure, although presently what its appro
priate uses should be and its degree of reliability are 
still questions to be answered (Triano et at., 1992). 

Leg-length inequality 

There is much interest and controversy regarding leg
length inequality (Manello, 1992). Radiographic pro
cedures appear to be the most reliable techniques for 
measuring leg-length inequality, especially anatomical 
short legs. The reliability of measurement methods for 
determining leg-length inequality is much more 
controversial, although these methods are commonly 
used in chiropractic practices. Much more research is 
necessary into the methods for determining leg
length inequality anel the clinical significance of this 
phenomenon. 

Radiographic examination 

Some chiropractors use plain film racliography for 
more than examining for bone pathology. Certain 

chiropractiC techniques lise information from X-ray 
films, along with other procedures, for determining 
dysfunctional motion segments (Rowe, 1993). In fact, 
for Medicare reimbursement in the USA, chiroprac
tors are required by the US federal government to 
show the subluxation(s) they are treating on an X-ray 
With research pointing more to the chiropractiC 
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subltLxation being a dynamic , functional problem, 
static measurement of bony misalignments on X 
while still common, is declining. 

Presenting patterns of signs and 
symptoms of common thoracic 
problems (Wyatt, 1992) 

Musculoskeletal 

The chiroprJctic subluxation/motor unit dysfunction, 
which includes segmental hypomobility and, in some 
cases hypermobility, is usually characterized by local
ized tenderness and pain. The pain may radiate in 
some cases, e.g. T4 syndrome. Hypomobile segments 
are assocla ted with a hard and decreased 
motion motion palpation 

Myofasciitis, induding triggel points, usuall) 
focal muscle: tcnderness with characteristic referred 
pain patterns. Attem pts to stretch the affected muscle 
usually exacerbate the pain, as does palpation of the 
trigger pOint. 

ChroniC, dull pain is the hallmark of degenerative 
disc disec:Jsc. pain is usua.lly in the morning 
and becOllics sornewhat better person 
around. the day, the begins to worsen 
again. pain is if spinal 
stenosis, or lateral stenosis, has developed. This 
radiating pain may be relieved by spine f lexion . 

Degenerative joint disease of the zygapophysial 
joints or joints associated with the ribs is charac 
terized pain and at the site 

the case of Ilygapophysial 
radiation pain is possihle foraminal encroach 
ment has occurred. Rib joint pam is usually exacer
bated by exaggerated respiratory movements. Again, 
the typical daily pattern of pain with degenerative 
joint diseases is common. 

There various rheumalOid arthridities that 
affect the spine, but of them 
begin in regions of 
thoracic only late in thl' of the disease 
They may all have chronic pain with acute exacerba
tions. Locally inflamed jOints are warm and tender. 

Aseptic discitis is most commonly found in the 
thoracic spine of young people It produces moderate 
to severe pain in the affected disc. 
graphicallv. calcified disc located. 

Infections the spine, tuberculosis, 
accompanied by fever and poorly localized pain in 
the early stages. These problems can be devastating, 
with severe destruction of the disc and vertebrae 
resulting in gibbus and severe pain. 

Osteoporosis is most commonly 
menopausal women, and may 

seen in 
as chronic 

\crtebral body. pain frorn Inicrofractures of 
localized can result from 
fracture , 

fraak compression 

Trauma is the cause of many thoracic spine 
conditions. Venebral fractures llsually associated 
with a hiswry significant although 
logical fmclure" may have no preCipitating incident. 
Pain and neurological are character
istic of these injuries . 

Disc herniation is relatively rare in the thoracic 
spine (Vernon and Cala, 1992; Davies and Kaar, 1993). 
Localized pain, with radiation if spinal nerve roots are 
compromised, hallmark of condition. 

'Facet or sprain zygapophvsial 
joint capsnl.e localized and tenderness, 
especially with movement Kemp s test may indicate 
this problem in the lower thoracic spine. 

Sprain of any of the joints associated with the ribs 
is usually characterizcd by localized tenderness. The 
pain associated with these probJems will often radiate 
through the and is exacerbated by respiratory 
movements may think they are having 
heart attack. 

Muscle strains are common in the thoracic region. 
They characteristically have localized pain and ten
derness that is exacerbated by contraction of the 
injured muscle. Also, if the injured muscle is stret-
ched, the increase . 

Wheneycr bone tumour �u'ipected, imaging 
and diagnostic tests, including chemistry 

always warranted. Benign bone tumours are usually 
associated with a localized and chronic deep, boring 
pain. If the tumour is expansile it can cause spinal 
canal stenosis or foraminal encroachment, with the 
associated symptoms. 

Malignanr tumours, primary 
metastatic, pain that focal or diffuse, 
depending location. Thesc conditions are alvv:!]," 
progressive. 

Referred pain 

Referred 
to palpation , 

or alterations 
diseases 
spine . 

usually poorl) 
does not 

posture. The 
pain to thc 

localized, non-tender 
\Ylth movements 

structures 
of the thoracic 

Problems with the inferior surface of the dia
phragm can refer pain to the top of the shoulder 
region. 

Conditions mid-thoracic 
interscapular hern.ia, coronary 
artery disease aortic aneurysm. I n the case 
dissecting aortic aneurysm, the pain can be severe. 

Problems with the gallbladder, such as stones or 
inflammation, can refer pain to the right scapula. The 
spleen, e.g. with rupture, will often refer pain to the 
left scapula . 

The lowel 
referred 
inflamed 
to this area. 

thoracic region 
frum peptic 

Pancreatic 

be the sitc 
and from 

;l1so refers 

Copyrighted Material



250 Clinical Anatomy and Management of Thoracic Spine Pain 

Renal problems, which can include infections , 

inflammation and calculi (among others) , commonly 
refer pain to the ipsilateral lower costovertebral 
angles. 

Management considerations for 
the thoracic spine 

Manipulative and adjustive procedures 

Introduction 

Manipulation has been a well-studied therapy, gaining 
increasing scientific acceptance. It is of great benefit 
when joint hypomobi1 .ity exists and for the treatment 
of a variety of musculoskeleta l conditions . 

A host of cJinical conditions have been thought to 
benefit from manipulation. These include uncompli
cated and complicated acute or chronic low back 
pain, disc degeneration and herniation, zy gapophy

sial joint syndromes, sacroiliac joint syndromes and 
spinal stenosis. Studies such as those by RAND 
(ShekeLle, 1991) and Manga et al. (1993) provide 
extensive literature overviews concerning the effec
tiveness of chiropractic care and other forms of 
manipulation in managing back conditions . 

POSitioning 

The thoracic spine may be manipulated in a variety of 
positions, including prone, supine, side-lying , stand
ing, and using the knee-chest table. Each position 
has its advantages and may work best for particular 
motions or a combination of motions . 

The prone patient position allows for the use of 
short-lever, higl1-velocity thrusts, where easy and 
effective contacts on the patient 's body may be made, 
and where the weight of the practitioner can be 
brought to bear on the patient if needed . In addition , 
the prone position is easily modifiable, so that either 
flexion or extension of the thoracic spine can be 
easily achieved. Prone thoracic procedures are in 
common usage, and may be performed for a variety of 
restrictions both in the lower and upper thoracic 
spine. Most often the thrust is delivered through the 
extended arms of the practitioner, although at times a 
body drop procedure can be used. 

Sitting procedures are best used to create either 
rotation or lateral bending in thoracic spine jOints. 
The patient's arms are usually crossed in front of the 
body ; the practitioner then uses an indifferent hand 
contact that reaches around the front of the patient 
and uses the crossed arms as a lever for the creation 
of the needed motion. After a contact is made by the 
contact hand, usually on the transverse process of the 
vertebra , the thrust can be delivered predominantly 
by that hand, though the indifferent hand may help in 
its delivery. Such procedures are used most often for 

rotational restrictions in the lower thoracic spine; the 
upper thoracic spine would better be served in such 
cases by a prone procedure. 

The knee-chest position , wh ile less frequently 
used than the prone position , does confer some 
benefits similar to that of the prone pOSition , with the 
addition that it allows for greater induction of 
extension. This can have benefit for the obese or 
pregnant patient . It is best useci for the lower thoracic 
spine , again especial ly for extension restrictions. 

Standing techniques allow for the creation of 
significant amounts of long-axis traction , which the 
practitioner can induce by tak.ing upward traction on 
the patient 's body prior to adjusting. In general, the 
patient is asked to relax and 'slump' forward, wIllie at 
the same time the practitioner induces the upward 
long-axiS traction. Adjustive forces are initiated 
through the angle of zy gapophysial orientation . 

Bergmann et al. (1994) noted that many within the 
chiropractic profession feel that supine thoracic 
procedures are not especially specific and are thus 
suspect. However, they also noted that there is no 
evidence to support such a contention and that the 
procedures do merit serious investigation. The differ
ence between prone and supine procedures is mainly 
with regard to the specificity of contact by the 
contact hand. Here, the contact hand necessarily 
remains passive in the adjustment, acting as a fulcnun 
point around which the force of the adjustment acts. 
Adjustive forces are generated by the practitioner 'S 
body on the patient, while long-axis traction is 
created at the same time to help open the joint space 
and thus allow for optimal movement. Specific 
contact hand position and p lacement is important in 
creating the necessary and desired motion. Care must 
also be given to specific patient arm positions , which 
might be crossed or not, depending upon parameters 
such as patient size, comfort, breast size, etc . 

Brief outline of basic types of 
adjustments 

Flexion and extension procedures 

Restrictions may be adjusted/manipulated using any 
of the common patient positions . With a patient 
placed in the knee-chest or prone pOSition (Fig. 
15.1), flexion can be created by contacting the 
spinous or transverse process of the involved verte
bra and thnlsting antero-superiorly, thus separating 
the joint below the level of contact. 

Similar motion can also be created by contacting 
the lower vertebra of a motion unit and thfllsting 
antero-inferiorly; in such cases the practitioner would 
stand at the head of the table facing cauda l , rather 
than at the side of the table facing cephalad. Such a 
procedure is best used for upper thoracic flexion 
restrictions. 
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Fig. 15 .1  Adjustmeot for flexion of any thoracic vertebra . 

Supine proced ures are quite effective for adjusting 
flexion restrictions; standing procedures are some· 
what less so . Both help to create lo ng-a..,xis trac tion . In 

the sta ndard supine proced ure, the practitioner 
flexes the patient forward wh ile reaching around the 
body to make an indifferent hand contact (Fig .  1 5 . 2) .  

A contact is made b y  t h e  contact hand on either the 

Fig. 15 .2  Adjustment for flexion restrictions of any thoracic 
vertebra. 

superior or inferior ve rtebra of the motion un i t ;  
pl acement will determine h o w  the hand acts as a 

fu lcrum. For examp le ,  if the contact h and is placed 
on the superior vertebra , then distraction of tbe 
motion segment below the contact will occur; if on 
the lower vertebra , then distraction of the superior 
motion segment will occur. Traction and tissue pull 
aids the practitioner in creating such movement,  as 
does the practitioner's body as it makes its contact 
through hands on the patien t , L e . ,  the body helps in 
delivering the tllfUst. 

Lateral flexion 

Bergmann et al. ( 1 994) noted that ' lateral flexion 
dysfun ction in the thoracic spine may resul t  from a 
loss of inferior glide of the zygapophysial joint on the 
side of lateral flexion dysfunction (open wedge side) 
and/or contralateral superior glide on the side oppo
site the lateral flexion restriction (closed wedge 
side) ' .  While such dysfunction can be adjusted in any 
of the standard patient pOSitions,  the optimal proce
dures involve the prone or side-lying pOSitions. The 
prone position requires contact to be made upon the 
transverse process of the involved vertebra ,  while the 
sid e-lying pOSition uses a contact upon the spinous 
process . If the l ateral flexion restriction has caused a 

l oss of superior glide,  contact is made on the 
transverse p rocess of the su perior vertebra on the 
side that is oppOSite to the lateral flexion; thrust is 

made supero-an terio rly. This is the side of closed 
wedge . 

In the prone pOSition, the bilateral transverse 
process contact is common (Fig . 1 5 . 3) .  

The hand t h a t  contacts t he side of lateral flexion 
restriction - that is, the side of open wedge - thrusts 
antero-inferiorly, inducing inferior glide motion ; the 
opposite hand thmsts in the opposite d irection 
(antero-superiorly) , creating superior gl ide . Breathing 
instructions are given to the patient so that the 
thoracic cage is emptied of a ir  and is at rest .  

Rotation 

Decreased motion of the zygapophysial joints can 
occur uni- or bilaterally. Fixation may occur on either 
the side of rota tional restriction or the side opposite 
to it . If on the homolatera l  side of restriction, there 
will be a loss of med ial and inferior glide with 
gapp ing of the zygapop hysial  joint re lative to the one 
above it .  On the contralateral side of restriction, there 
will be loss of l ateral and superior glide relative to the 
superior facet. Rotational dysfunctions can be adjus
ted with the patient sitting, prone or supine, although 
the prone procedure is most commonly used. Con
tacts a re typ ically made on the transverse process 
opposite the side of anterior vertebral rotat ion or 
opposite the rotation restriction. The thrust is given 
in an antero-superior d irection (Fig . 1 5 . 3) .  
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Fig. 15.3 Bilateral transverse process cOIHact. 

For the sitting procedure, the contact will again be 
made on the transverse process, on the side o f  
posterior vertebral body rotation. T h e  patient m a y  be 
supported by a contact made by the practitioner 
reaching a round to support the patient's crossed 
arms; also, the contact might be made by grasping the 
arm of the patient and using it to help create fu rther 
rotation.  It may be necessary to use a second p erson 
to hold the patient's legs against the table and keep 
them steadier during the manipulative proced ure . 

Classification of spinal manipulation 

Grice and Vernon ( 1 992) classify spinal manipulation 
into three classes:  adjustive and manipula tion tech
niques,  p hysiological therapeutics, and non-manual 
techniques. Of particular interest here are the adjus
tive and manipulation techniques, which can be 
further s u b-classified as short-lever, long-lever and 
non-thrust procedures. 

One of the more common short-lever procedures i s  
t h e  toggle recoil, wherein a rapid contraction o f  the 
triceps muscle aUows contacts made by the hands to 
p rovide the needed leverage. Thrusts in such cases 
a re high-velocity and short-amplitude.  The toggle 
recoil technique is often used i n  the thoracic spine 
with the patient in the prone posit ion.  Howeve r, the 
prestressed directional thrust ,  where a body drop is 
used while the contact arms are kept extended, is 
even more common in the thoracic spine. 

Long-lever contacts use a contact on the body 
coupled with a second contact located at  some dis
tance from the tlrst .  This is best used for a more general 
contact or for widespread effect U pOD musculature 
rather th an for specific jOint restrictions .  Long-lever 
procedures are l ess common in the thoracic spine 
unless a Sitting technique is use d ;  they a re more com
mon in side-lying procedures for the l u m bar spine.  

Thrust procedu res a re generally used for trea tment 
of specific joint restrictions .  M obilizing proced ures 
are used more for join t  rehabilitation. 

Specific adjustive procedures 

A substantial number of chiropractic texts p rovide 
information on adjustment for the thorac ic spine , and 
the foUowing procedures are by no means a complete 
l ist .  

Indication - rotational restrictions of the 

thoracic vertebrae 

In th is p rocedure the patien t  is placed prone in an 
antigravity pOSition, in which the thoracic and pelvic 
sections of the table are sl ightly elevated with the 
table headpiece lowered (Fig .  l 5 . l) .  The p ractitioner 
stands on the contralateral side of the table at the 
level of the patient 'S  thoracic spine, facing the patient 
at a right angie .  

The caudal  hand is the contact hand;  i t  makes a 
calcaneal (heel pad of the hand) contact on the 
transverse processes with the hand flexed at  the 
metacarpo-phalangeal joints and the finge rs pointed 
obliquely lateral . The ind ifferent hand makes its 
contact on the homolateral side of the patient's spine . 
The contact is palmar in nature .  

After i nstructing t h e  patient t o  exhale fully a n d  
aft e r  the joint h a s  been gently moved to articular 
lock, the thrust is then given in a posterior-to-an terior 
direction through the caudal hand contact. The 
indifferent hand remains i nactive du ring the thrust, 
thus avoiding any excess torque or rotation to the 
spine . 

Indication -flexion of any thoracic vertebra 

The patient lies supine for this procedure, with the 
arms crossed on the chest and the arm contralateral  
to the practitioner placed on top (Fig . 1 5 . 2) . 

The head of the table should be raised . The 
practitioner stands at the side of the ta ble in a fencer's 
stance,  positioned at the waist level of the patient.  
The practitioner will reach across the anterior of the 
patient  with the caudal arm to help in lifting the 
patient's torso from the table when the thrust is 
delivere d .  The contact hand is placed by lifting the 
patient ,  then making one o f  three possibl e contacts 
on t he involved verteb ra :  a flat hand contact, where 
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,the sp ino us p rocesses are placed in the p al m of the 
flat hand (best used for thinner patients); a contact 
where the interp halangea l joints a re flexed , so that 
the spinous process is placed between the calcaneaJ 
region and the flexed fll1ger (best lIsed for moderate 
body buiJds); and a fist contact, where the SpinOllS 
proc ess is pla ced between the calcaneal region and 
the row of flexed fll1ge rs. 

The practitioner's sternum is then placed on the 
patient 's  crossed arms. As the patient exh a les a breath 
the practitioner tractions the a rms both caudally and 
posteriorly, thus flexing the thoracic spine . Once the 
exhalation ends, the practi tioner uses a deft body 
drop on the patient , with a line of drive that is 
posterior and ob l i quely caud al . 

Indication - extension restrictions in the 

entire thoracic spine 

There are a number of variants to the standard stand
ing thoracic technique.  These variations centre on the 
position of the patient'S arms, with a consequent 
modification of the practitioner's body position and 
contacts made to take the arm pOSition into accoum. 
The patient'S arm positions can include that shown in 
Fig. 1 5 . 4 .  The patient crosses the arms in front of the 
body, and the practitioner then reaches around the 
front of tile patient to hold each arm proximal to 
the e.l bow; the patient is fl exed forward and the t llfllSt 
is de livered anteriorly and obliquely cephalad . The 
tluLl st is del ivered after patient exhalation.  

Fig. 1 5.4 Crossed arm standing thoracic extension tech
nique. 

Specific clinical management 

It is important that a complete assessment and 
diagnosis be mad e ;  for example , many non-muscu
loskeletal conditions present with findings quite 
s imjlar to musculoskeletal ones. Grieve has noted that 

lesions in the thoracic spine often simulate visceral 
disease, and at rates higher than might be expected 
(Grieve,  1 986) . He also stated that it is possibl e for 
the t horacic sp ine to cause such symptoms as 
changes in pulse rate, pa llor, nausea and dyspnoe a .  
Assessment m u s t  therefore combine elements o f  
standard medical d i a gnosis coupled with accurate 
p alpatory motion and static analysis .  

Intervertebral joint lesions 

A good number of professionals from a va riety of 
diSCiplines such as physical therapy, chiropractic , 
physiatry and osteopathy have d iscussed pai.n that 
a rises from zygapophysial joint involvement. Bourdil
Ion ( 1 982) gave trus condHion the appellation of the 
' interve rtebral joint lesion ' .  The concomitants of this 
lesion inc l u de joint hypomob ility, te nderness and 
muscle spas m .  Such lesions may also involve ele
ments of the intervertebral disc and/or costovertebral 
join t  (Howley, 1 995) It is important to attempt to 
discern exactly wruch tissues are implicated in the 
lesion .  

Manipulation has great use in the treatment of 
intervertebral joint lesio ns.  The p rocedure is 
dependent upon which particular restrictions of 
motion exjst .  The osteopath Stodd ard ( 1 972) advo
cates the use of the 'fist '  techruque;  Bergmann et al. 
( 1994) offer the supine thoracic ' pump hand le'  
p rocedure. 

Mobilization rather than manipulation can be 
considered when the exact pa thology is not well 
delineated, and where specific vertebral thrusts are 
not desire d .  Flexion distraction therapy, as advocated 
by Cox (1 990) , is  a very useful treatment mod ali ty. 
Cox ( 1990) noted that the fol lowing benefits may 

accrue:  the imp rovement of metabol ite transfer into 
the disc, reduction of stress on the zygapophysial 
join ts and posterior anulus fibrosus,  and the add ition 
of  high compressive strength to the spine . Flexjon 

distraction should be instituted when pain can be 
shown to decrease under distraction, after first 
perhaps altering its character (su ch as sharp , local
ized pain turning into a d u ller, more generalized 
pain) . 

Table 1 5 . 1  lists contraind i cations to flexion distrac
tion therapy. 

Cox (1 990) places a roll under the patient 'S  
abdomen as the patient lies on the specialized 
distraction table. This has the effect of flattening the 
spine and bringing the superior facet of one vertebra 
into a caudal d irection to increase the vertical 
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Table 15.1  Contraindications to the use of flexion 
distraction for management of intervertebral jOint 
lesions (A dapted from Cox, 1990) 

• When adhesions h ave developed in the spinal canal 
post-surgery 

• When adhesions exist around the nerve root 

• When a prolapse remains in the boundaries of the 
vertebral m argins but relocates into the spinal canal  
during traction 

• When a s hear force infl uences a d isplaced d isc 
fragment 

• If a patient has hypomobUe segments coupled with 
muscular insufficiency or weakness 

diameter of the intervertebral foramen.  Goading 
pressure is then applied to the paravertebral muscles. 
Careful flexion d istraction is ap p l ied , with contact 
being made on the spinous p rocess of the vertebra 
above the level of zygapophysial joint involvement.  
O nly 5 cm of downward movement is allowed . A 
pumping type of motion is used while the contact 
hand maintains a thenar contact on the spinous 
process . According to Cox ( 1 990), th is allows the 
zygapophysial jOint facets to be brought into an open 
non-hyperextended position .  Once the flexion proce
dure is complete, the motion unit can be m oved 
through its various motions: lateral flexion, rotation 
and circumduction . 

In contrast to Cox ( 1 990), McKenzie ( 1 98 1 )  has 
long advocated extension procedures and , in cases 
such as this , wou ld use repeated extension.  

The T4 syndrome 

The T4 synd rome has, as its symptomatology, the 
fol lowing c linic al frndings :  upper extremity paraes
thesia and n umbness, and generalized headache.  
DeFranca and Levine ( 1 995) present a thorough 
treatment protocol for the T4 syndrome,  the title of 
which i s  somewhat of a misnomer since it  can 
certainly involve other upper thoracic  vertebra e .  
Treatment includes b o t h  mobilization a n d  manipula
tion of the involved vertebra(e) . Man ipulat ion can be 
applied using central posterior-to-anterior pressure 
on the spinous processes of the involved level using 

a hypothenar contact.  Furthermore, restricted seg
ments may be manipulated using a bilateral pisiform 
contact procedure (see above), with the impulse 
thrust affecting existing extension restrictions. Mobil
izations consist o f ' oscillations were performed slow ly 
at about one to two cycles per second for thirty 
seconds near the end range of motion (grade IV 
mobilizat ion) ' (DeFranca and Levine , 1 995).  

Exercises may be p rovided to increase upper 
tho racic flexibil i ty  and muscle strength . McGuckin 
( 1 986) has noted that postura l  strain is involved in 

p roduc ing the T4 syndrome ; thus , postural improve

ment by exercise may be of benefi t . Emphasis should 
be placed ujJon correcting slLUnped posture of the 
forward carry of the head and shoulders . In  partic

ular, the pectora l  muscles seem implicated quite 

frequently, and measures to relieve tightness , such as 
stretching p roced ures, are hel pful in this regard . 

Scoliosis 

To date, there is no known way to pred ict which 

child will ultin1 ately develop idiopathic adolescent 
scoliosis. Thus, early identification is of paramount 
importance, and the goals of therapy are to p revent 
and if poss ible correct any deformity, and decrease 
the rate of p rogression to ensure that skeletal 
maturity is reached with as straight aod sta ble a spi ne 
as possible .  

While older forms of therapy included the use of 
static devices such as braces or corsets, perhaps 
coupled with the use of exercise , these were at best 
only modestly effective . Exercise alone has not been 
found to be effect ive i n  arresting or affecting the 
scoliotic curvature . Its use with brac ing has shown 
greater promise; for that reason, the Milwaukee brace 
has been termed ' kinetic '  in tha t exercises performed 
while wearing the brace can synergistically act to 
increase the effects of the brace aione . 

Today, the use of a kinetic device such as the 
M ilwaukee brace is common . The brace is typ icaUy 
applied when a progressive scoliosis approaches 20° , 
and it is removed when the curvature has ceased 
progression over a period of several months and 
other indicators suggest that skeleta l maturity has 
been reached . For curvatures of less than 20° ,  
watchful wa iting is best. The Milwaukee brace was 
origina l ly designed in 1 94 5 ,  and has since unde rgone 
several  refinements. It is a cervical-thoracic- lumbar

sacral  orthosis (CTLSO); other braces also exist, 
including a TLSO and an LSO. The brace accomplishes 
several things : by applying latera l forces against the 
cu rvature, it can he lp to prevent or decrease the 
exist ing c urvature ; i t  can help to derotate the rib 

deformity that frequently accompanies the latera l  
curvature; and i t  c a n  also he lp t o  reduce t h e  existing 
lordosis while caus ing distraction forces on the 
spine . 

Curvatures that are above 50° require surgica l 

intervention.  At that point, the patient fllns the risk of 
cardiorespiratory impairment due to decreased vital 

capaC ity and expiratory peak flow rate . 
Fig. 1 5 . 5  presents a simplified flow chart for 

therapeutic decisions in scoliosis .  
A M ilwaukee brace is typically worn for 2 3  out of 

every 24 hours , coming off only to a l l ow for 
stretc hing, exercise or bathing. 

The latera l  electrica l  stimulator, developed by 

Axelgard and Brown ( 1 983), i s  a lso in lise. The 
stimulator acts to create microcllrrents tha t  help to 
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Determine the curvature size 

� 
Dete rm ine the l evel of skeletal maturity 

1M M 1 M  M 1M M 

+ \ 1 \ 1 +  
Observe Discharge Orthosis Periodic Trial 

b racing 
Surgery 

observation 

1M = Skeletal i mmaturity, M = Skeletal maturity 

Fig. 15.5  Simplified decision analysis for t herapy in scoliosis. (Modified from Bunch and Patwardhan, 1 989.) 

arres t or decrease curvature status.  While init ial  
results held out substantial hope for true correction, 
later results seem to ind i cate that effectiveness of the 
device is sim i lar  to that of the Milwaukee brace ; that 
is, it helps to decrease progression and maintain 

current curvatu re s tatus.  Pads are generally p l aced at 
locations in proximity to the apex of the curvature , 
next to the spine, a long the midscapular line and 
al ong the posterior axillary line . One advantage of 
this device is that it is cosmetically more desirable 

than the . brac e .  These units are typica l ly applied in 
scolioses between 20° and 30° with cu rvature apex at 
or below the fifth thoracic vertebra , and which are at 
risk for progression . 

According to Aspegren ( 1 990), the use of manipula· 
tion in the management of scoliosis may help to 
enhance spinal flexi bil ity. This is thOUght to be 
assoc iated with a better prognosis, as flexible curva

tures may be less likely to progress and more 
suscepti b l e  to the forces ge nerated by a M ilwaukee 
brace . 

However, it is important to note that there a re no 
controlled clinical tria ls that demonstrate the effec
tiveness of chiropractic manipulation in the reduc-

Table 15.2 The role of the Chiropractor in conservatively 
mcmaging scoliosis (Adapted from Gatlennan, 1990) 

• Establish an accurate diagnosis ,  making lise of 

radiogra phic confirmation of curva ture status 

• Provide advice about proper good health habits - d iet, 
exerc ise,  ma nipulation 

• Institute the lise of a brace or a la teral electrical 

st imulator as required 
• Monitor trea tment through skeletal maturity 
• Ensure approp riate non-radiographic clin ica l follow·up 

as ind icated 

• Refer to a specialist if curva t u re progression warrants -
orthotic consultation,  s urgical consulta tion 

tion of curvature in scoliosis. Thus,  Gatterman (1990) 

lists a number of roles for the chiropractic physician 
to play in managing scoliosis .  These are l isted in Table 

1 5 . 2  and may vary from one jurisdiction to another, 
depend ing upon legisla tion . 
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Osteopathic management of thoracic spine pain 

T. McClune, C. Walker and K. Burton 

Introduction 

Thoracic spine pain of somatic origin is seemingly 
less prevalent than lumbar or cervical spine pain, and 
the literature has less to offer in terms of investigation 
or reporting of clinical presentations. Nevertheless, 
patients complaining of pain in the thoracic region 
are not Uncommon in manipulative practice. Esti
mates val)' for the proportion of patients presenting 
to osteopaths with pain of thoracic origin. In one 
audit of a UK osteopathic practice, a figure of 13% is 
given (Burton, 1981); in another, approximately 14% 
(Hinkley and Drysdale, 1995) . A figme as low as 3% 
has been reported (Welch et at., 1995); however, the 
difference may be due more to classification of 
patients than any real difference in presentation. In 
chiropractic practice in Europe, some 7% of patients 
present with thoracic dysfunction (pedersen, 1994). 
The frequency of conditions specifically related to 
the ribs was found to be 1.6% in a single osteopathic 
practice (Pringle and Tyreman, 1993). Obviously, in 
some patients thoracic symptoms are not of somatic 
origin and are part of a more serious pathological 
process within the viscera of the thoracic or abdomi
nal cavity; this must be a dominant thought when 
presented with a patient complaining of thoracic 
pain. A part of traditional osteopathic philosophy is 
that there are viscerosomatic and somaticovisceral 
reflexes giving rise to a high frequency of somatic 
manifestations in visceral diseases, particularly nota
ble in the thoracic or cervical spinal segments (Kelso 
et at., 1980; Beal and Dvorak, 1984). Palpatory 
findings of muscle tension over the tips of the 
transverse processes and reduction in costovertebral 
motion in the left LIpper thoracic spinal region have 
been claimed to predict the presence of cardiac or 
gastrointestinal disease (Beal, 1983). However, this 

chapter concerns itself largely with what might be 
termed mechanical or non-specific pain (or related 
symptoms) occurring in the thoracic region of the 
back, i.e. the region berween Tl and T12, including 
symptoms radiating laterally and anteriorly arollnd 
the ribs, together with symptoms affecting the 
periscapLllar areas. It is recognized that the source of 
symptoms may be any part of the thoracic muscu
lature, ligaments and zygapophysial joints, as well as 
costovertebral structures and periscapular muscu
lature; some symptoms may be referred to other areas 
such as the upper limbs. 

In a general medical practice setting, it is probable 
that thoracic pain will have a higher presentation rate 
than that quoted above for manipulative practice. A 
proportion of these presentations result from disease 
processes of non-somatic origin, which can be 
expected to be diagnosed by the doctor and never 
present to a manipulative practitioner. Fewer than 
rwo-thirds of patients presenting to osteopaths in the 
UK will have had prior medical contact (Burron, 
1978), so the osteopath cannot assume that the 
presenting patient has been fully screened and mLlst 
initially be concerned with excluding conditions for 
which manipulation is not appropriate or is frankly 
dangerous. Once contraindications have been elimi
nated, then the musculoskeletal assessment and 
management can begin. However, throughout the 
management of the case, the signs or symptoms that 
are considered 'red flags' for serious pathology must 
always be respected. 

The Clinical Standards AdviSOry Group (1994) 
quotes thoracic pain as a red flag when relating to 
spinal symptoms. Whilst thoracic pain may be a red 
flag if the primary complaint is low back pain, if the 
presenting symptoms are limited to the thoracic area 
this recommendation may not be valid. Other factors 
would perhaps direct decision making; for instance, 
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disease processes within the viscera of the thorax or 
abdomen may give rise to thoracic pain; this wouJd 
therefore be an important factor if accompanied by 
other indications of a serious, possibly life-threat
ening, condition. However, local spinal tissues may 
be responsible for symptoms. Thus the clinician must 
eliminate the possible non-somatic causes of such 
pain. The reverse of tllis is that thoracic pain of 
somatic origin may be confused with visceral disease, 
with the possibility of unnecessary expensive inves
tigations and much distress to the patient. Financial 
considerations, particularly within a state-funded 
national health system, are important, and carry 
moral and ethical implications. Unnecessarily expos
ing the patient to fear of a serious disease is also 
unacceptable. 

Tllis chapter will endeavour to outline the 
approach taken by a 'typical' osteopath, within the 
clinical setting, towards a patient presenting with 
thoracic symptoms. It will attempt to illustrate the 
thought processes that operate when assessing 
patients and the treatment or management of the 
presenting condition. 

Assessment 

The processes detailed below assume prior checking 
for the red flags detailed in Fig. 16.1 during the 
course of the assessment. Whilst not necessarily of 
red f lag status, the possibility of rheumatological 
disease should be borne in mind and specialist 
opinion sought as appropriate. 

Interview 

A clinician faced with a patient and a presenting 
problem needs to progress through a system of fact
fmding leading towards a conclusion; this will estab
lish causation and a relevant management strategy for 
the patient. The flrst step in this process is the 
interview. Tills is probably the ftrst contact between 
patient and practitioner, and is the start of the 
relationship. The osteopath needs to build trust and 
confidence WirJl patients, allowing them to relax and 
divulge all relevant information. The following areas 
are of concern: 

1. TIle nature and site of the presenting symptoms 
2. The apparent cause of the symptoms 
3. The reported history since onset 
4. Any relevant previous medical history 
5. Symptom modifying factors (aggravating and 

relieving factors) and diurnal patterns 
6. The patient's working environment and psychoso

cial status 

7. Treatment already prescribed, and response to 
that treatment 

8. Signs or symptoms of general ill-health. 

There should, in theory, be little difference between 
the osteopath's interview and that of other clinicians. 
It is suggested that osteopaths working in an office 
setting have the time and relationship with the 
patient to assess the effects of daily activity and the 
implications they have on the cause and development 
of the presenting condition. 

As stated earlier, something of the order of 11 % of 
patients presenting in a manual therapy practice have 
pain ofthoracic spine origin. The nature and site of this 
pain can help identify a cause and the Likely tissues 
involved. Local pain signifies joint involvement, 
particularly if mobility is affected. Diffuse pain 
indicates muscular involvement, particularly if accom
panied by a fatigue pattern in the daily activities. Mild 
discomfort of a chronic nature may indicate degen
erative joint disease. Persistent mid- and upper 
thoracic pain may indicate a flbromyalgic state. 

The reported onset of the prohlem should indicate 
both a mechanism of causation and the expected 
severity of symptoms. The onset may be sudden, 
involving an identifiable incident (e.g. lifting a heavy 
object, sneezing), or it may be gradual, following 
prolonged postural stress (e.g. sedentary work, a 
prolonged period of stooping). A long, gradual onset 
may involve degenerative changes within the spinal 
joints and fibrotic changes within the soft tissues. An 
acute injury may involve damage to soft tissue or 
bone. In a case with no identifiable cause, further 
investigation will be warranted. 

The pattern of events since onset can indicate the 
severity of the condition aod hint at the likely 
response to treatment. A progressively deteriorating 
situation may be a red flag warning, whilst a gradual 
improvement in the symptom picture is a positive 
sign. These considerations may shed light on which 
point in the natural history of the presenting condi
tion the patient has reached, but, in common with 
most musculoskeletal problems, a fluctuating course 
may be expected. 

Symptom modifying factors (aggravating and reliev
ing factors) can guide us to tissues responsible for 
symptoms; they may also have some predictive value 
here, as in the lumbar spine (Burton and Tillotson, 
1991). Early morning stiffness and discomfort suggest 
inflammatory joint involvement, possibly involving a 
degenerative process in the affected joints, partic
uJarl)' in a chronic condition. A gradual increase of 
symptoms and progressive disability throughout the 
day may indicate a fatigue effect, which indicates the 
musculature as the primary site of concern. 

The patient's working environment may play an 

important role in the genesis of mechanical thoIflCic 
dysfunction. A large proportion of upper thoracic 
muscular conditions is associated with sedentary work 
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from medical his/on) 

signiIicant trauma 
mild lTauma in the elderly, or osteoporotic 

FRACTURE 

tobacco abuse 
. age <2Oys or >60ys 

previous history of cancer 
severe nigh t time pain 

patient generally unwell ± weight loss 
patient immunosuppressed ( HIV, drug abuse, 

steroids) 
neurological symptoms below level of thoracic pain 

unexplained cough 

TUMOUR or INFECTION 

symptoms of cardiac disease 
symptoms of respiratory disease 

symptoms of gaslTointestinal disease 

VISCERAL DISEASE 
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from clinical examination 

visual haematoma 
acute tenderness to palpation 

muscle guarding on percussion of vertebrae or rib 
swelling or palpable heat 

FRACTURE 

pyrexia 
palpable swelling 

acute tenderness to palpation 
unexplained skin lesions 

signs of Homer's syndrome 
finger clubbing 

enlarged lymph nodes 

TUMOUR or INFECTION 

positive signs from a cardiovascular exam ination 
positive signs from a respiratory examination 

positive signs from an abdominal examination 

VISCERAL DISEASE 

Fig. 16.1 Red flags for potentiaUy serious conditions when presented with thoracic spine pain. 

(Kahn and Monod, 1989), particularly such tasks as 
Sitting at a computer or driving a motor vehicle. The 
amount of time sitting at the work station or in the 
motor vehicle, combined with ergonomic considera· 
tions, are examples of occupational factors which are 
important in the assessment of the condition. 

A growing acceptance that psychosocial issues are 
relevant in low back pain shouLd lead to exploration 
of this a rea with regard to chronic or recurring 
thoraciC pain, though this component has been little 
investigated. Response to any previous treatment will 
help to direct treatment, and avoid wasting time on 
ineffective therapy. 

Once a thorough case history has been taken , the 

clinical examination can commence, It is essential to 
carry out a comprehensive and thorough examination 
prior to formulation of an appropriate treatment plan , 

Clinical examination 

Observation 

The patient is observed standing from aU sides, 
General posture is noted, as well as overall mor
phology, skin appearance, spinal contours and the 
presence of any deformities, More specifically, the 

symmetry of the shoulders, scapulae and waist creases 
are checked from behind, Muscle bulk, especially the 
trapezei , latissimus dorsi, rhombOid, levator scapulae 
and the erector spinae muscles, can be compared on 
either side and related to the right- or left-handedness 
of the patient, Any readily apparent alteration in 
muscle tone is noted, The spine is observed for any 
latera.! curvature (scotiosis), In the presence of a 

scoliOSis, the pelvis is aJso examined for symmetry by 
placing the thumbs on the three prominent landmarks 
- the posterior superior iliac spine , the iliac crest and 
anterior superior iliac spine - to see if they are level. 

From the side, the curvature of the spine is 
examined to see whether the thoracic kyphosis is 
exaggerated or reduced, either locally or regionally, 
and the shoulder pOSition is observed for protraction 
or retraction. The efficiency of posture can be 
calculated by the centre of line of gravity. This should 
run from the mastoid process, through the bodies of 
Cl, C6 and T9, anterior to the sacral promontory and 
acetabulum, tllrough the patella and finally tllrough 
the talo-navicular joint. Any deviation will place 
increased stress on the supporting soft tissues. 

The patient is then asked to sit down. Ease of 
movement and adaptation of posture is observed. 
Normal changes that occur on Sitting are an increase 
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in kyphosis and protraction of the shoulders. Sitting 
should be maintained with minimal effort; the onset 
of any pain should be noted. Pelvic levels are re
examined to see if they are now equal. The lateral 
curvature is also re-examined. A temporary lateral 
curve (i.e. functional scoliosis), which may be due to 
a leg-length discrepancy, will reduce or disappear on 
sitting, whereas a permanent lateral curve (i.e. 
organic scoliosis) will remain. A local protective 
posture (functional scoliosis) may alter depending on 
patient posture, and can help indicate the tissue 
causing pain. 

Musculoskeletal assessment 

Neurological tests of lower (and possibly upper) 
extremities, including reflexes, muscle power, sensa
tion and plantar responses, should be carried out if 
indicated by the symptoms to preclude any spinal 
cord involvement. 

With the patient Sitting, a vertebral percussion test 
can be carried out. The patient slumps forward and 
the examiner gently taps each spinous process, 
noting any discomfort. The production of an acute 
protective spasm may indicate an underlying fracture 
or pathological condition. 

Whilst standing, the patient is asked to carry out 
active (gross) spinal movements. The overall ease of 
these movements can indicate pain intensity and give 
some insight as to the area of dysfunction. All 
movements should be examined (i.e. flexion, exten
Sion, side-bending and rotation). The examiner 
observes the willingness to move and the overall 
quality of movement. If there is any limitation in the 
range of movement through, for example, muscle 
spasm or a reluctance or fear of moving, then the 
extent and nature of the limitation is noted. The 
severity, location, speed of development of any pain 
associated with limitation, and when it occurs, is also 
noted. Breathing mechanics can be assessed by 
placing a thumb horizontally on the lib angle at either 
side and noting symmetry of movement during 
inhalation and exhalation. The examiner will now 
have an idea of which spinal movements reproduce 
or increase the symptoms, thus giving an indication 
of the tissues involved. 

Passive movement can be assessed with the patient 
either seated or lying prone. It allows the examiner to 
assess the state of the skin, muscles and periarticular 
tissues and the segmental vertebral movement. 

Palpation commences with the skin. This is tested 
for temperature, texture, mOistness, colour change 
and any evidence of dysaesthesia, hyperaesthesia or 
anaesthesia, which all suggest altered vasomotor 
activity. Elasticity can be assessed by pinching the 
skin between thumb and forefinger and observing 
how quickly it resumes its former tautness. Reduced 
elasticity occurs in dehydration, ageing and some 
metabolic diseases. 

The subcutaneous tissues are felt for the presence 
of oedema, which gives a 'doughy' feel. Any areas of 
(fibrotic) thickening or tenderness, which are often 
associated with chronic spinal dysfunction, are 
noted. The paraspinal and periscapular muscles are 
palpated to assess their physical state. Muscle tone is 
assessed; normal tone gives a soft feel with a small 
degree of resistance. A protective muscle state may 
involve only a few segments or a large area of the 
thoracic spine; however, it must be noted that the 
distribution of the protective tone cannot always be 
used to identify the lesion causing it. The muscle is 
checked for contracture, which gives a 'ropy' or 
'stringy' feel indicative of chronic hypertonicity. 

The periarticular tissues are palpated, where possi
ble, for thickening or tenderness, and pressure is 
applied to the interspinous spaces to check for 
ligamentous tenderness. 

Passive joint mobility can be assessed with the 
patient lying prone. Downward (postero-anterior) 
pressure is applied to a spinous process of one 
vertebra, whilst the interspinous space above is 
palpated. The spinous process is moved into flexion 
or extension and actual movement at the inter
spinous space, as well as an impression of joint 'give', 
can be assessed. Similarly, Side-bending and rotation 
can be tested using a cross-handed technique on the 
transverse processes on either side (one hand above, 
one below the intersegmental joints) using a down
ward and caudad-cephalad movement. This may be 
carried out on aLi segments of the thoracic spine. One 
hand can then be moved on to the angle of the rib on 
one side, and movement at the costovertebral joints 
may be tested - again in any desired plane of 
movement. If the springing produces a reflex mus
cular guarding this may indicate an unstable spinal 
segment (pOSSibly of pathological origin), so care 
must be taken. 

Joint mobility can also be assessed with the patient 
sitting. The examiner stands behind and side on to the 
patient, reaching round with the nearest arm clasping 
the patient's folded arms and palpating either the 
spinous processes or transverse processes with the 
other hand. The patient'S trunk is moved into flexion, 
extension, Side-bending or rotation using the arms as 
a lever. The degree of movement and end-point 
resistance are assessed at each segment on both sides. 
Soft tissue restriction will give an elastic end-feel with 
further movement painful but possible, whereas a 
blocking due to ankylosis has a solid end-feel and may 
be painless. 

Mechanical dysfunction 

The assessment of thoracic f-unction aims to compare 
accepted criteria of normal movement and tissue 
states to those of the patient being examined. The 
assessment includes observation and analysis of 
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active and passive movement . The approximate 
physiological norms need to be known to compare 
any alterations meaningfully. If it is accepted that 
alteration of function can be a cause of pain or, less 
commonly, other symptoms (numbness, pins and 

needles), the next step is to decide where the 
dysfunction is occurring. The alterations from normal 
may reflect structural changes in, for example, the 
intervertebral discs, or zygapophysial joint arthrosis. 
The term 'dysfunction' may therefore be misleading, 
as irreversible pathological change may have taken 
place in the tissues. -n1e earlier part of the chapter  
described how the assessment i s  achieved; this 
section will attempt to classify dysfunction. 

Intervertebral disc 

Symptomatic interve11ebral disc disease is less com
mon in the thoracic than in the cervical or lumbar 
spine, though it is a not infrequent incidental finding 
on spina l imaging (Videman el aI., 1994). The 
anatomy of the vertebral bodies in the thoracic spine 

tends to protect the intervertebral disc, but if nuclear 

material does prolapse posteriorly there is potential 
for nerve root and cord compression.  Referred pain 
in a dermatome may arise not from discal com
promise of the root but from other spinal structures 
or from the adjacent costovertebral joint; in the case 
of the latter, the pain will tend to follow the line of 
the rib or intercostal space . 

ZygapoPbysial and costovertebral joints 

When the thoracic spine is assessed, there are two 
groups of synovial joints to be aware of; the 
zygapophysial joints and the costovertebral joints. 
Problems can occ ur within either of these articuJa
tions or in both simultaneously; there can be a 
dysfunction of the zygapophysial joint a nd/or the 
costovertebral joint . The cause of the dysfunction will 
create different clinical presentations (the site of local 
tenderness and re ferral pattern will help with dis
crimination) . A muscular component is often present; 
this can affect the intercostal muscles causing radiat

ing costal pain (the possibility of herpes zoster 
should, of course, be borne in mind). 

Acute jOint strain will normally recover within the 
expected 4-6 weeks, The chronic joint conditions 
that occur in the lumbar spine are not as evident in 
the thoracic spine. Degenerative joint changes a re 
also less evident, though diffuse idiopathic spinal 
hyperostosis (DISH) can extend into the thoraCiC 
region, 

Muscle 

[f intervertebral disc disease is frequently asympto
matiC, thoracic joint degeneration may cause only a 
mild degree of discomfort and ligamentous damage is 
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uncommon (due to the relative ly limited mobility in 

the thoracic region), it foll ows that the tissues most 
likely to be implicated in c hronic or recurrent 
symptoms are the spinal and periscapuJar muscu
lature. Adaptive tissue changes occur as fibrosis of the 

muscle, fascia and connective tissue. This appears to 
cause reduced aerobic cellular respiration and ischae
mic changes in the muscle, with a decrease in 
elimination of metabolites (notably potassium); 

fatigue of the muscles occurs with symptoms of 
muscul a r  aching. There will follow further adaptive 
fibrotic changes in the muscle tissue. The chronic and 
recurrent thoracic conditions that often have a large 
muscular involvement appear to be more prevalent in 
sedentary workers (Kahn and Monod, 1989). 

Viscerosomatic confUSion 

The clinical picture associated with thoracic pain can 
be confusing; symptoms may have a visceral or a 
somatic cause, and the differential diagnosis of 
thoracic pain includes visceral disease as a cause of 
the presenting symptoms . Differentiation is not 
always simple . Even in the a bsence of any evidence of 
visceral disease, there still need to be specific signs 
and clinical findings of mechanical dysfunction to 
conclude a mechanical origin for the symptoms, 
There is some reference to this viscerosomatic 
confusion in the research literature, e,g. pseudo
visceral pain referred from costovertebral arthro
pathies (Benhamou et at"� 1993) and diabetic thoraco
abdominal neuropathy as a cause of chest and 
abdominal pain (Harati and Niakan, 1986), but it 
remains an enigma (Dyck and Embree, 1981). Appro
priate investigations obviously depend on the target 
organ and are outside the scope of this chapter; the 
issue is mentioned here as a simple warning. 

Specific conditions 

Other conditions of the thoracic  spine, with a 
specific disease process and pathology, may have a 
secondary mechanical  effect on the spinal structures. 
The mechanical element may be amenable to assess
ment and treatment by osteopaths, but de tails of 
aetiology, pathology and diagnosis need not be 
considered here. 

Asthma 

The thorax is usually held in inspiration with hor
izontal ribs, giving an impression of a 'barrel chest'. 
There is either a long kyphosis or an extension group 
from T2- T4 with a f lexed Tl- T2. There is hypertonia 
of the intercostal, respiratory and thoracic paraspinal 
musculature with possible hypertrophy. The lower 
ribs become flared, and the upper ones hypermobile. 
There is a shortening of the antero-posterior diameter 
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of the thoracic inlet, resulting in possible involve
ment of the brachial plexus. The acromioclavicular 
and sternoclavicular joints also may show restricted 
mobility, along with an internal rotation of the 
glenohumeral joint. 

Ankylosing spondylitis 

Clinical features include intermittent backache and 
progressive stiffness, especially of the lower thoracic 
and thoracolumbar region. The pain and stiffness are 
worse in the morning, easing after about 1 hour. On 
examination, there is a reduced lumbar lordosis with 
an increased thoracic kyphosis and protraction of the 
shoulders. Spinal movements are severely limited, 
especially in Side-bending, and chest expansion is 
often reported to be reduced. The sacroiliac joints 
can be tender with pain reproduced on sacral 
springing. Neurological signs may be present in the 
lower extremities due to cauda equina compression, 
which necessitates immediate surgical referral. 

Osteochondrosis 

This condition leads to an anterior narrowing of the 
intervertebral disc with anterior wedging of the 
vertebral bodies. There is initial pain and tenderness 
over the affected segments, which subsides after a 

few months, leaving a kyphosis of varying severity 
and marked protraction of the shoulders. These 
changes are, of course, irreversible, and may cause 
problems later in life due to their effects on posture 
and a subsequent breakdown of compensatory mech
anisms, with a predisposition to spondylarthrosis. 

Scoliosis 

Adolescent idiopathic scoliosis is known to be 
associated with back pain and consequent disability 
and handicap later in life (Mayo et aI., 1994). Limited 
mobility and reduction of antero-posterior curves, 
notably a tendency to thoracic lordosis (Deacon et 
aI., 1984), have been demonstrated (Ohlen et al., 
1988; Poussa and Mellin, 1992), so it is tempting to 
think that early intervention using physical modalities 
could be helpful for symptom reduction and improve
ment of respiratory difficulties, if not necessarily for 
limiting curve progression. 

Management 

Aims 

Once the osteopath is confident that the patient is 
presenting with a musculoskeletal problem without 
serious underlying pathology, an appropriate treat
ment plan can be formulated. This will be based on 

information collected during the interview and the 
findings from the clinical examination. 

The underlying principle of treatment is to affect 
the various component parts to allow them to regain 
their appropriate function within the general move
ment of the thoracic spine. This, theoretically, should 
lead to an improvement in flexibility and normal
ization of neural input, with subsequent reduction of 
pain, disability and dysfunction. Treatment consists of 
a variety of manual techniques directed at the joints 
and soft tissues. 

Treatment of mechanical dysfunction 

soft tissue techniques 

These are slow, rhytlunical techniques applied to 
areas of hypertonic or fibrotic muscles. They aim to 
induce relaxation, thus increasing circulation to 
promote oxygen supply and clear metabolites; argu
ably this should also allow i.ncreased range of 
movement of related joints. Soft tissue techniques can 
be applied to the majority of the muscle groups of the 
thorax (the periscapular, erector spinae, trapezei, 
pectoral muscles, etc.). 

Kneading 

Th.is is a slow, rhythmical movement with some 
degree of pressure applied across the muscle fibres. A 
rate of 10 -15 cycles per minute produces a relaxing 
response; progressive increases in frequency can 
produce a stimulatory effect to a normal maximum of 
36 cycles per minute (Hartman, 1985). The amOlmt of 
force applied will depend on the build of the patient 
and depth of the target tissues. TIle operator places a 
thenar or hypothenar eminence on the muscle belly, 

and uses body weight to slowly apply pressure deep 
enough to affect the tissues without causing undue 
pain. The response of the tissue is constantly mon
itored, and once a degree of relaxation is sensed 
the pressure is eased off. The procedure is repeated 
until the operator feels that the desired change has 
occurred. 

Stretching 

This can be applied across the direction of the muscle 
fibres or in a longitudinal direction. 

In the cross-fibre technique, the operator places a 

thumb at the medial side of the muscle paraUeI to the 
fibres. This is reinforced with the thenar emi.nence of 
the other hand; gentle anterior and lateral pressure is 
applied and held for 3-4s, and then slowly released. 
A small extra stretch can be applied at the end of each 
movement to produce rapid tension release. 

Longitudinal stretching is most easily carried out 
with the patient lying prone. The operator's forearms 
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patient 's elbows, which are llsed as a lever. Compres
sion then traction and flexion are applied, combined 
with small amounts of side-bending and rotation. 
These forces are then rapidly exaggerated in a 
poster ior direction along the patient 's humerus. This 
technique is called a 'lift off'. 

Supine 

The patient Lies with arms crossed as for seated mid- or 
lower thoracic thrusts, grasping the shoulders tightly. 
The operator faces towards the patient, reaches across 
and then places a hand with curled fingers under the 
patient's thoracic spine so that the thenar eminence 
and bent fingers are on either side of the spinous 
processes. This acts as a fulcmm and localizes the 
thmst to a specific segment. Gentle compression is 
applied centrally through the patient's arms in an 
amero-posterior direction. The thrust is applied with 
the operator's chest along t he axis of the humerus. 

Prone 

This procedure is an extension of the cross-handed 
prone articulation technique previous ly described. 
Using combinations of side-bending and rotation, the 
thrust is directed in a postero-anterior direction. 

Table 16.1 gives a summary of the common 
therapeutic options that may be considered. 

Treatment of specific conditions 

Scoliosis 

The prevalence of back pain in subjects with 
adolescent idiopathic scoliosis is high (Mayo et al., 
1994), thus many osteopaths are likely to be consulted 

by patients with scoliosis. However, care must be 
taken when presented with an id iopathic scoliosis in a 
growing child; the determinants of curve progression 
are ill-understood , and there is now good evidence 
that bracing can be successful. The authors suggest 
that these patients only be treated under the guidance 
of a hospital consultant. Later, after curve progression 
has stabilized, it may be possible to offer symptomatic 
relief. A range of techniques may be useful, including 
gentle soft tissue stretching and articulatory approa
ches to thoracic musculature, intervertebral and 
costovertebral joints , perhaps combined with a variety 
of exercises. Although there is no scientific evidence 
that manipulative treatment can alter structural scolio
sis (Nykoliation et at., 1986; Danbert, 1989), it has 
been claimed that manipulation, espec ially that aimed 
at the apex of the curve, may increase flexibility, 
improve function and possibly give a better prognosis 
(Danbert, 1989). Thoracic flexion exercises in Milwau
kee brace wearers have been shown to have a short
term effect on curvature (Miyasaki, 1980). Whilst there 
is some doubt that flexion exercises alone can 
influence thoracic mo bility in hea lthy individuals 
(Spinal Research Unit, University of I-Iucidersfield, UK 
- unpublished data), it has been shown that exercises 
in a small sample of scoliotics did render the spine less 
rigid (Dickson and Leatherman, 1978). It remains 
possible that a co mbination of manual therapy and 
exercises may improve spinal function and reciuce 
symptoms; any effect on the extent of curvature or rate 
of progress remains a matter of speculation. 

Asthma 

Osteopat hic treatments can be used to promote the 
overall wellbeing of the patient rather than having 

Table 16_1 Guidelines to osteopathiC treatment Of mechanical dysfunction 

Dysfunction Soft tissue Articulation High velocity Pain relief Activity/ Advice 
thrust exercise 

Joint paraspina l chronic: lafge chronic: acute: ice shoulder . POSltlraJ , 
dysfunction cross-fibre, amplitude; springing, AP packs, exercises anel ergonomic and 
(zygapophysial stretching acute: small thrust; acute: NSAlDs thoracic psychosocial 
or amplitude AP thfust Iift- exercises advice 
costovertebral) off 

Muscular 

Acute gentle cross- small AP springing, ice packs, gentle gentle activity 
(tissue teaf) fibre, stretch, amplitude lift-off thrust NSAlDs stretching with gradual 

relaxation exercises increase 

Chronic gentle cross- large amplitude AP springing, heat daily shoulder postural and 
(fibrosis, fibre, stretch, Lift-off thrust and thoracic ergonomic 
fatigue) deep friction stretching advice, daily 

exercises periods of 
relaxation 
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any influence on the disease per se, Breathing 
mechanics can be improved by increas ing costoverte
bral mobiliry and reducing hypertonia in intercosta l 
muscles, accessory muscles and , in particula r, the 
scaleneii ,  The thoracic spine is  treated to improve 
mobility and fu nct ion , although thrust techn iques are 
not recommended , especial ly if the patient has been 
taking corticosteroids,  

Osteochondrosis 

It would be unrealistic to expect to resto re full 
mob ility of the thoraCiC spine,  due to the n a t u re of 
the disease , Therefore treatment aims to improve and 
maintain mobility of the kyphosis as much as 
possible, thus redUCing the stra in o n  neighbouring 
structures and aiding the ir  ability to compensate ,  This 
can be aclUeved t luough a combi natio n of soft tissue ,  
articulatory a nd , pOSS ibly, gentle thrust tec hniques , 

Treatment is also d irected at improving posture and 
attempting to limit the subsequent increase in cervi
cal a nd lu mbar lordosis ,  The young patient is advised 
to avoid heavy lifting a n d  excessive activity, especially 
that ca using jarring to the spine , to minimize any 
further deformity. 

Aflkylosing spondylitis 

Arguably, the main aim of treatment in this case is to 
delay complete ankylosis, th us l imiting the deformity 
and consequent restriction of respirat ion , How suc
cessful tlUs may be is a matter for speculation,  but it 
seems at least reasona ble to use physical  methods to 
reduce st iffness , Indeed , i t  has been shown that 

Osteopathic management of thoracic spine pain 265 

exercises reduce longstanding stiffness to the same 
extent as in recent cases (Hidding and van der Linden , 

1995). Osteopath ic manual treatment may be expec
ted to have a similar effect. Firm articulation can be 
used to maintain as much flexibility of the thoracic 
spine and costovertebral  joints as possible (with some 
care being ta ken in the ear ly stages) , and can be used 
al ongside an appropria te exercise regime n .  

Table 1 6, 2  gives a summary of the various ther
apeutic and management options that an osteopath 
may choose for the above cond ition s . 

Exercises 

Osteopaths regularly p rescribe exercises for patients 
with spinal disorders (Burton,  198 1 ) , but do so less 
frequently than,  say, physiotherap ists . As well as 

promoting m o bility and increasing muscle strength, 
daily exerc ises will also give patients some responsi

bility for he lping their problem, The foll owing exer
cise reginlens may variously be considered appro
priate for pa tients with thoracic spine disorders. 

Extension exercises 

These a re beneficial for patients with a kyphos is ,  as in 
osteochondrosis or ankylosing spondylitis.  The 
pati ent lies supine on the floor over a rolled up towel 
placed across the thoracic sp ine to act as  a fulcrum , 

The patient inhales and raises the arms over the head 
to rest on the floor. This position is held for a few 
seconds, and the arms are returned on exhalation , 
This also promotes mobi lity of the costovertebral 

Table 16.2 Guidelines to osteopathic treatment of specific conditions 

Type Soft tissue Articulation High velocity 

thrust 

Asthma stretching of AP spri nging smai.l 
pa rasp inaI and amplitude 
rib muscles 

Ankylosing stretc h i ng of thoracic and small 
spondylitis paraspinal lumbar large amplitude 

musc les amplitude 
movement 

Osteochond rosis st retch i ng of large amplitude sma lJ 
parJspinal  ampl itude 
muscles 

Idiopathjc stretch ing of smaU small 
scoliosis paraspi.nal amp l itude amplitude 

muscles 

Pain relief 

NSAlDs and 
local ice 
packs dur ing 
an acute 
phase 

NSAlDs 
during acute 
phase 

Actlvity/ 
exercises 

shoulder and 
thoraciC 
exercises to 
encou rage 
chest 

expans ion 

extension 
exercises 

extension 
exercises 

flexion 
exercises 

Advice 

encourage 
regu lar 
exercises and 
periods of 
rela,xation 

sleeping prone 

posrural advice , 
particularly in 
adolescents 

gene ra l  exercise 
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j oints. To strengthen the thorac ic muscles as we l l as 
promoting extensibility, the pa tient sits back onto the 
heels o n the floor and bends forward to rest the 
forehead on the floor. The arms rest by the sides of 
the legs , with palms fac ing olltwards .  The thoracic 
sp ine i s  then extended , arms externally rotated and 
head and shoulders raised to flatten the kyphosis 
whilst ensuring the lumbar region remains fl exed . 
This position is held for an increasi ng number of 
second s .  The effect can then be reinforced by 

abducting the arms to 90° .  

Flexion exercises 

These can be suggested to patients with adolescent 
idiopathic scoliosis, in an attempt to increase the 
le ngth of the posterior spinal struc tures (Roaf, 1 966) 
and hence reduce the lordotic element of the c urve . 
The patien t  is seated and reaches back with both 
h ands over the shoulders as far as possible to grasp 
either side of the upper thoracic spin e .  The el bows 
are brought down and together and the patient bends 

fo rward , re inforcing the flexio n  by p ulling down with 
the hands.  This position is held for 10 - 1 5  s and is then 

repea ted . 

Rotational exercises 

A combined rotation of the spine and stretch of the 
erector spinae muscles is achieved by the patient 
sitting on a stool with folded arms and sl owly turning 
the head and upper body to one side as far as possible 
without pain and holding this position for 5 s .  This is 
repeated for the other side.  The thoracic spine may be 
stretched by the ' figure-of-eight ' exercise. For this , the 
patient sits in a chair supporting the lumbar spine , 

interlinks the fingers behind the neck and brings the 
elbows together, a figure-of-eight is  ' drawn ' in the air 
by the elbows, bu t it is the thoracic spine that m a kes 
the movement and not the shoulders. This is  carried 
out for a few minutes,  three or fo u r  tinles a day. 

General exercise 

Swimming is a good form of exercise fo r the thoracic 
sp ine , as well as imp rov ing cardiovascular perform
ance. Breaststroke with the head held out of the 
water i s  not recommended because pat ie nts with 
thoracic (or cervical problems) often find it uncom
fortable . Front crawl and any backstroke are effective 
styles of swimming. Swimming will stretch shoulder 
and spinal muscles, stretch thoracic and costoverte
bral joints , and improve spinal muscle tone . 

Advice 

The sort of advice offered by osteopaths will 
have much in common with that offered by other 

cliniCians, and can conven iently be presented in list 
for m :  

• U s e  of i c e  packs or non-steroidal anti-inflammatory 
preparations (oral or topica l) 

• Rehabilitation exercises 
• Ergono mic advice 
• Training advice for sport 
• Relaxation techniques . 

The advice appropriate for different conditions is 
given in Tables 1 6 . 1 and 16 . 2 .  The concept of a 

biopsychosocial approach , such as advocated for low 
back problems (Waddell ,  1987), may well be appro
priate in cases of thoracic patho logy, but has not been 
investigated in great  deta il fo r th is group of patients. 
However, clinic ians would be well advised to con
sider a possi b le psycho logical component , pa rtic

u larly for insta nces of chronic pain with no objective 
findings . 

Sununary 

Thoracic pain is a not unco mmon p resentation in 
osteopathic practice ,  and many cases will be of 

mechanical o rigin with involvement of the soft 
tissues around the scap u lae and ribs , as well as the 

thoracic spine . In add ition , some specific, essen tially 
non-mechanical cond i tions will have musculoskeletal 
components that are amena ble to osteopathic inter
vention . Once any red flags for serious pathol ogy or 
d i sease h ave been el i minated, a detailed history and 
phys ical examination should be able to give some 
clue as to the tissues involved and the possible 
causes. Managemen t  will i nvolve a variety of manua l 
treatment methods d irecte d ,  in the main, to improv

ing functional mob ility by attempts to reverse ad a p

tive soft tissue changes or induce muscular relaxa
t ion .  Many of the soft tissue techniques (as well as 
exerc ises) used by osteopaths probably have a 
biomechanical effect via the viscoelastic nature of the 
musc le - tendon units.  S tretc h ing wil l e longate these 
structures and fac i l i tate improved joint movement, 
but further research is required to optimize such 
parameters as stretch freque ncy a nd veloci ty  (Taylor 
et al., 1 990) . The tra d itional use of high-veloci ty 
thrust techniques by osteopaths has ap p l ications in 
the thoracic spine as well as other spinal reg ions ;  the 
effects may well be mediated through reflex respon
ses (Suter et aI. , 1 994).  In contrast to the l u mbar 
spine , where there is accumulating eviden ce fo r the 
efficacy of ma nipu lative methods (Shekelle , 1 994), 
clinical trials are lacking for thoracic pa i n ; however, it 
seems reasonable to assume that a simil a r level of 
efficacy will apply, at  least for thoracic pain of 
mechanical origin . 

Copyrighted Material



References 

Beal ,  M.e .  ( 1 983) Pa lp'HolY 
in patients with 
73 - 82 .  

Bea l ,  M . e . ,  Dvorak , J ( 
spine :  a comparison 
their relationship 
2 5 - 32 .  

somatic dysfunction 
ciise]se. JA OA 82:  

Benhamou, e.L . ,  ROllx. et al. ( 1 993) 
Pseudoviscera l pain referred from costovertebral arthro
pathies: Twenry eight cases . Spine 18: 790 -795.  

Burton, A.K.  ( I  978) The prior medical  contact of osteopaths' 
patients. Br. Osteopath. ). 1 1 :  1 9 - 23 .  

Burton,  A .K .  ( 1 98 1 )  Back pain i n  osteopathic practice. 
Rheumatol. Rehabil. 20: 239- 246.  

Burton ,  A.  K . ,  TiUotson ,  K.M. ( 1 99 1 )  Prediction of  the clinical  
course of low-back trouble using multivariabJe models .  
Spine 1 6: 7- 1 4 .  

Clinical S tandards Back Pain. 
London :  H MSO. 

Conway, PJ.w. , Herzog, 
required to cause 
the thoracic spine .  

Danbert, RJ ( 1 989) 
for manipulative 
38 . 

( 1 993) Forces 

and rationale 
Plr),siol. Tber. 1 2: 

Deacon,  P ,  Flood, R . M . ,  Dickson ,  R .A .  ( 1 984) Idiopathic 
scollosis in  t hree d imensions. A rad iographic and morpho
metric analysis .  j Bone JOint Surg 66B: 509 - 5 1 2 . 

Dickson ,  R .A . ,  Leatherman, D. ( 1 978) Cotrel t ract ion,  
exercises, casting in the treatmen t  of idiopatltic scoliosis. 
A cta Orthop. Scand. 49: 4 6 - 48. 

Oyck, V G . ,  Embree, B.E. ( 1 98 1 ) The e nigma of referred 
abdominal pain in ch iroprdctk practice: a l i terature 
review and case Physiol. Ther. 4 :  
1 1 - 1 4 .  

Harat i ,  Y ,  Niakan, E 
neuropathy: a cause lor 
Intern Med. 146: I 

Hartman,  L .S .  ( 1 985) n{,1Y/.{,lfJO·l)!c 

2nd edn .  London:  

tlloraco-abdomina l  

Hidding, A . ,  v a n  der I Fac tors related 
to change in global health aller group physical  therapy 
in ankylosing spondyl it is .  Clin RheU1JUltoi. 14:  

347- 3 5 1 
Hinkley, H J ,  D rysdale,  I . P  (1 995) Audi t  of 1 000 patients 

attending the clinic of the Brit ish College of Naturopathy 
and Osteopathy. Br. Osteopath. ] 16: 1 7 - 2 2 .  

Osteopatbic management of thoracic spine pain 267 

Kah n ,  J . R ,  Monod, H. ( 1 989) fatigue i nduced by static work . 
ErgonomiCS 32:  839 - 846. 

Kelso.  Kappler, R.E. ( 1 980) A 
ostt'opathic examination .  jA OA 

460 - 167 
Poitras, B .  et at. ( 1 994) 

M iyasaki .  Immediate influence of the 
fk,inn \"crtt'bral pOSit ion in Milwaukee 
wearers. Phys. Ther. 60: 1 005 - 1 009.  

Nykoliation , D.e. ,  Cassidy, J. D . ,  Arthur, B.E.  et at .  ( 1 986) An 
a l gorithm for the managemen t  of scoliosis.  ] Manlp. 
Physiol. Ther. 9: 1 - 1 4 .  

OWen, G . ,  Aaro, S .  and Bylund ,  P ( 1 988) The sagitl<"ll 
configuration and mobWry of the spine in idiopathic 
scoliosis .  Spine 13: 4 1 3 - 4 1 6 . 

Surg 

P ( 1 994) A survey of chiropractic practice i n  
.! rhirn,/)I" 42:  3 - 28 .  

Spinal mobiliry and POSI.llIT 
scoliOSis a t  three stages of  
757 -760. 

(1 993) Study of 500 
p ractice .  Br. ] Gen Pract. 

anatomy of scoliOSiS . ] Bone 

Shekel le ,  PG. (1 994) Spinal manipulation .  Spine 1 9 :  

858 - 86 1 .  
Suter, E . ,  Herzog, w. , Conway, PJ e t  al. ( 1 994) Reflex 

response associated with manipulative treatment of the 
thoracic  spine . ]  Neuromusculoskel. Syst. 2: 1 24 - 1 30 . 

Taylor, D .C . ,  Dalton, ]. 0. , Seaber, A.V et al. ( 1 990) Visco
elastic properties of muscle-tendon units. The biomechan
ical effects of stretching. A m. ] Sports Med. 18: 

300 ······ )09 
. Wright, V ( 1 97 1 )  CrackIng 

cavitation  in the metacarpoplt:I' 
Dis. 30: 348- 358 . 

et al. ( 1 994) 
illtcrcorrelat ions of MRl fmd ings 

spine from a male population 
25: In ternational Society 

Study of the Lumbar Spine. 
Waddel l ,  G. ( 1 987) A new c linical model for the treatment of 

low back p ain. Spine 1 2: 632 - 64 4  
Welch,  M. ,  Fletcher, P. ,  Piper, e.  ( 1 995) A statistical package 

for clinic audi t  analysis: a pilot study at the European 
School of Osteopathy. Br. Osteopath. ] 1 5 :  2 1 - 27 .  

Copyrighted Material



Physiotherapy management of thoracic spine 
pain 

D. G. Lee 

Introduction 

The thorax has received little attention in the 
literanIre pertaining to back pain, yet clinicians are 
presented daily with the challenge of treating both 
acute and chronic thoracic pain. It was this challenge 
which initiated the clinical work presented in the text 
Manual Therapy for the Thorax - A Biomechanical 

Approach (Lee, 1994a). This chapter contains some 
of the material from this work, and is reproduced 
with permission. 

TIle thorax can be divided into four regions 
according to anatomical and biomechanical differ
ences : 

1. The vertebromanubrial region (upper thorax) 
includes the first two thoracic vertebrae, ribs one 
and two and the manubrium 

2. The vertebrosternal region (middle thorax) 
includes T3 - T7, the third to seventh ribs and the 
sternum 

3 The vertebrochondral (middle/lower thorax) 
region includes T8, T9 and TlO together with the 
eighth, ninth and tenth ribs 

4. The thoracolumbar junction is the lowest region, 
and includes the TIl and Tl2 vertebrae and the 
eleventh and twelfth ribs. 

The intent of this chapter is to present the examina
tion and treatment of the thorax following a bio
mechanical model which has been used clinically 
(Lee, 1993, 1994a, 1994b) for mechanical dysfunc
tions of both the spinal and costal joints. Some parts 
of this model have been substantiated through 
experinlental study (panjabi et at., 1976), while 
others remain empirical. For a complete review of 
this biomechanical model, the reader is referred to 

Lee 0993, 1994a, 1 994b) , Examination and treat

ment techniques for the vertebromanubrial and 
thoracolumbar regions differ from those for the rest 
of the thorax, and will not be covered in this 
chapter. 

Conditions of the thorax 

According to the medical model, conditions of the 
thorax may be classified as visceral, metabolic , 

infective, neoplastic and spondylogenic in origin. It is 
important for all primary contact clinicians to recog
nize that visceral disorders can refer pain to the 
thorax. The pain tends to be dull and deep and not 
influenced by changes of posture. Rest may not afford 
relief from the pain. 

In addition, some metabolic conditions can affect 
the thorax. These include ankylosing spondylitis , 

diffuse id iopathic skeletal hyperostosis (DISH), rheu
matoid arthritis, osteoporosis, fibromyalgia, ochro
nOSiS, gout, tuberculosis and Paget's disease (see also 
Chapter 5). Although manual therapy is not neces
sarily contraindicated when these conditions are 
present, the clinician may need to modify the 
intensity of treatment and possibly expect a reduced 
outcome. 

Bacterial and viral infections can occur within the 
skeletal components of the thorax. The patient usually 
feels systemically unwell, and the characteristics of the 
pain behaviour should alert the clinician to suspect a 
non-mechanical source of pain. Systemic inflamma
tory and/or infective disorders can be differentiated 
from traumatic inflammation by the lack of trauma in 
the history and the inconsistent response of the joint 
to mechanical stress and rest, as well as the lack 
of resolution with appropriate therapy over a short 
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period of time. Patterns of response to therapy that 
deviate from the norm should be quickly recognized 
and subsequent medical investigation pursued. 

Botb benign and malignant tumours can occur in 
the skeletal components of the thorax. Secondary 
metastases are common from the lung and breast, and 
a past history of carcinoma should alert the clinician 
to this possibility. 

Spondylosis can arise from dysfunction of the 
musculoskeletal system secondary to major or minor 
trauma. Scoliosis is a complex, multifactorial problem 
of both known and unknown causes. It may be 
congenital or acquired, either from disease or injury. 
It has long been recognized (Kendall et al., 1993) that 
idiopathic scoliosis involves muscle imbalance. In 
1930, KendaU noted that the muscle weakness was 
almost always found in the lateral abdominal, anterior 
abdominal, pelvic, hip and leg muscles. This weak
ness caused the body to deviate from either the 
lateral median plane or the anterior-posterior median 
plane, causing the patient to compensate for the 
deviation by substituting other muscles in order to 
maintain equilibrium. As a consequence of this 
substitution, the patient invariably tended to develop 
muscles which cause lateral rotatory movements and 
thus lateral curvature with rotation resulted (Kendall 
et al., 1993). 

However, even the most compliant patient and 
diligent therapist cannot prevent the progression of 
some scoliotic curves with exercise. Current research 
on the aetiology of idiopathic scoliosis has revealed a 
possible central processing or neural component 
(Machida et al., 1993; Maguire et al., 1993). The 
reader is referred to Kendall et al. (1993) for 
information regarding the evaluation and treatment of 
muscle imbalances of the trunk and lower extremities 
and to the referenced material for further information 
on the neural basis of idiopathic scoliosis. 

Although the medical model of classification is 
usehlL for understanding the aetiology of pain, 
classifications that follow a biomechanical model 
based on mobility and stability are more useful for the 
manual therapist. In keeping with this latter model, 
disorders within the thorax can be classified into 
three groups, each of which describes the objective 
findings noted on mobility testing and suggests the 
appropriate treatment. They include: 

1 .  Hypomobility with or without pain 
2. Hypermobility with or without pain 
3. Normal mobility with pain. 

This classification does not provide a specific anatom
ical or physiological cause for the aberrant mobility 
noted; however, since manual therapy techniques are 
specific to restoring movement patterns, the cause is 
not required for formulating a treatment plan . The 
aim of aU evaluation procedures is to identify the 
system (i.e. articular, myofascial, neural) that is 
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affecting hmction. Treatment can then be modified to 
either mobilize or stabilize the appropriate system. If 
the biomechanics are restored, and if the underlying 
aetiology is biomechanical in nature, symptomatic 
and objective improvement lIsually follows. 

Clinical examination 

Subjective examination 

When a consistent approach to examination is 
followed, the patterns of mechanical dysfunction 
emerge. An outline of the subjective examination 
follows: 

1. Patient's name, age and doctor 
2. Current history and past history, along with details 

of past treatment 
3. Details of pain/dysaesthesia: 

location 
relieving/aggravating activities 
distal paraesthesia 
bowellbladder function 
effect of sustained slump and/or neck flexion 

4. Questions concerning sleep: 
surface/position 
night wakening 
status in morning 

5 .  General information: 
occupation/sport!hobbies 
general health 
medication 

6. Adjunctive tests and their results. 

Current medical history 

The mode of onset of symptoms should be estab
lished - was the onset sudden or insidious? Was there 
an element of trauma' If so, was there a major 
traumatic event over a short period of time, such as a 
motor vehicle accident, or was there a series of minor 
traumatic events over a long period of time? Is the 
patient presenting during the substrate, fibroblastic 
or maturation phase of healing (peacock, 1984; Lee, 
1994a)? Is this the first episode requiring treatment, 
or is this a recurring problem? 

Pain/dysaesthesia 

Where is the pain and/or dysaesthesia? Is it localized 
or difhlse? Where does it radiate to, and can the 
quality be described? If there is symptom referral, 
does it tend to refer around the chest or through the 
chest'What activities, if any, aggravate the symptoms? 
How long does it take for this activity to produce 
symptoms? Which activities (including how much) 
provide relief? 
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270 Clinical Anatomy and Management of Thoracic Spine Pain 

Sleep 

Are the symptoms interfering with sleep' What kind 
of bed is being slept in, and what position is most 
frequently adopted? Does rest provide relief? 

Occupation/leisure activities/sports 

What level of physical activity does the patient 
consider his or her normal and essential level, with 
respect to a return to full function? What are the 
patient's goals from therapy? 

General itiformation 

How is the patient's general health' Is any medication 
being taken for this or any other condition? What are 
the results of any adjunctive diagnostic tests (i. e . 

X-rays, computed tomography or magnetic resonance 
scans, laboratory tests)? 

The answers to the subjective examination indicate 
the nature, irritability and severity of the presenting 
problem. 

Objective examination 

The objective examination is outlined in Table 17.1. 

Postural analYSis 

Deviation of the thorax from the three cardinal body 
planes is common, and is not necessarily associated 
with symptoms. However, mechanical dysfunction 
often presents with postural deviation, and therefore 
postural analysis in relation to the sagittal, coronal 
and transverse body planes is essential. 

In the sagittal plane, a vertical line should pass 
through the external auditory meatus, the cervico
thoracic junction and the glenohumeral jOint, tran
sect the vertebrae at the thoracolumbar junction and 

pass through the sacral promontory slightly posterior 
to the hip joint and slightly anterior to the talocrural 
joint and naviculo-calcaneo-cuboid joint (see Chapter 
2, Fig. 2. 2). 

In the coronal plane, the clavicles should be 
horizontal, the manubrium and sternum vertical, and 
the scapulae should rest such that the mediaI border 
is parallel to the thoracic spine with the inferior angle 
approximated to the chest wall. Deviations of the 
spinous processes are common and often insignif
icant. The resting tone of the muscles of the back 
should be noted. 

Habitual movement tests 

These tests examine the habitual movement patterns 
of the trunk. The quantity and quality of available 
motion as well as the presence/location of evoked 

Table 17.1 Objective examination 

Postural analysis 
Habitual movement tests 
Forward and backward bending 
Lateral bending 
Axial rotation 
Respiration 
Combined movement testing 

Articular function 
Forward bending 
Backward bending 
Lateral bending 
Rotation 
Respiration 

PasSive mobility tests of arthrokinematic function 

Zygapophysial joints 
Costotransverse joints 
Medio-Iateral translation 

Passive stability tests of arthrokinetic funclion 
Vertical (traction/compression) 
Anterior translation - spinal 
Posterior translation - spinal 
Transverse rotation - spinal 
Anterior translation - posterior costal 
Inferior translation - posterior costal 
Anterior/posterior translation - anterior costal 
Superior/inferior translation - anterior costal 
Medio-Iateral translation 

Muscle junction 
Nerve function 
Adjunctive tests 

symptoms are noted. The results of these tests alone 
are not sufficient to diagnose a local dysfunction. 
They are used as screening tests to di.rect further 
mobility testing. 

Forward and backward bending 

The patient is standing or Sitting and is instructed to 

bend the trunk forward. The quantity and symmetry 
of motion is observed. Neither rotation nor side
flexion should occur during forward bending, and if 
present this reqUires further specific mobility testing. 
When examining backward bending of the vertebro
sternal and vertebrochondral regions of the thorax, it 
is critical to note that the region being examined is 
actually backward bending. Some movement mod
ification may be required to ensure that the motion is 
being performed correctly. 

Lateral bending 

The patient is standing or Sitting and is instructed to 
laterally bend the trunk to either side. The ability of 
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the thorax to produce a smooth regional curve is 
noted. A flat region or a kink in the curve requires 
further specific mobility testing to determine the 
cause. 

Axial rotation 

The patient is standing or sitting and is instructed to 
rotate the trunk to either side. The ability of the 
thorax to produce a smooth regional '5' curve is 
noted. Lack of movement or a kink in the curve 
requires further specific mobility testing to determine 
the cause. 

Respiration 

The patient is standing or sitting and is instructed to 
take a deep breath in and a long breath Ollt. Any 
asymmetry of chest expansion and release is noted, 
and when present requires further specific mobility 
testing to determine the cause. 

Combined movement testing 

Hypomobile joints present a consistent clinical pic
ture when combined movements are tested. The 
patient is standing or Sitting and is instructed to: 

• forward bend and then right lateral bend the 
trunk 

• fOlward bend and then left lateral bend the trunk 
• backward bend and then right lateral bend the 

trunk 
• backward bend and then left lateral bend the 

trunk. 

Any restriction in movement or kinks in the curve are 
noted. The response to these combined movements 
can be charted on the letter I (Fig. 17.1A). The 
forward/backward bending component of the motion 
is denoted by the vertical band of the I, and the lateral 
bending component by the horizonta l band. When an 
abnormal movement pattern is detected, an X is 
placed on the 'arm' of the I that manifested the 
abnormal pattern. For example, when a zygapophy
sial joint is restr icted in superior glid ing on the left, 
an abnormal movement pattern will be detected on 
forward bending combined with right lateral bend
ing. This is charted by placing an X over the right top 
horizontal band of the letter I (Fig. 17.1B). 

The patient is then instructed to: 

• right lateral bend and then forward bend the 
trunk 

• left lateral bend and then forward bend the trunk 
• right lateral bend and then backward bend the 

trunk 
• left lateral bend and then backward bend the 

trunk. 

Physiotherapy management of thoracic pain 271 

Any restriction in movement or kinks in the curve 
are noted. The response to these combined move
ments can be charted on the letter H (Fig. 17. 1 C). 
The forwardlbackward bending component of the 
motion is denoted by the vertical band of the Hand 
the lateral bending component by the horizontal 
band. When an abnormal movement pattern is 
detected, an X is placed on the 'arm' of the H that 
manifested the abnormal pattern. For example, 
when a zygapophysiaJ joint is restricted in superior 
gliding on the left, an abnormal movement pattern 
will be detected on right lateral bending combined 
with forward bending. This is charted by placing an 
X over the right top vertical band of the letter H 
(Fig 17.10). 

A hypomobile joint is consistent in that an abnor
mal movement pattern is detected in the same 'arm' 
of the H and I tests . It does not matter which 
movement is induced first - lateral bending or 
forward bending - the abnormal motion shows lip 
in both. Hypermobile joints are inconsistent in the 
pattern they present . An abnormal movement pat
tern may occur when forward bending occlIrs first, 
but not when lateral bending is the initial motion . 

Articular junction tests 

When a mobility abnormal.ity is detected during 
habitual movement tests, further examination is 

LFB RFB 

F 

N 

A 
E B 

F 

LSF",-o-N� RSF 

c E D 

Fig. 17.1 Movement diagrams may be used to define 
motion testing of the trunk and to designate points of 

restrictions in different planes away from the neutral (N) 

starting posilion. (A) In sagittal plane assessment, lateral 
movements are superimposed. (8) An example of right 

forward bend (RFB) restriction. (C) Side-flexion may be used 
to commence the test followed by flexion (F) or extension 

(E). (D) An example of side-flexion coupled with forward 

flexion restriction. 
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reqldred to determine the aetiology. The specific 
segmental tests of osteokinematic and arthrokine
matic function are used to differentiate an intra
articular from a myofascial cause for the abnormal 
motion noted. They include active physiological 
mobility tests (habitual movement tests - active 
mobility tests of osteokinema tic function), passive 
physiological mobility tests (passive mobility tests of 
osteokinematic function), and passive accessory 
mobility tests (passive mobility tests of arthrokine
matic function). The active physiological mobility 
tests exandne the osteokinematics of a functional 
spinal and costal urut, which includes two adjacent 
thoracic vertebrae, the two ribs which attach to these 
vertebrae and the manubrium/sternum. The passive 
physiological mobility tests provide further informa
tion on the end-feel of motion. The passive accessory 
mobility tests examine the arthrokinematic function 
of the zygapophysial joints and the costotransverse 
and costovertebral joints , and help to differentiate the 
cause of the abnormal motion noted on the habitual 
movement tests. By correlating the findings from 
these tests, the therapist can determine if the 
abnormal movement pattern is due to a hypomobiJe 
joint or an outside influence (myofascial, neural). 
Further tests are required to detect a hypermobile or 
unstable joint. 

Flexion 

Active mobility tests of osteokinematic function 

The following test is used to deterndne the osteokine
matic function of two adjacent thoracic vertebrae 
during forward bending of the trunk. The transverse 
processes of two adjacent vertebrae are palpated 
with the index finger and thumb of both hands. TI1e 
patient is instructed to forwarcl bend the tmnk, and 
the quantity and symmetry of motion is noted during 
flexion of the thoracic segment. Both index fingers 
should travel superiorly an equal distance. When 
interpreting the mobility findings the pOSition of the 
jOint at the beginning of the test should be cor related 
with the subsequent mob ility noted, since alterations 
in joint mobility may merely be a reflection of an 

altered starting position . To determine the position of 
the superior vertebra, the dorsoventral relationship 
of the transverse processes to the coronal body plane 
is noted and compared w ith the level above and 
below. If the left transverse process of the superior 
vertebra is more dorsal than the left transverse 
process of the inferior vertebra, the segment is left 
rotated. If the left transverse process of the superior 
vertebra is less dorsal than the left transverse process 
of the inferior vertebra, but more dorsal than the 
right transverse process of the superior vertebra, 
then the superior vertebra is relat ively right rotated 

Fig. 17.2 The osteokinematic and arthrokinematic motion proposed to occur in the mobile thorax during forward bending 
of the tnmk - vertebrosternal region. (Reproduced with permission from Lee, 1994a.) 
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Fig. 17.3 The os teo kinematic and arthrokinemat.ic motion 
proposed to occur in the stiffer t.horax during forward 
bending of the trunk - vertebrosternal region. (Reproduced 
with permission from Lee, 1994a.) 

compared to the level below but left rotated when 
compared to the coronal body plane. This may 
represent a compensatory pattern seen when a 
superior segment is derotating or unwinding a 
primary rotation at a lower level. 

The following test is used to determine the 
osteokinematic function of a rib relative to the 
vertebra of the same number during forward bending 
of the trunk. The transverse process is palpated with 
the thumb of one hand. The rib is palpated just lateral 
to the tubercle and medial to the angle with the thumb 
of the other hand, and the index finger of this hand 
rests along the shaft of the rib. The patient is instructed 
to forward bend the trunk, and the relative motion 
between the transverse process and the rib is noted. 

In the mobile thorax, the rib should rotate ante
riorly and the tubercle of the rib travel further 
superiorly than the transverse process. In the stiffer 
thorax, the rib should rotate anteriorly and the 
tubercle of the rib stop before fuU thoracic flexion is 
achieved, such that the transverse process travels 
further superiorly than the rib. When the relative 
mobility between the thoracic vertebra and the rib is 
the same, no motion is palpated between the 
vertebra and the rib during forward bending. Figs 
17.2 (mobile thorax) and 17.3 (stiffer thorax) illus
trate the biomechanics of the thoracic segment 
during forward bending of the trunk (Lee, 1994a). To 
determine the patient's normal movement pattern, it 
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is critical to evaluate levels above, below and 
contralateral to the tested segment. 

The osteokinematic function of the thoracic seg
ment during backward bending, lateral bending, 
rotation and respiration is examined in the same 
manner. Below T3, the superior thoracic vertebra 
should lateral bend in the coronal plane until the last 
few degrees of movement. At this pOint, the superior 
vertebra should rotate contralateral to the direction 
of the lateral bend. The superior transverse process 
on the side of the concavity should move inferiorly 
and ventrally. Below T7, the direction of motion 
coupling depends on the apex of the curve. The 
di.rection of rotation should be congruent with the 
levels above and below. 

During rotation, the superior thoracic vertebra 
should laterally bend and rotate to the same side such 
that the superior transverse process on the side ofthe 
concavity moves dorsally and inferiorly. BelowT7, the 
direction of the conjunct lateral bend is variable; it 
may be to the same side as the rotation or to the 
opposite side (Lee, 1994a). 

Passive mobility tests of osteokinematic function 

Passive physiological mobility tests are used to 
conftrm the level of the abnormal movement pattern 
noted on active mobility testing. In addition, the 
quality of the end-feel of motion is determined during 
these tests. With the patient sitti.ng with the arms 
crossed to the opposite shoulders, the transverse 
processes of the superior venebra are palpated. The 
trunk is passively flexed, extended, lateraUy bent and 
rotated. The quantity of motion and the quaJjty of the 
end-feel is noted and compared to the levels above 
and below. 

Passive mobility tests Of arthrokinematic function 

These tests are used to differentiate an i.ntra
articular from an extra-articular cause of an abnormal 

Fig. 17.4 Passive mobility tests of arthrokinematic function 
- points of palpation for superior glide of the right T4- T5 
zygapophysiaJ jOint. (Reproduced with permission from 
Lee, 1994a) 
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274 Clinical Anatomy and Management of Thoracic Spine Pain 

Fig. 17.5 Passive mobility tests of artruokinematic function - superior glide of the right T4 - T5 zygapophysiaJ joint. 
(Reproduced with permission from Lee, 1994a.) 

movement pattern. If the movement abnormality is 
due to intra-articular factors, tbe arthrokinematic 
glide will be restricted. The following test is used to 
determine the ability of, for example, the right 
inferior articular process of T4 to glide superiorly 
relative to the superior articular process ofT5. With 
the patient prone and the thoracic spine in neutral, 
the inferior aspect of the left transverse process ofT5 
is palpated with the left thumb. The right thumb 
palpates the inferior aspect of the right transverse 
process ofT4. The left thumb ftxes T5, and a supero
anterior glide is applied to T4 with the right thumb 
(Figs 17.4 and 17.5). The quantity and end-feel of 
motion is noted and compared to the levels above 
and below. This technique can be used for all thoracic 
segments. 

The following test is used to determine the ability 
of, for example, the right inferior articular process of 
T4 to glide inferiorly relative to the superior articular 
process ofT5. With the patient prone and the thoracic 
spine in neutral, the inferior aspect of the transverse 
process of T5 is palpated with the left thumb. The 
right thumb palpates the superior aspect of the right 
transverse process ofT4. The left thumb tlxes T5, and 
an inferior glide is applied toT4 with the right thumb. 
The quantity and end-feel of motion is noted and 
compared to the levels above and below. This 
technique can be used for alJ thoracic segments. 

TIle ability of the rib to glide superiorly and 
inferiorly relative to the transverse process at the 
costotransverse jOint in the vertebrosternal region is 
examined in a similar maMer (Lee, 1994a). Between 
T7 and TIO the orientation of the costotransverse 
joint changes (Figs 17.6 and 17.7) sLich that the 
direction of the glide is antero-Iatero-i.nferior/postero
medio-superior. The position of the right hand is 

modified to facilitate this change in joint direction 
such that the index finger of the right hand lies along 
the shaft of the rib and assists in gliding the rib. 

Medio-Iateral translation of the thoracic segment is 
necessary for full rotation/side-flexion to OCClli. At the 
sixth segment, right rotation requires the right sixth 
rib to glide antero-medially relative to the left 
transverse process ofT6 and the left sixth rib to glide 
postero·laterally relative to the right transverse proc· 
ess of T6 (Fig. 17.8). This motion is tested in the 
following manner. The patient is seated with the arms 
crossed to opposite shoulders. With the right hand/ 

Fig. 17.6 Postero-Iateral view of the articulated thora..'{, 
vertebrosternal region. Note (he curvature of the ftfth 
costotransverse joint (arrow). (Reproduced with permission 
from Lee, 1994a.) 
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Fig. 17.7 Postero-lateral view of the articulated thorax, 
vertebrochondral region. Note the planar nature of the ninth 
costotransverse jOint (arrow). (Reproduced with permission 
from Lee, 1994a.) 

arm, palpate the thorax such that the fifth finger of 
the right hand lies along the right sixth rib. With the 
left hand, fix the transverse processes ofT6 . With the 
right hand/arm, translate the T5 vertebra and the ribs 
purely to the left in the transverse plane. The quantity 
and, in particular, the end-feel of motion is noted and 
compared to the levels above and below. 

Passive stability tests oj arthrokinetic Junction 
(Lowcock, 1990) 

Traction and compression stress the anatomical 
structures that resist vertical forces. Traction is 
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applied to the middle and lower thorax by applying a 
vertical force through the patient's crossed arms. 
Compression is applied to the middle and lower 
thorax by applying a vertical force through the top of 
the patient'S shoulders. A positive response is the 
reproduction of the patient's pain, as opposed to a 
sense of increased motion. 

Anterior spinal translation stresses the anatomical 
structures that resist anterior translation of the spinal 
unit. With the patient lying prone, the transverse 
processes of the superior vertebra are palpated. With 
the other hand, the transverse processes of the 
inferior vertebra are fixed. A postero-anterior force is 
applied through the superior vertebra while [txing 
the inferior vertebra. A positive response is the 
reproduction of the patient'S symptoms together 
with an increase in the quantity of motion and a 
decrease in the resistance felt at the end of the 
range. 

Posterior spinal translation stresses the anatomical 
structures that resist posterior translation of the 
spinal unit. The patient is seated with the arms 
crossed to opposite shoulders. The thorax is stabi
lized with the therapist'S hand/arm under/over 
(depending on the level) the patient's crossed arms, 
and the contralateral scapu la is grasped. The trans
verse processes of the inferior vertebra are fixed with 
the dorsal hand. Static stability is tested by applying 
an antero-posterior force to the superior vertebra 
through the thorax while fixing the inferior vertebra. 
A positive response is the reproduction of the 
patient'S symptoms, together with an increase in the 
quantity of motion and a decrease in the resistance 
felt at the end of the range. Dynamic stability can be 

Fig. 17.8 The osteokinematic and artmokinematic motion proposed to occur in the vertebrochondral region during right 
rotation of the tmnk. (Reproduced with permission from Lee, 1994a.) 
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tested by resisting elevation of the crossed arms. If 
the segmental musculature is able to control the 
excessive posterior translation, no posterior transla
tion will be felt and there is no instability. 

Transverse spinal rotation stresses the anatomical 
structures that resist rotation of the spinal unit. A 
unilateral postero-anterior force is applied to the 
superior vertebra with the inferior vertebra stabi
lized. 

Anterior costal translation stresses the anatomical 
structures that resist anterior translation of the 
posterior aspect of the rib relative to the thoracic 
vertebrae. With the patient lying prone, the con
tralateral transverse processes of the thoracic verte
brae to which the rib is attached are palpated . For 
example, when testing the right seventh rib, the left 
transverse processes ofT6 and T7 are palpated. With 
the other hand, the rib is palpated just lateral to the 
tubercle. A postero-anterior force is applied to the rib 
while fIXing the thoracic vertebrae. A positive 
response is the reproduction of the patient's symp
toms, together with an increase in the quantity of 
motion and a decrease in the resistance felt at the end 
of the range. The inferior stability of the rib, at its 
posterior aspect, is tested by applying an inferior 
force to the rib while stabilizing the two thoracic 
vertebrae. 

The joints of the rib anteriorly are also tested for 
stability. When the sternocostal and/or costochondral 
joints have been separated, a gap and a step can be 
palpated at the jOint line. The positional findings are 
noted prior to stressing the jOint. With one thumb, 
the anterior aspect of the sternurn/costocartilage is 
palpated. With the other thumb, the anterior aspect 
of the costocartilage/rib is palpated. An antero
posterior/postero-anterior force is applied to the 
costocartilage/rib. A positive response is the repro
duction of the patient's symptoms, together with an 
increase in the quantity of motion and a decrease in 
the resistance felt at the end of the range. Supero
inferior stability is tested in a similar manner by 
applying an inferior or superior force through the 
jOint. 

Medio-lateral translation stresses the anatomical 
structures that resist horizontal translation between 
two adjacent vertebrae when the ribs between them 
are fixed. This test is used between the segments 
T3-T4 and nO-TIl. The primary structure being 
tested is the intervertebral disc. When the ribs are 
fIXed bilaterally there should be very little, if any, 
medio-lateral translation between two thoracic verte
brae. To test the T5 -T6 segment, the patient is seated 
with the arms crossed to opposite shoulders. With 
the right hand/arm, the thora.'\: is palpated such that 
the ftfth ftnger of the right hand lies along the ftfth 
rib. With the left hand, T6 and the sixth ribs are fixed 
bilaterally by compressing the ribs centrally towards 
their costovertebral joints. The T5 vertebra is trans
lated through the thorax purely in the transverse 

plane. A positive response is an increase in the 
quantity of motion and a decrease in the resistance 
felt at the end of the range. 

Muscle function tests 

If the specific tests of articular function are normal, 
then the muscles that influence the thorax are 
assessed. Hypertonicity secondary to altered segmen
tal facilitation manifests as a multi segmental dysfunc
tion (rotoscoliosis) during the habitual movements 
that require lengthening of the muscle. Muscle 
imbalances due to faulty recruitment patterns also 
produce a multisegmental dysfunction. In both 
instances, the passive mobility tests of arthrokine
matic function are normal. The muscles that stabilize 
and move the scapula are often found to be imbal
anced in patients with chronic thoracic pain. Muscles 
that are habitually in a shortened position will 
eventually become structurally shorter. When the 
muscle is inappropriately facilitated, a neurophysio
logical technique aimed at restoring the resting tone 
of the muscle will yield an immediate change in 
mobility. When the muscle is structurally shortened, 
stronger stretching techniques and more time is 
reqUired to achieve normal mobility. The reader is 
referred to Kendall and colleagues' work (1993) for 
further discussion of this topic. 

Fig. 17.9 When the diaplu-agm is hypertonic, over-activity 
of the mjd-thoracic spinal extensors can produce a localized 

lordOSiS. 
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In the substrate a nd the early fibroblastic stage 
(acute), vigorous exercise programmes or aggressive 
passive mobilizations are contraindicated because the 
wound is very weak.  Gentle passive mobilizations 
(Grades 2 ,  3 -) and exercises within the pain-free 
range of motion will facilitate the proper orientation 
of coIJ agen deposition at the wound site.  The patient 
will find that the best resting position for acute 
thoracic pain is semi-sitting. Supine lying on a hard 
surface forces the thorax into an extended posture, 
while side lying often induces side-flexion and 
rotation .  

As cross-linking o f  collagen fibres occurs, o rga
nized, restrictive adhesions can develop d u ring the 
maturation phase, especial ly if the range of motion is 
not restored within the fibroblastic phase . While the 
stnlCture may be restored,  fu nction may be adversely 
affected by the adhesion.  More vigorous mobilization 
techniques (Grades 3+, 4,  5) and frequent exercises 
at home will be required to facilitate a return of the 
range of motio n .  

If the sympathetic chain is affected by the pathol
ogy, symptoms can be referred into the upper or 
lower extremity, or even into the cra nium , and the 
patient may report temperature changes,  heavy 
sensations associated with fatigue,  and non-specific 
numbness of the involved segment.  

Hypomobility with or without pain 

The essential objective finding for classification here 
is decreased osteo kinematic motion of either the 
thoracic vertebrae or the ribs.  The aetiology may be 
articular, myofascial or both, and is often the result of 
excessive bend ing or rotational force. The arthrokine
matic tests differentiate the underlying cause of the 
osteokinematic restriction . 

The mode of onset may be either insidious or 
sudden, depend ing upon the degree of tralUna . The 
irritability of the wounded tissue dictates the inten
sity of the pain, the amount of rad iation ,  the degree of 
physical activity that tends to aggravate it  and the 
amount of rest required to relieve it. The aim of the 
subjective examination is to determine the stage and 
nature of the pathology so tbat treatment may be 
modified accordingly. 

The location of the pain may be on the ipsilateral or 
contralateral side of the hypo mobility, and may radiate 
a round or through to the anterior aspect of the chest. 
An acute zygapophysial joint sprain tends to produce 
very localized pain over the involved jOint.  A chronic 
restriction of either the vertebra or rib tends to 
produce symptoms removed from the source, and 
some of these may be second ary to compensation of 
the adjacent levels.  Referral of pain fro m the articul a
tions of the thorax tends to be around the chest ra t her 
than through it. Referral of pain from the inter
vertebral disc tends to be through the chest. 

Magnetic resonance imaging techniques have 
increased the frequency of d iagnOSis of thoracic disc 
herniation (Brown et at. , 1 992;  Wood et al . , 1 995,  
1 997) .  Thoracic discs are no longer thought to be an 
uncommon cause of thoracic pain .  In the study by 
Brown and colleagues ( 992), the most common 
symp tom in patients with confirmed thoracic d isc 
herniation was anterior chest pain (67%). Other 
symptoms included lower extremity dysaesthesia and 
weakness (20%), interscapular pain (8%) and epigas
tric pain (4%) . The highest incidence according to 
level was T7 - T8; the second highest were T6 -T7 and 
T9 -T l O .  

Hypomobile joints are very consistent in the 
pattern they present on hab itual movement testing. 
The findings for each joint restriction wiU be d escri
bed below. If the joint is  truly hypomobile, the 
arthrokine matic glide wiiJ also be restricted . If the 
myofascia is t he source of the restriction,  the joint 
glide wiIJ be norma l .  Disorders in this classification 
do not exhibit a loss of arthrokinetic function. 

The neural/du ral  mobility tests may be pOSitive if 
the mobility of the sympathetic chain is affected by a 

change in pOSition of the head of the rib. Restrictions 
of the zygapophysial jOint rarely involve the neural/ 
dural tissue.  

Bilateral restriction of flexion 

A lordotic mid-thoracic region is often indicative of an 

underlying breathing dysfunction .  Over-activity of the 
spinal extensors compensates for a hypertonic dia

phragm, which tends to flex the thorax (Fig. 1 7 . 9) .  In 
addition to specifical ly mobilizing the mid-thorax, it is 
crucial that the breathing pattern be addressed if a 
more neutral position of the spine is to be achieved. 
When the mid-thoracic segments become fLX ed in 
extension, active mobility tests of forward bending of 
the trunk will reveal a limitation of the superior 
excursion of the transverse p rocesses bilateraIJy. 
Passive mobility testing of the superior arthrokine
matic glide at the zygapophysial joint will be 
restricted bilaterally if the dysfunction is intra
articular. 

The presence or absence of pain depends upon the 
stage of the pathology (substrate, fibroblastic, matura
tion) and the in;tability of the surrolmding tissue. The 
grade of the mobilization technique is directed by 
these factors . 

Longitudinal traction will p roduce a superior glide 
of the zygapophysial  j oint bilaterally. This technique 
may be done with the patient either lying supine or 
sitting. With the patient positioned supine , grade 1 
and 2 techniques are better control led and can be 
applied for pain rel ief. The stronger mobilizations can 
be d o ne with the patient positioned either lying or 
sitting. 

The supine technique is  performed as follows. 
InitiaIJy, the patie n t  is sid e-lying with the head 
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repetitions , 1 0  times per day) . The a mplitude of the 
exercise should be in the pain-free range , and should 
not aggravate any symptoms. 

Unilateral restriction of extension 

A unilateral restriction of extension will prod uce a 
segmental rotosco liosis as weU as a compensatOry 
mu l tisegmental curve above and be low the restricted 
level. Active backward bend ing of the tmnk wiU 
reveal this asymmetry. For example, a unilateral 
restriction of extension on the left at T5 - T6 will 
produce a right rotation/right side-flex ion position of 
T5 at the limit of backward bending. The righ t  
transverse p rocess of T5 will travel further inferiorly 
than the left .  The right transverse process of T5 wiU 
be more dorsal than the left. Left rotation and left 
lateral bend ing of the trunk will be restricted and 
produce a kink in the mid-thoracic curve in a 

consistent pattern in both the H and I com bined 
movement tests . The inferior arthrokinematic glide of 
the left zygapophys ial joint atT5 -T6 wil l be restricted 
if the dysfunct ion is intra-articular. 

The grade of the mobilization technique is directed 
by path ologica l stage (see above) ; the specific tech
nique is descri bed elsewhere (Lee,  1 994a) .  

Unilateral restriction of rotation (posterior or 
anterior) - ribs 3 to 1 0  

This dysfunct ion i s  seen when the muscles are 
i m balanced, or when the arthrokinematic glide of the 
rib is  restricted at the costotransverse joint .  The 
clinician must be aware of relative flexibility between 
the thoracic vertebrae and the ribs when interpreting 
the findings of the habitual movement tests and 
passive tests of arthrokinematic fu nction. The direc
tion of the costotransverse jOint glide can be eithe r  
superior or inferior during fo rward and backward 
bending (Figs 1 7 . 2  and 1 7 . 3) .  The patient 's normal 
pattern must be ascertained before the findings can 
be interprete d .  Respiration produces the most con
sistent movement pattern , and is the most reliable 
habitual movement to test when eval uating the 
osteokinematic function of the ri bs.  If the dysfunc
tion is intra-articular, t he arthrokinematic glide of the 
costotransverse joint will be red uced . 

Active mobilization techniques are useful when the 
myofascia  is imbalanced .  Respiration may produce 
asymmetry in the thorax, but the arthrokinematic 
glide of the costotransverse jOint is norma l .  

When the myofascia is thought t o  be the main 
cause of an osteokinematic restriction of posterior 
rotation of the right fifth rib,  the following technique 
can be useful. The patient sits wi th the arms crossed 
to oppos ite shoulders. With the d orsal hand , the 
the rapist palpates the fifth rib .  The ventral hand is 

placed on the patient 's contralateral shoulder. The 

motion barrier is localized by left side-flexing and 
right rotating the thofal(. From this  pOS i tion,  the 
patient is instmcted to hold still while the therapist 
applies resistance to the trunk. The direction of the 
applied resistance is determined by the neurop hysio
logical effect desired from the tec hnique, as ou tlined 
in the section a bove . 

The isometric contraction is held for up to 5 s,  
fo llowing wh ich the patient is instructed to com
pletely relax. The new motion barrier is localized, and 
the mobilization repeated three t imes . 

To maintain the mobility gained, the patient is 
instructed to perform specific mid-thoracic left side
flexion and right rotation frequently (up to 1 0  
repetitions , 1 0  times per day) . The amplitude o f  the 
exercise should be in the pain-free range, and should 
not aggravate any symptoms. 

To resto re anterior rotation of the rib, the motion 
barrier is localized by right Side-flexing and left 
rota ting the thorax . Otherwise, the technique is 
similar to the one described for restoring posterior 
rotation . 

Hypermobility with or without pain 

Hypermobility can be the result of major trauma over 
a short period of tim e ,  or minor repeti t ive trauma 
over a long period of time. The essential objective 
fmd ing for c lassification here is the presence of 
increased osteokinematic motion of either the tho
racic vertebrae or ribs.  

The mode of onset may be either insidiOUS or 
sudden , depending upon the degree of trauma. 
As outlined previously, the aim of the subjective 
examination is to determine the irritability of the 
wounded tissue - that is, the stage of the pathology 
and its nature - so that treatmen t may be adjusted 
accord ingly. 

An acute subluxation of either a rib or a ' ring'  (see 
below) tends to produce very localized pain over the 
involved joint. In longstand ing cond itions, the loca
tion of the pain is  poor ly localized to a specific 
segment and tends to radiate over a region of the 
thorax. Referral of pain is variable, and can be either 
around the chest or through it. 

Hypermobile jo ints are very inconsistent in the 
pattern they present on hab itual movement testing. 
The active mobil ity tests reveal an abnormal move
ment pattern that is variable depending upon the 
order in which the combined movements are per
forme d .  Specific mobility and stabil.ity testing reveals 
the hypermobility/instability, since d isorders in this 
classification exhibit a loss of arthrokinetic function. 
The neural/d ural mobility tests may be posit ive if the 
mobility of the sympa thetic chain is  affected by a 
change in pOSit ion of the head of the rib. 
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Subluxation oj the costotransverse and 
costovertebral joints 

Subl uxations of t he costotransverse joints are not 
uncommon and occur secondary to rotational trauma 
or a direct blow to the chest. The r ib will  be either 
superior or inferior on positional testing, and all 
movements, including the arth rokinematic glides,  
will be blocked.  The joint is hypomobile until the 
subluxation is reduced. Following reduction of the 
subluxation,  the stability tests for arthrokinetic func
tion reveal the underlying hypermobility of the rib . 
Stabilization is then required . The treatment tech
nique to reduce a subluxed costotransverse joint is a 
grade 5 d istraction technique (Lee, 1 994a) . 

If the reduction is successful , the arthrokinematic 
gl ide at the costotransverse joint wilJ be restored . An 
active mobilization technique (see hypomobile classi
fication) may be required to atta in  myofascial balance 
and optimal osteokinematic function . 

Anteriorly, the costochondral and sternochondral 
joints can also become hypermobile/unstable and a 

source of localized anterior chest pain . Causes 
include excessive rotational trauma and/or a direct 
blow to the anterior chest. There is a palpable step or 
gap between the rib/cartilage or the cartilage/ 
sternum; the arthrokinetic test reveals a greater 
amplitude of movement and is associated with local 
tenderness. When the two joint surfaces are displaced 
or subluxed , reduction is not possible . The acute joint 
is treated with rest and the patient educated regard
ing limiting the use of the shoulder (to avoid further 
separation of the jo int with contraction of the 
serratus anterior and/or pectoralis major/minor mus
cles) . Local electrotherapeutic modalities for pain 
relief and control of inflammation , and taping to limit 
the motion of the thorax, may also be required.  

Subluxation oj the 'ring' 

This subluxation involves the entire 'ring' ,  which 
includes two adjacent thoracic vertebrae, the inter
vertebral diSC, the two ribs and their associated 
anterior and posterior joints and the sternum.  It 
occurs primarily in the vertebrosternal region and 
occasionally in  the vertebrochondral region . It can 
occur when excessive rotation is applied to the 
unrestrained thorax, or when rotation of the thorax is 
forced against a fIXed ribcage (e .g .  seat belt injury) . At 
the limit of right rotation in the mid-thorax, the 
superior verte bra has trans lated to the left ,  the left rib 
has translated postero-Iatera lly and the right rib has 
translated antero-medially such that a functional U 
joint is produced . Further right rotation results in a 
right lateral tilt of the superior vertebra (Fig . 1 7 . 1 0) .  
Subluxation of the superior vertebra occurs when the  
left lateral translation cx.ceeds the p hysiological 
motion barrier and the vertebra is unable to return to 
its neutral pOSition.  For subluxation to occur, it is 
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Fig. 17. 1 0  At the limit  of left lateral translation, the 
superior vertebra side-flexes to the right along the p lane of 
the pseudo U joint (analogous to the uncovertebral joint of 
the mid-cervical spine) formed by the intervertebral disc 
and the superior costovertebral j oints . (Reproduced with 
permission from Lee, 1 994a.) 

proposed that a horizontal cleft through the posterior 
one-third of the intervertebral disc must exist. 

Positionally, the following findings are noted with a 
left lateral  shift subluxatio n  of the sixth ring (T5 - T6 
and the sixlh ribs). The T5 - T6 segment is right 
rotated in hyperflexion ,  neutral and extension ,  the 
right sixth rib is  antero-medial and the left sixth rib is  
postero-lateral at  their posterior aspects . All active 
movements produce a ' kink' at the level of the 
subluxation; the worst movement is often rotation 
(Fig . 1 7 . 1 1) .  The passive mobility tests of arthrokine
matic ftmction of the zygapophysial and costo
transverse joints are reduced but present .  The right 
medio-lateral  translation mobility test is completely 
blocked . Following reduction of the subl uxation (Lee ,  
1 994a) , the arthrokinetic tests for medio-lateral trans
lation and rotation will reveal the underlying instabil
i ty of the ring. Stabilization is then reqUired.  

Stabilization therapy 

In addition to major trauma to the thorax , cumulative 
microtrauma can lead to postural changes, altered 
movement patterns and associated ftmctional instabil
ity. Stabilization therapy considers the integrated 
relationship between the legs, pelvic girdle ,  trunk 
and upper extremity. The central feature of this 
concept is that the trunk muscles must hold the 
vertebral column sta ble in order that independent 
upper and lower extremity movement may occur, and 
also so that load may be transferred from the upper 
extremity to the ground (Snijders et al. , 1 993).  

Briefly, the patient is taugl1t specifically to recruit 
the trunk muscles isometrically and then to maintain 
this brace as the upper and lower extremities a re 
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Fig. 17 .11  This patient sustained a left lateral shift lesion of 
T5 and the left and right sixth ribs in a motor vehicle 

acc ident . Note the com plete block of right rotation at  the 
subl u xed segm e n t .  

moved independently. I nitially, the base of support 
must be very stable. The programme is progressed by 
increasing the degree of difficulry by reducing the 
base of support, by making th e base more unstable 
and/or by increasing the load,  which must be 
controlled Ol!ll and Richardson, 1 994). The pro
gramme is directed by the patient's needs, and is 
l imited only by the therapist'S imagination . The use of 
gymnastiC balls, rolls ,  ba lance boards and pulleys 
(Farrell et at. , 1 994) can make stabilization therapy 
cost-effective , tim and still very challenging. 

Normal mobility with pain 

Patients p resenting with pain in the thorax without 
objective m echanical findings can be a challenge to 
treat .  Given the nature of visceral referral of pain to 
the thorax, a team approach to the problem is best. If 
all medical conditions are mled out and no specific 
articular, muscular, n eural or dural mobility dysfunc
tion is identified , then a postu ral approach following 
the principles of stabilization therapy can be tried . 
Repetitive ovemse of the articular and myofascial 
tissue will respond to the appropriate correction of 

resting and working postures together with an 

exercise programme aimed at balancing the trunk 
musculature and restoring optimal movement pat
terns.  Diligence and commitment on the part of the 
patient and therapist is required to achieve sllccessfu l 
re habili tation . 
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Diagnosis of thoracic spine pain and 
contraindications to spinal mobilization 

and manipulation 

1. G. F. Giles 

Introduction 

In the preceding chapters a general outline of 
diagnosis for the management of thoracic spine pain 
of mechanical origin , with or without intercostal 
pain, by specific disciplines (i.e. medicine and 

surgery, chiropractic , osteopathy and physiotherapy) 
has been considered. The purpose of this chapter is to 
provide a synopsis of diagnosis for thoracic spine 
pain syndromes in the overall topic of sp inal pain, 
and to outline contraindications to thoracic spine 
mobilization and manipulation. 

Although only 7 -14% of the population experience 
thoracic spine pai.n (pedersen, 1994; H in kley and 
Drysdale, 1995), compared to 34-40% who experi
ence neck and arm pain (Hardin and Halla, 1995) and 
80-90% who experience low back pain (Deen, 

1996), musculoskeletal thoracic spine pain can be a 
significant health problem. 

Thoracic spine pain syndromes must be viewed in 
the context of (i) clearly defined pathological condi
tions, and (ii) the less well defined, but much more 
prevalent, condition of spinal pain of mechanical 
origin (Stoddard, 1969; Kenna and Murtagh, 1989). It 
is imperative to distinguish mechanical causes of 
spinal pain from other causes, as only those patients 
with mechanical disorders of the thoracic spine are 

likely to respond dramaticaUy to manual treatment 
(Kenna and Murtagh, 1989). 

One of the major difficulties involved in evaluating 
a patient with thoracic spine pain of mechanical 
origin, with or without root symptoms, is that there 
are many potential causes. A tentative diagnosis is 
usually arrived at, for an individual case, by taking a 

careful case history and employ;ng a thorough 
physical examination, with the additional use of 
imaging and laboratory procedures as indicated. 

There are four main areas of patient evaluation: 

1. Clinical history 
2. Assessment of pain (incorporating subjective self

report measures estimating pain severity, quality 
and location) 

3. Investigation of personality structure , including 

the use of appropriate subjective questionnaires 
4. C1inkal identification of signs and symptoms, 

including those deemed excessively, or inappro
priately, abnormal (Main and Waddell, 1982). 

However, caution has to be exercised when making 
judgements on an ind ividual's behavioural responses 
to examination, as serious misuse and misinter
pretation of behavioural signs has occurred in medi
colegal contexts using such signs (Main and Waddell, 

1998). 
There is still little consensus, either within or 

among specialties , on the use of diagnostic tests for 
patients with thoracic spine pain syndromes ,  and the 
underlying pathology responsible for various spinal 
pain problems often remains elusive (Videman et at., 
1998). Furthermore, in spite of following a thorough 

examination proced ure , overt pathologies may be 
merely eliminated rather than identifying conclu
sively the preC ise cause of thoracic spine pain of 
mechanical origin which often rema ins obscure 
(Turner et at., 1998), especiaUy when multi-joint 
dysfunction and degenerative pathology is present. 

Specifically, diagnostic problems relate to the 
following: 

1. The limitations of many di agnostic procedures, 
including plain fLlm rad iography, computed 
tomography (CT), magnetic resonance imaging 
(MR!), myelography, discography and bone scans 
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2. The potential for some diagnostic and therapeutic 
chemical agents to be harmful, for example when 
such chemicals injected into intervertebral discs 
extravasate into the epidural space (Weitz, 1984; 
Adams et at., 1986; MacMillan et at., 1991), 
causing complications due to contact with neural 
structures CDyck, 1985; Merz, 1986; Watts and 
Dickhaus, 1986) 

3. Inadequacies in the precise anatomical knowledge 
of the spine, including its nociceptive tissues 

4. Roentgenographic diagnosis often proving diffi
cult because of the anatomical complexity of the 
spine (ie-Breton et at., 1993) 

5. There sometimes being multifactorial causes of 
pain at a given spinal level. 

There is a lack of consensus 00 which imaging 
procedures have diagnostic validity for mechanical 
back pain, although it is generally agreed that, for 
plain ftlm X-ray examinations, two views of the same 
anatomical region taken at right angles to each other 
is the minimum requirement (Henderson et at., 
1994). Furthermore, Buirski and Silberstein (1993) 
note that MRl can only be used as an assessment of 
nuclear anatomy and not for symptomatology. 

Thoracic intervertebral disc herniations have tradi
tionally been considered to be very uncommon (Arce 
and Dohrman, 1983; Boriani et at., 1994), represent
ing only 0.6-4% of all disc herniations (El-Kalliny et 
at., 1991; Giunti and Laus, 1992). However, current 
thinking is that such herniations may be more 
prevalent (Vernon et at., 1993) and, when they do 
occur, they are most frequently located at the 
Tll-T 1 2  level followed by the T8- T9 level (Brugger, 
1977). In some cases, intradural herniation of a 
thoracic disc can occur (Stone et at., 1994). 

The reported incidence of �;ymptomatic thoracic 
disc herniations is relatively low - estimated at 1 per 
million population - whilst the incidence of asympto
matic thoracic disc protrusions may be as high. as 37% 
(Wood et al., 1997). Spontaneous recovery from disc 
herniation is well known, and is an important 
consideration in developing a treatment strategy 
(Fager, 1994). Furthermore, a retrospective review by 
Brown et at. (1992) of 40 patients with symptomatic 
thoracic disc herniations managed conservatively 
suggested a relatively good prognosis, with 77% 
returning to their previous level of activity. Lumbar 
intervertebral disc herniations have been shown to 
morphologically change in a manner consistent with 
resorption when managed without surgical inter
vention (Saal et at., 1990), so it is reasonable to 
consider that this may also occur with thoracic disc 
protrusions . In fact, although. Wood et at. (1997) 
found a trend for small disc herniations either to 
remain unchanged or to increase in size, large disc 
herniations often tended to decrease . Caution is 
necessary in making such statements, however, as it 
is extremely difficult to duplicate thin MRl sections 

in vivo, as Kaiser (1997) correctly points out. 
Nonetheless, surgical intervention may be necessary, 
and the indications for surgery are discussed in 
Chapter 14. 

Although. the most common cause of thoracic 
spine pain syndromes is dysfunction and degenera
tion of spinal intervertebral joints and their associated 
rib articulations (Kenna and Murtagh, 1989), root 
compression due to mechanical dysfunction, with 
resulting signs and symptoms of intercostal radiculop
athy, sllch as pain, paraesthesiae and sensory dis
turbances, has to be differentiated from overt patho
logical conditions or disc protrusions causing 
radiculopathy. Thoracic disc protrusion has long been 
a difficult clinical entity to diagnose (Brown et at., 
1992), as symptoms can vary dramatically from none 
at aU to motor and sensory deficits resulting from 
spinal cord compression (myelopathy) - pain, mllscle 
weakness, and neural dysfunction are the most 
CO!"nnlon clinical symptoms (Cramer, 1995). Rarely, 
thoracic disc protrusion with cord compression can 
produce incontinence in association with generalized 
upper motor neuron signs (Kenna and Murtagh., 
1989) and, occasionally, paraplegia. As the thoracic 
cord is immobilized by the dentate ligaments, the 
anterior spinal artery may be significantly com
pressed by a relatively smaU central disc protrusion 
(pate and Jaeger, 1996). Similarly, because of the 
limited extradural space in the thoracic spinal canal, 
even a small disc protrusion may have pronounced 
neurological effects (Hoppenield, 1977). 

It is stiU only rarely possible to validate a diagnosis 
for spinal pain (White and Gordon, 1982) and, 
because the pathological basis of spinal pain can only 
be established in 10- 20% of cases (Chila et at., 1990; 
Spratt et at., 1990; Pope and Novotny, 1993), thi� 
leads to diagnostic uncertainty and suspicion that 
some patients have a 'compensation neurosis' or 
other psychological problem. Although. the complex 
interaction of psyche and soma in the aetiology of 
spinal pain is not well understood, a psychogenic 
component may be primary (conversion disorder), 
secondary (depression caused by chronic pain), 
contributory (myofascial dysfunction) or absent 
(Keim and Kirkaldy-WiHis, 1987). It is appropriate for 
the clinician to recognize the role of psychosocial 
factors in back pain. These are discussed in detail by 
James and McDonald (1997) in a previous volume in 
this series (Volume 1, Chapter 19). 

An important issue to be considered is whether 
acute mechanical pain can be prevented from becom
ing chronic and subsequently generating large health 
care costs. Defmitions vary for the time factor 
associated with acute and chronic spinal pain 
depending on the viewpoint of various authors 
(Nachemson and Andersson, 1982; Deyo et al., 1988; 
Bigos et aI., 1994; Henderson et al., 1994). However, 
it is reasonable to broadly classify acute spinal pain as 
being of 7 days or less duration, which may be 
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followed by a sub-acute stage of up to 12 weeks; after 
this the pain can be considered chronic (Deyo et al., 
1988). 

The anatomy of the thoracic spine has been 
described in detail earlier. Therefore it is not neces
sary to reiterate it here, other than to highlight 
clinically important aspects under the following sub
headings and to emphasize that it is mandatory for 
patients presenting with thoracic spine pain to 
undergo a comprehensive case history interview, 
followed by a thorough and careful physical examina
tion and, when necessary, further diagnostic proce
dures, in ordei' to make a differential diagnosis . 

Nerve roots 

The relationship of the thoracic roots of the spinal 
nerves to the vertebrae and intervertebral discs is of 
major clinical Significance (Fig. 18.1), and is dis
cussed in detail in Chapter 8. 

The contents of the intervertebral canal are the 
spinal nerve root, spinal ganglion, recurrent menin
geal brJnch of the spinal nerve, spinal branch of the 
segmental artery or its branches, epidural fat, and 
numerous veins (Rickenbacher et al., 1982) and 
lymph nodes (Swanberg, 1915). 

Greater 
splanchnic nerve 

Fig. 1S.1 Thoracic spinal cord, nerve roots, spinal ganglia, 
spinal nerves and the pa.ravertebral sympathetic chain 
ganglia showing their relationship to adjacent structures. 
(Reproduced with permission from Harati, 1993). 

It is more difficult to make a clinical diagnosis of a 
herniated thoracic disc than a herniated cervical 0(' 

lumbar disc (Hoppenfeld, 1977). The position of an 
intervertebral disc herniation is important when 
correlating symptoms with signs; for example, 
depending on its size, a postero-Iateral herniation will 
primarily affect the nerve root, while a midline 
posterior herniation may affect the dural tube, which 
has a rich ventral spinal dural nerve plexus (Chapter 
8). Althougb Wood and colleagues (1997) concluded 
that asymptomatic thoracic disc herniations may well 
remain asymptomatic, Klein and Garfm (1995) con
sidered that a thoracic disc herniation will usually 
cause cord as well as root symptoms. In add ition, it 
should be remembered that a midline disc herniation 
presents primarily with a symmetrical myelopathy 
and mild or no radicuJopathy, that thoracic spinal 
stenosis is extremely rare, and that intradural medul
lary tumours are usually postero-Iaterai (Weinstein 
et al., 1995). 

Diagnosis 

History of spinal pain 

The importance of an exhaustive case history cannot 
be overemphasized. This should take into account 
factors such as the patient's age and occupation, the 
onset of pain , previous injuries, medication, recrea
tional activities, pain aggravation and characteristics, 
location, distribution and any related neurological 
symptoms (numbness, paraesthesia, weakness). Some 
conditions provide reasonably characteristic patterns, 
while others do not. For example, pain that occurs at 
night and is relieved by aspirin may be associated with 
an osteoid osteoma, which is a benign tumour of bone 
(Keim and Kirkaldy-Willis, 1 987). 

Pain diagrams, which have been designed to give a 
patient 's subjective interpretation of pain, its loca
tion, characteristics, frequency and intensity, should 
be used to complete the history (Huskisson, 1974; 
Mooney and Robertson, 1976; Chan et at., 1993) 
(Fig. 18.2). 

An important neurologicaJ concept that has been 
recognized for anatomically normal spines, and 
which must be considered during the examination, is 
that the dermatomal distributions (i.e. the cutaneous 
areas supplied with afferent nerve fibres by single 
posterior spinal nerve roots) (Dorland, 1974; Barr 
and Kiernan, 1983) have been fairly well established 
(Fig. 18.3). 

According to Keim and Kirkaldy-Willis (1987), this 
enables deficits of a specific nerve root to be 
accurately localized during sensory examination, 
although Jinkins (1993) and Slip man et al. (1998) 
question this concept and suggest that there is, in 
fact, some overlap of sensation. 
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PAIN ASSESSMENT 

NAME ............... ...................................... AGE .............. MALE / FEMALE 

OCCUPATION .......................... . 

1. PLEASE MARK WHERE YOU FEEL PAIN AT THIS MOMENT USING 
THESE CODES: 

STABBING PAIN ••• 

DEEP PAIN » »  

BURNING PAIN X X 

PINS &. NEEDLES / II 

NUMBNESS 000 

2. PAIN FREOUENCY (PLEASE TICK �BOX ONI.Y) 

ONCE PER MONTH 

ONCE PER WEEK 

ONCE PER DAY 

FREQUENT 

CONSTANT 

J. PAIN SCALE (PU:ASf: PI.ACI: A MARK ON THe FOU.OWINC LINE TO 
INDICATE YOUR PAIN AT TIllS MOMENT) 

NO 
PAIN 

PAIN AS BAD AS 
ITCOULD AI: 

Fig. 18.2 Subjective pain assessment: pain diagram, pain frequency, and visual analogue pain scale. 

If only one thoracic nerve root is affected, no 
anaesthesia may be found , although hypoaesthesia 
will probably be present (Hoppenfeld , 1977) and, 

when spinal and/or neural anomalies are present, 
Wigh (1980) warns of the difficulty of correctly 
localizing the level of involvement . In addition, 
carefuJ examination of motor innervation of trunk 
musculature allows the nerve roots causing a specific 

motor deficit to be identified. For example, weakness 
of the lower abdominal muscles may be apparent 
using Beevor's sign to test the integrity of the 

segmental innervation of the rectus abdominus mus
cles (ask the patient to do a quarter sit-up with arms 
crossed and observe the umbilicus, which normaUy 
should not move at al.l) (Hoppenfeld, 1977). Muscle 

weakness may vary from mild paresis to complete 
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Fig. 18.3 Sensory (derma tomes) on the anterior and poste· 
rior surfaces of the body. Axial lines, where there is 
numerical discontlnuity, are drawn thickly. (Modified from 
Wilkmson, 1986.) 

paraplegia, and leg unilateral or 
bilateral; patellar 
are brisk or exaggerated and cremas-
teric reflexes are and Oppen-
heim's signs usually involvement is 
usuaUy one or two levels lower than the bony level 
depicted on a myelogram (Hoppenfeld, 1977). Mus
cle tone is increased in most patients, as expected 
with an upper motor neuron lesion (Hoppenfeld, 
1977) (see Chapter 9). 

Thus, until a thorough history has been taken and 
examination and any imaging 
been performed, it is not 

bei,ng neurotic or a malingerer. 
thought that such patients 

cases (feasell, 1997). 

(�xamination 

The physical examination should be systematic and is 
summadzed in Table 18.1. 

Some possible causes of thoracic 
spine pain 

thoracic spine pain that should 
differential diagnosis are 

suspected within the spinal 
examination of the thoracic 

neurological levels, should be 
forllled, is assessed as mentioned 
above (Hop penfield , 1977). If myelopathy is sus
pected, upper motor neuron reflexes should be 
tested including the superficial abdominal reflex (if 
absent suggests upper motor neurone lesion) (Klein 
and Garfin, 1995). 

Deep tenderness of the spine, with or without 
cutaneous hyperalgesia, is usually due to local disease 
of, tissues at the site of tenderness, 

cutaneous tenderness is a 
visceral disease (Mackenzie. 

[0 differentiate between 
tenderness and, in the case 

tenderness elicited by pressing 
and tenderness in the 
I. 985). Spinal disease is 

accompanied by local muscular spasm and the 
muscles thus affected become tender, although they 
are not themselves the site of the disease. This is 
important in the differential diagnosis, as local spasm 
can be a response to disease of the vertebrae, 
intervertebral discs, or the spinal cord and its 
membranes (Mackenzie, 1985). The chief morbid 
conditions causing spinal tenderness are summarized 
in 

Mechanical thoracic spine pain 

syndromes of mechanica.1 
are encollntered; consequently 
these deserve special mention. Poor muscle tone and 
posture are important factors in the aetiology of 
mechanical spinal pain and can lead to hyper
kyphosis. In particular, the intervertebral and zygapo
physiaJ joints can be affected by postural deficiencies 
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Table 18.1 Elements of the physical examination 

ERECT POSTURE EXAMINATION 

Observe for: 
fluidity of movement 
body build 
skin markings - e.g. cafe·au·lait spots, lipomata, 

melanoma 
postural deformities 
scoliosis (idiopathic, postural with pelvic obliquity) 
spine alignment 

Test spinal column motion for: 
flexion 
extension 
side bending 
rotation 

Compression of rib cage 

SEATED 

Knee jerk, ankle jerk 

Sensation on torso and lower limbs 

SUPINE 

Kernig test (spinal cord stretch)" 

Tests to increase intratbecal pressure: 
Milgram test" 
Naffziger test" 
Valsalva manoeuvre' 

Test sensation and motor power 

PRONE 

Palpate thoraCiC spine, over related joints, and trigger 

points 

'See Giles (l997b). 

Intercostal expansion at nipple line: 
5-7.5cm (normal) 
< 2.6 cm (an.kl'losing spondylitis) 

Palpate for: 
muscle spasm 
trigger zones 
myofascial nodes 
supraspinous and interspinous ligament tenderness 
adjacent muscle tenderness 
relative motion between adjacent vertebrae (by motion 

palpation) 

Observe gail 
heel walking (tests foot and great toe dorsiflexion) 
toe walking (tests calf muscles) 

Straight leg raising 
Calf circumference measurement 

Palpation of abdomen 
Auscultation - listen for bruit (abdominal and inguinal) 
Palpate fOf peripheral pulses and skin temperature 

Measure 
thigh circumference bilaterally 

(Adapted from Hoppenfeld, 1976; Hart, 1985; Mackenzie, 1985; Keirn and Kirkaldy·WiIlis, 1987.) 

and injury. Subsequent mechanical degenerative 
changes can lead to zygapophysial joint and nerve 
root syndromes, the pathogenesis of which has been 
described by Keirn and Kirkaldy-Willis (1987). 

Although the zygapophysial joint is now universally 
accepted as an im portant source of spinal pain 
(Mooney and Robertson, 1976; Schwarzer et at., 
1994a, 1994b; Stolker et al., 1994), and its neurology 
is more accurately understood (Chapter 8), the 
existence of the 'facet syndrome' (Ghormley, 1958) as 
a clinical entity is still questioned by some (Kuslich et 
at., 1991; Jackson, 1992; Schwarzer et at., 1994a, 
1994b). However, its existence in the Iwnbar spine is 

supported by others (Kirkaldy-Willis and Tchang, 
1988; Weinstein, 1 988 ; Yong-Hing, 1988; Empting
Koschorke etal., 1990; EI-Khoury and Renfrew, 1991; 

Goupille et at., 1993). Dreyfuss et al. (1994) have 
discussed pain referral patterns from thoracic zygapo· 
physial joints. 

The role of osteophytes affecting the autonomic 

chain (Nathan , 1968, 1987; Giles, 1992) should be 
considered, as well as the effect of intervertebral disc 
protrusion on the recurrent meningeal nerve, the 
epidural blood vessels between the protrusion and 
the dural tube, and the the rich ventral spinal dura 
nerve plexus (see also Chapter 8). 
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Table 18.3 Summary of chief conditions causing spinal tenderness 

1. Diseases of the overlying skin and subcutaneous tissue 

These are usually clinically obvious and include potentially serious conditions such as 

melanoma 

2. Diseases of the vertebral column: 

(a) Inflammatory 
Pott's disease 
Staphylococcal spondylitis 
Typhoid spine 
SpondylitiS ankylopoietica 

(b) Degenerative 
Spondylosis 
Osteochondritis (rare) 

(c) Neoplastic 

Primary tumour 
Secondary deposit 

(d) Traumatic 
Fracture 
Dislocation 

(e) Erosion by aortic aneurysm 

3. Diseases of the spinal cord and meninges: 

Metastatic epidural abscess or tumour 
Meningioma 

Neurofibroma 
Syringomyelia 

Actinomycosis 
Hydatid cyst 
Paget's disease 

Nucleus pulposlls herniation 

Myelomatosis 
Leukaemic deposits 

Nucleus pulposus hernjation 

Herpes zoster 

Meningitis serosa circumscripta 

Tumour of the spinal cord 

4. Hysteria and malingering: (compensation neurosis) 

5. Metabolic disorders: osteoporosis, osteomalacia, hyperpa.rathyroidism 

Reproduced with permission from Mackenzie (1985). 

signs of traumatic thoracic disc herniation until some 
months later, and there is the potential for false· 
positive findings as a result of asymptomatic degen
erative changes. Therefore, imaging procedures may 
only give a 'shadow of the truth ' ; this is particularly 
true when a patient's physical examination and 
imaging studies are unremarkable (Giles and Craw
ford, 1997). The limitation of present diagnostic 
imaging procedures in not being able to show all soft 
tissues, such as some of those shown histologically in 
Figs 18.4 and 18.5, is a serious shortcoming. 

When a thoracic nerve root dysfunc tion is suspec
ted, electromyography (EMG) and nerve root conduc
tion studies can be helpful (Hoppenfeld , 1977). 

Laboratory tests 

When bony pathology is suspected , senlm calcium, 
phosphorus , alkaline phosphatase (particularly alka

line phosphatase isoenzyme determination by electro

phoresis, which differentiates alkaline phosphatase of 
osteoblastic origin from alkaline phosphatase from 
other sources - Brown, 1975) and acid phosphatase or 
prostatic specific antigen (for males over 40 years of 

age) may be helpful in detecting bone disease. Early 
inflammatory changes may be detected by an increase 
in C-reactive protein and in the erythrocyte sedimenta
tion rate (ESR). An abnormaJ full blood count can be 

helpful ; for example, in cases where there is suspicion 
of primary haematological disorders and for some 
infections (Henderson etal., 1994). 

Immunoelectrophoresis of senlm and urinary pro

teins may also be useful diagnostic procedures in the 
identification of multiple myeloma (Brown, 1975). 
Other tests that should be considered, when indi

cated, are latex flocculation for rheumatoid spondyli
tis, and serum and urine amylase and Lipase for 

chronic pancreatitis (Collins, 1968; Schroeder et ai., 
1992). In addition, it may be necessary to assess bone 
density using dual energy X-ray absorption (DEXA) 
bone densitometry. 

In this chapter it is not necessary to list every 
spine-related condition with its possible abnormal
ities in serology, haematology, urinalysis and other 
laboratory tests, as these have been well documented 
in numerous clinical diagnosis texts, including illus
trated versions (Coll ins , 1968). In adclition, particular 
reference to painful syndromes associated with 
the spine in some cases has already been made 
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40YM 
Fig. 18.4 S uperior to inferior view of a 
200-!]m thick histological section cut 

through the rib head level of a TIl 
vertebra from a 40-year-old male. Note 
the coments of the spinal canal where 
the spinal cord is protected within the 
dural tube (D) with an adequate amount 
of epidural fat. The black arrow shows a 
demiculate ligamem, between the anter
ior and posterior nerve roots, which 

heJps to protect the cord against shock 
and sudden displacement as it floats 
within the cerebrospinal fluid. FRH, 
facet (with hyaline articular cartilage) for 
rib head ; L, lamina; P, pedicle; RH, rib 
head With hyaJine articular cartilage; S, 
spinous process with muscles on its left 
and right sides. Note the synovial fold 
(short white arrow) projecting imo the 
right costovertebral joint 'cavity' from its 
posterior margin. These synovial folds 
are uU1ervated by axons expressing 
immunoreactivity to substance P and are 
a likely source of pain, (Erlich's haema
toX)' lin and light green counterstain). 
(Reproduced with permISSIOn from 
Giles and Singer, 1997a.) 

Fig. 18.5 Superior to inferior view of a 
200-!]m thick h istological section cut 
through the T1 0 -TIl intervertebral fo ra
men of a 40-year-old male. Note the 
anatomical deviation of the spinous 

process (S) to the right side. The spinal 
ganglia (G) are seen in the outer half of 
each imervertebral canal (foramen). 
Arrow, nerve roots; N, spinal nerve . The 
section has been cut in a Slightly oblique 
plane , so the right zygapophysial joint's 
hyaline articular cartilages (H) are seen 
more clearly than on the left. Note the 
epidural fat communicating with fat 
inside the jOUlt capsule (through the 
disrupted ligamentum flavum (L)) in this 
individual (tailed arrow) . R, riglu side. 
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(Haldeman et at., 1993; Henderson et al., 1994). 
However, laboratory evaluations are important when 
the clinician suspects metabolic disturbance, malig
nancy, infection or one of the arthritides, such as 

ankylosing spondylitis or rheumatoid arthritis. None
theless, it should be noted that various tests have 
different levels of accuracy, which is calculated from 
the sensitivity (proportion of individuals with the 
condition whose tests are positive) and specificity 
(proportion of individuals without the condition 
whose tests are negative) (Bloch, 1987; Nachemson, 
1992; Henderson et al., 1994). 

Treatment 

Effective treatment must be based on an exclusion 
diagnosis of the aetiology of thoracic spine pain 
syndromes, bearing in mind that, in the majority of 
cases of pain of mechanical origin, a precise diagnOSiS 
cannot be made (Margo, 1994). However, it is 
essential to exclude disease processes and psycho
logical conditions which should be treated by 
another specialist rather than by spinal mechanical 
therapy. 

As described in a number of previous chapters, 
pain referred from the thoracic spine can closely 
mimic the symptoms of visceral disease such as 
angina pectoris and biliary colic (Kenna and Murtagh, 
1989). Consequently it is essential for a careful 
diagnosis to be made in oreler not to manipulate the 
spine for inappropriate conditions, which wiU be 
listed later in this chapter. For example, a patient 
presenting with cervicothoracic and shoulder pain, 
who does not have reproducible shouJder pain on 
movement, requires cervical and thoracic spine 
radiographs as well as chest films to exclude Pan
coast's tumour, which can refer pain to the shoulder 
(Hart, 1985). In addition, such tumours can interrupt 
the cervical sympathetic pathways, leading to vaso
motor paralysis with sudomotor abnormalities and 
Horner's syndrome (Khurana, 1993). 

Contraindications 

Against the preceding diagnostic approach to tho
racic spine pain syndromes, contraindications must 
be considered. 

When a diagnosis of mechanical pain of the 
thoracic spine has been made, a manipulative thrust 
can be made to any part of the thoracic spine. A 
detailed knowledge of the anatomical peculiarities of 
the thoracic region, for example the planes of the 
zygapophysial joints, will allow such manoeuvres to 
be applied safely and with maximum benefit to the 
patient. Furthermore, manipulation of the thoracic 
spine should be performed carefuUy at aU times. 

Manipulation should allow the zygapophysial joint's 
opposing cartilage surfaces to glide along their 
normal plane and not in such a manner that opposing 
surfaces are compressed against each other. It should 
be noted particuJarly that treatment of the lower 
thoracic spine (fll-Tl2 anel Tl2-Ll) requires addi
tional precautions due to the extremely variable 
morphological configuration of the thoracolumbar 
zygapophysial joints (Singer et at., 1988, Chapter 7). 
In fact, 'mortice' type joints are a pecuJiarity of this 
part of the spine, and occur in approximately 80% of 
the population (DaviS, 1955; Singer, 1989) (Fig. 18.6). 

In such joints there is marked restriction to rotation 
and extension, so c1in.icians need to be cognizant of 
these anatomical features when examining and man
aging thoracolumbar junction disorders (Singer and 
Giles, 1990). 

In order to prevent injury to the costovertebral 
joints during a manipulative thrust their anatomy 
must be understood, as these joints have soft tissue 
structures such as synovial folds and joint capsules 
that could be injured if due caution and skill are not 
applied (See Fig. 18.4). 

When a clinician is completely familiar with the 
bony anatomy of the thoracic spine, interpretation of 
imaging fLlms will be routine and diagnostic errors are 
less Likely to occur. Therefore, bony contraindications 
to spinal manipulation should not be overlooked; 

Fig. 18.6 An illustration of one type of mortice joint 
showing the superior and inferior joint levels, which shows 

the tapered effect of thiS articulation (sap, superior articular 

process; iap, infetior articular process; mp, mammillary 
process). Note how the infetior articular processes of the 
superior vertebra would be ' locked ' into the superior 

articular processes of the lower vertebra. (Reproduced with 

permission from Singer and Giles, 1990.) 
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Table 18 .5  Contraindicatio11S for spinal manipulation: 

these are dependent upon the patient's history, 
presenting signs and symjJtOl11S, imagiug and, 

indicated, findings 

• Degree of osteo pe nia 

• Advanced arthropathies 
• Insignifican t bo ny sp ina l anoma lies 
• Patie n ts on a nt icoagula n t  medication 

Vascular d isorde rs 
Psychological undiagn osed 
Herpes zoster 
Spll1al manip ul atio n not be llsed i s  a 

possibility of m iscarriage . Techniques involving 
compression and rotation of the thoracol umbar spine 
are p robably best avoided in the l atter stages of 
pregnancy 

(often due existing disease) 
Pnmary and secon da ry neop las tic l esions spi ne 
iHld/or ribs 

• Primary and secondary neoplastic lesions of the soft 
t issue st ructures of the chest, including tumours of 
neural  stmctures 

• Non·neoplastic bone disease (e.g. advanced 
osteoporosis) 
lnfenion (e. g .  tuberculosis) 
tnfl: .• mmation (e.g 

s n kdosing spondvlit ls)  
SVllovial cyst (Hodrw' al. , 1 994) 

• Healing fracture or disloca tion 

• Intervertebral d i sc herniation (Boriani et at. , 1 994) 
• Gross segmental instability and sign ificant spinal 

anomalies (e.g.  advanced idiopatllic scol iosis) 
Spma l  cord compreosion 
Tl'lOraci c  a n e W'ysm 
Vi,,'e ral referred 

Olmous advanced deformity 

• Congenita l generalized hypermohillty 

Modified from Grieve ( 1 98 1 ), Dvorak (1991) ,  Terrell and 
Kleynhans ( 1992) and Singer ( 1 997) .  

Unnecessary application during 
spinal manipulation 

Fortunately, few cases h ave been reported where 
excess ive force has resulted in long·term com plica-

However, rroduc tion of vertebra l  
has b e e n  documen ted (patt i n ,  : Terrett 

K!eynhans,  

Osteoporosis 

Assessmen t  of fracnlre risk using bone density 
m easurements is the p re ferred management  s trategy 

osteoporosis p resent .  The re rol e  for 
gentle mobll.in.1 but this ml"l 

case·by·cas e  a n d  should nm performed 
if there is a ny rbk of lliju ry to the patient.  

lriflammatory disease of tbe spine and 
degenerative spondylosis 

H.hellmatoid a rthrlris spinal 
by the 

pract itioner. In  i nflamma tory stage of 
ankylosing spondylitis , spinal manip ula ti on is contra· 
i n d icate d . C hronic degenerative osteoarthrit is ,  spon· 
dylosi s  osteochondrosis and diffuse id iopathic skel· 
etal hyperostosis (DISH) are relative contraindications 

spinal manipulatio n .  Mobiliza tion however, 
rec o mmended place of high,vdoci ly low· 

amplitude thrust Cases advanced 
OSleoarthrit is  of the Ln lervertebra I  jo ints Inay not 
benefit from manipulation.  Spina l degenerat ive dis· 
ord ers with resultant soft-tissue hypertrophy of the 
l igamentum flavum can induce s pinal ste nOSiS , and 

with spinal  stenosis usuaUy do henefit 
sp ina l  manipu lation (Grieve ,  1 98 1 )  

Spinal manipulative therapy in 
patients with psychogenic disorders 

who present  with psychogenic disorders 
evaluated preferably psycholo· 

and/or a psychi a tri,t , hefore spinal  manipulation 
i s  rec o mme nded. I n  patients in whom a functional 
jo int  disorder of the spine cannot be determined 
there is no point in u sing spinal  man ipu l at ion , as 
patients with psychogenic disorders c an develop a n  
' :H1Jicti o n '  to Such patients even 

into 
cldmin istering such 

Clinical reasoning for continuing or 
abandoning mechanical therapy of 

thoracic 

manipulatio n be colltLl1l1ed or dis· 
conti n u e d  according to the presenting signs and 
symptoms compare d  with a foUow·up examination. 
As previous ly ment ioned,  a n  exac t ing history is 
mandato ry in determining the appropriateness of 
mechanical therapy. c l i n i c a l  g u i d e  provides a 

sequence conSidering or re e\Ca luating 
role of sp ina l Inan ipu lation oUl.lined in 

8 .6 .  
Desp i te the lack of a ny systematic study into 

thoracic spinc complicat ions following spinal mallip
u lation ,  the incidence is c o nsidered to be low, 
although Terrett and KJ eynhans (1992) suggest that 

fractures a re a n  underreporlul com· 
of spinal mani pulation.  The rate of 

eomplications c a n  assessed u s i n g  prospective 
surveys . 
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Table 18.6 Clinical reasoning Jor con tinuing or 
abandoning spinal manipulation of the thoracic spine 

1 .  The patie1"lt reports Improvement following tmatment: 
• Trea t men t is re peated within reason until the patient 

is symptom free, Or until the trea tment goal  has 
been attained 

2. The patient's symptoms are exacerbated within bours 
following treatment but improve the day after 
treatment: 
• Re-eval uate the patient and continue treatment on a 

short tri a l  basis if indicated before re-eva lua t ing 

3. The patient's symptoms are e.:mcerbated immediately 
after treatment:  
• TIle pa tient should be reassured 
• Re-eval uate in  the l i ght of prev ious t1ndings 
• Con s idcr substitu ting a different form of treatment 
• Consider massage of the paravertebral musc les 

• Carefu lly deta i l  and document the physical find ings , 
i ncl ud ing neuro logica l assessmen t 

4 .  Progressively wot"Sening symptoms over days or a 
week: 
• Reassess previous diagnoStic fmdings 
• Discon t inue manipu lative treatment 
• Consider subst ituting a different treatment moda lity 
• ConS ider medical referral for local infil tration with 

anaesthetic ± steroid suspension 
• Neurol ogica l ,  rheumatological or orthopaedic 

consultations may become necessary and should not 

be postponed 

5 .  In case of neurolog teal complications 
e.g. anaesthesia, sensory changes and weakness: 
• Reassess urgently; comp lete documentation of the 

incident and al l  findings 
• Consider immediate hospitalization via emergency 

6 .  The patient's slatus remains unChanged (1". e. neither 
improvement nOt· worsening of the Initial symptoms) 
after seveml (6) treatments :  

• Reassess diagnostic fmdings 
• Change mecha nical therapy approach 
• Con s ider [he patient'S psychosocial situation 
• Consider appropriate referral 

7. In evelY situation the follOWing guide applies : 
• Economy of vigour in technique 
• Treatment must be gu ided by assessment and 

reassessment 

Modified from Dvorak ( 1 99 1 ) , Te rre l [  and Kleynhans ( 1 992) and 
Si ngee ( 1 997). 

In summa ry, m aj or complications arising from 
spinal manipulation reflect misdiagnosis ,  the inability 
of imaging procedures to define some pathological 
conditions clearly, failure to identify correctly the 
onset or progression of neurological signs or symp· 
toms, the choice of inappropriate management tech
niques , spinal manipulation performed in the pres
ence of a s ignificant herni ated disc or a blood 
coagulation disorder, and the use of inappropriate 
mechanical therapy techn iques . 
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Absorpriometry, dual X ray, 198 
Acetylcholinesterase stalning of nerves, 119 
Achondroplasia, 93 
Adamkiewicz artery, 117, 293 
Adams sign, 246 
Adjustive procedures, chiropractic, 252 

Agenesis of verte bra , 86 
Albers-Schonberg's disease, 96 
Alkaptonuria, 97, 98 

Allodynia, 1 1 7 

AmitryptiLine for pain, 208 

Ankylosing spondylitis, 63, 245, 289, 292, 294 
Anulus fibrosus, 37 

innervation, 126 
Aorta, 285 

cross clamping, causing spinal ischaemia, 117 
Arteries of cord, 116, 117 
Articular cartilage, 291 
Arthrokinematic mOlion, tests, 273, 275 
Articulatory techniques, osteopathic, 263 
Asymmetry of spine normal, 46 

Autonomic chain, 285, 288 
Axial rotation and stiffness at thoracolumbar junctional 

zone, 106, 107 

Axis of rotation, netical, 49 

Babinski, 287 

Beevor's sign, 155 
Biomechanics, 45 
Block vertebra, 86 
Blount's disease, 57 
Bone grafts for spinal surgery, 228 
Bone mineral denSity, 289 

in osteoporosis, 51 
Boston brace, 58 

Braces for scoliosis, 58, 239 
Burst fractures, 293 

at thoracolumbar junctional zone, 107 

Calcitonin gene-related peptide immunoreactive nerve 
t,bres, 199 

Canal encroachment by fracrures, 55, 230 

Canal stenosis, 1 52 , 185, 285, 289, 294 
Capsaicin, 136 
Cellulalgia, 159 
Cervical joints, referred pain from, ) 72, 289 
Cervical rib, 171 
Cervicothoracic spinal pain sy ndromes, 157, 292 
Chiropractic: 

flexion-distraction therapy, 253 
management, 244 

flexion distraction therapy, 253 
management, 244 

Clinical examination of spine, 145 
Cobb angle measurements of scoliosis, 57, 92, 238 
Compartment, ventral and dorsal, 206 

dorsal, innervation, 134 
ventral, innervation, 120 

Compression of cord, 116 
Computed tomography, see CT 
Contraindications to manipulation, 283, 292, 293, 294 
Cord compression, 116 
Costotransversectomy approach to spine, 229 

Costovertebral: 
attacnments, 41 

joint, 291 

degeneration, 67 
innervation, 120, 291 

Cotrel-Dubousset instruments, 59, 241, 242 
CoupLing, 56 

Crankshaft phenomenon, 59 
Cryocoagulation, 210 
CT,283 

myelogram, 185 
zygapophysial jOint degeneration, 183 

Deformity, hemimetameric segmental, 86 

DenSitometry, 198 

Dermatomes, 287 
Development of thoraCic spine, 83 
Diagnosis, thoraCic spine pain, 288, 289, 290, 292 

Diastematomyelia. 89 
Diffuse idiopathic skeletal hyperostosis, see DISH 
Disc, see r ntervertebral 
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Discography, 183 
provocative, 210 

DISH syndrome, 65, 66, 294 
diagnosis, ISO 

Dorsal: 
column mediallemnisclls, 115 
compartment pain, 211 

Dual photon absorptjometry, 51 
Dura mater: 

innervation, 128 
usual origin of pain, 145 
multisegmental referred, 132 

Dural tube, 291 
Dysaesthetic pain, I) 6 
Dysostosis multiplex, 94 

Ehlers-DanJos syndrome, 96 
Elastic range of deformation, 48 
Electrical stimulation of trunk muscles for scoliosis, 58 
Electromyography to measure muscle forces in trunk , 53 
Endoscopic techniques in spinal surgery, 227 
End-plate lesions, 70 
Enigma of thoracic spine, 3 
Enthesophytes, 65 
Epicondylitis, 176 
Epidural sterOids for pain, 209 
Examination of thoracic spine, 145, 287 

by chiropracters, 244 
by osteopaths, 254 
by phYSiotherapists, 269 
importance of history, 285 
mechanical, chiropractic, 247 
physical, 288 

Exercises, osteopathic, 265 

Fentanyl patches , 207 
Fibromyalgia, 172 
Flexibility matrix, 50 
Football collision, case report, 3 
Fractures, see Injuries 
Funiculus dorsalis, ) ) 5 

GABA-ergic neurons, 117 
Gadolinium DTPA MRl, 196 
Gibbus, 146, 235 

Haemangioma, imaging, 199 
Harrington rod, 240 
Harrington-Luque technique, 240 
Hemivertebra, 86, 87 
History, see Examination 
HLA-B27 antigen in ankylosing spondylitis, 63 

sensitivity, specific, 292 
Homocystinuria, 97, 98 
Hueter-Volkrnann law, 57 
Hunter'S syndrome, 95 
Hurler's syndrome, 94 
Hypermobility, physiotherapy for, 280 
Hypomobiliry disorders, 9 

physiotherapy for, 278 
Hysteresis, 48 

Imaging: 
limitation, 289 
magnetic resonance, see MRl 
myelogram, 289 

Indications that origin of pain is serious disease, 259 
Injuries: 

causing instability and neurological defiCit, 230 
classification, 54, 230 
imaging for, 189 
impact and blast, 55 
pathology, 75 
spinal fusion for unstable fracture, 232 
three column concept, 189 
to cord, pain following, 116 
treatment, 55 

decompression seldom indicated 231, 232 
Instability, spinal, 54 
Intercostal nerves, 114 
Intercostal radiculopathy, 284 
Interscapular pain, cervical origin of, 158 
Intervertebral canal, contents, 285, 291 
Intervertebral disc: 

anatomy, 23 
contributed to tlex.ibility and strength, 51 
degeneration, 67 

imaging of, 1 79 , 181 
herniation, 8, 77, 284, 285, 290 

diagnosis, 155, 286 
operation rarely indicated, 228 
spontaneous recovery, 284 

Intra-articular synovial folds, 23, 25 , 205, 291 
in zygaphophysial joints of thoracolumbar junctional 

zone, 105 
Intramedullary lesions, 116 

Javelin thrower, 17 
joint: 

costovertebral and costotransverse, 28, 291 
locking, acute, 9 
play assessment, 247 
zygapophysial, see Zygapophysial 

KAI\'EDA fIXation, 233 
Kneading, osteopathic, 262 
Kyphosis, 236 

Laboratory tests, 290 
sensitivity, specific, 292 

Laminectomy may cause instability, 227 
Lateral corticospinal tract, liS 
Lateral upper thoracic pain, 160 
Lemniscus medialiS, 1) 5 
Levator pOint, 161 
Levator scapulae syndrome, 160 
Lifting, mechanics of, 53 
Ligaments, 34 

anterior longitudinal, 35 
innervation, 121 

are tensile members, 50 
denticulate, 291 
encapsulated nerve endings in, 136 
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Ligaments - continued 
iliolumbar, 40 
interspinolls, 40 
ossification in, 69 
posterior longitlldinal, 35 

calcifi cation causing cord comp ression, 229 
innervation, 125 

sacrospinous and sacrotuberous, 41 
supraspinous, 40 
transverse, 40 

Ligamentum flavllm, 38, 291 
ossification in, 68 

Low back pain in thoracolumbar junction pain syndrome 
163 . 

' 

Luque segmental sublaminar system, 242 
Lymph node, 285 

Maroillary process, 20, 23 
Manipulation for cervicothoracic spinal pain, 160 
ManipulMion 

chiropractic, 250, 252, 253 
contraindications, 283, 292, 293, 294 
for spinal pain, 56, 292 
for thoracolumbar junction pain syndrome, 167 
indications, 293 
reasons for abandoning, 295 
safety of, 293 
vascular accidents, 293 

Marfan's syndrome, 96 
Matrix, flexibility and stiffness, 50 
Mechanics: 

of lifting, 53 
of thoracic spine, 287 
of thoracolumbar junctional zone, 106 

Meningoceles, neurofibromatosis with, 95 
Metastases, 73 

imaging, 198, 200 
Mobilization and man ipulation, contraindications, 283 
Morquio's d isease, 88, 95 
Mortice joint, 292 

atTlI-Tl2, 104 
Motion of thoracic spine, 47 
MRl: 

in d iagnosis of thoracic spine d isease, 225 
is investigation of choice for spine , 185 
of large disc herniation, 182 
of normal thoracic spine, 181 

Mucopolysaccharidoses, 94 
Myelopathy, 285, 287 

Naffziger's test, 155 
Nerves: 

anatomy, 114, 285 
entrapment causing thoracolumbar jWlction pain 

syndrome, 166 
para vertebral , 285 
recurrent meningeal, 285 
supply to spine, 158 

Neurofibromatosis, 95, 226 
Neurological deficit, 224, 230, 285 
Neurolysis, 210 
Non-steroidal anti-inflammatory dr ugs, 207 

Notalgia paraesthetica, 161 
Notochord , 83 

Opioid drugs, 207 
Ossification centres in spine, 83 
Osteoarthritis of spine, diagnosis , 154 
Osteogenesis imperfecta, 96, 97 
OsteOid osteoma, 285 
Osteokinematic function tests of 272, 273 
OsteomyelitiS, 73, 194, 289 

' 

Osteopathic management, 257 
OsteopetrOSis, 96, 97 
Osteophytes, 68, 288 
Osteoporosis , imaging, 196, 197 
Osteoporosis: 

imaging, 196, 197 
pathology, 72 

Pacinian corpuscles, 1 36 
Paget's disease: 

diagnosis, 150 
imaging, 201 

Pain: 
c llfonic : 

defmed as more than 3 months, 205 
spinal, classification, 205 
thoracic, causes of, 206, 289 

drug treatment, 207 
diagram, 286 
from serious diseases, 223 
from thoraCic spine, diagnOSiS, 145 
referred, visceral, 133, 288 

Painful minor intervertebral dysfunction, 159 
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as calise of thoracolumbar junction pain, 1 66 
Palpation, 246, 247, 288, 293 
Pancreatitis mimicked hy thoracic spine pain, 4 
Paraesthesia, 285 
Pathology of thoracic spine, 63 
Pedicle screws, 55 
Percutaneous: 

facet denervation, 2 11 
partial rhizotomy, 212 

PerdrioUe measurement of scoliOSiS, 238 
Physiotherapy management, 268 
Pinch-roU test in diagnosis of spinal pain, 164 
Placebo effect, 2 1 5  
Plastic deformation, 48 
Plates for spinal surgery, 228 
Posterior iliac crestaJ pOint , 164, 166 
PosnJre in workplace , cause of tired neck syndrom e 

174 
' 

Psychogenic back pain, 284, 294 

QUANTEC imaging for scoliOSiS, 238, 239 

Radicular arteries, 117 
Radiculopathy, 285 
Radiofrequency neuro lysis, 210, 216 
Radiology of thoraCiC spine, 177 
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Rami communicantes, 119, 122, 285 
Randomized controlled trials, difficult)' of, 214 
Recurrence treatment, 216 

Red flags conditions , 223, 259 
Referred sources, 78, 79, 249, 287, 

289 
RepetitiVt' 
RheumalOid 
Rhizotomy 

150, 290 

percutaneous 12 
posterior, causillg ischaenlia, 118 

Rib hump in scoliosis, 238, 246 
Ribs 1 and 2, movement dysfunction, 9 
Risser sign, 240 
Rods for spinal surgery, 228 
Root pain, 146 
Rotations in three axes, 47 
Ruffini corpuscles, 136 

diagnosis 
radiology, 

Sclunorl's 
anterior 
at 

Schwannoma, 224 
Sclerotome, 83 
Scoliosis: 

, 245,289 

disease, 91, 289 
lone, 109 

aetiology and progression, 56 
classification, 90, 236, 245, 288, 289 
Cobb technique to measure, 57, 92, 238 
development of, 86 
imaging, 198, 199 
measurement of, 57, 92, 238 
neurofitlromatosis 
patholog), 
treatment 

brace 
non 
oper:lfive, 

Segment;!i 

255 

Sinuvenebral/recunent meningeal nerves, 124, 285 
Somites,83 
Spinal: 

arteries, 116, 117 
cord, 285, 291, 293 
dysraphism, 89 
ganglion, 285, 291 
nerves, 114 

Spinothalamic tract, 115 
Splanchnic nerves, 118 
Spondylitis., 
Spondylotl rthrop:uhy, 
Spoodyloepiphyseal 
Spondyloibt IIe.s!s 
Spondylosl:i 
Stabilization 
Stenosis 

diagnosis, 
Sternum, 31 
Stiffness matrix, 50 
Stress-strain graph, 47 
Stretching, osteopathic, 262 

Subluxation: 
of costotransverse and costovertebral joints, 281 
of 281 

T4 syndrome, 254 
Technetium MDP scan , 184 , 194, 198 
TENS, 208 
Test blocks, false pOSitive and false negative, 209 
Tethering, 57 
Thoracic outlet syndrome, 17 I, 174 
'Thoracic spine' 

285, 291 
17 

, 18, 31 
ligaments, 20 

19 

5 
epidernlol.ogy, 5 
Iluervertebral disc prolapse, 8, 284 
kyphosis, 6 
management, 10, 244 
nerve compression, 7, 284, 285 
non-mechanical causes, 8, 287, 289 
prevalence, 5, 283 
referred, somatic and visceral, 7, 287, 289 

T horacolumbar: 
fascia, 40 

lOO, l09 
pOint, 102 

syndromes, 161, 163 
unhelpful, 164 

mncrvation, 162 

surgery, 227, 229 
pain after, J J 4 

Thrust techniques: 
chiropractiC, 250 
osteopathic, 263 

Tired neck syndrome, 17 J 
Tracts in cord, J 15 
Transcutaneous electriC nerve stimulation, 208 
Translations in three axes, 4 7  
Trauma, see Injuries 

injection of, 208 
194 

neuron lesion, 287 

Vasoactive intestinal polypeptide immunoreactive nerve 
fibres, 119 

VATER association, 86 
Ventral compartment syndrome, rare, 214 
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Vertebra: 
agenesis, 86 
block,86 
butterfly, 88 
hemi, 86, 87 
limbus, 93 

Vertebral: 
bars, 89 
bodies contribute 

Viscoelasticiry, 48 

Workplace, bad posture in, 1 74 

X ray, see Radiology, Imaging 

stlength,51 

Zielke method, 242 
ZygaphophysiaJ joints, 10, 23, 291 

and strength, 52 

60, 165, 1 67 
load bearing, 103 

junctional zone, 100 
arthritis common, 108 
intra-articular synovial folds, 105 

source of thoracic pain, 135, 288 
tropism, 103 
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