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"There is a dead medical literature and there 
is a live one. The dead is not all ancient and the 
live is not all modern." 

Oliver Wendell Holmes 



Foreword 

by Henry j. Mankin 

At first glance at this volume, it is easy to ask "why so much about so little?" 
After all the distal radius is only a small part of the body and its fractures, 
although common, are really not exactly a life- or limb-threatening issue. 
Admittedly it is a fracture that we often do not deal with well, but is that really 
worth an entire volume? How wrong one would be with that attitude! How 
truly inappropriate is such a view of this truly spectacular and well-written 
compendium of important technology and information! 

Fractures oj the Distal Radius is truly a remarkable effort and one that by all 
standards offers the reader a practical guide to the diagnosis and management 
of distal radius fractures and their sequellae. Each of the management chapters 
provide the reader with methods of identifying the injury, techniques of 
anesthesia, reduction, fixation, immobilization, aftercare, potential complica
tions and their management and expected and achieved outcomes. All types of 
injuries are detailed, and all methods of treatment including closed techniques 
are described. This it would seem would be sufficient for a book about an 
injury, especially one as frequently encountered and as seemingly prosaic as 
fractures of the radius. A~ important as that goal is, however, it is not alone the 
purpose, nor in this essayist's opinion, the principal achievement of this 
remarkable volume. 

The book has been written by two outstanding surgeons who not only 
describe the lesions and the best treatment on the basis of their own 
experience, but in addition provide the readers with a broad panoply of 
methodology for the management of the injuries based not just on what is 
successful in their own hands, but on a careful assessement of an extraordi
narily voluminous body of literature. No stone lies unturned by Drs. Fernandez 
and Jupiter in providing the reader with every recorded classification system 
and their strengths, weaknesses and difficulties of application. At the same time 
they offer as their choice the new Fernandez approach which to this reader 
seems to make sense out of potential chaos and confusion. This alone is 
perhaps worth the price of the volume and is a truly valuable contribution. 

Of perhaps greater interest to some of us is the evident fact that the authors 
display for this day and age, a rather astounding reverence for history. The first 
chapter clearly demonstrates this point and despite its lack of direct application 
to management of the injured patient (which after all is what the book 
is about) is for some of us, the most edifying and entertaining section. It 
describes in remarkably clear fashion the extraordinary, centuries-old struggle 
since the time of ancient Greece to define and describe this very common 
injury. Faced with the complex anatomy of the wrist, lack of anatomical 
specimens of the fractures (very few autopsies were done then or even now 
for injuries about the wrist), and of course the absence of imaging studies, the 
ancients were appropriately puzzled by the injury and the ensuing deformities. 
Fractures and dislocations were confused with one another and the putative 
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site of injury (as in the eponymically immortalized Abraham Colles' case) was 
often far from the place which we now know is the actual location of 
the fracture. It is amazingly evident that Smith, Barton, Colles, Dupuytren, 
Malgaigne, Goyrand, Petit, Cotton and the rest (including Velpeau ... 
presumbably of shoulder immobilization fame, who gave the deformity the 
name of "talon de fourchette" or the "silver fork deformity") all described 
features of these often eponymously immortalized injuries prior to the first x
ray picture taken by Wilhelm Conrad Roentgen just about 100 years ago (and 
appropriately for this volume of his wife's hand and wrist!). The struggle for 
definition of the fact of these injuries is eloquently described by the authors, in 
many cases by direct quotes from thsee ancient sources and in fact, really 
paraphrases the development of modern medicine throughout the centuries. 
Seminal observations by ancient scholars using the tools of their day add a bit 
to knowledge. Others in the next generation, or even next century, build on 
these data with new observations until with modern technology and systems of 
study we come upon what passes for current-day "truth." This is true until 
another generation extends these observations and establishes yet another 
plateau of knowledge. This then is the way of learning about disease, and no 
more careful assessment of the role of such a process can be encountered than 
is found in the exposition of the diagnosis, classification, and management of 
fractures of the distal radius in this very book. We are indebted to the authors 
for this remarkable and stunning exposition of the history of what has been 
mistaken by many modern clinicians to be a straight-forward problem, but has 
been clearly shown by them to be a tangled and sometimes confusing web of 
fact and fancy surrounding a series of complex anatomical and functional 
problems. 

Henry J. Mankin, M.D. 
Chief of the Orthopedic Service 
Massachusetts General Hospital; 

Edith M. Ashley Professor of Orthopaedics 
Harvard Medical School 



Foreword 

by Maurice E. Mitller 

This outstanding book on the fractures of the distal radius has been written by 
two surgeons famous for their expertise in this area. Diego Fernandez began 
to contribute to our knowledge in this area in the late 1970s in Berne where 
he was responsible for the surgical care of all wrist and hand injuries at the 
University Orthopaedic Department. It was during this time that he began to 
formulate the gUidelines for the classification and treatment of fractures of the 
distal radius. During the years that followed, fractures of the distal radius were 
almost always among the subjects of his lectures given on the occasion of AO 
courses and Meetings of Hand Surgery Societies, in both North and South 
America. The many discussions held on these occasions with world authorities 
gave him the opportunity to broaden and mature his concepts. Publications on 
the classification and treatment of these injuries as well as on the treatment of 
complications of hand fracture followed. This brought him international 
acceptance and greatly accelerated his academic career in Switzerland. On this 
occasion he has collaborated with his close friend Jesse Jupiter who is equally 
world famous for his many contributions to the pathomechanics and treatment 
of fractures of the distal radius. Jesse Jupiter is the chief of the Upper Extremity 
Service at the Massachusett's General Hospital in Boston. In this position he is 
involved not only in clinical care of extremely difficult upper extremity 
problems, but also in related clinical and basic research. The close collabora
tion of the two experts has resulted in a book which is destined to become a 
milestone in the literary contributions of this subject. 

The two authors discuss not only their own experience but make frequent 
references to English, European, and particularly to French literature. Unques
tionably one of the main features of this book is the authors' extensive 
discussion of over 20 published classification systems of injuries to the distal 
radius and of the correlation between the diagnosis, the surgical treatment, 
and the prognosis. The authors point out that in metaphyseal fractures an 
appreciation of the mechanism of injury is usually enough to effect a successful 
closed treatment. The open treatment of fractures, on the other hand, places 
much greater demands on the surgeon. Here the authors have chosen the 
methodology of the Comprehensive Classification of Fractures (CCF)* in which 
the classified fractures are organized in a hierarchical system of triads, in an 
ascending order of severity of the prognosis, be it for the type (or family), 
group or subgroup. In order to give the injury full expression, they had in 
many instances to utilize as well the qualifications giving information on the 
associated lesion of the ulna and radio-ulnar joint. The authors evaluated the 
classification as being easily reprodUCible and reliable. The detailed morpho
logical categorization of the fractures made it possible to establish an exact 

* Muller M.E., Nazarian S., Koch P., Schatzker ].: The Comprehensive Classification of Fractures of 
Long Bones, Springer-Verlag Heidelberg-New York, 1990. 
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diagnosis and clear guidelines to treatment correlated with the prognosis of 
the outcome, In evaluating the CCF, the authors found that although the system 
of classification was designed for all fractures of the long bones, it gave them 
the best practical guide to the selection of either closed or open treatment of 
fractures of the distal radius, 

I recommend this book very strongly to all those concerned with the care of 
fractures of the distal radius, The text contains well over 400 illustrations which 
clearly describe the authors' concepts and make it easy for the reader to 
master most of the recommended procedures, The book appeals to the 
expert in this area because the authors describe many very specialized 
procedures including the arthroscopically aided reduction and fixation of the 
difficult C2 and C3 fractures, It will also serve well as a reference book because 
of its scope and superb bibliography, 

Maurice E. Muller, M.D. 
Berne, 1st of July 1995 



Preface 

by jesse B. jupiter 

In 1980, while traveling in Switzerland as an AO Fellow, I first met Diego 
Fernandez. I was quite struck by his knowledge and experience but probably 
most impressed by the fact that he was developing sufficient experience to 
contemplate a text on the management of fractures of the distal radius. Up to 
that point I was under the impression that this was a relatively solved problem. 

Influenced by his insight and experience, I began on my own to critically 
assess this problem and develop my own experience and understanding of the 
complexities inherent in this particular injury pattern. 

Spurned on by our mutual interest and keen friendship, Diego posed the 
possibility of this collaborative effort which I immediately adopted with great 
enthusiasm. 

The search through the literature was enlightening, not only in providing a 
great understanding of this particular injury but also in revealing much of the 
evolution of our specialty. As with all such efforts, one must pay tribute to the 
investigators in the distant and immediate past. In my own case, I was greatly 
influenced by people such as Martin Allg6wer, Thomas Ruedi, Richard Smith, 
and Harold Kleinert in their encouragement in my own development to 

pursue subjects of interest and to provide me with the role models of physi
cian-surgeon-scholar to emulate. 

Contemporary colleagues and friends such as Hill Hastings, Uli Buchler, Jurg 
Brennwald, and Charles Melone have provided continuous stimulation and 
insight into the various aspects of this subject. The cross fertilization of their 
ideas and management tactics is amply reflected throughout this text. 

A text such as this reflects an inordinate amount of support in its inception 
and completion. Much credit must be given to my transcriptionist, Michel 
Tresfort, who continued to keep things in place despite the numerous changes, 
editions and deletions. 

While the amount of effort put forth to complete such a text must place 
certain demands on one's personal life, my wife, Beryl, and children, Stacy and 
Ben, were less impacted by this effort than many of my previous publications 
by virtue of the fact that I managed to write much of this early in the morning 
and late at night, as it truly was a "labor of love" that maintained my interest 
and enthusiasm despite the time of day or night. 

But it is back to Diego Fernandez to whom I give the greatest acknowledge
ments, as the collaborative effort here, more than the production of a scholarly 
work, has cemented a long-lasting friendship. 

Jesse B.Jupiter, M.D. 
Boston Massachusetts 

June 1995 



Preface 
by Diego L. Fernandez 

Since the beginning of my orthopaedic career, having been exposed to 
hand surgery by Eduardo Zancolli in Buenos Aires and later as a staff member 
in Orthopaedic Surgery of the University of Berne, I became increasingly 
interested in the management of wrist trauma. The fracture of the distal radius, 
being one of the most frequent injuries of the human skeleton, attracted my 
attention early on due to its rich variety of anatomical forms, the complexity of 
intraarticular disruption, as well as associated injuries to adjacent soft tissues, 
carpal structures, and radioulnar ligaments. Further exposure to the manage
ment of early and late complications of distal radius fractures stimulated even 
more the search for an algorithm of treatment in order to optimize functional 
recovery. In 1977 Maurice Muller assigned to me the task of analyzing fractures 
of the distal radius and ulna for the preparation of his comprehenSive Fracture 
Classification of Long Bones. This, daily clinical experience, together with the 
material gathered through the years, influenced the decision to write a book 
on the management of these common but not always easy fractures. However, 
this was not going to be an easy task since at that time I was running the 
trauma service at the Kantonspital in Aarau. 

At this point in time, two very dear friends joined in to help me in the 
preparation of the manuscript. One of them, Richard Ghillani, revised and 
corrected the original chapters I had written during his stay in Switzerland, 
and finally he co-authored the chapter on radiocarpal fracture-dislocations. 
And then came Jesse Jupiter, who, with his overwhelming energy, interest, and 
dedication, gave the final thrust to the editing process along with the hard 
working staff of secretaries in Boston. The fact that Jesse had also accumulated 
clinical material and a rich experience on this subject made it even more 
challenging, since, during our discussions criticism and re-assessment of what 
was being written was updated constantly. In spite of the continual search for 
new techniques and modern methods of fixation, we decided on writing about 
the current, worldwide accepted procedures based on the analysis of our own 
results and those of other experts in this particular field. Newer techniques 
under current evaluation, such as special plate deSign, dynamic external fixa
tion, and bone substitutes will in the near future provide the answer to 
whether or not better functional results with improved technology are still 
achievable. 

I would first like to thank Jesse's magnificent effort and for his devoted 
friendship, then Richard Ghillani for his encouragement and kindness, and 
finally my secretary, Silvia Wuthrich, for her kind cooperation during the 
preparation of the manuscript. Lastly, a word of thanks to my teachers in 
orthopaedic surgery, my father, Eduardo Zancolli, and Maurice Muller who 
played a definitive role in my life, and without whose stimulation and guidance 
orthopaedic surgery would not be so much fun. 

Diego L. Fernandez, M.D. 
Berne, Switzerland 
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Cha12ter One 

The Fracture 
of the Distal End 
of the Radius: 
An Historical 
Perspective 

Many and excellent are the treatises which have ap
peared from time to time on the subjects of dislocation 
of the wrist, and fractures of the inferior suiface of the 
radius . .. the abundance of theorizing has been pro
ductive of confusion worse confounded, but in many 
of the most valuable monographs, discrepancies are 
more apparent than real, and some sort of order is 
attainable from the seeming chaos. 

TK Cruse, 1874 



2 1. The Fracture of the Distal End of the Radius: An Historical Perspective 

The history of the distal radius fracture is a fascinating one, for it intertwines 
historical precedent, the nobility of surgical tradition, and the inevitable con
flict attendant to strong surgical personalities. Although it is inconceivable that 
this common injury was thought to be not a fracture but rather a carpal 
dislocation until the end of the eighteenth century, descriptions of what surely 
were fractures abound in the literature from the time of Hippocrates onward. 20 

Yet, as pointed out by Cruse in 1874, failure to differentiate the two on clinical 
grounds was not so surprising as 

The very peculiar and anomalous signs of Colles' fracture, the absence of 
crepitus and mobility, and the many points of difference on its sympto
matology and morbid anatomy from what is usual in fractures are abundant 
reasons for a mistake so frequently made. 10 

The history of the distal radius fracture can best be viewed in three specific 
epochs, the first being that of recognition, the second that of definition, and 
the third that of therapeutic. As will become evident, much of the energy and 
enthusiasm of early investigators was directed as much at demonstrating the 
inadequacies of their contemporaries' viewpoints as to providing new insight 
into the understanding or, for that matter, treatment of this injury. 

Yet, the story must begin with Hippocrates, who described traumatic injuries 
about the wrist in the following terms: 

The joint of the hand is dislocated either inward or outward, most frequently 
inward. 

Hippocrates further went onto describe four distinct directions of disloca
tions, and this influence extended for nearly two thousand years through the 
writings of Galen, Palladius, Celsus, Duvernay, and Fabricius. lO Much of these 
investigators' work was directed at describing the positions of dislocations and 
their effect on digital motion. Even a casual overview of their writings would 
certainly reflect the fact that the injuries they so described could well have 
been, and more likely were, fractures of the distal end of the radius. By the 
same token, it is remarkable that even in the first quarter of the nineteenth 
century,37 the positions of carpal dislocation were described very much in the 
same manner as they were described by Hippocrates over two thousand years 
before. 

Recognition 

Although most would be willing to offer Abraham Colles as the single indivi
dual who should be given the most credit for directing the attention of his 
contemporaries to the underlying truths of these injuries,7.32 there are two 
men who in fact must be given their rightful place in the historic adventure 
associated with this fracture. Notwithstanding the fact that many today call 
these fractures Colles' fractures, it was probably].L. Petit who early in the 
eighteenth century may have suggested the carpal dislocations to be in some 
instances fractures of the end of the radius.33 Although Petit suggested the 
application of anterior and posterior "compresses" to the region of the defor
mity, in contrast to the traditional use of tight bandaging, his writings reflect 
what could best be described as a lack of commitment to suggest to his 
contemporaries that these lesions were other than carpal dislocations. 

Whereas Petit's writings raise at best only a hint that he was becoming 
suspicious that these injuries might in fact be fractures, it was Claude Pouteau 
in the latter part of the eighteenth century who, without question, recognized 
the lesion of the fracture of the distal end of the radius with dorsal displace-



Recognition 

ment of the distal fragment. 35 In a work published posthumously in 1783, 
Pouteau pointed out the almost universal error in diagnosing these fractures as 
carpal dislocations. He stated: 

These Jractures are most oJten taken Jor contusions, luxations incomplete, or 
Jor separation oj the radius Jrom the ulnar at their junction near the wrist. 

Pouteau attributed the distal radius fracture to a sudden and energe
tic contraction of the pronator quadratus and described clinical symptoms 
which he felt to be consistent with these injuries, as well as various forms of 
treatment. 

Unfortunately, during the succeeding three decades following Pouteau's 
publications, there remained only occasional mention in the literature of the 
possibility that the traumatic dislocation of the carpal area could be anything 
but a joint dislocation. Desault alluded to the combination of a fracture and 
dislocation but did little to shed any light on distinguishing between the two 
and any alteration in treatment. ll •12 

In 1814 appeared the now famous article by Abraham Colles. Although he 
never had the opportunity to dissect a specimen (which might well explain 
why he suggested that the fracture took place 11/2 inches proximal to the 
radiocarpal joint), Colles must be permitted to share the limelight for credit in 
discovering the true nature of this injury7 Colles in his article made certain to 
assuage his contemporaries with regard to the likely reasons for confusion by 
stating: 

The injury to which I wish to direct the attention oj surgeons has not, as Jar as 
I know, been described by any author: indeed, the Jorm ~r the catpal extremity 
oj the radius would rather incline us to question its being liable to Jracture. 
The absence oj crepitus and oj other common symptom~ oj Jracture together 
with the swelling, which instantly arises in this, as in other injuries oj the 
wrist, render the difficulty oj ascertaining the real nature ~r the case very 
considerable. 

He goes on to further state: 

While the absence oj crepitus and oj the other usual ~ymptoms oj Jracture 
rendered the diagnosis extremely difficult; a recollection oj the superior 
strength and thickness oj this part oj the radius, joined to the mobility oj its 
articulation with the carpus and ulnar, rather incline me to question the 
possibility oj a Jracture taking place at this part oj the bone. 

Yet, in contrast to many of those who preceded him, Abraham Colles was 
quite confident in his observations and was able to make a very firm commit
ment to this lesion as he stated: 

I cannot conclude these obseroations without remarking, that were my opin
ion to be drawn Jrom those cases only which have occurred to me, I should 
consider this as by Jar the most common injury to which the wrist or carpal 
extremity oj the radius and ulnar are exposed. During the last three years I 
have not met with a single instance oj Desault's dislocation oj the inJerior end 
oj the radius, while I have had opportunities oj seeing a vast number ~r the 
Jractures oj the lower end oj this bone. 

Colles not only offered treatment, which will be discussed later on, but even 
outcome when he suggested: 

One consolation only remains, that the limb will at some remote period again 
enjoy perfect Jreedom in all oj its motions and be completely exempt Jrom 
pain: the deJormity, however, will remain undiminished through life. 

3 



4 1. The Fracture of the Distal End of the Radius: An Historical Perspective 

Although Colles' impact has permeated through the years follOWing his 
seminal article, it likely had nowhere nearly as much influence over contem
porary medical and surgical care as did Dupuytren and his contemporaries. A 
great change took place in medical science in the" early nineteenth century 
under the influence of French physicians. Dupuytren based his observations, to 
a large extent, on post-mortem examinations that not only demonstrated con
vincingly, to both him and his colleagues, that of these injuries were fractures, 
but also revealed the morphology of the fracture patterns. 14 His role as chief of 
the Hotel Dieu in Paris provided him with ample clinical opportunity for study 
of these injuries. He stated in no uncertain terms that he believed these to be 
common injuries: 

I have for a long time publicly taught that fractures of the carpal end of the 
radius are extremely common; that I had always found these supposed disloca
tions of the wrist tum out to be fractures; and that, in spite of all which has 
been said upon the subject, I have never met or heard of one single well 
authenticated and convincing case of the dislocation in question. I have also 
stated that, in all the wrists I had dissected with this view, I had never met with 
a dislocation as the consequence of a fall on the palm of the hand 

He further went on to suggest: 

As' to the frequency of fractures of the radius at its lower part, I apprehend that 
there are no longer two opinions, whatever may be thought of the impossibility, 
or at least extreme rarity of dislocations. 

Two contemporaries of Duputyren played a preeminent role in further 
advanCing the understanding that the injury to the terminal end of the forearm 
was a fracture rather than carpal dislocation. The first is Malgaigne, who 
published work on the distal radius at nearly the same time as Dupuytren was 
espousing his own concepts.26 He noted that falls on the hand may produce a 
variety of fracture patterns and associated deformities. He identified a variety of 
injuries and noted that there were no age limits to such lesions. The fre
quencies of fractures hospitalized at the Hotel Dieu were identified at this time 
by Malgaigne (Table 1.1). 

In addition, Malgaigne provided a list of fracture types as a result of a fall on 
the palm. His understanding of the nature of the injury was quite extraor
dinary, as he suggested that a fall landing on the entire palm as opposed to the 
thenar or hypothenar eminence might result in a different injury pattern. He 
identified the various injuries in terms of his own experience (Table 1.2). 

Table 1.1. Fractures seen at the Hotel Dieu.26 

year Number of fractures Number of distal 
radius fractures 

1818 
1827 
1828 
1830 

81 
109 
110 
101 

4 
10 

5 
6 

A second French surgeon contemporary to Dupuytren was Goyrand. 
Goyrand's essay appeared in 1832.18 Although he confirmed that these injuries 
were indeed fractures, and that the majority of fractures of the distal fragment 
were dorsally displaced, in some instances he noted that displacement could 
be in a volar or palmar direction. 



Definition 

Table 1.2. Types of fractures or dislocations resulting from a fall on the palm 
in Malgaigne's experience. 26 

Type Frequency 

Fracture of radius, inferiorly 
Fracture of radius, inferiorly with incomplete luxation ulna 
Fractures of both bones, inferiorly 
Fracture of radius, inferiorly, with complete luxation ulna 
Fracture in general with opening and soft parts 
Fracture of radius, inferiorly with compound luxation ulna 
Luxation forward of forearm on wrist, or luxation backwards of 

carpus on forearm 
Luxation of radius with fracture of radius 
Luxation of radius alone 
Backward luxation of forearm on wrist, or forward luxation of 

carpus on forearm 
Fracture of ulnar inferiorly 

Definition 

Common 
Common 
Rare 
Rare 
Rare 
Rare 
Two doubtful 

cases 
1 case 
No case 
No case 

No case 

From the time of Dupuytren onwards, most came to accept the fact that the 
vast majority of injuries to the wrist, particularly those associated with falls on 
the palm, were indeed fractures rather than dislocations. The subsequent 
literature reflects an enthusiasm for identifying specific characteristics of the 
fractures as well as the mechanisms of injury. It is of interest to also note how 
often authors would point out the inaccuracies of their contemporaries! The 
vast majority of observations were based upon post-mortem or post-amputa
tion specimens, the latter attesting to some of the inherent risks of having 
medical attention for these injuries. 

Dupuytren made a number of observations based on post-mortem speci
mens. He noted: 

Usually fractures of the lower end of the radius are simple but sometimes they 
are comminuted. I have seen some specimens in which the lower fragment was 
split vertically into two portions. M. Flaubert, surgeon-in-chief at l'Hotel Dieu 
at Rouen, showed me in 1832 the radius of a mechanic who, after a fall on the 
wrist and foot, died of a diseased liver. This bone was broken about six lines 
above the joint: the styloid process was detached and drawn up; and from the 
center of the articulation a radiating fracture extended in various directions. 14 

In 1839, Voillemier, also a French contemporary of Dupuytren, brought 
forth to the medical community several interesting and provocative observ
ations as to the patterns of the distal radius fracture. 23 ,41 He suggested that with 
higher energy of trauma, there was a direct transmission of the force of injury 
into the carpal end of the radius, with impaction of the distal fragment onto the 
proximal fragment: 

The upper or broken margin of the lower fragment and also the ulnar margin, 
undergo very little displacement; while the lower or articular suiface, and the 
radial margin are carried backwards, upwards, and outward. 

He suggested that comminution would occur if the proximal radius con
tinued its action almost as a wedge splitting the distal fragment. Although 
Voillemier did not have access to post-mortem specimens of acute injuries, but 
rather to longstanding healed fractures which he cut with a saw, he did raise 
some interest with his observation that instead of being oblique, as had been 

5 
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Figure 1.1. Cross section of specimen with 
healed distal radius fracture. From Frank H. 
Hamilton, A Practical Treatise on Fractures 
and Dislocations. Reprint of 1860 edition. 
(san Francisco: Norman Publishing, 1991). 
Courtesy of Norman Publishing. 

Figure 1.2. Specimen from Bigelow's 
collection demonstrating evidence of 
impaction and comminution of the articular 
surface. From Frank H. Hamilton, A Practi
cal Treatise on Fractures and Dislocations. 
Reprint of 1860 edition. (san Francisco: 
Norman Publishing, 1991). Courtesy of 
Norman Publishing. 
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generally supposed, the fractures in his specimens appeared almost universally 
transverse from the palmar to the dorsal surface, and only on occasion did he 
suggest that the fracture line had been slightly oblique in a radial to ulnar 
direction. One should bear in mind, however, that these observations were 
made on specimens that had remote fractures with healing and evidence of 
callus (Fig. 1.1). Voillemier's concepts of impaction as the mechanism of injury 
and of the morphology of the fractures influenced a number of subsequent 
investigators, including Callender5 and Bigelow3 (Fig. 1.2). 

In 1837, Diday suggested that the obliquity of the fracture permitted the 
distal fragment to be displaced upwards and proximally, with a variable 
amount of overriding of the distal fragment, which he felt represented a 
common feature of this injury.13 Diday went on to suggest that the overriding 
and subsequent shortening affected the normal relationships of the radioulnar 
joint. 

Alternative definitions of fracture patterns were offered by a number of 
investigators during the early part of the nineteenth century. The definition of 
a shearing-type fracture continues to be attributed to Dr. John Rhea Barton, 
who published his important paper in 1838.1 Barton described the fracture line 
as oblique from the articular margin upwards and backwards, separating and 
displacing the distal portion with only a portion of the posterior margin of the 
articular surface being injured. He noted that this could be Similarly found on 
the palmar surface, though considerably less commonly. Although Barton was 
not able to document his work with fresh post-mortem specimens of injury, his 
descriptions were highly suggestive of the shearing-type injury that bears his 
name: 

The only important change, which takes place in consequence oj this Jracture 
is, that the concave suiface oj the extremity oj the radius, which receives and 
articulates with the three first carpal bones is converted as it were into an 
oblique suiface by the loss oj a portion oj its marginal ridge; commonly by the 
separation oj an entire piece, sometimes by the crushing oj its substance . ... 

It sometimes happens, though rarely, that the fracture oj a similar character 
to the one just described, occurs on the palmar side oj the radius, Jrom the 
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application of a force against the back of the hand whilst it i5 bent forward to 
its ultimate degree. Whenever the fracture takes place in front, the end of the 
radius projects over the wri<;t on the dorsal side and the cmpal bones and 
fragment me out of their proper situation and form the tumor on the palmar 
side thus reversing the deformity of the arm. 

The fact that Barton did not have autopsy specimens suggested to a number 
of subsequent investigators that he was more likely than not describing extra
articular bending-type fractures, which have subsequently been known as 
Colles' or Smith's fractures. In fact, Malgaigne alluded to a case seen by M. 
Lenoir, who treated a patient who was thought to have had a dislocation of his 
hand in a backwards direction. The patient died, and Lenoir was able to 
observe at autopsy that a considerable fragment had been broken from the 
dorsal lip of the articular surface. This fragment had become displaced dorsally 
and proximally, carrying with it the carpal bones26 

Stimson suggested three good reasons why this fracture should not be 
known as a Barton's fracture:39 

1. it was likely a Colles' fracture; 
2. the lesion that he was supposed to be describing was actually observed by 

M. Lenoir and mentioned by Voillemier41 and Malgaigne;26 and 
3. it may well have been more a complication than a standard fracture. 

Furthermore, in 1839 Letenneur presented a case of a volar dislocation of 
the wrist accompanied by a fracture of the anterior ridge of the radius seen in 
autopsy specimens.24 

Fractures featuring anterior or palmar displacement of the distal fragment 
were described by RW. Smith of Dublin, who published a monograph in 1847 
in which he firmly not only identified this lesion but also established Colles' 
fracture as the rightful eponym for the entity of a fracture of the distal end of 
the radius.31 ,38 The fact that he, too, was from Dublin led many, from that time 
on, to call fracture of the distal radius the "Irish" fracture. Yet undoubtedly this 
fracture pattern was described by Goyrand18 in 1832 and a by number of his 
other French contemporaries. Smith suggested that the lesion was the result of 
a fall on the back of the hand: 

The situation of the fracture is from half an inch to an inch above the 
articulation: It is accompanied by great deformity, the principal features of 
which are a dorsal and palmar tumor and a striking projection of the head of 
the ulnar at the posterior and inner part of the forearm; the dorsal tumor 
occupies the entire breadth of the forearm but is most conspicuous internally, 
where it is constituted by the lower extremity of the ulnar displaced backward; 
from this point the inferior outline of the tumor passes obliquely upwards and 
outwards corresponding in the lateral direction to the lower end Qf the 
superior fragment of the radius. Immediately below the dorsal swelling there is 
a well-marked sulcus deepest internally below the head of the ulna, directed 
nearly transversely, but ascending a little as it approaches the radial border of 
the forearm. 

He goes on to say: 

The palmar is less remarkable than the dorsal tumorJormed principally by the 
lower fragment of the radius, it is obscured by the thick mass Qf flexor tendons 
which cross in front of the carpus, but towards the ulnar border of the limb 
there is a considerable projection, which marks the situation of the pisiform 
bone, passing down to its attachment into which can be seen the tendon of the 
flexor carpi ulnaris thrown forward in strong relief The transverse diameter of 
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Figure 1.3. The classic drawing of Smith 
depicting the clinical appearance of the hand 
with an anterior displaced fracture. 

Figure 1.4. An anatomical specimen of a 
Smith's fracture. From Frank H. Hamilton, A 
Practical Treatise on Fractures and Dis
locations. Reprint of 1860 edition. (San 
Francisco: Norman Publishing, 1991). 
Courtesy of Norman Publishing. 
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the forearm is not much altered, but the anteroposterior is considerably in
creased and the radial border of the limb becomes concave at its lowest part. 
(Fig. 1.3) 

Because Smith did not do anatomic dissections of acute injuries but rather of 
healed bones, he needed to defend his observations: 

I cannot speak with accuracy as to the anatomical characteristics of the ir1;jury, 
having never had an opportunity of examining after death the skeleton of the 
forearm in those who had during life met with this accident . .. but still I feel 
satisfied that the injury is a fracture of the lower end of the radius with 
displacement of the lower fragment along with the carpus forwards, and of the 
head of the ulnar backwards, and that it has not infrequently been mistaken 
for dislocation of the carpus forwards and of the bones of the forearm 
backwards. 

Several years later, in 1865, GW. Callender reviewed his observations of 36 
specimens in the museums associated with the various schools of medicine in 
London.5 He supported Voillemier's concept of impaction of the distal frag
ment into the proximal fragment (this is understandable, as these investigators 
studied skeletons with healed fractures and therefore mature callus): 

They show clearly enough that the cause of each deformity is the impaction of 
the proximal into the distal portion of the bone. 

He noted that in falls on the hand: 

Weak cancellous tissue is broken across and the wedge-like end of the compact 
wall is driven into the distal portion of the bone not always in the same 
direction and is there firmly impacted 

Callender did attempt to explain the deformity associated with these 
fractures: 

The carpal extremity may, however, be driven by the original incident to one 
side or the other, as may be seen in many of the specimens a displacement 
explaining the manner in which the impaction is established 

Callender, in reviewing the various specimens, also identified the lesions 
attributed to Goyrand and Smith, as well as fractures involving disruption 
of the articular surface, which may well have been initially described by 
Voillemier (Fig. 1.4). In describing the anterior displaced fractures, he related 
two instances when these were observed. The first is a clinical case in which 
the hand struck the ground in a flexed position at the wrist: 

There was a well marked prominence of the forearm about three-quarters of 
an inch above the wrist joint and oppOSite it on the palmar suiface was a 
considerable depression. The lower fragment of the radius was inclined at an 
oblique angle to the palmar suiface. Reduction could not be effected Ten 
months later, the deformity persisted with good rotation, exaggerated flexion, 
and an inability to extend the hand beyond a straight line with the forearm. 

Callender also observed a specimen of an anterior displaced fracture pattern: 
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This kind of impaction is seen in a specimen in the Museum of the Westminster 
Hospital. The catpal extremity of a radius has been fractured and the ulnar is 
broken at its styloid process. The distal end of the radius is displaced forwards 
and outward~ chiefly in the last-named direction, but there is no rotation of 
the shaft on its long axis. 

Callender described a case of an intraarticular impacted fracture which more 
likely than not was among those described by Voillemier: 

In a case previously referred to there was a comminuted fracture of the radius 
extending into the wrist joint, but, there was no displacement and no defor
mity existed during life. 

A discussion of the development of definitions of fracture patterns of the 
end of the radius would not be complete without mentioning that Velpeau 
must be given the credit for the term "silver fork deformity" or "talon de 
fourchette. "30 

A number of authors tried to produce a more accurate anatomic definition 
of the ulnar side of the distal radius fracture. Nelaton noted that "either the 
internal lateral ligament ruptures or the stylOid apophysis of the ulnar to which 
it is attached breaks off. "29 

Later in the nineteenth century, Cameron noted: 

It is usually affirmed that the prominence of the lower end of the ulnar is due 
to dislocation of that bone; the internal lateral ligaments being ruptured and 
the radioulnar ligament and the triangular fibrocartilage being more or less 
stretched and tom; and I have no doubt that this very generally happens. But 
another injury is certainly common viz, fracture and complete separation of 
the tip of the ulnar styloid process. 6 

Mechanism 
Consistent with early investigators' descriptions of the morphology of the 
fractures was their interest in putting forth their own interpretation of the 
fracture mechanism. Although many of the theories had their own individual 
insights, it is reasonable to look at the concepts of the early investigators in 
three main perspectives.34 

The first was shared by only a few investigators. The foremost of these was 
Pouteau, who suggested that some, but not all, fractures of the distal radius 
occurred as a result of muscular action. 

The second theory was that the impact was directly transmitted into the 
radius itself as a result of the fall. This theory was favored by Malgaigne, 
Dupuytren, and Goyrand, among others. These investigators felt that the radius 
fractured at its weakest point as a consequence of the impact between the 
ground below and the weight of the body above. 

The third group of theories related to the position of the hand and forearm 
at the time of impact. LeComte22 and others suggested that the anterior volar 
carpal ligaments sustained the forces of both tension and compression and 
were fundamental in the development of these fractures. More information 
regarding the early theories can be found in the discussion of the fracture 
mechanism in Chapter 2. 

Treatment 
The evolution of treatment for the distal radius fracture in the nineteenth 
century was very much representative of the problems attendant on the in
herent tendency to keep within surgical tradition which became contrasted 
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with the need for new developments as greater understanding of the problem 
evolved. Ultimately it became commonplace to see each surgeon attempt to 
imprint his own individuality onto both reduction maneuvers and immobili
zation techniques. The literature reflects a wide range of concepts and techni
ques, to the point that the fracture appeared to be treated in innumerable ways 
depending upon the individual surgeon's preference and ingenuity. Hamilton 
reflected upon this when he stated: 

I must also enter my protest against many or all of those caroed splints which 
are manufactured, hawked about the country, and sold by mechanics, who 
are no surgeons; with the fossa for each styloid proces..<;, a ridge to press 
between the bones, and various other curious provisions for supposed neces
sities, but which never find in any arm their exact counterparts, and only 
deceive the inexperienced surgeon into neglect of the proper means for making 
a suitable adapti011. They are the fruiiful source of excoriations, ulcerations, 
inflammations, and deformities. 19 

Among the more common forms of treatment for what were thought from 
antiquity to be carpal dislocations was bandaging the hand and forearm with 
linen wraps or other means of attempting tight control over the deformity 
once it was reduced. This carried over along with the addition of supports 
when it became recognized that these injuries were more often than not 
fractures of the distal radius. Malgaigne notes that Cline of London recom
mended the addition of straight splints for the forearm to be placed above the 
rolled bandages.26 These splints were not permitted to extend lower than the 
wrist so that when the forearm was suspended in a sling in a state of semi
pronation, the hand would fall on its own weight to the ulnar side. 

Colles early on quite clearly described his approach to both fracture reduc
tion and immobilization: 

Let the surgeon apply the fingers of one hand to the seat of the suspected 
fracture and, locking the other hand in that of the patient, make a moderate 
extension, until the obseroed limb is restored to its natural form. 

On splintage, Colles stated: 

It is obvious that, in the treatment of this fracture, our attention should be 
principally to guard against the cmpal end of the radius being drawn back
wards. For this purpose, while assistants hold the limb in a middle state 
between pronation and supination, let a thick and firm compress be applied 
transversely on the anterior sUiface of the limb, at the seat of the fracture, 
taking care that it should not press on the ulna; let this be bound on firmly 
with a roller and then let a tin splint, formed to the shape of the arm, be 
applied to both its anterior and posterior suifaces. In cases where the end of the 
ulnar has appeared much displaced, I have laid a very narrow wooden splint 
along the naked side of this bone. This latter splint I now think should be used 
in every instance, as, by pressing the extremity of the ulnar against the side of 
the radius, it will tend to improve the displacement of the fractured end of this 
bone. It is scarcely necessary to obseroe that the two principal splints should be 
much more narrow at the wrist than those in general use, and should also 
extend to the roots of the fingers spreading out as to give a support to the hand. 

Dupuytren described his method of reduction: 

For the purpose of accomplishing the proper adjustment of this form of frac
ture, the limb should be separated from the trunk, and the back of the hand 
turned upwards, the forearm being semijlexed on the upper arm. 

The assistant whose business it i<; to make counter-extension grasps the 
inferior part of the upper arm, whilst another assistant makes gradual exten-
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sion on the hand directing it at the same time toward the ulnar side of the 
forearm. The surgeon places himse?f on the outer side of the limb, presses with 
both hands the fleshy part of the forearm, both before and behind into the 
interosseous space; and then by suitable manipulation brings the fractured 
ends into apposition Reduction is effected without difficulty but it i, not 
always so easy to keep the ends of the bone in proper relation 

Dupuytren goes on to describe his method of immobilization: 

When the first part of the operation is achieved, I apply the usual apparatus for 
fractures of the foreamz-that is to say a bandage for the hand, two gra
duated compresses on the anterior suiface of the forearm and two on the 
posterior and over these two broad splints.' the whole i, to be made fast by 
several turns of the same bandage in which the hand has been rolled 

Dupuytren noted the tendency of the hand to deviate radially and attempted 
to control this: 

Recently, however, I have devised the addition of a cubital splint to the or
dinary apparatus. It consists of a steel plate about 15 inches long, an inch and 
one quarter wide, and one line in thickness. It is divided into two parts, one 
straight and the other semi-circular and corresponding at the commencement 
of its curve to the wrist: the concavity of the latter division has five studs, placed 
at equal distances from each other. The ordinary apparatus for fractures of the 
forearm being applied, the straight part of thi, splint is to be fastened against 
the inner margin of the ulnar with a roller: a pad is then placed between the 
inner side of the wrist and the lower end of the splint, so as to separate them: 
the hand is afterwards drawn toward the convexity of the curved portion of the 
splint and the tapes by which they are kept in contact are passed around the 
second metacazpal bone and made fast to the studs in its concavity. It is not 
difficult to understand the modus operandi of this apparatus: the pad serves at 
once to correct the projection and (apparent) curvature of the ulnar and to 
act more effiCiently on the fracture; whilst the abduction of the hand, through 
the agency of the external lateral ligaments of the wrist, tends to preserve the 
accurate adjustment of the fragments. I have, by the above method, succeeded 
to my entire satisfaction in curing these troublesome fractures, without any 
deformity or sacrifice of the rotatory motions of the forearm. 

l':elaton29 and Goyrand, as well as others, used a similar type of device. 
Blandon and also Welch used wood instead of steel for this type of attelle 
cubitale of Dupuytren19 (Fig. 1.5} 

Welch's palmar splint 

Welch's dorsal splint 
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Figure 1.5. The splint developed by Welch. 
From Frank H Hamilton, A Practical Trea
tise on Fractures and Dislocations. Reprint 
of 1860 edition. (san Francisco: Norman 
Publishing, 1991). Courtesy of Norman 
Publishing. 
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Goyrand described his approach: 

The foreann is to be flexed slightly on the ann; then extension with inclination 
of the hand to the ulnar is to be made, and counter-extension being done by 
assistants, the surgeon presses the fragment into place .. Anterior and posterior 
graduated compresses, the pieces of stout cloth folded several times are then 
placed over the palmar and dorsal suiface of the radius below the com
presses-compresses are to force the muscle into the interosseous space for the 
pwpose of correcting the tendency of the broken radius to the ulna . .. the pads 
are secured by a bandage, two splints, the lower borders of which extend to the 
tennination of the pads are carf!fully adjusted. In cases of great deformity, 
Dupuytren's attelle cubitale is to he added. 

NeJaton stated: 

Dupuytren and Goyrand, imitated in this by other surgeons, sought by inclin
ing and slightly flexing the hand towards its ulnar edge, to produce a per
manent extension upon the lower fragment of the radius and to exercise 
pressure upon the dorsal suiface of this fragment by means of the extension 
tendency of the fingers that pass at this pad. But this extension, supposing it be 
possihle, appears to me useless. 

Rather, Nelaton used graduated compresses upon the dorsal surfaces of the 
carpus and upon the lower fragment of the radius, and then splints were 
applied on the dorsal and volar surface secured with a roller (Fig. 1.6). Only 
when the fragment displacement was pronounced did he appear to add the 
ulnar splint of Dupuytren. An additional splint has been attributed to Nelaton, 
the so-called pistol splint (Fig. 1.7), but this too appears to be somewhat 
controversial, as Nelaton's writings do not describe such a device nor did 
others who investigated the development of the pistol splint.36 

The pistol splint was a preformed splint constructed with a bend or pistol 
shape that would hold the hand and wrist in some palmar flexion and ulnar 
deviation, avoiding the need for the ulnar splint. It would appear from some of 
the early investigators that the combination of tight bandaging in conjunction 
with the confining nature of this attelle cubitale led to a number of associated 
problems with stiffness of the hand and wrist, as will be discussed later in this 
chapter. This type of device was amended by Bond, who placed the pistol
shaped splint on the palmar surfaceis (Fig. 1.8). 

In 1842, Huguier presented a new device which used two splints anteriorly 
and posteriorly which extended beyond the fingers. A sort of collar arose from 
around the carpus from which anteriorly and posteriorly four tapes extended 
to the elements of the splints beyond the fingers. These tapes were drawn 
tightly so as to make an extension on the hand and tied to the splints. Huguier 
suggested that Goyrand's approach for correction of the initial fracture dis
placement by manipulation did not serve a purpose and felt that his device 
could accomplish as well as maintain the position. The lack of subsequent 
enthusiastic support for this approach no doubt was based upon the problems 
that must have occurred in association with this form of bandaging.19 

Fenger in Copenhagen in 1847 also pointed out the deficiencies of the splint 
technique of Dupuytren and colleagues. IS 

The hand is first to be brought into a position of strong flexion and the 
foreann is then placed on an oblique plane, with the carpus highest, the hand 
being permitted to hang freely down the perpendicular end of the plane. 
The tendons of the extensor muscles are thus brought into a position which 
enables them to assist in keeping the reduced fragments of the bone in proper 
relation . .. The patient is to be kept in bed but the hand is not confined, the 
seat of the fracture covered only by an evaporating lotion. 
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When Fenger's work was presented by Dr. Hodgkin to the Royal Medical and 
Surgical Society in 1847, an interesting and enlightening discussion followed. 
One individual, Mr. Arnott, stated: 

The nature of this accident was described thirty years ago by Colles of Dublin, 
whose description had been reproduced by Smith of Dublin, in his recently 
published work. Dr. Smith described the fracture from an examination of 
twenty specimens, and has given nine or ten illustrations of the appearances. 
He was fully aware of the difficulty attending the diagnosis and treatment of 
this, having himself suffered, many years since, having had his arm broken not 
far above the articulation, and could bear witness to the pain and extremely 
disagreeable sensations attending the application of Dupuytren's bandage. He 
was inclined to think favorably of Professor Fenger's method, by which the 
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Figure 1.6. The splint described by Neiaton. 
Reprinted with permission. Richardson BW: 
Dublin QJ Med Sci, 1871. 

Figure 1.7. The pistol splint attributed to 
Nelaton. From Frank H. Hamilton, A Practi
cal Treatise on Fractures and Dislocations. 
Reprint of 1860 edition. (san Francisco: 
Norman Publishing, 1991). Courtesy of 
Norman Publishing. 

Figure 1.8. An early American splint for 
distal radius fractures was that devised by 
Bond. From Frank H. Hamilton, A Practical 
Treatise on Fractures and Dislocations. 
Reprint of 1860 edition. (san Francisco: 
Norman Publishing, 1991) Courtesy of 
Norman Publishing. 
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Figure 1.9. Gordon's splint controlling the 
hand and wrist in ulna deviation and palmar 
flexion but leaving the hand free for 
mobility. From Frank H. Hamilton, A Practi
cal Treatise on Fractures and Dislocations. 
Reprint of 1860 edition. (san Francisco: 
Norman Publishing, 1991). Courtesy of 
Norman Publishing. 
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extension was produced by the weight oj the hand acting through the medium 
oj the capsular ligament, and was glad that Dr. Hodgkin had made it known 
to them. IS 

This approach described by Fenger was reported by other authors, including 
Velpeau, who noted in 1846 that he had tried Fenger's plan, although he found 
the results not very satisfactory. Velpeau ended up by recommending incor
poration of the splint and compresses, keeping the fingers immobile.40 

Malgaigne criticized the approach recommended by a number of his con
temporaries, especially Huguier and Velpeau: 

Without discussing here the comparative value oj the two appareils, I believe 
that this could scarcely be endured by the patients and M. Diday tells us that in 
the trials which he has made, the pain produced by the extension was so great 
that he was compelled to renounce it. 26 

Malgaigne felt that there were three indications for reduction of the fracture: 
reestablishment of the interosseous space, correction of the deformity of the 
radiocarpal articulation, and prevention of an abduction deformity of the hand. 
Malgaigne described a method of manipulative reduction in which extension 
and counterextension performed by an assistant were followed by the sur
geon's pressing the distal fragment into position. He maintained his reduction 
using anterior and posterior splints and compresses which terminated at the 
wrist. These were applied in such a manner to put the most pressure on the 
distal radial fragment with a minimum of interference with the mobility of 
the hand and wrist. Malgaigne also recommended lateral splints that would act 
on the inner border of the ulnar and other splints on the outer border applying 
pressure on the radial styloid. The pressure was distributed by pads, and he 
urged that the hand be left free, somewhat similar to the method described by 
Cline. Parenthetically, this form of splintage continues to the present in many 
areas of the world, including the traditional treatments in Asia (see Chapter 5). 

A splint that sought to control the fracture somewhat akin to that of 
Dupuytren and the strategically applied splints recommended by Malgaigne 
was devised by Professor Gordon of Belfast, Ireland. 17 Instead of using iron, as 
did Dupuytren's splint, this splint used a piece of wood attached to the 
standard anterior splint which overlapped the radius and had a bevel within 
the wood which would be located immediately under the fracture (Fig. 1.9). 
Gordon's splint proved popular in Ireland and Great Britain but did not 
appear to influence those on the continent of Europe or in North America. 

A thorough description of the development and application of splintage 
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for distal radius fractures in North America can be found in the work of 
Hamilton19 He noted that there appeared to be a general tendency in North 
America to have the contoured curved splint placed on the palmar surface with 
the straight splint on the dorsal surface of the forearm, in contrast to the 
method used on the European continent. In North America the palmar splint 
terminated at the metacarpophalangeal joints, whereas in the European ap
proach the palmar splint ended at the distal radius2 7 This enabled the hand to 
be maintained in a contained position, over either a hard block or a pad of 
appropriate size. Hamilton noted the evolution in North America of ready
made splints; among the earliest were those constructed by Hays in Philadel
phia (Fig. 1.10) and soon after by E.P. Smith and Levi (Figs. l.11 and 1.12). 

Hamilton developed his own approach: 

Having restored the fragments to place, in case of Co lies , fracture, by pressing 
forcibly upon the back of the lower fragment, the force being applied near the 
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Figure 1.10. The splint constructed by 
Hays . From Frank H. Hamilton, A Practical 
Treatise on Fractures and Dislocations. 
Reprint of 1860 edition. (san Francisco: 
Norman Publishing, 1991) Courtesy of 
Norman Publishing. 

Figure 1.11. The splint devised by E.P. 
Smith attempted to hold the hand in a fixed 
position. From Frank H. Hamilton, A Practi
cal Treatise on Fractures and Dislocations. 
Reprint of 1860 edition. (san Francisco: 
Norman Publishing, 1991). Courtesy of 
Norman Publishing. 

Figure 1.12. The metallic splint devised by 
Levi. Note the American interest in sup
porting the hand out to the metacarpo
phalangeal joints with a palmar support. 
From Frank H. Hamilton, A Practical Treatise 
on Fractures and Dislocations. Reprint of 
1860 edition. (san Francisco: Norman 
Publishing, 1991). Courtesy of Norman 
Publishing. 
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Figure 1.13. The splints applied by 
Hamilton. Note the rolled bandages on the 
hand. From Frank H. Hamilton, A Practical 
Treatise on Fractures and Dislocations. 
Reprint of 1860 edition. (San Francisco: 
Norman Publishing, 1991). Courtesy of 
Norman Publishing. 
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styloid apophysis of the radius, the arm is to be flexed upon the body and 
placed in a position of semi-pronation; when the splints are to be applied and 
secured with a sufficient number of turns of the roller, taking special care not 
to include the thumb, the forcible confinement of which is always painful and 
never useful. (Fig. 1.13) 

Hamilton appeared quite concerned about the difficulties that the various 
splints appeared to present with regard to swelling of the hand and associated 
stiffness and loss of function. He noted: 

The first application of the bandages to be only moderately tight and as the 
inflammation and swelling developed in these situations with rapidity, they 
should be attentively watched and loosened as soon as they become painful. It 
must be borne in mind that to prevent and control inflammation in this 
fracture, it is the most difficult and by far the most important object to be 
accomplished, while to retain the fragment once reduced is comparatively easy 
and unimportant . .. 

Any moderate, or even considerable malposition of the lower fragment, 
after a fracture of the radius, is not sufficient in itself to occasion anchylosis. It 
is true that in the fracture now under consideration, the direction of the 
articular surface of the radius is changed. But of what consequence is this so 
long as the carpal bones with which alone this bone is articulated preserve their 
relation to the radius unchanged? ... 

During the first seven to ten days, therefore, these cases demand the most 
assiduous attention; and we had much better dispense with the splint entirely 
than to retain them at the risk of increasing the inflammatory action. Indeed, I 
have no doubt that very many cases would come to a successful determination 
without splints if only the hand and arm were kept perfectly still in a suitable 
position until bony union was affected. 
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The difficulties and morbidity attendant to the use of tight roller banding 
with or without a variety of supportive splints are pervasive in the early 
literature related to the management of the distal radius fracture in the nine
teenth century. Dupuytren quite clearly pointed this out: 

The two succeeding cases are not only interesting as fractures of the radius, 
but they are further deserving of attentive consideration on account of the 
serious complications which accompany them, and which were the conse
quence of forgetting an important precept. More than once, indeed, it has 
occurred that the surgeons have been so intent on preserving fractures in their 
proper position, that the extreme constriction employed has actually caused 
destruction of the parts. A piece of advice which I have frequently given, and 
which I cannot too often repeat is, to avoid tightening too much the apparatus 
for fractures during the first few days of its being worn; for the swelling which 
supervenes is always accompanied by considerable pain and may be followed 
by gangrene. It cannot, therefore, be too urgently impressed upon young 
practitioners, to pay attention to the complaints which the patients make; and 
to visit them twice daily, and relax the bandages and straps as need may he, in 
order to obviate the frighrful consequences which may spring from not heeding 
this necessary precaution; by carefully attending to this point I have been saved 
the painful alternative of ever having to sacrifice a limb for complications 
which its neglect may entail. 

Dupuytren presents as an example a case: 

Antoine Rilard, age 44, fractured his right radius whilst going down into a 
cellar in February 1828 and went at once to the hospital of la Charite. When 
the fracture was reduced (it was near the base of the bone) an apparatus was 
applied, but fastened too tightly; and, not withstanding the great swelling, and 
the acute pain which the patient endured, it was not removed until the fourth 
day when the hand was cold and edematous, and the forearm red, painful, 
and covered with vesications. Leeches, poultices, and fomentations were ap
plied, and followed by some alleviation of the local symptoms, though there 
was much constitutional disturhance. At the close of a fortnight from the 
accident, the palmar suiface of the forearm presented a point where fluctua
tion was supposed to exist; but one bistoury was plunged into it, no matter 
followed. Portions of the flexor muscles subsequently sloughed, and the skin 
subsequently mortified. The only recource was amputation, which was per
formed above the elbow, six weeks after his admission; and he afterwards 
recovered without the occurrence of any further untoward syrnptoms. 

Dupuytren presents another dramatic example: 

In nearly every instance the swelling of the limh requires that careful attention 
should be paid to the bandage or straps, by which the apparatus i..'i confined. 
Similar accidents are likely to result from the employment of an immovable 
apparatus, of which an example occurred in the practice of M. Thiery, one of 
my pupils. He was summoned to visit a young girl, on whom such an 
apparatus had been applied for a supposed fracture C!f the radius. After suffer
ing excruciating torment, the forearm mortified, and amputation was the only 
recource; on examining the limb no trace of fracture could be discovered. Had 
a Simple apparatus been here employed, and properly watched, this patient'S 
limb would not have heen sacrzficed. 

The physicians in the nineteenth century were not immune to medical-legal 
problems associated with difficulties in the management of fractures of the 
distal radius. An illustrative but certainly not the only reported instance of 
medical-legal proceedings was described by Hamilton: 

17 
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November 21, 1851, a boy ten years old living in the town of Andover, Mass., 
had his left hand drawn into the picker of a woolen mill, producing several 
severe wounds of the hand and a fracture of the radius near its middle. One of 
the wounds was situated directly over the point of fracture, but whether it 
communicated with the bone or not was not asa"rtained A surgeon was 
called, who closed the wounds, covered the forearm with a bandage from the 
hand to above the elbow, and applied compresses and splints. This lad made 
no complaint, his appetite remained good, and his sleep continuing undis
turbed, until the third day when he began to speak of a pain in hi~ shoulder; 
on the same day it was noticed that his hand was rather insensible to the prick 
of a Pin. Early on the morning of the fourth day his surgeon being summoned, 
found him suffering more pain and quite restless; and on removing the 
dreSSings, the arm was discovered to be insensible and actually mortified from 
the shoulder downwards. Opiates and cordials were immediately given to 
sustain the patient, and fomentations ordered 

On the sixth day a line of demarcation commenced across the shoulder, and 
on the 21st day, the father himself removed the arm from the body by merely 
separating the dead tissues with a feather. Subsequently a surgeon found the 
head of the humerus remaining in the socket and removed it, the epiphysis 
having become separated from the diaphysis. The boy now rapidly got well. 

In the year 1853, this case became the subject of a legal investigation, in the 
course of which Dr. PilsbU1J!, of Lowell, Mass. declared that in his opinion this 
unfortunate result had been caused by too tight bandaging, and by neglecting 
to examine the arm during four days. 

On the other hand, Drs. Hayward, Bigelow, Townsend, and Ainsworth, of 
Boston with Kimbell of Lowell, Drs. Loring and Pierce of Salem believe that the 
death of the limb was due to some injury done to the artery near the shoulder 
joint; and in no other way could they explain the total absence of pain during 
the first two days; nor could they regard this condition as consistent with the 
supposition that the bandage occasioned the death of the limb. 

Conner in 1881 in the Cincinnati Lancet pointed out to his colleagues the 
difficulty in changing their approach to these fractures 8 As the standard at that 
time continued to be tight bandaging and confining splints, Conner had visited 
Gordon in Belfast and became impressed with alternative techniques. By the 
same token, he recognized the problems attendant to changing the standards 
of medical care at the time and stated to his colleagues: 

I would advise you in your practice to use splints and usually approved 
dreSSings. If under such circumstances, haVing exercised due care and or
dinary skill, an unfortunate result follows, you will be protected, not against 
trouble but against adverse legal judgement. While on the other hand, you 
would have hard work today to escape pecuniary liability if a bad result 
should occur in a case treated by a simple wrist band and forearm sling. I 
have no doubt that many a man and woman in the next twenty years will 
be positively and severely damaged by the employment of authorized and 
standard methods of treating fractures of the lower end of the radius but the 
community at large has no right to complain if it suffers because experiments 
are not made, and new methods of treatment not adopted As the laws are 
now, if you employ a hitherto untried method, you do it at your own risk. This 
malpractice suit business i~ much more than generally supposed a two-edged 
sword 

With these descriptions in mind, one can appreciate the evolution of the 
work of Lucas de Championniere. 16.2S This surgeon published two books and 
some 35 papers on the treatment of injuries to bone and joints incorporating 
manipulative techniques. When he began his work, the approach was very 
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much as it had been for centuries: to reduce a fracture and apply a supportive 
dressing which was not to be removed until union was complete; if it had to 
be changed, no motion was allowed, since motion was thought to interfere 
with the formation of callus. Lucas-Championniere rather suggested that 
both massage and mobilization should be combined with support of the limb 
in such a manner that the surgeon would take continuous heed to avoid the 
associated morbidity of these commonplace approaches to fractures in general 
and those of the distal radius in particular. Lucas-Championniere recom
mended with distal radius fractures to begin mobilization and massage of the 
digits and wrists quite quickly after reduction and application of immobiliza
tion. Massage would avoid the site of fracture but extend more proximally up 
the forearm and encourage mobilization of the elbow. Furthermore, on those 
fractures which appeared to be stable and without undue deformity, either 
before or after reduction, he recommended a sling that allowed the hand and 
wrist to fall into ulnar deviation (Fig. 1.14). 

The end of the nineteenth century saw the impact of roentgenology perhaps 
as much in the understanding of the distal radius fracture as anywhere else. 2,9 

It quite clearly defined the fracture patterns and the results of treatment. Thus 
the discussions in the literature became much more standardized, as did the 
management approaches. As Morton stated in a study published in 1907 re
garding the radiology of distal radius fractures: 

The state of the lower fragment was a fertile source of discussion in the pre
roentgen ray days. 28 

The enormous impact of imposing figures such as Bohler4 and Robert 
Jones21 influenced succeeding surgeons-both in continental Europe and in 
the Anglo-Saxon world-bringing the understanding and management of most 
distal radius fractures very much to that which is understood today (Fig. 1.15). 

19 

Figure 1.14. As suggested by Lucas
Championniere, a stable fracture could well 
be treated in a sling, permitting the hand 
and wrist to lie in ulna deviation and some 
palmar flexion. Reprinted with permission. 
Moore EM: A new treatment for Calles' frac
tures of the radius. Trans NY State Med Soc 
233-244, 1870. 
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Figure 1.15. The splints used by RobertJones 
for uncomplicated Colles' fractures. 
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Epidemiology, 
Mechanism, 
Classification 

My own feeling is that whatever their fallibility, eponyms 
illustrate the lineage of surgery and bring to it the 
color of old times, distinguished features, ancient sieges 
and pestilences, and continually remind us of the 
international nature of science . .. 50 

M Ravitch, MD. 

force 
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Epidemiology 

Incidence 
Fracture of the distal end of the radius has been estimated to account 
for upwards of one-sixth of all fractures seen and treated in emergency 
rooms. 19,20,47 Given its frequency, it is somewhat surprising that little has been 
written outside of the Scandinavian literature regarding its epidemiologic 
features1 ,4,5,14,24,33,40,47,60 By the same token, the Scandinavian studies have 
provided us a relatively clear understanding of a number of features of the 
distal radius fracture, including incidence, age and sex prevalence, mechanisms, 
and in some cases, associated risk factors. From a compilation of data generated 
by epidemiologic studies, it is evident that distal radius fractures are more 
common in women, increase in incidence in both sexes with advanCing years, 
and res net more frequently from falls from level ground than from higher
energy trauma. 

The commonplace nature of the distal radius fracture was evident even in 
the early literature which began to define these injuries as fractures. Dupuytren 
noted in 1829 that of 109 fractures treated in the Hotel Dieu, 23 had their 
"seat" in the forearm. In 1830, of 97 fractures, 22 belonged to the forearm, 
with 16 involving the radius alone12 

At the Massachusetts General Hospital in the third decade of the twentieth 
century, fractures of the distal end of the radius accounted for 11 percent of all 
fractures cared for at the hospita1.65 

In one of the earlier Scandinavian studies, Alffram and Bauer reviewed all 
the forearm fractures treated in Malmo, Sweden, over a 5-year period from 
1953 to 1957.1 The urban population of Malmo at that time was slightly more 
than 200,000 people. In this study, nearly 2000 fractures of the distal radius 
were recorded, which represented 74.5 percent of all the forearm fractures 
reported over that period. Most distal radius fractures occurred in two distinct 
age groups-between 6 and 10 years and between 60 and 69 years. Among the 
patients 60 years of age and older, women outnumbered men sevenfold! 

Of interest, 25 years later Bengner and Johnell looked again at the incidence 
of forearm fractures in Malmo over a 2-year period encompassing 1980 and 
1981.4 The population at this time was 234,000. These authors recorded 1990 
cases of distal radius fractures, of which 1914 were fractures within 3 cm of the 
radiocarpal joint, 35 were radial stylOid process fractures, and 41 were displaced 
epiphyseal fractures. Only 104 cases of diaphyseal fractures of the radius, ulna, 
or both were documented. 

In the follow-up Malmo study, women showed a peak age-specific incidence 
in childhood as well as a dramatic increase after the age of 50 years. In men, 
there was also a peak in childhood and a moderate increase after the age of 70 
years. The biggest variation from the preceding study of Alffram and Bauer 25 
years before occurred in men after the age of 70, with an increase of almost six 
times that seen in the years 1953 to 1957 (Table 2.1). 

It is also noteworthy that in the study of Bengner and Johnell, 45 percent of 
patients with distal radius fractures had additional skeletal injuries. These 
included fractures of the proximal humerus in 22 women (12 ipsilateral) and 1 
man, and trochanteric hip fractures in 17 women (4 ipsilateral) and 2 men 
(both ipsilateral). 

Schmalholz in 1981 through 1982 looked at the incidence of distal radius 
fractures in a different location in Sweden, within the catchment area of 
Sodersjukshuset, Stockholm, which served a population of 210,400 persons 
over the age of 15 years 56 In total, 1536 fractures were recorded in 1528 
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Table 2.1. Fractures of the distal forearm during 1980 
and 1981 in relationship to age and sex. Total 
number and age-specific annual incidence per 10,000 
inhabitants in Malmo, Sweden. 

Age (yrs) Women Men 

No. Incidence No. Incidence 

0-9 47 22 78 34 
10-19 86 32 132 47 
20-29 33 10 32 9 
30-39 62 20 47 15 
40-49 53 19 38 15 
50-59 258 77 39 13 
60-69 401 120 34 12 
70-79 322 124 50 30 
>80 181 161 21 45 

Reprinted with permission. Begner U, Johnell 0: Increasing 
incidence of forearm fractures. Acta Orthop Scand 56: 158-160 
1985. 

patients. These comprised 1495 Colles' fractures (8 bilateral) and 41 Smith's 
fractures. Eighty-four percent of the cases involved women, with a mean age of 
66 years (range, 16 to 96). Among the men, the mean age was 49 years (range, 
16 to 95). 

Schmalholz observed the age-specific incidence among women to increase 
rapidly above the age of 45 years, reaching a maximum at 65 years. 

A study was undertaken by Solgaard and Petersen in Denmark in 1981 with a 
regional population of 224,705 individuals over the age of 20 years. Distal 
radius fractures were recorded in 394 women and 99 men.60 The mechanism 
of fracture was a fall on level ground in 87 percent of women and 64 percent 
of men, with the remainder mostly the result of traffic accidents and falls from 
a height. Eight Smith's fractures and two Barton's fracture-dislocations were 
identified. 

The final Scandinavian study of note is that of Falch in Norway in 1983.14 

Here, too, the vast majority of fractures were observed to occur in women, 
with the incidence rising sharply in the years surrounding menopause. Although 
the incidence of fracture was seen also to increase in men with advancing age, 
this increase was far less than that in women. 

Sennwald reviewed the distal radius fractures treated at the St. Gallen 
Orthopaedic Clinic from 1980 to 1982.58 Over these 3 years, 653 fractures were 
seen. Of these, 200 were in patients aged 30 or under, 102 in patients between 
31 and 51, and the remaining 351 in patients 51 or over. In patients below the 
age of 30, the fracture was seen more often in males (69 percent); between 30 
and 51 years men and women were equally affected; and after 51 years, 
women were greatly affected (86.6 percent). 

An epidemiologic study was also performed in the United States by Owen 
and colleagues.47 These investigators looked at the incidence of distal radius 
fractures among the adult residents 35 years and older of Rochester, Minnesota 
over a 30-year period (1945 to 1974). They recorded 125 distal radius fractures 
in 1137 residents. Women were affected six times as often as men, and the age
specific incidence in women increased steadily until the age of 60 to 64, when 
it appeared to level off. Among the men, the incidence rates increased early 
but stopped rising around ages 50 to 54. In this study as well, the vast majority 
of fractures occurred from low-energy falls, as only 8 percent were associated 
with more severe trauma such as motor vehicle accidents. 

25 
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Risk Factors 
As the incidence of distal fractures is highest in aging women, the development 
of postmenopausal osteoporosis has been implicated by most as a critical risk 
factor. Yet this has been challenged by several investigators who have suggested 
that women with distal radius fractures had nearly the same mineral content of 
bone when compared to age-matched controls without fracture. 21 .25,26 

Another explanation, rather than osteoporosis, has been offered which 
suggests that the pattern of distal radius fracture is consistent with the pattern 
of falling in the aging population.10,23 Falls in late middle-aged women are 
more common than in men, whereas both sexes will be equally affected in 
extreme old age. Secondly, the change in manner of falling associated with 
aging may also playa pivotal role in fracture patterns. Middle-aged individuals 
are more likely than not to attempt to stop their fall, landing on an outstretched 
hand, whereas the more elderly are less likely to react in such a way and more 
likely to land directly on their hip? 

To support these contentions, two studies have implicated postural instability 
or "sway" as an important risk factor in developing a fracture of the distal 
radius.1O,23 These studies suggested that perimenopausal and postmenopausal 
women with fractures of the distal radius represent a subset of individuals who 
are prone to recurrent falls when compared to control patients matched for 
age, sex, and associated medical illnesses. The tendency toward postural 
instability was not seen to nearly this degree in middle-aged men, implying 
that they have fewer fractures than women not because they have osteoporosis 
but because they tend to fall less often. 

Classification 

There are few areas of skeletal injury where eponymic descriptions have 
enjoyed such longevity as in fractures of the distal end of the radius.48 Although 
their use may provide a comfortable frame of reference for communication 
among clinicians, they have no longer proven effective in delineating the 
individual characteristics of speCific fractures. 

To be effective, a classification system must accurately depict the type and 
severity of the fracture to serve as a basis both for treatment and for evaluation 
of the outcome of the treatment.43 As fractures of the distal radius are com
monplace and are readily visualized on routine radiographs, it should come as 
no surprise that a number of investigators have attempted to create more 
objective classification systems.8,16,18,30,38,39,45,46,54,55 While the various classi-
fications have attempted to provide a more accurate representation of the 
variety and extent of fracture patterns, some have proven more helpful than 
others in predicting outcome. 

Although we believe many prior classifications to be of historic interest, it is 
relevant to review these, as each in its own way has advanced our understanding 
of the distal radius fracture. 

Historic 
As discussed by Lidstrom in his exhaustive monograph on the distal radius 
fracture, early classifications were based upon:30 

1. The fracture line 
2. The direction of displacement of the distal fragment 
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3. The degree of displacement of the fracture 
4. The extent of articular involvement 
5. Any involvement of the distal radioulnar joint 

Dcstot in 1923 classified the fractures as either anteriorly or posteriorly 
directedll Within these two major groups, differentiation was made with 
respect to the direction of the line of the fracture. 

Taylor and Parsons in 1938 also divided the fractures into two major groups, 
but in their classification injuries to the triangular fibrocartilage were con
sidered an important distinguishing feature. 62 

Nissen-Lie in 193945 (Fig. 2.1) and Gartland and Werley in 1951 18 (Fig. 2.2A) 
developed classification systems based on the presence of cxtraarticular or 
intraarticular involvement, the presence or absence of comminution, and the 
presence or absence of angular deformity. Unfortunately, in neither system was 
a grading established to quantitate the extent of fracture displacement. 

Lidstrom in 1959 extended these criteria into six groupings with descriptive 
identification of the direction of displacement30 (Fig. 2.2B). In addition, this 
classification further expanded on the nature of the articular involvement. 

In 1965, Older et al. published a classification system that not only graded 
dorsal angulation, the presence and extent of comminution, and the direction 
and extent of displacement, but also identified the presence of shortening of 
the distal radial fragment in relation to the distal ulna46 (Fig. 2.2C). This feature 
has subsequently been considered by some investigators to offer a greater 
prognostic value of outcome.22 

Tp 3 T P I. 

Tp 5 Tp 6 

Figure 2.1. Nissen-Lie classification 

Type 1: A fracture at the junction of the shaft and distal extremity of the radius, i.e., 
somewhat more proximal than the most common fractures. This type occurs 
only in children aged 1-15 years and is often the green-stick type (not 
illustrated). 

Type 2: Slipping of the epiphysis with dorsal displacement, often with a dorsally 
avulsed triangular fragment of the radius. Occurs in the age range 10- 20 years 
(not illustrated). 

Type 3: Minimal displacement. 
Type 4: Dorsal angulation, extraarticular, no comminution. 
Type 5: Intraarticular comminuted. 
Type 6: Fractures of the radial stylOid. 
Type 7: Fracture with dorsal displacement (not illustrated). Reprinted with permission. 

Solgard S: Classification of distal radius fractures. Acta Orthop Scand 56: 
249-252, 1984. 
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Figure 2.2A. Gartland and Werllry classification 

Group 1: Simple Colles' fracture with no involvement of the radial articular 
surface. 

Group 2: Comminuted Colles' fracture with involvement of the radial 
articular surface. 

Group 3: Comminuted Colles' fracture with involvement of the radial 
articular surface with displacement of the fragments. 

Group 4: Extraarticular, undisplaced (added for completeness by Solgard, 
1985). 

Figure 2.2B. Lidstrom classification (1959): 

Group I: Minimal displacement. 
Group II: Fractures with posterior displacement. 
Group IIA: Extraarticular, dorsal angulation. 
Group lIB: Fracture with merely dorsal angulation involving the joint but 

without comminution of the articular surface. 
Group IIC: Fracture with complete displacement not involving the joint 

surface. 
Group lID: Fracture with complete displacement but without comminution 

of the articular surface. 
Group lIE: Fracture with complete displacement and comminution at the 

joint surface . 
Group III: Fracture with volar displacement (not illustrated). 

Figure 2.2C. Older et al. classification (1965) 

Type I: Nondisplaced. 

1. Loss of some volar angulation and up to 5 degree of dorsal angulation. 
2. No significant shortening-2 mm or more above the distal radius. 

Type II: Displaced with minimal comminution 

1. Loss of volar angulation or dorsal displacement of distal fragment. 
2. Shortening-usually not below the distal ulna but occasionally up to 

3mm below it. 
3. Minimal comminution of dorsal radius. 

Type III: Displaced with comminution of the dorsal radius. 

1. Comminution of distal radius 
2. Shortening-usually below the distal ulna. 
3. Comminution of the distal radius fragment-usually not marked and 

often characterized by large pieces 

Type N: Displaced with severe comminution of the radial head 

1. Comminution of dorsal radius marked. 
2. Comminution of the distal radial fragment-shattered 
3. Shortening-usually 2-8 mm below the distal ulna 
4. Poor volar cortex in some cases. 

Figure 2.2D. Frykman classification (1967): 

Type 1: Extraarticular. 
Type 2: A Type 1 with fracture of distal ulna. 
Type 3: A Radiocarpal joint involved. 
Type 4: A Type 3 with fracture of distal ulna. 
Type 5: Distal radioulnar joint involved. 
Type 6: Type 5 with fracture of distal ulna. 
Type 7: Radiocarpal and radioulnar joints both involved. 
Type 8: Type 7 with fracture of distal ulna. 
Reprinted with permission. Jenkins NH: The unstable Colles' fracture. 
] Hand Surg 14B: 149-154, 1989 Edinburgh, UK: Churchill Livingstone. 
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In 1967 Frykman established a system of classification that identified in
dividual involvement of the radiocarpal and radioulnar joints as well as the 
presence or absence of a fracture of the ulnar styloid process. 17 While this 
system has had widespread use in subsequent literature, it unfortunately does 
not allow quantification of the extent or direction of the initial fracture dis
placement, the degree of comminution, or shortening of the distal fragment 
(Fig. 2.2D). As such, it suffers in its ability to offer a prognostic value in 
evaluating the outcome of the proposed treatment for the individual fracture. 

Of interest, Colles-type fractures formed the predominant lesion classified 
by these early investigators. In fact, little specific attention was paid to radio
carpal articular fracture-dislocations since Barton's2 and Letenneur's28 early 
writings. Ehalt in 1935 depicted a number of fracture patterns similar to those 
described by Barton.13 Thomas in 1957 included the volar fracture-dislocation 
as his Type II classification of distal radius fractures with volar displacement63 

(Fig. 2.3). 

Contemporary C lassijications 
More contemporary classifications have been developed for extraarticular as 
well as intraarticular fractures, emphasizing both fracture patterns and treat
ment issues. Jenkins in 1989 in a study reviewing prior classifications added his 
own based upon the presence and distribution of comminution22 (Fig. 2.4). 
Jenkins continued the emphasis on the relationship of comminution to the 
intrinsic stability of the fracture following manipulative reduction.4659 

An additional classification was developed by Rayhack, which further 
emphasizes prognostic aspects of the different fracture groupings. 51 His classi
fication differentiates extra- and intraarticular fractures, displaced and non
displaced fractures, and the reducibility and stability of the individual patterns 
(Fig. 2.5). 

a 

b 

c 
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Figure 2.3. Thomas classification of volar 
displaced fractures 

A. Type I: An extraarticular fracture with 
palmar angulation. 

B. Type II: An intraarticular fracture with 
volar and proximal displace
ment of the distal fragment 
along with the carpus. 

C. Type III: An extraarticular fracture with 
volar displacement of the distal 
fragment and carpus. 
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Fifure 2.5. Rayhack classification of distal 
radius fractures: 
Type 1: Nonarticular, nondisplaced. 

Nonarticular, displaced. 
1. Reducible,* stable. 
2. Reducible: unstable. 
3. Irreducible. * 

Type 3: Articular, nondisplaced. 
Type 4: Articular, displaced. A.Reducible,* 

stable. B.Reducible,* unstable. 
C.rrreducible.* 

Reprinted with permission. Rayhack J: Sym
posium Distal Radius Fractures. In Cooney 
Wed. Contemporary Orthopaedics. Vol. 21: 
July 1990. Bobit Publishing Co. 

1 2 

3 4 

~Q 

Figure 2.4. Jenkins classification based entirely upon comminution 

Group 1: No radiographically visible comminution. 
Group 2: Comminution of the dorsal radial cortex without comminution of the distal 

fragment. 
Group 3: Comminution of the fracture fragment without significant involvement of the 

dorsal cortex. 
Group 4: Comminution of both the distal fragment and the dorsal cortex. As the frac

ture line involves the distal fracture fragments in groups 3 and 4, intraarticular 
involvement is very common within these groups Such involvement is not, 
however, inevitable and nor does it affect the fracture's placement within the 
classification. 

Reprinted with permisSion. Jenkins NH: The unstable Colles' fracture. J Hand Surg 14B: 
149-154, 1989 Edinburgh UK: Churchill Livingstone. 

PROPOSED RAYHACK CLASSIFICATION 

OF DISTAL RADIAL FRACTURES 

I. Non-articular 

II. Non-articular 

A. Reducible* 
B. Reducible* 
C. Irreducible* 

III. Articular 

IV. Articular 

A. Reducible* 
B. Reducible* 
C. Irreducible* 

Non-displaced 

Displaced 

Stable 
Unstable 

Non-Displaced 

Displaced 

Stable 
Unstable 

*(By ligamentotaxis only) 
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Figure 2.6. Melone classification of intraarticular fracture 
Type 1: Stable fracture. Non-displaced or variable displacement of the medial complex 

as a unit. No comminution. Stable after closed reduction 
Type II: Unstable "Die-punch." Moderate or severe displacement of the medial com

plex as a unit with comminution of both anterior and posterior cortices. 
Separation of the medial complex from the styloid fragment. Radial shortening 
> 5-10mm. Considerable angulation usually exceeding 20 degrees. 
IIA: Reducible. 
lIB: Irreducible. 

Type III: "Spike" fracture. Unstable. Displacement of the medial complex as a unit as 
well as displacement of an additional spike fragment from the comminuted 
radial shaft. 

Type IV: Split fracture. Unstable. Medial complex severely comminuted with wide 
separation and/or rotation of the distal and palmar fragments. Type V: Explosion 
injuries. 

Reprinted with permission. Melone CP ]r: Distal radius fractures. Patterns of articular 
fragmentation. Orthop Clin No Am 24: 239-253, 1993. Philadelphia: WB Saunders Co. 

In 1984 Melone observed that the components of the radiocarpal articular 
fractures appeared to fall into four basic parts39 (Fig. 2.6): 

1. The radial shaft 
2. The radial stylOid 
3. The dorsal medial fragment 
4. The palmar medial fragment 

The medial fragments and their strong ligamentous attachments with the 
proximal carpal bones and the ulnar styloid have been termed the "medial 
complex" by Melone. The extent and direction of these fragments form the 
basis of this classification as well as a prognostic view of the fracture type's 
redUCibility and intrinsic stability. 

31 
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D 

Figure 2.7. McMurtry classification of intraarticular fractures. 
A. Two-part: the opposite portion of the radiocarpal joint remains intact. 
B. Three-part the lunate and scaphoid facets of the distal radius separate from each 

other and the proximal portion of the radius. 
C. Four-part, similar to the three-part except that the lunate facet is further divided into 

volar and dorsal fragments. 
D. Five-part: includes a wide variety of comminuted fragments (not illustrated). 

Reprinted with permission. McMurtry R, Jupiter J: Fractures of the distal radius. In 
Browner B, Jupiter J, Levine A, Trafton P. Skeletal Trauma. Philadelphia: WB Saunders, 
1993. 



Classification 

McMurtry in 1990 defined an intraarticular fracture to include any fracture 
that extends into the radiocarpal or radioulnar joint and is displaced more than 
1 to 2 mm.38 These fractures can further be subdivided into (1) two-part, (2) 
three-part, (3) four-part, and (4) five-part fractures. A "part" was defined as a 
fragment of bone of sufficient size to be functionally significant and capable of 
being manipulated and/or internally stabilized (Fig. 2.7). 

An additional classification specific to intraarticular fractures was developed 
by the Mayo Clinic, emphasizing the role of the specific articular contact 
areas.42 The classification was formulated to include the specific articular 
surfaces of the distal radius and highlight fracture components involving these 
articulations (Fig. 2.8). 

A "universal classification" was proposed by Cooney et a1. in a published 
symposium on fractures of the distal end of the radius8 in 1990. The classi
fication was based on the basic divisions of intra- versus extraarticular and 
stable versus unstable fractures. The extraarticular fractures were identified as 
Type I (un displaced, stable) and Type II (displaced, unstable). Intraarticular 
fractures were also separated into intraarticular, undisplaced, stable (Type III) 
and intraarticular, displaced, unstable (Type N). The Type N fracture was 
further subdivided into Type NA for intraarticular, stable fractures after reduc-

TYPE" 

Radloecaphold Joint 

INTRA-ARTICULAR 

TYPE I 

TYPE III 
Radlolunate Joint 

(dye punch f,act .... e) 

INTRA-ARTICULAR 

TYPE IV 

Radfoacapho'unate Joint 

INTRA-ARTICULAR 

Figure 2.8. The Mayo classification of intraarticular fractures 
Type I: An intraarticular undisplaced fracture of the radiocarpal joint. 
Type II: A displaced intraarticular fracture of the radioscaphoid joint involving a sig

nificant portion of the articular surface of the distal radius (more than a radial 
stylOid fracture. 

Type III: A displaced intraarticular fracture of the radiolunate joint that often presents 
as a "die-punch" fracture of the lunate fossa. A displaced fracture component 
into the distal radioulnar joint is common. 

Type N: A displaced intraarticular fracture involving both radioscaphoid joint surfaces 
and usually involving the sigmoid fossa of the distal radioulnar joint. This 
fracture is usually comminuted. 

Reprinted with permission. Missakian M, Cooney WP, Amadio PC et al: Open reduction 
and internal fixation for distal radius fractures. J Hand Surg 17: 745-755, 1992. 

33 
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Figure 2.9. Universal classification of distal 
radius fractures as proposed by Cooney 
et al. 
Type I: Nonarticular, undisplaced 
Type II: Nonarticular, displaced. 
Type III: Intraarticular, displaced 
Type NA: Intraarticular, reducible, stable 
Type NB: Intraarticular, displaced, redu-

cible, unstable. 
Type NC: Intraarticular, irreducible. Type 

IVD Complex (not illustrated). 

Reprinted with permission. Cooney WP, 
Agee ]M, Hastings H et al. Symposium: 
Management of intraarticular fractures of 
the distal radius. Contemp Orthop 21: 71-
104, 1990 Bobit Publishing Co. 
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A 

B 

TypE I 

Non-articular 
undisplacad 

TYPE III 

Reducible (unltable) 

TYPE II 

Non-articular 
displaced 

TYPE IV 

~,educible (unstable) 

tion; Type IVB for unstable fractures after reduction; Type IVC for unstable and 
irreducible fractures; and Type IVD for complex fractures (Fig. 2.9). 

Another treatment-oriented classification is that of Sennwald and Segmuller 
who in 1984 established a classification based, in their view, on "anatomical, 
physiological, and mechanical foundations" to help formulate treatment 
considerations58 (Table 2.2). They categorized the quality of bone as either 
normally mineralized immature, normally mineralized adult, or bone under-

Table 2.2. Sennwald and Segmuller classification. 

Quality of bone 

Normally mineralized, immature 

Normally mineralized 
Adult bone 

Men < 60 
Women < 40 

Bone undergoing demineralization 
Men;:: 60 
Women;:: 40 

Site 

Metaphyseal, 
epiphyseal 

Metaphyseal, 
epiphyseal 

Metaphyseal 

Typology 

Epiphysis-single fragment 
(mono block) 

Epiphysis-marginal 
fracture (split block) 

Epiphysis-split fracture 

Epiphysis-single fragment 
Simple-Barton or split 
Comminuted-

Epiphysis-single fragment 
(impacted) 
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going demineralization. They further identified the site of fracture (metaphyseal 
or diaphyseal) and extent of fracture fragments Cmonoblock" or single
fragment split fracture such as Barton's, or comminuted fractures). 

Perhaps the most inclusive classification of both intra- and extraarticular 
fractures has been developed by Maurice Muller and collaborators. 15,43 This 
system is adaptable for computerized documentation of all fractures of the 
long bones. Each bone and segment of the individual bone is given a number, 
with the forearm coded 2 and its distal segment 3. Three basic types (A, B, C), 
nine main groups (AI, A2 , A3; BI , B2 , B3; C1 , C2 , C3), and 27 subgroups (.1, .2., 
.3) can be identified. Documentation of additional ulnar lesions will produce 
144 possible combinations of distal radius fractures (Fig. 2.10). 

The three basic types include extraarticular fractures (Type A), partial 
articular fractures (Type B), and complete articular fractures (Type C) (Fig. 
2.11). 

The main groups and subdivisions further define each possible fracture 
pattern. 

0W .. , 
• .' ~ '0' • 

"0' ., 

. . .... : 

23-

23-A 23-8 23-( 
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Figure 2.10. The comprehensive classifica
tion of fractures of long bones43 

Types: A,B,C 
Groups: AI,Az,A3,B],Bz,B3,C],CZ,C3 
Subgroups: .1, .2, .3. The arrows show the 
increasing gravity, difficulty of management, 
and less favorable prognosis as they pro
gress from Al to C3. 

Figure 2.11. Distal radius 
A: Extraarticular fracture. 
B: Partial articular fracture. 
C: Complete articular fracture. 
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A EXTRA-ARTICULAR: Fractures neither affect the ar
ticular surface of the radiocarpal nor the radioulnar 
juints. 

B SIMPLE ARTICULAR: Fracture affects a portion of the 
articular surface, but the continuity of the metaphysis 
and epiphysis is intact 

A1 Eidra-!lrtlcular fracture, of the ulna, radius intact B1 Partial articular fracture, of the radius, sagittal 

1 styloid process 
2 metaphyseal simple 

~
I 

I' I I 
I , 
~

ll 
I I 

- I' , I 
-v 1 

1 lateral simple 

I I 
I' , ()LI 

3 

3 metaphyseal multifragmentary 
2 lateral multifragmentary 
3 medial 

J\2 E){tra-artlcular fracture, of the radius, 
Shi'iiJla and impacted 

B2 Partial articular fracture, of the radius, 
dorsal rim (Barton) 
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t1 2 

2 with lateral sagittal fracture 

2 with dorsal tilt (Pouteau-Colles) 
3 with volar tilt (Goyran-Smith) 

3 with dorsal dislocation of the carpus 

A3 Extra-articular fracture, of the radius, 
multifragmentary 

B3 Partial articular fracture, of the radius, volar rim 
(reverse Barton, Goyrand-Smith II) 
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'~J, ~ , 'iJ, 
1 impacted with axial shortening 
2 with a wedge 

i simple, with a small fragment 
2 simple, with a large fragment 
3 multifragmentary 

3 complex 

Type A: Extraarticular fractures: The fracture involves neither the radiocarpal 
nor the radioulnar joint (Fig. 2 .12). 

Type B: Partial articular fractures: The fracture involve only part of the 
articular surface, while the rest of that surface remains attached to the 
diaphysis. 

Type C: Complete articular fractures: The articular suface is disrupted and 
completely separated from the diaphysis. The severity of these fractures 
depends on whether its articular and metaphyseal components are simple or 
multifragmentary. 

Classification of Ulnar Lesions 
In most cases, it is the fracture of the distal radius that will be primarily 
responsible for the final outcome. Therefore, the different types of associated 
injuries involving the distal ulna and radioulnar articulation have not generally 
been included in classifications (Fig. 2.15). These include: 
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C COMPLEX ARTICULAR: Fracture afIeds the joint sur
faces (radio-ulnar and/or radio-carpal) and the 
metaphyseal area 

Figure 2.12. (jar left) the distal radius is shown in the anatomic position. 
The reader is looking at the palmar surface in the anteroposterior views 
and at the radial border of the forearm in the lateral views so that dorsal is 
to the left and palmar is to the right. Type A-See figure text. 

C1 Complete articular fracture, of the radius, 
articular simple, metaphyseal simple 

J;L' ~' ~' I I ',,' !! J J 

-,=-.,} I .""" / f . '~ I " I 
..... _ . , 

(jOo I ell' \oJ 2 c:::Jn ) 
~,...) 

1 postero-medlal articular fragment 
2 sagittal articular fracture line 
3 frontal articular fracture line 

C2 Complete articular fracture, of the radius, 
articular simple, metaphyseal multHragmentary 

~\\ 
I \ 
!o...J 
~. B{" I I I I 

\ I . I I 
/1 I { 

( I I 
. J ) 

eC2 cjJO) 
1 sagittal articular fracture line 
2 frontal articular fracture line 
3 extending into the diaphysis 

C3 Complete articular fracture, of the radius, 
muIt\fragmentary 

~ &l' ~' 
II I I 

I I I' II 

-.," : \ ,I II 
\ I I -- } -) 

ejD', QI..J .1 CJ[J8r.) 2 ('fi(y- J ' .. .1 . 

1 metaphyseal simple 
2 metaphyseal multifragmentary 
3 extending Into the diaphysis 

Figure 2.13. (center) Type B-See figure text. 

Figure 2.14. (right) Type c- See figure text. 

1. Tear of the triangular fibrocartilage and/or distal radioulnar ligaments 
2. Fracture of the ulnar styloid and/or distal radioulnar ligaments 
3. Fracture of the neck of the ulna 
4. Metaphyseal multifragmented fracture of the ulna 
5. Fracture through the ulnar head 
6. Multifragmented articular fracture of the distal ulna 

Many fractures of the distal radius are associated with either a tear of the 
triangular fibrocartilage and/or an avulsion fracture of the ulnar styloid. An 
ulnar styloid fracture will be seen in many distal radius fractures, whereas a 
fracture of the neck of the distal ulna occurs in only 3 to 5 percent of cases. In 
addition, if initial angulation or displacement of the distal radial fragment is 
greater than 25 to 30 degrees in the sagittal plane, a complete disruption of the 
volar and dorsal radioulnar ligament is almost always the case, provided there 
is no associated fracture of the ulnar neck. 
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Figure 2.15. Classification of ulnar lesions
See text. 

2. Epidemiology, Mechanism, Classification 

As a greater understanding of distal radius fracture develops, it is clear that 
the ulnar lesions should be recorded, because they may require specific 
treatment at the time of the accident or because they may be responsible for 
painful posttraumatic sequelae after the fracture has healed. With the exception 
of the Al group, which contains the isolated extraarticular fracture of the distal 
ulna, the specific ulnar lesion should be added to the distal radius fracture 
classification. 

Authors~ Preference 
Two classification systems have evolved which identify the fracture types to a 
large degree on the basis of the mechanism of the fracture. Castaing introduced 
this approach in 1964, identifying extra- and intraarticular patterns, direction of 
deformity, and various patterns of distal ulna and radioulnar jOint injury6 (Fig. 
2.16). 

Castaing's approach has been expanded by Fernandez and forms the basis of 
the authors' approach to fractures of the distal radius1 5 

Fernandez Classification 
Despite the exhaustive capabilities of computerized documentation of the 
Comprehensive Classification of Fractures (CCF),43 in its present form it does 
not provide treatment recommendations. For this reason, a more simplified 
approach has been developed and will form the basis for the discussion of 
distal radius fracture treatment in this book. 

It is our feeling that the understanding of the mechanism of the distal radius 
fracture has enormous importance in the overall management of the problem. 
It is for this reason, more than any other, that we have chosen to base our 
classification groups in a way that emphasizes the mechanism of injury rather 
than the more traditional radiologic characteristics. As a greater understanding 
of distal radius fractures develops, it is apparent that associated ligamentous 
injury, carpal bone subluxation or fracture, and concomitant soft tissue lesions 
tend to occur in direct relationship to the force and direction of the injury. 
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Figure 2.16. Classification of 
Castaing 
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L Fractures from compression with 
extension deformity. 
A Fracture of Pouteau-Colles. 
B. Dorsal-medial fracture (die-punch) 
C. Complex fractures. 
1. T fracture in sagittal plane. 
2. A composante interne. 
3. Lateral complex. 
4. Marginal posterolateral-simple. 
5. Marginal posterolateral-complex. 
6. T fracture in frontal plane. 
7. Fracture as cross. or "T" fracture 
in both planes. 
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II. Fractures from compression with flexion 
deformity. 
A. Fract~res of Goyrand-Smith. 
B. Anterior marginal-simple. 
C. Anterior marginal-amero-externe 

(simple) D.Anterior marginal-complex 

Reprinted with permission. Castaing ]: Les 
fractures recente de l'extremite inferieure 
du radius chez l'adulte:. Rev Chir Orthop 5. 
581-696,1964 

lID 
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Assessment of the mechanism of injury has in fact been a matter of interest 
since it became apparent that these injuries were fractures and not disloca
tions.9.31.44.49.52.53,61 

Observers have long since recognized that "luxations" and/or fractures of 
the distal end of the radius are often associated with a direct impact on the 
extended hand and wrist. It is curious to read early observations of situations 
that resulted in a distal radius fracture. Take, for example, MacLeod's description 
in 1879:34 

A young man contended with an older and stronger man in a test qf strength 
by placing elbows on a table, interlocking jingers and then pressing back upon 
each other, palm to palm. The hand oj the young man became violently 
extended until jinal(y something gave way, with development oj shatp pain in 
the radius and with the well-marked deJormity characteristic oj Jracture oj the 
inJerior extremity oj that bone. 

Some time later, in ] 917, Pilcher wrote:49 

The writer [Pilcher] had his own interest in it [radiu.'I fracture] as a boy when 
one oj his playmates Jell upon his outstretched hand and was picked up with a 
"broken and crooked wrist". 
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grand os 
(os capitatum) 

~_-+-____ semi-Iunaire 
(os lunatum) 

scaphoide 
(os naviculare) 

Figure 2.17. The theory of Destot is that the force of the body weight is transmitted 
through the carpus directly to the distal metaphysis of the radius where the cortex is 
thinnest. Reprinted with permission. Castaing J: Les fractures recente de l'extremite 
inferieure du radius chez l'adulte. Rev Chir Orthop 5. 581 - 696, 1964. 

When immediately after graduating he spent some months in a country 
district looking for practice, he found it when one of his neighbors fell out of 
an apple tree and sustained a wrist fracture. 

Again, some years later, he essayed his fortune in a city, he was helped 
mightily by a friend who had the misfortune to fall down a flight of icy steps 
one wintry day and fractured the base of his radius. 

Early investigators attempted to understand the fracture mechanism by 
reproducing distal radius fractures in cadavers, for the most part in static 
loading experiments. As detailed in the monographs of Lidstrbm (1959)30 
and later Frykman (1967),17 several basic theories developed from the early 
experiments. 

1. Blow and Counter-Blow Theory 
This concept was initially put forth by Dupuytren (1834)12 and supported by 
several succeeding investigators2 ,1l,35,44,57,64 This theory suggested that it is the 
force of the body weight which is transmitted through the carpus directly to 
the distal radius specifically at the distal metaphysis where the cortex is 
thinnest. With the advent of x-ray, Destot and Gallois observed that when the 
wrist was extended, the carpal bones came up against the distal radius at the 
moment of fracture at the same time as the radial head impacted the distal 
humerus, with transmission of the force of impact directly to the lower part of 
the radiusll (Fig. 2.17). 

2. Ligament Avulsion Theory 
This concept was first suggested early on by several investigators, including 
LeComte (1861)27 The basis of this theory centered on the fact that the close 
anatomic relationship between the olecranon and distal humerus resulted in 
the ulna rather than the radius absorbing more of the impact of the fall. 
LeComte suggested that the force of injury was transmitted to the radius and 
volar radiocarpal ligaments, which then produced a traction force sufficient to 
create a fracture of the distal radius. This theory was not without its early 
critics. 2 ,32 ,41 

41 
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3. Bending Fracture Theory 
Meyer in 1925 suggested that the characteristics of the distal radius fracture 
were influenced by three factors: the position of the hand, the surface upon 
which the impact occurred, and the velocity of the force. 41 Of interest is that he 
also observed the influence of the loss of integrity of the distal radioulnar joint 
on fracture displacement. 

Lewis in 1950 expanded this approach by suggesting that at the moment of 
impact, the hand remains in place while the kinetic energy of the fall manifests 
itself as continued forward movement of the body,z9 The hyperextended 
pOSition of the hand and wrist places an increased load on the volar radiocarpal 
ligaments while the proximal carpal row is pressed against the end of the distal 
radius. Using the analogy of a cantilever beam loaded beyond its limit of 
elasticity, Lewis considered failure of the beam (or distal radius) to have 
occurred as a result of a bending moment (Fig. 2.18). 

The influence of the position of the hand and wrist at the moment of impact 
was also emphasized by Lilienfeldt (1885).31 He noted that the type of fracture 
could be altered by changing one of two aspects, i.e., the position of the hand 
and the angle between the forearm and the surface of impact. He was able to 
reproduce fractures of the distal radius in cadavers when the angle of impact 
between the forearm and the surface on which the hand rested was between 
60 and 90 degrees. If the hand rested in ulnar deviation, the fracture extended 
through the radial styloid, whereas ulnar styloid fractures appeared when the 
hand was in radial deviation at the time of loading. 

Lilienfeldt also noted that he could produce a scaphoid fracture if the angle 
between the forearm and the surface of the impact was at least 90 degrees and 
the hand and wrist were both extended and radially deviated. 

Frykman studied the mechanism of the distal radius fracture in both static 
and dynamic experiments in cadaveric models. He confirmed the observation 
of Lilienfeldt regarding the effect of the position of the hand and wrist and the 
development of a distal radius fracture versus a carpal bone fracture. 

Castaing suggested that there was a certain amount of validity to each of the 
early theories of fracture mechanism. He additionally emphasized the possible 

Figure 2.18. The concept of Lewis regarding A 
the mechanism of distal radius fracture was 
based upon an analogy that the forearm in 

p 

B 
p 

the position of impact was similar to a can
tilever beam similarly loaded. 

a. 

Forearm and hand 

b. c. 

-

Cantilever beam 
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effect of the loading force passing asymmetrically through either the thenar or 
hypothenar eminence or producing somewhat different fracture patterns6 (Fig. 
2.19). 

Castaing also supported the observations of others18.36.49 who emphasized 
the rotational force associated with the production of dorsally displaced frac
tures, in most instances the distal fragment supinating with the pivot point 
being the distal radioulnar joint. 

Based upon the specific mechanism of injury, the authors have divided the 
types of distal radius fractures into five major groups: 

Type I: Bending fractures: The thin metaphyseal cortex fails due to tensile 
stresses with the opposite cortex, undergoing a certain degree of com
minution (extraarticular Colles-Pouteau or Smith-Goyrand fractures) 
(Fig. 2.20). 

Type II: Shearing Fractures of the Joint Surface: (Barton's and reverse Barton's 
fractures, radial styloid) (Fig. 2.21)' 

B 
A 

43 

Figure 2.19. Castaing suggested that the 
position of the hand at impact may be a 
major factor in the type of articular injury 
produced. 
Reprinted with permission. Castaing J: Les 
fractures recentes de l'extrcmite inferieure 
du radius chez l'adulte. Rev Chir Orthope 
NO.5: 581-696, 1964. 

Figure 2.20. A: Schematic of a bending 
fracture of the metaphysis. 
b. Bending fracture with dorsal displace
ment of the distal fragment in a 70-year-old 
female 
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Figure 2.21. A. Schematic of a shearing 
fracture of the joint surface. 
B. shearing fracture of the articular surface 

in a 28~year-old male from a motor
cycle accident 

Figure 2.22. A. Schematic of a compression 
fracture. 
B: compression fracture of the articular 

surface with a sagittal and coronal split 
of the articular surface in a 52~year-old 
female 
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Type III: Compression Fractures of the Joint Surface: The articular surfaces are 
disrupted, with impaction of the subchondral and metaphyseal cancellous 
bone (intraarticular comminuted fractures of the distal radius) (Fig. 2.22). 

Type N: Avulsion Fractures: Fractures associated with ligamentous attach
ments (ulnar, radial, styloid) (Fig. 2.23). 

Type V: Combined Fractures: Combinations of bending, compression, shearing, 
or avulsion mechanisms; usually high-velocity injuries (Fig. 2.24). 
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Figure 2.23. A: Schematic of avulsion 
fractures. 
B: Complex fracture-dislocation of the 

radiocarpal joint with avulsion fracture 
and ligamentous injury associated with a 
fall from a roof by a laborer. 

Figure 2.24. A: Schematic of a combined 
fracture. 
B1 & B2: Two examples of complex fracture 
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Figure 2.25. The mechanism of the bending 
fracture is that of the force of the body 
transmitted along the long axis of the radius 
against an opposite reaction force resulting 
from the impact of the hand against the 
ground (Colles' fracture). 

Figure 2.26. A fall on the outstretched hand 
with the forearm supinated and elbow in 
extension or a backwards fall onto the 
flexed wrist will produce a bending fracture 
with anterior displacement (Smith-Goyrand 
fracture). 

2. Epidemiology, Mechanism, Classification 

Bending Fractures of the Metaphysis 
With a fall on the extended hand and wrist, two forces will concentrate at the 
level of the wrist. These are the body thrust transmitted along the long axis of 
the radius, and an opposite reaction force occurring from the impact of the 
hand against the ground and acting in a proximal direction across the carpal 
bones. The impact of the scapholunate carpal complex transmits the forces of 
impact to the dorsal aspect of the radial articular facets, including a bending 
stress at the level of the metaphysis. The volar radial cortex fails due to tensile 
stresses, followed by compression on the dorsal aspect of the metaphysis, 
producing a variable amount of comminution of the dorsal cortex just proximal to 
the bony ridges of the extensor compartments. As a result, a certain amount of 
impaction of the cancellous bone in the dorsal aspect of the distal fragment is 
inevitable. This impaction or collapse of the cancellous bone of the distal 
fragment, particularly in the osteopenic patient, will result in a bony defect 
which becomes responsible for the commonly observed secondary displace
ment of the fracture following the initial reduction (Fig. 2.25). 

We support the observations of Mayer,36 Gartland and Werley,18 and Casta
ing,6 among others, that associated disruption of the distal radioulnar joint, 
when present, will add to the intrinsic instability of the distal metaphyseal 
fracture fragment along with playing an integral role in the postreduction 
stability of the fracture. 

A fall on the outstretched hand with the forearm supinated and the elbow in 



Classification 

- - -' j - - .-- - -

" " 
ii 

__ ._ .. .-1 L _ __ .. __ .. __ 

____ _ ;j ___ O __ ••• _ 

'; 
': 
j: 

- '·_7:.!~':-::: ::::::.' - -: · 

extension will transmit the tension forces to the dorsal aspect of the metaphYSiS, 
with the compression forces now found on the volar or anterior surfaces (Fig. 
2.26). This may also be seen to occur with a direct blow to the clenched fist, 
with the wrist held in a slightly palmar-flexed position (Fig. 2.27). This extra
articular bending fracture, long known as the Smith-Goyrand fracture, may 
have the metaphyseal line either transverse or slightly oblique, with com
minution of the volar cortex to be expected in the osteopenic patient. In the 
frontal plane, either radial or ulnar deviation of the distal fragment may be 
seen, as well as pronation of the fragment with respect to the radial shaft. 

Shearing Fractures of the 
Joint Surface 
In younger patients, the mechanism described for volar bending fractures can 
shear off the volar lip of the radial articular surface, producing an articular 
fragment in conjunction with a volar subluxation of the carpus. This is due as 
well to the fact that the strong volar radiocarpal ligaments remain intact. This 
was described early on by Barton and also by Letenneur and is also known as 
the fracture marginale anterieure. These are extremely unstable because of 
the obliqUity of the fracture line and are suitable for internal fixation. 

Compression Fractures of the 
Joint Surface 
Axial compression forces of a magnitude greater than those responsible for 
bending fractures are responsible for the more complex intraarticular fractures 
of the articular surface. These forces will ordinarily be associated with falls 
from a greater height, and comminution may be seen to extend into the distal 
third of the radius. Although the morphology of the intraarticular, disruption 
may vary, distinct patterns of articular injury have been identified by several 
investigators, including Castaing and Melone. 

In some cases, disimpaction of the cartilage-bearing fragments may require 
limited open reduction and cancellous bone grafting to fill the resultant defect. 

47 

Figure 2.27. The extraarticular palmar 
bending fracture (Smith-Goyrand) can also 
occur from a direct blow to the clenched 
fist with the wrist in some palmar flexion. 



48 2. Epidemiology, Mechanism, Classification 

Avulsion Fractures of the Ligament 
Attachments 
These fractures are a constant component of radiocarpal dislocations caused by 
a wrist torsional injury.37 Radial or ulnar styloid fractures will be found in 
conjunction with radiocarpal fracture-dislocations. These injuries will generally 
require open reduction and stable fixation of the avulsed radial fragments. The 
high-energy nature of the fractures will often lead to soft tissue problems and 
the need for associated external fixation. 

Combined Fractures 
These injuries are the sequelae of high-energy impact and may present with 
one or more of the above-mentioned features; likely a combination of methods 
of fixation should be selected for treatment. Additional skeletal or soft tissue 
injury is commonplace. 

Distal Radioulnar Joint Injuries 

The authors have also applied a treatment-oriented approach to the clas
sification of associated distal radioulnar joint CDRUJ) lesions. Since the final 
outcome following fracture union depends primarily on residual joint stability 
and posttraumatic arthritis, the classification parameters center upon the 
presence or absence of either distal radioulnar joint subluxation or dislocation 
of the ulnar head due to concomitant rupture of the triangular fibrocartilage 
complex and capsular ligaments and the degree of joint surface involvement 
(intraarticular fracture of the sigmoid notch and/or ulnar head). 

Three basic types of distal radioulnar jOint lesions have been established, 
depending upon the residual stability of the distal radioulnar joint after the 
fracture of the distal radius has been adequately reduced and stabilized. This 
implies that the anatomic relationships of the sigmoid notch to the ulnar head 
have been reestablished through an adequate restoration of the radial length 
and the sagittal and frontal tilt of the distal radial fragment. In certain high 
velOCity injuries, these lesions may combine. 

Type I: Stable Lesions: The distal radioulnar joint is clinically stable and 
the radiograph shows the radioulnar joint to be congruous. The primary 
stabilizers of the joint, including the triangular fibrocartilage complex and 
capsular ligaments, are intact. These include: (a) avulsion of the tip of the 
ulnar stylOid and (b) a stable fracture of the neck of the ulna. 

Type II: Unstable Lesions: The distal radioulnar joint is sub luxated or dis
located. There is either (a) a massive substance tear of the triangular 
fibrocartilage complex or (b) an avulsion fracture of the base of the ulnar 
stylOid. 

Type III: Potentially Unstable Lesions: These reflect skeletal disruption of 
the distal radioulnar articular surfaces at either (a) the sigmoid notch (four
part fracture of the distal radius) or (b) the ulnar head. 

The authors believe that these classifications further proVide insight into the 
character of the individual fracture based upon displacement patterns, stability 
versus instability, associated lesions, including the distal radioulnar joint 
lesions, and even the children's fracture eqUivalent. This can be put into the 
form of a useful table to identify the specific aspects of the various subtypes 
(Tables 2.3 and 2.4). 
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Functional and 
Radiographic 
Anatomy 

Nothing may inculpate or excoriate a surgeon more 
than a good x-ray. 3 

Carl Beck, M.D., 1898 



54 3. Functional and Radiographic Anatomy 

Functional Anatomy 

The distal end of the radius is appropriately considered the anatomic founda
tion of the wrist joint. It is dependent upon both the bony and the ligamentous 
integrity of this foundation for its mobility as well as its capacity to support 
axial load. Beginning 2 cm proximal to the radiocarpal joint at its metaphyseal 
flare, the end of the radius is uniquely designed to function as the anatomic 
bridge uniting the hand to the forearm20.21.34 

The wrist joint in man is distinguished from that in lower primates by having 
an exclusive radiocarpal joint. The development of the triangular fibrocartilage 
complex and loss of a well-defined articulation between the ulnar and carpus 
enhanced the ability of the upper limb to position the hand in space. 21 .22 

The articular surface of the distal radius is biconcave and triangular in shape, 
with the apex of the triangle directed towards the styloid process while the 
base represents the sigmoid notch for articulation with the ulnar head (Fig. 
3.1). The surface is divided into two hyaline cartilage-covered "facets" for 
articulation with the carpal scaphoid and lunate bones. A well-defined ridge 
traversing from the dorsal to the palmar surface separates the two facets. Both 
facets are themselves concave in both the anteroposterior and the radioulna 
directions. 

The palmar surface of the distal end of the radius is relatively flat, extending 
volarly in a gentle curve. A tubercle is present midway, across from which 
arises the radioscapholunate ligament. In addition, a smooth impression is 
present on the styloid process which represents the site of origin of the stout 
radioscapholunate and radiotriquetral intrascapular ligaments (Fig. 3.2). 

The dorsal aspect of the radius is convex. Lister's tubercle serves as a 
fulcrum around which passes the extensor pollicis longus tendon. A flattened 

Figure 3.1. (l"ft The articular surface of the distal radius is biconcave and triangular in 
shape. The surface is divided into two hyaline cartilage-covered "facets" from articula
tion with the scaphoid and lunate. The facets are concave in both the anteroposterior 
and the radioulnar directions. 

Figure 3.2. (right) The volar radius and ulnar are the sites of origin of the restraining 
ligaments supporting the carpus. Stout radiocarpal and ulnocarpal ligaments maintain 
the normal kinematics of the radiocarpal articulation. 



Functional Anatomy 

groove can be appreciated on the dorsal side of the radial styloid process 
which is the floor of the first dorsal extensor compartment. The anatomic 
relationships of the extensor retinaculum, six dorsal extensor compartments, 
and dorsal radial cortex are of extreme importance in the surgical approaches 
as well as the placement of internal fixation on the dorsum of the radius (Fig. 
3.3). 

The articular end of the radius slopes in an ulnar and palmar direction (see 
Radiology, below). The carpus will thus have a natural tendency to slide in an 
ulnar direction, resisted for the most part by the intracapsular and interosseous 
carpal ligaments arising from both the radius and the ulnar (Fig. 3.4). 

Movements of the carpal bones on the distal radius occur in two axes when 
viewed with the hand resting in an anatomic position (Fig. 3.5). These include 
flexion and extension in the transverse plane and adduction and abduction in 
the horizontal plane.20 The axis of flexion/extension passes between the 
proximal and distal carpal rows centered at the capitate-lunate articulation, 
while that of abduction/adduction lies more in the head of the capitate. The 
combination of these movements permits the hand to pass in a conical dimen
sion described by Kapandji as the "cone of circumduction"2o (Fig. 3.6). 

b 

Figure 3.6. The combination of the move
ments of the wrist, including flexion, exten
sion, adduction, and abduction, can be 
termed circumduction. The axis of the hand 
in space traces a conical surface described 
by Kapandji as the "cone of circumduction." 
The apex 0 is at the center of the wrist and 
a base is shown by points F, R, E, C which 
trace the path covered by the middle finger 
during maximal circumduction. Reprinted 
with permission. Kapandji IA: The Physiology 
of Joints. Edinburgh: Churchill Livingstone, 
1982, p. 137. 
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Figure 3.3. The six dorsal extensor com
partments are strategically located for 
extensor function of the hand and wrist. 
The surgical approaches (1, 2, 3, 4) are 
based upon the orientation of these com
partments (see Chapter 4). 

Figure 3.4. The carpus will have a natural 
tendency to slide in an ulnar (a) and palmar 
(b) direction on the end of the radius. 
Reprinted with permission. Sennwald G: The 
Wrist. Berlin: Springer-Verlag, 1987, p. 15. 

Figure 3.5. The movements of the wrist as 
depicted by Kapandji occur around two 
axes when the hand is held in full supina
tion. Transverse axis A --+ A' is in the frontal 
plane (vertically striped) and controls the 
movement of flexion (1) and extension (2) 
occurring in the sagittal plane (horizontally 
striped). The anteroposterior axis B --+ B' 
lies in the sagittal plane and controls the 
movements of adduction (3) and abduction 
(4) which take place in the frontal plane. 
Reprinted with permission. Kapandji IA: The 
Physiology of Joints. Edinburgh: Churchill 
Livingstone, 1982, p. 133. 
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3. Functional and Radiographic Anatomy 

Figure 3.7. The inferior radioulnar joint is a trochoid (pivot) joint with cylindrical 
articular surfaces and only one degree of freedom, i.e., rotation about the axis of its 
interlocked surfaces. A. The distal radioulnar joint as depicted by Kapandji. The articular 
surface of the ulnar head, as seen from the head (B) and from the side (A), is at its 
widest anteriorly and laterally. The inferior surface of the ulnar head (D) is semilunar 
with its point of maximal width corresponding to the highest point (H) on the peri
phery. C and D depict the sphere of rotation of the radioulnar joint. B. An anatomic 
cross section of the radioulnar joint. 

Axial compressive loads pass through the carpus into the radius and, to a 
considerably lesser degree, the ulnar head. Werner et al. suggested that when 
both the radius and distal ulnar are even (ulnar neutral), 80 percent of axial 
load is transmitted to the radius through the carpus.48 

The other distinct articular surface of the end of the radius is the sigmoid 
notch. Semicylindrical in shape, it runs parallel to the "seat" of the ulnar head. 
The relationship of the articulating surface more closely resembles a cylinder 
and represents a trochoid joint (Fig. 3.7A and B). Rotation of the radius about 
the ulnar is accompanied by a translational movement, such that in supination 
the ulnar head is displaced anteriorly in the notch, whereas in pronation it 
moves dorsally.20 

At the ulnar aspect of the lunate facet arises the triangular fibrocartilage, 
which extends onto the base of the ulnar styloid process, functioning as an 
important stabilizer of the distal radioulnar joint. It is situated between the 
ulnar head and carpal triquetrum. Its volar and dorsal margins are thickened, 
blending into the dorsal and volar radioulnar ligaments. The surfaces are 
biconcave and covered with hyaline cartilage. 

Additional ("secondary") stabilizers of the distal radioulnar joint include the 
interosseous membrane of the forearm, the pronator quadratus muscle, and 
the tendons and sheaths of the extensor and flexor carpi ulnaris muscles. 

Stability and mobility are ensured by the design and interactions of the 
radius with its carpal and ulnar articulations. Fractures that heal with deformity 
or disruption of these articulations will have a profound effect on the function 
of the entire wrist joint. 



Radiology 

Radiology 

Ever since Beck in 1898 demonstrated the capability of "roentgen-rays" to 
accurately display the skeletal disruptions associated with fractures of the distal 
end of the radius,3 radiographic measurements have formed the foundation of 
evaluation of not only the injury but frequently also the outcome of treatment. 

A number of radiographic measurements have come to be utilized in the 
anatomic evaluation of the distal end of the radius.1,2,5,6,9,1l,12,14,23,30,36,38-40,45,46 
Variations in so-called normal values have reflected not only anatomic dif
ferences but also such factors as the position of the forearm and wrist in 
relationship to the x-ray beam.8,1l Rotational malalignment will also have a 
direct effect on the radiographic reading. 

Ulnar Inclination 
In the frontal view, the slope or inclination of the distal end of the radius is 
represented by the angle formed by a line drawn from the tip of the radial 
styloid process to the ulnar corner of the articular surface of the distal end of 
the radius and a line drawn perpendicular to the longitudinal axis of the 
radius (Fig. 3.8A and B). The average inclination is between 22 and 23 
degrees. 1,1l,12,25,38 Here, too, the accuracy of measurement can be affected by a 
number of factors. 33 These include determination of the radiologic landmarks, 
particularly if the dorsomedial aspect of the radius is fractured and displaced 
(Fig. 3.9A-C). Castaing demonstrated the fact that measurement of the radial 
inclination may vary as much as 25 degrees in uninjured radii as the forearm is 
rotated from supination to pronation.5 Rotational deformity of the distal frag
ment will also affect the measurement of the injured wristy,12,17,26,28 

ULNAR INCLINATION 

Normal = 22 - 23' 

range 13-30' 

Figure 3.8. In the frontal plane the average ulnar inclination is 22 to 23 degrees. A. The 
schematic depicts the measurement of ulnar. B. The ulnar inclination is measured the 
angle between a-A and a line inclination to the long axis of the radius. 
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Figure 3.9. The angles of the ulnar inclina
tion can be affected by whether or not the 
dorsal palmar lips of the distal radius are 
chosen. A. Standard anteroposterior radio
graph of a normal wrist. B. The frontal 
dorsal axis CAB) and the frontal palmar axis 
CAe) are sketched. C. The angles of ulnar 
inclination can vary upwards of 7 degrees 
(1 and 2). With fracture and impaction, the 
dorsomedial aspect of the radius may 
become proximal to the apex of the palmar 
medial corner and can lead to underesti
mation of the dorsal impaction. Reprinted 
with permission from Sennwald G: The 
Wrist. Berlin: Springer-Verlag, 1987, p. 52. 
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PALMAR TILT 

, 
\ - : 

dorsal 

Normal = 1 1 -12" 

palmar (+) lilt 

range 0-28" 

Figure 3.10A,B. In the sagittal plane the 
normal palmar tilt averages 11 to 12 
degrees. 

3. Functional and Radiographic Anatomy 

Palmar Inclination 

To obtain the palmar inclination of the distal radius in the sagittal view, a line 
is drawn connecting the distalmost point of the dorsal and volar cortical rims. 
The angle that this line creates with a line drawn perpendicular to the 
longitudinal axis of the radius reflects the palmar inclination (Fig. 3.10A and 
B). Although most authors agree that this angle on average is between 10 and 
12 degrees,1 4,16,24 Friberg and Lundstrom observed a variability of normal 
subjects ranging from 4 to 22 degreesll (Table 3.1). 

Radial Length 

Radial length is also measured on the anteroposterior radiograph. This 
measurement (in millimeters) represents the distance between a line drawn 
at the tip of the styloid process, perpendicular to the long axis of the radius, 
and a second perpendicular line at the level of the distal articular surface 
of the ulnar head5,14,15,32,38,46 (Fig. 3.11A and B). In Gartland and Werley's 
publication, the normal was 11 to 12 mm12 

Ulnar Variance 

The vertical distance between a line parallel to the proximal surface of the 
lunate facet of the distal radius and a line parallel to the articular surface of the 
ulnar head has been referred to as the ulnar variance18 (Fig. 3.12). As many 
distal radial fractures will involve the medial corner of the radius with or 
without the styloid process, there are some who believe this measurement may 
be more accurate for judging loss of radial length or height. 27 ,10 Comparison 
radiographs with the uninjured wrist ideally taken in the same manner with 
the shoulder abducted 90 degrees and elbow flexed 90 degrees will be 
necessary to determine normal length on an individual basis. 17,34,35 Hulten 
noted that in 61 percent of his cases, the ulnar head and the medial corner of 
the radius were at the same level bilaterally (neutral variance ).18 With fracture 

Table 3.1. Results of the measurements Friberg and Lundstrom. 

Ulnar inclination 
Central ray perpendicular 
Central ray directed 10° proximally 

Volar inclination 
Central ray perpendicular 
Central ray directed 15° proximally 

Distance d between ulnar articular 
surface and a parallel plane through tip 
of radial styloid process. 

Central ray perpendicular 

Central ray directed 10° proximally 

Distance u between plane of ulnar 
articular surface and a parallel plane 
through the ulnar part of the radial 
articular surface 

Central ray perpendicular 
Central ray directed 10° proximally 

Mean SD (range) 

12.8mm 
M 13.6mm 
F 11 .6mm 

12.8mm 
M 13.3mm 
F 12.0mm 

0.32mm 
0.13mm 

2.2° (20-30°) 
2.2° (19-30°) 

4.3° (4_22°) 
2.7° (4-15°) 

2.3 mm (8- 18 mm) 

2.3 mm (9- 18 mm) 

1.7mm (+3to -4mm) 
1.58 mm (+4 to -3 mm) 



Radiology 
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displacement, the ulnar head will commonly be in a distal relationship (positive 
variance). 

Radial Width 
The width of the distal radius has proven to be an important factor in 
evaluating outcome1 ,1l,25,45 This width is the distance in millimeters, from the 
most lateral tip of the radial stylOid process to the longitudinal axis through the 
center of the radius on the anteroposterior radiograph (Fig. 3.13). 

Measurement of Deformity 
When evaluating the extent of deformity associated with a distal radius fracture, 
comparison of the radiologic criteria outlined above to those of the opposite 
uninjured wrist will provide in most cases an accurate representation of the 
fracture?,1l,12,14-16,23,26,36,38,43 These will also serve to control the adequacy 

of the reduction and anatomic position at the time of fracture union. It is 
noteworthy that Van der Linden and Ericson observed in their study of 250 
consecutive cases of "bending type" fractures that only the loss of palmar 
inclination and change in radial width were independent of each other.45 They 

Norm.1 d 

, , 
~ 

RADIAL SHIFT 
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Figure 3.11A,B. In the frontal plane the 
radial length (height) averages 11 to 12 mm 
in reference to the distal radioulnar joint. 
A-b refers to the level of the ulnar corner 
of the distal radioulnar joint (volar). 1: line 
tangential to the top of the the radial stylOid 
and perpendicular to the long axis of the 
radius 2. line perpendicular to the long axis 
of the and tangential to the ulnar head . 
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Figure 3.12. The vertical distance between 
the distal ends of the medial corner of the 
radius and the ulnar head represents the 
ulna variance. (See rest on Fig. 3.9) 

Figure 3.13. The radial shift represents the 
distance in millimeters between a longitu
dinal axis of the radius and the lateral tip of 
the radial styloid. 
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Figure 3.15. The radiographic measure
ment of Castaing. A. The "bascule frontale:" 
this documents the radial deviation of the 
distal fragment. B. The radioulnar index: this 
documents the change in ulnar variance. C. 
The "bascule sagittale:" this corresponds to 
the angle of the tilt of the distal fragment in 
the sagittal plane. 
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B 

Figure 3.14. The measurement of deformity on the lateral radiograph as recommended 
by Van der Linden and Ericson. A. The dorsal angle (1) is the angle between a line 
perpendicular to the long axis and the articular surface indicated by a line joining its 
volar and dorsal margins of that surface. Dorsal shift is the increase in the distance from 
the long axis to the most dorsal point of the distal end of the bone (2). B. The 
measurement of radial shift as depicted by Van der Linden and Ericson. The radial angle 
(1) is the angle between a line perpendicular to the long axis and the radial articular 
surface, as indicated by a line joining its radial and ulnar margins. Shortening is the 
decrease in the distance that the styloid process projects distal to a perpendicular to the 
long axis drawn though the contour of the ulnar part of the wrist joint (2). Radial shift is 
the increase in the distance from the long axis to the most radial point of the styloid 
process (3). Reprinted with permission. Van der Linden Wand Ericson R: Colles' 
fracture. How should its displacement be measured and how should it be immobilized? 
j Bone joint Surg 43A: 1285-1288, 1981. 

objectively measured these two deformities using two criteria which they 
termed "dorsal angle" and "radial displacement" (Fig. 3.14A and B). 

Castaing et al. developed several radiographic measurements to quantitate 
deformity associated with fracture5 (Fig. 3.15A-C) 

1. Bascule frontale: this documents the change in the normal radial inclination 
as measured in the anteroposterior or frontal projection (Fig. 3.15A). 
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2. Radioulnar index: this represents the change in the ulnar variance (Fig. 
3.15B). 

3. Bascule sagittale: this measurement corresponds to the angle of tilt of the 
distal fragment either in a dorsal or a palmar direction (Fig. 3.15C). 

Sennwald, emphasizing the pitfalls that exist with accurately identifying 
the dorsal and palmar cortical rims in the frontal projection, developed a 
"measurement of impaction,,4o (Fig. 3.16). In this approach the ulnar serves as 
the fixed reference point. A straight line is drawn down its longitudinal axis, 
and 3 cm proximal to the articular surface a perpendicular is drawn to this line 
which crosses the radius. This intersection point will serve as the reference 
point from which the distance to the palmar or dorsal lip of the articular 
surface is measured. This measurement is always made on the line drawn 
along the longitudinal axis of the radius. Based upon similar measurement of 
the uninjured side, with the intact ulnar serving as a reference point, one can 
more accurately measure the degree of shortening throughout the course of 
treatment. 

Abbaszadegan,Jonsson, and von Sivers added to the deformity measurements 
by changing the reference points for measuring radial displacement and dorsal 
displacement! (Fig. 3.17). 

A B 

Figure 3.17. Abbaszadegan, Jonsson, and von Sivers method of measuring radiographic 
deformity. A. Anteroposterior radiographic parameters. Axial radial shortening (a): the 
difference in level between the distal ulnar surface and the ulnar part of the distal radial 
surface. Radial displacement (b): the dislocation of the distal fragment in relation and 
the radial shaft. Radial angle (c): the angle of the distal surface in relation to the long 
axis of the radius. B. Lateral radiographic parameters. Dorsal angle (d): the angle of the 
distal radial surface in relation to the long axis of the radius. Dorsal displacement (e): 
the distance between the distal radial fragment and the radial shaft. Reprinted with 
permission. Abbaszadegan H, Jonsson D, von Sivers K: Prediction of instability of Colles' 
fractures. Acta Orthop Scand 60: 646-650, 1989. 
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Figure 3.16. The measurement of impaction 
as defined by Sennwald. P is the fixed point 
representing the articular plateau of the 
ulna. 1 is the palmar lip of the distal radius. 
2 is the dorsal lip of the distal radius. la is 
the reference line for the distance of the 
palmar lip after fracture 2a is the reference 
line for the distance of the dorsal lip after 
fracture. 3 is the reference line that is 
measured from a point 3 em from the end 
of the ulnar. Reprinted with permission 
from Sennwald G: The Wrist. Berlin: 
Springer-Verlag, 1987, p. 145. 
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Figure 3.18. A shearing type fracture in
volved an element of impaction and dis
placement of the articular surface. A. The 
lateral radiograph suggests, but does not 
accurately depict, a detect in the articular 
surface. B. The lateral trispiral tomographic 
image accurately reveals an articular defect 
with impaction of the displaced articular 
fragment. 

Figure 3.19. A combined Type V high
energy fracture is more accurately under
stood with trispiral tomographic images. 
A,B. The anteroposterior and lateral radio
graphs reveal a complex fracture pattern. 
C. The anterior trispiral tomogram shows 
clearly the volar aspect of the lunate facet to 
be displaced with the articular surface now 
facing proximally. D. The lateral trispiral 
tomogram shows the dorsal lunate facet 
displaced with impaction of the central 
aspect of the articular surface. 

3. Functional and Radiographic Anatomy 
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Trispiral Tomography 
Although technological advances have ushered in the computed tomogram and 
magnetic resonance imaging, the trispiral tomogram remains the authors' most 
useful imaging technique for obtaining greater definition of complex fractures, 
particularly those involving impaction or rotation of the articular surface (Fig. 
3.1SA and B). 

Anteroposterior and lateral trispiral tomograms will provide extremely useful 
images of even the most complex fracture morphology and should be con
sidered in the preoperative planning of these injuries (Fig. 3.19A-D). 

A B 
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Computed Tomography 
Although less frequently utilized or needed, computed tomography may 
be of use in the definition of complex articular injuries, the possibility 
of occult fractures, or injury to the distal radioulnar joint (Fig. 3.20A
D). 4.10,19,29.31.37,41,42,47 

The images in the axial plane prove useful in demonstrating the configura
tion of the articular injury as well as revealing the extent and location of 
displacement of the radioscaphoid and radiolunate fossa fragments 57,42 These 
also allow for a greater appreciation of the metaphyseal comminution. 

Projections in the sagittal and coronal planes can be useful for the evaluation 
of the metaphyseal comminution as well as the impaction of the articular 
surface.42 

Disruption of the distal radioulnar joint as well as injury to either the 
sigmoid notch or the ulnar head is most clearly defined by the computed 
tomogram,29 

Carpal Imaging 
In the routine posteroanterior radiographs, the articular surfaces of the carpal 
bones should be parallel and the joint surfaces of similar width13- 15,44 (Fig. 
3.21). A broken "arc" as described by Gilula13 or overlapping of the normally 

A B 
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Figure 3.20. A four-part compression fracture is further defined using com
puted tomography (CT). A,B. Anteroposterior and lateral radiographs of the 
four-part compression fracture. C,D. The CT images reveal involvement of both 
the radial stylOid and the lunate facets. The depth of involvement is not readily 
appreciated from single CT images. 

c 

D 

Figure 3.21. The normal carpal alignment 
as depicted by Gilula is represented by 
carpal arcs which are smooth with the joint 
spaces of similar widths and with parallel 
cortical margins. 
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equally spaced joint lines is highly suggestive of injury to either the supporting 
ligaments, the carpal bones, or hoth. When viewing the routine radiographs of 
any fracture of the distal end of the radius, the physician should be cognizant 
of the potential for an associated intercarpal ligamentous injury. 
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Surgical Techniques 

Acknowledging then the frequency of this fracture and 
the repeated failures attending its treatment, thus 
causing a partial, if not total loss of the use of the hand 
and fingers to a great number of our fellow-beings, it 
will be readily conceded that any rational plan, by 
which a more favorable result may be obtained is 
worthy the notice of the profession. 

HM. Shaw, Esq, 1847 
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Figure 4.1. The classic method of mani
pulative reduction of dorsal bending frac
tures (Colles') involves longitudinal traction 
and ulnar deviation, palmar flexion, and 
pronation of the hand and wrist. 

4. Surgical Techniques 

Biomechanics of Fracture Reduction 

Reduction of fractures of the distal radius will in most cases be obtained 
by applying a force opposite to that which produced the injury. Thus an 
understanding of the mechanism of injury proves extremely useful in deciding 
upon the appropriate reduction maneuvers. Dorsal bending-type fractures 
(Colles ') exhibit increased dorsal angulation, shortening, and radial deviation 
and supination of the distal fragment. Palmar bending fractures (Smith's) have 
a reverse deformity pattern, with the distal fragment deviated in a palmar 
direction and with variable degrees of shortening and pronation with reference 
to the ulnar. Classically, dorsal bending fractures are reduced by applying 
longitudinal traction, palmar flexion, ulnar deviation, and pronation (Fig. 4.1)Y 
Restoration of skeletal length in displaced and impacted fractures may be 
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readily obtained by increasing the initial deformity until one cortex engages 
the other. This contact point is then used as a fulcrum to realign both frag
ments with a flexion maneuver. The principle of reduction is based upon the 
application of tension on the soft tissue hinges located on the concavity of the 
angulation. 

Although immobilization in supination has been suggested, this position 
may not entirely prevent collapse of the fracture, particularly those that have 
metaphyseal comminution or articular compression fractures. Conversely, 
palmar bending fractures (Smith's) require extension and supination of the 
wrist to obtain a reduction. 

One of the problems observed with longitudinal traction, particularly in 
comminuted fractures, is the failure to restore the anatomic palmar tilt of the 
distal articular surface. 1,2,4 Although extreme palmar flexion is effective in 
reproducing palmar tilt, it cannot be maintained due to the adverse effects 
on hand function and the risk of median nerve compression. Agee1,2 has 
introduced the concept of "multiplanar ligamentotaxis" in which longitudinal 
traction is combined with palmar translation of the hand on the forearm. 
Palmar translation creates a sagittal moment of force in which the capitate will 
rotate the lunate palmarly. This in turn will produce a rotatory force that can 
effectively tilt the distal radial fragment in a palmar direction (Fig. 4.2). Agee 
further advocated radioulnar translation to realign the distal fragments with the 
radial shaft in the frontal plane.2 This is successful by virtue of tension applied 
on the soft tissue hinge within the first and second dorsal compartments. 
Adequate reduction in the frontal plane is important to restore the anatomic 
relationship of the sigmoid notch and the ulnar head. 

The principles of manipulative fracture reduction will apply primarily to 
those fractures which can be satisfactorily reduced. Impacted compression-type 
articular fractures, as well as those with extreme displacement, may not 
respond to reduction by ligamentotaxis and may require additional limited 
open reduction. 

Surgical Approaches to 
the Distal Radius 

A number of surgical options exist for approaching the distal end of the radius. 
A<; a general rule, the approaches should be extensile, offer sufficient exposure 
to accomplish the surgical goals, and heal with a limited degree of scarring. 

Dorsal Approaches 
The approaches to the dorsum of the end of the radius are performed through 
longitudinal straight incisions with the posterior surface of the radius and wrist 
exposed between extensor compartments (Fig. 4.3). The most radial incision is 
utilized for operative reduction of radial styloid fractures (Fig. 4.4A). This 
exposure develops the interval between the first and second extensor com
partments. At risk in this surgical approach are the superficial radial nerve as it 
passes on to the dorsum of the hand as well as the dorsal radial artery, 
particularly if the incision is extended more distalward (Fig. 4.4B). Following 
incision of the extensor retinaculum, the underlying radial stylOid can be easily 
approached and, if necessary, the wrist capsule opened to visualize the articular 
alignment (Fig. 4.5A-G). 

T -
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Figure 4.2. As depicted by Agee, palmar 
translation of the hand and carpus will 
create a sagittal moment of force in which 
the capitate will rotate the lunate in a palmar 
direction which, in turn, will effectively tilt 
the distal fragment in a palmar direction. 
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Figure 4.3. The most common dorsal exten
sile approaches are illustrated with each 
approach demonstrating its location in rela
tion to the extensor retinaculum. 

Figure 4.4. A dorsoradial incision is useful 
for approaching radial stylOid fracture frag
ments. A. The incision is marked out on the 
skin. B. The approach is between the 
second and third extensor compartments. 
Care must be taken to avoid injury to the 
dorsal branch of the radial sensory nerve 
and anery should the incision extends 
more distally to [he dorsal radial anery 
branch. 
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The second incision to the dorsum of the radius lies between the third and 
fourth extensor compartments (Fig. 4.6a). This exposure is chosen for complex 
articular fractures involving both the scaphoid and the lunate facets of the 
distal radius. The fourth compartment can be elevated subperiosteally leaving 
the inferior surface of the compartment intact, which will help minimize 
contact irritation of the extensor tendons over a dorsally placed implant. The 
extensor pollicis longus tendon is mobilized and is left above the retinaculum 
at the time of wound closure to avoid tendon injury either by subsequent 
ischemia or by direct contact with an implant (Fig. 4.6B). The dorsal wrist 
capsule can be opened through a longitudinal arthrotomy should added 
visualization of the radial articular surface or the carpus be required. Repair of 
this arthrotomy is performed prior to closure (Fig. 4.7A-D). 

The fixation of the fractures through this approach involves initial reduction 
and stabilization of the radial styloid fragment. The reduction can be carefully 
checked by looking toward the anatomic realignment of the fracture at the 
metaphyseal level. Once this is secured, it is pinned obliquely to the proximal 
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Figure 4.5. The dorsoradiaJ incision is illu
strated in this complex high-enerf,'Y fracture 
of both the radius and the ulnar. A,B. The 
initial anteroposterior and lateral radio
graphs reveal the degree of complexity of 
this fracture. C. An external fixator was 
applied and the fracture was manipulated 
and bone was grafted through the dor
soradial incision. D,E. Anteroposterior and 
lateral radiographs at 4 weeks following 
fixation and bone grafting of the metaphy
seal defect of the distal radius. F,G. Antero
posterior and lateral radiographs at 1 year 
following treatment. Although there is 
metaphyseal deformity, the' radiocarpal 
alignment proved to be very functional, and 
the patient gained nearly full forearm 
rotation. 
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Figure 4.6. The extensile second dorsal 
incision is useful for most complex im
pacted articular fractures that require 
extensive exposure. A. The incision is 
marked out in the are a between the second 
and third or between the third and fourth 
extensor compartments. B. The incision is 
made between the third and fourth extensor 
compartments, bringing the approach to 
the distal radius. 
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Figure 4.7. The extensile dorsal incision for complex articular fractures between the 
second and third extensor compartments is illustrated. A. The extensor pollicis longus 
is separated from the fourth compartment. B. The displaced articular fracture fragments 
are readily visible. The carpus is exposed through a transverse capsulotomy of the 
dorsal wrist capsule. C. The fracture fragments are anatomically reduced using a 
pointed awl. Note the metaphyseal defect that is now present. D. The metaphyseal 
defect is filled with autogenous iliac crest cancellous graft, and the fracture fragments 
are pinned using a kirschner wire percutaneously placed transversely through the radial 
stylOid across the scaphoid and lunate facet fragments of the distal radius. 

radial metaphysis. The dorsal rim fracture is then reduced against the scaphoid 
and lunate correcting dorsal subluxation of the carpus. Intraarticular congruity 
is checked through a dorsal transverse arthrotomy or with the imagine 
intensifier (Fig. 4.7B and C). The articular fragments can be pinned into the 
intact volar corner of the radius, or, depending upon the size of the dorsal rim 
fracture, small T or L plates or screws can be used for fixation (Fig. 4.SA- F). If 
possible, implants should be avoided, to reduce the risk of tenosynovitis 
created by the implant with the overlying extensor tendons. Following fracture 
stabilization, we close the retinaculum, leaving the extensor pollicis longus 
outside the retinaculum, and a suction drain is applied. 

A third approach lies between the fourth and fifth extensor compartments. 
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This approach is prefered when limited open reduction of fractures affecting 
the lunate facet (die-punch fragments) is required (Fig. 4.9A-C). Percutaneous 
manipulation of the lunate facet fractures can be accomplished through this 
site (Fig. 4.10A and B). Once the interval between the fourth and fifth extensor 
compartments has been developed, the distal portion of the capsule of the 
distal radioulnar joint may be opened for direct evaluation of the reduction of 
the lunate facet or sigmoid notch of the radius. 

The final dorsal incision lies between the fifth and sixth dorsal extensor 
compartments and is useful for the open reduction of fractures affecting the 
distal ulnar or for the primary reattachment of the ulnar styloid and/or repair 
of the triangular fibrocartilage (Fig. 4.3). Some caution must be exercised to 
search for and protect any branches of the dorsal cutaneous ulnar nerve. 
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Figure 4.8. A three-part compression frac
ture is treated using a dorsal approach 
between the third and fourth extensor com
partments. A,B. The initial anteroposterior 
and lateral radiographs show the impacted 
compression fracture. Note the dorsal dis
placement of the lunate and lunate facet of 
the distal radius. C,D. The radial styloid was 
reduced and pinned using a percutaneously 
applied pin. The dorsal lunate facet was 
reduced and the comminuted dorsal cortex 
was stabilized with a small L plate and two 
small Kirschner wires. E,F. The antero
posterior and lateral radiographs at 1 year 
postinjury. 
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Figure 4.9. Dorsal incision No. 3 is pri
marily applicable for fractures of the 
dorsoulnar aspect of the radius and/or those 
involving the sigmoid notch and ulnar 
head. A. The incision is drawn out over the 
dorsoulnar aspect of the radius. B. The 
incision is noted between the fourth and 
fifth extensor compartments. C. When the 
fourth and fifth compartments are elevated, 
the approach is directly to the dorsoulnar 
aspect of the radius and sigmoid notch. 
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Figure 4.10. Percutaneous manipulation of a lunate facet fracture can be accomplished 
through a small incision between the fourth and fifth extensor compartments. A. A small 
pointed awl is introduced into the incision. B. The radiograph shows the location of the 
pointed awl. 
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Volar Approaches 
For fractures affecting the volar rim of the distal radius, such as volar shearing 
fractures, the surgical approach is that of the terminal part of the classic Henry 
approach for the anterior exposure to the distal radius (Fig. 4.11A and B ).18 An 
incision is made between the flexor carpi radialis tendon and the radial artery 
(Fig. 4.12A). This interval is developed, revealing the flexor pollicis longus 
muscle belly at the more proximal extent of the wound and the pronator 
quadratus muscle more distally (Fig. 4.12B). The radial artery is carefully 
retracted in a radialward direction while the tendons of the flexor carpi 
radialis and flexor pollicis longus are retracted ulnarwards. The pronator 
quadratus is divided at its most radial aspect, leaving a small cuff of muscle for 
later reattachment (Fig. 4.12C). Any elevation of the muscle belly of the flexor 
pollicis longus should be performed at its most radial aspect, as it receives its 
innervation from the anterior interosseous nerve on its ulnar side. After the 
pronator quadratus has been divided and elevated, the fracture is readily 
visualized (Fig. 4.l2D), and reduction maneuvers can be accomplished under 
direct vision (Fig. 4.12E). The pronator should be repaired upon closure, 
particularly if a volar buttress plate has been applied. 

After careful exposure of the fracture site and clearing of the fracture 
hematoma, reduction can be most readily obtained by hypcrextending the 
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Figure 4.11. The classic distal part of the Henry approach is illustrated. A. Demonstrates 
the skin incision. B. Demonstrates the surgical approach between the tendon of the 
flexor carpi radialis and the radial artery. 
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Figure 4.12. The anterior Henry approach is 
illustrated in this patient who underwent an 
osteotomy for a palmar-displaced, malunited 
distal radius fracture. A. The cutaneous inci
sion is marked out bordering the interval 
between the tendon of the flexor carpi radi
alis and the radial artery. B. This schematic 
and operative photo illustrates the radial 
artery (ar) and the tendon of the flexor carpi 
radialis (fcr) identitified following opening of 
the skin. C. This schematic and clinical illus
tration demonstrates elevation of the prona
tor quadratus (PQ) from its attachment on the 
radial side of the distal radius. The muscle of 
the flexor pollicis longus (FPL) is identified 
but does not require elevation. (Figure con
tinues on facing page.) 

4. Surgical Techniques 

wrist over a rolled towel with the forearm held in full supination (Fig. 4.13). 
Fracture reduction can then be held temporarily with volar to dorsal Kirschner 
wires (Fig. 4.14A and B). One technique that can be useful is to place the 
provisional fixation wire into the fracture fragment in such a way that the distal 
hole of a small T plate can be placed over the wire in an appropriate position 
to buttress the fracture. The buttress plate is pre-bent so that there is a small 
gap between the mid-portion of the plate and the bone just proximal to the 
fracture site (Fig. 4.15A-C). This gap will help to create the buttressing effect 
after application of the screws. After the definitive position of the plate has 
been checked, the most proximal screw is inserted first (Fig. 4.15A). The 
introduction of the second screw firmly compresses the plate against the radial 
shaft, obtaining a buttress effect over the distal fragment (Fig. 4.15B). Intra-
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articular congruity should be checked with the image intensifier. Should an 
articular step-off be identified, the second screw of the plate can be removed 
and the volar fragment again reduced using a periosteal elevator or sharp awl 
to adjust its position under the plate. The second screw can then be replaced 
to secure the reduction. If the volar fragment has a sagittal split, the fracture 
line can be reduced and held with fixation of the screws in the T plate placed 
eccentrically at the outer edges of the hole. This will create a compression 
effect to the sagittal fracture lines with tightening of the screws (Fig. 4.15C). 
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D. This schematic and clinical photo 
demonstrates the exposure following 
elevation of the pronator quadratus (PQ) 
illustrating the metaphyseal aspect of the 
distal radius (R). E. Following osteotomy 
and placement of the bone graft (G), an 
excellent exposure allows for the place
ment of a buttress plate and screws (P)' 

Figure 4.13. The technique of manipulative 
reduction of palmar shearing fractures is 
facilitated using longitudinal traction and 
extension of the wrist over a rolled towel. 
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Figure 4.15. The techniques of buttress 
plating of palmar shearing fractures. A. 
Initially the plate is slightly straightened 
from its natural bend and the most proximal 
screw is applied. By applying the second 
screw with the plate bent slightly off the 
bone, tightening the plate will enhance the 
buttressing effect and, in turn, push the 
distal fragment dorsally. B. With the second 
screw tightened, the plate is applying 
contact pressure on the palmar fragment. C. 
With sagittal split fractures, screws can be 
placed in the distal holes to hold the split 
fracture fragments. 
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Figure 4.14. A palmar fracture can be provisionally fixed with a smooth Kirschner wire. 
A. A smooth Kirschner wire is introduced obliquely from volar to dorsal. An oscillating 
drill is used to avoid injury to soft tissue structures. B. The lateral intraoperative image 
confirms the position of the wire. 

The buttressing effect of the plate without additional screw fixation to the 
distal part of the plate may suffice for single fragments of the articular rim. If 
absolute stability is not achieved with the buttress plate alone, two or three 
screws may be inserted into the distal holes (Fig. 4.15C). Volar rim fractures or 
more extensive comminution may have independent fragment instability and 
require separate initial fixation with screws or Kirschner wires before applying 
the plate. 

Once fracture fixation is secured, the tourniquet is released, hemostasis is 
obtained, and the wound is closed over a suction drain. The pronator quadratus 
is reattached prior to closure of the skin. Ordinarily, we apply a volar splint 
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Figure 4.16. The extensile approach to the ulnar side of the distal radius and carpal 
tunnel illustrated. A The level of the approach is demonstrated at the proximal margin 
of the carpal tunnel. The median nerve is identified and the flexor tendons and median 
nerve can be retracted in a radial direction. B. The surgical approach at the level of the 
ulnar side of the distal radius demonstrates the ability to retract the flexor tendons and 
median nerve in a radial direction, providing direct exposure to the palmar ulnar side 
of the radius. 

with the wrist in a neutral position for the first 2 postoperative weeks, at which 
time the skin sutures are removed and a removable splint is applied for the 
next 2 weeks. The patient is encouraged to use his or her hands for activities of 
daily living, but manual work or sports are forbidden until 6 or 8 weeks, at 
which time fracture consolidation is complete. 

A more extensile approach is preferred when exposure is needed for 
displaced fragments involving the ulnar aspect of the distal radius as well as 
release of the transverse retinacular ligament and distal antebrachial fascia (Fig. 
4.16A and B). The flexor tendons are mobilized radialward and the ulnar nerve 
and artery in an ulnar direction (Fig. 4.16A). In this approach, the pronator 
quadratus is partially divided at its more distal aspect overlying the distal 
radioulnar jOint to provide exposure to this area. Whenever possible, care 
should be taken not to disturb the volar radioulnar ligaments as well as the 
volar aspect of the triangular fibrocartilage. It is ordinarily not necessary to 
fully elevate the pronator quadratus from its bony attachment onto the ulnar. 
The more distal part of this incision represents the standard incision for carpal 
release (Fig. 4.16B) The transverse retinacular ligament in young individuals 
may be repaired by Z-lengthening of the ligament. 

A third incision can be made between the extensor carpi ulnaris and flexor 
carpi ulnaris which provides a direct approach for internal fixation of fractures 
of the distal part of the ulnar shaft. The ulnar lies subcutaneously in this 
region, facilitating its direct exposure. However, care should be taken to 
minimize periosteal stripping, and the close proximity of the ulnar nerve and 
artery and the ulnar dorsal sensory nerve branch must be borne in mind. 
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Percutaneous Pin Fixation 

Percutaneous pin fixation represents an important treatment modality for a 
number of unstable fracture patterns. These include not only dorsal bending 
fractures, but also some three- and four-part intraarticular compression frac
tures. Percutaneous pins are combined with either a plaster cast or an external 
skeletal fixator, depending upon the fracture type and associated soft tissue 
problems. 

The basic requirements for this technique include an image intensifier, 
power drill, and smooth Kirschner wires. With the image intensifier properly 
draped, a closed manipulative reduction is done by combining longitudinal 
traction, palmar flexion, and ulnar deviation. The quality of the reduction 
can be accurately determined using fluoroscopic control while traction is 
maintained. Although some prefer longitudinal traction using sterile finger 
traps with 2.5 to 5 kg of counterweight across the upper arm, emphasis should 
be placed upon obtaining an anatomic reduction, which will often require 
angulation and rotation of the distal fragment. At times, restoration of the 
palmar tilt of the distal radius can be achieved only by palmar translation of the 
hand and wrist in conjunction with the longitudinal traction.1.2 

When combined with external skeletal fixation in articular compression 
fractures or those fractures associated with soft tissue swelling, an external 
fixator is applied prior to the placement of the percutaneous pins. 

A number of techniques of percutaneous pin fixation have been described. 
These include pins placed through the radial styloid?9,41 two pins crossing into 
the radius;5.24.39 intrafocal pinning within the fracture site;17.22.23.33 ulnar to 

radial pinning without transfixation of the distal radioulnar joint/O.ll .25 one 
radial styloid pin and a second across the distal radioulnar jOint;31 and pins 
from the ulnar to the radius with transfixation of the distal radioulnar joint3 

(Fig.4.17A-F).35 
For the most part, with unstable extraarticular bending fractures, the authors 

have preferred the placement of pins, either through the radial stylOid alone or 
in combination with an additional pin directed through the dorsoulnar aspect 
of the radius (Fig. 4.18A-M). With the fractures reduced manually and con
trolled using the image intensifier, a smooth O.062-inch (l.6-mm) Kirschner 
wire is directed from the tip of the radial stylOid just dorsal to the first extensor 
compartment at an angle of approximately 45 degrees to cross the fracture and 
enter the dorsoulnar cortex of the radius proximal to the fracture (Fig. 4.18G 
and H). These pins are best placed using a power drill. At least two pins should 
be placed through the radial styloid, and it is helpful to bear in mind that the 
tip of the stylOid lies volar to the midlateral line of the radius (Fig. 4.18H). If 
the wire is placed so that it exits at the fracture site or dose not obtain 
satisfactory purchase of the cortical bone of the radius more proximally to the 
fracture fixation of the were and, ultimately, fracture reduction will be last (Fig. 
4.18J and K). 

The authors frequently place an additional wire into the fracture fragment 
inserted into the dorsoulnar corner of the radius between the fourth and fifth 
extensor compartments and directed from dorsoulnar to palmar radial in a 
distal to proximal direction (Fig. 4.19A and B). 

With the fracture reduced and wire placement confirmed on radiographic 
control, the tips of the wire are bent and left just outside the skin (Fig. 4.181). If 
a below-elbow cast is applied, a window should be cut over the pins to offset 
the possibility of local irritation by the overlying cast. We generally remove the 
pins between 6 and 8 weeks following placement. 
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Figure 4.17. A variety of different techniques of percutaneous pinning of unstable distal 
radius fractures have been described. A. Pins placed primarily through the radial styloid. 
B. Crossing pins from the radial and ulnar sides of the distal fragment into the distal 
shaft. C. The intrafocal technique advocated by Kapandji. D. Ulna to radius pinning 
without transfixation of the distal radioulnar joint. E. A radial styloid pin and one across 
the distal radioulnar joint. F. Multiple pins from the ulnar to the radius including 
transfixation of the distal radioulnar joint. 
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Figure 4.18. An unstable compression frac
ture treated with percutaneous pins. A,B. 
The initial anteroposterior and lateral radio
graphs of the unstable compression fracture. 
C,D. A closed reduction and short arm 
plaster was applied. The initial radiographs 
reveal an acceptable reduction. E,F. Radio
graphs taken 7 days postreduction reveal 
displacement of the fracture. (Figure con
tinues on facing page.) 
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G,H. A remanipulation was performed with 
the surgeon's hand maintaining the re
duction while 1.6-mm (O.62-inch) smooth 
Kirschner wires were placed from the 
radial styloid across the fracture site. I. The 
pins are cut outside of the skin. J,K. Antero
posterior and lateral radiographs following 
fracture remanipulation, percutaneous pin
ning, and application of a below-elbow 
plaster cast. L,M. Anteroposterior and lateral 
radiographs 6 weeks following the percuta
neous pinning. The pins have been re
moved and the reduction maintained. 
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Figure 4.20. An impacted, three-part arti
cular compression fracture represents an 
excellent illustration of the technique of 
manipulative reduction and percutaneous 
pin fixation. A,B. The initial anteroposterior 
and lateral radiographs of the impacted arti
cular fracture. C,D. Following a closed 
manipulative reduction, the radial styloid 
fragment was pinned using two stout smooth 
Kirschner wires. A transverse smooth 
Kirschner wire from radial to ulnar sup
ported the reduced dorsoulnar lunate facet. 
Note that the transverse wire is nearly sub
chondral as it supports the reduced frag
ment. E,F. Anteroposterior and lateral 
radiographs 2 years postinjury. Note the 
anatomic restoration. 
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Figure 4.19. The technique of percutaneous pin fixation a illustrated by Clancey.s A. 
The radial styloid pin is passed from volar radial to dorsoulnar. B. A dorsoulnar pin 
goes between the fourth and fifth compartments. Reprinted with permission. Clancey G: 
Percutaneous Kirschner wire fixation of Colles' fracture. J Bone Joint Surg 66A: 1008-
1014, 1984. 
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External Skeletal Fixation 

The above technique of percutaneous pinning represents the authors' most 
commonly applied tactic (Fig. 4.20A-F). Other primary techniques, including 
the intrafocal techniques of Kapandji, will be discussed in some detail in 
Chapter 5. 

Closed Reduction and Percutaneous 
Pinning with Arthroscopic 

The introduction of the small-diameter arthroscope has offered the possibility 
of manipulating articular fracture fragments under direction vision.7,40 An 
initial reduction is performed by manipulation and traction with control 
using the image intensifier. Alternatively, an external fixator can be applied, 
maintaining the length of the radius and additionally prOViding continuous 
distraction while arthroscopy is performed. 

Prior to using the arthroscope, a compressive elastic bandage is wrapped 
around the forearm to retard fluid extravasation into the muscle compart
ments. Additionally, it may be preferable to perform the arthroscopic-assisted 
reduction 3 or 4 days following the fracture to minimize the problem of 
obscuring of visualization of the articular surfaces by active bleeding. 

The usual landmarks for a wrist arthroscopy are identified with a marking 
pen; the landmarks, however, may be distorted by swelling associated with the 
injury. Small incisions with blunt dissection to the wrist capsule are recom
mended to avoid cutaneous nerve injury40 In many cases, visualization of the 
distal articular surface is obtained with the arthroscope in a No. 3 or 4 portal 
with the inflow cannula placed in the 6u portal. The entire joint, including the 
distal radius, triangular fibrocartilage, and intracapsular and intracarpal 
ligaments, should be inspected for associated injury. Scapholunate dissociation 
is not uncommon with radial stylOid fractures, and the arthroscope can be 
extremely useful in visualizing this region. 

Fracture fragments can be disimpacted using a small dissector introduced 
percutaneously. Each fragment to be reduced is manipulated under direct 
vision with percutaneous insertion of a O.5-inch (l.2-mm) smooth Kirschner 
wire introduced into the fragment proximal to the level of the joint. This 
Kirschner wire can be used to help reduce the fragment into position under 
direct visualization through the arthroscope. Larger fragments should be 
reduced initially, followed by smaller fragments, each with the own Kirschner 
wire as a "joy stick" helping to reduce the fragment. Once all of the fragments 
are reduced, compression can be applied using a pointed reduction clamp and 
the pins advanced into adjacent fragments. 

The reduction must also be checked by radiographic control (Fig. 4.21A-H). 

External Skeletal Fixation 

External skeletal fixation remains an important tactic in the management of 
fractures of the distal end of the radius.3,8,9,13,21,37 Attention to detail is im
portant not only in the recognition of indications and functions of the external 
fixator but also in its specific application. 

Most wrist external fixators in current use are applied as unilateral 
frames. 15,16,20 Transarticular frames are applied with pins in the distal radial 
diaphysis crossing the wrist to pins into the second and sometimes third 
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Figure 4.21. A complex articular fracture reduced under arthroscopic control. Case 
courtesy of Dr. William Geissler. A,B. Anteroposterior and lateral radiographs of an 
intraarticular fracture in a 25-year-old tennis player. C. Arthroscopic view of the dis
placed styloid fragment. A I-mm arthroscopic probe palpates the fracture site. D. A 
loose body is removed from the radiocarpal joint space. E,F. Anteroposterior and lateral 
radiographs following reduction and percutaneous pin fixation. G,H. Anteroposterior 
and lateral radiographs at 2 years. Excellent function was obtained. 
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External Skeletal Fixation 

metacarpal. Half-threaded pins of variable sizes are used, depending in part on 
the size and quality of the underlying bone as well as the specific frame design 
(Fig. 4.22A-F). However, for certain indications, the fixator can be used to 
stabilize the distal end of the radius without crossing the radiocarpal joint. 
These include those fractures without comminution, especially in younger 
patients. This technique can be utilized as alternative treatment of distal radial 
osteotomies or even intraoperatively to help reduce complex fractures and/or 
malunions (Fig. 4.23A and B).27.28,30 

Circular or semicircular frames have been applied in cases of distraction 
osteogenesis or progressive correction for congenital, developmental, or post
traumatic deformities of the forearm (Fig. 4.24A-E). 

B 

Figure 4.22. A dorsal bending fracture with metaphyseal comminution was anatomically 
reduced and held using external fixation. A,B. The anteroposterior and lateral 
radiographs show the complex dorsal bending fracture. C,D. The fracture was anatomi
cally reduced by longitudinal traction with some ulnar deviation and palmar translation 
of the carpus. The reduction was maintained using external fixation alone. E. 
Anteroposterior and lateral radiographs 3 years following injury demonstrating the 
maintenance of the anatomic alignment. Full and pain-free function was achieved. 
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Figure 4.23. In certain instances, an ex
ternal fixator can be used without crossing 
the radiocarpal joint. A. A malunited frac
ture treated 8 weeks postinjury. The fixator 
is applied as a mini distractor to allow for 
gentle reduction. B. The fixator is used 
temporarily to hold the reduction while 
plate fixation is applied. 
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Figure 4.24. A circular frame is useful for 
correction of severe congenital or post
traumatic deformities. A. The antero
posterior radiograph of a severe forearm 
deformity following childhood infection of 
the radius in a 30-year-old woman. B. The 
clinical appearance of deformity. C. A cir
cular frame was applied to slowly bring the 
hand and wrist into an acceptable position. 
A resection of the distal ulnar was also per
formed. D,E. Following realignment, a plate 
and bone graft spanned the defect in the 
radius. Excellent function resulted. 

4. Surgical Techniques 

E 

External Fixator Function 

Depending upon the specific mechanical features inherent in the specific 
fracture pattern, external fixation may act as a joint distractor, neutralization 
frame, buttress, or even to compress the fracture. 

With joint distraction, the device in reality has two roles. The first is that of 
obtaining an indirect reduction of comminuted intraarticular fractures through 
tension on the capsuloligamentous attachments and, in some cases, through a 
change in the intraarticular joint pressure due to distraction; the latter may 
produce a "vacuum effect" that would help explain how successful reduction 
of fracture fragments without capsular attachments may occur.36 A second role 
of the external fixator frame in joint distraction is to maintain fracture fragment 
alignment when the device is statically locked (Fig. 4.25A-J). The distraction 



External Fixator Function 

E 

G 

I 

F 

H 

J 

89 

Figure 4.25. The technique of converging 
external fixator pins is demonstrated in this 
complex articular fracture in a young 
woman. A,B. The initial anteroposterior 
radiographs show the complex compres
sion displaced multifragmented articular 
and metaphyseal fracture. C,D. Following 
manipulative reduction, external fixation 
was applied. Note the convergence of the 
pins in the second metacarpal and distal 
radius. A percutaneous pin was used to sup
port the articular reconstruction. At a 6-year 
follow-up E,F. satisfactory wrist extension 
and flexion were noted. G,H. At a 6-year 
follow-up, satisfactory radial and ulnar 
deviation was maintained. IJ. At a 6-years 
followup, forearm rotation was maintained. 
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Figure 4.26. A complex high-energy frac
ture associated with soft tissue swelling 
was treated with external fixation and 
limited internal fixation. This case illus
trates the ability to apply a pin directly 
into the distal metaphyseal fragment. 
A,B. anteroposterior and lateral radio
graphs of the initial injury. C,D. Following 
reduction and longitudinal traction, an 
external fixation frame was applied with 
an additional pin placed directly into the 
metaphyseal fragment. The longitudinal 
split of the metaphysis and diaphysis was 
secured with interfragmentary screw G H 
fixation. E,F. The clinical photos show 
the longitudinal dorsoradial incision and 
cutaneous incisions used to help minimize soft tissue swelling in the immediate post
operative period. G,!. Anteroposterior, lateral, and oblique x-rays show the fracture to be 
healed shortly after external fixation removal. J,K. Anteroposterior and lateral radiographs 
12 years following the injury. Note the maintenance of the near-anatomic reduction. 
(Figure continues on facing page.) J K 

maintained by the frame is of particular use in the setting of complex carpal 
dislocations1S,2o,21 and in certain reconstructive procedures in which restora
tion of normal carpal height is required. The adverse effects of untoward 
or prolonged longitudinal joint distraction may be the creation of extrinsic 
extensor tightness with metacarpophalangeal joint hyperextension 1 and pos
sible loss of radiocarpal and intercarpal mobility. 

An external fixation frame can function as a neutralization device. Here also 
rwo possible applications exist. In the first place, the external fixator will 
unload and protect a fracture which has internal fixation in which the overall 
rigidity of the fixation is insufficient to prevent secondary displacement under 
functional loading (Fig. 4.26A-Q) 

A second situation in which neutralization occurs with an external fixator 
is the protection of bending, torsional, and shearing forces acting upon a 
realigned extraarticular bending fracture (Fig. 4.22A-F). 

When an external fixation frame is utilized to temporarily bridge large 
skeletal defects, it is now acting in a buttress fashion. The frame itself will 
represent a means of carrying functional loading bcrween the proximal and 
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I,M. Excellent wrist flexion and extension 
were noted. N,O. Full ulnar deviation and 
nearly full radial deviation were present. 
P,Q. Full forearm rotation was present at a 
12-year follow-up. 

Q 

distal radial segments. This is more often than not in cases of high-energy 
trauma with open injuries associated with primary bone loss. 

An additional situation in which a frame can be used is in the so-called 
dynamic fashion. These fixators are designed to permit some mobility of the 
radiocarpal joint with the fixator in place and joint distraction maintained. The 
exact positioning of the fixator, with the center of rotation of the wrist being 
maintained in the head of the capitate, is critical so that bending moments 
during functional motion occur at the carpal level and not at the fracture 
site.6,26,32,34 

Technique of Application 
The application of external fixation requires adequate anesthesia, ideally an 
image intensifier, and appropriate equipment for small bone surgery (Fig. 
4.27A-E)19 

A pneumatic tourniquet should be applied on the upper arm but not inflated 
unless absolutely necessary. Prior to application of the external fixator, 
the major displacement of the distal radius fracture should be reduced by 
longitudinal traction and manipulation. The adequacy of the reduction is 
controlled under image intensification (Fig. 4.28A and B). In fact, if the reduc
tion is acceptable, percutaneous pins can be placed into the radial styloid prior 
to the application of the external fixator. 

As the authors have had the bulk of their experience with the AO/ASIF 
external fixation frame, this device will be used to illustrate the technique of 
application. Once the gross fracture malalignment is reduced, the arm and the 
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Figure 4.27. The techniques of external 
fixation application in conjunction with 
cutaneous pin fixation are illustrated in this 
schematic. A. The pins are placed at an 
angle of 45 degrees from the horizontal. B. 
One technique is to achieve longitudinal 
traction using two pins-one in the meta
carpal and one in the radius-and stably 
secure the fracture with percutaneous pins. 
The remaining two external fixation pins 
can be placed using the pin to bar clamps 
keeping the wrist in a neutral position. C. 
Once the four pins have been placed, sub
tending an angle of 30 to 60 degrees 
between the two sets of pins, the pin bar 
clamps can be tightened. D. A second bar is 
applied keeping the hand and wrist in 
neutral. E. Should palmar flexion or devia
tion be required, the two pin clusters can 
be connected to each other using bar-to-bar 
clamps. 
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Figure 4.28. The technique of external 
fixation is illustrated in a step-by-step 
fashion. A. Both the arm and the iliac crest 
should be sterile and draped. B. The use of 
image intensification is extremely important 
in the technique of external fixation and 
percutaneous pin fixation. C. The strategic 
location of the pins can be controlled by 
marking the specific locus on the skin using 
image intensification. D. The more distal 
metacarpal pin is to be placed at the junction 
of the mid and distal third metacarpals. E. 
The placement of the metacarpal pin can be 
controlled with image intensification. F. The 
two radial pins are placed to avoid the 
muscles of the abductor pollicis longus and 
extensor pollicis longus. G. All the pins 
should be placed through small incisions 
with dissection to the bone and freeing the 
soft tissues from the area for the pin place
ment. H. A drill guide with a serrated end 
should be used in all instances. I. The radial 
pin can be controlled as well by the use of 
image. J,K. One technique for facilitating 
reduction is to apply a small mini distractor 
(Figure continues on facing page.) 
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ipsilateral iliac crest are prepared in a sterile manner and draped for the 
possible need for more extensive surgical manipulation and even autogenous 
iliac crest bone graft (Fig. 4.28B). 

The technique of pin insertion remains very much the same regardless of 
the type of pin utilized. Pin insertion should be performed through small 
incisions following soft tissue dissection to identify the underlying bone. A 
hemostat or dissecting scissor is used to spread the soft tissues, following 
which a protective drill sleeve is placed through the opening directly onto the 
bone. Precise location of pin application is enhanced by using the image 
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intensifier prior to making the skin incision to precisely identify the location of 
the pin placement into the metacarpal and distal diaphysis of the radius (Fig. 
4.28C and D). In the metacarpal it is our preference to place one pin at the 
base of the second metacarpal and one in the more distal aspect of the 
metacarpal. The first dorsal interosseous muscle, extensor tendons, and 
branches of the radial sensory nerve must be spared with the placement of the 
pin which can be accomplished by using protective drill sleeves. In harder 
bone, a 2.0-mm drill bit is used to predrill a hole for the 2.5-mm Schanz pins. 
In the second metacarpal, pins are placed approximately 45 degrees from the 
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to the initial two pins, one placed in the 
metacarpal and one in the radius. 
L. When distraction is applied, the hand and 
wrist tend to move into an ulnar and palmar 
direction, facilitating reduction of the radial 
styloid fragment. M. The strategiC placement 
of the percutaneous pins can be controlled 
by marking out the path of the pin on the 
skin. N. The percutaneous Kirschner wire is 
placed into the radial styloid. O. The place
ment of the stylOid pins can be confirmed 
using image intensification. P. In some 
instances an additional pin is placed through 
the dorsoulnar aspect of the radius. Q. 
Once the fracture is reduced and pinned, 
the remaining two external fixation pins 
can be placed and the wrist brought into a 
neutral position and connected with two 
carbon fiber rods. R. The pins can either 
be cut off just beneath the skin or left 
protruding just out of the skin. S,T. Antero
posterior and lateral radiographs demon
strating the percutaneous pin placement 
and the external fixator. Note the sugges
tion of laxity between the scaphoid and 
lunate, implying the pOSSibility: of some 
associated intercarpal ligament injury. 

Q 

T 
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transverse axis of the palm in a converging fashion, creating an angle of 45 to 
60 degrees between the two pins in the metacarpal. The placement can be 
confirmed using the image intensifier and the accuracy of the pin placement 
enhanced by rotating the hand to obtain a three-dimensional picture of the pin 
placement and extent of pin penetration into the opposite cortex of the 
metacarpal (Fig. 4.28E). 

placement of the pins into the distal third of the radius will in most cases be 
at a point approximately 10 to 12 cm proximal to the radial styloid.38 This point 
is preferably just proximal to the muscle bellies of the abductor pollicis longus 
and extensor pollicis brevis. Again through small incisions and utilizing a 
serrated drill guide, one can avoid injury to the overlying tendons, muscle 
bellies, or branches of the radial sensory nerve. In the radius we currently are 
using 4.0-mm Schanz pins and predrilling with a 2.5-mm drill bit. Again, the 
position of the pins and their depths can be confirmed by image control (Fig. 
4.28F-I). 

An alternative method for obtaining distraction and aid in the reduction of 
complex articular injuries is with the use of a small distractor applied to one 
Schanz pin placed at the base of the second metacarpal and one placed into 
the distal radius (Fig. 4.28J and K). By distraction using these two pin place
ments, there is a natural tendency for the hand and wrist to move into ulnar 
deviation and a modest degree of palmar flexion. This, in turn, will help 
reduce the radial styloid part of the articular fracture and will be most 
beneficial for extraarticular dorsal bending-type fractures (Fig. 4.28L). The 
distractor will also serve to free up the surgeon's hands for subsequent 
placement of percutaneous Kirschner wires or limited open reduction (Fig. 
4.28M). With the fracture reduction confirmed, the Kirschner wires can be 
placed under image control (Fig. 4.28N-P)' At this juncture the remaining two 
external fixation pins can be applied and the frame constructed (Fig. 4.28Q 
and R). It is preferable to maintain the wrist in a neutral position rather than 
the position maintained while traction was applied. Thus the fixator should be 
readjusted to keep the hand and wrist in a neutral position, which will enhance 
overall digital articular and tendon function (Fig. 4.28S and T). 

The stability of the external frame and pins can be increased by a number of 
features. In the first place, predrilling holes prior to pin placement will 
eliminate the possibility of "toggling" occurring when the pin is asked to cut 
its own hole in both the near and the opposite cortex. Secondly, having pins 
with a smooth shank filling the near cortex hole, with the diameter of the 
shank slightly larger than the hole in the near cortex, will in effect create a 
radial preload, providing increased contact pressure in a circumferential 
manner, minimizing bone resorption due to motion. By increasing the pin-to
pin distance on the same side of the fracture and decreasing the pin-to-pin 
distance across the fracture, enhanced stability will result. Finally, placing the 
connecting rod closer to the radius and metacarpals will also increase the 
stability of the frame. For most situations, we have used two connecting rods, 
one placed fairly close to the skin and the other approximately 1 to 11/2 cm 
away from the first connecting bar. When the hand and wrist are placed in a 
position other than a neutral pOSition with reference to the distal radius, the 
connecting bars will be required to have bar-to-bar connecting clamps to 
provide this freedom of pOSitioning (Fig. 4.27A-E). 

At the conclusion of the case, the external fixator pins are wrapped with 
sterile gauze. If skin tension has changed, with the skin appearing taut around 
the base of the pins, a small incision should be made to release the tension 
prior to leaving the operating room. A volar splint is applied and it is 
maintained for the first 3 postoperative weeks. 



Manipulative Reduction of Displaced Articular Fractures 

The external fixator allows for free motion of the digits and even for 
forearm rotation. It is critical to have the patient begin active digital exercises 
as early as the first postoperative day. Supervision should be maintained by 
both the treating surgeon and by a trained therapist to monitor the patient's 
progress, provide instruction and encouragement, and provide anti edema 
measures such as Coban wraps. 

Manipulative Reduction 
of Displaced Articular Fractures 
with Percutaneous Pinning 

Three-part, as well as some four-part compression fractures of the distal end of 
the radius with dorsoulnar and radial styloid fracture fragments can often be 
treated by a combination of longitudinal traction with external fixation and 
percutaneous pin fixationI4 External fixation in these cases is preferable, to 
help control both radial shortening and metaphyseal angulation of the distal 
fragments. 

The initial reduction of these types of fracture patterns can be obtained 
either by longitudinal traction and fracture manipulation by the surgeon or by 
using longitudinal traction with a small distractor (Fig. 4.29A-D). The tactic 
involves initial stabilization of the radial styloid with percutaneous Kirschner 
wires followed by manipulative reduction of the dorsoulnar fragment using 
external longitudinal traction with the hand and wrist now in radial deviation, 
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Figure 4.29. The tactics of percutaneous 
pin fixation of simple three-part compression 
articular fractures. A. The radial styloid frag
ment (1) is initially reduced and stabilized 
with two or three smooth Kirschner wires. 
B. The dorsoulnar facet fragment may 
require a limited skin incision and elevation 
using a pointed awl (2) C. Closure of the 
sagittal gap between the articular fragments 
is facilitated by the placement of a pointed 
bone reduction clamp (3) applying inter
fragmentary compression (4). D. The 
dorsoulnar fragment is pinned by two 
smooth Kirschner wires introduced across 
the radial stylOid (5) into the dorsoulnar 
fragment. Care is taken to avoid entrance of 
the pins into the distal radioulnar joint (6). 
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Figure 4.30. A compression-type fracture 
with displacement of the radial styloid and 
dorsoulnar facet of the distal radius. A,B. 
The anteroposterior and lateral radiographs 
reveal displacement of the articular frag
ment. C. A closed manipulative reduction of 
the radial styloid was performed using 
longitudinal traction, palmar flexion, and 
ulnar deviation of the hand and wrist. This 
was followed by the placement of two 
smooth Kirschner wires through the radial 
styloid obliquely into the more proximal 
radius. D. The dorsoulnar fragment did not 
reduce with longitudinal traction and radial 
deviation of the hand and wrist. Therefore a 
small incision was made between the fourth 
and fifth extensor compartments, and a 
pointed awl was used to elevate the frag
ment. E. The pointed awl is ideal for push
ing the fragment under image control. F. 
The fracture reduction is controlled under A 
the image intensifier. G. Using a pointed 
reduction clamp, interfragmentary com
pression can be achieved between the arti
cular fragments in order to reduce the 
sagittal space between the two fragments 
while pins are placed transversely across 
the radial stylOid into the dorsoulnar frag
ment. H. Three smooth Kirschner wires are 
placed transversely through the styloid into 
the dorsoulnar fragment. I,]. Anteroposterior 
and lateral radiographs of the fractures at 5 
weeks postpinning. K,L. Four months fol
lowing pin removal, excellent reduction is 
maintained. 
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Closed and Limited Open Reduction Techniques 

or using a small pointed awl placed through a small incision within the vicinity 
of the fourth and fifth extensor compartments just proximal to the lunate facet 
(Fig. 4.30A-L). Once this fracture fragment is elevated, a pointed bone reduc
tion forceps is carefully placed on the medial fragment through the dorsoulnar 
incision and on the skin overlying the radial stylOid fragment to help close any 
sagittal separation between the articular fragments (Fig. 4.30G). The forceps 
are left in place while one or two small Kirschner wires are introduced 
transversely from the radial stylOid toward the sigmoid notch. Particular atten
tion must be taken not to enter the distal radioulnar joint (Fig. 4.30H). 

If there are no soft tissue problems, a short below-elbow cast can be used, 
although in most cases an external fixation device is left in place for 6 weeks, 
at which time it is removed along with the percutaneously placed pins. 

Closed and Limited Open Reduction 
Techniques for Displaced 
Volar Articular Fragments 

In complex four-part articular compression fractures in which the lunate facet 
is split into dorsal and volar fragments, the volar fragment, if displaced 
and rotated, may not be capable of being reduced by manipulative or even 
percutaneous means alone. 

The technique for this particular fracture pattern is once again based upon 
the concept of identification of the distal radial articular fragments as distinct 
entities. These include the distal radial metaphysis, radial stylOid, dorsoulnar 
aspect of the lunate facet, and palmar half of the lunate facet (Fig. 4.31A-D). 

Length and gross alignment can be obtained with longitudinal traction alone 
and maintained by the application of an external skeletal fixation device. The 
radial styloid fragment, once reduced, can be secured with percutaneously 
placed smooth Kirschner wires (Fig. 4.32A-J). 

With a displaced and rotated volar lunate facet fragment that cannot be 
accurately reduced by longitudinal traction, it is advisable to secure at this 
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Figure 4.31. The surgical tactics and illu
strated for complex four-part articular frac
tures in which the lunate facet is split and 
the volar fragment rotated. A. Pictorial pre
sentation of a complex four-part articular 
fracture. B. The radial styloid fragment (1) 
is reduced and percutaneously pinned. C. 
Through a volar approach, the volar lunate 
facet fragment is reduced and supported 
with a small plate (2). The dorsal lunate 
facet fragment is reduced and pinned (3). 
Schematic of the entire surgical construct. 
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Figure 4.32. A four-part compression intra
articular fracture is treated with a com
bination of percutaneous and limited open 
reduction of the volar fragment. A,B. Initial 
anteroposterior and lateral radiographs 
demonstrating the articular compression 
fracture. C,D. Following ligamentotaxis and 
application of an external fixator, the radial 
styloid was effectively reduced. E,F Follow
ing pinning of the radial styloid, a limited 
volar approach was made, and the small 
displaced volar lunate facet fracture frag
ment was reduced under direct vision and 
pinned, with the pins retrieved through the 
dorsal skin. The dorsal lunate facet fragment 
was then manipulated using a pointed awl 
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and pinned with transverse, smooth A B 
Kirschner wires. G,H. Anteroposterior and 
lateral radiographs at 5 weeks following removal of the external fixator and all but one 
of the Kirschner wires. This later had to be removed under regional anesthesia. I,]. 
Anteroposterior and lateral radiographs 4 years postinjury. The patient experienced 
minimal if any symptoms. 
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point a reduction of the anterior displaced fragment. Once this is accom
plished, the dorsoulnar lunate facet fragment can be more readily reduced by 
closed or percutaneous techniques onto the reduced volar fragment. A 
longitudinal incision is made along the ulnar-volar side of the distal forearm. 
The ulnar nerves and arteries are identified and protected. The flexor tendons 
are retracted radialward, and the distal portion of the pronator quadratus is 
incised and the distal part of this muscle elevated from the vicinity of the 
displaced volar ulnar articular fragment. The soft tissue attachments to the 
small fragment should be preserved, and the surgeon should take heed to 
avoid opening the volar capsular ligaments of the radiocarpal joint for the 
purpose of directly observing the articular surface. The adequacy of reduction 
can be based upon its realignment with the radial stylOid fragment as well as 
the distal radial metaphysis. Furthermore, by displacing this fragment initially, 
the surgeon can visualize the articular surface from within the metaphysis, 
thereby observing displaced, impacted articular fragments that may not have 
been apparent on the initial radiographs. 



Techniques of Distal Ulnar Stabilization 
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In the event that the volar fragment is small, fixation can be effectively 
achieved with a single smooth Kirschner wire introduced obliquely from the 
volar surface of the fragment across the metaphysis and retrieved through the 
dorsal skin of the forearm (Fig. 4.32E and F). For larger fragments, screw 
fixation alone, or even a small L or T plate, can be used to provide an effective 
"buttress" for this reduced fragment. Screws should not be placed in the distal 
portion of the small plate, as these can interfere with reduction of the 
dorsoulnar lunate fragment (Fig. 4.31A-E). 

At this juncture, the case can proceed as described for the closed manipula
tive reduction of three- and four-part fractures, using either a pointed awl or a 
pointed reduction forceps to help reduce the dorsoulnar fragment, which can 
then be pinned in a transverse starting from the radial styloid across into the 
dorsoulnar fragment (Fig. 4.33A-D. 

Techniques of Distal Ulna 
Stabilization 

The unstable distal ulnar may be associated with soft tissue disruption, including 
the triangular fibrocartilage complex (Type IIA), a large ulnar styloid fracture 
(Type lIB), or a complex fracture involving the ulnar head or neck (Type IIIB). 

The recommended surgical approach for the complex distal ulnar fracture 
or ulnar styloid disruption is that between the extensor carpi ulnaris and flexor 
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Figure 4.33. A complex articular fracture 
treated with combined percutaneous and 
open reduction. A,B. Initial anteroposterior 
and lateral radiographs. C,D. Closed treat
ment demonstrated major articular mal
alignment. E,F. Limited open and closed 
reduction and percutaneous pinning with a 
near anatomic result. G,H. At 6 weeks, frac
ture union. I,]. Follow-up radiographs at 1 
year reveal maintenance of anatomic 
reduction. 
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Figure 4.34. A complex ulnar neck fracture 
is stabilized with a third-tubular plate. 

Figure 4.35. Ulnar styloid fractures can be 
stabilized in several ways. A. The tension 
band technique of ulnar styloid stabilization. 
B. Ulnar styloid fixation with a cannulated 
screw. 

4. Surgical Techniques 
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carpi ulnaris along the ulnar border of the forearm. The dorsal sensory branch 
of the ulnar nerve must be visualized to protect it from direct injury during the 
surgical approach. 

For complex fractures of the ulnar head and/or neck, a 2.7-mm condylar 
plate or a small-fragment 2.7-mm DC plate is preferably placed directly along 
the ulnar border (Fig. 4.34). 

The ulnar styloid, in fact, tends to be more palmar in its anatomic position 
and thus may effectively be reached through this approach rather than a dorsal 
approach. A number of options exist for fixation of this styloid, including a 
tension band technique (Fig. 4.35A), Herbert screw, or cannulated screw (Fig. 
4.35B). The tension band technique is quite straightforward and does not 
require complex equipment. Two 0.045-inch (l.2-mm) Kirschner wires are 
driven obliquely across the styloid into the more proximal dorsal aspect of the 
ulnar neck The points of the wires are allowed to protrude slightly from the 
bone, around which a thin stainless steel wire can be looped, with the loops 
extending along the ulnar styloid over the ends of the pin, which are then bent 
off and driven into the bone. 

The unstable ulnar that remains displaced despite anatomic reduction of the 
distal radius fracture, including the dorsoulnar aspect of the lunate facet, is 
approached dorsally between the fifth and sixth extensor compartments. More 
often than not, this injury has disrupted the retinacular sheath supporting 
the extensor carpi ulnaris, the dorsal radioulnar collateral ligament, and the 
triangular fibrocartilage. The triangular fibrocartilage, if disrupted from the 
base of the ulnar styloid, can be reapproximated with intraosseous sutures 
placed through the triangular fibrocartilage, passed through drill holes, and 
tied over the outer border of the ulnar. The dorsal radioulnar ligament is then 
repaired with closure of available capsule if present. The extensor carpi ulnaris 
is brought back over the end of the ulnar and secured in place with a flap 
created from the extensor retinaculum. Postoperatively the limb is immobilized 
for 4 weeks in approximately 30 to 45 degrees of supination. 
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ChaRter Five 

Extraarticular 
Bending Fractures 

II 
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OESD 
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No fractures perhaps require more carC'!ful examination 
than those of the cmpal extremity of the radius, for 
neither is their precise nature clearly defined, nor yet 
are their unsatisfactory after consequences sufficiently, 
as a rule, impressed upon the patients. 27 

G. W Callender, 1865 
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106 5. Extraarticular Bending Fractures 
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Extraarticular Bending Fractures 
The rationale of developing an approach to understanding and treating frac
tures of the distal end of the radius based upon their mechanism of injury will 
become evident in the discussion of the "bending fracture." Given the fact that 
the vast literature on the subject of distal radius fractures has more often 
than not combined numerous different fracture patterns under eponymic 
descriptions, ("Colles," "Pouteau," "Goyrand"), it is no wonder that there 
continues to exist so much disagreement regarding optimal treatment and 
expected outcome. By subdividing these fractures on the basis of specific 
anatomic patterns, it is the authors' hope that the reader will appreciate the 
specific features inherent in each fracture type. This will facilitate the for
mulation of effective treatment plans based upon both the needs of the 
fracture and those of the patient. 

In this chapter we will focus on the issues that continue to be of importance 
to the clinician when faced with the common extraarticular bending fracture
very much the same ones that have frustrated physicians over the past two 
centuries (see Chapter 1). These include the optimal means of fracture classi
fication, distinguishing stable from unstable fracture patterns; techniques of 
fracture reduction; type, position, and duration of immobilization; management 
of unstable fractures; indications for interventional treatment; identification 
and approach to complications; and expected outcome. 

Incidence 

Given the fact that epidemiologic studies have combined many patterns of 
distal radius fractures, it would be difficult, if not impossible, to document the 



Incidence 

incidence of extraarticular bending fractures. Yet the commonplace nature of 
fractures of the distal end of the radius is clearly apparent in both historical 
and contemporary studies (see Chapter 2).57,81,85,96,156,228 Frykman identified 
the extraarticular bending fracture (Types I and II) in 36.3% of all the fractures 
in his series?6 

Mechanism 
Most injuries to the wrist and lower end of the radius are the result of a fall on 
the outstretched hand. The specific injury pattern will be based upon a number of 
factors , among which are the velOCity and position of the hand and wrist at 
impact, the degree of rotation of the forearm, and the quality of the underlying 
bone (Fig. 5.1). 

With a forward fall, one might expect the hand to hit the ground in a 
hyperextended position with the forearm pronated and the elbow flexed (Fig. 
5.2). Two distinct forces will be concentrated at the level of the wrist. These 
are the thrust of the torso transmitted along the long axis of the radius, 
counteracted by the ground reaction force acting in a proximal direction 
across the carpal bones. The latter can, in certain cases, induce bending 
stresses at the level of the metaphyseal bone. This, in turn, will result in failure 
of the volar cortex due to tensile stress and impaction of the dorsal cortex due 
to compression forces. A certain degree of impaction and collapse of the 
cancellous bone of the distal metaphysis will occur, due in large part to the 
penetration of the harder cortical edge of the proximal diaphyseal fragment. 

Conversely, with a similar forward or backward thrust with the forearm 
supinated, one might expect to see a palmarly displaced bending fracture (Fig. 
5.3). Tension forces are now located on the dorsal aspect of the metaphysis, 
with the volar cortex failing under compression load. 

The torsional component of the injury should not be underestimated. This 
will produce a variable degree of disruption of the distal radioulnar joint. With 
dorsally displaced bending fractures, the distal fragment will be seen to supinate 
with respect to the diaphysis of the radius, while the reverse will be the case 
with the palmarly displaced bending fracture (Fig. 5.4).128,146 

Castaing identified a fracture of the ulnar styloid in 50 percent to 60 percent 
of distal radius fractures, with a fracture, of the head or neck of the ulnar in l.5 
percent -all reflecting an injury pattern which has extended from the distal 
end of the radius across the supporting structures of the joint.229 Furthermore, 
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Figure 5.1. The extraarticular bending frac
ture is the result of a fall on the out
stretched hand. The specific pattern will be 
the result of the velOCity of the fall and the 
position of the hand and forearm. 
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Figure 5.2. When landing with the wrist 
hyperextended, forward displacement of 
the torso pronating the forearm will result 
in a dorsally displaced fracture pattern. 

Figure 5.3. With a fall causing the torso to 
be thrust backwards and the forearm supin
ated, a pal marly displaced fracture will 
result. 

0-
Force 

5. Extraarticular Bending Fractures 

o 
Force 

Radius 
- pronated 

Co lies fracture 

Body rotating 
away from arm 

Smith's fracture 

in many instances, the triangular fibrocartilage complex has been injured with 
or without associated fracture of the ulnar styloid process. This will be com
monplace in those extraarticular bending fractures which are widely dis
placed on presentation. The ulnar-sided component of these fractures will 
play a fundamental role not only in treatment methods but also in expected 
outcomes.76 
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Palmar Bending 

proximal 
radius 

'0 
volar 

Dorsal Bending 

distal 
fragment 

Treatment Considerations 

A number of factors will enter into the decision-making process in the treat
ment of bending fractures of the distal end of the radius. These will include 
the fracture pattern, the presence of absence of comminution, the intrinsic 
fracture stability and its initial displacement, and the condition of the underlying 
bone (Table 5.1). 

In addition, individual patient-related factors such as lifestyle, associated 
medical conditions, psychological outlook, anticipated functional loading 
compliance, and condition of the soft tissues will be of equal importance.148 

Classification 

The numerous classification systems for fractures of the distal end of the radius 
are highlighted in Chapter 2. Several of these are particularly useful for 
extraarticular bending fractures.159.164.198 The awareness and application of 
more detailed classifications of the extraarticular bending fractures will prove 
extremely important not only for more accurate fracture documentation but 
also in consideration of treatment. Without question, a good deal of the 
difficulty in interpreting the experience in the literature stems from a lack of a 
unified system of fracture classification. 

There exist several more contemporary classifications which are specifically 
designed to differentiate patterns of extraarticular bending fractures and 
thereby prove extremely useful. It will become evident that the presence or 
absence of comminution of the metaphyseal region is the critical feature in 
identifying specific responses to treatment -speCifically, inherent stability 
following manipulative reduction and cast application. 

Older, Stabler, and Cassebaum in 1965 published a useful classification for 
metaphyseal dorsal bending fractures. 159 Four groups were established ranging 
from essentially non displaced (Group I) to displaced fractures with extensive 
metaphyseal comminution, shortening relative to the ulnar, and extension into 
the radiocarpal joint (Group IV) (Fig. 5.5). 
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Figure 5.4. Extraarticular bending 
fractures feature displacement in 
multiple directions including 
rotational deformity. 
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Figure 5.5. The classification of dorsally 
displaced extraarticular fractures by Older, 
Stabler, and Cassebaum. 

Figure 5.6. Jenkins' classification for dor
sally displaced bending fractures is based 
specifically on comminution. 

5. Extraarticular Bending Fractures 

OLDER (1965) 1 2 

~HR ~HFr 
3 4 

~f1 rr ~?i ff 
Type I - Nondisplaced. 
Type II - Displaced with minimal comminution. 
Type III - Displaced with comminution of the dorsal radius. 
Type N - Displaced with severe comminution of the radial head. 

Jenkins in 1989 proposed a classification of dorsally displaced bending 
fractures based entirely upon the presence and extent of comminution (Fig. 
5.6).105 

Group I 
Group II 

No radiographically visible comminution. 
Comminution of the dorsal radial cortex without comminution 
of the fracture fragment. 

Group III - Comminution of the fracture fragment without significant in
volvement of the dorsal cortex. 

Group N - Comminution of both the distal fragment and the dorsal cortex. 
As the fracture line involves the distal fracture fragment in 
Groups III and N, intraarticular involvement is very common 
within these groups. Such involvement is not, however, inevit
able, nor does it affect the fracture's placement within the 
classification. 

The Comprehensive Classification of fractures not only identifies the direc
tion of displacement and the presence and extent of comminution, but also 
provides a means of documenting the specific nature of the ulnar-sided 
involvement. It also serves to more accurately identify and subclassify volar 
bending fractures (Fig. 5.7).156 
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Classification 

Ulnar Injury Classification (Fig. 5.8) 

I-Tear triangular fibrocartilage and/or distal radioulnar ligament 
2-Fracture ulnar styloid (and/or distal radioulnar ligament) 
3-Fracture neck of ulnar 
4-Metaphyseal comminuted fracture of the distal ulnar 
5-Fracture through the head of the ulnar 
6-Comminuted articular fracture of the distal ulnar 

~ 
A 

A 1 EXTRAARTICULAR: Fractures neither affect 
the articular surface of the radiocarpal nor the 
radio-ulnar joints. 

A 1 Extra-articular fracture, of the ulna, radius intact 

1 styloid process 
2 metaphyseal simple 
3 metaphyseal multifragmentary 

111 

Figure 5.7. The Comprehensive Classifica
tion identifies the presence and extent of 
comminution as well as the direction of 
displacement of the distal fragment. 

A2 Extra-articular fracture, of the radius, 
simple and impacted 

A3 Extra-articular fracture, of the radius, 
multifragmentary 
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Figure 5.8. The Comprehensive Classifica
tion of ulnar side injury. 
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Classification 

Fernandez Classification of Distal Radioulnar Joint Lesions (Fig. 5.9) 

Type I: Stable - Following reduction of the radius fracture, the distal radio
ulnar joint is congruous and stable. 
a. Avulsion fracture tip of styloid 
b. Stable ulnar neck fracture 

Type II: Unstable - Following reduction of the radius fracture, there is sub
luxation or dislocation of the ulnar head. 
a. Substance tear TFCC and/or palmar and dorsal capsular ligaments 
b. Avulsion fracture base of ulnar styloid 

Type III: Potentially unstable - Subluxation possible. 
a. Intraarticular fracture of the sigmoid notch 
b. Intraarticular fracture of the ulnar head 

Palmar Displaced Bending Fracture (Thomas Classification) (Fig. 5.10)212 

Type I - An extraarticular fracture with palmar displacement 
Type II - An intraarticular fracture with volar and proximal displacement of 

the distal fragment along with the carpus 
Type III - An extraarticular fracture with volar displacement of the distal 

fragment and carpus 

Fernandez Classification of Extraarticular Palmar Displaced Bending Fractures 
(Fig. 5.11)65 

Type A - Transverse metaphyseal fracture 
Type B - Oblique metaphyseal fracture 
Type C - Metaphyseal comminution 

A 

8 

C 

113 

Figure 5.10. Thomas classification of pal
marly displaced fractures. 
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Figure 5.11. Fernandez classification of 
palmarly displaced extraarticular bending 
fractures. 
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Stability 

The stability of a bending fracture is best defined as the ability of the fracture to 
resist displacement once it has been manipulated into an anatomic position.148 A 
number of factors will interact to influence fracture stability. These include the 
extent of the initial displacement,4753,97.198.199.21 5.216 the presence and degree 
of metaphyseal comminution, 5.6.30,35,37.39.51.81,88,91,105.106, 111.127,159,184,205.224,225 

and/or the presence of localized osteoporosis. 164,199 
Lafontaine, Hardy, and Delince studied 112 consecutive fractures of the distal 

radius treated conservatively and suggested five factors that could relate to 
instability following fracture reduction. 127 These included: 

1. Initial dorsal angulation greater than 20 degrees 
2. Dorsal comminution 
3. Intraarticular radiocarpal fracture 
4. Associated ulnar fractures 
5. Patient age greater than 60 years 

They noted that fractures associated with three or more factors were unstable 
following closed reduction and plaster immobilization (Fig. 5.12A-D]. 

B 

D 

Figure 5.12. An unstable extraarticular 
bending fracture in a 60-year-old woman. 
A,B. Anteroposterior and lateral radiograph 
of the initial fracture demonstrates displace
ment and extensive metaphyseal comminu
tion. C. Displacement is readily visible 2 
weeks after fracture reduction and cast 
application. D. The fracture united, having 
redisplaced to its original position. 



Displacement 

On the other hand, stable fractures are those that will not displace either at 
the time of presentation or following manipulative reduction?5,96,171,181 
Abbaszadegan, Jonsson, and von Sivers defined these as bending fractures 
presenting with minimal displacement with dorsal angulation less than 5 
degrees and axial shortening less than 2mm (Fig. 5.13A-F).5 

Definition of stability of bending fractures 

Stable 

Minimal displacement 
Minimal or no comminution 
Low energy of injury 
Impaction at fracture site 

Displacement 

Direction of Displacement 

Unstable 

Widely displaced 
Metaphyseal communution 
High energy of injury 
Defect postfracture reduction 

A number of radiographic measurements have been used to document the 
direction and degree of displacement of bending fractures (see Chapter 3). For 
the more commonplace dorsally displaced fractures, most have relied upon 
the measurement of dorsal displacement of the distal fragment measured in 
degrees, the amount of shortening of the distal radial fragment in relationship 
to the distal ulnar measured in millimeters, and the loss of the normal ulnar 
inclination of the distal articular surface measured in degrees.33,76,81.136,159,222 It 
is of interest that in many cases these measurements are interrelated, i.e., when 
the dorsal angulation is improved, so are the shortening and loss of ulnar 
inclination. 

Van der Linden and Ericson in 1981 demonstrated that radial shift of the 
distal fragment is also an important radiographic feature to be measured. 215 

Furthermore, they observed that a large radial shift does not imply that the 
dorsal angulation is also large and that, in fact, these two measurements can be 
independent of each other. This will be important not only in comparing 
results from series to series but also in the recognition that a closed reduction 
will be satisfactory only if both of these displacements are reduced. If that were 
to occur, i.e., the distal fragment was pushed ulnarward and palmarly, radial 
length and restoration of the ulnar inclination would also return. 

One should also be aware that the distal fragment in dorsally displaced 
bending fractures will be supinated in reference to the proximal radius, with 
the reverse being the case with volar displaced fractures. This feature may be 
more difficult to accurately assess radiographically (Fig. 5.4). 

A careful scrutiny of the literature supports the authors' own experience that 
immobilization of dorsal bending fractures with casts or splints, with or without a 
manipulative reduction, has its primary place in treatment of those fractures 
which are inherently stable. These, for the most part, are nondisplaced or are 
displaced but without metaphyseal comminution (Table 5.1). 

Extent of Displacement 
While evidence continues to accumulate suggesting a strict parallel between 
the quality of the anatomic result and the residual functional capacity of the 
wrist,72,73,84,149,217 it is well recognized that adequate wrist function and absence 
of pain can coexist with radiographic deformity following an extraarticular 
metaphyseal bending fracture. 
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Figure 5.13. A stable extraarticular bending fracture responds to closed reduction and 
cast support. A,B. Anteroposterior and lateral radiographs reveal minimal displacement 
and comminution. C,D. Anteroposterior and lateral radiographs following closed reduc
tion and cast. Anatomic restoration was gained. E,F. One year postfracture, an anatomic 
result is seen on the anteroposterior and lateral radiograph. 



Nondisplaced Fractures 

Many have concluded that uncorrected dorsal angulation beyond 20 degrees 
with radial shortening, or radial shift of the distal fragment with or without 
shortening and disruption of the distal radioulnar jOint, will more likely than 
not impair wrist and/or forearm function. 66,73,149,154,177,217 These radiographic 
parameters, although not as carefully documented, will be of equal significance 
with palmar displaced fractures. Therefore, we believe that it is important, with 
those fractures whose initial displacement is equal to or greater than the above 
parameters, to consider manipulative reduction for those patients whose func
tional needs would require a more anatomic repOSition. 

Nondisplaced Fractures 
Functional Treatment 
Bending fractures of the distal radius which present with little or no displace
ment offer a favorable long-term prognosis.2,49-52,136,139,159,162,174,203,226 This 
fact was recognized early on by a number of investigators who suggested that 
these fractures should not be immobilized in circumferential plaster casts, but 
rather should be supported, if at all, with a sling, with the hand and wrist 
permitted to hang in an ulnar direction encouraging functional exercises (Fig. 
5.14).9.50.139,162 

We would concur with Abbaszadegan, Conradi, and Jonsson who defined 
"minimal" displacement as dorsal angulation less than 5 degrees and axial 
shortening less than 2 mm.2 They observed such fractures to be stable, even 
when supported with elastic bandages rather than plaster casts. This situation 
is not to be confused with a fracture which is stable on presentation but 
malaliqued which when~"duced will result in a metaphyseal defect leading to 
a loss of reduction when i~bilized in a cast or brace (Fig. 5.15A-H). 

The management of the nondisplaced or minimally displaced bending frac
tures will depend on a number of factors. Among these are the patient's activity 
level, functional needs, and associated medical conditions and expectations, as 
well as the condition of the soft tissues. For the younger patient or the more 
active older patient, it is our preference to immobilize the limb in a well
molded below-elbow cast for 4 weeks, followed by a removable thermoplast 
splint for an additional 2 weeks. Control radiographs within 7 to 10 days 
postinjury are recommended, as displacement would be more likely to occur 
at this juncture.199 

In the event that associated soft tissue swelling would preclude the ap
plication of a circular cast at the time of initial treatment, a plaster or thermo
plast volar splint in conjunction with elevation, elastic wraps, and hand therapy 
will be sufficient to provide comfort and limit the possibility of fracture 
displacement. Once swelling has diminished, a circular cast can be more safely 
applied. 

In geriatriC patients and those with "hairline" fractures, the duration of 
immobilization can be reduced to 3 or 4 weeks. The decision to discontinue 
the immobilization should be based upon clinical findings of tenderness at the 
fracture site as well as radiographic evidence of healing. With geriatric patients 
in particular, careful follow-up is essential to make certain that they are not 
only exercising the digits but also mobilizing the ipsilateral elbow and shoulder. 

An additional subset of stable bending fractures that may receive functional 
treatment is that of the displaced but impacted fracture in the geriatric patient 
with advanced osteoporosis. Reduction of this type of fracture would lead to 
the creation of a metaphyseal bony defect and most assuredly an unstable 
situation (Fig. 5.16A-D). In these instances, the radioulnar length discrepancy 
can be addressed later with a resection of the distal ulnar if this condition 
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Figure 5.14. Many nineteenth-century 
surgeons suggested that stable, impacted 
dorsal bending fractures be supported with 
a sling with the hand and wrist permitted to 
hang in an ulnar direction. 
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Figure 5.15. A displaced but impacted 
dorsal bending fracture with extensive 
metaphyseal comminution is "stable" upon 
presentation but unstable postreduction. 
A,B. Anteroposterior and lateral radiograph 
of the comminuted metaphyseal fracture 
upon presentation. C,D. Anteroposterior 
and lateral radiograph postmanipulative 
reduction and cast. E,F. Six weeks postre
duction and cast, fracture displacement has 
occurred. Note also the subluxation of the 
distal radioulnar joint. G,H. Six months 
postfracture, the patient experienced func
tional difficulties with forearm supination. 

Figure 5.16. An unstable fracture in an 81-
year-old male redisplaced and healed with 
deformity. Little functional disability was 
noted. A,B. The anteroposterior and lateral 
radiographs show a major deformity. C,D. 
Excellent forearm rotation was retained in 
spite of the complete disruption of the 
distal radioulnar joint. 
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Displaced but "Stable" Bending Fractures 

proves sufficiently symptomatic to interfere with the individual's quality of life 
as well as his or her ability to perform the basic requirements of daily living. 

Complications 
The non displaced or impacted minimally displaced bending fracture in most 
instances will result in an excellent symptomatic and functional outcome. The 
patient should be cautioned, however, that some discomfort and limitations of 
function are to be expected for the initial 6 to 9 months postinjury. In addition, 
some patients may note discomfort specific to the distal radioulnar joint area 
even in the face of anatomic restoration of the joint. This, too, will be seen to 
resolve in the vast majority of cases. 

One complication that appears uniquely to be associated with nondis
placed fractures is that of spontaneous rupture of the extensor pollicis longus 
tendon.32,46.95,108,195.214 The vast majority of these ruptures will occur within 
the first 8 weeks after fracture, although some cases have been reported years 
postinjury.61 .144 Although this problem is discussed in detail in Chapter 11, it is 
important to be aware of this potential complication with a nondisplaced 
fracture. Prodromal symptoms, including tenderness, swelling, or crepitus 
about Lister's tubercle, should raise suspicion of an impending tendon disrup
tion. Decompression at this stage could offset a complete rupture98.124 

Neurologic complications, particularly involving the median nerve, can also 
complicate these fractures. The surgeon should take heed to carefully assess 
the neurologic function both at the time of initial treatment and during the 
early period of follow-up (see Chapter 11). 

Displaced but "Stable" Bending Fractures 
Displaced Fracture-UStablen Pattern 
Although some have suggested that careful restoration of the skeletal 
anatomy may not be essential for the recovery of hand and wrist func
tion,17·32.56.102,145,147.159,182,194.204.213 there remains overwhelming sup-
port for the relationship of anatomic restoration and a functional 
outcome. 10.12.13.19.25.33.37.39.41,44,49.85.88,111 ,131 ,136,143,149,152,164,187,193,200,208,215,217 

Those extraarticular fractures which present with little radiographic evidence 
of comminution, less than 5 to 10 degrees of either dorsal or volar angulation 
of the distal fragment, and less than a few millimeters of radial shortening 
represent stable fracture patterns. Once reduced, these will have a high likeli
hood of the reduction being held in place by cast immobilization (Fig. 
5.17A-H). Despite the extensive experience in the management of bend
ing fractures, both stable and unstable, there remain a number of issues 
which continue to evoke controversy. These include the type of anesthesia, 
the method of fracture reduction, and the type, pOsition, and duration of 
immobilization. 

Anesthesia 
Three basic forms of anesthesia have been widely used in the management of 
displaced distal radius fractures that require reduction: local anesthesia or 
"hematoma block," regional anesthesia with either Bier or brachial plexus 
block, and general anesthesia. 
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Figure 5.17. A displaced but "stable" dorsal 
bending fracture. A,B. Anteroposterior and 
lateral radiographs of the displaced fracture. 
Comminution involves only the dorsal 
cortex. C,D. The postreduction radiographs 
reveal an anatomic reduction. E,F. Control 
radiographs 4 weeks post reduction. A well
molded cast has been applied. Note the 
dorsal molding. G,H. Fracture union and 
anatomic restoration seen at 6 weeks. 
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Local infiltration of the fracture hematoma can be effective, especially in 
these displaced but intrinsically stable fractures in which the reduction is 
anticipated to be uncomplicated. With dorsally displaced fractures, we prefer 
to infiltrate the fracture site with 5 to 7 cc of 1 or 2 percent xylocaine without 
epinephrine, with the point of entrance of the needle being from the volar 
side. This is in contrast to most descriptions in the literature, which report that 
infiltration is done through a dorsal needle puncture. One may find, however, 
that the impacted dorsal cortex may not permit the needle to enter the fracture 
site easily. A second injection, also of approximately 5 cc of xylocaine, is 
introduced into the area of the distal radioulnar joint and ulnar styloid.141 With 
a volady displaced fracture, the hematoma is better infiltrated from the dorsal 
aspect. 

The effectiveness of local anesthetic agents in proViding sufficient an
algesia to perform a fracture reduction has been well supported in the litera
ture. 19,31,54,76,137 Although concern has been raised by some regarding the 
potential systemic toxicity of the local anesthetic agents if absorbed into the 
blood stream,167 this would be an extremely rare circumstance. 

In view of the concern that hematoma block will provide neither sufficient 
analgeSia nor adequate muscle relaxation,221 we prefer either Bier block with 
intravenous lidocaine or brachial plexus block.4,39,92,94,166 These forms of 
anesthesia would be especially indicated in those instances in which local skin 
or soft tissue contusions or edema contraindicate the use of local anesthesia. 
Given that complications, including fatalities, have been reported using 
regional anesthetic techniques,93 it is advisable, whenever possible, that the 
regional anesthetic be administered by an anesthesiologist with a second 
physician nearby. 

For the most part, general anesthesia should be reserved for specific in
stances such as the pediatric patient, patients with kqown allergies to local 
anesthetic agents, or situations in which the fracture is associated with other 
injuries requiring operative intervention. 
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Fracture Reduction 
Closed manipulative reduction and cast immobilization remains the treatment 
of choice today, just as it has over the past 150 years. Ford and Key stated, 
"There are as many methods of reduction as there are fracture surgeons. "71 

However, the reduction of displaced dorsal bending fractures has been based 
on two approaches: direct manipulation of the fracture fragment, as contrasted 
to indirect reduction of the fragment via longitudinal traction of the hand 
and carpus. 

Fracture Manipulation 
Too little stress has been laid on reduction. Some authors . .. trusted to the 
continued pressure of pads. This plan is now recognized as the fruiiful source 
of the melancholy termination of the accident in a hand and wrist deformed 
and incapable of respectably peiforming their physiological functiOns. 

T.K. Cruse, 187448 

The technique of direct manipulation of the distal fracture fragment featuring 
"disimpaction" of the distal fragment prior to reduction has usually been 
attributed to Robert Jones. 110 Yet this technique may well have had its origins 
in the writings of Colles, who pointed out that longitudinal traction would 
correct the fracture deformity and rocking back and forth would confirm the 
diagnosis of fracture by the palpable crepitation.42 Jones's influence on the 
English-speaking Orthopaedic world persists even today, as his carefully 
described technique of manipulative reduction continues to be taught (see 
Chapter 1). 36 

The technique described by Robert Jones requires an assistant to provide 
countertraction on the arm above the elbow. The surgeon places the thenar 
eminence of one hand dorsally over the lower radius at the level of the wrist 
and the other hand over the lower forearm in line with the radial shaft. The 
deformity of the fracture is then increased by extension of the distal fragment 
(Fig. 5.18). With traction still maintained, the surgeon manipulates the distal 
fragment into a volar and ulnar direction, all the while with the opposite hand 
applying counterpressure against the proximal radius. The final maneuver is to 
"lock" the fracture fragment by plaCing the patient's hand and the distal 
fracture fragment into pronation. 

With the manipulative reduction completed, the hand should be allowed to 
rest naturally without support to clinically assess the stability of the reduced 
fracture. 

Longitudinal Traction 
Although the reduction technique based upon longitudinal traction was initially 
popularized by Bohler in the 1920s,23,24 Lidstrom attributes an extension type 
of device to achieve fracture reduction to Bardenheur as early as the late 
nineteenth century.136 Bohler's technique is based upon application of a strong 
longitudinal traction to the patient's thumb and digits against a fixed and flexed 
upper arm while the fracture is directly manipulated by the surgeon. 

The original technique required at least one but more often two assistants. 
The assistants' and patient's hands were coated with an adheSive, as the traction 
required was at times prolonged. This proved a limiting factor with this 
technique, as success was often dependent upon the strength and attentiveness 
of the assistants.26 
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Figure 5.18. The technique of manipulative 
reduction of dorsally displaced extra
articular bending fractures. Top: The surgeon 
uses both hands to stabilize the forearm 
and the hand and wrist while the fracture 
deformity is increased by extending the 
wrist. Middle: While traction is maintained, 
the distal fragment is manipulated in a volar 
and ulnar direction. Lower: The fracture is 
locked in place and the patient's hand and 
fracture fragment is rotated. 

5. Extraarticular Bending Fractures 

Caldwell in 1931 introduced metallic "finger traps," which, along with 
counterweight suspended over the upper arm, could provide continuous 
longitudinal traction without the need for assistants. This soon became well 
accepted worldwide (Fig. 5.19).16,29,39,51,56,181 

Although longitudinal traction will effectively restore longitudinal alignment 
of the distal fragment, its ulnar inclination, the relationship of the distal 
radioulnar joint, and restoration of the normal volar tilt of the articular surface 
of the distal radius may not be as easily achieved. There are several explana
tions for this. In the first place, as shown by Bartosh and Saldana, the dorsal 
capsular ligaments of the wrist will tighten before their counterpart on the 
volar aspect, thereby limiting the ability of the dorsal soft tissue hinge to 
further reduce the distal fragment into its palmar inclination. 14 Secondly, as 
suggested by Agee, continued longitudinal traction may actually lead to an 
increase in the dorsal inclination of the distal fragment, as the distal fragment 
will tend to pivot on the taut dorsal soft tissue hinge (Fig. 5.20).8 Agee goes on 
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Figure 5_19. Since the introduction of 
metallic "finger traps," longitudinal traction 
can be provided without the need for 
assistants. 

Figure 5.20. As presented by John Agee, 
M.D., excessive longitudinal traction will 
actually accentuate the dorsal tilt of the 
distal fragment. (Reproduced with per
mission. Hand Biomechanics Lab, Inc., 
Sacramento, CA.) 

Figure 5.21. The longitudinal length can be 
restored by longitudinal traction. Palmar 
(volar) tilt of the distal radius articular 
surface can be obtained and maintained by 
a palmar translating force. Note that pro
gressive palmar translation transmits this 
force through the carpus to the distal 
radius, hinging the distal fragment about 
the attached dorsal soft tissue hinge. (Repro
duced with permission. Hand Biomechanics 
Lab, Inc., Sacramento, CA.) 
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to point out that although increasing flexion on the wrist will aid in bringing 
the distal fragment into a more anatomic pOSition, this is a less optimal 
position for immobilization. Rather, he suggests that the same effect can 
be achieved by palmarly translating the hand. This in turn will provide a 
subluxation of the midcarpal joint, which will in effect help to restore the 
palmar inclination of the articular surface (Fig. 5.21). 

Immobilization 
However unusual the case, all indications will be met and the injured part 
given the best possible chance of resulting respectably, if we do not hurry our 
reduction but take time to study the sound wrist and forearm; and then after 
having brought the maimed parts to as close correspondence with the uninjured 
as time and patient manipulation will admit, apply the splints so stuffed and 
packed as to present an accurate cast of the suiface on which they are to lie. 
Thus will the splints supply the place of the surgeon s hands, the best of all 
retentive apparatuses. 

T.K. Cruse, 187448 

In spite of the widespread application of cast treatment for bending fractures, a 
number of questions remain regarding this approach. These include the specific 
form of immobilization, the position of the hand and wrist as well as the 
forearm, and the duration of the confinement. Answers to these questions may 
not be forthcoming from previous literature. Given that, for the most part, 
studies have tended to include a variety of fracture patterns grouped together 
under eponymic descriptions, specific experience applied to displaced ex
traarticular bending fractures alone-both intrinsically stable and unstable-is 
not readily available. This is further complicated by the wide variation in the 
duration of follow-up, evaluation of outcome, and age and functional require
ments of the patients. 

The direction and types of immobilization virtually parallel the history of the 
literature on this subject (see Chapter 1). Although various types and forms of 
splints have been in use since Colles' description of dorsal and volar wooden 
splints, encircling plaster casts have become the standard worldwide in the 
twentieth century. While some disagreement continues to exist as to whether 
or not the cast should extend above the elbow (see below), for the most part 
authors have stressed leaving the metacarpophalangeal joints free to encourage 
digital motion. 11 ,19,22,36,63,74,75,81,85,136,137,143,173,194,223 

Some authors have expressed a strong opinion that the forearm should be 
immobilized in supination in an above-elbow cast,15,63,64A,138,146,211 parti-
cularly with evidence of instability of the distal radioulnar jOints, whereas 
others have equally as confidently recommended that the forearm be kept in 
pronation.43,59,128,220 

The fact remains that a number of comparative studies, notwithstanding the 
heterogeneous nature of the fracture patterns and variability of evaluation, 
have shown no convincing evidence to support a specific need for immobiliza
tion of the forearm in any position.25,97,163,175,206,215,220 Rather, their studies 
would suggest that the maintenance of fracture reduction is more dependent 
upon not only the accuracy of the initial reduction but also the inherent 
stability of the fracture patterns. 

It has been the authors' preference that displaced but intrinSically stable 
extraarticular dorsal bending fractures can be effectively maintained initially in 
a sugar tong splint followed by a below-elbow immobilization, proVided care 
is taken to apply appropriate molding of the cast. 
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There continues to be some difference of opinion on the position of the 
hand and wrist during fracture immobilization. Although the position of more 
extreme flexion and ulnar deviation, known today as the Cotton-Loder position, 
has been recognized to put the hand and wrist in jeopardy of median nerve com
pression as well as inhibiting hand function,83.l40 many still prefer some degree of 
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Figure 5.22. The authors believe the hand 
and wrist should be held for the first 2 to 3 
weeks postfracture reduction in some ulnar 
deviation as well as a modest amount of 
flexion. A. The ulnar deviation and a small 
amount of palmar flexion will help maintain 
the soft tissue hinge surrounding the dorsal 
and radial side of the fracture fragment. 
B,C. A displaced extraarticular bending frac
ture. D,E. Anteroposterior and lateral radio
graphs postreduction with the hand and 
wrist supported in a molded splint. F,G. 
The splint was changed to a molded short 
arm cast 3 weeks postreduction, and at 6 
weeks the anteroposterior and lateral radio
graphs show the near-anatomic reduction. 
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Figure 5.23. The immobilization techniqut 
developed by Charnley is based upon th{ 
concept of a three-point splint. Three-poin 
molding at the sites of the arrows as well a! 
ulnar deviation and slight palmar flexion 0 

the wrist will provide sufficient stability fOl 
the displaced but not excessively com 
minuted bending fracture. 
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palmar flexion and ulnar deviation (Fig. 5.22A_G).19,28,36,70,81,85,137,143,173,194,218 
Many of these authors stress, however, that the position of the wrist should be 
changed at 10 to 14 days posttreatment to one of neutral or slight extension 
but continuing the ulnar deviation, which in fact was the position originally 
recommended by Zuppinger in 1910 and Bohler in 192924,28,76,136,146,209,211 

In a prospective study, Gupta in 1991,9° utiliZing a careful molding technique in 
the application of a plaster cast, suggested that good results could likewise be 
obtained by immobilizing the wrist in extension. He initially molded the 
fracture itself in a palmar direction. Then, while the surgeon is maintaining this 
pOSition, an assistant moves the patient's wrist into extension. Finally, as 
the plaster is hardening, the wrist is also moved into some ulnar deviation. 
The final position assumes almost an S shape. When compared to other 
methods, the author demonstrated this position to have the lowest incidence 
of redisplacement. 

The authors support the observations of Stewart et al.208 who concluded that 
in these displaced but stable fractures the position of splintage is not the sole 
influence on the anatomic end result. 

Given that the vast majority of displaced but inherently stable dorsal extra
articular bending fractures can be effectively managed by closed reduction 
and plaster support, it is interesting to review the principles espoused by 
Charnley.36 Although he notes that a circular cast is mechanically more ready 
ideal, a molded three-point system can equally control most fractures. Local 
plaster molding, rather than the position of the hand and wrist, proves to be 
the most reliable and direct means of preventing displacement of the fracture. 
His "splint" application is based upon a plaster support applied to the radial 
side of the wrist and forearm, which must extend at least to the midline of the 
forearm on the palmar surface. The plaster on the palmar side should be thick 
enough to "take a permanent impression from the surgeon's thenar eminence 
while the plaster is setting." Curving the splint on the radial side will help to 
negate the tendency of the fracture to radially deviate (Fig. 5.23). A dorsal 
molding will also be of fundamental importance to prevent redislocation 
dorsally of the fracture fragment. 

Although Charnley's recommendation would seem to many to represent the 
fundamental principles of fracture immobilization with external plaster support, 
the authors strongly believe that they are worth highlighting, as they continue 
to abide by his recommendations. 

Cast immobilization has carried with it concerns regarding restricted 
range of motion, muscle weakness, and long-term disability (see Chapter 
1).1,3,12,183,207,208 Several alternatives to functional splinting have been proposed. 
A traditional method, undoubtedly having its origins countless decades ago, is 
used in China and many other civilizations. l92 Most displaced but stable dorsal 
bending fractures are well supported by this method, which is based upon the 
use of strategically placed "pressure pads" and wooden splints. Futami and 
Yamamoto in 1989 published their experience with this method, suggesting it 
to be extremely useful, particularly for the elderly patient?9 One pad is placed 
dorsally over the distal fracture fragment, one palmarly proximal to the frac
ture, and one along the radial aspect of the fracture fragment. Four wooden 
splints are placed around the distal limb and supported with encircling band
ages. The patients are seen twice weekly, the bandages are secured and 
control radiographs are performed, and the fixation is maintained for 5 to 
6 weeks (Fig. 5.24). 

Functional fracture bracing using more modern materials, as promoted 
by Sarmiento and co-workers, has also been applied to the distal radius 
fracture .129,182,183 These investigators suggested that although the functional 
brace would effectively stabilize the fracture, the early digital and wrist motion 
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would enhance osteogenesis, facilitate return of muscle strength and tone, and 
allow for a more rapid resolution of soft tissue swelling. 

Sarmiento and co-workers established two phases of treatment. 182,183 In the 
first week following closed fracture reduction, an above-elbow plaster splint 
was applied, maintaining the forearm in supination, the elbow flexed, and the 
wrist in some palmar flexion and ulnar deviation. FollOWing that, the splint 
would be removed and an isoprene fracture brace applied which permitted 
flexion of the elbow from a 45-degree block to full extension, holding the 
forearm in supination and allowing full flexion of the wrist from a neutral 
position (Fig. 5.25). 

The concept of functional bracing has been used by others, with some 
noting enhanced outcome when compared to the plaster support18.25,68,130 and 
others noting no significant difference.49,206 It is clear from an analysis of prior 
experience with these functional braces that they require experience in the 
application of braces made from thermoplastic materials and may not be 
suitable without such experienced personnel. 

The authors have had little experience with functional braces but recognize 
their potential usefulness, particularly if they can be provided "off-the-shelf," 
thereby making their application more universal. 

Duration of Immobilization 
Most well-reduced extraarticular dorsal bending fractures will heal by 4 to 5 
weeks postinjury. Wahlstrom and colleagues, using 99Tc bone scans, observed 
well-advanced new bone formation by 28 days postinjury and suggest that little 
additional immobilization will be required beyond this point.22o This observa
tion has been supported by others?5,171 However, the authors stress that this 
deviation of immobilization applies primarily to minimally displaced or dis
placed fractures without underlying metaphyseal comminution. Longer 
immobilization will be necessary when the latter is present (see below). 
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Figure 5.24. The traditional Chinese medi
cine treatment of distal radius fractures 
includes the use of pressure pads and 
wooden splints. Reprinted with permission 
from Futami T, Yamamoto M. Chinese 
external fixation treatment for fractures of 
the distal end of the radius. ] Hand Surg 
14A: 1028-1032, 1989. 

Figure 5.25. The fracture brace advocated 
by Sarmiento and colleagues holds the 
forearm in supination allowing flexion of 
the wrist from a neutral position. 
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Displaced-Unstable Dorsal Bending Fracture 
Dorsally displaced extraarticular bending fractures that are either widely dis
placed at presentation, have metaphyseal comminution extending volarly to in
volve the anterior cortex, occur in the older patient, have already redisplaced in 
plaster, or have an associated large ulnar styloid or ulnar head or neck fracture
all will more likely than not redisplace following closed reduction and cast 
application. 5,21,39,44,48,49,51 ,56,64.72,81,91,106,111 ,119,121, 123, 136, 147, 159,164,169,185,199,208,215 

The value of remanipulation and repeat cast application has been addressed by 
several investigators.41 ,136,147,150,185 Schmalholz attempted remanipulation and 
cast in 146 unstable fractures and achieved a successful outcome in only 7 of 
105 fractures, which featured both dorsal angulation and metaphyseal com
minution. 185 In contrast, re-reduction and plaster support maintained the 
position in 11 of 27 fractures in which dorsal angulation was the only deformity. 
His conclusion, confirmed by Collert and Isacson41 and by McQueen, Maclaren, 
and Chalmers,150 was that there will be limited chances for a remanipulation to 
hold its position in the presence of axial compression of the metaphysis, in an 
older age patient, or with dorsal displacement and dorsal impaction of the 
metaphyseal bone. 185,186 

This has been the authors' experience as well. We believe that redisplace
ment in plaster support would define the fracture as unstable, thereby sug
gesting that an alternative approach to maintain the reduction be considered. 

A number of alternative treatment options have proven effective in maintain
ing fracture reduction in the presence of an unstable fracture pattern. These 
include the placement of percutaneous Kirschner wires,37,51,55,62,80,82,872,103,116, 
117,131,155,161,178,205,227,229 metal external fixation,7,8,10,1 4,38,47,48,58,72,77,1002,101 ,104, 
106,122,1 23,133-135,151,157,172,179,185-187,189,190,210,216,225 and, on occasion, opera-

tive reduction with or without external fixation.135 
The decision to proceed with these more interventional approaches must 

take into account a number of factors in addition to the fracture pattern. These 
include local factors, such as soft tissue conditions, as well as individual patient 
needs. It has become quite clear that the anticipated functional requirements 
of the individual patient should influence the method of fracture stabilization 
to a far greater extent than the chronologic age of the patient. 

Percutaneous Pinning 

The percutaneous placement of smooth Kirschner wires to stabilize the 
complex extraarticular bending fracture was described as early as 1908 by 
Lambotte.17o A variety of techniques of pin placement have been described. 
These include pins placed through the radial styloid (Fig. 5.26A),55,142,227 two 
pins crossing into the radius (Fig. 5.26B),37,125,126,205 "intrafocal" pinning within 
the fracture site (Fig. 5.26C),87,116.117,158 ulnar to radius pinning without trans
fixation of the distal radioulnar joint (Fig. 5.26D ),51,56,80,1 32 one radial stylOid 
pin and a second across the distal radioulnar joint (Fig. 5.26E),155 and pins 
ulnar to radius with transfixation of the distal radioulnar joint. (Fig. 526F).170 

With the exception of the intrafocal pinning technique advocated by 
Kapandji,116,117 in most cases the pins are to be protected by a circular, below
elbow plaster cast. When faced with soft tissue swelling or the need to consider 
median nerve release, it is our preference to apply a m etal external fixation 
device along with the percutaneous pins (Fig. 5.28). 
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For the majority of these unstable fractures, we have found that placement of 
the pins either through the styloid alone or with a second pin directed through 
the dorsoulnar aspect of the radius will provide adequate stability. The image 
intensifier is extremely useful in these cases. In the two-pin techniques 
advocated by Clancey,37 once the fracture has been manipulated into a reduced 
position, the forearm is supported on an arm board while the hand is permitted to 
hang free. The initial smooth O.062-inch Kirschner wire is directed, using a 
power wire driver, into the tip of the radial styloid just dorsal to the first 
extensor compartment. The pin is introduced across the fracture site at an 
angle of approximately 45 degrees to the long axis of the radius (Fig. 5.27). 
The second smooth Kirschner wire is inserted into the dorsolulnar corner of 
the radius between the fourth and fifth extensor compartments. This is directed 
from dorsal to palmarward in a distal to proximal direction (Fig. 5.2SA-F). It is 
essential that both Kirschner wires penetrate the intact cortex of the radius 
proximal to the fracture. Inadvertent placement of the wire into the fracture 
site will lead to loss of reduction and migration of the wires (see Chapter 4). 

Once the position of the wires has been confirmed by radiographic control, 
the tips of the wires are either bent and left just outside the skin or cut off to 
lie just beneath the skin. A window is preferably made in the cast over the site 
of the pins to avoid local irritation. Usually the cast or external fixateur can be 
removed 6 weeks postapplication, while the Kirschner wires are kept in place 
for an additional 2 weeks to reduce the chance of late fracture collapse (Fig. 
5.29A-H). 

Mention should be made of the "intrafocal pinning" technique initially 
described by Kapandji in 1976Y6 Kapandji's initial indications were centered 
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Figure 5.26. A number of different tech
niques of percutaneous pinning of unstable 
bending fractures have been described. A. 
Pins placed primarily through the radial 
stylOid. B. Crossing pins from the radial and 
ulnar sides of the distal fragment into the 
distal shaft. C. The intrafocal technique 
advocated by Kapandji. D. Ulnar to radius 
pinning without transfixation of the distal 
radioulnar joint. E. A radial styloid pin and 
one across the distal radioulnar joint. F. 
Multiple pins from the ulnar to the radius 
including transfixation of the distal radi
oulnar joint. 
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Figure 5.27. The technique of trans-styloid percutaneous pinning is illustrated in these 
pictures. Stout smooth pins are preferred which are either cut below the skin or bent 
and left outside. 

primarily around unstable extraarticular fractures in younger patients. Although 
others have extended this technique towards older patients,62,80,158 it remains 
most effective in those unstable fractures without substantial volar comminution 
or focal osteopenia. Fracture reduction has proven more difficult to maintain 
in the elderly patient using this technique. 

Although the specific number of pins and their placement will vary, the 
Kapandji technique is fundamentally based upon placing one or more 0.062-
inch smooth Kirschner wires directly into the fracture, functioning to help 
reduce the fracture as well as to provide an internal splint. The initial pin 
should be introduced radially between the first and second extensor com
partments parallel to the fracture line. A second pin is introduced between the 
third and fourth dorsal extensor compartments-also initially parallel to the 
fracture line. Both pins are next directed obliquely at approximately a 45-
degree angle to the long axis of the radius and driven with a power wire driver 
across to the intact proximal cortex. By doing so, the surgeon is able to better 
achieve and maintain both the restoration of radial length and the volar tilt of 
the distal radial articular surface (Fig. 5.26C). 
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Figure 5.28. An unstable dorsal bending fracture associated with soft tissue swelling. 
The fracture was treated with a combination of the external skeletal fixation and 
percutaneous pins. A. Following application of the external fixation, two percutaneous 
pins were placed across the radial stylOid. B. The radial styloid pins were confirmed 
using an image intensifier. C. An additional pin was placed into the dorsoulnar corner 
of the distal fragment and directed proximally from dorsal to palmarward. D. The pins 
were cut to lie just beneath the skin. E,F. Anteroposterior and lateral radiographs 
demonstrate the fracture anatomically reduced and the position of the percutaneous 
pins. 
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Figure 5.29. A 56-year-old woman presented 
with an unstable dorsal bending fracture 
which displaced following closed reduction 
and cast application. A,B. Anteroposterior 
and lateral radiographs of the displaced un
stable bending fracture. C,D. Anteroposterior 
and lateral radiographs which show the 
fracture having displaced in the cast. E,F. 
The fracture was reduced and stabilized 
with two O.062-inch smooth Kirschner wires 
placed into the radial styloid directed 
towards the opposite cortex. G,H. The frac
ture healed in a reduced position. 
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Although Kapandji suggested that plaster support be optional, it has been 
utilized by many who advocate this technique for approximately 4 to 6 weeks 

,after pin insertion. The pins can be removed as well at the time of cast 
removal. 

Percutaneous Kirschner wire 

Indications 

Advantages 

Disadvantages 

Unstable extraarticular dorsally displaced bending fractures 

Minimally invasive; relatively easy; limited equipment 

Requires additional cast or extemal fixation; pins may 
migrate; pin removal required 



Displaced - Unstable Dorsal Bending Fracture 

Ca..E i OIHTZ 
1966 

MARSH i TEAl.. 
1972 

DARRACH 
1942 

Pins and Plaster 

M.4J1SH i TEAl.. 
1972 

I!RCHit'< i MACkEL 
1957 

M.4J1SH i TEAl.. 
1972 

Ar«RSON 
8 O'NEIL 

1944 

Since Bohler's initial description in 1929,22 pins placed into the metacarpals 
and forearm bones and incorporated into a below-elbow cast have had a 
number of advocates. A variety of pin placements have been described in the 
literature (Fig. 5.30). The technique continues to draw favor in some circles 
due to its simplicity and relatively low cost.165 By the same token, a number of 
studies have suggested that the technique is associated with a relatively high 
rate of complications.30,35,225 These include pin loosening, pin tract infection, 
nerve palSies, iatrogenic fracture at the pin sites, and flattening of the transverse 
metacarpal arch. 

In view of the fact that the authors' preferred means of controlling the 
unstable dorsal bending fractures is with percutaneous pin fixation and a 
below-elbow cast, the role of external pin fixation becomes important, primarily 
when associated soft tissue problems negate the use of a circular cast. In this 
setting, pins incorporated into a circular cast have fewer applications and have 
largely been supplanted by metal external fixateurs. 

By the same token, pins and plaster techniques are of use and should be 
made familiar to anyone involved in the care of these more complex fractures. 
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Figure 5.30. A variety of techniques have 
been described for the pins and plaster 
technique. Reprinted with permission from 
Green DP. Pins and plaster treatment of 
comminuted fractures of the distal end of 
the radius. j Bone joint Surg [Am} 57A: 
304-310, 1975. 
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Figure 5.31. An unstable and widely dis
placed fracture of the distal radius was 
reduced and immobilized in pins and 
plaster. A. The lateral radiograph reveals the 
displaced fracture. B,C. One smooth pin 
is placed across the second and third 
metacarpal and the more proximal pin is 
placed into the radius. The pins are bent for 
better holding with the plaster and to allow 
full extension of the thumb. D. The antero
posterior radiograph shows the placement 
of the metacarpal pin. The fracture is well 
reduced. E,F. The plaster is trimmed to 
permit full digital extension and flexion. 
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We prefer to use a single pin, usually a smooth 3/32-inch Steinmann pin placed 
across the base of the second and third metacarpals. The thumb should be 
adducted and the first dorsal interosseous muscle pushed away from the 
second metacarpal prior to pin placement. Although others have advocated the 
use of the fourth and fifth metacarpals, we agree with Green88 that this pin 
placement could have an adverse effect on the normal metacarpal arch as well 
as increasing the risk of iatrogenic fracture due to the narrow diameter of 
these metacarpals. 168 The pin can be bent as it exits the skin to afford greater 
purchase with the plaster as well as preventing interference with retropulsion 
of the thumb. Pring et a1. 165 suggested placement of the distal pin into the 
thumb metacarpal held in palmar abduction to limit the potential for contrac
ture of the first web as well as to help maintain a more direct line of 
distraction across the fracture site. 

The proximal pin is placed into the radius between the muscles of the first 
and second dorsal extensor compartments, engaging both cortices of the 
radius. Again, either a smooth Steinmann pin is placed through a pre drilled 
hole made with a smaller-diameter drill bit or, if available, a half pin with a 
manufactured threaded tip is used. 

The pins are incorporated into a circular below-elbow plaster cast, with 
particular attention taken to trim the cast distally. The plaster is cut dorsally at 
the level of the metacarpophalangeal joints, while volarly the entire palm, 
including both thenar and hypothenar eminences, is left free (Fig. 5.31A-F). 

If additional percutaneous pins are placed across the fracture site, the pins 
and plaster can be removed by 6 weeks, with the percutaneous Kirschner 
wires left in place an additional 2 weeks. If no percutaneous pins are used, it is 
preferable to leave the pins and plaster in place for 8 weeks, as the impacted 
dorsal metaphyseal bone may not support the distal fragment by 6 weeks, 
leading to a loss of reduction.88 
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Pins and plaster 

Indications 

Advantages 

Disadvantages 

Unstable dorsal bending fractures 
Provide axial length and protect percutaneous pins 

Ease of application 
Low cost 
Good patient acceptance 

Circular plaster a problem with soft tissue swelling 
Cannot be adjusted 
Pin tract complications 
Iatrogenic nerve and skeletal injuries 
Indirect control over fracture 

External Skeletal Fixation 
External skeletal fixation has now become widely accepted in the management 
of complex fractures of the distal end of the radius. Improvements in pin and 
frame design as well as techniques of application have helped to decrease the 
recognized problems from pin-related complications,l,8,38,58,67,77,lOl,112,134,135, 
151,190,191,219 Although the majority of unstable extraarticular dorsally displaced 
bending fractures can be effectively treated by percutaneous pins and a circular 
cast, the presence of soft tissue complications, associated neurologic deficits, 
or redisplacement following closed reduction and cast application represent 
defined indications for the application of external skeletal fixation. 

Although it may be difficult to evaluate the literature on external fixation as 
it has been applied to a heterogenous group of fractures, the authors have 
widely applied techniques for external skeletal fixation of fractures and strongly 
support their use with specific complex bending fractures. At the same time, a 
number of specific issues remain regarding external fixation with not only 
bending fractures but with all fractures of the distal radius in general. These 
include specific indications, techniques of application, frame design, and 
avoidance of complications. 

Indications 
Although the application of external fixation for displaced unstable bending 
fractures has its primary indication when soft tissue swelling precludes plaster 
immobilization, the authors have found its utility to extend to patients of all 
ages, even those with underlying osteoporosis. This is in contrast to some 
studies which have suggested that it offers no advantage over plaster support 
for patients over 60 years of age. lOO,122,123 Improvements in pin design and pin 
size, extending to larger 4-mm pins, as well as adjuvant use of percutaneous 
pins across the fracture, have provided stable skeletal fixation even in 
osteopenic bone. In addition, one must continue to bear in mind when 
evaluating much of the literature on the subject that multiple fracture types are 
included in most series, often presenting more complicated patterns than the 
extraarticular comminuted bending fracture. Nevertheless, most studies com
paring external skeletal fixation to plaster cast immobilization have documented 
an improved ability to maintain fracture reduction with external skeletal 
fixation. WI ,107,118,122,123,201,202 

In the case of a bending fracture that has redislocated, external fixation 
along with percutaneous pins should also be considered.111,176,186 
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Figure 5.32. The application of external 
skeletal fixation for unstable bending frac
tures of the distal radius. A,B. Using the 
image intensifier, the precise location of the 
pin placement can be identified and marked 
onto the skin. C,D. Using a drill guide, the 
pins are individually placed into the 
metacarpals and the length confirmed on 
the image. E,F. The pin placement into the 
distal radius is also performed through a 
drill guide and confirmed on the image. G. 
The external frame is applied along with 
percutaneous pins. 
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Application 
The application of external fixation demands the same attention to detail as 
one would expect with internal fixation. Regardless of the type of frame to be 
applied, the basic prinCiples of application remain the same. An image in
tensifier is particularly useful not only for control of the fracture reduction but 
also for a more precise pin placement. Using the image intensifier, the location 
of pin placement with reference to both the fracture and the specific sites on 
the radius and metacarpals can be drawn on the skin (Fig. 5.32A and B) (see 
Chapter 4). 

The authors' preference has been for a simpler type of external fixateur 
based on that designed by Roger Anderson for fractures of the distal radius.lO 
The frame is based on the placement of individual pins, which are then 
connected together in a variety of designs offering extreme versatility. Two 
pins are placed into the second metacarpal and two into the distal third of the 
radius. 

placement of the pins in the distal third of the radius is generally at a locus 
about 10 to 12 cm proximal to the tip of the radial stylOid. Seitz et a1.,189 in 
cadaver studies, identified this as a more optimal location as long as one takes 
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precautions regarding injury to the overlying tendons and radial sensory nerve. 
Through small incisions and use of dissecting scissors, the musculotendinous 
junctions of the brachioradialis and radial wrist extensors can be mobilized 
along with the radial nerve. A drill guide with a serrated end to hold onto the 
bone will ensure that the pin placement will not injure these soft tissue 
structures. In younger patients, initial holes should be drilled with a 2.0-mm 
drill bit into which are placed 2.5-mm Schanz pins. In older patients, we now 
prefer 4.0-mm Schanz pins that can be drilled directly into the bone through 
the drill guide. Using a more "open" technique of pin placement, Seitz and co
workers observed in 66 consecutive cases no tendon or nerve injury and only 
a 2 percent incidence of superficial pin infection without any case of deep 
bony infection. 190 This has been the authors' experience as well (Fig. 5.32C 
and D). 

The distal two pins are placed into the second metacarpal. In a like manner 
to that described for the proximal pin placement, small incisions are used 
along with a protective drill gUide to minimize the risk of injury to overlying 
tendons, first dorsal interosseous muscle, or branches of the radial sensory 
nerve. One pin is placed into the base of the metacarpal at the proximal flair of 
the bone, while the more distal pin is placed into the distal third of the bone, 
avoiding the sagittal fibers of the extensor mechanism over the meta
carpophalangeal joint. As the amount of cortical bone in the second metacarpal 
is limited, more thread purchase for each pin is gained by aiming the pins at 
approximately a 30-degrce angle to the long axis of the metacarpal. The pins 
should be directed off the horizontal at approximately a 45-degree angle to 
avoid interference with retroposition of the thumb metacarpal (Fig. 5.32E 
and F). 

Many have suggested that the frame be applied so that the hand and wrist 
are immobilized in a position similar to that with plaster support, i.e., some 
palmar flexion and ulnar deviation, however, we have not found this to be 
necessary. Furthermore, this position can be deleterious to maximizing func
tional recovery of digital function and strength of grip.s As we would attempt to 
support the fracture reduction with percutaneously placed Kirschner wires, the 
external frame would function effectively with the wrist in neutral or even 5 to 
10 degrees of extension (Fig. 5.32F). 

At the conclusion of the procedure, the skin should be without tension 
around the pins. Sterile gauze wraps are placed around each pin and pre
ferentially left in place for 3 to 6 days before removal and initiation of routine 
pin care. The latter consists of cleansing the pins daily with hydrogen peroxide 
and careful follow-up to release any areas of skin that become adherent to the 
pins. The patients, as a general rule, are permitted to shower by 10 to 14 days 
after application of the external fixation frame. 

Frame Design 
The vast majority of external fixation frames accomplish the intended goals of 
providing axial length and rotational control to maintain reduction of unstable 
dorsal bending fractures. In addition, most are lightweight, offer versatility in 
pin placement, and are relatively easy to apply.77 In fact, there is little in the 
literature to suggest that one particular frame size, shape, or method of 
application offers demonstrable advantages over the other. 189 For this reason, 
we continue to have confidence in the basic pin-to-frame deSign, which is an 
adaptation of the original design of the Roger Anderson. 104 

Several variations of external fixation design and application may prove 
particularly useful with unstable extraarticular fractures that feature a large 
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Figure 5.33. An extremely dorsally dis
placed bending fracture in an active pro
fessional bowler. A,B. The preoperative 
anteroposterior and lateral radiographs 
demonstrate the extensive metaphyseal 
comminution and dorsal displacement. C,D. 
Following closed reduction and external 
fixation, autogenous iliac crest bone graft 
was placed in the metaphyseal defect. E,F. 
Anteroposterior and lateral radiographs at 6 
weeks at the time of frame removal. G,H. 
An excellent radiographic and functional 
result at 1 year posttreatment. 

E,F 

5. Extraarticular Bending Fractures 

displaced distal fragment. As most designs are based upon maintenance of 
traction across the wrist, certain inherent problems have been noted. These 
include digital stiffness due to wrist positioning, intrinsic tightness,l,lIs or even 
delay in healing due to overdistraction118 Several authors have documented 
success by designing their frames to place pins into the distal fragment as well 
as the distal radial diaphysis, thereby avoiding traction across the wrist. ISI 

Alternatively, there is increasing interest in the development of "dynamic" 
or mobile wrist external fixation frames which will maintain axial length 
and alignment while at the same time permitting wrist flexion and exten
sion.38,109,133 Enthusiasm for these has been tempered by the complexity of the 
operative protocol as well as the difficulty in controlling the more unstable 
fractures. Although some have attempted to correlate the duration and extent 
of distraction across the carpal ligaments with the development of long-term 
wrist stiffness,lIs these studies have not been well controlled and stratified to 
determine the specific effect of the external fixation as opposed to the nature 
of the injury. Furthermore, several investigators have confirmed the authors' 
own observations that upwards of 18 months to 2 years should be permitted to 
go by before determining finaL outcome.47,S8 More often than not, substantial 
wrist motion will be recovered over this duration of follow-up. 

Finally, a surgical tactic has been established by Leung et al. 134,13S based on 
external fixation in conjunction with placement of autogenous cancellous bone 
in the metaphyseal defect that is always present following reduction of the 
comminuted unstable dorsal bending fractures. 134 In these authors' hands, this 
technique, albeit invasive, has yielded extraordinarily good results (Fig. 
5.33A-H). While the vast majority of their cases involved intraarticular frac
tures, it does offer similar possibilities for these unstable extraarticular injuries. 
The fixateurs were left in place for only 3 weeks, following which a wrist brace 
was applied, permitting wrist motion from neutral to full flexion. At the end of 
6 weeks, the brace was removed and full mobility encouraged. the brace was 
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removed and full mobility encouraged. The authors reported on 100 consecu
tive cases, with the majority having excellent results. However, pin- or nerve
related complications occurred in 17 of these 100 cases. 

Complications 
As with many other aspects of the surgical experience with external skeletal 
fixation of fractures of the distal end of the radius, the identification and 
documentation of the incidence of complications in the literature vary widely. 
At times, one cannot be certain if some complications attributed to external 
fixation, e.g., wrist stiffness, loss of reduction, and soft tissue problems, are 
more accurately a reflection of the injury itself. As Sanders and co-workers 
have noted/79 the complications may be more accurately categorized in three 
major groups: (1) problems attributable to the difficulty of reduction and 
maintenance of the fracture reduction, (2) pin-related problems, (3) problems 
inherent to the fracture regardless of the method of treatment. 

In the first category, the dorsal unstable bending fractures are readily reduced, 
and the use of adjuvant percutaneous pins will offset the tendency for loss of 
reduction. With compression articular fractures, alternative techniques for 
maintaining the reduction will be addressed in Chapter 7. 

Pin-related problems, so prevalent in the literature, can also be minimized 
by careful attention to detail as outlined above. 

Finally, a number of the problems that have been attributed to the fracture, 
such as swelling, nerve compression, reflex sympathetic dystrophy, and digital 
stiffness, just to list a few, can also be minimized by early recognition and 
prompt attention (see Chapter 10). 

Frame Removal 
To some degree, problems associated with the use of external fixation can be 
minimized by early removal of the frame. The use of percutaneous pins or 
autogenous bone graft will permit the fixation frames to be removed by 3 to 4 
weeks following their application. In a prior publication, one of the authors 
OBD along with RJ McMurtry established a framework for timing of frame 
removal which has subsequently been modified. 148 

Fracture type and external fixation Frame removal (weeks) 

Extraarticular 
With percutaneous pins 
With bone graft 
With pins or bone graft 

External skeletal fixation 

Indications 

Advantages 

Disadvantages 

4 
3-4 
6 

Unstable dorsal bending fracture 
Associated soft tissue complications 
When metaphyseal defect filled with autogenous graft 

Maintain length 
Allows soft tissue rehabilitation 

Indirect control over fracture fragments 
Pin-related complication 
More complicated 
Requires additional equipment 
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Figure 5.34. A dorsally displaced bending 
fracture seen at 3 weeks postfracture in an 
athletic college student. The fracture re
quired operative exposure. Through a 
dorsal extensile exposure, the extensor 
retinaculum is exposed. A. The retinaculum 
is opened between the second and third 
extensor compartments. B. A mini distractor 
is applied with one pin in the distal frag
ment and distal part of the radial shaft. C. A 
dorsal T plate is applied once fracture 
reduction has been achieved. The posto
perative radiographs reveal the anatomic 
reduction and plate application. 

B 

5. Extraarticular Bending Fractures 

Operative Treatment 
Operative exposure of displaced comminuted unstable dorsal bending fractures 
is not commonly required. Although the technique of open bone grafting and 
external skeletal fixation advocated by Leung et al. offers more direct control 
over the distal fragment without the need for internal fixation,134 formal 
operative management of these fractures is reserved for certain situations 
including open fractures, fractures with associated soft tissue injuries, those 
associated with carpal ligament injury, or those seen beyond 3 weeks postinjury 
with unacceptable deformity66,113,114 

The surgical approach is extensile between either the second and the third, 
or the fourth and the fifth, dorsal extensor compartments (see Chapter 4). The 
crossing large dorsal veins and sensory nerve are identified and protected. The 
extensor retinaculum is opened between the second and third extensor com
partments, with the fourth compartment elevated in a subperiosteal fashion. 
Once the fracture is identified, we prefer to apply a mini distractor with one 
pin in the distal fragment placed 5 to 10 degrees further dorsally angulated 
than the distal fragment itself. A second pin is placed perpendicular to the 
radial shaft proximal to the fracture (Fig. 5.34A-F). 

If the fracture is beyond 2 weeks postinjury, the fracture line will be 
obscured by immature callus. Cautious removal will permit excellent exposure 
of the fracture lines. The distal fragment is now distracted until length and 
alignment is restored both visually and with radiographic control. 

A 
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A cancellous bone graft will be required to fill the defect that will have 
resulted once the fracture has been reduced. The bone graft can be obtained 
from the iliac crest using trephine biopsy needles. Definitive fixation is provided 
with an angled T plate. Our preference has been to avoid placing screws into 
the distal fragment unless the quality of the bone will assure excellent screw 
purchase (Fig. 5.35A-F). 

Postoperatively, a thermoplastic splint worn for 2 to 3 weeks is ordinarily 
sufficient support unless screw purchase was insecure due to underlying 
osteoporosis. In the latter case, a short arm cast for 6 weeks is advisable. 

Palmar Bending Fracture 
Some confusion and even disagreement exists as to the proper identification 
and management of volarly displaced fractures of the distal radius. Although 
Goyrand's86 and Smith's197 original description suggested an extraarticular 
metaphyseal fracture, others later began to include intraarticular shearing 
fractures34.212 under the overall grouping of Smith's fractures. What is clear is 
that not all of these are bending fractures, and, moreover, the bending-type 
volarly displaced fractures are not all to be viewed as mirror images of the 
dorsally displaced variant. The extent of overlying soft tissues, the rotational 
deformity, and the often oblique nature of the fracture line tend to make 
accurate closed reduction more difficult and, even further, maintenance of the 
reduction in a cast more unpredictable. 

If one confines the discussion to only the extraarticular fractures, a treatment 
rationale can be established in a manner similar to that for the dorsally 
displaced bending fracture. For impacted fractures with little or no displace
ment, the immobilization technique described by Mills in 1957/53 holding the 
wrist in slight extension, the forearm in full supination, and the elbow at 90 
degrees of flexion, has proven effective. The cast is maintained for 6 weeks. 

F 
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Figure 5.35. A high-energy displaced 
dorsal bending fracture which was grossly 
unstable in a 28-year-old laborer. A,B. 
Anteroposterior and lateral radiographs of 
the displaced fracture. C,D. An operative 
exposure and plate application provided 
anatomic reduction and stable internal 
fixation. The good quality of the patient's 
bone enabled screws to be placed into the 
distal fragment. E,F. Anatomic reduction 
was maintained though union and a full 
functional result was achieved. 
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Figure 5.36. A displaced extraarticular 
palmar bending fracture in a 35-year-old 
laborer. A,B. Anteroposterior and lateral 
radiographs of the palmarly displaced extra
articular fracture. C,D. Following a closed 
manipulative reduction under axillary block 
anesthesia, an anatomic reduction was con
firmed on x-ray. Initially a sugartong splint 
was applied with the forearm in Supination 
and in 7 days converted to a long arm cast. 
E,F. At 1 year follow-up, excellent alignment 
and function was noted. 

5. Extraarticular Bending Fractures 

E F 

A displaced transverse bending pattern with only a limited zone of com
minution is also one that can be managed by closed reduction and cast 
immobilization. By the same token, this fracture pattern will tend to include a 
rotational deformity. Therefore, reduction of the fractures will require dis
impaction and manipulation of the distal fragment into extension, as well as 
supination of the hand and wrist. The type of immobilization will be that 
advocated by Mills (Fig. 5.36A-F).153 

In contrast, the transverse volarly displaced bending fracture associated with 
metaphyseal comminution (Fernandez Type C or subgroups A3.2 or A3.3) and 



The Distal Radioulnar 

the oblique fracture pattern (Fernandez B) both tend to be more difficult to 
accurately reduce by manipulation and are definitely more difficult to maintain 
in a plaster support. 196 In these cases it is the authors' preference to perform 
an open reduction and plate fixation. 

The surgical approach is extensile and is presented in detail in Chapters 4 
and 6. A'i these are extraarticular fractures, the reduction can be effectively 
controlled by observing the reduction of the fracture lines without any need to 
visualize the articular surface. A volarly applied T plate which is contoured to 
the anatomy of the distal radius is preferred. By the same token, given that 
these fractures tend to require only a "buttress" type of plate support, other 
plate shapes or designs will also prove effective (Fig. 5.37A-F).6o,78 

The authors have compiled a series of 56 patients treated operatively for 
unstable palmarly displaced fractures of the distal radius. 

Although the majority of these cases involved intraarticular shearing fractures, 
it was apparent from that experience that the operative treatment of these 
fractures can result in an excellent functional outcome with limited risks and 
complications. It is noteworthy in this series that almost 50 percent of the cases 
had displaced in a plaster cast follOWing a closed manipulative reduction. 

The Distal Radioulnar Joint 

The significance of involvement of the distal radioulnar joint in extraarticular 
bending fractures is becoming increasingly apparent. As the anatomy and 
kinesiology of the distal radioulnar joint is complex,20.69,160 injury to this 
articulation can lead to long-lasting symptoms and residual disability,z°8 Reduc
tion of overall grip strength,40,177,217 restricted forearm rotation,177 and residual 
pain99 have all been noted in part of the wrist in association with a distal radius 
fracture. 

Although late problems with the distal radioulnar joint are covered in detail 
in Chapter 10, assessment and management of involvement of the distal 
radioulnar joint at the time of treatment of the initial fracture may prove 
critical for assuring a functional outcome. 

The relationship of the distal radioulnar joint in both the management and 
the outcome of extraarticular bending fractures was recognized relatively early 
by some investigators.146,188 Scudder noted in 1939 that the integrity of the 
distal radioulnar jOint, which in turn he attributed to a large degree to the 
triangular fibrocartilage, was crucial for successful management of these 
fractures. 188 He differentiated the fractures into two basic groups: those with an 
intact distal radioulnar joint and triangular fibrocartilage, and those with loss of 
integrity of support of the distal radioulnar joint. The latter were subdivided 
into those with rupture of the triangular fibrocartilage alone, with avulsion of 
the ulnar stylOid at its base, or with severe comminution of the distal fragment 
of the radius with the distal radioulnar joint ligaments attached to a loose 
fragment of the distal radius. Physical examination at the time of fracture 
manipulation can identify hypermobility of the distal ulna, which would suggest 
loss of the intrinsic support of the distal radioulnar joint. 

We have divided involvement of the distal radioulnar joint into three types 
(Fig. 5.9). In Type I, the joint is stable and congruous following reduction of 
the distal radius fracture. One may see an avulsion fracture of the ulnar stylOid 
(Type IA) or a stable ulnar neck fracture (Type IE). No specific treatment apart 
from that directed at the distal radius fracture will be required. 

Type II injuries represent subluxation or dislocation of the ulnar head in 
conjunction with the distal radius fracture. Type IIA injuries involve a substance 
tear of the triangular fibrocartilage complex with or without rupture of the 
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Figure 5.37. A multifragmented subgroup A3.3 comminuted palmarly displaced 
extraarticular fracture in an elderly woman with osteoporosis. The fracture was unstable 
and could not be held in a plaster cast. A,B. Anteroposterior and lateral radiographs 
reveal the complex fracture pattern of the pal marly displaced bending fracture. C,D. In 
view of the underlying osteoporosis, in addition to the palmar buttress plate and 
autogenous bone graft, an external skeletal fixateur was applied for 3 weeks. E,F. 
Follow-up at 1 year reveals an anatomic reduction. Excellent function was achieved. 



Outcome 

dorsal and palmar capsular ligaments. Type lIB injuries involve an avulsion 
fracture at the base of the ulnar styloid. 

With Type IIA problems, we recommend a closed reduction of the distal 
radioulnar jOint and immobilization of the joint with the forearm in 45 degrees 
of supination for 4 to 6 weeks. Alternatively, for operative repair of the 
triangular fibrocartilage or with Type lIB fractures, internal fixation of the 
ulnar styloid is also a consideration. Following operative treatment, the forearm 
should also be immobilized in 30-40 degrees of supination for a period of 4 
to 6 weeks to permit soft tissue healing. 

The third type of distal radioulnar joint injuries consists of what the authors 
consider potentially unstable injuries. Type IIA injuries involve an intraarticular 
fracture of the sigmoid notch which would be part of the Type C distal radius 
fracture patterns or Type HIB patterns involving an intraarticular fracture of the 
ulnar head. With these injuries, we favor a closed reduction and cast im
mobilization with the forearm in supination for 4 to 6 weeks and consider later 
reconstruction if posttraumatic arthrosis develops which is symptomatic. 

Complications 

The complications that have been identified with extraarticular bending frac
tures, which are related both to the fracture itself and to the treatment, are so 
substantial that the authors have decided to devote two entire chapters 
(Chapters 10 and 11) to these problems. The reader is encouraged to become 
thoroughly familiar with these problems, as all too many are avoidable! 

Outcome 
No fracture so frequently occurred and none, perhaps, was so little understood. 
Mr. Sully mentioned that recent case of an experienced surgeon, who had been 
proceeded against by his patient for damages, in consequence of some defor
mity having followed the treatment of a fracture of thi..') kind. 

Royal Medical and Surgical SOCiety, March 1847 

Although the literature reflects attempts by some investigators to quantitate their 
results with objective as well as subjective evaluations,45,81,89,120.136,180,184.l91 it 
would seem accurate to suggest that many have felt that little would be gained 
by stringent evaluation criteria, given the fact that so many patients appeared to 
function relatively welL This attitude is perhaps best summarized by G.B. 
Smaill, who noted in 1965: 

Objective results were not so satisfactory as the subjective but overall . .. no 
reason to depart from present methods of managing their injuries by mani
pulation and immobilization in plaster. 194 

One of the major difficulties that continues to exist in the literature is the 
lack of agreement on the optimal way to assess outcome. This may be due in 
part to the fact that some patients function relatively well in the presence of 
deformity following fractures of the distal radius. However, many do not do as 
welL Therefore, it is quite reasonable to strive for evaluation methods that 
combine the patient's perspectives with objective criteria. 

One of the most Widely applied evaluation systems is that developed by 
Gartland and Werley in 1951 (Table 5.l)Sl Although this method somewhat 
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Table 5.1. Point system used to evaluate end results of healed Calles' fracture.* 

Result 

Residual deformity 
Prominent ulnar styloid 
Residual dorsal tilt 
Radial deviation of the hand 

Point range 

Subjective evaluation 
Excellent: No pain, disability, or limitation of motion 
Good: Occasional pain, slight limitation of motion, no disability 
Fair: Occasional pain, slight limitation of motion, feeling of 

weakness in wrist, no particular disability if careful, 
activities slightly restricted 

Poor: Pain, limitation of motion, disability, activities more or 
less markedly restricted 

Point range 

Objective evaluation t 
Loss of dorsiflexion 
Loss of ulnar deviation 
Loss of supination 
Loss of palmar flexion 
Loss of radial deviation 
Loss of circumduction 
Pain in distal radioulnar joint 

Point range 

Complications 
Arthritic change 

Minimal 
Minimal with pain 
Moderate 
Moderate with pain 
Severe 
Severe with pain 

Nerve complications (median) 
Poor finger function due to cast 

Point range 

End-result point range 
Excellent 
Good 
Poor 
Fair 

Points 

1 
2 
2-3 

0-3 

o 
2 

4 

6 

0-6 

5 
3 
2 
1 
1 
1 
1 

0-5 

1 
3 
2 
4 
3 
5 
1-3 
1-2 
0-5 

0-2 
0-2 
3-8 
9-20 
21 and above 

* Reprinted from Gartland JJ, Jr, Werley CC: Evaluation of healed Colles' fractures. J Bone 
Joint Surg 33A: 900, October 1951. 
t The objective evaluation is based upon the following ranges of motion as being the minimum 
for normal function: dorsiflexion, 45 degrees; palmar flexion, 30 degrees; radial deviation, 15 
degrees; ulnar deviation, 15 degrees; pronation, 50 degrees; and supination, 50 degrees. 

arbitrarily assigns a numerical score to a host of parameters, they early on 
recognized the value of the patient's subjective impressions and symptoms. 
Lidstrbm in 1959136 established a less stringent evaluation method that was 
utilized as well by Frykman in 196776 in his exhaustive monograph on the 
distal radius fracture (Table 5.2). Scheck in 1962184 presented an evaluation 
approach that placed emphaSiS on both the patient's symptoms and functional 
status and the presence of deformity (Table 5.3). 
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Table 5.2. Evaluation of function-subjective and objective. 

Excellent 

Good 

Fair 

Poor 

Unrestricted wrist function; no subjective complaints 
No visible deformity 
Limitation in volar and dorsal flexion not exceeding 150 

No loss of strength 

Unrestricted wrist function; minor subjective complaints 
Deformity can be accepted if subjective complaints are not associated 

with deformity 
Movement limitation up to 200 and mild loss of strength 

Less satisfactory wrist function when working with a tool or upon 
extreme movement. Function otherwise retained. Moderate loss of 
strength 

Reduced work capacity and impaired general function 
Constant pain 
Significant loss of strength 

From Frykman76 and Lidstrbm. 136 

Table 5.3. Evaluation of function. 

Subjective 
Excellent 

Good 

Poor 

Visual
Excellent 

Good 

Poor 

From Scheck.184 

Fully satisfied with cosmetic result; no pain, weakness, or limitation 
of motion; no restriction in occupation or recreational activity 

Just noticeable difference in appearance or mild and occasional 
discomfort after exertion, or both; minor restriction in motion or 
strength or both; continuation of former occupation and 
recreational activities 

Deformity, pain, weakness, and limitation of motion. Patient has not 
continued with former occupation or recreational activity 

Normal appearance; no visible difference between the injured and 
uninjured wrists 

Just noticeable deformity because of some broadening of the wrist; 
slight radial drift of the hand, or slight prominence of the ulnar 
styloid process 

Obvious deformity 

Three more contemporary evaluation systems are that of Green and O'Brien,89 
as modified by Cooney et al.,45 to apply to fractures of the distal radius (Table 
5.4), the New York Orthopaedic Hospital Wrist Rating Scale (Table 5.5),191 and 
that of de Bruijn (Table 5.6).49 

Radiologic outcome has also been studied with an objective rating scale. 
Sarmiento modified Lidstrbm's radiologic evaluation as to outcome based 
upon measuring dorsal angulation, shortening of the radius in relation to the 
distal ulna, and loss of the normal surface of the distal end of the radius (Table 
5.7).182,183 Knirk and]upiter120 further developed a radiologic grading for both 
articular congruity (Table 5.8) and radiologic evidence of arthritis (Table 5.9). 
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Table 5.4. Modified clinical scoring system of Green and O'Brien. 

Category 

Pain (25 points) 

Functional status 
(25 points) 

Range of motion 
(25 points) 

Grip strength 
(25 points) 

Final result 
Excellent 
Good 
Fair 
Poor 

Score 
(points) 

25 
20 
15 
o 

25 
20 
15 
o 

25 
15 
10 

5 
o 

25 
15 
10 
5 
o 

25 
15 
10 

5 
o 

90-100 
80-89 
65-79 

<65 

None 
Mild, occasional 
Moderate, tolerable 
Severe or intolerable 

Findings 

Returned to regular employment 
Restricted employment 
Able to work but unemployed 
Unable to work because of pain 

Percentage of normal 
100 
75-99 
50-74 
25-49 
0-24 

Dorsiflexion-palmar flexion arc (injured hand only) 
120° or more 
91-119° 
61-90° 
31-60° 
30° or less 

Percentage of normal 
100 
75-99 
50-74 
25-49 
0-24 
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Table 5.5. New York Orthopaedic Hospital wrist rating scale. 

A. Objective 
1. Motion (percentage of normal motion): 0- 15 points. 

Dorsi/ulnar flexion + radioulnar deviation + supination/pronation (%) 
6.7% 

2. Grip strength: 0-15 points 
Percentage of "normal" 
6.7% 

3. Roentgenogram: 0-20 points 
a. Length 

Maintained 
Loss of 0-2 mm 
Loss of 2-3 mm 
Loss of >5mm 

b. Articular surface 
Congruent 
Incongruity of 0-1 mm 
Incongruity of 1 -2 mm 
Incongruity of >2 mm 

c. Joint space 
"Normal" 
Decreased 
Not apparent 

d. Lateral alignment 
<200 dorsal tilt 
>200 dorsal tilt 

B. Subjective 
1. Pain: 0-20 points 

a. None 
b. Only with heavy activities (e.g., contact sports; construction) 
c. Occurs with moderate activity (e.g., swimming, heavy 

housework) 
d. Frequent with light activity (desk work, washing dishes) 
e. Present at all times but does not require analgesics 
f. Present at all times requiring analgesics 

2. Function: 0-30 points 
a. Unlimited 
b. Can no longer participate in heavy activity 
c. Can no longer participate in moderate activity 
d. Has difficulty with light activity 
e. Uses injured hand only as a helper 
f. Cannot use hand 

Sum total 

Results: Excellent. 90-100; good, 70-89; fair, 55-69; poor <55. 

7 
5 
3 
o 

7 
5 
3 
o 

4 
2 
o 

2 
o 

20 
16 

12 
8 
4 
o 

30 
25 
20 
15 
10 
o 

(1-100) 
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Table 5.6. Scoring system of the final clinical assessment. 

Complaints 
a. Pain while resting 
b. Pain while moving 
c. Pain during heavy work/excessive motion (if b = 0) 
d. Numbness of paresthesia in the fingers 
e. Restricted daily basic life activities 
f. Pain while wringing out clothes (if b + c = 0) 
g. Loss of power 
h. Subjective judgment of the end result 
i. Open question for any other complaints (if a + b + c = 0) 

Motion in the wrist region 0-40% 40-60% 60-80% 
Dorsal flexion 5 4 3 
Volar flexion 5 4 3 
Radial deviation 2 1 1 
Ulnar deviation 2 1 1 
Pronation 5 4 3 
Supination 5 4 3 

Motor functions of the hand 
Grip power 
Making a fist 
Finger extension 
Opposition 

Opening a door 
Weight lifting 
Picking up a pen 
Crumpling a piece of paper 
Lifting a cup and saucer 

Signs and symptoms 
Swelling of handlfingers 
Abnormal color 

0-40% 
8 

Skin atrophy/hyperesthesia/hyperhidrosis 
Ulnar compression pain 

Cosmesis 
Cosmetic apperance 

From de Bruijn.49 

40-60% 
5 

Abnormal 
5 
5 
5 
5 
5 

60-80% 
3 
8 
8 
8 

Score 
10 
8 
4 
3 

10 
3 
3 

5 or 10 
1, 2 or 3 

80-90% 
2 
2 
o 
o 
2 
2 

80-90% 
2 

Impossible 
8 
8 
8 
8 
8 

5 
2 
4 
2 

2,3,or5 
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Table 5.7. Criteria for anatomical results. 

Result 

Excellent 

Good 

Fair 

Poor 

Criteria 

No or insignificant deformity 
Dorsal angulation ::::;0° 
Shortening <3 mm 
Loss of radial deviation <4° 

Slight deformity 
Dorsal angulation 1-10° 
Shortening 3-6 mm 
Loss of radial deviation 5_9° 

Moderate deformity 
Dorsal angulation 11-14° 
Shortening 7-11 mm 
Loss of radial deviation 10-14° 

Severe deformity 
Dorsal angulation> 15° 
Shortening 2::12 mm 
Loss of radial deviation> 15° 

After Sarmiento et al. 183 modified from Lidstr6m. 136 

Table 5.8. Articular congruity as measured according 
to the method of Knirk and Jupiter. 

Grade Step-off 

0 0-1 mm 
1 1-2mm 
2 2-3mm 
3 >3mm 

Table 5.9. Arthritis grading according to the method 
of Knirk and Jupiter. 

Grade 

o 
1 

2 

3 

Findings 

None 
Slight joint space narrowing 
Marked joint space narrowing. 

osteophyte formation 
Bone-on-bone, osteophyte formation, 

cyst formation 
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The accidents which are to be the principal subject of 
my remarks, usually pass either for sprains or dis
locations of the wrist ... This accident must not be 
cQnfounded with those which are also of frequent 
occurrence, namely fractures of the radius and ulna, 
just above, and not involving the joint. The fragment 
may be, and usually is, quite small and is broken from 
the end of the radius on the dorsal side and through 
the cartilagenous face of it, and necessarily into the 
jOint. 

John Rhea Barton, 1838 
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6. Articular Marginal Shearing Fractures 
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Articular Marginal Shearing Fracture 
The basic feature common to all the "shearing" fractures is that a portion of 
the metaphyseal and epiphyseal area of the distal radius remains intact and in 
continuity with the unaffected area of the articular surface. This feature offers a 
more favorable prognosis in the management of these injuries, given the fact 
that in most instances the displaced articular fragment(s) can be anatomically 
reduced back onto the intact remaining articular surface. Although the obliquity 
of the fracture line makes these fractures inherently unstable, the reduction of 
the fracture can usually be solidly fixed to the intact column of the distal 
radius. As these fractures may be found in younger adults with more sub
stantial cancellous bone, the holding power of the internal fixation is more 
likely to be sound (Fig. 6). 

Incidence 

Barton considered the injury that still bears his name to be commonplace, but 
this is, in fact, not the case. Although the literature has more than amply 
described the marginal shearing fracture,1-20,22-26,29-35 only a few reports have 
specifically addressed the relative frequency of these injuries as they are 
compared to all types of distal radius fractures. 

From those few reports that have reviewed relative incidence, it is quite 
evident that the marginal shearing fractures are exceptionally uncommon, 
representing less than 5 percent of all distal radius fractures in these studies 
(Table 6.1). By the same token, with expanding knowledge of the specific 



Mechanism 
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Table 6.1. Relative frequency of shearing fractures. 

Author(s) No. distal No. shearing % Dorsal Volar Styloid 
radius fractures fractures 

Bohler (1943) 448 7 1.5 7 10 
King (1975) 1252 17 1.3 7 10 
Thompson and 662 15 2.3 5 10 

Grant (1977)* 
Bengnerand 1914 35 1.8 35 

Johnell (1985) 
Pattee and 1788 21 1.2 8 12 

Thompson (1988)t 

* Radial styloid fracture in 13 cases (4 separate fragments). 
t One patient lost to follow-up. 

fracture patterns as well as computer-generated fracture documentation, it is 
possible that these data may change. 12 

Mechanism 

As with the vast majority of distal radius fractures, the mechanism of the 
shearing marginal fracture has been attributed to an axial load onto the end of 
the radius. 1,6,10, 15,16,19,23,26,29,3 1,35 King postulated that in certain positions, upon 
impact, a portion of the intrinsic ligamentous support of the lunate is injured 
sufficiently to permit it to migrate along with the sheared articular fragment of 
the end of the radius. 19 In contrast to a true radiocarpal dislocation (Type N), 
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Figure 6.1. An oblique shearing fracture of 
the distal radius will more likely be found 
in younger adults with more substantial 
cancellous bone facilitating stable internal 
fixation. 
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he postulated that the extrinsic radiocarpal ligaments arising from the radius 
and inserting onto the capitate remain intact. 

In the contemporary, high-speed, mechanized world, the volar and dorsal 
marginal fractures are becoming more often seen in association with a high
velOCity impact. Thompson and Grant suggested that compressive forces 
occurring with the wrist locked in palmar flexion, such as when holding the 
handlebars of a motorcycle, or with the wrist fixed in extension at impact, as 
when holding an automobile steering wheel, will lead to anterior and dorsal 
shearing fractures, respectively.32 This association with higher-impact injury 
has also been observed by de Oliveira8 as well as FellmannY It is not sur
prising that in association with high-velocity trauma, a younger age population 
is involved, often with associated ipsilateral trauma or even polytrauma. Pattee 
and Thompson noted a 15 percent incidence of associated carpal injuries.24 

Fractures of the radial styloid, known as "chauffeur" or "backfire" fractures 
due to early observations of their association with cranking automobile 
engines,9 are now recognized as potentially complex radiocarpal injuries.21 In 
a study of 14 such cases, Helm and Tonkin observed seven to be due to a 
motorcycle accident and six to a fall from a height. I8 Nine patients had 
associated skeletal injuries, including four ipsilateral scaphoid fractures. 

Nonoperative Treatment: Technique 

Anterior and Dorsal Shearing 
Closed manipulative reduction of the marginal shearing fracture was described 
by Barton, who also recognized their inherent instability. 2 He noted that the 
displacement was easily reduced using longitudinal traction. However, once 
released, redisplacement would inevitably occur. For this reason he recom
mended that splints be applied while traction was maintained. By the same 
token, Barton appeared cognizant of the potential difficulty with residual wrist 
stiffness if the splints were continued for a prolonged period of time. He 
recommended the use of a dorsal and palmar splint to be changed every 4 to 5 
days to encourage wrist mobilization. This approach, parenthetically, is still in 
use hy traditional physicians in China and elsewhere in the world. 

In the century that followed Barton's early descriptions, the approach to the 
marginal fractures paralleled that of all distal radius fractures, i.e., fixed periods 
of immobilization in splints or plaster casts. Wrist extension was recommended 
for anterior marginal fractures, although the possibility of redisplacement was 
well recognized. 1 To offset this problem, Bohler suggested adding adhesive 
plaster traction with a metacarpal wire incorporated into a cast. 5 

Thomas in 1957 recommended that anteriorly displaced distal radius 
fractures (both extra- and intraarticular) be treated by a closed reduction using 
longitudinal traction, followed by the application of an ahove-elbow plaster 
cast with the forearm in supination and wrist in slight palmar flexion. This 
approach was followed by subsequent authors, all emphasizing the importance 
of forearm supination. I.7,1O,I5,23 

King developed a rationale for the position of immobilization based upon 
his impression of the mechanism of these fractures.19,20 He suggested the 
anterior marginal fracture be immobilized with the wrist in volar flexion, 
which would place the dorsal radiocarpal ligaments in tension and help hold 
the lunate in pOSition. The opposite would be the case with a posterior 
marginal shear fracture. He recommended casting for 6 weeks, with frequent 
control radiographs, given the tendency of this type of fracture to redisplace. 



Nonoperative Treatment: Results 
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Smith and Floyd, by contrast, found this approach paradoxical, as the wrist 
position that would effectively reduce this fracture would also be the position 
that would lead to fragment displacement (Fig. 6.2). They felt that these 
fractures were inherently unstable and recommended operative intervention. 

Radial StylOid 
Closed treatment of isolated radial stylOid fractures has traditionally involved a 
reduction by traction and ulnar deviation of the hand and wrist, followed by 
immobilization of the limb in an above-elbow support with the forearm in 
supination. 

Nonoperative Treatment: Results 

Little is known regarding the outcome of Barton's cases. The facts that he 
never confirmed his clinical impression of the injury pattern with an autopsy 
specimen and that he suggested these to be primarily dorsal injuries would 
also raise some questions as to any observations on outcome. 
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Figure 6.2. As suggested by Smith and 
Floyd, the closed reduction and immobil
ization of anterior marginal shear fractures 
is a paradox, as the position in which the 
fracture is reduced is that which tends to 
displace the articular reduction. A. The 
anterior marginal fracture with attached 
radiocarpal ligament to the lunate. B. 
Traction and wrist extension pulls the mar
ginal articular fracture into pOSition. C. 
Compression forces through the carpus will 
tend to redisplace the fracture. D. Placing 
the wrist in palmar flexion will prove un
successful as the tension on the volar radio
carpal ligaments is released. 
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What can be gleaned from later studies of closed treatment is that redis
placement is commonplace. Coincident with that is a direct correlation with 
functional disability, such as pain or loss of motion and loss of the articular 
realignment. 15,19,24,29,32,35 Woodyard, using Thomas's classification and tech
niques of immobilization, treated 13 marginal shearing fractures. 35 The results 
in this group were not as satisfactory as those with the extraarticular bending 
fractures. The results of the 13 patients were eight good, one fair, and one 
poor, with four cases of radiocarpal arthritis. He noted that loss of motion and 
pain were both related to residual loss of articular reduction. 

Pattee and Thomson treated 18 of their 20 cases with a closed reduction and 
cast, using the approach recommended by King. 19,24 Reduction was maintained 
in only eight fractures, while 10 required alternative methods, including 
external fixation in three and open reduction and internal fixation in seven. 
The outcome of the patients who did not have operative reduction (eight with 
cast and three with external fixation) revealed six excellent and five good, with 
a relatively short follow-up. Of note, however, is that fact that 65 percent of the 
cases in their series had evidence of radiographic arthritis at the radiocarpal 
joint. 

Thomson and Grant also observed less favorable results in those marginal 
shear fractures treated nonoperativeiy.32 

Shearing Fractures: Cuneiform (Group Bl) 

Figure 6.3. Schematic illustration of the 
possible volar intracapsular ligament injuries 
associated with a large stylOid fracture. RC 
= radial collateral ligament. RSC = radio
scaphocapitate ligament. RLT = radiolunato
capitate ligament. RSL = radioscapholunate 
ligament. (Reprinted with permission from 
Siegel D, Gelberman R. Radial stylo
idectomy: An anatomical study. J Hand Surg 
16A: 43, 1991.) 

Fractures of the radial stylOid are usually associated with a fall on the out
stretched hand, with the wrist forced into extension and slight radial deviation. 
In this position, the scaphOid directly transmits the force of impact onto the 
radial stylOid, which can fracture in an oblique pattern. At the beginning of this 
century, the fracture was noted in association with the backfire of the starting 
handles of cars, resulting in the name "chauffeur's fracture."16 Avulsion 
fractures of the stylOid can also be seen in association with combinations of 
perilunar dislocations of the carpus. The so-called greater arc injuries include 
radial stylOid fractures associated with various combinations of trans-scaphoid, 
trans-capitate, or trans-triquetral injuries (Fig. 6.3). Mayfield and co-workers 
described the effects of forced hyperextension, ulnar deviation, and intercarpal 

VERTICAL OBLIQUE 



Management 

supination of the wrist and demonstrated that avulsion fractures of the body of 
the radial styloid are the result of a tensile load on the radiocapitate ligament. I7 

Anatomic studies have also confirmed the fact that the smaller avulsion styloid 
fractures will be found attached to the radial collateral ligaments, whereas the 
larger styloid fractures are likely to have both radial collateral and radiocapitate 
ligaments attached. 18.l9 Thus, in addition to restoring the articular congruity 
and radial buttress, the anatomic restoration of displaced styloid fractures 
helps to restore the length, alignment, and integrity of the supporting volar 
capsular ligaments of the wrist. Shearing fractures involving the radial stylOid 
may be a Single-fragment subgroup Bl.l (Fig. 6.4) or subgroup B1.2 (Fig. 6.5). 
A third cuneiform-type shearing fracture has been determined to involve a 
vertical shear fracture of the lunate facet subgroup B1.3 of the distal radius 
(Fig. 6.6).27 

Preoperative Planning 

The possible aSSOCIatIOn of an intracapsular or interosseous ligament injury 
must be kept in mind and the patient so informed. Accurate x-rays both 
preoperatively and follOWing reduction of the fracture are essential to carefully 
evaluate the radiographic relationships of the carpal bones to each other and 
to the radius. Should questions arise regarding the pOSSibility of associated 
ligament injury, the adjuvant use of an arthroscope may be most helpful, 
particularly in defining the condition of the scapholunate interosseous liga
ment (Fig. 6.7). 

Management 

Nondisplaced radial stylOid fractures can be treated by immobilization in an 
above-elbow cast with the forearm in supination and the wrist in slight ulnar 
deviation. For displaced fractures, closed reduction should be attempted with 
longitudinal traction and ulnar deviation of the hand and wrist. Given the 
inherent instability of these fractures, however, our preference is to place two 
oblique Kirschner wires or cannulated screws percutaneously, even when an 
anatomic reduction can be achieved. 
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Figure 6.4. Oeft) A vertical shearing radial sty
loid fracture (subgroup Bl.1). 

Figure 6.5. (middle) A multifragmented shear
ing radial stylOid fracture (subgroup Bl.2). 

Figure 6.6. (right) A unique vertical shearing 
fracture involving the lunate facet of the distal 
radius (subgroup B1.3). This unusual pattern 
differs from the impact-type "die-punch" frac
ture. 

Figure 6.7. A fracture of the radial stylOid 
may be part of a greater arc intercarpal 
ligament injury. The increased space 
between the scaphoid and lunate was re
cognized only after the styloid fracture had 
united. 
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Figure 6.S. (left) The placement of any 
implant for styloid fractures should be in a 
proximal dorsoulnar direction. The surgeon 
should be cognizant of the fact that the 
radial styloid lies anterior to the mid-axis of 
the distal radius. 

Figure 6.9. (right) The surgical tactics of a 
percutaneous cannulated screw into the 
radial styloid. 

Figure 6.11. A displaced radial styloid was 
approached dorsally and reduced anatomi
cally. Stable fixation was achieved with a 
screw and Kirschner wire. Note on the 
lateral radiograph both implants extend 
from a radial palmar to a dorsal ulnar 
direction. 

6. Articular Marginal Shearing Fractures 

Surgical Tactic 

Preferably under image intensification, the reduction of the styloid is con
trolled in several projections. Additionally, careful evaluation must be extended 
towards the radiographic alignment of the carpal bones. The radial styloid lies 
anterior to the mid-axis of the distal radius. Therefore, percutaneous Kirschner 
wires or the guide wires to cannulated screws should be placed into the 

Figure 6.10. The dorsal ap
proach to the radial styloid 
fracture. Particular care should 
be taken to avoid injury to the 
radial artery and the superficial 
radial nerve. The radius 
is approached through the 
first and second extensor 
compartment. 
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Surgical Tactic 

styloid aiming proximally, ulnarward, and somewhat dorsally to gain purchase 
into the proximal dorsoulnar cortex (Fig. 6.8). Given the proximity of the 
branches of the radial sensory nerve, drill guides are mandatory when placing 
screws percutaneously into the radial styloid (Fig. 6.9). 

The reduction and internal fixation are protected with a long arm cast for 6 
weeks. 

If a closed reduction cannot be obtained or if there is evidence of either 
associated trans-styloid greater arc injuries or a comminuted styloid frac
ture (subgroup B1.2), open reduction and internal fixation are advised. A 
dorsoradial, longitudinal incision is created, with particular care to identify and 
protect the superficial radial nerve, the radial artery, and the extensor pollicis 
longus tendon in the anatomic snuff box (Figs. 6.10 and 6.11). Comminuted 
fractures will require a dorsal capsulotomy of the wrist to assure the accuracy 
of the anatomic reduction (Fig. 6.12). 

The ulnar wedge subgroup B1.3 fracture is most unusual, but it can be 
treacherous due to the instability of these fractures by virtue of an almost 
vertical fracture plane (Fig. 6.13). These fractures are difficult to reduce by 
closed methods, as they tend to be impacted in their displaced position. With 
longitudinal traction, the fracture may be successfully elevated, using a pointed 
awl, through a small incision under image intensification (Fig. 6.l4A-E)' A 
limited open reduction may be necessary through a dorsal incision just ulna to 
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Figure 6.12. A complex comminuted radial styloid fracture with dorsal dis
placement of the carpus. A,B. Anterior and posterior x-rays of the fracture in 
a 28-year-old laborer. C,D. Anatomic reduction and stable internal fixation 
were accomplished through a dorsal surgical approach. A dorsal caps ulotomy 
was made both to assure anatomic restoration and to evaluate the scapho
lunate interosseous ligament. E,F. Follow-up at 1 year reveals an anatomic 
restoration without evidence of intercarpal instability. 

B 

c ......... _.-- D 

E F 

Figure 6.13. A vertical shear 
medial cuneiform fracture 
of the lunate facet. This frac
ture is extremely unstable 
when elevated. 
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Figure 6.14. Under image intensification, 
the shearing lunate facet fracture can at 
times be elevated using a pointed awl 
applied through a small dorsal incision. A,B. 
AP and lateral radiograph of a complex 
shearing fracture. C. The lunate facet is 
elevated with a pointed awl. D,E. Both 
shearing fractures are stabilized. 

Figure 6.15. The dorsal surgical approach 
to the impacted, displaced medial cuneiform 
shear fracture. 

6. Articular Marginal Shearing Fractures 

A B 

c D E 

the extensor digitorum communis tendons (Fig. 6.15). The fragment can be 
elevated under direct vision and held with percutaneously placed Kirschner 
wires passed in an ulnar direction across the distal radius (Fig. 6.16). Care must 
be taken to avoid transfixing the distal radioulnar joint. In these instances, 
external skeletal fixation is advisable to maintain axial length and protect the 
percutaneous Kirschner wires. 

Styloid shearing fractures 

Pitfalls 

Failure to appreciate ligamentous injury 

Failure to recognize articular 
comminution 

Inadequate internal fixation 

Failure to appreciate associated carpal 
injuries 

Pearls 

Consider dorsal arthrotomy or 
intraoperative arthroscopy 

Lateral and anterior tomography may be 
of help 

Appreciate the anterior position of the 
styloid. Aim the screws of Kirschner 
wires in a dorsal, proximal, and ulna 
direction 

Traction views may reveal either carpal 
fractures or ligamentous injury 
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Figure 6.16. The fragment can be held by 
percutaneously placed Kirschner wires 
passed in an ulnar direction with care taken 
to avoid entering the sigmoid notch. 

Shearing Fracture: Dorsal (Group B2) 
Despite the fact that the fracture likely described by Barton involved the dorsal 
aspect of the radiocarpal jOint, an isolated dorsal marginal fracture (subgroup 
B2.1) is extremely uncommon (Fig. 6.17). In contrast, the combined lesion of a 
radial styloid and dorsal marginal fracture (subgroup B2.2) is considerably 
more common (Fig. 6.18). Yet because of similar appearance on the lateral x
ray, this fracture can well be misdiagnosed as a Colles' fracture. Careful 
assessment of the x-ray will reveal an intact volar and ulna aspect of the 
articular surface. 

Dorsal marginal fractures may also be found in association with massively 
displaced dorsal radiocarpal dislocations (subgroup B2.3), which are discussed 
in more detail in Chapter 8 (Fig. 6.19). 

Figure 6.17. A dorsal marginal shearing 
fracture (subgroup B2.1) is uncommon. 

Figure 6.18. A combination of a dorsal 
marginal fracture with a radial styloid frac
ture (subgroup B2.2) is the more common 
dorsal shearing fracture pattern. 
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Figure 6.19. Dorsal marginal fracture may 
also be associated with a radiocarpal dis
location (subgroup B2.3). 

6. Articular Marginal Shearing Fractures 

Preoperative Planning 

As the dorsal marginal shearing fractures are less common than anterior 
marginal fractures, preoperative planning is enhanced by the lateral and 
anteroposterior tomogram. These may particularly help define the radial 
styloid involvement more clearly. 

No n opera tive 
By virtue of the relatively subcutaneous nature of the dorsal cortex of the distal 
radius, there is a definite place for an attempt at closed manipulative reduction 
of dorsal marginal subgroup B2.1 and subgroup B2.2 fractures. By the same 
token, the shearing mechanism and obliquity of the fracture line would 
suggest that the results with cast immobilization will be unpredictable. For this 
reason, percutaneous pins and external skeletal fixation are needed to maintain 
the reduction. The fixateur is left in place for a minimum of 6 weeks, while the 
percutaneous pins should remain at least 2 week., after removal of the external 
fixateur (Fig. 6.20). 

Operative 
The goal in the management of these fractures is to restore both the normal 
radiocarpal relationships and the articular surface to within 1 to 2 mm of 
congruency. In many instances, this will require open reduction and internal 
fixation. 

Surgical Tactic 
These fractures are approached through a dorsal longitudinal incision. The 
extensor retinaculum is opened between the second and fourth extensor 
compartments, taking care to elevate and mobilize the extensor pollicis longus 
tendon (Fig. 6.21). The initial procedure, particularly with an subgroup B2.2 
fracture involving both the radial stylOid fragment and a shearing marginal 
fracture, is to restore the radial stylOid fragment and provisionally fix the 
stylOid with a smooth Kirschner wire. The dorsal lip fracture is next reduced 
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against the scaphoid and lunate, correcting the dorsal subluxation of the 
carpus (Fig. 6.22A-G). 

The intraarticular congruity is checked either with an image intensifier or by 
direct vision through a dorsal longitudinal capsular incision. 

At times following reduction and proximal fixation with Kirschner wires, a 
defect will be noted in the metaphyseal bone that will require cancellous bone 
graft to help support the distal anatomy. Depending upon the size of the dorsal 
rim fracture, either a small T or L plate or even a larger plate may be required 
for stable fixation and to prevent recurrence of the deformity. 

Dorsal shearing marginal fractures 

Pitfalls 

Failure to recognize the fracture as a 
marginal shearing fracture 

Failure to appreciate the subgroup B2.2 
with a radial styloid component 

Lack of definitive implant for dorsal 
surface of the distal radius 

Pearls 

Lateral tomography or axial computed 
tomography will accurately define the 
fracture 

A more extensile dorsal surgical 
approach is preferred for the complex 
fracture patterns 

Have available small and mini implants 
as well as external fixation. 
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Figure 6.20. A 27-year-old laborer fell off a 
scaffold, sustaining a dorsal shearing fracture 
involving the radial styloid as well as the 
dorsal articular rim of the distal radius. A,B. 
Anteroposterior and lateral x-rays of the 
initial fracture. C,D. Closed manipulative 
reduction combined with longitudinal trac
tion gained an anatomic reduction. Per
cutaneous Kirschner wires placed through 
the radial styloid held the fracture. An 
external fixateur proVided axial length. E,F. 
At 1 year follow-up, the anteroposterior and 
lateral x-rays reveal an anatomic reduction 
has been maintained. Excellent clinical 
function was restored. 

Figure 6.21. The surgical approach to the 
dorsal marginal fracture is through a 
longitudinal incision creating an interval 
between the second and fourth dorsal 
extensor compartments. 
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A 

Figure 6.22. A 22-year-old male was injured 
in a high-speed motor vehicle accident, 
sustaining a dorsal marginal fracture as well 
as polytrauma. A. Lateral x-ray showing a 
dorsal marginal fracture . with radiocarpal 
subluxation. B. Open reduction was per
formed through a dorsal longitudinal 
approach. C. Following reduction and pro
visional fixation with Kirschner wires, a 
defect in the metaphysis was filled with 
autogenous iliac crest bone graft. (Figure 
continues on facing page.) 

6. Articular Marginal Shearing Fractures 
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Shearing Fracture: Anterior (Group B3) 

Due in large part to the obliquity of the fracture line and loss of palmar sup
port of the carpus, these fractures tend to be intrinsically unstable. Shortening 
and palmar displacement of the fragment(s) are always associated with a volar 
subluxation of the carpus. 

With increased experience in the operative management of these fractures 
has come an awareness that these fractures may have distinct anatomic features 
that prove important in their management. The fracture may be a Single 
fragment involVing only the most radial aspect of the palmar articular surface 
(subgroup B3.1) (Fig. 6.23) and sparing the sigmoid notch or it may extend 
ulnarward to also include the ulnar notch (subgroup B3.2) (Fig. 6.24). 
Depending upon the quality of the bone as well as the severity of the impact, 
variable amounts of articular or metaphyseal comminution of the fracture 
fragment may be present (subgroup B3.3) (Fig. 6.25). 
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D,E. The fracture was stabilized with a 
cloverleaf plate with the projecting tip cut 
off. F,G. Excellent function resulted. 

Figure 6.23. Anterior marginal fracture 
involving only the most radial aspect of the 
volar articular surface (subgroup B3.1). 
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Figure 6.24. Anterior marginal fracture 
involving the sigmoid notch (subgroup 
B3.2). 

Figure 6.25. Multifragmemed anterior 
marginal shearing fracture (subgroup B3.3). 

6. Articular Marginal Shearing Fractures 

Fractures associated with a higher energy of impact or more extensive 
displacement may also be associated with an avulsion of the ulnar styloid or 
tear of the triangular fibrocartilage (Fig. 6.26A-F). 

Preoperative Planning 

A careful assessment of the surrounding soft tissues and neurologic status is 
mandatory, as these fractures may be associated with high-energy trauma. 
Median nerve compression or a forearm compartment syndrome may be 
coexistent and mandate a more expeditious operative intervention. 
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When the standard x-rays suggest the possibility of comminution, lateral 
tomography of the wrist is especially helpful to identify the presence and 
location of small impacted articular fragments (Fig. 6.27A-C). The presence of 
these will have a considerable influence on the surgical tactic. 

The majority of these fractures are best treated operatively, as functional 
results have been shown to correlate directly with an anatomic restoration 
of this unstable fracture. Cast immobilization is reserved for non displaced 
fractures, particularly those not involving the sigmoid notch, or for displaced 
fractures in patients considered medically unfit or who refuse surgery. Closed 
reduction is performed with longitudinal traction applied to the extended 

177 

Figure 6.26. An anterior marginal fracture 
not involving the sigmoid notch in an 
anesthesiologist (subgroup B3.1). A,B. 
Anteroposterior and lateral x-rays show the 
intraarticular fracture. An ulnar styloid frac
ture is evident. C,D. The fracture was anato
mically reduced and supported with an 
anterior buttress plate. The styloid was also 
anatomically reduced and internally fixed. 
E,F. Radiographs at two years after treat
ment. Full function returned. 

F 
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Figure 6.27. A 30-year-old sky diver sus
tained a high-energy impact on his do
minant hand. A,B. Anteroposterior and 
lateral x-rays reveal an anterior marginal 
shear fracture. C. The lateral tomogram sug
gested the presence of an impacted articular 
fragment involving the lunate facet of the 
distal radius. D. The fracture was anatomi
cally secured and stabilized with a volar 
buttress plate as well as an additional 2.7-
mm lag screw. E,F. Follow-up at 1 year 
shows anatomic restoration to be main
tained. A nearly full functional result was 
present. 

c 

D 
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hand and wrist in order to utilize the intact volar radiocarpal ligaments. The 
reduction is maintained, immobilizing the arm with the forearm in maximal 
supination and the wrist in neutral or slight palmar flexion in an above-elbow 
cast. 8 ,9,lO Careful and frequent radiographic control is necessary over the next 
2 weeks due to the intrinsic instability of the fracture. The above-elbow cast is 
maintained for 6 weeks in view of the complexity of this fracture. 



Operative Management 

Operative Management 

Operative reduction and stable internal fixation more reliably assure the 
anatomic reduction of the joint and realignment of the radiocarpal articulation. 
In addition, the buttress effect of a plate supporting the reduced fracture 
fragment will help maintain the articular reduction by virtue of the fact that it 
directly compresses the anterior fragment against the intact dorsal column of 
the radius. 

For most subgroup B3.1 and subgroup B3.2 fractures, we prefer an anterior 
surgical approach along the radial border of the distal forearm (Fig. 6.28) (see 
Chapter 4). The fracture can be exposed through the interval between the 
flexor carpi radialis tendon and the radial artery and the accompanying venae 
comitantes along with radial detachment of the pronator quadratus muscle 
(Fig. 6.29). When the fracture is associated with symptoms of acute median 
nerve compression, a second incision can be made in the palm in line with the 
ring finger to release the transverse carpal ligament. This is preferable to 
extending the radial incision across the volar wrist crease onto the palm, as 
this would place the palmar cutaneous nerve in jeopardy of injury. An alter
native approach is a more ulnar-based incision extending from the mid-palmar 
crease across onto the distal forearm (Fig. 6.30). (see Chapter 4). 

Once the fracture is exposed, the hematoma is gently cleansed away with a 
dental pic and irrigation. When dealing with a subgroup B3.1 or subgroup B3.2 
fracture without evidence of intraarticular comminution, the fracture can be 
reduced by realigning the metaphyseal fracture lines. This is facilitated by 
hyperextending the wrist over a rolled towel with the forearm in maximal 
supination (Fig. 6.31A-J). It is imperative not to open the volar wrist capsule to 
visualize the articular surface, as this can lead to injury to the volar radiocarpal 
ligaments and postoperative instability. 
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Figure 6.28. An anterior surgical approach 
will be satisfactory for most volar marginal 
shearing fractures. The interval between the 
radial artery and the flexior carpi radialis is 
used to gain access to the distal radius . 
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Figure 6.29. The longitudinal approach to 
the volar marginal shearing fracture. A. The 
interval between the radial artery and the 
flexor carpi radialis. B. The pronator 
quadratus is identified. C. The pronator 
quadratus is elevated from its radial inser
tion. D. Full exposure is gained to the distal 
radius fracture. 

A 

Figure 6.30. An alternative incision is more A 
ulnar based and can be used to release the 
carpal tunnel (A) as well as approach those 
fractures which extend into the sigmoid 
notch (B). 

B 

B 
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Figure 6.31. A complex anterior shearing fracture in a 62-year-old psychiatrist is 
approached along the radial border of the distal forearm. A. The incision parallels the 
radial artery. B. The flexor carpi radialis tendon is identified. C. An interval is created 
between the radial artery and the flexor carpi radialis and flexor pollicis longus. D. The 
pronator quadratus is incised along its radial border. E. The pronator is elevated in an 
ulnar direction exposing the fracture. F. A rolled towel is prepared which will help in 
fracture reduction. G. With the wrist extended over the rolled towel, the reduced 
fracture is provisionally fixed with Kirschner wire. H. The reduction is confirmed on the 
image intensifier. 1. A small buttress plate is readily placed onto the anterior cortex of 
the distal radius. 

Should the preoperative or intraoperative x-rays suggest the presence of a 
displaced articular fragment, it is preferable to reduce this under direct vision 
by pulling apart the anterior shearing fragment(s), exposing the fracture sur
face. This will permit elevation and reduction of the articular piece without 
additional injury to the volar capsular ligaments. 

It is not surprising to identifY small areas of metaphyseal comminution with 
these fractures, which also adds to the inherent instability of the fracture (Fig. 
6.27). 

Provisional fixation of the fracture with O.4S-inch smooth Kirschner wires 
facilitates the ease of applying the buttress plate. One must take heed that the 
point of entry of the Kirschner wires does not interfere with the placement of 
the plate. The wires should he put in obliquely from a distal to proximal 
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Figure 6.32. Provisional fixation with 
smooth Kirschner wires. Whenever possible, 
the wires are placed from a distal to a pro
ximal direction to avoid the placement of 
the definitive implant. 

Figure 6.33. If the provisional Kirschner 
wires interfere with positioning of the plate, 
they can be driven out of the dorsal cortex 
of the radius and the skin to be Hush with 
the volar cortex. 

6.33 

Figure 6.34. The anterior buttress T plate is 
pre-bent so that it sits slightly off the radial 
cortex. After the most proximal screw (No. 
1) is placed, tightening the second screw 
(No.2) will push the plate up against the 
anterior fracture fragment, enhancing its 
buttressing effect. This is illustrated in the 
clinical example of an anterior shearing 
fracture in a 28-year-old lawyer. Additional 
stability is achieved by screws placed distally 
through the fracture fragment into the 
dorsal cortex. 

6. Articular Marginal Shearing Fractures 

6.32 

direction (Fig. 6.32). An alternative approach is to pass the wires out through 
the dorsal cortex and dermis until the end is flush with the anterior cortex. 
The wires can be readily removed once the plate has been applied (Fig. 6.33). 

Definitive fixation for the Single-fragment subgroup B3.1 or subgroup B3.2 
fractures is achieved with a 3.5-mm T plate applied to the anterior cortex. The 
plate should be pre bent in such a way that there is still a small space between 
the mid-portion of the plate and an area just proximal to the fracture site. The 
most proximal screw is applied first and tightened securely. The introduction 
of the second screw just distal to the first screw will firmly compress the 
plate against the radial shaft. This in turn will compress the articular fracture 
fragment against the intact distal radius, enhancing its buttress effect (Fig. 
6.34). The reduction and placement of the plate must be confirmed using 

: 
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either the image intensifier or biplanar x-rays. If the articular congruity is not 
satisfactory, the more distal screw is removed and the volar fragment is gently 
pushed into place with either a periosteal elevator or a sharp pointed awl, and 
the screw is replaced. For most subgroup B3.1 or subgroup B3.2 fractures 
which involve a single shearing fracture fragment, stability can be achieved by 
the buttressing effect of the plate alone without the need for additional screw 
fixation through the distal part of the plate (Fig. 6.26). 

Additional stability may be desirable when more than one fragment is 
identified (subgroup B3.3). In such instances, screws can be placed into the 
distal radius either through the plate (Figs. 6.34 and 6.35) or separately into the 
fracture fragments. 

When faced with more comminution, particularly that extending out into the 
radial styloid resulting in instability of the individual fragments, the surgeon 
should be prepared to use a combination of fixation methods. The styloid can 
be held in a reduced position by Kirschner wires placed percutaneously (Fig. 
6.36), by a screw (Fig. 6.37), or by both (Fig. 6.38). 

Wound closure is achieved by replacing the pronator quadratus back in its 
original position and closing the skin over a suction drain. A bulky dressing 
and a volar splint are applied. We prefer to leave the splint in place for 14 days, 
at which time the sutures are removed. At that point, a removable splint is 
worn for another few weeks, with the patient permitted to use the involved 

B 

D 
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Figure 6.35. An anterior marginal fracture 
with two major articular fragments subgroup 
B3.3). Note the metaphyseal comminution. 
A,B. The preoperative anterior and posterior 
x-rays. C,D. Stable fixation with a screw 
placed distally into each fracture fragment. 
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Figure 6.36. A complex shearing fracture 
with displacement of the radial styloid. A,B. 
Initial anteroposterior and lateral x-rays C,D. 
The anterior shearing fracture was sup
ported by a buttress plate while percutane
ous Kirschner wires secured the styloid 
fragment. E,F. At 2-year follow-up, excellent 
function resulted with maintenance of an 
anatomic result. 

Figure 6.37. A complex marginal fracture 
secured with a buttress plate and a can
nulated screw holding the radial styloid 
fragment. 
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Fracture Complications 

A B c 

D E F G 

hand for activities of daily living. Manual work and sport are forbidden until 
fracture healing is assured, usually by 2 months postinjury. 

Anterior marginal shearing fractures 

Pitfalls 

Failure to recognize a split or 
comminuted shearing fracture 
(Fig. 6.39) 

The buttress plate's inability to secure 
the entire fracture fragment 

Elevation of an impacted articular 
fragment 

Pearls 

Tomography can help in preoperative 
planning 

Consider Kirschner wires or a 
cannulated screw through the radial 
styloid 

Avoid opening the volar capsule. Elevate 
the fragment from within the fracture. 
Support with autogenous bone graft 

Articular Shearing Fractures: 
Complications 
Untoward outcomes following articular marginal shearing fractures can be 
divided into those occurring as a direct result of the injury and those assocated 
with difficulties of treatment. 

Fracture Complications 

Radial stylOid fractures present two distinct foci of injury: disruption of the 
articular surface of the scaphoid facet at the end of the radius, and "greater 
arc" injuries involving a portion of the radiocarpal and intercarpal ligamentous 
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Figure 6.38. A complex marginal fracture 
with metaphyseal comminution. A-C. Initial 
x-rays reveal the complex fracture pattern. 
D,E. Articular restoration was maintained by 
a combination of fixation modalities. F,G. 
Follow-up at 3 years revealed excellent 
function and no evidence of arthrOSiS on x
ray. 
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Figure 6.39. A 45-year-old executive sustained a complex anterior shearing fracture 
with a radial styloid component. A,B. Initial anteroposterior and lateral x-rays. C. Initial 
internal fixation appeared acceptable; however, note the "douhle shadow" about the 
lunate. D. The reduction collapsed with recurrence of the anterior radiocarpal sub
luxation. E,F. Reoperation was necessary with support of both parts of the shearing 
fracture with two small plates. 

F 

complex.21 ,28 Failure to recognize this aSSOClatlOn can result in long-term 
disabilities, including radiocarpal arthrosis, loss of grip strength, and loss of 
radiocarpal mobility.I8 

In a similar light, the articular marginal shearing fractures, unless properly 
reduced and allowed to heal in an anatomic position, will result in the later 
development of arthrosis, loss of wrist strength, loss of wrist mobility, and at 
times disruption of the normal distal radioulnar joint mobility.I5,20,23,24,32 

Complications Associated with Treatment 
Inadequate reduction, loss of internal fixation, stiffness, and overlying soft 
tissue problems have all been identified with the surgical management of these 
unstable shearing fractures. 
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A particular source of problems consists of the fracture patterns that repre
sent combinations of styloid and marginal shearing fractures involving the 
remainder of the distal radius (subgroup B2.2 or subgroup B3.3). In these 
cases, failure to recognize the extent of the injury because of lack of appropriate 
preoperative x-rays or of intraoperative surgical exposure, or unstable internal 
fixation may lead to persistent articular incongruity and result in disability. 

The surgical problems that may arise are well illustrated in this case report: 

A fortyjive-year-old executive sustained a complex anterior shearing fracture 
while skiing at high speed. On the day Qf injury, he underwent an open 
reduction and internal fixation of the fracture through an anterior surgical 
approach (Fig. 6.39A and B). 

His initial fracture reduction was deemed adequate at the time of surgery, 
and early postoperative radiographs suggested an adequate articular reduction 
(Fig. 6.39C). By the same token, a careful scrutiny of the x-rays would suggest 
that the lunate facet of the distal radius had not been anatomically reduced. 

When he was seen at 7 weeks postsurgery, it was quite apparent that anterior 
subluxation of the lunate had recurred, best seen on the lateral x-ray (Fig. 
6.39D). Therefore, at 8 weeks postinjury he underwent a repeat surgical pro
cedure. The fracture callus was taken down and the articular marginal 
fracture was re-reduced and securely supported now with two small plates 
(Fig. 6.39E and F). An excellent functional result was noted at a follow-up of 6 
years. 
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Cha12ter Seven 

Compression Fractures of the 
Articular Surface 

II 

III 

~ 
IV 

OESD 
V 

It is conceivable that in the case of a sudden and 
violent fall, the force of which is sustained by the hand, 
the rounded articular suiface of the carpal mass, 
before the movement of backward flexion is completed, 
may be driven up against the concave articular 
suiface of the radius with such force as to split it or 
peiforate it. 

L.S Pilcher, M.D. 1917 
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7. Compression Fractures of the Articular Surface 
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Compression Fractures of the Articular Surface 
Compression fractures of the distal radius are those injuries whose major 
feature is an impaction of the subchondral and metaphyseal cancellous bone in 
concert with disruption of the distal radius articular surface (Fig. 7.1). In some 
instances, restoration of the articular disruption is readily achieved by applying 
longitudinal tension on the radiocarpal ligaments,3 while in other instances, 
the dis impaction of the cartilage-bearing fragments may require operative 
reduction with replacement of the metaphyseal bony defect with a bone graft. 

Historical Perspective 

Much of the efforts of early investigators centered on refining the original 
descriptions of Petit,37 Pouteau,40 and Colles,lO who primarily described 
bending-type fractures (see Chapter 1). Given the fact that for most of the 
nineteenth century, recognition of fracture patterns was made on post-mortem 
specimens, it is of interest to observe descriptions of compression-type frac
tures dating back as early as 1842, when Voillemier described such an injury in 
a patient who died 4 hours folloWing a fall from a three-story height.49 

Callendar in 1865 reported on similar patterns in specimens housed in the 
museums of the London Hospital as well as St. Bartholomew's HospitaI,5 while 
across the Atlantic, Cotton in 1904 identified many of the contemporary sub
classifications of impaction injuries which he found in specimens at the 
Massachusetts General Hospital (Fig. 7.2).13 With the invention of x-ray came a 
wider recognition of the varying patterns of distal radius fractures. Morton35 
and Pilcher,38 among others, described such impaction-type injuries during 
radiographic evaluations of distal radius fractures. 



Historical Perspective 

Stevens in 1920 postulated that the lunate acted as the driving force in 
impaction injuries of the articular surface.46 He described situations in which 
the lunate impacted the posteromedial aspect of the articular surface when the 
injury occurred with the forearm held in full pronation. 

Scheck in 1962 coined the term "die-punch" injury for this lunate impaction 
against the posteromedial aspect of the radius.43 He hypothesized that in some 
cases both compression and bending forces were exerted in the direction of 
the longitudinal axis of the radius (Fig. 7.3). This pattern was observed in 75 
percent of the 24 fractures in his series, and he also suggested that these 
injuries had been commonly described in several prior reports such as that by 
Rogers in 194442 and Gartland and werley in 1951.21 

compressive force 

/-tH'-----/l-- die punch 
fragment 

,--,\-_Iunate 

Figure 7.3. Scheck coined the te rm "die
punch" injury to describe the mechanism of 
the lunate impacting the anicular surface of 
the radius. 
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Figure 7.1. A compression fracture of the 
articular surface in a 41-year-old secretary 
who fell while doing in-li~e rollerblading.· 

Figure 7.2. An autopsy specimen found in 
the Warren Museum at the Harvard Medical 
School described by Cotton in 1900 reveals 
an articular compression pattern quite 
similar to a subgroup C3.1. (Reprinted with 
permission from Cotton F]. Fractures of the 
lower end of the radius. Ann Surg 32: 194, 
1900.) 
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Figure 7.4. The nature of the impaction 
injury to the distal radius will be influenced 
by a number of factors, including the posi
tion of the hand upon impact. 

LlG. LATERAL 
EXTERNE 

7. Compression Fractures of the Articular Surface 

SEMI-LUNAIRE 
(OS LUNATUM) 

Castaing in 1964 presented a series of injuries representing patterns of 
compression-type injuries involving both the articular and the metaphyseal 
regions of the radius (see Chapter 2).6 Mortier and colleagues33,34 also stressed 
the importance of the lunate impaction into the posteromedial aspect of the 
articular surface of the distal radius (Fig. 7.4). 

In several important publications, Melone expanded on the lunate impaction 
concept.30,31 He identified four basic components to the impaction injury: 

1. The radial shaft 
2. The radial stylOid 
3. The posteromedial part of the lunate facet of the distal radius 
4. The palmar medial part of the lunate facet 

Melone felt that if the mechanism of injury was primarily that of com
pression, the medial aspect of the radius was most affected. He called this the 
"medial complex" to describe the lunate facet fracture fragments and their 
ligamentous attachment with the proximal row of carpal bones as well as the 
ulnar stylOid. The fact that the lunate would be the focus of the direct com
pression helped to explain why the dorsomedial aspect of the distal radius was 
involved much more commonly than its palmar counterpart. This was suggested 
to be the case, as the injury most often occurred with the hand flat on the 
ground, thus driving the lunate into the dorsal aspect of the distal radius. 
However, with higher-velocity impaction injuries, wider separation of the 
lunate facet could be observed, which at times would result in the palmar
medial facet fragment being displaced and rotated as much as 180 degrees 
(Fig. 7.5). 

The fracture patterns depicted by Castaing were expanded to form the basis 
of the current Comprehensive Classification of Fractures classifications (see 
Chapter 2)Y The major grouping, Type C, includes those fractures involving a 
complete articular injury. The various subgroups are classified according to the 
orientation of the articular fracture line. In general terms, fractures oriented in 
the sagittal plane are more easily reduced than those in the frontal plane. 



Historical Perspective 

TYI'E II" 

Cl: Complete articular fractures of the radius, articular simple, metaphysis 
simple (Fig. 7.6). 

C 1.1: Posteromedial articular fracture line. 
C1.2: SagitaII articular fracture line. 
C1.3: Frontal articular fracture line. 
C2: Complete articular fracture of the radius, articular simple, metaphyseal 

multifragmentary (Fig. 7.7). 
C2.1: SagitaII articular fracture line. 
C2.2: Frontal articular fracture line. 
C2.3: Extending into diaphysis. 

C COMPLEX ARTICULAR: Fracture affects the joint sur
faces (radio-ulnar and/or radio-carpal) and the 
metaphyseal area 

C1 Complete articular fracture, of the radius, 
articular simple, metaphyseal simple 

-:,~ ) \ (;L' ~' -,;' J f ~i ........ / ( 
I .... _. I 

<::::Be I c::D(~ 2 C:::::;,.., J 
~'..J 

1 postero-medial articular fragment 
2 sagittal articular fracture line 
3 frontal articular fracture line 

C2 Complete articular fracture, of the radius, 
articular simple, metaphyseal multifragmentary 

~\\ 
/ \ 
L.l 

~.~'. \ I I I 
II . I' 
I j I I 

I I' 'J \ 
,I 

([]o.l Ere.2 (flO ·3 
1 sagittal articular fracture line 
2 frontal articular fracture line 
3 extending into the diaphysis 
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Figure 7.5. Melone divides the lunate im
paction injury into four major components: 
(1) radial shaft; (2) radial stylOid; (3) 
posteromedial part of the lunate facet; (4) 
anteromedial part of the lunate facet. Sub
groups were later added to identify unique 
characteristics of these injuries. (Reprinted 
with permission. WE Saunders, Philadelphia. 
Orthopaedic Clinics of North America, 24: 
1993.) 

Figure 7.6. Group Cl fractures involve a 
"simple" (two-fragment) intraarticular com
ponent and no metaphyseal. A. C1.l: 
Posteromedial articular fragment. B. C] .2: 
Sagittal articular fracture line. e. C1.3: 
Frontal articular fracture line. 

Figure 7.7. Group C2 fractures involve a 
simple (two fragments) intraarticular 
component and metaphyseal multifrag
mented. A. C2.l: Sagittal articular fracture 
line. B. C2.2: Frontal articular fracture line. 
e. C2.3: Extending into the diaphysis. 
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Figure 7.8. Group C3 fractures are com
plex, involving multifragmentation of the 
articular surface. A. C3.1: Metaphyseal 
simple. B. C3.2: Metaphyseal multifrag
mentary. C. C33: Extending into diaphysis. 

Figure 7.9. A compression articular fracture 
in a 29-year-old policewoman. Failure to 
maintain an anatomic reduction led to sym
ptomatic arthrosis at a 4-year follow-up. 
Note the Scapholunate dissociation. 

7. Compression Fractures of the Articular Surface 

C3: Complete articular fracture of the radius, multifragmentary. 
C3.1: Metaphyseal simple. 
C3.2: Metaphyseal multifragmentary. 
C3.3: Extending into diaphysis. 

C3 Complete articular fracture, of the radius, 
multifragmentary 
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3 extending into the diaphysis 

Goals of Treatment 

Displaced compression-type fractures make up a distinct group of distal radius 
injuries which have an inherent tendency to shorten, along with collapse of the 
subchondral support of the articular fracture components. At times the result 
of a high-energy impact, these fractures tend to be less amenable to closed 
manipulative reduction and are inherently unstable when immobilized in 
plaster. 

Several studies have addressed the outcome of displaced intraarticular distal 
radius fractures, identifying a distinct association with posttraumatic arthrosis 
and residual articular incongruity4,27,28,48 Knirk and Jupiter retrospectively 
studied the outcome of 43 intraarticular fractures in 40 young adults who had a 
mean age of 27.6 years at the time of injury. At a mean follow-up of 6.7 years, 
26 percent were rated excellent, 35 percent good, 33 percent fair, and 6 
percent poor. Radiographic findings of posttraumatic arthrosis were evident in 
28 (65 percent) of cases and, moreover, in 91 percent of fractures that healed 
with a visible incongruity of the articular surface (Fig. 7.9). This was in sharp 
contrast to the 11 percent incidence of radiographic arthrosis in 19 fractions 
that healed with a congruous radiocarpal joint. Tn this retrospective series, the 
"die-punch" compression fracture pattern was anatomically reduced in only 49 
percent of cases and was responsible for a residual radiocarpal incongruity in 
75 percent of the articular malalignment seen at late follow-up. If the articular 
step-off of the "die-punch" impaction fracture was 2 mm or greater, 100 
percent of these cases went on to radiographic arthrosis, and 66 percent of 
these were symptomatic at follow-up. 

Based upon the results of this study as well as other investigations,4,28,48 it 
has become generally accepted that one should strive to achieve and maintain 
an anatomic or near-anatomic reduction of compression fractures of the 
articular surface. 



Preoperative Planning 

Preoperative Planning 

When embarking on the treatment of a compression fracture of the articular 
surface, the surgeon should take heed to carefully define the fracture pattern, 
the presence or absence of associated soft tissue or ligamentous injury, and the 
patient's functional requirements. 

In addition to standard anteroposterior and lateral radiographs both before 
and after longitudinal traction, important information can be obtained with 
oblique x-rays taken with the forearm either partially pronated (to highlight 
the radial styloid) or partially supinated (to show the dorsomedial region of 
the distal radius). Trispiral tomography or computed tomography will be of 
particular benefit in accurately assessing three- and four-part articular fractures 
for both the number of fragments and their displacement (Fig. 7.10). 

When faced with soft tissue swelling or signs and symptoms of associated 
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Figure 7.10. A complex compression arti
cular fracture in a young sportsman. The 
computed tomogram demonstrates the dor
soulnar impaction and involvement of both 
the lunate and scaphoid facets. 
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neurologic dysfunction, we have generally found that early intervention is 
beneficial. The neurologic deficit should be documented by light touch and 
two-point discrimination prior to embarking on an operative procedure. Carpal 
tunnel pressure monitoring can also be useful (see Chapter 11). If dense 
sensory loss, demonstrable motor weakness, or an elevated carpal tunnel 
pressure measurement exists, release of the median nerve both in the carpal 
canal and in the distal forearm is recommended. If, however, demonstrable 
improvement occurs with longitudinal traction reducing the fracture deformity, 
the surgeon may elect to follow the patient's clinical signs and symptoms 
following definitive fracture care. 

Treatment 

In contradistinction to extraarticular bending fractures, which will often 
respond to conservative treatment (see Chapter 5), displaced or impacted 
compression fractures of the articular surface more often than not will require 
manipulative reduction and internal and/or external fixation to prevent redis
placement. 7-9 .12,14-16.20,22.24.25.29,39,41,43,4751 

In contrast to the shearing articular fractures (Chapter 6), treatment of 
articular compression fractures includes not only the restoration of the articular 
congruity but also correction of the metaphyseal angulation and maintenance 
of radial length with respect to the distal ulna. 

Treatment approaches are based upon the recognition that compression 
fractures of the distal radius involve one or more fundamental components, 
including the radial styloid, the radial shaft, and the lunate facet, which can be 
split coronally into two units.29 

Although the treatment of each fracture must be tailored to meet the specific 
features of the injury, some general concepts can be extended. If the fracture 
has a simple intraarticular component (two-part fracture) and no metaphyseal 
comminution, it will generally respond to closed manipulative reduction and 
percutaneous pinning. A percutaneous reduction may also be necessary 
in some instances of impaction of a dorsomedial articular fragment (Fig. 
7. 11A-F). 

When the simple articular fracture is associated with comminution of the 
radial metaphysis (subgroup C3.2), external fixation and autogenous bone graft 
is the most effective method to prevent radial shortening. Unless there is a 
displaced anterior fragment, a dorsal surgical approach is preferred. The most 
commonly used approach is between the third and fourth extensor compart
ments. The fourth compartment is elevated subperiosteally to preserve its 
overall integrity. Through a transverse incision of the dorsal wrist capsule, the 
displaced and often impacted articular fragments can be well visualized and 
are elevated and reduced against the scaphoid and lunate. Following fixation of 
the bony fragments with Kirschner wires introduced transversely from the 
radial styloid towards the sigmoid notch, thus supporting the fragments with 
their meager subchondral bone, the metaphyseal defects are filled with 
compacted autogenous cancellous bone graft. 

The possibility of associated soft tissue injury should be borne in mind. 
Through the dorsal capsulotomy, the scapholunate interosseous ligament 
should be inspected and probed, as associated scapholunate diastasis has been 
noted to occur in the presence of some articular compression injuries (Fig. 
7.12A and B). 36 Similarly, once the radial articular fracture and metaphyseal 
defects have been reduced and securely held with Kirschner wires, the stability 
of the distal radioulnar jOint must be assessed. 
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A B 

c D 
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As a general rule, we tend to avoid the use of plates on the dorsal surface of 
the distal radius, preferring instead the use of Kirschner wires, autogenous 
bone graft, and external skeletal fixation. The major reason for this is the fact 
that current plate designs have a tendency to lead to irritation of the overlying 
extensor tendons, requiring a second surgical procedure for their removal. 

For many three- and four-part articular fractures with an increasing amount 
of metaphyseal comminution, longitudinal traction and external fixation alone 
may not be adequate to reduce impacted small cartilage-bearing fragments or 
displaced and rotated volar lunate facet fractures. In these instances there will 
be a greater need for open reduction together with autogenous bone grafting. 
These injuries, as well, may be associated with soft tissue trauma, distal 
radioulnar jOint instability, or carpal ligament disruption (Table 7.1). 
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Figure 7.11. Manipulative reduction is often 
successful when one combines longitudinal 
traction, palmar flexion, and ulnar deviation. 
This is illustrated in this compression frac
ture in a 56-year-old woman. A,B. Antero
posterior and lateral x-rays of a two-part 
compression fracture. C,D. Following longi
tudinal traction and closed manipulation of 
the fracture, the anatomic reduction was 
secured with smooth Kirschner wires. E,F. 
The fracture healed with an anatomic 
restoration of the intra- and extraarticular 
fractures. 
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Figure 7.12. Scapholunate diastasis may 
accompany compression fractures of the 
distal end of the radius. The "axial" scaphoid 
shift sign may identify this injury. A. The 
proximal carpal row contour shows a 
uniform radiographic arc. This is a sign of 
intercarpal stability, as the nondisrupted 
Shenton-Menard arc is for a stable hip. B. 
When traction is applied to the wrist with a 
scapholunate ligament tear, the scaphoid 
shifts distally, disrupting the "carpal 
Shenton's arc." 

7. Compression Fractures of the Articular Surface 

B 

Table 7.1. Articular compression fractures: general guidelines. 

Fracture type 

Two-part articular. Metaphysis not 
multifragmented 

Two-part articular. Metaphysis 
multifragmented 

Three- or four-part articular. Metaphysis 
multifragmented 

Treatment 

Closed reduction 
Percutaneous K-wire 
Cast 
Closed ± percutaneous reduction 
External fixation ± Autogenous 

bone graft 
External fixation 
Open reduction 
Autogenous bone graft 

Articular Two-Part eel) 
These "simple" compression fractures involve no more than two articular 
fragments without multifragmentation of the underlying metaphyseal bone. 
These would be considered under the group of C1 fractures (Fig. 7.6). 
Although these fractures can often be reduced by closed means-either with 
longitudinal traction or with manipulation-they have long been recognized 
to be extremely unstable when immobilized in plaster casts alone. It is for this 
reason that percutaneous pinning has assumed a central role in the manage
ment of these fractures. 2,7.18.22,41,43,44,50 

These fractures should be treated in the operating room with adequate 
anesthesia to permit a careful and controlled procedure. The involved limb as 
well as the iliac crest are prepped and draped in the event that autogenous 
bone graft will be required. With the image intensifier in position, a closed 
manipulative reduction is performed using longitudinal traction, palmar 
flexion of the wrist, and ulnar deviation of the hand and wrist. Alternatively, 
longitudinal traction may be more effectively gained using sterile finger traps 
or a small distractor (Fig. 7.13A and B). The latter devices are useful in freeing 
up the surgeon's hands for fragment manipulation and pinning. 

When a radial stylOid fragment is displaced, manipulation and fixation of this 
fragment should be addressed as the initial step. Reduction is likely to be 
successful through traction in ulnar deviation of the hand and wrist. The 



Articular Two-Part (Cl) 

fragment is secured with one or two O.62-inch smooth Kirschner wires driven 
obliquely from the volar radial tip of the styloid into the dorsal cortex of the 
radial shaft along its ulnar border (Fig. 7.14A-H). It is imperative that the 
Kirschner wires obtain a secure purchase in the cortex and the position of 
the reduction as well as of the Kirschner pins be confirmed using the 
image intensifier (Fig. 7.15). 

When faced with a "die-punch" component to the lunate facet (subgroups 
C1.2 or C2.1) which can be anatomically reduced through the traction 
maneuvers, it is recommended that this fragment also be stabilized with 
the placement of percutaneous O.62-inch smooth Kirschner wires directed 
transversely from the radial styloid aiming toward the sigmoid notch (Figs. 
7.15 and 7.16). The wire is directed to lie just beneath the subchondral bone, 
in effect to "buttress" the reduced lunate facet fragment. Care is taken to avoid 
allowing the wire to penetrate into the distal radioulnar joint. 

In the event that satisfactory reduction of the "die-punch" cannot be achieved 
by closed manipulative techniques, the fragment can be manipulated into 
position using a pointed awl or small elevator applied through a small 
(1-2 cm) incision. Intraoperative fluoroscopy is necessary both to gUide the 
placement of the awl and to confirm the adequacy of the reduction (Fig. 7.17). 
When an impacted fragment is elevated, it is often useful to place autogenous 
bone graft into the deficit in the metaphyseal bone. As only small amounts of 
graft will be required, obtaining the bone graft from the iliac crest can be 
easily achieved using trephine biopsy needles, which will minimize the 
morbidity associated with using the iliac crest as a donor site (Fig. 7.18). 

The two-part articular compression fracture may involve a sagittal split of the 
two main fragments (subgroup Cl.3). In these instances, interfragmentary 
compression is possible using a large pointed bone reduction clamp (Fig. 
7.14A-H). One point of the clamp is placed through a dorsomedial incision 
into the lunate facet fragment, while the other point grabs the radial stylOid 
percutaneously. The fragments are gently compressed together, followed by 
the placement of transverse Kirschner wires (Fig. 7.19). 

One can leave the Kirschner wires either outside the skin or cut sharply just 
beneath the skin. The advantage of the latter is primarily with regard to the 
possibility of pin tract inflammation, although the pins beneath the skin may 
tend to irritate adjacent sensory nerves or even the extensor tendons. 

With the group C1 fractures, if the articular reduction can be achieved by 
closed means or with limited surgical exposure, and there is little soft tissue 
injury following application of the Kirschner wires, the fractures can be sup
ported with an above-elbow plaster for 2 to 3 weeks, followed by a short-arm 
plaster for an additional 3 weeks. The pins are left in place a total of 8 weeks, 
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Figure 7.13. The use of a distractor ap
plied to the second metacarpal and 
radius will prOVide longitudinal traction 
while allOWing for the surgeon to simul
taneously manipulate and percutaneously 
pin the articular fragments. 
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Figure 7.14. A three-part articular compres
sion fracture is approached with following 
tactics: A. Following longitudinal traction, the 
styloid fragment is secured with smooth 
Kirschner wires, B,C,D, A displaced lunate 
impaction fragment can be elevated through a 
small dorsal incision using a pointed awl to 
push up the fragment. (Figure continues on 
facing page) 

7, Compression Fractures of the Articular Surface 
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E,F,G. Using a pointed reduction clamp, the elevated lunate facet fragment is 
compressed against the styloid and secured with transversely directed smooth 
Kirschner wires. H. Secure fixation is achieved and the small wound closed with 
sutures. 
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Figure 7.15. Confirmation of the reduction 
of the articular fragments and position of 
the Kirschner wires is best accomplished 
with the image intensifier. 
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Figure 7.16. A two-part articular fracture in 
a 50-year-old woman was reduced with 
longitudinal traction and fragment mani
pulation. A,B. Initial anteroposterior lateral 
radiographs. C,D. Following reduction and 
pinning of the fragments, external skeletal 
fixation was applied because of massive soft 
tissue swelling. E,F. At 2 year follow-up, 
excellent alignment and function was 
present. 

c 

E 
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Figure 7.17. A two-part articular fracture with a displaced dorsomedial "die-punch" 
fragment in the left radius of a 45-year-old attorney. A,B. Anteroposterior and lateral x
rays of the displaced articular compression fracture. C,D. Stable fixation was achieved 
with smooth Kirschner wires following anatomic repositioning of the "die-punch" 
fragment. E-G. At 5-year follow-up, excellent function and a near-anatomic alignment 
can be seen when compared to the uninjured right radius. 
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Figure 7.18. Ample autogenous iliac crest 
bone graft can be obtained using trephine 
biopsy needles. 
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Figure 7.19. A two-part articular fracture 
associated with metaphyseal comminution 
in a 65-vear-old woman. A,B. Anteroposterior 
and lat~ral x-rays of the fracture revealing 
two major articular fragments and underly
ing metaphyseal comminution. C,D. Follow
ing longitudinal traction and application of 
an external fixateur, the styloid fragment 
was pinned and the lunate facet reduced 
using a pointed awl under image intensifier 
control. E,F. A 2.5-mm Schanz pin was used 
to buttress the lunate facet given the lack of 
metaphyseal support. Autogenous bone graft 
was also used. Note the axial scaphoid shift 
sign in this case. 

c 

E 
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A B 

at which time they can be removed either in the clinic or using regional 
anesthesia. 

In the event of soft tissue swelling and impaction of the articular fragments 
requiring elevation and bone grafting, as a general rule we prefer the use of 
external skeletal fixation. The external fixation can be left in place a minimum 
of 4 weeks and preferably 6 weeks-again with the internal pins left in place a 
total of 8 weeks. 



Complex Compression Articular Fractures 

Two-Part Articular Fractures with 
Metaphyseal Comminution (C2) 

When the metaphyseal support of the articular fragments is further com
promised by multifragmentation, there is a greater ' need for both external 
skeletal fixation and autogenous bone graftll,lS,19,22,29 The bone graft supports 
the articular fragments, enhances the rapidity of healing, and permits earlier 
removal of the external fixation. Without this early support, it was not un
common to see settling of the articular reduction as late as 8 to 12 weeks 
following fracture (Fig. 7.20). As described above, for the most part bone graft 
can be obtained using trephine core biopsy needles, and compact cancellous 
bone graft can be placed through very limited skin incisions. 

On occasion, a fracture line in the frontal plane may require fixation with 
interfragmentary screws from the dorsal to the ulnar cortex (Fig. 7.21). 

c D 

A B 

E F 

Complex Compression Articular 
Fractures (C3) 

When the fracture pattern now involves the splitting of the lunate facet, 
reduction by closed or even percutaneous means becomes less predictable. 
The volar part of the so-called medial complex fracture has a tendency to 
rotate as longitudinal traction is applied. In these instances, open reduction 
through an anterior approach will be necessary.l,19,22,23,26,30,32,45 

As with the two-part articular compression fractures, in most cases longi
tudinal traction will be helpful to restore axial length and realign the radial 
styloid fragments. External fixation will be extremely useful at this juncture to 
provide continuous traction during the operative intervention. 
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Figure 7.20. An articular compression frac
ture was reduced and held in external fixa
tion. No bone graft was used, and the 
fracture settled following removal of the 
Kirschner wi'res and external fixation. A,B. 
Initial anteroposterior and lateral x-rays of 
the compression fracture with a suggestion 
of some metaphyseal multifragmentation. 
C,D. Excellent reduction was achieved. An 
external fixation device was left in place for 
6 weeks and Kirschner wires for 8 weeks. 
E,F. Note the loss of radial length and ulnar 
inclination following removal of the fixation. 

CW0 I 
~ "-S..4-J1 
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Figure 7.22. An extensile volar approach is 
recommended when exposing a displaced 
anterior articular fragment. The transverse 
retinacular ligament is opened, permitting 
added mobility to the flexor tendons and 
median nerve, which can be retracted 
radialward. The pronator quadratus need 
only be split part way. 

7. Compression Fractures of the Articular Surface 
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Figure 7.21. A more complex articular compression fracture with a major fracture line 
involving the styloid and lunate facet in the frontal plane. A,B. Initial anteroposterior 
and lateral x-rays of the displaced articular fracture. C,D. Following longitudinal traction 
in the emergency ward and a provisional splint, the fracture may be more readily 
appreciated. E,F. In the operating room, external fixation was applied. The styloid was 
secured using Kirschner wires and the frontal plane fracture was compressed with 2.7-
mm screws. Autogenous bone graft was also placed in the metaphyseal defect. G,H. At 2-
year following, the joint alignment is well maintained. 
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Figure 7.23. A four-part articular com
pression fracture in a 19-year-old mechanic. 
A,B. Anteroposterior and lateral x-rays of 
the fracture. C,D. A closed reduction and 
cast was done. Remaining articular incon
gruity can be seen. E,F. Following reduction 
and Kirschner wire stabilization of the radial 
styloid fragment, a volar approach was 
made, and the small displaced anterior 
lunate facet was reduced and held with a 
small Kirschner wire which exited the skin 
dorsally. G,H. Anteroposterior and lateral x
rays at 7 weeks posttreatment. I,J Antero
posterior and lateral x-rays at 5-year follow
up. Articular congruity was maintained with 
mild sclerosis of the subchondral bone. The 
patient noted some aching with weather 
changes. 

G 

H 
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Figure 7.24. A schematic representation of 
the surgical tactics in the management of 
displaced four-part articular fractures (C3.1). 
A. The four-part fracture consists of the 
styloid fragment, split lunate facet, and radial 
metaphysis. B. The styloid fragment is initi
ally reduced and secured by percutaneous 
smooth Kirschner wires (1). c. Attention is 
turned to the displaced anterior fragment 
which is exposed through a volar approach. 
With larger fragments, a small buttress plate 
is preferred (2). D. The dorsal lunate facet 
fragment (3) can be reduced by manipula
tion onto the buttressed anterior fragment 
and held with percutaneously placed 
Kirschner wires. E. The final completed 
surgical tactic. 

7. Compression Fractures of the Articular Surface 

The radial styloid is stabilized with percutaneous pins, as previously 
described. Open reduction of the displaced volar fragment is recommended 
through an extensile approach (Fig. 7.22) (see Chapter 4). 

The transverse retinacular ligament is opened and the interval between the 
ulnar artery and ulnar nerve developed. The distal border of the pronator 
quadratus is partially incised and elevated from the displaced volar-ulnar 
fragment. Reduction of the fragment is performed without additional soft tissue 
dissection, taking particular care to avoid disturbing the soft tissue attachments 
to this fragment, which include those of the triangular fibrocartilage complex 
as well as volar intracapsular ligaments. If the fragment is small, fixation is 
carried out with a single Kirschner wire introduced obliquely from the volar 
surface of the fragment across the metaphysis and retrieved through the dorsal 
skin of the forearm (Fig. 7.23). For most fragments, however, a small, 2.7-mm 
Lor T plate is preferred to buttress the bony fragments (Figs. 7.24 and 7.25). 

When this four-part articular pattern is associated with metaphyseal com
minution, subgroup C3.2 external fixation and autogenous bone graft is the 
most effective method to prevent radial shortening (Fig. 7.26). As a general 
rule, we prefer this approach rather than plate fixation if the comminution 
extends primarily to the dorsal aspect of the distal radius, as plates in this 
region can prove problematic with the overlying tendons. 

One should always be cautious in respecting the presence of soft tissue 
injury when dealing with these fractures. 

~ 
~ 
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Figure 7.25. A displaced four-part articular 
compression fracture in a 48-year-old 
anesthesiologist. A,B. Anteroposterior and 
lateral x-rays of the initial fracture. C,D. 
Closed reduction and cast application was 
done. Note the displacement of the volar 
lunate facet fragment (arrow). E,F. Following 
reduction and percutaneous pinning of the 
radial stylOid fragment, the volar fragment 
was reduced through an open technique. A 
small L plate was used to buttress the frag
ment. A provisional Kirschner wire was 
removed prior to wound closure. G,H. 
Anteroposterior and lateral x-rays at follow
up of 6 years. Slight distortion of the arti
cular surface is evident. However, the 
radiocarpal articular space is well preserved. 
The patient is asymptomatiC, although wrist 
motion is two-thirds of the uninjured wrist. 
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Figure 7.26. A multifragmented articular 
compression fracture with extensive soft 
tissue trauma associated with a high-speed 
motor vehicle accident in a 23-year-old. A,B. 
Anteroposterior and lateral x-rays of the 
initial fracture. Note the comminution ex
tending into the articular surface. C,D. Fol
lowing application of an external fixation 
device, the articular fragments were reduced 
through a small dorsal incision. Autogenous 
bone graft was placed in the metaphyseal 
defects. E,F. Anteroposterior and lateral x
rays at 8 weeks at the time of removal of the 
Kirschner wires. G,H. Anteroposterior and 
lateral x-rays at slightly more than 1 year 
follow-up. The patient had only 50 percent 
of wrist motion and weakened grip strength. 
I,]. Anteroposterior and lateral x-rays at 6 
years. The patient was asymptomatic and 
had regained normal grip strength and 80 
percent of wrist mobility. 
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Compression Fractures: 
Postoperative Management 

Depending upon whether or not the fracture is associated with concomitant 
soft tissue or ipsilateral skeletal injury, the treatment will vary from case to 
case. For those fractures treated by closed reduction and percutaneous pinning 
(group C1) without associated soft tissue swelling, a sugar tong splint is 
preferred for the first 2 weeks postoperatively. At that juncture, any sutures can 
be removed and immobilization continued with either a Muenster-type cast or 
a short-arm cast. If the percutaneous pins are left protruding from the skin, it is 
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safer to create a window over the pins to avoid abrasions from the cast as well 
as to allow for local pin care. As with all distal radius fractures, the patients 
must be encouraged to mobilize their digits and attention taken to monitor any 
swelling that might impede digital rehabilitation. With most group Cl fractures, 
immobilization need only be 5 to 6 weeks. At that point, the cast can be 
removed but the pins left in place for an additional 2 weeks. During this time, 
a removable thermoplast splint is provided for support and comfort. 

When an external fixator is used, digital rehabilitation must be encouraged 
from the onset. It is recommended to place the external fixation device to hold 
the wrist in a neutral position to facilitate tendon excursion. If for some reason 
or another the wrist was initially placed in a flexed and/or ulnar deviation 
position, it is advisable to change this position at 3 weeks to facilitate the digital 
rehabilitation. Again, with those fractures which have had percutaneous pinning 
or open reduction and internal fixation, it is advisable to remove the external 
fixation device at 5 to 6 weeks following application and apply a removable 
thermoplast splint for an additional 2 weeks (Fig. 7.27). 

If the compression fracture is associated with a large ulnar stylOid fracture 
with or without instability, or if a primary repair of the triangular fibrocartilage 
has been performed, we will choose to immobilize the forearm in ap
proximately 45 degrees of supination for a total of 3 weeks to permit the initial 
healing of the soft tissue restraints about the distal radioulnar joint. 

Should a repair have been undertaken of the scapholunate interosseous 
ligament, a more lengthy immobilization is suggested to extend a total of 8 
weeks postoperatively. If, however, the associated carpal injury was a fracture 
that could be stably secured with internal fixation, functional wrist mobilization 
is begun at 5 to 6 weeks follOWing the onset of treatment. Again, active digital 
mobilization should be highlighted during the postoperative period. Following 
fixator removal, a removable thermoplast splint would be advisable to proVide 
additional wrist support and comfort for several weeks while the patient 
develops security following his or her external skeletal support. 

Outcome 

One of us (DLF) has compiled a clinical experience of 40 patients with 
articular fractures of the distal radius in which restoration of the joint surface 
could not be achieved solely by closed manipulative reduction or joint dis
traction. These patients were treated with either percutaneous pinning or open 
reduction. The average age in this series was 37 years and the follow-up period 
averaged 4 years (range, 2-8 years). Twenty-Six patients were male and 14 
were female. The fractures were divided into nine simple articular fractures 
and 31 complex articular fractures (Table 7.2). Four of the fractures were open 
and 36 were closed. Restoration of the articular congruity was achieved in 21 
patients with percutaneous reduction. Of these, 17 were stabilized with per
cutaneous pinning and 4 by percutaneous pinning combined with an external 
fixator. The remaining 19 patients were treated with open reduction, of which 
9 had internal fixation with Kirschner wires, 5 a combination of Kirschner 
wires and external fixation, and 5 had external fixation alone. Eleven of the 19 
patients with open reduction had additional bone grafting of the metaphyseal 
defect. Two patients had a volar buttress plate applied to support a displaced 
anteromedial fragment. 
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Figure 7.27. A four-part articular com
pression fracture in a 60-year-old teacher. 
A,B. Initial fracture was seen on antero
posterior and lateral radiographs. C,D. Fol
lowing longitudinal traction and external 
fixation. Note residual articular incongruity. 
E,F. Through a dorsal approach, the frag
ments were elevated and supported with 
smooth Kirschner wires and autogenous iliac 
crest bone graft. G,H. Radiographs at 5 
weeks at the time of external fixation 
removal. (Figure continues onfacingpage.) 
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The preoperative and postoperative radiographs were assessed to include 
measurements of the inclination of the articular surface in both the sagittal and 
frontal planes, the radial shortening, and articular congruity. The radiographic 
follow-up showed that the fractures in 28 patients had healed with an average 
volar tilt of 5.6 degrees. In 4 there was no volar tilt and in 8 a residual mean 
dorsal tilt of 8.8 degrees. The ulnar tilt for all 40 patients averaged 18.5 
degrees. Loss of correction between the postoperative and follow-up radio
graphs was observed in 11 patients. Importantly, these were found in cases that 
had metaphyseal comminution which were treated by percutaneous pinning 
alone with cast fixation. In contrast, the external fixator group had no loss of 
initial reduction observed at the time of removal of the fixator. Of the 11 
patients who were noted to have loss of correction, 8 had minimal loss of the 
initial volar tilt, ranging from 2 to 5 degrees, while one had secondary dis
placement of a postoperative dorsal tilt of 2 degrees to a follow-up value of 6 
degrees. Two elderly patients with a neutral postoperative tilt developed a 
dorsal tilt of 8 and 9 degrees. In the frontal plane, a minimal loss of correction 
ranging from 2 to 5 degrees was observed in 10 patients. 

When the articular congruity was assessed in the follow-up radiographs, 25 
patients showed no articular step-off. Fifteen others showed a joint depression 
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I,J Follow-up radiographs at 2 years. K,L. 
Follow-up radiographs at 4 years. M,N. Wrist 
extension and flexion at follow-up of 4 
years. O,P. Wrist radial and ulnar devia
tion at follow-up of 4 years. Q,R. Forearm 

. supination and pronation at follow-up of 
4 years. 
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ranging between 1 and 3 mm. Of these 15 patients, 12 had joint depression of 
1 mm, 2 had 2 mm, and one patient 3 mm. Thus 37 of the 40 patients had an 
articular depression of 1 mm or less at late follow-up. 

At late follow-up, 12 patients exhibited radial shortening on follow-up x-rays 
ranging from 1 to 7 mm. In 10 of these 12 patients, the shortening did not 
exceed more than 3 mm. 

Thirty-one of the 40 patients were evaluated for functional capacity at late 
follow-up. Of these, 15 had percutaneous joint reduction and 16 had an open 
reduction of the distal articular surface. The overall mean range of motion of 
the wrist for the patients reviewed was 62.5 degrees of extension (range, 
55-80 degrees); 59.5 degrees of flexion (range, 50-75 degrees); 77 degrees of 
forearm pronation (range, 55-85 degrees); 72.5 degrees of forearm supination 
(range, 40-90 degrees); 25 degrees of ulnar deviation (range, 15-30 degrees); 
and 9.5 degrees of radial deviation (range, 5-15 degrees). The average loss of 
grip strength was 15 percent (range, 5-50 percent), the average loss of power 
pinch was 13 percent, and the average digital motion for all patients measured 
by the Total Active Movement Index was 240 degrees. Among these 31 patients, 
occasional mild pain was present in 3, moderate pain in 4, and severe pain 
in 2. Subjective complaints and functional results demonstrated a direct cor
relation with the radiographic findings. It was found that a residual dorsal tilt 
was responsible for loss of palmar flexion and a radial shortening of more than 
4 mm associated with decreased forearm rotation. Radiocarpal pain with 
articular incongruity was detected in 3 of the 4 patients with residual moderate 
pain and in one of the 2 patients with severe pain. Of the latter 2 patients, one 
developed a rapid posttraumatic arthrosis with narrowing of the joint space in 
spite of an anatomic reduction of the articular surface. Ultimately this patient 
required a total wrist arthroplasty 2 years follOWing injury. The rapid onset and 
progression of the arthrosis in this patient with an anatomically reduced joint 
space would suggest either that there was a major articular injury at the time of 
the trauma or that a subclinical low-grade infection occurred following the 
open reduction (Case 36). The other patient who developed substantial 
articular changes demonstrated proximal migration of the lunate as a result 
of settling of the dorsomedial fragment with an articular step-off of 3 mm 
(Case 40). 

With the exception of the 2 patients with complaints of severe pain, all of the 
patients returned to their prior occupation without any disability noted 
for their work requirements. Additionally, none complained of limitation on 
activities of daily living. 

Additional problems that should be noted included one patient who re
quired later release of the median nerve in the carpal tunnel, 5 patients who 
were treated for pin tract infections which resolved with removal of the pins, 
and one iatrogenic lesion of a branch of the superficial radial nerve. 

The conclusions when reviewing this group of patients confirm the fact that 
anatomic reduction of the joint surface as well as prevention of secondary 

Table 7.3. Articular compression fractures. 

Pitfalls 

Inadequate reduction "die-punch" 
fragment 

Displaced anterior lunate facet 
fragments 

Late loss of articular reduction 

Pearls 

Percutaneous elevation with pointed awl. 
Use of large pointed reduction clamp 

Open reduction with volar ulnar approach, 
buttress plate, and bone graft 

Autogenous bone graft. Leave Kirschner 
wire for minimum of 8 weeks 



References 

intraarticular displacement not only will lead to functional outcome but also 
will avoid problems of posttraumatic arthrosis. In this particular group 
of patients, in whom anatomic reduction of the joint surface could not be 
obtained by closed manipulation alone, half the patients had their articular 
realignment achieved with percutaneous manipulation and the other half with 
open reduction (Table 7.3). 
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Cha12ter Eight 

Radiocarpal Fracture
Dislocation 
co-authored with Richard Ghillanz~ M.D. 

II 

III 

IV 

OEgD 
V 

The fracture may be tran<;verse or oblique, and at a 
distance of six lines, an inch, or an inch and a half 
from the articulating extremity of the bone: but the 
nearer the fracture is to the joint, the more closely 
does the consecutive displacement resemble an active 
dislocation. 

B. Dupuytren, M.D. 1847 
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Introduction 

Figure 8.1. Anteroposterior, lateral, and 
oblique radiographs revealing a Type IV 
radiocarpal fracture-dislocation. Note the 
characteristic findings of complete radio
carpal dislocation, marginal rim fractures, 
and styloid process fractures of both radius 
and ulna. 

8. Radiocarpal Fracture-Disclocation 
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This group of uncommon but complex distal radius fractures is characterized 
principally by the presence of a complete dislocation of the radiocarpal jOint. 
The dislocation may be in either a dorsal or a palmar direction, with the distal 
radius fracture(s) involving the marginal cortical rims, the radial styloid, or 
both. It is commonplace also to find a fracture of the ulnar styloid (Fig. 8.1). 

Although they represent one of a host of injury patterns that have been 
identified involving the radiocarpal joint,3,4,7,9.10,13.16-22.24-28,33.37,59-41.44,45 these 
injuries are to be differentiated from both the Type II shearing fracture of the 
distal radius (Chapter 6) and patterns of perilunate ligamentous injuries that 
have a radial styloid component. 17,22.24.25.26,28 In the Type II shearing fracture, 
the displaced portion of the articular surface of the distal end of the radius 
remains in contact with the proximal carpal row, still attached by the intact 

A B 



Mechanism of Injury 

radiocarpal capsular ligaments. Furthermore, the displaced distal radial 
fragment represents a substantial portion of the articular surface, in contrast to 
the small marginal rim fractures commonly found in the Type N fracture
dislocations Although in some instances intercarpal interosseous ligament 
injury in addition to extrinsic radiocarpal ligament damage will be found, the 
Type N fracture-dislocations are likely the result of a somewhat different 
mechanism than the perilunate patterns of injury. As such, the functional 
outcome of the Type N fractures without interosseous ligament injury is likely 
to be more favorable than that of the perilunate fracture-dislocation. 

Incidence 

Radiocarpal fracture-dislocations are most often the result of high-energy 
trauma and are uncommon. Given the fact that the experience in the literature 
has been generally in the form of single case reports or small series of 
patients,1.3-9.12.1S,21,23,27,29,31,32 ,34.35,37,42,46 the incidence of these as compared to 
other fractures of the distal radius has never been accurately determined. In a 
retrospective review of 1] 2 carpal fracture-dislocations, Dunn identified six 
radiocarpal fracture-dislocations: three dorsal, two volar, and 'one in which 
the carpal bones were themselves fractured and dislocated in a number of 
directions.9 

Despite being uncommon, the injury was recognized as early as 1838 by 
Malle, identifying a volar radiocarpal fracture-dislocation, and shortly thereafter 
by both Marjolin and Voillemier, who each identified dorsal radiocarpal 
fracture-dislocations (see Chapter 1). As was the standard of that era, their 
observations were made from examination of post-mortem specimens. The 
complexity of these injuries could be highlighted as well from a case described 
in 1926 by Destot, who identified a patient who died from overwhelming 
sepsis folloWing an open radiocarpal fracture-dislocation? 

Mechanism of Injury 

Although the cases described by nineteenth-century investigators were asso
ciated with falls from a height or vehicular trauma, the report of Bohler in 
1930 may have been among the earliest to shed light on the mechanism 
producing these lesions.s In Bohler's case, an open dorsoulnar radiocarpal 
dislocation was produced when the individual's hyperextended wrist was struck 
by a car while his elbow was fixed against a wall. In this position the forearm 
would be assumed to be pronated. This position of injury has also been noted 
in a number of other reports (Fig. 8.2).4.12,27.34,46 

Weiss et aI., after observing a patient with an irreducible complex radiocarpal 
fracture-dislocation, attempted to reproduce the injury in a cadaver model.46 
They observed that an axial load, with the wrist hyperextended and ulnarly 
deviated and the elbow fixed, tended to produce a fracture of the scaphoid, 
with or without intercarpal ligament disruption, or isolated fractures of the 
distal end of the radius. It was only when they added a forced pronation of the 
forearm that they could duplicate a radiocarpal fracture-dislocation. 

The studies of Johnson and of Mayfield et al. have further clarified the 
sequence of events that may occur with similar loading patterns.20.24-26 
Although these investigators labeled the rotational forces as "intercarpal 
supination," they Similarly studied the effects of axial loading on the hyper
extended and ulnarly deviated wrist with the forearm fixed in maximal 
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Figure 8.2. The proposed mechanism for 
most radiocarpal fracture-dislocations is 
that of an axial force directed to a hyper
extended wrist with the forearm maximally 
pronated and the elbow fixed. Reprinted 
with permission from Fernandez DL, Irre
ducible radiocarpal fracture dislocation, 
Journal of Hand Surgery, 6: 456-461, 1981. 

Figure 8.3. Forced ulnar deviation and 
extension of the wrist wilh the forearm 
maximally pronated produces tension on 
the volar radiocarpal ligaments and can 
produce avulsion fractures of the radial 
styloid (A) as well as the volar rim of the 
radius (B). (Reprinted with permission, 
Mayfield J, Johnson RP, Kilcoyne RK. Carpal 
dislocations: pathomechanics and pro
gressive peri ulnar instability. J Hand Surg 
5: 226-241, 1980.) 

8. Radiocarpal Fracture-Disclocation 

pronation. They observed two "vulnerable" zones within the carpus in which 
skeletal and ligamentous injury would progressively occur as the loading force 
was applied. What is noteworthy from their studies in attempting to understand 
the events that occur to produce Type N fracture-dislocation is the observation 
that in forced ulnar deviations and extension, tension is produced on the radial 
volar ligaments, which can produce avulsion fractures of the volar lip of the 
radius or radial stylOid (Fig. 8.3). 

It is evident that these radiocarpal injuries are the product of a number of 
factors. These include the anatomy of the articulating units; the strength and 
elasticity of the ligaments; the magnitude, rate of loading, and position of the 
force of injury of the hand and forearm; and the underlying bony structure.20 
We have postulated the mechanism of the Type N radiocarpal fracture
dislocations as follows: a major torsional and hyperextension force on the 
hyperpronated forearm with the hand and wrist in ulnar deviation results in 
avulsion of the strong volar radiocarpal as well as the ulnocarpal ligaments. 
This, in turn, allows the carpus to displace dorsally. If the radiocapitate ligament 
remains intact, the radial stylOid will be avulsed as the impact continues. 
The ulnar styloid will be avulsed by the ulnar collateral ligament and volar 
ulnocarpal ligaments. This will then present as a radiocarpal fracture-dislocation 
with the carpal relationships intact. Moneim, Bolger, and Orner termed this a 
Type I radiocarpal fracture-dislocation. 27 The radiographic hallmark of this is 
the fact that the relationship of the proximal row carpal bones is undisturbed 
due to the presence of intact interosseous scapholunate and lunotriquetral 
interosseous ligaments (Fig. 8.4A and B). 

In some instances, the mechanism of injury must resemble more closely 
that observed by Mayfield, Johnson, and Kilcoyne, in which some of the inter
osseous ligaments are disrupted leading to intercarpal dissociation?6 Monheim 
and co-workers termed these Type II radiocarpal fracture-dislocations. 27 These 
injuries represent a more complex pattern and will offer a graver prognosis for 
full functional restoration. 4,5,22,27,31,46 
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Figure S.4. A 28-year-old man was involved 
in a high-speed motor vehicle accident in 
which the car rolled over his hand and 
wrist. Upon admission his hand was is
chemic and insensate. (Reprinted with per
mission, Journal of Hand Surgery, CV 
Mosby.) A,B. Anteroposterior and lateral 
radiographs of the volar radiocarpal frac
ture-dislocation. C,D. Following longitudinal 
traction and application of external fixation, 
the anteroposterior radiograph demon
strates the avulsion fragments of the radial 
styloid and volar rim of the distal radius. 
The entire radiocarpal capsular ligaments 
were attached to their fragments. Note the 
normal relationships of the carpal bones to 
each other. The fragments were reappro
ximated with a screw through the styloid 
and small wire intraosseous sutures. E,F. 
Both the radial and ulnar arteries were 
found transected. The arterial inflow was 
reestablished using a long vein graft to 
reconstruct the superficial palmar arch. G,H. 
The external fixation was extended to 
include his thumb to maintain an adequate 
first web space as well as to provide traction 
on the thumb metacarpal to avoid displace
ment of a trapezial fracture. 1. The volar 
forearm compartment was released and the 
wound covered by a split-thickness skin 
graft. 
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In both Types I and II, disruption of the volar radiocarpal capsular ligament 
will also result in a tendency for the carpus to translocate in an ulnar direction 
and may be more likely to occur if the ligaments are not repaired at the time 
of the initial treatment. 12,32,33 

Treatment Considerations 

The Type N radiocarpal fracture-dislocations represent graver injuries than 
the vast majority of distal radius fractures. The most frequent etiologies 
include falls from large heights, motor vehicle injuries, and industrial 
accidents.1-;'i,8,1l-13,15,17-19,21,23,27,28,30-32,34,35,37,42-44,46 It is not surprising that 

associated injuries either within the same limb or elsewhere are not un
common. In one study involving 10 open radiocarpal fracture-dislocations in 9 
patients, associated fractures or injuries to other organ systems were found in 
every patientY 

A careful assessment not only of the presence and extent of any associated 
overlying soft tissue wound but also of the integrity of the neurovascular 
structures is necessary upon the initial evaluation of the patient. In some 
instances, the extreme deformity will produce a mechanical occlusion of the 
arterial inflow, which can be rapidly restored by an expeditious relocation 
of the radiocarpal alignment by longitudinal traction.27,37 If the circulation 
remains impaired, local vascular thrombosis or even a more proximal injury 
must be considered (Fig. 8.4A-I) 

For very much the same reason, the neurologic status must be documented, 
as neurapraxic lesions to both median and ulnar nerves are common
place. 12,13,27,31,37 Along these lines, the surgeon should be mindful of the 
possibility of elevation of the compartment pressures in the forearm, the hand, 
or both. 

The extent of the injury patterns is often difficult to assess on the initial 
radiographs. An anteroposterior and lateral radiograph with the radiocarpal 
fracture-dislocation reduced and longitudinal traction applied is recommended 
(Fig. 8.5A-H). 

Although several reports have suggested a role for closed reduction and cast 
immobilization for these fracture-dislocations,5,9,10,15,27,29,35 it has been our 
preference all along to approach these complex injuries operatively (Fig. 
8.6A-H). It goes without saying that the operative approach is mandatory in 
those cases that prove irreducible,12,46 that are associated with open joint 
injury,12,31 or that are associated with neurovascular deficits or compartment 
syndrome,z7,31,37 

After the patient is taken to the operating room following induction 
of anesthesia, the radiocarpal dislocation is generally readily reduced by 
longitudinal traction accompanied at times by rotation of the hand and wrist. 
We prefer to apply an external fixation frame holding the radiocarpal joint 
distracted to facilitate the operative reposition of the capsular ligaments and 
avulsion fractures. 14 

Through an extensile volar incision, the median and ulnar nerves are both 
inspected and the canal of Guyon and carpal tunnel opened. In the presence of 
an open wound, the original wound is extended proximally and distally in an 
extensile manner (Fig. 8.6A-N). Through the large rent in the palmar capsule, 
the radiocarpal joint is inspected and irrigated to remove any cartilaginous or 
bony debris. The scapholunate and lunotriquetral interosseous ligaments are 
inspected and repaired with interosseous suture if they are found to be 
disrupted. Stay sutures are placed into the volar capsule, but at this point they 
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A,B 

c 

E 

are not tied back to the radius. It is critical to try to leave any bony fragments 
attached to the capsule, as these will facilitate reposition and hasten healing of 
the capsular defect. 

The radial styloid fragment, if present, can now be reduced under direct 
vision. Fixation is ordinarily satisfactory with one or two smooth Kirschner 
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Figure 8.5. A Type N radiocarpal fracture
dislocation in a 31-year-old laborer. A,B. 
The exact nature of the fractures of the 
distal radius is difficult to determine on the 
anteroposterior and lateral radiographs 
taken at the time of admission to the emer
gency room. C,D. Following longitudinal 
traction and application of external skeletal 
fixation, the extent of involvement of the 
radial stylOid and marginal rim of the end 
of the radius was more apparent. E,F. 
Through a dorsal and volar approach, the 
radiocarpal dislocation was reduced under 
direct vision. The stylOid fracture and volar 
rim fragments were pinned and the capsular 
vents repaired. G,H. At a 2.5-year follow-up, 
the carpus remains reduced. Evidence of 
radiographic arthrosis is present involving 
the lunate facet of the end of the radius. 
The patient experienced discomfort only 
with strenuous activities. 

D 

H 
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Figure 8.6. A 20-year-old man was admitted 
with an open irreducible radiocarpal frac
ture-dislocation. A,B. Anteroposterior and 
lateral roentgenographs of the injury reveal 
widespread disruption of the radiocarpal 
joint. Note that the carpal bones appear to 
have maintained their alignment. The radial 
and ulnar styloid processes are displaced. 

8. Radiocarpal Fracture-Disclocation 

C,D. Postoperative anteroposterior and 
lateral radiographs show the anatomic 
reduction of the radiocarpal joint and A 
Kirschner wire fixation of the radial styloid 

B c D 

and volar ulnar lip of the radius. Tension 
band fixation was also applied to the dis
placed ulnar styloid process. E,F. The 
radiographic appearance 1 year postinjury. 
Note the normal carpal alignment with 
some flattening of the radial articular surface 
of the lunate due to subchondral impaction 
at the time of the injury. G,H. Function at 
2 years: full digital motion and normal 
sensibility. IJ. Excellent radial and ulnar 
deviation. K,L. Excellent wrist extension, 
some reduction in wrist flexion. M,N. Slight 
limitation of forearm supination, full K 
forearm pronation. Reprinted with permis

G H 

sion from Fernandez DL, Irreducible radio
carpal fracture dislocation,Joumal of Hand 
Surgery, 6: 456-461, 1981. 

I J 

M N 

L 

wires placed percutaneously through the tip of the stylOid. At this juncture, the 
volar capsule is reapproximated either through intraosseous suture or by 
reapproximating the small attached volar marginal rim fractures of the radius. 

Should this injury include displacement of the dorsal of the radius, the bony 
fragments rim can be reapproximated through a dorsal extensile approach. 
The internal fixation of the marginal fracture fragments is dependent on the 
fragment size. Ordinarily, smooth Kirschner wires, wire loop sutures, or small 
screws prove adequate. In some instances in which the metaphysis of the 
radius has been impacted, the defects are filled with cancellous bone graft and 
supported with a buttress plate (Fig. 8.7A-E)' 

In most instances, we have elected operatively to reduce and internally 
to stabilize associated displaced ulnar stylOid fractures in order both to 
improve the stability of the radiocarpal joint and to offset the possibility of late 
radioulnar joint instability.38 

At the conclusion of the surgery, attention must be taken to assess the 
forearm and hand soft tissue compartments. If the distal radioulnar joint is 
stable and an external fixateur is in place, no further immobilization will be 
necessary. If, however, concern exists regarding the soft tissues of the distal 
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E D 

radioulnar joint, we prefer to immobilize the forearm in midsupination with 
an above-elbow sugar tong splint for 3 weeks. 

As a general rule, the external fixation frames are left in place for 6 to 8 
weeks, depending on the extent of initial injury, the stability of the reduction, 
and the presence of intracarpal ligament injury. In the face of the latter, 8 
weeks of external fixation is preferred. 

Outcome 

Despite the fact that Type N radiocarpal fracture-dislocations are more 
complex injuries, favorable results can be obtained in many instances with 
early operative intervention, with the goal of restoring both the skeletal and 
the soft tissue anatomy. 

Although it is difficult to glean much in the way of outcome from the 
literature, given the various methods of treatment, several predictive features 
can be recognized. When the radiocarpal fracture-dislocation also involves 
intercarpal dissociation (Moneim et al., Type II), residual alteration in 
the carpal kinematics can result in residual loss of wrist mobility and 
strength4.27.31.37 Every effort should be taken to anatomically reduce the radial 
stylOid as well as to repair scapholunate or lunatotriquetralligament tears. 
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Figure 8.7. A 26-year-old house painter fell 
two stories, sustaining a complex open 
radiocarpal fracture-dislocation. A. The 
initial anteroposterior radiograph reveals 
the extensive radiocarpal dislocation. B,C. 
His initial treatment at a local hospital in
volved irrigation and debridement of the 
open joint, reduction of the dislocation, and 
the application of an external fixation 
device. Reduction could only be held with 
the wrist palmar tlexed. Severe pain devel
oped. D,E. He was brought to surgery where 
the median and ulnar nerves were decom
pressed and the volar capsular defect re
paired. Through a dorsal approach, the 
dorsal rim fragments were repositioned 
and supported with both cancellous graft 
and a dorsal plate. The ulnar stylOid was 
also secured with a cannulated screw. At 1 
year he hac') excellent function. 



232 

Figure 8.8. A dorsal radiocarpal fracture
dislocation in a young laborer. A,B. The 
radiocarpal fracture-dislocation is well seen 
in the initial anteroposterior and lateral 
radiographs. C,D. The patient was treated 
with open reduction and internal fixation of 
the radial and dorsal marginal fragments 
along with a volar capsular repair. E,F. At 2 
years the patient is functioning reasonably 
well. Note the ulnar translocation of the 
carpus on the end of the radius with only 
half the lunate articulating with the lunate 
fossa. 

8. Radiocarpal Fracture-Disclocation 

A B 

c D 

E F 

A second factor that can lead to residual impairment is residual neurologic 
dysfunction.31 A careful preoperative neurologic assessment and operative 
decompression of both the median and the ulnar nerves is recommended, 
particularly given the higher energy of injury. 

Complications 

Along with the problems noted above, one particular problem that can occur 
involves residual ulnar translocation of the carpus on the end of the radius. 
There is, by definition, an increased space between the radial styloid and 
scaphoid with displacement of the lunate over the distal ulnar.3,32,33,41 Often 
less than one-half of the lunate's articular surface remains in the lunate fossa of 
the distal radius (Fig. 8.8A - F). Taleisnik defined Type I ulnar translocations, 
which are completely isolated ulnar carpal trans locations , as compared to 
Type II ulnar translocations, which are associated with a scapholunate dis
sociation.4o Unfortunately, early enthusiasm with ligamentous reconstruction 
has not proven justified by experience, and symptomatic ulnar translocation 
may require radiolunate arthrodesis. 
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ChaRter Nine 

Combined Fractures 
of the Distal 
Radius Type V 

II 

III 

IV 

OEg[) 
V 

On May 6, 1855, Catherine A, age 56, ran out of a 
public-house, where she had been drinking, and threw 
herself beneath the wheels of a passing cab. Her left 
wrist was crushed. Mr. Stanley amputated by double 
flaps, just below the elbow. On examining the forearrn 
the muscles about the wrist were found to be greatly 
lacerted. Of the arteries, the ulna was torn across 
one inch above the pisiform bone. The nerves were 
uninjured. Both bones were extensively comminuted 
just above their carpal ends, and the fracture of the 
radius extended into the wrist joint. On the eleventh 
day she died from tetanus. 

G. W Callender 1865 
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Type V-Combined Fractures of the Distal Radius 
This group of fractures of the distal end of the radius includes those injuries 
made more complex by either the fracture pattern itself or by associated 
ipsilateral skeletal or soft tissue trauma, or those resulting from high-energy 
impact such as a fall from a height, automobile accident, crush trauma, or 
gunshot wound,z,7-9,17-19,21,32-34,37,41 Most often the fracture pattern is that of a 
complex intra- and extraarticular injury with comminution extending into the 
radial shaft. In some instances, however, the articular surface may be intact 
although the metaphysis has experienced massive comminution or bone loss, 
such as that which might occur from a gunshot wound. These fractures have a 
high incidence of associated soft tissue injuries, compartment syndrome, and 
ipsilateral fractures or dislocations of the upper limb (Fig. 9.1A-H). 

Complex Fracture Patterns 

The Type V injury cannot be easily fit into standard fracture classifications. The 
subgroup C3.3 identifies the complex articular and metaphyseal injury that can 
be found in some of the Type V injuries (Fig. 9.2). Yet, this injury type may 
include fractures with primarily longitudinal fracture lines, those associated 
with bone loss, or complex fractures of the distal ulna (Fig. 9.3A-E). In reality, 
the distinguishing features of this type of fracture may relate more to asso
ciated skeletal or soft tissue injuries than to the actual distal radius fracture 
pattern. 



Ipsilateral Skeletal and Ligament Injury 

G H 

Ipsilateral Skeletal and Ligament Injury 

It should not be surprising that complex distal radius fractures resulting from 
high-energy impact may be only one part of a constellation of injuries to the 
ipsilateral limb. Although the goals of treatment of the Type V radius fracture 
parallel those of the other radius fractures, the ultimate outcome may reflect 
the sequelae of the associated injuries. 
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Figure 9.1. A complex fracture Type V pat
tern without extensive intraarticular, meta
physeal, and diaphyseal comminution in an 
active SO-year-old patient. A,B. The anter
oposterior and lateral radiographs of the 
injury reveal extensive articular and more 
proximal disruption. This would be classified 
as an subgroup C3.3. Note the extensive 
distal ulna fracture. C,D. With longitudinal 
traction the fragments were manipulated to 
attempt to gain acceptable length and align
ment. One of the earliest AOIASIF proto
type fixatures was used. E,F. At S weeks the 
external fixateur was removed. The align
ment remained surprisingly acceptable. G,H. 
At 16 months the patient has regained full 
function including that of the distal radi
oulnar joint without pain. 

Figure 9.2. The subgroup C3.3 is represen
tative of the high-energy Type V fractures. 
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Figure 9.3. A complex metaphyseal
diaphyseal fracture in a laborer which 
occurred following a fall from a height. A 
volar forearm compartment syndrome was 
evident upon presentation. A,B. Anter
oposterior and lateral radiographs of the 
complex metaphyseal-diaphyseal fracture. 
This would be considered subgroup A33. 
C. The fracture was reduced and held with 
external skeletal fixation. Note that one pin 
was placed across the metaphysis to stabilize 
the distal longitudinal extension of the 
fracture. An anterior forearm compartment 
fasciotomy was done. D,E. At 1 year an 
anatomic result is noted. Full function was 
restored. 

9. Combined Fractures of the Distal Radius 

A B 

c D E 

Fractures Associated with Complex 
Carpal Trauma 

Whereas the vast majority of isolated distal radius fractures occur from low
impact falls in the older age population, the combination of distal radius 
fracture with a carpal injury is likely to be found in a younger individual from a 
high-energy impacr. 1,10,15, 17.20,35,36,38,43 ,45,46,48 

The mechanism of each injury pattern has been investigated by a number of 
workers. 1O,11,21 ,24 Most would agree that both fracture of the distal radius and 
carpal fracture or ligament injury are most often the result of a fall or impact 



Fractures Associated with Complex Carpal Trauma 

on the outstretched hand with the wrist in extension. The specific features of 
what type and direction of forces leads to a combined injury pattern has yet to 
be clearly defined. If one accepts the bending theory of Lewis as the most 
common injury pattern for fractures of the distal radius21 (see Chapter 2), it is 
reasonable to postulate that as the energy of injury continues, the radius 
fracture is impacted, leading to increased tension on the volar radiocarpal 
ligaments. As the only motion is now in the radiocarpal and midcarpal joints, 
disruption of the volar ligaments allows for the scaphoid to impact on the 
dorsal lip of the radius or to separate from the lunate, leading to supination 
between the carpal bones. This, in turn, may result in the capitate moving out 
from the lunate, and even in ulna-sided intercarpal ligament disruption. 1 

In some instances, a distal radius fracture may be seen in association with 
a nondisplaced scaphoid fracture that can be treated by external plaster 
support.26,43 This approach is best reserved for the elderly patient or those 
refusing surgical intervention, as the duration of immobilization may be 
considerable. 

In most situations of combined complex carpal injuries and distal radius 
fractures, it is the authors' preference to treat the distal radius fracture 
operatively; in most instances, the treatment includes an external fixator to 
help reduce the axial load of the capitate onto the injured proximal carpal row. 
This, in turn, helps to maintain normal carpal alignment during the initial 
stages of ligament healing. As the majority of associated carpal fractures involve 
the scaphoid, we also tend to treat these with internal fixation, especially if the 
fracture is displaced. 

For those intraarticular fractures of the distal radius which cannot be anato
mically reduced by longitudinal traction with or without percutaneous mani
pulation of the articular fragments (see Chapter 7), the fracture fragments are 
approached through a dorsal or palmar inCision, depending on the direction 
of the displacement of the fracture fragment (Fig. 9.4A-J)' In the presence of 
metaphyseal comminution or defects, cancellous bone grafts are of extreme 
importance to accelerate union and provide a mechanical buttress of the 
articular fragments. 

Once the articular surface has been accurately reduced and stabilized, 
internal fixation of the carpal fractures or ligament reconstruction is com
pleted. The scaphOid fracture may be stabilized by Herbert screws placed 
through the dorsal capsulotomy from a proximal to a distal direction or a 
cannulated screw or Herbert screw placed through a volar approach (Fig. 
9.5A-J). 

Associated scapholunate ligament tears without carpal fracture may not be 
readily recognized on the initial radiographs.29•3o A characteristic sign called 
the axial scaphoid shift sign (see Chapter 5) is likely to become apparent 
following reduction of the radius fracture and application of the longitudinal 
traction using the external fixation frame (Fig. 9.6A-G). We prefer to repair the 
scapholunate ligament with nonabsorbable intraosseous sutures (Fig. 9.7 A-D). 
If the scaphoid has a tendency to rotate palmarward, a smooth Kirschner wire 
should be passed into the scaphoid and lunate and perhaps the scaphocapitate 
joint and kept in place for upwards of 8 weeks. 

It is important to release the distraction through the external fixation across 
the wrist at the completion of the distal radius surgery. If this is not done, it 
may be more difficult to anatomically fix the fractured scaphOid or reduce this 
scapholunate diastasis. 
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Figure 9.4. A 35-year-old man fell off a stag
ing sustaining a complex intercarpal injury 
along with a distal radius fracture. A,B. Initial 
anteroposterior and lateral radiographs 
reveal a complex carpal injury along with a 
four-part intraarticular fracture of the distal 
radius. C,D. Initial reduction and pinning of 
the radius fracture. A "naviculocapitate" 
injury can be identified. Note persistence of 
a displaced volar articular fragment of the 
distal radius. E,F. Anteroposterior and lateral 
radiographs after open reduction and 
internal fixation of the radius, fixation of 
the scaphoid with a Herbert screw directed 
from proximal to distal, fixation of the 
capitate fracture with a Herbert screw and 
one Kirschner wire, and application of an 
external fixator. G,H. Anteroposterior and 
lateral radiographs at 2-year follow-up. The 
scaphoid has united in a malposition and 
mild arthrosis is noted in the radiocarpal 
and radioulnar joint. (Reprinted with 
permission. Fernandez DL: Technique and 
results of external fixation of complex carpal 
injuries. Hand Clinics 9: 631-632, 1993. 
Philadelphia: WB Saunders.) (Figure con
tinues on/acing page.) 
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J 

IJ. Some limitation is seen in functional wrist motion. However, the 
patient is pain-free and fully functional. 

I 

Proximal Skeletal and Articular Injury 
Fractures of the distal end of the radius associated with a more proximal 
skeletal or articular injury or both may well have communicating features 
leading to extensive injury patterns. Odena in 1952 coined the term "bipolar 
fracture-dislocation" of the forearm. 32 This produced injuries which at times 
could resemble a combined Galeazzi and Monteggia lesion, disrupting both 
the proximal and distal radioulnar articulations. 12,27 The disruption of the 
associated soft tissue structures rather than the fractures of the distal radius 
and more proximal structures will prove to be the ultimate source of disability 
for many of these injuries4 - 6 ,47 

One of the authors (J~J) reported on 10 cases of complex forearm injuries 
of which 8 had fractures of the distal radius (Table 9.1)19 In conjunction 
with these, there was disruption of the distal radioulnar joint in 9, proximal 
radioulnar joint in 8, elbow dislocation in 3, radial head fracture in 7, and 
fracture of either the radius or ulnar diaphysis in 7. Associated ipsilateral 
skeletal injuries included a humeral shaft, trochlea, scaphoid, and proximal 



244 

Figure 9.5. An IS-year-old college student 
fell two stories out of her dormitory 
window. An intraarticular distal radius frac
ture was associated with a displaced 
scaphoid fracture. A,B. Anteroposterior and 
lateral radiographs of the intraarticular distal 
radius fracture and displaced scaphoid frac
ture. C,D. Anteroposterior and lateral radio
graphs of the initial treatment consisting of 
Herbert screw fixation of the scaphoid, per
cutaneous pinning of the distal radius, and 
external fixation spanning the wrist. E-H. 
Four months postinjury, excellent function 
returned. IJ. Follow-up radiographs reveal 
the scaphoid and distal radius to be healed 
in excellent alignment. 
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Figure 9.6. A 50-year-old farmer fell off of a 
ladder sustaining a complex distal radius 
fracture. A scapholunate ligament disruption 
occurred but was not initially recognized. A. 
Initial anteroposterior radiographs of the 
displaced radius articular fracture. B,C. The 
fracture was initially placed in a cast and 
referred for definitive treatment. D,E. The 
fracture was reduced by open reduction, 
limited internal fixation, iliac crest bone 
graft, and an external fixator. The axial 
scaphoid shift was not recognized. F. Eight 
weeks postinjury, the widened scapholunate 
gap was appreciated. G. The scapholunate 
ligament was sutured with intraosseous 
sutures and held with a Herbert screw. The 
radiograph is taken 1 year post injury. 

G 

Figure 9.7. A combined intraarticular distal 
radius fracture with associated injury to the 
scapholunate interosseous ligament. A. Fol
lowing application of the external fixator, a 
dorsal incision is made. B. The displaced 
articular fragments are elevated under direct 
vision. Note that the scapholunate interval 
appears disrupted. C. Intraosseous nonab
sorbable suture is placed between the 
scaphoid and lunate. D. Following tying of 
the intraosseous suture, cancellous iliac 
crest graft is packed into the metaphyseal 
defect of the radius. 



T
ab

le
 9

.1
. 

C
o

m
p

le
x 

fo
re

ar
m

 a
n

d
 r

ad
iu

s 
in

ju
ry

. 

C
as

e 
A

ge
 

S
ex

 
Li

m
b 

M
e

ch
a

n
is

m
 

no
. 

(y
rs

) 
(d

om
in

an
t)

 
o

f 
in

ju
ry

 

24
 

F
 

L
e

ft
 

M
o

to
rc

yc
le

 

2 
28

 
M

 
L

e
ft

 
In

du
st

ria
l 

ac
ci

de
nt

 

3 
63

 
F

 
L

e
ft

 
Fa

ll 

4 
45

 
M

 
(R

ig
ht

) 
Fa

ll 

5 
22

 
M

 
(R

ig
ht

) 
In

du
st

ria
l 

In
ju

ry
 c

o
m

p
o

n
e

n
ts

 

M
id

sh
a

ft
 u

ln
a 

fx
 

F
ra

ct
ur

e-
di

sl
oc

at
io

n:
 r

ad
ia

l 
he

ad
 

F
ra

ct
ur

e 
o

f 
ra

di
al

 n
ec

k 
F

ra
ct

ur
e 

di
st

al
 r

ad
iu

s 
F

ra
ct

ur
e 

o
f 

sc
ap

ho
id

 
F

ra
ct

ur
e 

ca
pi

ta
te

 
F

ra
ct

ur
e 

p
is

ifo
rm

 
F

ra
ct

ur
e 

ul
na

r 
st

yl
oi

d 
D

R
U

J 
di

sr
up

tio
n 

F
ra

ct
ur

e 
pr

ox
im

al
 u

ln
a 

F
ra

ct
ur

e-
di

sl
oc

at
io

n 
ra

di
al

 h
ea

d 
P

ro
xi

m
al

 R
U

 j
o

in
t 

in
ju

ry
 

D
is

ta
l 

ra
di

us
 f

ra
ct

ur
e 

D
is

ru
pt

io
n 

o
f 

D
R

U
J 

F
ra

ct
ur

e 
ul

na
r 

st
yl

oi
d 

F
ra

ct
ur

e 
pr

ox
im

al
 u

ln
a 

F
ra

ct
ur

e-
di

sl
oc

at
io

n 
ra

di
al

 h
ea

d 
D

is
ru

pt
io

n 
o

f 
pr

ox
im

al
 r

ad
io

ul
na

r 
jo

in
t 

D
is

ta
l 

ra
di

us
 f

ra
ct

ur
e 

D
is

ru
pt

io
n 

o
f 

D
R

U
J 

O
p

p
o

si
te

 l
im

b
 d

is
ta

l 
ra

di
us

 f
ra

ct
ur

e 

F
ra

ct
ur

e 
pr

ox
im

al
 u

ln
a 

F
ra

ct
ur

e-
di

sl
oc

at
io

n 
ra

di
al

 h
ea

d 
D

is
ru

pt
io

n 
pr

ox
im

al
 R

U
 j

o
in

t 
D

is
ru

pt
io

n 
o

f 
D

R
U

J 

T
ro

ch
le

a 
fr

ac
tu

re
 

E
lb

ow
 d

is
lo

ca
tio

n 
F

ra
ct

ur
e 

ul
na

 m
id

dl
e 

R
ad

ia
l 

he
ad

 d
is

lo
ca

tio
n 

F
ra

ct
ur

e 
m

id
ra

di
us

 
D

is
ru

pt
io

n 
D

R
U

J 

In
iti

al
 t

re
a

tm
e

n
t 

O
R

IF
 u

ln
a 

O
R

IF
 r

ad
ia

l 
he

ad
 a

nd
 n

ec
k 

O
R

IF
 d

is
ta

l 
ra

di
us

 
E

xt
er

na
l 

fix
at

io
n 

O
R

IF
 s

ca
ph

oi
d 

O
R

IF
 u

ln
a 

S
ili

co
ne

 r
ad

ia
l 

he
ad

 r
ep

la
ce

m
en

t 
K

 w
ir

e
 d

is
ta

l 
ul

na
 t

o
 r

ad
iu

s 

O
R

IF
 u

ln
a 

O
R

IF
 r

ad
ia

l 
he

ad
 

E
xt

er
na

l 
fix

at
io

n 
di

st
al

 r
ad

iu
s 

E
xt

er
na

l 
fix

at
io

n 

O
R

IF
 u

ln
a 

O
pe

n 
re

du
ct

io
n 

ra
di

al
 h

ea
d 

E
xt

er
na

l 
fix

at
io

n 
D

is
ta

l 
ra

di
us

 

R
ed

uc
tio

n 
o

f 
e

lb
o

w
 

O
R

IF
 t

ro
ch

le
a 

O
R

IF
 u

ln
a 

O
R

IF
 r

ad
iu

s 
R

ed
uc

tio
n 

o
f 

ra
di

al
 h

ea
d 

S
ec

on
da

ry
 

tr
e

a
tm

e
n

t 

S
cr

e
w

 f
ix

at
io

n,
 

ul
na

r 
st

yl
oi

d 

N
 .....
. 

0
'\

 

~
 

n 0 9 u S·
 

(l
) 0
-

'T
J ,.., I'
l 

(
)
 2 ,.., (l

) '" 0 H
;
 

S- (l
) 0 C;
;' Pi ~
 

0
- c' cr
; 



6 
40

 
M

 
(R

ig
ht

) 
A

ir
pl

an
e 

R
ig

ht
 

cr
as

h 
S

e
g

m
e

n
ta

l 
fr

a
ct

u
re

 r
ad

iu
s 

O
p

e
n

 f
ra

ct
u

re
 o

f 
ul

na
 

R
ad

ia
l 

he
ad

 f
ra

ct
u

re
-d

is
lo

ca
tio

n
 

D
is

ru
p

tio
n

 D
R

U
J 

C
o

m
p

a
rt

m
e

n
t 

sy
n

d
ro

m
e

 

L
e

ft
 

C
o

m
m

in
u

te
d

 r
ad

iu
s 

F
ra

ct
ur

e 
O

pe
n 

fr
a

ct
u

re
 d

is
ta

l 
ul

na
 

7 
40

 
M

 
L

e
ft

 
Fa

ll 
E

lb
o

w
 d

is
lo

ca
tio

n
 

R
ad

ia
l 

he
ad

 f
ra

ct
u

re
 

D
is

ru
p

tio
n

 o
f 

p
ro

xi
m

a
l 

R
U

 j
o

in
t 

O
p

e
n

 d
is

ta
l 

ra
di

us
 f

ra
ct

u
re

 
D

is
ru

p
tio

n
 D

R
U

J 

8 
25

 
M

 
L

e
ft

 
Fa

ll 
D

is
ru

p
tio

n
 p

ro
xi

m
al

 R
U

 j
o

in
t 

D
ia

ph
ys

ea
l 

ul
na

 f
ra

ct
u

re
 

C
o

m
m

in
u

te
d

 d
is

ta
l 

ra
di

us
 f

ra
ct

u
re

 
D

is
ru

p
tio

n
 D

R
U

J 
C

o
m

p
a

rt
m

e
n

t 
sy

n
d

ro
m

e
 

9 
35

 
M

 
(R

ig
ht

) 
Fa

ll 
F

ra
ct

ur
e-

di
sl

oc
at

io
n 

o
f 

e
lb

o
w

 
D

is
ru

p
tio

n
 p

ro
xi

m
al

 
R

U
 j

o
in

t 
D

is
ru

p
tio

n
 o

f 
D

R
U

J 
F

ra
ct

ur
e-

di
sl

oc
at

io
n 

P
IP

 j
o

in
t 

10
 

28
 

M
 

(R
ig

ht
) 

In
du

st
ri

al
 

O
pe

n 
h

u
m

e
ru

s 
fr

a
ct

u
re

 
a

cc
id

e
n

t 
O

pe
n 

se
g

m
e

n
ta

l 
ul

na
 f

ra
ct

u
re

 
C

o
m

m
in

u
te

d
 p

ro
xi

m
al

 r
ad

iu
s 

fr
a

ct
u

re
 

D
is

ru
p

tio
n

 p
ro

xi
m

al
 

R
U

 j
o

in
t 

D
is

ru
p

tio
n

 D
R

U
J 

O
R

IF
, 

O
pe

n 
re

du
ct

io
n 

in
te

rn
al

 f
ix

at
io

n;
 D

R
U

J,
 d

is
ta

l 
ra

di
ou

ln
ar

 jo
in

t; 
PI

P,
 p

ro
xi

m
al

 i
nt

er
ph

al
an

ge
al

 j
oi

nt
; 

R
U

, 
ra

di
ou

ln
ar

. 

O
R

IF
 r

ad
iu

s 
O

R
IF

 u
ln

a 
E

xc
is

io
n 

ra
di

al
 h

ea
d 

fr
a

g
m

e
n

t 
F

a
sc

io
to

m
y 

S
ki

n 
g

ra
ft

 

O
R

IF
 r

ad
iu

s 
K

 w
ir

e
 u

ln
a 

R
ed

uc
tio

n 
e

lb
o

w
 d

is
lo

ca
tio

n
 

D
e

b
ri

d
e

m
e

n
t 

o
f 

ra
di

us
 

E
xt

er
na

l 
fix

a
tio

n
 

O
R

IF
 u

ln
a 

R
ed

uc
tio

n 
pr

ox
im

al
 R

U
 j

o
in

t 
O

R
IF

 d
is

ta
l 

ra
di

us
 

C
o

m
p

a
rt

m
e

n
t 

re
le

as
e 

S
ki

n 
g

ra
ft

 

S
ili

co
ne

 r
ad

ia
l 

he
ad

 
R

ep
ai

r 
m

ed
ia

l 
co

lla
te

ra
l 

lig
a

m
e

n
t 

o
f 

e
lb

o
w

 
U

ln
ar

 n
er

ve
 t

ra
n

sp
o

si
tio

n
 

P
er

cu
ta

ne
ou

s 
pi

n 
di

st
al

 r
ad

iu
s 

R
ed

uc
tio

n 
o

f 
P

IP
 j

o
in

t 
an

d 
sp

lin
t 

O
R

IF
 h

u
m

e
ru

s:
 p

la
te

 
O

R
IF

 u
ln

a 
O

R
IF

 r
ad

iu
s 

R
ed

uc
tio

n 
o

f 
R

U
 j

o
in

ts
 

S
ki

n 
g

ra
ft

 

'7
j 

'"
i 
~
 

n 2 '"
i 

(D
 

V
> ~
 

en
 

0 n ~
.
 

(D
 

0
. ~. ::
; n 0 8 "0
 

(D
 

~
 n ~ -a ~ - >-
l 

'"
i 

?
' c 8 ~ N
 
~
 " 



248 

Figure 9.8. A 24-year-old woman with a 
complex ipsilateral upper limb injury from 
a motorcycle accident. (Reprinted with 
permission. Jupiter J: Multiple fractures in a 
single extremity, Journal of Hand Surgery, 
CV Mosby Co.) A,B. The presenting radio
graphs reveal a complex fracture-dislocation 
at the elbow with a radial head and neck 
fracture, proximal ulnar diaphysis fracture, 
intraarticular distal radius fracture, and a 
fracture of the scaphoid, capitate, and tri
quetrum. C. The radial head and neck were 
treated with stable internal fixation. D. The 
distal radius was approached through a 
dorsal incision and the die-punch fragment 
elevated and pinned. E. The scaphoid frac
ture was fixed with two Kirschner wires and 
local bone graft. F. An external fixator was 
used to support the complex wrist and distal 
radius fracture. G,H. Full elbow flexion and 
extension were achieved. IJ. Nearly full 
wrist extension and flexion were present. 
K,L. The fracture healed with good restora
tion of the articular surfaces. 
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interphalangeal Jomt fracture-dislocation in one case each. Three forearm 
fractures were open, and elevated forearm compartment pressure was found 
in two other cases (Fig. 9.8A-I). 

The distal radius fractures were treated by open reduction and internal 
fixation in 4 cases, external skeletal fixation in 5, percutaneous Kirschner wire 
fixation in 2, and a plaster splint in one (Fig. 9.9A-D). 

In follow-up, the average elbow flexion was 135 degrees and the average 
extension was 11 degrees. The average forearm pronation was 57 degrees and 
the average supination was 55 degrees. In 6 patients the distal radioulnar jOint 
was unstable at follow-up, averaging 18 months. The average wrist extension 
was 64 degrees and the average flexion was 58 degrees (Table 9.2). 

Fractures with Bone Loss 
In certain instances, a combined Type V fracture will feature metaphyseal bone 
loss with the distal articular surface either intact or capable of being restored 
suffiCiently to avoid an arthrodesis. This is sometimes the case with a gunshot 
injury or that due to machinery. As most of these will require initial open 
wound care, external fixation proves the method of choice for the primary 
skeletal stabilization.36 Once wound control has been accomplished and the 
soft tissue coverage secured, restoration of the defect with autogenous iliac 
crest graft can be accomplished. Care should always be directed at trying to 
maintain the integrity of the distal radioulnar joint (Fig. 9.10A-F). 
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Figure 9.9. A 45-year-old construction 
worker fell on his outstretched right arm. 
A,B. A closed fracture of the proximal ulnar 
was associated with a complex fracture
dislocation of the elbow, disruption of both 
proximal and distal radioulna joints, and a 
complex fracture of the distal radius. C. The 
distal radius was reduced by longitudinal 
traction and placed in external skeletal 
fixation. The ulna was treated with a plate 
and screws and the disrupted proximal 
radioulna joint was reduced under direct 
vision. D. The radiographs at 6 months 
show anatomic restoration of the distal 
radius and reduction of the distal and pro
ximal radioulnar joints. 
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Table 9.2. Complex forearm and radius injury. 

Case no. Outcome 

Elbow flexionl Forearm pronation I 
extension supination 

1 135/0° 80140° 
2 14010° 60180° 

3 130/5° 50130° 

4 125/20° 20130° 

5 130/10° 80180° 
6 130/30° 45180° 
7 150/20° 75/75° 

8 150/5° 80180° 

9 130/20° 80/70° 
10 135/5° 5/15° 

DRUJ, distal radioulnar joint. 

Figure 9.10. A complex open distal radius 
fracture in a 46-year-old male injured by a 
press. A,B. The initial radiograph reveals 
extensive metaphyseal bone loss. Surpri
singly, his neurovascular status remained 
intact and the radiocarpal articular surface 
was spared. C. External fixation was applied 
which maintained the length of both the 
radiocarpal orientation and the soft tissue 
alignment. D,E. At 6 weeks post injury, an 
intercalary iliac crest graft was placed. 

A 

B 

9. Combined Fractures of the Distal Radius 

Radiograph Functional 

Wrist extensionl rating 

flexion 

65/60° Fractures healed; widened DRUJ Excellent 
60/60° Healed fractures; nonunion ulnar Excellent 

styloid 
Marginal compression of silicone 

implant 
70/60° Fractures healed; malunion Satisfactory 

proximal ulna 
40/40° Fractures healed; heterotopic bone Unsatisfactory 

at elbow 
60/60° Fractures healed Excellent 
60/50° Fractures healed Satisfactory 
70/70° Fractures healed; grade I Satisfactory 

posttraumatic arthritis of 
radiocarpal joint 

75/50° Fractures healed; Grade I arthritis Excellent 
radiocarpal joint 

60/50° Fractures healed Satisfactory 
80/80° Fractures healed; synostosis Unsatisfactory 

proximal forearm, disrupted 
DRUJ 

c D E 
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Fracture with Neurovascular Injury 
These Type V fractures are characterized by their association with nerve or 
vascular disruption. As one might expect, they are likely to be the result of 
high-energy injury, and more often than not, they are associated with soft 
tissue injury, bone loss, and even forearm compartment syndrome (Fig. 
9. llA-H). 

When ischemia of the hand is present, definitive fixation of the distal radius 
fracture should be considered prior to revascularization (Fig. 9.12A-C). Given 
that the fractures are often comminuted, associated with bone loss and soft 
tissue loss, and require careful postoperative monitoring, external fixation is 
commonly added (Fig. 9.13A-G). When crushing injury involves the hand, 

A B c 

F G 

D 
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Figure 9.11. A high-energy combined Type 
V fracture from a motorcycle accident. A 
Gustillo Grade II soft: tissue injury was 
present on the dorsal surface. The brachial 
artery was disrupted at the elbow. A,B. 
Anteroposterior and lateral radiographs 
show the extensive injury pattern with the 
marked destruction of the articular surface. 
Note that the fracture extends proximally 
into the diaphysis of the radius. C,D. The 
ipsilateral limb was injured as well with a 
severely displaced open olecranon fracture 
and brachial artery disruption. The elbow 
was unstable. Following debridement, 
fasciotomy, and artery repair, the olecranon 
was secured with a tension band. An 
external fixator was required to span the 
unstable elbow. E,F Following debridement 
of the open distal radius, the ulnar was 
stabilized with a four-hole 3.5-mm dynamic 
compression plate. The radius was brought 
out to length and also stabilized with an 
external fixator. Anteroposterior and lateral 
postoperative x-ray at 5 weeks. G,H. The 
wrist was salvaged with a radioscapholunate 
fusion using bicortical iliac crest bone graft:. 
A distal ulna resection was also done at the 
time. The patient returned to work requiring 
full bimanual function. 

H 
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Figure 9.12. A 40-year-old male had his 
dominant hand and arm caught in a 
machine, resulting in an incomplete 
amputation of his hand. A. The hand was 
incompletely severed through the mid-palm. 
B. The radiograph reveals proximal frac
tures of both the distal radius and the ulnar. 
C. Both fractures were stabilized with plates 
and screws prior to revascularization of the 
hand. 

Figure 9.13. A 43-year-old woman sustained 
a mutilating injury to her left hand and 
wrist from the propeller of a motor boat. A. 
The initial radiographs reflect the extreme 
amount of skeletal disruption. B. Extensive 
soft tissue injury was present, including 
both neurovascular bundles and all of the 
flexor tendons. C. Following debridement 
the hand was realigned and revascularized. 
D. Extensive internal and external fixation 
was used. E. A free serratus flap was placed 
to cover the extensive soft tissue defect. 
F,G. At 4 months postinjury a wrist arthro
desis was performed using a long plate and 
autogenous iliac crest bone graft. 
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addition of pins into the first metacarpal will help maintain the first web space 
(Fig.9.14A-F). 

In the setting of isolated median or ulnar nerve dysfunction, judgment 
should be made according to the nature of the injury, extent of sensory or 
motor loss, and associated soft tissue loss (Fig. 9.15A-O). It has been the 
authors' preference to explore and decompress the median and ulnar nerves 
at the level of the distal forearm and wrist when nerve dysfunction is associated 
with these high-energy Type V injuries (Fig. 9.16A-J)' 

Compartment Syndrome 

A number of conditions are associated with elevated pressure within the soft 
tissue compartments of the forearm. These include, among others, forearm 
fractures,14 constricting dressings or casts,13 burns,40 vascular injuries,2s 
and any condition that can lead to a reduced volume or increased pressure 
within the forearm compartment.22,39 Although distal radius fractures are 
common, including those due to high-velOCity injury, it is of interest that 
relatively few cases of associated forearm compartment syndromes have been 
reported. 3,23,25,31 ,41,49 

Although some reports have implicated constricting casts,3 hematoma 
block,49 or Bier's block,16 the more commonly described condition is the 
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C 

Figure 9.14. A high-energy injury resulting 
in a complex Type IV fracture-dislocation 
but also complete occlusion of both the 
radial and ulnar arteries. The hand was 
ischemic. A. The lateral radiograph reveals 
the complex skeletal injury. B. Upon 
exploration of the soft tissue injury it was 
apparent that the entire arterial supply of 
the hand had been disrupted. C. Using a 
vein graft the arterial supply was restored. 
Prior to this the fracture-dislocation had 
been stabilized and an external fixator 
applied. D. The radiograph of the external 
fixator in place. Note the pins in the second 
and first metacarpal to help maintain the 
width of the first web space. E. A split-thick
ness skin graft was applied to cover the 
forearm which had its volar compartments 
released. F. An additional view of the 
external fixation construction. The meta
carpophalangeal joints were temporarily 
pinned in flexion to maintain the resting 
length of the collateral ligaments. 
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Figure 9.15. A 24-year-old house painter fell 
off a scaffolding onto his outstretched left 
hand. On presentation, dense sensory loss 
was noted in the distribution of both median 
and ulnar nerves. His distal forearm was 
tense and the volar compartment pressure 
measurement was 70 mm Hg. A,B. Initial 
anteroposterior and lateral radiographs 
reveal a complex intraarticular fracture with 
both dorsal and palmar displacement. C. The 
lesion was initially approached volarly. The 
forearm compartments as well as the median 
and ulnar nerves were decompressed. A 
large fragment from the anterior lunate facet 
was found displaced, rotated, and com
pressing both the ulnar nerve and the artery 
(arrow). D. Following provisional stabiliza
tion of the anterior fragment, a dorsal inci
sion was made to facilitate reconstruction of 
the lunate facet. The dorsal fragment was still 
found to be attached to the dorsal radioulnar 
ligament. E. The fragments were held with 
multiple Kirschner wires and a loop wire was 
passed through a drill hole in the volar radius 
and through the volar capsule to hold the 
lunate facet fragment. F,G. External ftxation 
permitted early functional aftercare begin
ning on the initial postoperative day. (Figure 
continues on facing page.) 
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Compartment Syndrome 

H I 

L M N 

delayed onset of signs and symptoms of elevated compartment pressure after 
initial treatment of the fracture. Furthermore, a fracture in a younger individual 
from a high-velocity impact is more likely to develop the compartment-related 
problem.42,44 Stockley, Harvey, and Getty reported on a series of five cases of 
compartment syndromes with distal radius fractures. 44 All were due to high
energy trauma in a younger group of patients-all male. What was also 
noteworthy is the fact that none of their patients had any signs or symptoms 
upon presentation. Rather, the diagnosis of elevated forearm compartment 
pressure was not made in some cases until upwards of 48 hours following the 
initial treatment. 

Simpson and Jupiter have reviewed a similar experience of eight fractures in 
five patients which also featured a delayed onset of signs and symptoms of a 
forearm compartment syndrome (Fig. 9.17A-R).42 Four patients were male and 
one female, with an average age of 32 years. All fractures were associated with 
a higher-energy injury (Table 9.3). The fractures were initially reduced using a 
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H,I. Anteroposterior and lateral radiographs 4 
years post-injury reveal the articular recon
struction. A moderate amount of articular dis
tortion is evident, although not progressive. 
],K. Wrist extension and flexion reveal mod
erate limitation. L.M. Radial and ulnar devia
tion also show limitation. N,O. Full pronation 
and limitation of supination at 4 years. 

o 
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Figure 9.16. A combined Type V injury 
associated with extensive soft tissue trauma 
in a 36-year-old man injured on a motorcy
cle. A,B. The initial anteroposterior and 
lateral radiographs demonstrate the exten
sive displacement at the fracture. C,D. 
Following decompression of the median 
nerve, the fracture was reduced using both 
longitudinal traction and direct manipula
tion of the fragments. E,F. A second de
bridement was performed, at which time 
the defect in the radius was filled with 
autogenous iliac crest bone graft. Note 
as well the stabilization of the ulna with 
a contoured third tubular plate. G,H. An
teroposterior and lateral radio graphs 6 
weeks postinjury at the time of removal of 
the external skeletal fixation. 

Figure 9.17. A 24-year-old male fell from a 
roof sustaining bilateral complex distal 
radius fractures and a left zygoma fracture. 
His initial treatment was a closed reduction 
and sugar tong splint application. Signs and 
symptoms of a forearm compartment syn
drome developed approximately 30 hours 
postinjury. A-D. Anteroposterior and lateral 
radiographs of the initial fractures. E. The 
left forearm compartment was released 
through a volar approach with release of 
the canal of Guyon and carpal tunnel. F,G. 
The left complex intraarticular fracture was 
fixed with a volar buttress plate, tension 
wire, oblique Kirschner wire across the 
radial stylOid, and cannulated screw to hold 
the lunate facet. External fixation was also 
used. H,I. The right extraarticular fracture 
was fixed with a percutaneous Kirschner 
wire and external fixation. Both volar 
wounds were covered with split -thickness 
skin grafts. ],K. Anteroposterior and lateral 
radiographs of the healed fracture at 12 
weeks post injury. N-Q. Full functional 
recovery was noted at a very early stage. 
These pictures were at 12 weeks postinjury. 
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IJ. At 3 year follow-up, excellent anatomy 
is maintained. The patient noted few func
tional difficulties. 

K 
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Figure 9.18. A 60-year-old man had his 
right dominant hand caught in machinery 
that rolled hot plastic sheets. He presented 
with a swollen arm with compromised 
arterial inflow to his hand. A. The lateral 
radiographs with his arm supported on a 
metal splint. The fractures included trans
verse fractures of the proximal radius and 
ulna, an oblique fracture of the distal third 
of the ulna, and a comminuted fracture of 
the distal radius extending into the radio
carpal joint. B. Through an extensile anterior 
exposure, fasciotomies of the superficial 
and deep flexor compartments were done. 
The fractures were stabilized through this 
anterior approach. C,D. Anteroposterior 
and lateral radiographs 16 weeks post
operatively showing the anatomic reduction 
and stable internal fixation. Two small 
plates, including a 3.5-mm plate and third 
tubular plate, supported the reduction of 
the distal radius. E,F. Good flexion resulted 
with a residual flexion contracture due to 
ischemia of the extrinsic forearm flexion 
muscles. Note the split-thickness graft re
quired to cover the extensive forearm 
wound. 

Figure 9.19. A 28-year-old male with a 
complex distal radius fracture and delayed 
onset of compartment syndrome. A. At 6 
months postinjury, the lateral radiograph 
reveals a flexed wrist with articular disrup
tion. B. The clinical appearance at 6 months 
postinjury. C,D. The definitive treatment 
required to restore a functional position 
and digital mobility was a wrist arthrodesis. 
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hematoma block in five and a Bier's block in three. Each fracture was initially 
immobilized in sugar tong above-elbow splints. 

The signs and symptoms consistent with elevated pressure in the forearm 
compartment were not appreciated for at least 18 hours, and in one case 52 
hours, following initial treatment. Forearm compartment pressure measured in 
six of eight fractures with pressures in the volar flexor compartment ranged 
from 65 to 90 mm Hg. 

In each case, the forearms were decompressed using a Henry approach to 
the volar forearm. Fracture fixation was accomplished using a volar buttress 
plate in four cases and external skeletal fixation in all eight. Adjuvant per
cutaneous Kirschner wires were also used in seven of eight cases. It was 
possible to secondarily close the volar wounds in six and to cover them with a 
split thickness skin graft in two fractures (Fig. 9.18A-F). 

At a minimum follow-up of 12 months, most patients had recovered good to 
excellent function. One patient, however, did not, and was left with contracted 
flexor tendons and a stiff and painful wrist. He ultimately elected to have a 
wrist arthrodesis (Fig. 9.19A-D). 
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Challter Ten 

Malunion of the 
Distal End of the 
Radius 

I 

~ 

Fractures of the radius within two inches of the wrist, 
where treated by the most eminent surgeons, are of 
very difficult management so as to avoid all deformity; 
indeed, more or less deformity may occur under the 
treatment of the most eminent surgeons, and more or 
less impeifection in the motion of the wrist or radius is 
very apt to follow for a longer or shorter time. Even 
when the fracture is well cured, an anterior pro
minence at the wrist, or near it, will sometimes result 
from the swelling of the soft parts. 

As- the above opinion of Professor Mott coincides 
with my own observations, both in Europe and in this 
city, as well as with many of our most distinguished 
surgical authorities, I venture to hope that it may assist 
in removing some of the groundless and ill-merited 
aspersions which are occasionally thrown on the 
members of our profession by the ignorant or 
designing. 

Boston Med Surg. J XXV; p. 289 
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Figure 10.1. The "natural history" of an 
unstable extraarticular dorsal bending frac
ture. A,B. The initial anteroposterior and 
lateral radiographs demonstrate wide dis
placement of the distal fragment. The radio
graphs fail to accurately depict the 
comminution of the dorsal metaphyseal 
cortical and cancellous bone. C,D. Initial 
anteroposterior and lateral radiographs 
following fracture reduction and plaster 
immobilization. E,F. As early as 1 week 
postreduction, the radiographs demonstrate 
loss of reduction, with the distal fragment 
beginning to displace in a dorsal and radial 
direction. G,H. At 6 weeks following frac
ture, the fracture has nearly returned to its 
original position. I,]. At 8 weeks post injury, 
extreme displacement has occurred with 
deformity involving both the radiocarpal 
and radioulnar articulations. 

10. Malunion of the Distal End of the Radius 
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C,D 

E,F 

G,H 

Union with deformity continues to be the most common complication fol
lowing fracture of the distal end of the radius?·31.32 Malunion may be extra
articular, characterized by metaphyseal angulation and loss of radial length; 
intraarticular, involving distortion of the either the radiocarpal or the ra
dioulnar joints or both; or a combination of the two. 

The most commonly observed cause of an extraarticular malunion is 
secondary displacement of the initial fracture reduction due to deficient 
cancellous bone in the metaphysis (Fig. lO.lA-J). In contrast, failure to restore 
articular congruity within 1 to 2 mm of anatomic restoration can result in 
arthritic changes and subsequent disability. 26 

IJ 



Malunion of the Distal End of the Radius 

The need for operative correction of a symptomatic, malunited fracture of 
the distal radius has been long recognized. Distal ulnar resection attributed to 
Darrach following his description of the procedure in 19138 had in fact been 
noted by Desault in 17919 and by Moore in 1880.36 

Surgical correction through the radial deformity was described early by 
Ghormley and Mroz in 1932.20 In describing four corrective osteotomies, they 
observed that this procedure, with or without a bone graft, could help improve 
the external appearance of the deformity. In 1935 Durman also reported on 
satisfactory results follOWing radial osteotomy, also in four patients.lO,n Durman 
obtained bone graft from the distal end of the proximal radial fragment which 
was then fit transversely into the osteotomy. By making one end of the graft 
wider, he was able to correct the radial deformity. In 1937 Campbell published 
an important paper on the subject of radial osteotomy.5 In his approach, 
the radius was osteotomized transversely approximately 1 inch above the 
radiocarpal joint through a surgical approach between the brachioradialis and 
extensor pollicis brevis tendons. He employed bone graft harvested from the 
medial border of the distal ulnar proximal to the distal radioulnar jOint. This 
graft was inserted into the dorsoradial defect of the opening osteotomy. 
Campbell observed that this approach offered an enhanced appearance and 
function compared to osteotomy without bone graft interposition. Hobart and 
Kraft in 194121 published results of osteotomy of the distal radius with graft 
obtained from the resected distal ulnar or from the proximal radius as described 
by Dorman. In the same year, Milch described his technique of "cuff resection 
of the ulnar," which involved a shortening osteotomy of the distal ulnar for a 
malunited distal radius fracture characterized by severe shortening.35 In 1945 
Speed and Knight46 analyzed the results of their experience with osteotomy of 
malunited Colles' fractures in 60 patients. They recommended the use of 
intramedullary bone pegs or dual onlay grafts to avoid loss of the operative 
correction, especially in the setting of extreme deformity or underlying 
osteoporosis. They also suggested that corrective osteotomy be avoided in the 
presence of wrist or digital stiffness. 

Merle d'Aubigne and ]oussement, also in 1945,33 described a multiple-facet 
curved osteotomy in the sagittal plane designed to restore radial length 
without the need for an interpositional bone graft. The results of the pro
cedure were later analyzed by Merle d'Aubigne and Tubiana, noting a 
satisfactory outcome in 27 patients.34 The distal ulnar was resected in 17 of the 
27 wrists. Although the authors concluded that their curved-facet osteotomy 
along with resection of the distal ulnar offered better cosmetic and functional 
results than the Darrach resection alone, the disadvantage of their procedure 
proved to be the prolonged period of postoperative immobilization in plaster. 
They also observed that the cosmetic correction was not as evident when 
substantial dorsal angulation was present. A similar osteotomy curved in the 
sagittal plane, known as the Rixford operation, was mentioned by Bunnell in 
1948, although not described in detai1.4 

A posttraumatic deformity following fracture of the distal radius is not always 
symptomatic (Fig. 10.2). Impairment of function rather than radiologic de
formity forms the basis of decision making when one approaches the patient 
with such a condition. This chapter will focus on the pathomechanics associated 
with deformity of the distal radius, indications for and surgical tactics 
of osteotomy, evaluation of outcome following deformity correction, and 
associated complications. 
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Figure 10.2. Asymptomatic malunion in a 70-year-old woman seen 30 
years postfracture. A. The visible deformity correlates well to the skeletal 
deformity. B. A functional arc of wrist extension and flexion was retained. 
There was little residual discomfort. 

The Anatomic Correlation of a 
Malunited Fracture of the 
Distal Radius 

A malunited extraarticular fracture of the distal end of the radius is more often 
than not a complex deformity. The most common deformity following a dorsal 
bending fracture includes loss of the volar tilt of the articular surface in the 
sagittal plane, loss of the ulnar inclination in the frontal plane, loss of length, 
and a supination deformity of the distal fragment with respect to the proximal 
diaphysis (Fig. lO.3A-C).13 In addition, the distal fragment may be displaced in 
radial or ulnar translation as well as by a dorsopalmar shift in the sagittal plane. 

It has been observed in clinical studies that there is a certain rela
tionship between the quality of the anatomic result and the overall wrist 
function.18-21,23,31,50 It should not therefore be difficult to appreciate the fact 
that a multidirectional deformity will affect the function not only of the radi
ocarpal but also of the radioulnar and midcarpal articulations. 

At the radiocarpal articulation, deformity will have a negative influence 
on the arc of flexion and extension. With a dorsal deformity, patients will 
experience loss of palmar flexion and at times exaggerated wrist extension 
with respect to the contralateral uninjured wrist (Fig. lO,3B). The load trans
mission from the carpus to the radius is displaced, reducing the overall 
articular contact surface. This, in turn, will represent a potential for the 
development of symptomatic, posttraumatic arthrosis (Fig. lO.3B).30,40,50 A third 
problem is to be found with dorsal displacement of the carpus with intact 
intercarpal ligamentous support. This in effect represents a radiocarpal in
stability with dorsal translation of the entire carpus. It is more likely to be 
present when the dorsal angulation of the distal end of the radius is greater 
than 35 degrees. The wrist will prove stable only when the hand is extended, 
causing the carpus to return to a reduced position. Active wrist flexion will 
increase the dorsal subluxation of the carpus, with pain developing at the 
radiocarpal articulation (Fig. 10.4). 
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Figure 10.3. Diagrammatic representation 
of problems associated with a malunited 
fracture of the distal end of the radius. A. 
The deformity most commonly involves the 
sagittal, frontal, and coronal planes. B. 
Dorsal displacement of the flexion-exten
sion arc of motion as well as dorsal carpal 
subluxation is compared to a prearthritic 
deformity with a subluxated dysplastic hip. 
e. Adaptive carpal instability nondissociative 
malalignment with a malunited dorsal 
bending (Colles') fracture. (Reprinted with 
permission. Fernandez DL: Reconstructive 
procedures for malunion and post-traumatic 
arthritis. Orthop Clin N America 24: 343, 
1993. WE Saunders: Philadelphia.) 

Figure 10.4. Lateral radiograph demonstrat
ing a m alunited dorsally displaced bending 
(Colles') fracture with dorsal carpal sub
luxation with a normal carpal alignment. 
(From Fernandez DL: Malunion of the distal 
radius. MOS Instructional Course Lectures 
vol. 42, p. 100, 1993 by permission of the 
American Academy of Orthopaedic 
Surgeons.) 
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Figure 10.5. An example of an adaptive 
midcarpal response to a dorsally rotated 
proximal carpal row. The carpal malalign
ment disappears on a lateral radiograph 
taken with the hand extended in the same 
degree of extension as the displaced distal 
radius. (From Fernandez DL: Malunion of 
the distal radius. AAOS Instructional Course 
Lectures vol. 42, p. 101, 1993 by permission 
of the American Academy of Orthopaedic 
Surgeons.) A,B. Anteroposterior and lateral 
radiographs demonstrating the adaptive 
flexion of the midcarpal row. C. With the 
hand extended to the same degree as the 
mal alignment of the distal radial fragment, 
the midcarpal flexion disappears. D,E. 
Anteroposterior and lateral radiographs 6 
weeks following osteotomy of the distal 
radius malunion. F,G. Anteroposterior and 
lateral radiographs 3 years after osteotomy. 
Note a slight volar flexion to the lunate. 

10. Malunion of the Distal End of the Radius 
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At the midcarpal articulation, the dorsal tilt of the end of the radius can 
result in a compensatory flexion deformity in the midcarpal joint (Fig. lO.3C). 
This represents an adaptive response to a dorsally rotated proximal carpal 
roW. 28,43 The dorsal capsule of the wrist is stretched during forceful flexion, 
leading to pain at the midcarpal level. What is unique is that this adaptive 
malalignment of the carpus to the dorsal deformity of the end of the radius 
will not be seen in a lateral radiograph taken with the hand in the same degree 
of extension as the malunited distal radial fragment (Fig. lO.5A-C). 

The dorsal malalignment of the distal radius can also result in an extrinsic 
midcarpal dynamic instability.27,48 In this condition, a painful and audible 
subluxation of the midcarpus will be noted during active ulnar deviation of the 
wrist with the forearm in a pronated position. The dorsally rotated lunate is 
blocked from displacing palmarward during ulnar deviation by the dorsally 
tilted volar lip of the end of the radius. In those patients with associated 
ligamentous laXity, continued stress on the midcarpal joint will result in 
ligament attenuation and progreSSive dynamic midcarpal instability. This con
dition will need to be differentiated from the intrinsic palmar midcarpal 
instability between the triquetrum and hamate which results from laxity of the 
ulnar fibers of the palmar arcuate ligament and presents with an ulnar sag of 
the carpus.27 
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The dorsal deformity of the distal radial articular surface can also result 
in a fixed carpal malalignment in dorsiflexion-a dorsal intercalary segment 
instability (DIS!). For practical purposes, the DISls associated with malunited 
dorsally angulated distal radial fractures may be divided into two types: 

Type I A lax, reducible dorsal carpal malalignment that can be improved or 
totally corrected by radial osteotomy. This is more likely to be seen in 
younger patients with ligamentous laxity and good preoperative carpal 
motion (Fig. 10.5). 

Type II A DISI deformity in which there is a fixed non-reducible dorsal carpal 
malalignment that cannot be improved by radial osteotomy (Fig. 10.6). 

The third articulation that is affected by a malunited fracture is the distal 
radioulnar joint. The function of this joint can be impaired as a sequela of the 
distal radial fragment healing in either dorsal or volar angulation or shortening 
in reference to the distal ulnar, producing an incongruity of the joint surfaces 
in the sagittal, frontal, and horizontal planes (Fig. 10.7A). Several studies have 
identified the association of radial shortening with impaired function 6 ,19,30,50 

Radial shortening results in mechanical impingement of the triangular 
fibrocartilage. During normal rotation of the forearm , the triangular fibro
cartilage will "sweep" uniformly over the articular head of the distal ulnar. 
With shortening of the distal radius in relation to the distal ulnar, the triangular 
fibrocartilage is tightened and relatively blocked in both an anterior and 
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Figure 10.6. Fixed DISI instability in a 30-
year-old secretary. A,B. Anteroposterior 
views before and after osteotomy. C,D. 
Lateral radiographs before and after osteo
tomy reveal that the carpus remains malro
tated despite correction of the radial 
malunion. E,F. The healed osteotomy with 
continued DISI instability pattern. 
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Figure 10.7. Schematic representation of 
the anatomic problems which will affect the 
distal radioulnar joint with a malunited 
distal end of the radius. A. The radioulnar 
incongruity is depicted in the sagittal, 
frontal, and horizontal planes. B. There may 
be mechanical impingement of the trian
gular fibrocartilage complex in an ulnar 
plus variance. C. Three common problems 
identified at the distal radioulnar joint in
clude ulnocarpal abutment, instability, and 
a "fibrous" union of the ulnar styloid fracture 
without instability. 

B 
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Anatomic Correlation of a Malunited Fracture 

posterior posltlon with respect to the head of the ulnar (Fig. 10.7B). This 
will result in impedance of the arc of forearm rotation. Longstanding radial 
shortening has also been shown to lead to ulnocarpal impingement with 
attrition wear in the center of the triangular fibrocartilage and ulnar head 
impaction onto the lunate (Fig. 10.7C). The correlation of a relative change in 
the normal relationships between the distal ulnar and radius has been shown 
to have a demonstrable effect on the transmission of force from the carpus to 
the end of the radius24,38 Dorsal tilt of the articular surface not only shifts the 
load distribution in the radiocarpal joint dorsally but also increases the load on 
the distal ulnar.45 

Anteroposterior instability of the ulnar head may coexist with distal radius 
mal unions due to loss of articular congruity between the ulnar and the 
distal radius and rupture or secondary elongation of the triangular ligament. 
Castaing6 evaluated 440 distal radius fractures, noting a nonunion of the ulnar 
stylOid in 77.5 percent of cases. By the same token, however, the presence of 
an ulnar stylOid nonunion did not affect overall results. This was attributed to 

the feeling that the ulnar stylOid had in fact healed, with a fibrous union 
between the ulnar head and triangular fibrocartilage complex (Fig. 1O.7C). 
Although distal radioulnar joint instability does not appear to correlate directly 
with a nonunion of the ulnar stylOid, some have suggested that ulnar stylOid 
fractures should be treated with internal fixation when found to be associated 
with radioulnar joint instability.44 

Fractures extending into the sigmoid notch can lead to posttraumatic 
arthrosis if incongruity remains after union. This may manifest itself with 
painful forearm rotation (Fig. 10.8A and B). 

In addition to the above-described articular problems, malunion of the distal 
radius, particularly with the loss of ulnar inclination in the frontal plane, may 
direct the carpal tunnel into a radial direction, angulating the flexor tendons 
and thereby decreasing their mechanical advantage. This will result in a 
decrease in grip strength. Radial deviation will also result in limitation of ulnar 

Figure 10.8. Schematic of other identified problems with the distal radioulnar joint. A. 
Incongruity following a displaced fracture involving the sigmoid notch. B. Incongruity 
following a displaced ulnar head fracture. C,D. Malunited Smith's fracture demonstrates 
increased palmar tilt and pronation deformity of the end of the radius with dorsal 
subluxation of the distal ulnar head. 

a 
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deviation of the wrist. Dorsal tilt of the distal fragment will favor a com
pensatory, spontaneous flexion deformity of the wrist with extensor tendon 
tightness, resulting in a slight degree of hyperextension of the proximal inter
phalangeal joints.4 The extension posture of the distal radius can also cause 
entrapment neuropathy of the median nerve.41 Lastly, bony irregularities and 
step-offs in the floors of the dorsal extensor compartments may lead to attri
tion tendinitis and rupture, in particular of the extensor pollicis longus. 

The malunited palmar bending fracture (Smith's fracture) will present with 
an increased palmar tilt and a pronation deformity of the distal fragment that 
favors dorsal subluxation of the ulnar head (Fig. 10.8C,D)Y This will lead to 

limitation of active wrist extension and limitation of forearm supination. In 
contrast to malunion with dorsal angulation, midcarpal instability or carpal 
malalignment following Smith's fractures has not been reported to date (Fig. 
10.9). 

Intraarticular malunion with residual incongruity of the articular surface 
greater than 2 mm has been shown to be associated with a significant incidence 
of secondary osteoarthritis at both the radiocarpal and the radioulnar levels. 26 
Several patterns of articular involvement have been noted. Posttraumatic 
collapse of the lunate facet (die-punch fracture) is usually associated with a 
palmar rotation of the lunate, often resulting in a volar intercalary segment 
carpal instability (VISI) (Fig. 10.10). Malunited shearing (Barton's) fractures 
will lead to chronic volar or dorsal carpal subluxation. Lastly, some intra
articular fractures with unrecognized associated scapholunate tears heal with 
joint incongruence and a perilunate instability pattern. Because of primary 
articular involvement, pain as well as functional limitation is usually found to 
be more severe in the malunited articular fracture than in the extraarticular 
malunion (Fig. 10.11). 

Preoperative Evaluation 

A number of factors enter into the decision making for the surgical treatment 
of a distal radius malunion. These include the extent of functional wrist 
impairment, severity of pain, radiographic findings, and clinical appearance. 
The examination should attempt to determine if associated pain is located at 
the radiocarpal, midcarpal, or distal radioulnar joints. The presence or absence 
of distal radioulnar joint instability must be determined. The grip strength 
when compared to the uninjured side will often reflect the degree of deformity 
and associated functional impairment. 

Standardized biplanar radiographs of both wrists are ordinarily adequate to 
identify the degree of deformity and preoperatively plan an osteotomy.13.14.16 
Carpal malalignment, ulnar variance, and the inclination of the articular surface 
will necessitate comparison with the opposite wrist to quantitate accurately.38 
Computerized tomography (CT) may be of use in evaluating the presence of 
posttraumatic subluxation or incongruence of the distal radioulnar joint or 
rotational mal alignment of the distal radius,zs.37 The latter can be accurately 
measured by superimposing tracings of ~ymmetrical CT cut of both forearms 
in neutral rotation. The proximal cuts should include the bicipital tuberosity 
and the distal cut should include Lister's tubercle as bony reference points. 
The difference of rotation between the uninjured and the injured side re
presents the true bony rotational malalignment. 

The computerized tomograms can be espeCially useful in cases in which 
both intraarticular and extraarticular corrections are planned. Three
dimensional reformatting of CT images may enhance the understanding of 
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Figure 10.9. Typical deformity following 
malunion of a palmar bending fracture 
(Smith's fracture). Anteroposterior and 
lateral radiographs demonstrating radial 
shortening, palmar tilt, and pronation 
deformity of the distal radial fragment and 
an apparent dorsal subluxation of the distal 
radioulnar joint. 

Figure 10.10. Malunited die-punch injury 
in a 30-year-old pharmacist. Note the VISI 
intercarpal deformity. 

Figure 10.11. A severe intraarticular 
malunion resulted in persistent pain and 
nearly complete loss of radiocarpal motion. 
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Figure 10.12. The use of computer-generated bone models is illustrated in this com
plex intra- and extraarticular deformity in a 65-year-old general surgeon seen 3 months 
following a complex distal radius fracture. (Illustration reprinted courtesy of CV Mosby 
Co!, St. Louis. ] Hand Surg 17: 406-415, 1992.) A,B. Anteroposterior and lateral radio
graphs of the initial fracture. (Figure continues on faCing page.) 

some complex deformities,z9,49.52 although the spatial reconstruction required 
during a corrective osteotomy may not be readily predicted from these 
reformatted images. The advent of computer-assisted design (CAD) and 
computer-assisted manufacturing (CAM) technology has resulted in the cap
ability to produce three-dimensional solid models of distal radius malunions 
to facilitate a preoperative understanding of the true deformity. 

One of us (]EJ) reported in 1992 on the use of computer-generated bone 
models in the planning of osteotomy of complex deformities associated with 
malunited fractures of the distal radius22 In each case, deformity was present 
in the frontal, sagittal, and horizontal planes. In addition, two patients had 
intraarticular radiocarpal deformities (Fig. 10.12A-I). The surgical procedure 
could be readily performed on the solid models, with the dimensions of the 
required bone graft as well as the size, slope, and placement of the internal 
fIxation accurately planned in advance. 

Unfortunately, there are no fixed parameters to determine the surgical 
indications for corrective osteotomy. It is quite evident that alteration of the 
flexion-extension arc of motion is seen with a sagittal tilt of more than 25 
degrees. By the same token, in those patients with underlying "ligamentous 
laxity," a dorsal tilt of 10 to 15 degrees can result in a symptomatic midcarpal 
instability. Fourrier and co-workers, in an analysis of 64 mal unions of the distal 
radius, correlated the functional impairment with the residual deformity of the 
distal radius. They concluded the lower limits of deformity at which symptoms 
are likely to be present would be a radial deviation between 20 and 30 
degrees, a sagittal tilt between 10 and 20 degrees, and radial shortening 
between 0 and 2 mm. In addition, experimental evidence would suggest that a 
sagittal tilt between 20 and 30 degrees should be viewed as a prearthrotic 
condition.30,4o,45 

The distal radioulnar joint will also require careful radiologic evaluation.39 
Abnormalities will influence decision making as to the need for a simultaneous 
procedure at the distal radioulnar joint at the time of the radial osteotomy. 
Wrist arthroscopy or magnetic resonance imaging may proVide further 
information as to the status of the triangular fibrocartilage. The presence of 
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C-E., Anteroposterior, lateral, and 
oblique radiographs 9 weeks after 
injury reveal a complex intra- and 
extraarticular malunion as well as 
disruption of the distal radioulnar 
joint. F. CT slice at the level of the 
distal radioulnar joint with the in
jured limb on top and the normal 
limb below for comparison. The 
ulnar is anterior to the distal radius. 
The white dot between the two scans 
represents a 3/8-inch metal rod used 
to detect any motion which may have 
occurred during the CT scans. G- I. 
Computer-generated models of the 
normal (right) and malunited distal 
radius along with the distal ulnar and 
carpus. The complex intraarticular 
displacement of the lunate facet, dis
tortion of the distal radioulnar jOint, 
and rotation of the distal radius and 
carpus can be accurately determined 
when compared to the uninjured 
side. (12A- E reprinted with permis
sion from Jupiter TB, J Hand Surg 
17A: 406-415, 1992.) 
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Figure 10.13. A 30-year-old male fell from 
a roof sustaining a compex intraarticular 
fracture of his dominant distal radius. The 
fracture was complicated by a compartment 
syndrome. Ultimately, painful arthrosis was 
felt a contraindication to osteotomy and a 
realignment and wrist arthrodesis per
formed. A,B. Anteroposterior and lateral 
radiographs of the healed malunited fracture 
demonstrating distortion of the radiocarpal 
joint with carpal malalignment and a fixed 
flexion deformity. C,D. The clinical presenta
tion revealed a dysfunctional hand and 

10. Malunion of the Distal End of the Radius 

Table 10.1. Distal radius osteotomy: relative indications. 

Limitation of function 
Pain 
Midcarpal instability 
Distal radioulnar joint disruption 
Prearthrotic articular incongruity 

degenerative changes at the distal radioulnar joint, especially with restriction of 
forearm rotation, will usually require an additional procedure on the ulnar 
side of the wrist in order to guarantee a good functional resulr.2 ,3,12,17 

Based upon our experience of over 120 osteotomies of malunited fractures 
of the distal end of the radius, the authors' indications for radial osteotomy are 

wrist due to the soft tissue contracture. E,F. A 
A wrist arthrodesis was performed resulting 
in considerable functional improvement. 

c 

E 

B 

D ..... ~--~-----~--........ 

F 



Technique: "Nascent" Malunion 

Table 10.2. Distal radius osteotomy: contraindications. 

Advanced degenerative articular changes 
Fixed carpal malalignment 
Limited functional capabilities 
Extensive osteoporosis 

based upon the presence of limitation of function, severity of pain, midcarpal 
instability, associated distal radioulnar problems, and a substantial deformity 
with radiographic findings such as prearthrotic deformity, mechanical 
imbalance of the carpus, and incongruence of the distal radioulnar joint, which 
represent a menace for the future of wrist function (Table 10.1). 

The contraindications for corrective osteotomy of the distal radius include 
advanced degenerative changes in the radiocarpal and intercarpal joints, fixed 
carpal malalignment, limited functional capabilities of the hand due to un
derlying neurologic dysfunction, and extensive osteoporosis (Fig. 10.13A-F).46 
In reality, age is not nearly as much a contraindication as it was thought to be 
in the past, provided the quality of bone is adequate and the patient is 
physiologically active (Table 10.2). 

Timing 

Optimally, an osteotomy should be considered as soon as the soft tissues 
demonstrate an absence of trophic changes, the radiographs reveal limited or 
no osteopenia, and wrist mobility is adequate. With those features in mind, the 
authors have developed an interest in intervening operatively in mal positioned 
fractures of the distal radius at an early stage. The theoretical advantages of this 
include decreased likelihood of deformity; correction through an immaturely 
healed fracture site, thus limiting the problems of soft tissue contracture and 
radioulnar joint dysfunction; and limitation of the economic and physiologic 
impact on the individual. 

One of us OBJ) followed two groups of patients who had had osteotomies of 
malunions following fracture of the distal radius. One group of 10 had 
osteotomy an average of 8.2 weeks following fracture ("nascent" malunion), 
while a comparable group of ten had osteotomy an average of 39.9 weeks 
postfracture ("mature" malunion). While the overall outcome was following 
osteotomy in each group was relatively the same, it was quite evident that 
performing the osteotomy at an earlier stage facilitated both radial realignment 
and realignment of the distal radioulnar joint. Perhaps most importantly, the 
total duration of disability was conSiderably decreased: the time back to work 
postfracture averaged 21 weeks in the nascent group compared to 70 weeks in 
the mature group. (Table 10.3 and Fig. 10.14A-F). 

Technique: "Nascent" Malunion 

The surgical approach is by necessity on based on the direction of displace
ment of the distal fragment. Careful preoperative planning as well as the use of 
intraoperative Kirschner wires to mark the angle of deformity is essential to 
guarantee an accurate angular correction and simplify the procedure. 
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Figure 10.14. A malunion of9 weeks' dura
tion in a 21-year-old woman was treated by 
early osteotomy. The callus was opened and 
the defect filled with autogenous iliac crest 
cancellous graft along with a plate. Excellent 
radiocarpal and radioulnar joint function 
was achieved. A. Lateral radiograph of the 
"nascent malunion" seen 9 weeks postfrac
ture. B,C. The osteotomy was performed 
through still maturing callus and secured 
with a T plate and cancellous iliac crest 
graft. D,E. Excellent healing and function 
resulted. 

A 

D 

10. Malunion of the Distal End of the Radius 

B 

c 

E 



Technique: "Mature" Entraarticular Malunion 

E 

F G 

Since the intention is to "take down" the maturing callus, the "osteotomy" is 
performed at the site of the original fracture (Fig. lO.15A-G). A mini distractor 
is extremely useful to control lengthening and to minimize the need for more 
extensive elevation of the soft tissue envelope surrounding the distal radius. 
The callus should be saved for later combination with autogenous iliac crest 
cancellous graft, which will be placed in the defect that results from the 
realignment of the distal fragment. 

In most instances, stabilization of the realignment is achieved with a T plate, 
although on occasion an oblique Kirschner wire and external fixation frame 
will be preferable. 

Technique: "Mature" 
Extraarticular Malunion 

The goals of distal radial osteotomy are to restore overall function as well as 
enhancing the appearance of the hand and wrist. The osteotomy should 
reorient the distal radial articular surface to improve normal load distribution, 
reestablish the kinematics of the midcarpal joint, and restore the anatomic 
relationships of the distal radioulnar joint. Since radial shortening is a constant 

283 

C 

Figure 10.15. Malunited distal radius frac
tun: seen 8 weeks postinjUly in a 23-year
old man. A. The malunion is approached 
through a dorsal incision. Care is taken to 
preserve large dorsal veins. B. The extensor 
retinaculum is opened between the second 
and third extensor retinacular compart
ments. C. A mini distractor is placed with 
one Schanz pin in the distal fragment and 
one in the radius proximal to the malunion. 
D. The callus is elevated, exposing the ori
ginal fracture site. E. The malunion is 
realigned and the defect packed with auto
genous iliac crest graft to which the original 
fracture callus is added. F,G. The realigned 
distal fragment is supported with a dorsal T 
plate. 



284 10. Malunion of the Distal End of the Radius 

Figure 10.16. Preoperative planning of the osteotomy for a "mature" malunion. 
A. For correction in the frontal plane, the amount of shortening (7 mm in this example) 
is measured between the ulnar and ulnar corner of the radius on the anteroposterior 
radiograph. The lines for the measurement are perpendicular to the long axis of the 
radius. The ulnar tilt is reduced to 10 degrees in this example. B. In order to restore 
the ulnar tilt to normal (average 25 degrees), the osteotomy is opened more on the 
dorsoradial than on the dorsoulnar side. C. For correction in the sagittal plane, the 
dorsal tilt (30 degrees in this example) is measured between the perpendicular to 
the jOint surface and the long axis of the radius on the lateral radiographs. The 
Kirschner wires are introduced so that they sub tend the angle that corresponds to the 
dorsal tilt plus 5 degrees of volar tilt (30 plus 5 degrees with 35 degrees in this 
example). D. After the osteotomy is opened by the correct amount, the Kirschner wires 
lie parallel to each other. (From Fernandez DL: Malunion of the distal radius. MOS 
Instmctional Course Lectures, Vol. 42, p. 105, 1993, by permission of the American 
Academy of Orthopaedic Surgeons.) 

component of the deformity in both malunited dorsal and palmar bending 
fractures, an opening wedge osteotomy which is transverse in the frontal plane 
and oblique (i.e., parallel to the joint surface) in the sagittal plane is recom
mended. Such an osteotomy will permit lengthening of the radius by as much 
as 10 to 12 mm as well as restoring the normal tilt in the sagittal plane, the 
ulnar tilt in the frontal plane, and the rotational deformity in the horizontal 
plane. The bony defect created by such a realignment is replaced by a 
corticocancellous bone graft obtained from the iliac crest.42 

Careful preoperative planning, along with the intraoperative Kirschner wires 
to mark the angle of the deformity, enhances the accuracy of such a realign
ment (Fig. 10.16A-D)' Radiographs of the opposite wrist are useful to help 
determine the physiologic ulnar variance for each particular patient and should 
be used to calculate the anticipated restoration of the radial length (Fig. 
10. 17A-D). 

A 7-cm incision beginning 2 cm distal to Lister's tubercle and extending 
proximally in the forearm serves to proVide more than adequate exposure. 
The extensor retinaculum is opened between the second and third extensor 
compartments with the fourth extensor compartment elevated subperiosteally 
off the radius (Fig. 10.18A). Approximately 2 to 2.5 cm proximal to the wrist 
jOint, the osteotomy site is marked with an osteotome. 
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Figure 10.17. Schematic representation of the technique of osteotomy for a malunited 
dorsal bending fracture (Colles' fracture). A. Threaded wires subtend the angle of 
correction. The osteotomy is made parallel to the distal articular surface in the sagittal 
plane. Note the fine Kirschner wire introduced into the radiocarpal joint. B,C. The 
osteotomy is opened dorsally and radially with a small spreader clamp. A fixator bar 
helps to maintain the correction. D. An iliac graft shaped to conform to the defect is 
inserted, and one oblique Kirschner wire is driven through the radial styloid and 
grafted into the radial metaphysis. The fixator can then be removed. (From Fernandez, 
DL: Malunion of the distal radius. AAOS Instructional Course Lectures, Vol. 42, p. 105, 
1993, by permission of the American Academy of Orthopaedic Surgeons.) 

To assure that the osteotomy is created in the sagittal plane parallel to the 
joint surface, a fine Kirschner wire is introduced through the dorsal part of the 
capsule into the radiocarpal joint and along the articular surface of the radius. 
In follOWing the preoperative plan, two 2.5-mm Kirschner wires with a 
threaded tip are inserted, subtending the angle of correction in the sagittal 
plane on both sides of the intended osteotomy (Fig. 1 0.18B). These wires 
serve not only to control intraoperative angular correction but also to help 
manipulate and maintain the distal fragment in the corrected position with a 
small external fixator bar until the graft is inserted. With careful protection of 
the volar soft tissues, the osteotomy is performed with the oscillating saw, 
taking care to avoid a complete osteotomy of the volar cortex (Fig. 1O.8C). The 
osteotomy is then opened dorsally and radially by manipulating the wrist into 
flexion, as well as applying spreader clamps into the osteotomy site until the 
wires are parallel in the sagittal plane (Fig. 10.18D and E). At this pOint, a 4.0-
mm external fixator bar with two clamps is placed between the two Kirschner 
wires to maintain the reduction of the distal fragment. Additional opening of 
the osteotomy along the radial side is gained by a small spreader clamp. 
Complete tenotomy or Z-lengthening of the brachioradialis tendon is recom
mended to facilitate lengthening in those mal unions with severe radial 
deviation and shortening. In such cases, two additional Kirschner wires with 
threaded tips to which a distraction device can be applied can be placed in a 
more horizontal direction. 
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Figure 10.18. Operative technique for a malunited dorsal bending fracture. A. The skin 
incision is over the third extensor retinacular compartment. B. Threaded wires are 
placed using fixed angle guides to subtend the angle of correction in the sagittal plane. 
C. The osteotomy is performed with an oscillating saw parallel to the distal Kirschner 
wire. D. The osteotomy is opened dorsally and maintained by applying a small fixator 
bar between the threaded wires. (Figure continues onjacingpage.) 

The iliac crest graft is shaped to conform to the dorsoradial bone defect and 
inserted, making certain that there is a snug fit (Fig. 1O.18F)' At this juncture, a 
1.6- or 2.0-mm Kirschner wire is driven obliquely from the radial stylOid across 
the graft into the proximal radius. The threaded wires and external fixator bar 
may now be removed. With the elbow in 90 degrees of flexion, intraoperative 
forearm rotation and wrist motion are controlled. Radiographic control should 
also be performed. 

A variety of methods of stable fixation are available, including a second 
Kirschner wire introduced across Lister's tubercle in an oblique dorsopalmar 
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direction42 (Fig. lO.19A-E), a T plate (Figs. lO.18G and lO.21A-H), or a 
titanium 2.7-mm plate (Figs. lO.21A-I). The more stable support provided by 
plate fixation will offer the potential of early unrestricted active motion of the 
wrist (Fig. lO.21A-H). 

During wound closure, the extensor pollicis longus tendon can be relocated 
back into its original location provided Lister's tubercle has been preserved. As 
the latter will need to be removed if a T plate is applied, in those cases the 
retinaculum is closed with the extensor pollicis longus tendon left above the 
retinaculum. 
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E. The osteotomy line is opened radially 
with a small spreader clamp. F. The iliac 
crest graft is inserted into the dorsoradial 
defect. G. The osteotomy is secured with a 
T plate with removal of the external fixator. 
(Reprinted with permission, Fernandez DF: 
Reconstructive procedures for malunion 
and traumatic arthritis. In: Melone C, ed. 
Distal radius fractures. Orthop Clin North 
Am 24: 341-336,1993.) 
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Figure 10.19. Malunited dorsal bending 
(Colles') fracture associated with an unstable 
radioulnar joint. A,B. Anteroposterior and 
lateral radiograph of the malunion. C. 
Intraoperative view showing the distal radial 
graft held in place with two smooth 
Kirschner wires. D,E. Anteroposterior and 
lateral radiographs showing the healed 
osteotomy secured with two Kirschner 
wires. A stabilization of the distal radioulnar 
joint was achieved by tightening of the 
triangular fibrocartilage complex by a pro
ximal displacement osteotomy of the ulnar 
styloid fixed with a tension band technique. 
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Figure 10.20. Severe malunion in a 40-year-old waitress. A,B. Anteroposterior and 
lateral radiographs of the dorsal malunion. C,D. Intraoperative photographs showing 
the interposed graft and the pre-bent titanium 2.7-mm condylar plate at its point of 
application. E. The plate is placed away from Lister's tubercle to prevent contact 
tendinitis of the extensor pollicis longus tendon. F,G. Postoperative radiographs 
show the graft and plate in place with correction of the preoperative deformity. H,I. 
Radiographs after plate removal. The carpal alignment is restored and the patient is 
free of pain with full forearm rotation. (Reprinted with permission, Fernandez DF: 
Reconstructive procedures for malunion and traumatic arthritis. In: Melone C, ed. Distal 
radius fractures. Orthop Clin North Am 24: 341-336,1993.) 
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Figure 10.21. Malunited distal radius fracture associated with radioulnar disruption 
and ulnar abutment. A,B. Preoperative anteroposterior and lateral radiographs of the 
malunion. Note the abutment. C,D. Preoperative plan. (Figure continues on facing 
page.) 
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E,F. The anteroposterior and lateral radiographs following osteotomy. A T plate pro
vided stable fixation of the interposed bone graft. G,H. Opposite wrist for comparison. 

Extraarticular Palmar Malunion 
(Smith's Fracture) 

The surgical approach to the malunited palmarly displaced bending fracture is 
that of the distal part of the classic Henry approach (see Chapter 4). The 
malunion is approached subperiosteally by reflecting the pronator quadratus 
muscle to the ulnar side, with the soft tissues protected with Hohmann 
retractors. The opening wedge osteotomy, interposed iliac crest cancellous 
graft, and plate application are carried out as described above for the dorsally 
directed malunion (Fig. 10.22A-I). 

When manipulating the distal fragment into dorsiflexion, care must be taken 
not to overcorrect the physiologic tilt of 10 degrees. The use of a T buttress 
plate is important, as it will automatically de rotate the pronated distal fragment 
by virtue of the flat surface of the plates. It is this pronation deformity that 
produces the apparent dorsal subluxation of the distal ulnar which is so 
charac teristic of malunited Smith's fractures. Dorsiflexing, derotating, and 
lengthening the distal fragment will help to reorient the sigmoid notch of the 
radius with respect to the head of the ulnar, which will restore the articular 
congruity of the radioulnar joint (Fig. 10.23A-H). 

At times the distal fragment is not only palmarly flexed but also shortened 
in a radial direction. In these cases, tenotomy or Z-lengthening of the 
brachioradialis tendon may also be required (Fig. 1O.24A-J). 

One of us (DLF) reported in 1982 a series of 20 radial osteotomies for 
malunion following distal radius fracture, with an average follow-up of 3.5 
years.40 Using a strict scale for evaluation of outcome (Table 10.4), the results 
were graded as excellent in 5 patients, good in 10, fair in 4, and poor in one 



292 

Figure 10.22. Malunited volar bending 
(Smith's) fracture in a 45-year-old cook. 
Forearm rotation was substantially limited. 
A,B. Preoperative radiographs reveal an 
increased ulnar inclination, volar tilt, ulno
carpal translation, and dorsal distal radio
ulnar joint apparent subluxation. C,D. 
Anteroposterior and lateral radiographs of 
the opposite (normal) wrist for comparison. 
E. Preoperative plan. F,G. Postoperative 
anteroposterior and lateral radiographs 
reveal restoration of the radiocarpal and 
radioulnar anatomy. H,I. Two years post
operative radiographs. The patient is asym
ptomatic with normal forearm rotation. 
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Figure 10.23. Malunion of a volar bending 
(Smith's) fracture with associated radial 
deviation of the distal fragment. A,B. A major 
displacement is seen in the anteroposterior 
and lateral radiographs of this malunion. 
The distal radioulnar joint is disrupted with 
limited forearm rotation. C. Preoperative 
tracing of the malunion. D. Planned iliac 
crest bone graft. E. Preoperative planning 
sketch showing the interposep iliac crest 
graft. F. Preoperative plan of the internal 
fixation. G,H. Anteroposterior and lateral 
radiographs 5 years postosteotomy. 
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Figure 10.24. Severely shortened malunion 
with a volar and radial deformity of the 
distal radial fragment. Severe limitation 
was noted in forearm rotation. A,B. An
teroposterior and lateral radiographs of the 
malunion. Note the severe disruption of the 
distal radioulnar joint congruity. C. Through 
an anterior approach the brachioradialis 
tendon is tenotomized. D. The osteotomy 
is made in line with the radial articular 
surface. E. The osteotomy is opened with a 
spreader clamp and the bone graft is held 
in the forceps. F. Intraoperative distraction 
is facilitated with a distraction device. G,H. 
Anteroposterior and lateral radiographs 2 
weeks postoperatively. I,J. One year posto
peratively the plate has been removed. Note 
the anatomic restoration of the sigmoid 
notch to the head of the distal ulnar. 
(Reprinted with permission, Fernandez DF: 
Reconstructive procedures for malunion 
and traumatic arthritis. In: Melone C, ed. 
Distal radius fractures. OrthojJ Clin North 
Am 24: 341-336,1993.) 
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Figure 10.25. An ll-year follow-up after a distal radius osteotomy for a malunited 
distal radius fracture. A. Anteroposterior and lateral radiographs of the malunion seen 
preoperatively in 1977. B. Anteroposterior and lateral radiographs almost 2 years 
postosteotomy. C. Anteroposterior and lateral radiographs 11 years following the 
osteotomy. D. Wrist extension and flexion at l1-year follow-up. E. Full forearm rotation 
is noted at l1-year follow-up. 

(Fig. 1O.25A-E). Since that time, both authors' experience with over 120 
osteotomies support the conclusion that careful patient selection, correct 
indications, and some refinements of the surgical technique can result in well 
over 80 percent good to excellent results. We have also learned to recognize 
the possibility of associated incongruity of the distal radioulnar joint and plan 
for the potential for a distal radioulnar joint procedure. In the experience of 
osteotomies by Fernandez (Table 10.5), an operation on the ulnar side of the 
wrist was required in 38 cases (Table 10.6) (see salvage procedures). 
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Table 10.4. Rating scale for evaluation of outcome of 
distal radius osteotomy. 

Rating 

Excellent 

Good 

Fair 

Poor 

Criteria 

No pain. Normal or near-normal motion 
Grip strength not less than 80 percent of 

normal 
No visible deformity 

No pain. Moderate limitation of motion 
Grip strength not less than 70 percent of 

normal 
No deformity 

Moderate pain with activity 
Limitation of motion of 40 to 65 percent 

of normal 
Grip strength of 50 to 70 percent of 

normal 
Mild deformity 

Failure of treatment due to pain; severe 
loss of motion; reduced grip strength 
less than 40 percent of normal; 
impairment of hand function 

Table 10.5. Corrective osteotomies of the distal radius. 

Malunion after 
Calles' fractures 
Smith's fractures 
Comminuted fractures 
Reversed Barton's fractures 
Children's fractures 

Total 

Table 10.6. Operations on the ulnar side of the wrist. 

Darrach 8 
Ulnar shortening 3 
Partial ulnar head resection 19 
Partial ulnar head resection and ulnar shortening 3 
Sauve-Kapandji 3 
Epiphysiodesis-distal ulna 2 
Total 38 

Intraarticular Malunion: 
Radiocarpal Joint 

37 
20 
15 
2 
6 

80 

The role of osteotomy of an intraarticular malunion of the radiocarpal joint 
following distal radius fracture is limited by both chronology and type of 
injury. The osteotomy should be done as early as possible following fracture, 
as the fracture plane can be readily identified upwards of 8 to 12 weeks post 
fracture (see Technique: "Nascent" Malunion, above). In addition, it is pre
ferable to reserve such a procedure for those malunited fractures which have a 
relatively simple intraarticular component. Those include malunited radial 
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styloid fractures, volar or dorsal shearing (Barton's) fractures (Fig. 10.26A-F), 
and dorsal die-punch fractures (Fig. 1O.27A-G). 

In executing such osteotomies, caution must be taken to minimize the soft 
tissue dissection around the malunited articular fragment in order to offset the 
potential for avascular necrosis. Similarly, internal fixation must be gentle to 
avoid fragmentation of these tenuous articular fragments. 

Postoperative Management Following 
Distal Radius Osteotomy 

As a general rule, we prefer to immobilize the wrist in a volar plaster splint for 
10 to 14 days to permit the surrounding soft tissue to heal. Once suture 
removal is accomplished, gentle active wrist motion is permitted in those cases 
in which stable internal fixation was accomplished in the presence of good 
bone quality. A thermoplast splint is advisable, which the patient can remove 
early on to perform such exercises. 

In those cases in which Kirschner wire fixation is used, a below-elbow cast is 
used for about 4 weeks. 

Strenuous activities are reserved until there is radiographic evidence of 
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Figure 10.26. Intraarticular malunion in a 
volar shearing (Barton's) fracture in a 40-
year-old woman seen 8 weeks postfracture. 
A,B. Anteroposterior and lateral radiographs 
8 weeks post fracture. Healing callus is 
visible. C,D. Preoperative drawings of the 
malunion. The callus is represented by the 
black shadow. E,F. Two years postosteo
tomy. Mild articular congruity is apparent. 
The patient regained good wrist motion 
with only occasional discomfort. 
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Figure 10.27. A complex intra- and extra
articular malunion in a 65-year-old general 
surgeon (also see Figure 1O.12A-I) at 3 
months postinjury. A,B. The anteroposterior 
radiographs of the original fracture and 
malunion show the impacted dorsal die
punch malunion of the lunate facet as well 
as the dorsal angula tion and shortening 
of the distal metaphyseal fragment. C. 
Intraoperative view of the lunate facet 
osteotomized through the original fracture 
(arrow). The reduction was held with a 
cannulated 3.5-mm screw over a washer. 
D,E. Anteroposterior and lateral radiographs 
showing the reduction of both the intra
and extraarticular malunions. A modified 
Darrach resection was done. F,G. One year 
postoperatively, radiographs demonstrate 
maintenance of the articular restoration. 
The patient was extremely satisfied with the 
outcome. (Reprinted with permission. 
Jupiter ]B, Ruder ]: Computergenerated 
bone models in the planning of osteotomy 
of multidirectional distal radius mal unions. 
] Hand Surg 17A: 406-415, 1992.) 
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Salvage Procedures 

bony healing, which will not be present for a minimum of 8 to 12 weeks 
following the osteotomy. 

We have found it necessary to remove most dorsally placed plates due to 
limitation of the overlying extensor tendons, whereas more commonly the 
volar plates can be left in place. 

Salvage Procedures 

In cases in which intraarticular malunion following extensive joint comminu
tion has resulted in pain and associated disability, a salvage procedure such as 
arthrodesis or arthroplasty should be considered (Fig. 10.28A and B). The type 
of salvage procedure depends on a number of factors, including the functional 
requirements of the wrist, hand dominance, level of pain, patient age, and 
occupation. 

Limited arthrodesis of the radiocarpal joint (radioscapholunate fusion) is a 
good alternative for localized degenerative changes secondary to incongruity 
of the radial joint surfaces. The outcome of this procedure is dependent the 
anatomic and functional integrity of the midcarpal joint. The requirements, 
therefore, should include a well-preserved midcarpal joint space as well as the 
absence of carpal collapse or a fixed midcarpal instability (Fig. 10.29A-D). 

The joint is approached through a dorsal transverse capsulotomy centered 
between the third and fourth compartments. The posterior interosseous nerve 
is identified and its distal 3 to 4 cm are resected. Wrist flexion will facilitate 
exposure as well as removal of any remaining articular cartilage from the 
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Figure 10.28. A severe intraarticular frac
ture of the distal radius resulted in a painful 
disability. Note the evidence of an associated 
intercarpal instability. Ultimately a wrist 
arthrodesis was performed. 
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Figure 10.29. A 34-year-old roofer sustained a complex intraarticular fracture of the 
distal radius with resultant painful radiocarpal arthrosis. A,B. The anteroposterior and 
lateral radiographs show the localized radiocarpal posttraumatic changes and dorsal 
carpal subluxation. C,D. A radiocarpal arthrodesis was chosen as a salvage procedure. 
The radiographs were taken 3 years following the fusion. The patient lost 40 percent 
of normal wrist extension and flexion. (Reprinted with permission, Fernandez DF: 
Reconstructive procedures for malunion and traumatic arthritis. In: Melone C, e d. Distal 
radius fractures. Orthop Clin North Am 24: 341- 336, 1993.) 

scaphoid, lunate, and distal radius. Cancellous bone can be obtained from 
either the distal radius or the iliac crest and used to fill up the intercarpal 
space. Fixation of the arthrodesis may be achieved with Kirschner wires, 
screws, or a dorsal T plate with the distal screws centered in the scaphoid and 
lunate (Fig. lO.30A-D). 

Should the patient decline a total or partial wrist arthrodeSis, a motion pre
serving procedure can be considered. The proximal row carpectomy, although 
appealing, has a limited place because the lunate facet is often distorted by the 
fracture. If, however, the degenerative changes are localized on the radial side 
of the radiocarpal joint with both the lunate and capitate articular surface, 
intact a proximal row carpectomy can be considered. 

Lastly, a total wrist arthroplasty may also have a place in the treatment 
of posttraumatic arthrosis after intraarticular fractures, although in our ex
perience, this has only been reserved for those patients who require the use of 
their wrist for nonstrenuous activities of daily living (Fig. lO.31A-D). 
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Figure 10.30. Posttraumatic radiocarpal and radioulnar arthritis following an intra
articular fracture of the distal radius. Forearm rotation was locked in 10 degrees of 
supination. A,B. The preoperative anteroposterior and lateral radiographs reveal 
extensive radiocarpal and radioulnar arthritis. C,D. Anteroposterior and lateral radio
graphs taken 3 years following radioscapholunate fusion and a Sauve-Kapandji procedure 
for the distal radioulnar joint. (Reprinted with permission, Fernandez DF: Reconstructive 
procedures for malunion and traumatic arthritis. In: Melone C, ed. Distal radius 
fractures. Orthop Clin North Am 24: 341-336, 1993.) 

A,B 

Figure 10.31. Posttraumatic arthrosis and chronic scapholunate dissociation following 
an intraarticular fracture of the distal radius in a 67-year-old retired postal clerk. A,B. 
The anteroposterior and lateral radiographs show radioscaphoid arthrosis, chronic 
scapholunate dissociation, and ulnar translation of the carpus. C,D. Radiographs 5 years 
following a noncemented titanium Meuli total wrist arthroplasty. 
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Figure 10.32. Schematic representation of 
three methods of shortening the ulnar for 
an ulnar plus variance. These include a 
transverse, oblique, and step-cut Z osteo
tomy. Plate fixation is preferred to stabilize 
the ulnar. (Reprinted with permission, 
Fernandez DF: Reconstructive procedures 
for malunion and traumatic arthritis. In: 
Melone C, ed. Distal radius fractures. 
Orthop Clin North Am 24: 341-336, 1993.) 

10. Malunion of the Distal End of the Radius 

Reconstructive Procedures for Distal 
Radioulnar Joint Incongruity 

When the primary focus of the patient's complaints rests in the distal ra
dioulnar joint and the angulation of the radioulnar joint surfaces are less than 
10 degrees in both the sagittal and the frontal planes, a reconstructive pro
cedure at the radioulnar joint alone is indicated without the need of a radial 
osteotomy. 

For posttraumatic positive ulnar variance and associated ulnocarpal impinge
ment and an acceptable relationship between the head of the ulnar and the 
sigmoid notch (best judged by a CT scan), a shortening osteotomy of the ulnar 
should be considered35 (Fig. 10.32). Ulnar shortening can serve not only to 
reestablish congruency of the distal radioulnar jOint, but also to decompress 
the ulnar compartment of the wrist and help stabilize the distal ulnar by 
tightening the triangular fibrocartilage. The method of shortening may vary 
from oblique to step-cut to transverse osteotomy, but whatever the type of 
bony cut, it is advisable to stabilize the ulnar with a compression plate (Fig. 
lO.33A-D). 

Figure 10.33. Ulnocarpal impingement and subluxation of the distal radioulnar joint 
following a distal radius fracture treated with an ulnar shortening osteotomy. A,B. 
Anteroposterior and lateral radiographs demonstrate the impingement associated with a 
positive ulnar variance. C,D. An ulnar shortening osteotomy restored a more normal 
distal radioulnar congruency and eliminated the ulnocarpal impingement. Stability of 
the distal radioulnar joint was also enhanced. 
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When faced with radioulnar joint instability associated with a nonunion of 
the base of the ulnar styloid, resection of the sclerotic margins at the nonunion 
and displacement of the styloid proximally into a notch created in the lateral 
aspect of the ulnar can work effectively to stabilize the distal ulnar by tightening 
the triangular fibrocartilage complex. The styloid can be secured with either a 
tension band technique or a screw and tension wire (Fig. 10.34A-G). 

In some circumstances, a positive ulnar variance, ulnocarpal impingement, 
and ulnar styloid nonunion may effectively be treated by a combination of an 
ulnar shortening osteotomy and tension band fixation of the ulnar styloid 
nonunion (Fig. 10.35A-H). 

If the plain radiographs or CT scans suggest posttraumatic incongruity or 
degenerative changes of the radioulnar joint, consideration should now be 
extended toward alternative approaches, such as a resection arthroplasty or 
distal radioulnar joint arthrodesis. The advantage of attempting to preserve part 
of the ulnar head over complete resection is that the ulnocarpal ligaments and 
triangular fibrocartilage complex remain in continuity with the distal ulnar 
(Fig. 10.36).2,51 Partial ulnar resection, however, will not affect ulnar variance. 
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Figure 10.34. Management of an unstable 
distal radioulnar joint with a nonunion of 
the base of the ulnar styloid. A,B. Anter
oposterior and lateral radiographs revealing 
instability of the distal ulnar and a nonunion 
at the ulnar base. C. Schematic represen
tation of the technique of placement of the 
ulnar styloid into a notch in the ulnar. Fixa
tion is achieved with a tension band. D,E. 
Anteroposterior and lateral radiographs 
postoperatively show the proximal dis
placement of the ulnar styloid and tension 
band fixation. F,G. Anteroposterior and 
lateral radiographs 2 years following the 
surgery. The distal ulnar remained stable 
and the patient's forearm rotation was full 
and painless. 



304 

Figure 10.35. Ulnar impingement and instability are treated by angular 
shortening along with fixation of an ulnar styloid nonunion. A,B. Anter
oposterior and lateral radiographs showing evidence of distal radioulnar 
joint instability following a distal radial fracture in a 30-year-old cook. 
The radius healed with only slight shortening with an acceptable volar 
angulation. Note the dorsal subluxation of the ulnar, widening of the 
distal radioulnar joint space, and the nonunion at the base of the ulnar 
styloid. C,D. Comparison radiographs of the contralateral uninjured 
wrist reveal a somewhat dysplastic distal radius with a 32-degree ulnar 
inclination of the radial articular surface and an ulnar plus variance. E,F. 
Postoperative anteroposterior and lateral radiographs reveal the restora
tion of the radioulnar joint anatomy through reattachment of the 
triangular fibrocartilage complex and an ulnar shortening osteotomy. 
G,H. Radiographs 18 months postreconstruction show healing at both 
surgical sites. Note reduction of the ulnar subluxation and restoration of 
the distal radioulnar joint space. (Reprinted with permission, Fernandez 
DF: Reconstructive procedures for malunion and traumatic arthritis. 
In: Melone C, ed. Distal radius fractures. Orthop Clin North Am 24: G 
341-336, 1993.) 
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Therefore, an additional ulnar shortening will need to be done either at the 
styloid level or in the ulnar diaphysis (Fig. lO.37A-D). 

Although loss of grip strength, loss of ulnar support of the carpus, and 
instability of the distal ulnar stump are recognized adverse sequelae associated 
with the Darrach procedure,s the most common cause of failure is excessive 
resection of the distal ulnar.15 

Zancolli's modification of the Darrach procedure (Fig. 1O.36C), in which the 
ulan styloid is fixed to the sigmoid notch, has the added advantages of retaining 
the ulnocarpal ligaments and enlarging the ulnar shelf of the lunate facet of the 
radius. Furthermore, tightening of the ulnocarpal ligament complex in a radial 
direction controls ulnar translation of the carpus. For stabilization of the distal 
stump of the ulnar, he recommends a careful closure of the sheath of the 
extensor carpi ulnaris tendon. 53 
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Figure 10.36. Schematic of the various 
operative procedures for the distorted distal 
radioulnar joint. (a) Darrach, Cb) Darrach
Dignman, Cc) Darrach-Zancolli, Cd) Watson 
matched ulnar resection, C e) Bowers' 
hemiresection interposition arthroplasty, Cf) 
Sauve-Kapandji arthrodesis. 

Figure 10.37. Ulnocarpal impingement and 
traumatic arthrosis of the distal Jadioulnar 
joint following a distal radius fracture in a 
70-year-old active woman. A,B. Anteropos
terior and lateral radiographs reveal a 
malunited distal radius along with ulno
carpal impingement and arthritic changes 
in the distal radioulnar joint C,D. The 
malalignment was addressed by an ulnar 
shortening and Bowers hemiresection 
arthroplasty. 



306 10. Malunion of the Distal End of the Radius 

Figure 10.38. Schematic representation of 
our modified Sauve-Kapandji procedure. 
The ulnar head is secured with two lag 
screws. The proximal ulnar stump is stabi
lized with a strip of the flexor carpi ulnaris 
(FCU). The pronator quadratus (PQ) is 
sutured to the sheath of the extensor carpi 
ulnaris (ECU). 

A 

c 

1e. 

B 

Figure 10.39. Massive posttraumatic changes in the distal radioulnar joint following an 
intraarticular fracture are treated by a Sauve-Kapandji procedure. A,B. Anteroposterior 
and lateral radiographs of the wrist showing the distal radioulnar jOint disruption. C. 
The CT scan clearly shows the disruption of the distal radioulnar joint. D. Schematic of E 
the procedure. E,F. Anteroposterior and lateral radiographs of the successful Sauve
Kapandji procedure. 

F 



Combined Radial Osteotomy and Distal Radioulnar 

Distal radioulnar joint arthrodesis combined with the creation of a proximal 
pseudarthrosis preserves both the ulnocarpal ligaments and the bony support 
of the carpus (Fig. 10.36F). We have found this operation extremely useful for 
the restoration of forearm rotation in patients with fixed distal radioulnar joint 
subluxation following articular fractures of the distal radius with extensive 
destruction of the radioulnar joint. 

In the original technique described by Sauve and Kapandji,47 fusion of the 
ulnar head to the sigmoid notch is stabilized by a single screw. A 15- to 20-mm 
ulnar segment is resected just proximal to the ulnar neck. The periosteal 
sleeve is removed to prevent reossification, and the pronator quadratus is 
pulled dorsally through the pseudarthrosis gap and sutured to the sheath of 
the extensor carpi ulnaris tendon. To prevent painful instability of the proximal 
ulnar stump, we prefer to use a distally based tendon strip of the flexor carpi 
ulnaris as a palmar tenodesis (Figs. 10.3SA and B, 10.39A-F). 

Combined Radial Osteotomy and 
Distal Radioulnar Joint Procedure 

The decision to perform an associated primary procedure on the ulnar side of 
the wrist during an osteotomy of the distal radius is dependent on a careful 
assessment of the status of the distal radioulnar joint. It is the authors' belief 
that partial resection of the ulnar head should be performed as a primary 
operation in combination with radial osteotomy when the patient's primary 
symptom is painful limitation of forearm rotation due to posttraumatic arthritis 
of the radioulnar joint (Fig. 1O.40A and B). There may, in fact, be occasions 
when the correction of the ulnocarpal impingement may also require an ulnar 
shortening through the distal diaphysis (Fig. 10.41A-F). 

~- . . -
, 

A. 

B. 
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Figure 10.40. Schematic representation of 
a malunion of a four-part articular fracture 
with resultant ulnocarpal impingement, 
incongruity of the sigmoid notch, radial 
shortening, and increased dorsal tilt. 
A. Pictorial representation of the deformity. 
B. Pictorial representation of the radial 
osteotomy and Bowers arthroplasty . 
(Reprinted with permisSion, Fernandez DL: 
Radial osteotomy and Bowers arthroplasty 
for malunited fractures of the distal end of 
the radius. J Bone Joint Surg 70A: 1538-
1551, 1988.) 
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Figure 10.41. Complex deformity following 
a dorsal bending (Colles') distal radius frac
ture. Associated ulnocarpal impingement 
and incongruity of the distal radioulnar 
jOint resulted in a painful limitation of 
forearm rotation. The patient is a 60-year
old college professor. A,B. Preoperative 
anteroposterior and lateral radiographs of 
the complex deformities. Note the incon
gruity of the sigmoid notch. C,D. The 
preoperative plan shows the decrease in 
ulnar inclination of the distal radial articular 
surface to 12 degrees and a 7-mm radial 
shortening. The planned surgical tactic 
includes an ulnar shortening and Bowers 
hemiresection arthroplasty. ' E,F. Anter
oposterior and lateral radiographs of the 
healed osteotomy showing the ulnar inclina
tion restored to 25 degrees and radial length 
restored by the ulnar shortening. Full pain
free forearm rotation was recovered. 

10. Malunion of the Distal End of the Radius 

A B c 

D E F 

There have been occasions in which distal radioulnar joint instability and 
ulnocarpal impingement due to shortening, angulation, or malrotation of the 
distal end of the radius could be corrected by radial osteotomy alone, 
yet the patient continued to experience distal radioulnar joint symptoms 
postosteotomy. In these instances we have performed a hemiarthroplasty or 
Sauve-Kapandji procedure at a later date (Figs. l0.42A-D)1 

One of us (Diego Fernandez) reported on 15 patients who had a com
bination of a radial osteotomy and hemiresection arthroplasty for a malunited 
fracture of the radius associated with symptoms predominantly in the radi
oulnar joint and limited forearm rotation. 12 The length of follow-up averaged 
3 years after the osteotomy. Thirteen patients had no pain in the distal 
radioulnar joint, and two noted only mild pain with extremes of forearm 



Complex Deformity 

A B 

c 

D 

rotation. Dorsal subluxation of the distal ulnar was not seen in any patient. An 
average increase in grip strength of 30 percent over the preoperative strength 
was seen in all patients, and each patient noted substantial improvement in 
overall function (Table 10.7). The outcomes were rated very good in four 
patients, good in eight, and fair in three. 

Complex Deformity 

A number of unique clinical situations may present with resultant deformity of 
the distal radius and distal radioulnar joint incongruity. These include complex 
fractures (Fig. 10.43A-H), fractures with bone loss, or complex deformity 
following distal radius fracture in the pediatric age group (Fig. 1O.44A-M). 

The surgical tactics in these particular situations must be individualized to 
accomplish the specific demands presented by the injury pattern. What 
is consistent, however, is the recognition that reconstruction of the distal 
radioulnar joint with restoration of functional forearm mobility is critical for 
overall hand and wrist function. 
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Figure 10.42. Malunited Calles' fracture 
with associated midcarpal instability, and 
painful forearm rotation. The osteotomy 
was combined with a hemiresection 
arthroplasty of the distal radioulnar joint. 
A,B. Preoperative radiograph of malunion 
with midcarpal instability (DIS!) and sever 
limitation of forearm rotation. C,D. Radio
graphs 2 years after radial osteotomy and 
hemiresection arthroplasty. Full forearm 
rotation was achieved. (Reprinted with 
permission, CV Mosby, Inc. Fernandez DL: 
Malunion of the distal radius. MOS Instrnc
tional Course Lectures, p. 100, 1993.) 
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A 

E 

10. Malunion of the Distal End of the Radius 

B c D 

F G H 

Figure 10.43. Complex malunion of both a distal radius and Galeazzi fracture treated 
with a double-level osteotomy. A-G Anteroposterior, oblique, and lateral radiographs 
reveal the complex double-level deformity with alteration of the distal radioulnar joint. 
D. A double osteotomy was performed and secured with a 3.5-mm DC plate and 
oblique lag screw. E,F. Union progressed with both osteotomies and the distal radio
ulnar joint remained congruent. G,H. At 1 year follow-up, excellent function resulted. 



Complex Deformity 

A 

G H I 

K 1 

B 

J 

M 

313 

E F 

Figure 10.44. Complex deformity following a growth 
plate fracture of the distal radius. A,B. Anteroposterior 
and lateral radiographs of the original fracture in 
a 7-year-old. C,D. A complex malunion developed 
with radiographs at 5 years postinjury. E,F. The 
clinical appearance resembled that of a club hand. 
H,I. Intraoperative picture of a sliding osteotomy 
using the Wagner device. The defect was filled in 
with autogenous iliac crest graft. J,K. Radiographs 5 
years post-lengthening. L. Clinical appearance 5 years 
postosteotomy. 
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Chap-ter Eleven 

Early Complications 

The first application of the bandages ought to be only 
moderately tight, and as the inflammation and swelling 
develop in these structures with rapidity, they should be 
attentively watched and loosened as they become 
painful. It must be constantly borne in mind that, to 
prevent and control inflammation, in this fracture, is 
the most difficult and by far the most important object 
to be accomplished, while to retain the fragments 
in place once reduced, is comparatively easy and 
unimportant. 

FH Hamilton, M.D. 186067 



318 11. Early Complications 

Introduction 

Complications associated with fractures of the distal end of the radius are, 
unfortunately, all too common. Whether related to the injury itself or to the 
method of treatment, the sequelae of early complications can result in a 
profound and lasting disability. 

In addition to the fact that the distal radius fracture is a common injury, 
unique anatomic features of this region of the upper limb contribute to 
the frequency of associated soft tissue problems. The overlying tendons, 
nerves, vascular channels, and integument are closely oriented to the underly
ing radius. Furthermore, these structures are confined by specific anatomic 
boundaries to well-defined, albeit crowded, zones that are prone to injury, 
both direct and indirect, from swelling or local compression.81.90.99 

The complications surrounding soft tissue elements associated with the 
management of fractures of the distal end of the radius are evident in the 
earliest descriptions of Colles as well his European contemporaries.33 The 
complications of constricting bandages were at times tragic, leading to loss of 
limb and even life. This is well depicted in the description of the origin of 
specimen No. 1038 in the Warren Anatomical Museum of Harvard Medical 
School: 

Comminuted fracture of the lower end of the radius, just above and into the 
joint, and a second fracture, 21/2 inches above the joint. From a man who 
received a very violent blow from a piece of machinery, December 24. On the 
26th, he entered the hospital with gangrene of the limb, con.sequence of the 
exceeding tightness of the bandage that had been applied, and on the 29th day 
he died. 

Prepared by Mr. R.H. Derby 
One of the House Pupils, 1867 

Dr. HJ. Bigelow79 

With the development of plaster of Paris bandaging, the late nineteenth 
century saw increaSing enthusiasm for longer periods of immobilization in 
ever more cumbersome plaster casts. As noted by Frederick Amendola, MD., 
in 1938:5 

A fracture about the wrist meant the encasement q[ the whole arm from the 
fingertips to the shoulder in a cast which sometimes immobilized the patient as 
well as the wrist. 

On removal of the cast some months later, it was the general rule to find a 
rigid hand, a withered arm, and a deformity of the fracture which had not 
been reduced in the first place. 

It is not surprising, therefore, to appreciate why the concepts of shortening 
the duration of immobilization combined with early joint manipulation and 
massage promoted by Lucas de Champonniere102 attracted so many converts. 
The results of limited immobilization and aggressive massage and therapy, 
however, soon lost favor as treating surgeons came to recognize that unsup
ported fractures led to a persistence of pain, limited digital mobility, displace
ment of the fracture, and late deformity. 

This chapter will focus on a number of early complications related to 
fractures of the distal end of the radius. Although it is not always readily 
apparent whether these complications are due to the injury itself on the 
methods of treatment, this chapter will address problems related to the overly
ing skin, tendons, nerves, and articulations. 
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Complications of Applied Techniques 

Unfortunately, many principles of treatment of Colles' fractures are insuf 
ficiently known or their applications are not enforced. Consequent~y, one 
constantly sees patients who on'ginally sought care for a disabled wrist and 
later seek care for a disabled hand. 

W.H. Cassebaum, M.D., 195028 

Colles warned his colleagues against the dangers of ill-applied casts or 
splints, and unfortunately that admonition holds true today. The incorrect 
timing or method of application of a circumferential cast can lead to any 
number of problems, not the least of which involve distortion or damage to 
the underlying skin or the production of distal edema with resultant small joint 
contraction, peritendinous fibrosis, or intrinsic muscle contraction. These, in 
turn, will limit the mobility of the hand, leading to a stiff hand, which has long 
been identified as one of the most deleterious and yet common problems 
associated with the use of circumferential cast immobilization in the manage
ment of fractures of the distal end of the radius5 ,28,35,37,51.55,62,65,87,99,103.128,129 

POSitioning of the hand and wrist in the extremes of palmar flexion and 
ulnar deviation (the Cotton-Loder position) has been condemned largely for its 
association with median nerve dysfunction1 ,28,106,l65,176 This wrist position, it 
should be pointed out, was promoted in large part to help maintain the 
reduction of unstable fractures associated with loss of the integrity of the distal 
radioulnar jOint. Its promoters stressed that this position should be held for no 
longer than 7 to 10 days, after which the wrist must be restored to a neutral 
position.144,166 Its early advocates cautioned that the duration of immobilization 
in this position should be limited and that daily massage of the hand and active 
mobility exercises under supervision should be instituted immediately upon 
application of the casting. In spite of these precautions, problems still were 
commonplace. This is well documented in the following case from the fracture 
records of the Massachusetts General Hospital in 1924 (Fig. 11.1). 

Even when a cast has been applied with the hand and wrist in what has 
become a more accepted position of immobilization, consisting of modest 
flexion and ulnar deviation, distal edema can substantially inhibit the ability of 
the patient to obtain full digital mobility. If this position is combined with 
traction in an external fixator with the pins placed above the center of rotation 
of the wrist jOint, further inhibition will result as a consequence of tightening 
of the extrinsic extensor tendons. This will lead to the recognizable claw 
position of the digits 2 ,83 

Case 78. 50, boilermaker (bench job). lnj. 
Nov. 13, 1924: fen (20 inches); adm. same 
date. X-RAY: comminuted Colles' fracture 
left radius, distal fragments displaced pos-

teriorly and rotated upward. rm t 
Other Injuries: none. (;. f 
Treatment: ether: immediate closed reduction 

attempted; antero-posterior splints. Position I~ • 

improved but not perfect. 6 days a.i.: ether: V ;,: ::.1 
closed reduction; arm in extension in plaster 
cylinder from axilla to mid palm, hand in 
palmar flexion and extreme pronation. 
X-RAY: good position. 12 days a.i.: original 
piaster removed; antero-posterior molded 
plaster splints to forearm, wrist in comfort- (78) 11.14.24 11 26 24 
able palmar flexion and normal pronation. • • 
Discharged Dec. 2, 1924 (19 days a.i.); pos-
terior splint discarded. 30 days a.i.: plaster cock-up splint; fingers verY stiff; physiotherapy 
advised. 7 mos. a.i.: returned to work. 8 mos. a.i.: complained of anesthesia of finger . 

Complication: none. 
End-result: 1 yr. a.i.: incomplete extension of fingers at proximal interphalangeal joints, finger 

tips could not be approximated to palm; grip strong; limitation in rotation at wrists; limited 
hut good extension at wrist. Patient satisfied. AaF aE4 

319 

Figure 11.1. Case 78 from the Fracture 
Registry of Massachusetts General Hospital, 
1924. 
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Figure 11.2. An improperly applied cast or 
splint is a common cause of swelling of the 
hand and digits. A. The cast extends beyond 
the distal palmar flexion crease. Note the 
distal swelling. B. Despite 6 months of hand 
therapy, the patient remained with residual 
loss of flexion due to intrinsic tightness, 
capsular contracture, and peritendinous 
fibrosis. 

11. Early Complications 
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The unfortunate combination of postcast edema and a dysfunctional hand 
position can be further complicated by a cast extending beyond the metacar
pophalangeal joints. A common occurrence, this too has a potential for inducing 
the development of the stiff claw hand recognizable by the extension contrac
tures of the metacarpophalangeal joints, flexion contractures of the proximal 
interphalangeal joints, and a loss of wrist extension (Fig. 11.2).99 

Edema will also have an adverse effect on the interosseous muscles within 
the hand. Intrinsic tightness accentuates the patient's difficulty in achieving full 
digital mobility both while in the cast and after removal of the cast. 154.156 

It is apparent, therefore, that measures should be taken early on in the 
treatment program to avoid or minimize the development of edema and 
maintain digital mobility. This was recognized as early as 1896 by Braatz23 and 
soon after by Bohler in 1919,20 with the latter having developed a program for 
active functional range of motion as well as coordinated exercises for patients 
during the time that they were treated for fractures of the distal end of the 
radius. This has been well accepted today with the addition of modalities such 
as Caban wrap* or an Isotoner glove.** These devices, combined with range of 
motion exercises accentuating metacarpophalangeal joint flexion under the 
supervision of a hand therapist, can offset many of the problems associated 
with edema.34,99,122 

The adverse consequences of edema may overshadow the initial problem 
represented by the fracture and ultimately prove far more disabling than any 
skeletal deformity. This was clearly pointed out by Ford and Key:51 

It is far better to lose position of a reduced Colles' fracture in order to spread a 
cast as a means of preventing inteiference with circulation if, by doing so, one 
can maintain full digital function. 

Patients with marked residual stiffness of the fingers because swelling in the 
cast was unrelieved would have been better oj( in the final analysis if they had 
accepted the position of deformity and had simply maintained finger motion 
with or without splinting of the fracture. 

The problems associated with an improperly padded or applied cast also 
involve the underlying skin. Pressure points, such as those over the radial 
stylOid and the distal ulnar, should be well padded, and care should be taken 
to avoid creation of sharp edges at the proximal or distal limits of a cast. Even 
the degree of pressure that occurs under a cast has been investigated. 108,123 

* ®3M Corporation, St. Paul, MN 
**®Aris Isotoner Glove, New York, NY 
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Investigators have noticed that the highest pressures occurred immediately 
after application of a plaster of Paris cast, with a second rise an pressure an 
average of 13 hours after cast application. Yet the pressures were not sustained, 
and there was no correlation found between the development of edema of the 
hand and digits and pressures recorded under the plaster cast, which suggested 
to the investigators that edema was due more to dependency and the tracking 
of fluid than to persistent or increasing elevation or pressure under the cast. 
Yet with the advent of fiberglass cast materials, some investigators have sug
gested that considerably higher pressures will be generated under a fiberglass 
cast than with similar casts made of plaster of Paris90 

Although cast immobilization of fractures of the distal end of the radius has 
been well accepted historically and even in contemporary practice, many 
problems that have been attributed to the fracture may well be related to the 
applied techniques of immobilization. This is illustrated quite clearly in a case 
from a study by Siegel and Weiden:151 

Case Report 2 
P.D. a 29-year-old repairman fell off a ladder and sustained a patellar 
fracture and a closed comminuted fracture of the distal radius with probable 
extension into the joint . .. No evidence of nerve injury was found by the 
admitting house officer. 

The patient underwent patellectomy, and a closed reduction of the wrist 
fracture under general anesthesia. A long arm cast with the wrist in moderate 
volar flexion was applied. Four days after reduction, the cast was bi-valved 
because of edema. During a change of plaster ]112 weeks after injury, fracture 
blisters and a small area of non-viable skin were seen on the volar suiface of 
the wrist. The swelling of the hand and wrist persisted. By four weeks a 
complete median and ulnar nerve palsy distal to the wrist was present and 
confirmed by electrical testing. A carpal tunnel release was peiformed 12 
weeks after injury. The patient Signed out of the hospital after the operation 
and was lost to follow-up. 

Problems associated with the application of pins and operative techniques 
cannot be minimized and are defined for the reader in preceding chapters. 

Nerve Injury 

A laborer, A.E.T 45, of robust health, was admitted during 1853, havingfallen 
from the roof of a house . .. The hand was cold and numb . .. The forearm 
throughout was tense and emphysematous. Mr. Stanley amputated immediately 
below the elbow. The muscles, tendons and cellular tissue were found bruised 
and tom about the broken bones, the median nerve was lacerated. 

GW Callender, M.D. 186526 

The incidence of nerve-related complications in association with a fracture 
of the distal end of the radius is unclear. Whereas numerous reports in the past 
have suggested a relatively limited incidence,14,28,54,55,112,152 others have 
implicated this to be far more commonplacey,22,35,106,159,161 

It is not unusual for patients with fractures of the distal end of the radius to 
experience paresthesias in the median nerve distribution at the time of injury, 
although in most cases these symptoms resolve in a relatively short time. 
Sponsel and Palm, in describing eight cases of acute and chronic median nerve 
injury follOWing Calles' fractures, noted five patients with deficits identified 
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from the time of injury which they felt were due to trauma of the median 
nerve, while three had the onset of symptoms 24 hours postinjury, which were 
thought to be associated with immobilization in the position of flexion. ls7 

Nerve injuries may occur at the time of fracture, after fracture manipulation, 
or following application of circular casts or external fixation devices. Later 
nerve dysfunction (tardy) may be related to exuberant callus or chronic carpal 
tunnel compression. 1SO With fractures of the distal radius, most often swelling 
or direct contusion will produce symptoms of nerve dysfunction with the 
median nerve most commonly involved.91.96.109.110.113,120.138 The ulnar nerve is 
much less involved,168.177 and least of all of the radial nerve. 98.99 Seddon's 
classification145 (focal demyelination with axonal degeneration) is by far 
the most common problem seen in association with the most extreme 
injury. Neurotmesis (severe axonal disorganization or division), is rarely 
seen, with the exception of those unusual cases associated with extensive 
soft tissue injury or devascularizing trauma. In rare circumstances, direct 
nerve injury, either partial or complete, has been reported, with less extreme 
injuries in some instances attributed to entrapment of the nerve at the fracture 
site.42.60.91,105,160,164,173 

Acute nerve dysfunction, especially that of the median nerve, has been 
associated with immobilization of the wrist in positions of extreme flexion. l ,57 
Abbott and Saunders in 1933 used injection studies of the forearm flexor 
musculature to demonstrate that acute flexion and ulnar deviation, as found 
with the Cotton-Loder position, would prevent the contrast from passing distal 
to the proximal extent of the transverse carpal ligament. With elimination of 
flexion, the contrast was observed to flow freely into the palm. Robbins,135 in 
an anatomic study, observed that with palmar flexion of the wrist, the anterior 
part of the lunate projected palmarward. Robbins felt that the hemorrhage and 
edema following a fracture of the distal end of the radius, in combination with 
this observed lunate rotation with the wrist flexed, would decrease the volume 
of the carpal tunnel and lead to compression of the median nerve. Using 
intercarpal canal interstitial fluid pressure measurements, Gelberman and co
workerss7 evaluated 22 patients with 23 fractures at the distal end of the radius. 
Although the mean values of pressure measurements were 18 mm of mercury 
in the neutral position, this increased to a mean of 47 mm of mercury in 
40 degrees of wrist flexion and 35 mm of mercury in 20 degrees of wrist 
extension. It is noteworthy that 4 of these 22 patients had symptoms of acute 
median nerve compression, with 3 of these 4 having carpal tunnel pressure 
measurements in excess of 50 mm Hg in the 40-degree flexed position. 

What then are the recommended treatment considerations when one is 
faced with a patient who presents with altered median or ulnar nerve func
tion in conjunction with an acute fracture of the distal end of the radius? In 
the first place, one should attempt to reduce the fracture, as an accurate 
reduction in some instances can eliminate bony encroachment on the carpal 
canaP4,56,90,99,109,176 The sensory function should be controlled by some objec
tive means by using either von Frey pressure measurements, vibratory sen
sibility testing, or two-point discrimination. It is noteworthy that two-point 
discrimination represents the least reliable of these three methods in reflecting 
early changes in nerve function in response to trauma. 58 If no improvement is 
noted over the succeeding 4 to 6 hours, particularly if there is dense sensory 
loss and/or motor weakness, one should consider either testing intercarpal 
canal interstitial pressure or proceeding directly to operative decompression. 56 

Should the nerve dysfunction occur or worsen after the patient has been 
immobilized in a cast, the cast should be removed and the wrist placed in a 
neutral position. A soft bulky dressing will help support the wrist and allow for 
observation of distal sensory and motor function. 16 Likewise, if no improve
ment is noted over the next 6 hours, one can consider decompression of the 
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median nerve or, alternatively, monitoring the intercarpal canal interstitial 
pressure measurements to determine if they are elevated. If this proves to be 
the case, then operative release should be done. 

In the event that operative release is decided upon, the procedure should 
include release of not only the carpal tunnel and canal of Guyon, but also the 
distal forearm antebrachial fascia. In conjunction with this procedure, it would 
be our preference to immobilize the fracture with percutaneous pins in 
conjunction with external fixation (Fig. 11.3). 

G 
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Figure 11.3. A 65-year-old woman had a 
closed reduction and cast following a bend
ing fracture. She complained of severe pain 
and was unable to sleep. Sensory loss was 
noted in the median distribution. She was 
unable to flex her fingers due to pain. A,B. 
Surgical release of the median nerve and 
distal antebrachial fascia revealed a com
pressed nerve. C,D. External fixation per
mitted early functional rehabilitation. E,F. 
Anteroposterior and lateral radiographs 
reveal an acceptable anatomy. G,H. Excellent 
digital function resulted at eight weeks. 
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One further situation which is likely related to acute nerve compression or 
injury is that in which the patient is noted to have pain far in excess of what 
would be expected with his or her fracture and early treatment. In these 
instances, the potential for the development of sympathetic-maintained pain 
syndrome (reflex sympathetic dystrophy) is considerable, and the patient 
should have the cast or splint loosened or removed and observed closely. 
Consideration should be given as well to the measurement of the intercarpal 
canal interstitial pressure. If the latter is elevated or if the pain symptoms 
persist in association with sensory or motor dysfunction, operative release of 
the median nerve may well abort the development of a sympathetic-maintained 
pain syndrome. 

Acute ulnar nerve lesions appear more likely to be seen with higher-energy 
injuries associated with wide displacement of the fracture fragments, especially 
with co-existent distal ulnafracture.36,49.90.1 13.138.147,151,165,168,177 The incidence 
of ulnar nerve involvement is conSiderably less than that of median nerve 
involvement, in part due to the variability of the neural anatomy in relationship 
not only to the end of the radius but also to their anatomic "tunnels" as they 
enter the proximal palm. The ulnar nerve will be less prone to compression by 
associated edema in the canal of Guyon, which is more distal than the proximal 
limit of the transverse carpal ligament. By the same token, the approach to 
ulnar nerve dysfunction should be much the same as with the median nerve.35 

The radial nerve is vulnerable to compression neuropathy from a constricting 
cast and to direct trauma from the placement of pins percutaneously for 
fracture fixation or as part of an external fixation device.35,99,141,161 Recognition 
of the anatomic relationship between the branches of the radial sensory nerve 
and the various loci for pin placement will help avoid local injury. In addition, 
the use of either an oscillating attachment to a drill or a drill guide when 
placing pins through limited incisions will also minimize the potential for 
direct nerve injury. 

A late "tardy" median neuropathy may occur months or even years after the 
radius fracture has healed. In addition to chronic perineural fibrosis from the 
original injury or the original swelling, late median nerve dysfunction may be 
seen in association with a malunited fracture or with exuberant callus along 
the palmar aspect of the distal radiusz2,9o,165 The approach to this problem, 
however, is little different from that with other compression neuro
pathies. 6,27,35,36, 149,175 

Tendons 

In fact, if treated by a quack, whose ignorance leads him to treat the injury as 
a sprain with an ointment, poultice, or with 'faith'; often a better result is 
obtained in such ordinary cases than by the learned medial neophyte, who 
after having made a most erudite diagnosis, immobilizes the joint for too long 
a period in the zeal to keep the fragments together; there will be no deformity, 
but adhesions will be formed, and the wrist will remain immobile. 

Carl Beck, M.D. 189817 

The anatomic confinements of both the flexor and the extensor tendons at 
or about the level of the end of the radius make them vulnerable to either 
trauma, peritendinous swelling, or compression from encircling casts. Although 
the most dramatic complication involving a tendon is that of a secondary 
rupture, the more common problems, in fact, involve the development of 
peritendinous adhesions. These represent part of the "stiff hand syndrome" 
that results from edema and leads to residual loss of function. The optimal 
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approach to this is prevention with early mobilization and methods taken to 
reduce edema. If the patient is seen at a later period after fracture healing, a 
vigorous program of exercise under the supervision of a trained therapist can 
overcome many of the problems associated with peritendinous adhesions. On 
occasion, however, late tenolysis will be necessary, but this is more likely to be 
required in more severe cases of stiffness. 

Tendon injuries include those of tendon entrapment at the fracture site, 
tenosynovitis such as de Quervain's stenosing tenosynovitis, and tendon 
ruptures, most notably involving the extensor pollicis longus tendon. 

Entrapment of tendons involving either the flexor or extensor ten
dons is exceedingly uncommon yet should be thought of if a mechanical 
block appears to be present preventing complete reduction of a frac
ture.49,76,78,85,117,118,120,148,163 Residual fracture malalignment and individual 
tendon dysfunction can be a difficult sequela if an entrapped tendon is not 
recognized. Early recognition should lead to considerations for operative 
intervention. 

Entrapment of the extensor carpi ulnaris tendon has been identified as a 
particular problem with fractures of the distal radius with distal radioulnar 
jOint involvement. Radiographic demonstration of widening of the distal radi
oulnar joint as well as the inability to reduce the radial fracture should suggest 
the possibility of this lesion. Surgical exploration should then be considered in 
addition to operative fixation of the radius fracture. Extirpation of the extensor 
carpi ulnaris, repair of the distal radioulnar joint capsule, and relocation of 
the extensor carpi ulnaris with a sling made of the extensor retinaculum is 
generally required (Fig. 11.4).78,121 

Tenosynovitis noted soon after fracture treatment most often affects the 
tendons within the first dorsal extensor retinacular compartment. 28,176 The 
etiology of this could involve localized swelling, compression from a cast, 
irritation from a percutaneous pin, or localized fracture hematoma. Whatever 
the cause, it is generally approached very much in the way one might approach 
a patient with isolated de Quervain's stenosing tenosynovitis. This would 
include the use of a long opponens splint combined with local instillation of a 
corticosteroid and administration of oral nonsteroidal antiinflammatory drugs. 
Surgical release would be recommended in those cases that do not respond to 
conservative treatment. 

B 
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Figure 11.4. A 30-year-old woman with a 
complex fracture of the radius with a dis
rupted distal radioulnar joint. A. At explora
tion the extensor carpi ulnaris was found 
displaced below the ulnar head, blocking 
reduction. B. The tendon was relocated and 
a new retinacular sheath constructed. 
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A 

Figure 11.5. A 64-year-old man presented 
with an inability to flex the interphalangeal 
joint of his thumb as well as distal inter
phalangeal jOint of his index 4 months fol
lowing a fracture of the distal radius. A. At 
surgery an attrition rupture was found in
volving the flexor pollicis longus and flexor 
digitorum profundus to the index. The 
median nerve was also severely com
pressed. B. The sublimis tendon to the ring 
finger was transferred to the profundus of 
the index. The thumb interphalangeal joint 
was fused and the palmaris longus tendon 
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B 

was transferred to the abductor pollicis C D 
brevis. C,D. Excellent flexion and thumb 
abduction were gained. 

Rupture of both flexor and extensor tendons has been reported in associa
tion with a fracture of the distal end of the radius. Attritional ruptures 
can result from abrasion of a tendon over a bony exostosis or malunited 
fragment. 140 

On the flexor Side, isolated rupture of the flexor pollicis longus ten
don,8,35,136,1 73 the flexor profundus tendon to the index finger35,139,155,174 as 
well as multiple ruptures24,41,173 have all been reported. These for the most 
part have been identified as secondary to attritional rupture over a bony 
prominence. In most cases, a tendon graft or tendon transfer will be required, 
as the extent of damage and local ischemia to the injured tendon would 
preclude repair (Fig. 11.5A-D). 

The tendon most often identified with rupture in aSSOClatlOn with a 
fracture of the distal end of the radius is the extensor pollicis longus 
tendon. 2S,29,30,35,43,48,53,54,70,71 ,72,80,90,99,107,111 ,165,Hi7,170,176 Yet even so, tendon 

rupture is extremely unusual. Helal noted an incidence of spontaneous rup
ture of the extensor pollicis longus following all distal radius fractures of 
<0.2 percent. Although reports have suggested various time intervals from the 
fracture to the clinical presentation of the rupture, what is unique regarding 
the extensor pollicis longus rupture is that most occur within 2 to 3 months of 
fracture31 ,35,48,71,107 and most have been reported in association with non
displaced or minimally displaced fractures? ,10,19,35,48,54,72,101,162,167,172 According 
to most reports, the tendon ruptured at the level of Lister's tubercle under the 
third extensor retinacular compartment. 

The first case of extensor pollicis longus rupture has been attributed to 
Duplay in 1876.47 Kleinschmidt identified 27 cases in a report in 192986 Other 
cases were reported by McMaster (1932),111 Moore (1936),116 Kwedan and 
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Mitchell (1940),92 Smith (1946)/53 and Trevor (1950),167 who added 9 addi
tional cases and totalled approximately 90 cases reported to that time. Of 
interest is the fact that age does not appear to be a factor, with some patients 
reported as young as 1631 ,72 and two as old as 78.72 

The etiology of the extensor pollicis longus rupture has been the subject of 
some debate. While some have suggested the rupture to be due to attrition 
over a prominent bony spike,13,86 the fact that most have occurred in the 
setting of nondisplaced fractures has led many to feel otherwise. Several 
studies have been done to look at the blood supply to the extensor pollicis 
longus tendon at the level of Lister's tubercle.3.48,71,72 These studies have 
suggested that the extensor pollicis longus receives a dual blood supply from a 
proximal and distal perfusion from the anterior interosseous artery and a 
dorsal carpal branch of the radial artery distally as well as through a well
vascularized tenosynovium. There appears to be a zone at or about the 
beginning of the extensor retinaculum of approximately 5 to 10 mm which is 
not well perfused, and the tendon is apparently nourished by diffusion from 
the overlying tenosynovium. Many have suggested that the etiology of the 
rupture is a combination of a mechanical cause of direct trauma to the tendon 
at the time of fracture which is accentuated by secondary ischemic changes as 
localized pressure within the intact retinacular compartment compromises the 
extrinsic synovial sheath nutrition of the underlying tendon.39,71,72,80,90 

When faced with a patient complaining of increasing pain with movements 
of the thumb in the setting of a nondisplaced fracture of the distal end of the 
radius, a high index of suspicion should alert the treating physician to the 
possibility of an impending rupture of the extensor pollicis longus tendon. 
The authors would prefer to remove a circular cast if present and apply a 
long opponens splint immobilizing the thumb. If symptoms persist, then a 
corticosteroid injection or, preferably, opening the third extensor compart
ment may prevent a complete rupture from occurring25 

When a complete rupture has in fact occurred, most have recommended 
either transfer of the extensor indicus proprius tendon71 ,72,134,142,162,167 or a 
free tendon graft.40,66,107 The advocates of the free tendon graft have felt that 
patients would regain function more quickly than with the extensor indicus 
proprius transfer, as the original muscle belly is used and the flexor pollicis 
longus would get back its original antagonist. 

Finally, it should be noted that there have been occasional reports of 
rupture of the extensor pollicis longus due to prominent screw heads from a 
dorsally applied plate104,171 or to the tip of the screw from a palmarly applied 
plate.32 

Reflex Sympathetic Dystrophy 

A satisfactory result follOWing Colles' fracture means a complete restoration 
within a reasonable time of muscle power and motion in the hand, wrist, 
forearm and elbow and in the upper arm and shoulder as well. 

Frederick Amendola, M.D. 1938 

Although the descriptive terminology has varied over the past century, 
dystrophy or, as it is currently termed, sympathetic-maintained pain, has been 
well described as an early complication associated with fractures of the distal 
end of the radius. Given the fact that a number of terms have been used to 
identify this entity, including posttraumatic reflex sympathetic dystrophy, post
traumatic sympathetic dystrophy, shoulder-hand syndrome, osteoneuro-
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dystrophy, Sudeck's atrophy, and causalgic syndrome, it is quite hard to 
glean from the literature what might be an accurate incidence of this 
problem.4.15.44,77,124,126,127,143,161 

In 1877 von Lesserl69 noted trophic changes in the hands following otherwise 
unremarkable distal radius fractures, and in 1915 Le Breton described 10 cases 
of what would appear to the reader to be consistent with dystrophic changes?5 
These early descriptions were soon followed by those of Hansen in 1926,68 
Kotrnetz and Geiringen in 1937,89 and Rosen137 in 1947, who noted no 
fewer than 10 out of 280 fractures to be troubled by symptoms suggestive of 
dystrophy. 

Several subsequent investigations attempted to identify the incidence of 
dystrophy with distal radius fractures. Bacorn and Kurtzke in 195314 identified 
a 0.1 percent incidence of "acute causalgia" and a 0.1 percent incidence of 
"Sudek's atrophy"; Lidstrom in 1959 using the term "post-traumatic causalgia" 
found an incidence of 10.3 percent (53 out of 515 fractures).97 Of note is the 
fact that in follow-up of these patients, Lidstrom identified an unsatisfactory 
result in 67 percent. Raschle in 1965 noted a 6.5 percent incidence, while Rehn 
in the same year noted an 8.5 percent incidencey.,2,133 Frykrnan in 1967,54 
using the term "shoulder-hand syndrome," identified 9 cases out of 430 frac
tures, giving an incidence of 2.1 percent. 

Atkins and colleagues in two studies using the criteria of pain and ten
derness, vasomotor and pseudomotor instability, swelling and dystrophy, and 
impairment of joint mobility, identified 13 of 109 patients who had all four 
groups of symptoms 9 weeks postfracture, with 11 others having three of these 
groups of symptoms. l1 ,12 These investigators felt that this could reflect a milder 
form of sympathetic-maintained pain follOWing fractures, which is transient in 
nature. Field reviewed a series of patients 10 years after fracture finding 26 
percent having some residual symptoms. 50 Vasomotor symptoms were found 
in 64 percent of these, with small joint stiffness in 14 percent. 

A number of etiologies have been offered to explain the development of 
sympathetic-maintained pain with fracture at the distal end of the radius. 
These include sympathetic overactivity, traumatic fracture reduction, fre
quent cast changes, psychological factors, or malposition of the fracture 
fragments.9,18,21,37,38,46,4752,54,94,114,115, 119,125,130 

Likewise, any number of treatments have been attempted for this pro
blem, including sympathetic blockade, intravenous guanethidine, corti
costeroids,vasodilators, hydroxy radical scavengers, and vigorous physical 
therapy.46,52,59,63,73,94,100,119,131,143 

Although many theories have been proposed to explain the pathophysiologic 
changes responsible for sympathetic-maintained pain, there exists a group of 
patients who exhibit a true causalgic picture in whom an acute or chronic 
injury to a nerve focus has been identified.63,82,158 It is the authors' belief that 
there is a strong likelihood that many of the patients who exhibit these signs 
and symptoms and have signs consistent with vasomotor and pseudomotor 
instability in conjunction with a fracture of the distal radius have in common a 
compressed median nerve. Treatment should consist of controlling the 
sympathetic-maintained pain with sympathetic blockade, evaluation of neural 
function with electrodiagnostic testing, and, if indicated, measurement of 
intercarpal canal interstitial pressures followed by surgical release of the nerve 
if the findings confirm this to be under compression. If the patient is seen 2 to 
3 months postinjury, we have also utilized local muscle flaps to cover the nerve 
at the time of surgical release in order to provide a protective covering and 
enhance the local environment surrounding the nerve (Fig. 11.6A-C). 
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Figure 11.6. A 50-year-old woman presented 
with a profound causalgic picture 3 months 
following a distal radius fracture and an 
attempt at carpal tunnel release. A. Upon 
exploration the median nerve was severely 
scarred. B. A microscopic-assisted neurolysis 
identified normal fascicular orientation. C. 
An abductor digiti quinti muscle flap was 
elevated and rotated to cover the nerve in 
the proximal palm. D,E. At 2 years follow
up, nearly full motion is maintained. No 
symptoms of sympathetic-maintained pain 
have recurred. 
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Figure 11.7. Nonunion of a complex frac
ture of the end of the radius associated with 
a scaphoid fracture. A,B. The anteroposterior 
and lateral radiographs reveal the nonunion. 
C,D. Treatment consisted of an intercalated 
iliac crest graft and small plate and smooth 
Kirschner wires. E,F. The nonunion was 
healed by 3 months following surgery. 

c D 
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Dupuytren's Contracture 

The exact role of trauma in relationship to the development of Dupuytren's 
contracture remains controversial. Hueston has suggested that a single episode 
of injury can lead to the development of this process, particularly in those who 
have a preexisting propensity or evidence of the disorder?4,75 There are a 
number of reports in the literature, probably starting with the first report by 

A B 

E F 
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Table 11.1. A summary of the incidence of Dupuy
tren following Distal Radicus Fractures. 

Author Number Number of 

Kohlmeyer. 1935 

Bacorn and Kurtzke. 1953 
Castaing. 1964 
Smail!. 1965 
Stuart et al. 1985 
De Bruijn. 1987 

(Incidence) patients 

6(5.4%) 
4 (0.75%) 
4(0.2%) 
2 (0.45%) 
2 (4.9%) 

22 (9.3%) 
5 (2.5%) 

110 d' 
530 S! 
2.132 
440 
41 
235 
196 

Goyrand in 1835.61 ,88 Since then, a number of reports, with an incidence 
varying from 0 to 11 percent, have been put forth in the literature. Kelly and 
colleagues summarized the incidence of this condition in a table drawing on a 
number of prior articles (Table 11.1)84 

Nonunion 

Although uncommon, delayed union and nonunion can occur when the bone 
substance in the immediate subchondral bone is deficient from comminution 
or osteoporosis or there has been extended overdistraction usually associated 
with external fixation64,69,93.99.146 

In the presence of a nonunion, the authors have found that autogenous 
bone graft with internal fixation can gain successful union (Fig. 1l.7A-F). In 
some instances, however, if the radiocarpal articulation has been disrupted, a 
wrist arthrodesis should be considered. 
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References to figures are marked with 1; references to tables are marked with t. 

A 
Adhesions, peritendinous, 324~325 
Age, and incidence of distal radius 

fractures, 24, 25 
Anesthesia 

general, for fracture reduction, 120 
in management of displaced distal 

radius fractures, 119~ 120 
Anterior fractures, displaced, 8f, 9 
Anterior shearing fractures, 174~ 176 

complex, 1811 
with a radial styloid component, 18ij 

marginal, 17(j' 
AO/ASIF classification, 35, 3~f, 110~111, 

1111 
complex distal radius fractures, 23~f 
type C, 194~196, 1951 
of ulnar lesions, 36~ 38, 381 

AO/ASIF external fixation frame, 91~92 
Arthritis, posttraumatic, 48 

from failure of articular congruity 
restoration, 264 

grading system for evaluating, 151t 
radiocarpal and radioulnar, 30lj 
resection of ulna head in, 307, 3071 

Arthrodesis, 299 
in compartment syndrome, 260 

delayed, 2591 
with intraarticular fracture, 27(j' 

distal radioulnar jOint, 303, 3071 
for misunited intraarticular distal radius 

fracture, 3001 
for nonunion, 331 
Sauve-Kapandji, 3051 

Arthroplasty, 299 
Bowers' hemiresection interposition, 

3051 
in degenerative changes, radioulnar 

jOint, 303 
hemiresection, 308, 3091 
for posttraumatic arthrosis and 

scapholunate dissociation, 30lj 
total wrist, 300 

Arthroscopy 
in closed reduction and percutaneous 

pinning, 85 
in radial styloid fracture, 167 
wrist, for evaluating the triangular 

fibrocartilage, 274, 276 
Arthrosis, 145 

articular compression fractures, 196, 
19(if, 218 

with malunited fracture, distal end of 
the radius, 266, 26(j', 2671, 271 

with malunited intraarticular fracture, 
3001 

of the radiocarpal and radioulnar joint, 
2421 

in radiocarpal fracture-dislocation, 2291 
radioscaphoid, 3011 
with ulnocarpal impingement, 3051 

Arthrotomy, longitudinal, 71, 721 
Articular compression fractures, four-part, 

214~2151 
Articular congruity, measurement of, 151 
Articular fractures 

complex, 36~37f, 71~72, 721 
converging external fixator pins, 891 
percutaneous and open reduction, 

99,991 
reduction under arthroscopic 

control, 85, 861 
compression, 218t 

manipulative reduction and 
percutaneous pin fixation, 84{ 

multifragmented,2121 
radiograph, 981 

displaced, 2081 
four-part, 2091, 3071 

displaced,2111 
follow-up radiographs, 215~2161 
surgical tactics, 210, 2101 

marginal, shearing, 160~ 187 
simple, 361 
two-part, 200~ 206 

Articular fragments, displaced volar, open 
reduction techniques, 97~99, 971 

Articular shearing fractures, marginal, 
160~187 

Articular surface 
distal radial, anatomy of, 54, 54{ 
impaction and comminution of, 61 

Articular surface compression fractures, 
193f, 1971 

complex, 207~212t 
general guidelines, 200t 

multifragmented, 196, 1961 
three-part, 2021 
two-part, 204{ 

Attelle cubitale (Dupuy tren) , 11~12 
Avulsion fractures, 44, 451 

B 

of the ligament attachments, 48 
radial styloid and volar lip of the radius, 

226,2261 
ulnar styloid, 37~38 

Barton's fracture-dislocations, 3(j', 43~44, 
44f, 162~ 166 

Danish study, 25 
malunited, 272, 2971 

Bascule frontale, 60, 6Qf 
Bascule sagittale, 601, 61 
Bending fractures, 46~47, 471 

articular, 7 
displaced, stable, 119~ 127 
extraarticular, 104~ 151 
measuring deformity in, 59~60, 601 
nondisplaced, 117~ 119, 1191 
pain and sensory loss after reduction of, . 

3231 
palmar, 109f, 141~143, 1431 

classic manipulative reduction of, 68~ 
69 

palmar displaced, Thomas classification, 
113 

volar malunited, 292 
with radial deviation of the distal 

fragment, 293, 2931 
See also Articular fractures; Dorsal 

bending fractures; Extraarticular 
bending fractures 

Bending fracture theory, 42~43, 241 
Bier block, for fracture reduction, 120 
Bipolar fracture-dislocation of the 

forearm, 243 
Blow and counter-blow theory, 41 
Bone loss, restoration with autogenous 

iliac crest grafts, 249, 2501 
Bowers' hemiresection interposition 

arthroplasty, 3051 
Brachial plexus block, for fracture 

reduction, 120 
Brachioradialis tendon 
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tenotomy for correction of malunion 
with volar and radial deformity, 
2941 

Z-Iengthening of, correction of 
extraarticular palmar malunion, 
291 

Buttress support 
anterior, 177f, 181/ 

C 

for an anterior shearing fracture, 1841 
from bone grafts, 241 
correction of misunited extraarticular 

palmar malunion, 291 
external fixation frame, 90-91 
palmar, 143, 1441 
in palmar shearing fractures, 78/ 
volar, anterior marginal shearing 

fracture, 178/ 
See also Plates; T plate 

Callus, exuberant, nerve injury from, 322 
Caps ulotomy, dorsal transverse, 299-300 
Carpal bones, relationship of, in 

radiocarpal fracture-dislocation, 
226,227/ 

Carpal imaging, 63-64, 63/ 
Carpal injuries 

associated with marginal shearing 
fractures, 164 

complex 
fractures associated with, 240-243, 

242/ 
setting of dislocations, 90 

fractures, internal fixation of, 241 
Carpal ligaments, interosseous and 

intracapsular, 54 
Carpal release, standard incision for, 79, 

79/ 
Carpal tunnel 

effect of malunion of the distal radius 
on, 271-272 

release with ulna-based inCision, 180 
Carpus, 55, 55/ 

ulnar translocation of, 232, 232/ 
Cast 

circumferential, complications of, 319 
complications with improperly applied, 

320/ 
for compression fractures, 212-213 
for extraarticular bending fractures, 141 
plaster, to protect percutaneous pins, 

128 
Castaing classification, 38, 39-40/ 
Castaing's radiographic measurement, for 

quantifying deformity, 60-61, 60/ 
Castaing's theory, 42-43, 4~f 
Causalgic syndrome, 328, 329/ 
Charnley technique, for immobilization, 

126,12if 
Classification 

contemporary, 29-36 
of distal radioulnar joint leSions, 48, 

112t 
Fernandez, 113 
treatment-oriented, 49-50t, 104-

105t, 160-161t, 190-191t 

of distal radius fractures, 50t, 105t, 109-
114, 112t, 161t, 191t 

historic, 26-29 
Thomas, palmar displaced bending 

fracture, 113, 113/ 
universal, for fractures of the distal end 

of the radius, 33-34, 341 
Clinical scoring system for evaluating 

outcomes 
extraarticular bending fractures, 150t 
Green and O'Brien, 148t 

Cloverleaf plate, 175 
Caban wrap, 320 
Coding, of fractures, for classification, 35-

38 
Calles' fracture, 37f, 46f, 195, 195/ 

classic manipulative reduction of, 68-
69,68/ 

malunited 
with dorsal displacement of the 

carpus, 266, 267/ 
osteotomy for, 265, 285f, 287, 287f, 

288 
osteotomy for, with hemiresection 

arthroplasty, 309/ 
with ulnocarpal impingement and 

DRUJ incongruity, 308/ 
with unstable radioulnar jOint, 288 

mechanism, 108/ 
percutaneous pinning in, 84 
signs of, 2 

Combined fractures, 44, 45/ 
complex, 48 

Comminuted fractures 
basis ofjenkins' classification of, 30 
complex articular, 37, 37/ 
external fixation of, 87 
impacted articular fragments, 177, 177/ 
manipulative reduction of, 69, 69/ 
multiple, anterior shearing fractures, 

183,183/ 
radial styloid, 167, 167f, 169, 169/ 
simple articular fracture with, 198 
See also Metaphyseal comminution 

Compartment syndrome, 253, 255-260 
with anterior shearing fracture, 176 
in complex intraarticular distal radius 

fracture, 276/ 
volar approach, split-thickness skin 

grafts, 256/ outcomes, 257/ 
Complex Type V high-energy fracture, 

trispiral tomogram, 6~f 
Complications 

articular shearing fractures, 185-187 
bone grafting with external fixation, 139 
distal radius fractures, external skeletal 

fixation, 139 
early, 318-331 
extraarticular bending fractures, 145 
fatal, from regional anesthetic 

techniques, 120 
iatrogenic fractures, in pins and plaster 

technique, 134 
multiple articular surface fractures, 199 
nondisplaced bending fractures, 119 
pins and plaster techniques, displaced 

Index 

bending fractures, 133 
radiocarpal fracture-dislocation, 232 
See also Neurologic complications 

Compression fractures, 47 
anteroposterior and lateral radiographs, 

63/ 
of the articular surface, 190-219 
interfragmentary, 96 
intraarticular, open and percutaneous 

reduction, 98/ 
joint surface, 44f 
three-part, dorsal approach to, 73/ 
unstable, percutaneous pinning of, 82/ 
x-rays, anteroposterior and lateral, 19W 
See also Articular compression 

fractures; Articular surface 
compression fractures 

Computed tomography 
in dorsa ulnar impaction, 197/ 
for measuring displacement, 63, 63/ 
in misunited distal radius fractures, 272, 

274 
of the radioulnar jOint, 275/ 

Computer-assisted design (CAD), models 
of distal radius mal unions using, 
274, 274J, 275/ 

Cone of circumduction, 55, 55/ 
Contraindications, distal radius osteotomy, 

277t 
Cotton-Loder position 

for immobilization, complications of, 
125-126 

median nerve dysfunction associated 
with,319 

nerve dysfunction from, 322 
Crushing injury, pinning in, 253, 253/ 

D 
Darrach-Dignman resection, 305/ 
Darrach resection, 298/ 

adverse sequelae associated with, 305, 
305/ 

Darrach-Zancolli resection, 305/ 
Deformity 

from Calles' fracture, 7-8, 8/ 
compensatory flexion in the midcarpal 

jOint, 267f, 268 
complex 

distal radius and distal radioulnar 
joint incongruity, 309-313 

distal radius growth plate fracture, 
313/ 

forearm, circular frames for correction 
of, 87, 88/ 

posttraumatic, with functional retention, 
265,266/ 

radiographic, measuring, 59-61,61/ 
Denmark, incidence of distal radius 

fractures, 25 
de Quervain's tenosynovitis, 325 
Destot theory, 41, 41f 
Die-punch injury, 193, 193f, 195, 19y, 196 

misunited, 297, 298/ 
percutaneous manipulation of, 73 
stabilization of, 201, 205/ 
volar intercalary segment carpal 
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instability with, 272, 2731 
Dislocations, directions of, Hippocrates, 2 
Displaced fractures 

bending fractures, 115-117, 1171 
dorsal bending, with metaphyseal 

comminution, 1181 
initial fracture reduction, 264, 264/' 
pins and plaster treatment of, 134/' 

Distal metaphyseal fragment, direct 
application of a pin into, 901 

Distal radial fragment, shortening of, 
bending fractures, 115 

Distal radioulnar joint (DRUJ) lesions, 48 
assessment of, in articular surface 

compression fractures, 198 
and classification of distal radius 

fractures, 49-50t, 222-223t, 236-
237t 

and distal radius fractures, tendon 
entrapment in, 325 

in extraarticular bending fractures, 143, 
145 

incongruity, reconstructive procedures, 
302-307 

with metaphyseal comminution, 195 
stabilizers of, 56 
surgery, combined with radial 

osteotomy, 307 - 309 
Distal radius 

dorsal aspect, 54-55 
surgical approaches to, 69- 79 

Distal radius fracture, 36-371 
complex, 236- 260 

and associated multiple injuries, 2491 
with carpal injuries, operative 

treatment of, 241 
radiographs, 2391 
with scapholunate ligament 

disruption, 245 
with distal radioulnar joint lesions, 

clasSification of, 49-50t, 104-105t, 
190-191t,222-223t 

growth plate, 3131 
healed, 61 
oblique shearing, 1631 

Distal ulna. See Ulna, distal 
Distraction, in complex articular injuries, 

94 
Dorsal angle, for measuring deformity, 60, 

601 
Dorsal approaches, to the distal radius, 

69-74,701,721 
Dorsal bending fractures, 43, 4~f, 1091 

classic manipulative reduction of, 68-
691 

deformity following, 266, 2671 
displaced 

operative treatment of, 140-141, 1401 
stable, 1201 

displaced-unstable, 128-141 
external fixation after reduction, 87, 871 
malunited, operative technique for 

correcting, 286[, 2871 
See also Shearing fractures, dorsal 

Dorsal caps ulotomy, in articular surface 
compression fractures, 198 

Dorsal displacement, of the distal 
fragment, measurement of, 115 

Dorsal intercalary segment instability 
(DISI), 269, 2691 

Dorsal plate, radiocarpal fracture
dislocation, 2311 

Dorsal radial cortex, 55, 551 
Dorsal radiocarpal dislocation, association 

with dorsal marginal fractures, 171, 
1721 

Dorsal radioulnar ligament, repair of, 101 
Dorsal tumor, 7 
Dorsoulnar facet fragment, 95, 951 
Dorsoulnar fragment, stabilization of, 

compression articular fractures, 961 
Dorsoulnar incision, 961 
Dupuytren's contracture, 330-331, 3301 

E 
Edema, postcast, 319-320 
Elbow, complex fracture-dislocation at, 

248f, 249J, 2511 
Epidemiology, 24-26 
Exercise, postoperative schedule for, 95 
Extensile approach, to the ulna side of the 

distal radius, 79 
Extensor carpi ulnaris repair, 101 

in entrapment, 325, 3251 
Extensor pollicis longus tendon, 54 

mobilization during reduction of 
complex articular fractures, 711 

rupture of, 325, 326-327 
spontaneous, 119 

Extensor retinaculum, 55, 551 
dorsal, tenosynovitis involving, 325 
management of, in tendon entrapment, 

325 
External fixation 

application prior to placement of 
percutaneous pins, 80 

in complex distal radius fractures, 240 
carpal injuries, 241 

digital rehabilitation with, 213 
of a displaced lunate impaction 

fragment, 2031 
in distal radius fractures, scapholunate 

interosseous ligament injuries, 2451 
function of, 88-95 
in nerve injury, 3231 
in radiocarpal fracture-dislocation, 227 
technique of, 91-95, 91J, 921 
in tissue injury, 252,( 
in unstable bending fractures, 136-137, 

1361 
External skeletal fixation, 85, 87-88, 881 

for complex distal radial fractures, 135-
139 

cuneiform shearing fractures, 170 
dorsal shearing fractures, 172 
indications for and advantages of using, 

139 
two-part articular fracture, 204, 206 

Extraarticular bending fractures, 104-151 
cast for, 141 
closed reduction and cast support, 116[ 
dorsal, 264, 264/' 
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pin placement in, 94 
metaphyseal, wrist function follOWing, 

115 
palmar displaced, Fernandez 

claSSification, 113, 114/' 
pin placement in, 80, 82-83J, 931 

Extraarticular fractures, types of, 3(( 
Extraarticular malunion, mature, 

osteotomy for, 283-291 

F 
Fasciotomy, anterior forearm 

compartment, 240J, 2591 
Fernandez claSSification, 38, 143,145 

distal radioulnar joint leSions, 113 
extraarticular palmar displaced bending 

fractures, 113, 114/' 
Fibrocartilage, triangular 

anatomy of, 56 
classification in terms of injury to, 27 
and flexibility of the hand, 54 
injury to, 108 

in malunited distal radius fractures, 
269-271,2701 

reapproximation of disrupted, 101 
repair of, 73 
rupture of, 48 
tightening, for stabilization, radioulnar 

joint, 303 
Finger traps, for longitudinal traction, 122, 

1231 
Fixation 

in Colles' fracture, Kirschner wire for, 
84/' 

internal, of marginal fracture fragments, 
radiocarpal fracture-dislocation, 
230, 2301, 232 

with Kirschner wires, 181-182, 1821 
See also External fixation 

Fixation, external skeleton. See External 
skeletal fixation 

Fixation frames 
circular 

correction of congenital or 
posttraumatic deformities, 881 

for correction of deformity, 87 
external 
design of, 137-139 
for unstable bending fractures, 1361 
removal of, criteria for, 139 
unilateral, 85 

Fixator. See External fixation; External 
skeletal fixation 

Flexor carpi ulnaris muscles, stabilization 
of the distal radioulnar jOint by, 56 

Flexor digitorum profundus tendon, 
rupture of, 326, 3261 

Flexor pollicis longus muscle, surgery for 
shearing fracture, 761 

Flexor pollicis longus tendon, rupture of, 
326,3261 

Flowchart, distal radius fracture treatment, 
106,162,192,224,238 

Fluoroscopy, to guide reduction, die
punch injury, 201 

Forearm compartment syndrome, with 
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anterior shearing fractures, 176 
Forearm injuries, complex, 243-249 

description and treatment, 246-247t 
with radius injury, 250t 

Forearm rotation, restoring with distal 
radioulnar joint arthrodesis, 307/ 

Fracture manipulation, 121, 122/ 
Fracture marginale anterieure, 47 
Frykman classification, 28f, 29 
Functional anatomy, 54-56 
Functional fracture bracing, 126-127, 127/ 

G 
Galeazzi fracture, malunion of, 312f 
Graft 

bone, 141, 144f 
in articular surface compression 

fractures, 19W 
in die-punch injury, 201/ 
in displaced articular fracture, 208/ 
in distal radius injury with soft tissue 

trauma, 256/ 
in dorsal shearing fractures, 173 
with external fixation, 138-139, 138/ 
in intraarticular distal radius 

fractures, metaphyseal defect, 241 
material for, 205/ 
in metaphyseal defect of the radius, 

245/ 
in multifragmented articular fracture, 

212( 
in nonunion, 330/ 
osteotomy for mature malunion, 283f, 

285-286,285/ 
osteotomy for nascent malunion, 282/ 
preoperative planning sketch, 293/ 
radiocarpal fracture-dislocation, 72f, 

174f, 231/ 
for deformity, after growth plate 

fracture of the distal radius, 313/ 
for malunion and traumatic arthritis, 

289/ 
for malunited distal radius fracture, 265 

with volar and radial deformity, 294f 
following osteotomy, 77/ 
skin, covering volar wounds, 259f, 260 
tendon, 326, 326(, 327 

Growth plate fracture, distal radius, 313/ 

H 
Hand stiffness, 15 
Henry approach 

anterior exposure to the distal radius, 
75- 79, 75/, 7(j 

for decompression in delayed 
compartment syndrome, 259f, 260 

in malunited palmarly displaced 
bending fracture, 291 

Historic context, 2-20 
compression fractures of the articular 

surface, 192-196 
Hotel Dieu data 

incidence of distal radius fractures 
(Dupuytren),24 

incidence of distal radius fractures 
(Malgaigne), 4 

Iatrogenic fractures, in pins and plaster 
techniques, 134 

Iliac crest, preparation in pin insertion, 
92. See also Graft, bone 

Image intensifier 
in external skeletal fixation, 136, 136/ 
in percutaneous pin fixation, 80, 92/ 

styloid pins, 93/ 
in reduction of displaced articular 

fractures, 96/ 
in reduction of styloid fractures, 168 

Immobilization 
of articular marginal shearing fractures, 

165-166,177-178 
of bending fractures 

displaced stable, 124-127 
with distal radioulnar joint injuries, 

145 
duration of, 127 
nondisplaced, 117 

of dorsal bending fractures, stable, 115, 
116/ 

of radial styloid fractures, 167 
Impaction, m'easurement of, 61, 61/ 
Impaction injury 

components of, 194 
dorsomedial articular fragment, 198, 

198/ 
lunate, components of, 195/ 

Incidence 
of articular marginal shearing fractures, 

162-163, 1631 
of distal end of the radius fractures, 24-

25 
of Dupuytren's contracture, after distal 

radius fractures, 3311 
of extraarticular bending fractures, 

106-107 
of radiocarpal fracture-dislocation, 225 
of reflex sympathetic dystrophy, 328 

Incisions 
anterior, 181/ 

repair of malunion, volar and radial 
deformity, 294f 

volar marginal shearing fractures, 
179,179/ 

for carpal release, 79, 79/ 
dorsal,74f 

complex intraarticular fracture with 
scapholunate interosseous 
ligament injury, 245/ 

lunate impaction fragment elevation 
through, 203/ 

osteotomy for malunion, 283/ 
ulna wedge fracture, 169-170, 170/ 

dorsal extensile, 140/ 
second, 72/ 

dorsal longitudinal, 172, 173f, 174f 
dorsoradial, 70/, 71/, 168f, 169 
dorsoradiallongitudinal, 90/ 
extensile volar, 208/ 

radiocarpal fracture-dislocation, 228 
longitudinal, volar marginal shearing 

fracture, 180/ 
ulna-based, volar marginal shearing 

Index 

fracture, 180/ 
Indications 

for corrective osteotomy, 274, 276t 
for external skeletal fixation, 135 

Intraarticular fractures 
classifaction schemes, 32f, 33, 33/ 
with compartment syndrome, 27(j 
complex, with radiocarpal arthroSiS, 

300/ 
compression, volar open reduction, 98/ 
displaced, 196 

with scaphoid fracture, 244f 
impacted,9 
Melone classification of, 31, 31/ 
with multiple associated injuries, 248/ 
operative reduction and stabilization, 

241 
of the sigmoid notch, with distal 

radioulnar joint injuries, 145 
Intrafocal pinning, for displaced, unstable 

dorsal bending fractures, 129-130, 
129/ 

Ischemia, fixation prior to 
revascularization in, 251, 252f, 253/ 

Isotoner glove, 320 

J 
Jenkins classification, 29, 30f, 110, 110/ 

K 
Kapandji technique, 129-130, 12~f, 132 
Kirschner wires 

L 

anterior shearing fracture, 184f 
complex, 181/ 

articular compression fractures, two-
part, 20~( 

cuneiform shearing fractures, 170, 171/ 
for fixation of Colles' fracture, 84f 
to mark angle of deformity, osteotomy 

to correct mature misunion, 284, 
285,285/ 

percutaneous 
indications for and advantages of use, 

132 
in the radial styloid, 132/ 

placement of, unstable fractures, 80, 83/ 

Lidstr6m classification, 27, 28/ 
Ligament avulsion theory, 41 
Ligament injuries 

with complex distal radius fractures, 
239 

volar intracapsular, 166/ 
Lister's tubercle, 54 
Local infiltration, anesthesia, 120 
Longitudinal traction, 121-124 

articular compression fractures, two
part, 201/ 

problems in, 123/ 
radiocarpal fracture-dislocation, 227/ 

Lunate facet, intraoperative view, 298 
Lunate facet fracture 

percutaneous manipulation in, 73, 74f 
dorsal and volar fragments, 98, 98/ 

shearing, medial cuneiform, 169f, 170/ 
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volar intercalary segment carpal 
instability with, 272 

Lunate facet fragment 
dorsal, reduction and pinning of, 97/ 
volar, 211/ 

reduction and support of, 97 -98, 98/ 
Lunate impaction fragment, elevation of, 

203/ 

M 
McMurtry classification, of intraarticular 

fractures, 32/, 33 
Magnetic resonance imaging, for 

evaluating tbe triangular 
fibrocartilage, 274 

:v1almo, incidence of distal radius 
fractures, 24, 25t 

Malpractice suits, historic context, 18 
Malunion 

complex, distal radius and Galeazzi 
fracture, 312/ 

distal radius fracture with radioulnar 
disruption and ulna abutment, 290/ 

dorsal bending fracture, radiographs, 
289/ 

external fixator for reducation of, 87/ 
extraarticular palmar, 291- 296 
intraarticular 

Barton's fracture, 297/ 
radiocarpal jOint, 296-297 

mature, technique for correcting, 283-
291 

nascent, technique for correcting, 277-
278, 278t, 280t, 282J, 283, 283/ 

Massachusetts General Hospital, incidence 
of distal radius fractures, 24 

Mayo classification, of intraarticular 
fractures, 33, 33/ 

Mechanism 
extraarticular bending fracture, 107-

109,107/ 
radiocarpal dislocation, 162-163 
radiocarpal fracture-dislocation, 225-

228,22tf 
shearing fracture, 'articular marginal, 

162-163 
theories in historic context, 9-19 

Median nerve, dysfunction of, 322 
Medical-legal problems, historic context, 

17-18 
Melone claSSification, of intraarticular 

fracture, 31, 31/ 
Metaphyseal comminution 

with complex marginal shearing 
fracture, 185/ 

distal radioulnar joint involved with, 
195/ 

with transverse volarly displaced 
bending fracture, 142 -143 

with two-part articular surface 
compression fracture, 206J, 207, 
207/ 

See also Comminuted fractures 
Metaphyseal defect, grafting to fill, 7~f 
Metaphyseal-diaphyseal fracture 

comminution in, 196, 196/ 

complex, 240/ 
Midcarpal dynamic instability, 268 
Midcarpal row, adaptive flexion of, 268, 

268/ 
Mobility, wrist, in external fixation frames, 

138 
Morphology, Dupuytren's historic 

description, 4 

N 
Naviculocapitate injury, 242/ 
Nerve compression, median, witb anterior 

shearing fractures, 176 
incisions in, 179 

Nerve dysfunction 
with high-energy injuries, 256/ 
median, 253, 254{ 

correction of, 329/ 
from Cotton-Loder positioning, 319, 

322 
late, 324 

radial,324 
ulnar, 253, 254{, 324 

Neurologic complications, 321-324 
of nondisplaced bending fractures, 119 
of radiocarpal fracture-dislocations, 228, 

232 
Neurotmesis, 322 
Neurovascular injury, 251-253 
Neutralization, function of an external 

fixator,90 
New York Orthopaedic Hospital Wrist 

Rating Scale, 147, 149t 
Nissen-Lie claSSification, 27, 27/ 
Nonunion, grafts to treat, 331. See also 

Malunion 
Norway, incidence of distal radius 

fractures, 25 

o 
Older claSSification, 27, 28/, 109-110, 110/ 
Operative treatment, of compression 

fractures, outcomes, 216-217t 
Osteoarthritis, secondary to intraarticular 

malunion, 272 
Osteoporosis 

and distal radius fractures, 26 
and palmarly displaced bending 

fracture,144{ 
and treatment of nondisplaced bending 

fractures, 117 
Osteotomy 

to correct radial deformities, 265, 269, 
269J, 312f 

distal radius, postoperative 
management of, 297, 299 

incidence by type, 296t 
for malunion, comparison with 

opposite wrist, 291f 
in malunited dorsal bending fracture, 

286J, 287/, 288/ 
for mature extraarticular malunions, 

283-291 
multiple-facet curved, to restore radial 

length, 265 
opening wedge, 291-296, 292/ 

radial 
with distal radioulnar joint 

procedure, 307-309 
with hemiarthroplasty, 31O-311t 

sliding, 313/ 
timing of, 277 
for ulnar shortening, 302-303, 302/ 

Outcomes 
anatomical results, 151t 
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articular compression fractures, 213-
219 

complex distal radius fracture, 239/ 
with intercarpal injury, 242J, 243/ 
with displaced scaphoid fracture, 244{ 

extraarticular bending fractures, 145-
151 

nonoperative treatment, articular 
marginal shearing fractures, 165-
166 

osteotomy 
distal radius, rating scale for evaluating, 

296t 
mature malunion, postoperative data, 

281, 281t 
nascent malunion, postoperative data, 

280t 
radial, for malunion, 291, 295 

radiocarpal fracture-dislocations, 231- 232 

p 
Pain 

in extensor pollicis longus tendon 
rupture, 327 

on follow-up, compression fractures, 
218 

from intraarticular malunion, salvage 
procedures, 299-301, 299/ 

in radiocarpal instability, malunited 
distal radius fracture, 266 

sympathetic-maintained, 324, 327-329 
Palm, types offractures from falls on, 5-6, 

6t 
Palmar fractures, See Bending fractures, 

palmar; Shearing fractures, palmar 
Palmar inclination, radiology for 

measurement of, 58, Sf'{ 
Palmar surface, of the distal radius, 

anatomy of, 54, 54{ 
Palmar tumor, 7-8 
Percutaneous pinning, 80-87, 81/ 

Colles' fracture, 84{ 
dorsal bending fractures, displaced 

unstable, 128-131 
dorsal shearing fractures, 172, 173/ 
with external fixation, 91-92, 92/ 
radial nerve damage in, 324 
trans-stylOid, technique, 130/ 
unstable, displaced fracture, 134, 134{ 

Pins and plaster technique, 133-135, 133/ 
Planning, preoperative 

anterior marginal shearing fracture, 
176-178 

articular surface compression fracture, 
197-198 

to assess extent of injury, 186-187 
complex deformity following Colles' 
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fracture, 308/ 
cuneiform shearing fractures, 167 
of osteotomy for mature malunion, 

279t, 284, 284/ 
of osteotomy for nascent malunion, 

278t 
treatment of distal radius mal unions, 

272,274-277 
Plates 

cloverleaf, 175 
dorsal, radiocarpal fracture-dislocation, 

231/ 
tendon ruptures associated with screw 

heads, 327 
See also T plate 

Point system, for evaluating outcomes of 
treatment, Colles' fracture, 146-
151,146/ 

Postoperative management, compression 
fractures, 212-213 

Postural instability, correlation with distal 
radius fractures, 26 

Pouteau-Colles fracture, 39/ 
Preoperative planning. See Planning, 

preoperative 
Pressure measurements, to evaluate 

potential for nerve damage, 322-
323 

Pronator quadratus 
manipulation of, in volar approaches, 

75, 76f, 78- 79 
stabilization of the distal radioulnar 

joint by, 56 
Proximal row carpectomy, 300 

R 
Radial fracture, scaphOid fracture with, 

330/ 
Radial measurements 

angle, for measuring deformity, 60, 6Qf 
length, 58, 59/ 
width, 59, 59/ 

Radial shift 
distal fragment, in bending fractures, 

115 
measurement of, 5W' 

Radial stylOid 
displacement of, with complex shearing 

fracture, 184/ 
pinning through, 129f, 131f, 132{ 

Radial stylOid fractures, 164 
arthroscopic visualization in, 85 
closed treatment of, 165 
combination with dorsal marginal 

fracture, 171, 171/ 
complications With, 185-186 
mechanism of, 166-167 
operative reduction of, 69, 70-71f, 

168-171, 168f, 169/ 
vertical shearing, 167/ 

Radial stylOid fragment 
reduction of, 93/ 

in complex articular fractures, 97/ 
stabilization of, in articular fractures 

complex, 71- 72 
compression, 95, 95f, 9if, 200-201, 

20Ij 

Radiocarpal articulation, 54/ 
Radiocarpal fracture-dislocation, 222 - 232 

anteroposterior, lateral and oblique 
radiographs, 224/ 

dorsal, 232/ 
volar, anteroposterior and lateral 

radiographs, 227/ 
Radiocarpal jOint 

arthrodesis of, limited, 299- 300 
and mobility of the hand, 54 

Radiology, 57-64 
measurements, defining the direction 

and displacement in bending 
fractures, 115 

rating scale for outcomes, Colles' 
fracture, 147 

Radioscapholunate fUSion, 299-300 
outcome of, 301/ 

Radioulnar index, 60f, 61 
Radioulnar joint 

distorted, 305/ 
inferior, 56, 5(/ 
instability of, 271 

with nonunion of the ulnar stylOid 
base, 303, 303/ 

in malunited distal radius fracture, 269-
271,270/,288/ 

restoration of, 304/ 
transfixation of, in displaced, unstable 

dorsal bending fractures, 129/ 
Radius fracture 

and compartment syndrome, 258t 
malunion of the distal end in, 264-313 
volar rim, 226, 22(/ 
See also Distal radius fracture 

Rayhack clasSification, 29, 30/ 
Recognition, of Colles' fracture, historic 

context, 2-5 
Reduction 

biomechanics of, 68-69 
closed 

for anterior marginal shearing 
fractures, 165/ 

for displaced transverse bending, 
142, 142/ 

of the distal radioulnar jOint, 145/ 
for intraarticular fracture of the 

sigmoid notch, 145 
closed manipulative, 84f, 121 

articular surface compression 
fracture, 197 

dorsal marginal fractures, 172/ 
Colles' procedure, 10 
Dupuytren's procedure, 10-11 
Goyrand's procedure, 12 
Hamilton's procedure, 15-18, 16/ 
Lucas-Championnire's procedure, 18-

19,19/ 
Malgaigne's procedure, 14 
manipulative 

of articular surface compression 
fractures, 199/ 

of displaced articular fractures, 95-
97,95/ 

of extraarticular bending fractures, 
117 

open, for volady displaced transverse 

Index 

bending with comminution, 142-
143 

operative 
anterior shearing fractures, ] 79-186 
radiocarpal fracture-dislocations, 

228-231,229/ 
Reflex sympathetiC dystrophy, 324, 327-

329 
Remanipulation, of displaced fractures, 

value of, 128 
Results. See Outcomes 
Risk factors, for distal radius fractures, 26 
Roentgenology, historic context, 19 

S 
Sagittal plane, T fracture in, 195, ] 95/ 
Salvage procedures, intraarticular 

malunion causing pain and 
disability, 299-301 

Sauve-Kapandji procedure, 301f, 30if, 308 
Scaphoid fractures 

displaced, with intraarticular distal 
radius fracture, 244/ 

with fracture of the end of the radius, 
330/ 

mechanism of, 42 
non displaced, associated with distal 

radius fracture, 241 
ScaphOid shift sign, axial, 241, 245/ 
Scapholunate diastasis, 200/ 
Scapholunate ligament 

assessment of, in articular surface 
compression fractures, 213 

injury to, 245/ 
with radial stylOid fracture, ] 67, 167/ 

repair of, 241 
in articular surface compression 

fractures, 198 
Scapholunate tears, unrecognized, 272, 

273/ 
Schanz pins 

in complex articular injuries, 94 
techniques for placing, 136/ 

young patients and adults, 137 
Seddon's claSSification, 322 
Sennwald and Segmilller claSSification, 

34-35,34t 
Sex, and incidence of distal radius 

fractures, 24, 25 
Shearing fractures, 47 

cuneiform, 166-171, 171/ 
dorsal, 171-174, 171/ 
dorsal marginal, with radiocarpal 

subluxation, 174/ 
historic description of, 6-7 
palmar 

buttress plating of, 76-78, 78j; 143 
manipulative reduction of, 77/ 

trispiral tomogram, 62/ 
volar, 43-44, 44f, 44f, 75- 79 
See also Anterior shearing fractures; 

Articular shearing fractures 
Shoulder-hand syndrome, 328 
Sigmoid notch, 56, 5(j 

anatomic restoration of, follOWing 
osteotomy, 294/ 
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anterior marginal fracture involving, 
1761 

fracture into, with posttraumatic 
arthrosis, 271, 2711 

fusion of the ulna head to, 307 
incision for approaching, 1801 
incongruity of, 3081 
intraarticular fracture of, 145 

Silver fork deformity, 9 
Skeletal injuries 

association with distal radius fractures, 
24 

ipsilateral, with complex distal radius 
fractures, 239 

Skin 
grafts covering \'olar wounds, 259f, 260 
pressure on, from casts or splint, 320-

321 
Smith-Goyrand fracture, 4f!l; 47, 471 
Smith's fracture, 40f, 1411 

classic manipulative reduction of, 68-
69 

Danish study, 25 
historic description of, 7-8, 81 
malunited, 271f, 272, 2731 

with radial deviation of the distal 
fragment, 2931 

surgical correction of, 291-296 
mechanism, 1081 

S6dersjukshuset, Stockholm, incidence of 
distal radius fractures, 24- 25 

Splint 
dorsal and palmar, 164-166 
Gordon's, 14, 14f 
Hays', ]5 
Jones', 19, 20[ 
Levi's, 15 
Nelaton, 131 
palmar 

North American and European, 15, 
151 

Welch, 111 
pistol, 12, 131 
Smith's, 15 
sugar tong, 124, 14:if, 212, 2561 
thermoplastic, postoperative, 141 
volar, 94 
wooden, with pressure pads, 126, 1271 

Stability 
of articular compression fractures, two

part, 200 
of bending fractures 

displaced, 118f, 119 
followihgTeE!uction, 114-115, 114f 

of shearing fractures 
anterior, 174 
following reduction, 164-165 

Stabilization 
distal ulnar, 99-101,1001 
dorsal marginal fracture, 174f 

Steinmann pin, insertion of, 134, 134f 
Steroids, for treatment of tenosynovitis, 

325 
Stiff hand syndrome, 324-325 
Subjective outcomes, treatment of 

extraarticular bending fractures, 
146, 146t, 147t 

Sudeck's atrophy, 328 
Surgery 

T 

for reduction of dorsal shearing 
fractures, 172-174 

for reduction of stylOid fractures, ] 68-
171,1681 

techniques, 68-101 

Talon de fourchette (silver fork 
deformity), 9 

Tendinitis, contact, preventing, 2891 
Tendons, complications involving, 324-

327 
Tenosynovitis 

de Quervain's, 325 
risk of, with implants, 72 

Tenotomy 
of the brachioradialis tendon, 285, 294f 
in correction of extraarticular palmar 

malunion, 291 
Tension band 

in nonunion of an ulnar stylOid fracture, 
303,304f 

for stabilization 
of the distal radioulnar jOint, 2881 
of an ulnar stylOid fracture, 1001, 101 

T fracture 
frontal, 195, 1951 
in the sagittal plane, 371 

Theory 
bending fracture, 42-43, 241 
blow and counter-blow, 41 
Castaing's, 42-43, 431 
Destot's, 41, 411 
ligament avulsion, 41 

Thomas claSSification, 29, 291 
of a palmar displaced bending fracture, 

113 
Tomography 

anteroposterior, with dorsal marginal 
shearing fractures, 172 

trispiral, 62, 621, 197, 1971 
T plate 

anterior buttress With, 182, 1821 
in dorsal bending fractures, malunited, 

287,2871 
in dorsal shearing fractures, 173 
in extraarticular bending fractures, 

displaced, 143 
in malunited palmar bending fractures, 

291 
for stabilization of a distal radius 

malunion, 283 
in volar shearing fractures, 76 
See also Buttress 

Trauma, energy of, and fracture pattern, 
5-6 

Trispiral tomography, 62, 62f, 197 

u 
Ulna 

abutment, in malunited distal radius 
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fracture and radioulnar disruption, 
2901 

complex neck fracture 
incidence of, 107 
stabilization of, 100f, 101 

cuff resection, 265 
distal 

hypermobile,143 
incision for open reduction of, 73 
stabilization of, 99-101, 10lj 

head of 
anteroposterior instability, 271, 2711 
partial resection, 307-309, 3071 

shortening of, 3051 
stabilization of 

with a compression plate, 302-303, 
3021 

injury with soft tissue trauma, 25(f 
wedge fracture, 169, 1691 

Ulnar inclination, measuring, 57, 571 
Ulnar styloid fracture, 1771 

avulsion, 37-38 
compression fracture associated With, 

213 
displaced, stabilization of, 230, 2301 
healing of, 271 

with fibrous union, 2701 
incidence of, 107 
nonunion of, tension band fixation for, 

303,304f 
stabilization of, 99-101, 101f, 2311 

tension band, 100f, lOJ 
Ulnar trans locations, 232, 2321 
Ulnar variance, 58-59, 591 

measuring the change in, 601 
Ulna-to-radius pinning, for displaced, 

unstable dorsal bending fractures, 
1291 

United States, incidence of distal radius 
fractures, 25 

V 
Volar approaches, surgical, to the distal 

radius, 75-79, 751 
Volar capsular defect, radiocarpal fracture

dislocation, 2311 
Volar fractures. See Bending fractures, 

volar 
Volar radius, anatomy of, 54f 

W 
Watson matched ulna resection, 3051 
Werley claSSification, 27, 281 
Wrist 

Z 

movement of, 55, 551 
normal, anteroposterior radiograph, 571 
operations on the ulnar side of, 296t 

Z-lengthening, of the brachioradialis 
tendon, 285, 291 

Zygoma fracture, 2561 
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