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 Following the initial identifi cation of Kienböck’s disease in the early twen-
tieth century, clinical observational reports, imaging and histological stud-
ies, and anatomical experiments in human cadavera have concluded 
uniformly that the essential abnormality is an irreversible osteonecrosis of 
bone. While the cause of lunate osteonecrosis has been related to a number 
of factors, including a unique external and internal vascular supply and neg-
ative ulnar variance, its occurrence is notable for an absence of those factors 
associated with osteonecrosis in other anatomical locations (i.e., focal arte-
rial injury, such as that to the medial femoral circumfl ex artery, ethanol and 
corticosteroid administration, and gene polymorphisms associated with dis-
orders of lipid metabolism). As a result, advances in the assessment and 
treatment of lunate osteonecrosis over the past century have been based 
largely on empirical observational reports from a broad array of clinical dis-
ciplines and less on the results of hypothesis-driven experiments in well-
validated animal models. 

 The persistence of fundamental unanswered questions on the nature of 
Kienböck’s disease notwithstanding, scientifi c advances in recent years have 
steadily improved clinical assessment and care. Detailed studies of the 
lunate’s macro- and microarchitecture, investigations of the bone’s external 
and internal vascularization, biomechanical studies on the distribution of 
forces and pressures in affected compared to normal wrists, and improved 
imaging, including advanced MRI modeling of involved bones, have led to 
more useful classifi cation systems and to more effective treatment algorithms. 
Further, recently reported 15- to 20-year cohort studies with validated out-
comes measures have provided a more complete understanding of the natural 
history of the disease and have confi rmed the benefi t of selected forms of 
operative treatment. 

 Drs. Lichtman and Bain, two of the fi eld’s foremost authorities on 
Kienböck’s disease, have brought together a remarkable group of interna-
tional contributors, drawn from academic and private practice settings, for the 
creation of this very timely and thorough reference. The authors’ goals are 
clear—to improve care by reconciling the diverse body of existing knowledge 
with the most relevant new scientifi c data on diagnosis and operative treat-
ment. The result is the most defi nitive and useful reference on Kienböck’s 
disease to have been compiled, one that effectively couples the scientifi c 
underpinnings of the disease with a practical, up-to-date description of tradi-
tional and new treatment strategies. The authors conclude with a novel model 
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of the pathologic stages of the disease and a matrix algorithm to assist with 
assessment and treatment. 

 While the overarching goal of  Kienböck ’ s Disease :  Advances in Diagnosis 
and Treatment  is to provide a rigorous and comprehensive resource for the 
clinician scientist and hand surgeon specialist, the practical nature of the 
book makes it an invaluable addition to the libraries of all those who treat 
patients who present with this elusive disorder of the wrist.  

  Richard H. Gelberman          
St. Louis, MO, USA                  

Foreword
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    Introduction 

 For many years it has been popular to introduce articles on Kienböck’s dis-
ease with some variation of the following statement: “Not much new infor-
mation has been published on the etiology and natural history of Kienböck’s 
disease since the appearance of the manuscript  On Traumatic Lunatomalacia  
by Robert Kienböck in 1910.” And, to a degree, this statement is true. No one 
has yet disproved Professor Kienböck’s theory that the disease is caused by a 
compromised lunate blood supply and that some degree of stress or trauma 
plays a role in the process of lunate collapse. On the other hand, more recent 
evidence indicates that the etiology is multifactorial, that the disorder pro-
gresses through several distinct stages, that there are sophisticated diagnostic 
techniques available beyond plane x-rays, and that current treatment options 
are abundant, effective, and adaptable to the precise needs of the patient. 

 Realizing that much of this information is widely disseminated throughout 
the world’s literature and that some of the currently popular treatment algo-
rithms are based on incomplete use of this widespread database, we decided 
that a work collecting and synthesizing all this information would be helpful 
for most physicians treating osteonecrosis of the lunate. Accordingly, the two 
of us set out to identify selected individuals who have made signifi cant con-
tributions in recent years and to ask them to contribute to this publication. In 
almost every instance they have participated enthusiastically and added to its 
depth and diversity. 

 The goal of this book, then, has been to dispel the popular notion that we 
are in a static era with respect to the understanding of this enigmatic disorder. 
More specifi cally, the ultimate goal has been to consolidate the most impor-
tant new information on Kienböck’s disease in order to develop a more 
dynamic and nuanced treatment algorithm. Feeling cautiously optimistic that 
we have achieved this goal, we also acknowledge that there is much more to 
be accomplished. The many knowledge gaps that persist will surely stimulate 
additional basic and clinical research. And the time will eventually come 
when the material presented here, along with the derivative treatment models, 
will once again need to be revised and elevated to the next level. 

 One more observation: Throughout this book we use the traditional title, 
 Kienböck ’ s  disease, rather than the newly fashionable,  Kienböck  disease. 
Although an argument can be made for either, we feel that the traditional title 
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is a more appropriate way to honor Professor Robert Kienböck. We hold him 
in esteem not just for the many professional contributions he made to the fi elds 
of radiology and hand surgery but also for the highly honorable way he con-
ducted his personal affairs during the worst turmoil of the twentieth century.  

    Organization of the Book 

 The book commences with a dedication to the life of Robert Kienböck and 
the many aspects of this fascinating man’s remarkable career. It is written by 
Dr. Martin Chochole, who practices hand surgery in Vienna, Austria, Dr. 
Kienböck’s hometown. 

 The fi rst section of the book is devoted to the basic sciences such as anat-
omy, pathology, and biomechanics of the lunate and Kienböck’s disease. It 
also contains an update on the etiology of the disorder. 

 The next section details the assessment of the patient including radiology, 
advanced imaging, and arthroscopy. The clinical presentation is integrated 
with the natural history and radiologic progression of Kienböck’s disease in 
adults, children, and the elderly. This section also introduces important infor-
mation on classifi cation and natural history based on advances in detection of 
bone and cartilage viability. 

 The treatment section is extensive and reviews the roles and methods of tra-
ditional and new treatment options. These include nonoperative modalities, 
minimally invasive techniques, arthroscopy, reconstructive procedures (e.g., 
various osteotomies, vascularized bone grafts, and limited wrist fusions), and 
salvage options (e.g., proximal row carpectomy, wrist fusion, and arthroplasty). 

 In the fi nal chapter, we bring together the concepts provided throughout 
the book by the multiple authors. We then construct a more inclusive model 
of the pathologic stages of Kienböck’s disease. From this, we present a matrix 
in table format for the assessment and treatment of the disease. We conclude 
with recommendations for future research and development.   

  David M. Lichtman     Gregory     Ian     Bain  
  Fort Worth, TX, USA    Adelaide, Australia    

Preface
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 Throughout the book there are many fi ne images and illustrations. However, 
there are some that the editors consider to be exceptional. 

 The editors acknowledge the signifi cant contribution of the images pro-
vided by Henry V. Crock AO. The osseous arterial and venous studies pro-
vide a unique insight into the understanding of vascular components of 
Kienböck’s disease. They are reproduced from  An Atlas of Vascular Anatomy 
of the Skeleton and Spinal Cord , published in 1996 by Martin Dunitz. Henry 
V. Crock AO maintains copyright of these images. 

 The 3D micro-CT images provide a special insight into the microstructure 
of the normal and pathological lunate. The lunates have been scanned at 
Adelaide Microscopy, University of Adelaide, South Australia. We acknowl-
edge the support and imaging skills of Dr. Egon Perilli, School of Computer 
Science Engineering and Mathematics, Flinders University, Adelaide, South 
Australia. 

 David M. Lichtman 
 Gregory Ian Bain  
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      Dedication. Robert Kienböck 
(January 11, 1871–September 7, 
1953): A Life for Radiology 
and Radiotherapy                     

     Martin     Chochole     

       Robert Kienböck saw the light of day on January 
11th 1871 in Vienna as the fi rstborn of Karl and 
Adele (née Sandor) Kienböck, a well-respected 
family. His father, descended from a wealthy 
farmer in Lower Austria, was a successful lawyer 
[ 1 ,  2 ]. His mother came from a Hungarian fam-
ily; her father had been a banker in Budapest [ 3 ]. 
In 1871 the German Empire was restored and 
Wilhelm, King of Prussia, became Kaiser and 
König. Robert’s younger brother Viktor, after 
graduating law school, entered his father’s offi ce 
and eventually went into politics. He would later 
become minister of fi nance (for two terms) and 
governor of the National Bank of Austria [ 4 ]. 
Both brothers would later be expelled by the 
Nazis into insignifi cance [ 4 ,  5 ]. After World War 
II the brothers, now in their 70s, returned to their 
old vocations with much diminished capacity and 
stature [ 1 ,  2 ,  4 – 6 ]. Table  1.1  provides a timeline 
of his  lifetime   achievements.

      Early Career 

 Robert Kienböck, like all  male  members   of the 
family, attended Schottengymnasium between 
1881 and 1889 [ 1 ,  2 ,  6 ]. He entered medical 

school in Vienna, passed the winter half-term 
1893/1894 in Heidelberg, and graduated on July 
25, 1895 [ 1 ,  6 ,  7 ]. This was the same year 
Wilhelm Conrad Röntgen discovered X-rays in 
the laboratory of Würzburg University and took 
his fi rst radiograph of the hand of his wife, Anna 
Berta [ 8 ]. After graduation Kienböck enrolled at 
the second military hospital in Vienna and 
attended until March 1896 [ 7 ]. For the next 
12 months Robert Kienböck had the opportunity 
to visit clinics in Paris and London for further 
studies [ 1 ,  7 ]. While still in London he encoun-
tered X-ray beams with the physicist Carlyle, 
who performed experimental studies in the new 
fi eld of röntgenology [ 1 ]. 

 After returning to Austria, Kienböck attended 
the Allgemeine Krankenhaus, the leading teach-
ing hospital in Vienna, where he joined the fac-
ulty of internal medicine headed by Schrötter 
[ 1 ,  6 ,  7 ]. Soon after, he initiated his own studies 
in radiology, and in 1899 he established a private 
radiologic institute in the offi ces of Sanatorium 
Fürth [ 5 – 7 ]. Although young and having to learn 
by experience, his ideas were innovative and his 
advice was sought even by senior colleagues [ 1 ]. 
Throughout the years, the institute would be the 
base where he would further his research in skel-
etal radiology [ 1 ,  5 ]. 

 In 1898 he published his fi rst three papers on 
radio-diagnostics [ 2 ] and in 1900 his fi rst paper 
on radiotherapy. In 1901 he published a paper on 
the radiologic evaluation of the spine. 
Experimental studies done by Kienböck at this 
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time were among the fi rst to confi rm the 
 deleterious effect of radiation on skin and soft tis-
sues. In 1901 he published a paper on the pathol-
ogy of skin lesions in humans and beasts caused 
by X-rays [ 1 ]. Kienböck proved the direct effect 
of radiation on skin and tissue. This ended the 
erroneous idea that the “ electrical side effects  ” of 
radiation were therapeutically active agents [ 1 ,  2 ]. 
These observations on the biologic effects of 
radiation made him one of the leading experts 
worldwide [ 1 ]. In 1901 the German Society for 
Nature Science and Medicine appointed 
Kienböck the head of their study group for radio-
therapy [ 1 ]. 

 In 1902, while still a “Hilfsarzt” (auxiliary 
physician) at Kaiser Franz Josef Ambulatorium, 
Wien X, he published a paper on the topic of trau-
matic syringomyelia and its differential diagnosis 
in the traumatic spinal cord lesion [ 1 ,  7 ,  9 ]. 

 In 1903, together with Guido Holzknecht and 
Leopold Freund, Kienböck was appointed post-
doctoral lecturer in radiology, effectively estab-
lishing a new discipline in medicine [ 1 ,  6 ,  10 ]. 
His paper, “ Die medizinische Radiologie als 
selbständiger Zweig der medizinischen 
Wissenschaft  ,” jointly published with Guido 
Holzknecht, was an important stimulus for the 
recognition of medical subspecialties [ 10 ]. 

 Kienbock was also a pioneer in the safe use of 
diagnostic and therapeutic X-rays. In 1903 he 
introduced one of the fi rst dosimeters. Using a 
so-called  Aluminiumtreppe   he was able to accu-
rately anticipate the effects of radiation in super-
fi cial and deep tissue layers of the body, thus 
making radiotherapy much safer for use in der-
matology and oncology. In 1904 he published an 
essay on the prophylaxis of professional risks for 
radiologists: A dramatic call for protection 
against radiation on behalf of radiologists and 
their patients [ 11 ]. The publication of his hand-
book on radiotherapy in 1907 was another sig-
nifi cant step forward [ 1 ,  6 ] in this area. 

 In 1904 Kienböck was named head of a new 
radiologic institute within the prestigious  Erste 
Wiener Allgemeine Poliklinik   in Vienna, pre-
sumably the fi rst radiologic institute in all of 
Europe [ 1 ,  6 ,  12 ]. The Poliklinik was founded in 
1872 by faculty members of Vienna’s medical 
school and provided, among other things, free 
treatment to the poor. In those days the Poliklinik 
was on the cutting edge of medical science [ 12 ] 
and Kienböck was now on equal terms with other 
senior colleagues of the faculty (Figs.  1.1 ,  1.2 , 
 1.3 , and  1.4 ).

      Throughout his early career, Kienbock worked 
with his German and international colleagues to 

  Fig. 1.1     The    portal   of Erste Wiener Poliklinik (later: Wiener Städtische Allgemeine Poliklinik)       

 

1 Dedication. Robert Kienböck (January 11, 1871–September 7, 1953)…
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advance education and research in radiology and 
radiotherapy. His affable personality and mastery 
of foreign languages was a great asset for him in 
that regard. One of his international colleagues 
was Antoine Béclère, the founder of the French 
Radiologic Society [ 1 ]. In 1905 Kienböck was 
instrumental in organizing and establishing the 
Deutsche Röntgen Gesellschaft [ 1 ,  2 ,  8 ], the 
national radiologic society of Germany. 

 The year 1910 was memorable for Robert 
Kienbock; it was a year with great joy and near 
disaster. On August 25th he married Bianka 
Notburga née Schindelmaiser, widowed Barbieri. 
Later that same year, Kienböck, a passionate 
horseman, fell from his mount and was hit by a 
hoof, sustaining a fractured skull. He was brought 
to the Poliklinik but the case looked desperate. 
Against all odds Kienböck recovered, although 
slowly. He would never be the same cheerful man 
again. He turned out to be a quiet and ponderous 
laborer. Attendance at meetings was hardly bear-
able due to a dramatic hyperacusis [ 1 ,  2 ,  6 ]. He 
reduced his workload at the Poliklinik and 

focused more on his private diagnostic center in 
Sanatorium Fürth. But in 1910 he also published 
his 90th paper, which made his name unforgotten 
in the fi eld of hand surgery [ 1 ,  2 ,  13 ] (Figs.  1.5  
and  1.6 ). In 26 pages he outlined the pattern of 
lunatomalacia with porosis, sclerosis, and initial 
fragmentation of the proximal lunate pole. He 
envisioned the pathogenesis as malnutrition and 
overuse rather than traumatic causes [ 13 ]. 
Remarkably, the very next publication in the 
same issue of Fortschritte auf dem Gebiete d. 
Röntgenstrahlen was a paper by Kienbock on 
perilunate dislocations [ 14 ]. Later the same year 
he published on epiphyseolysis and posttrau-
matic inhibition of bone growth [ 15 ].

    In 1913 he lectured on the radiotherapy of 
malignant bone tumors in London and on 
 dosimetry in Berlin. In the next few years, he 
became recognized as a leading authority in the 
diagnosis of bone diseases and tumors [ 1 ,  2 ,  16 ]. 
He contributed to the resolution of the diagnostic 
dilemma between Mb. Paget and Mb. 
Recklinghausen (and in 1940 and 1941 he 

  Fig. 1.2    Robert Kienböck  in   the radiology department  of 
  Poliklinik 1909 (sitting in front of his colleagues). 
Reprinted with permission from Josephinum, Collection 

of Pictures, Collections and History of Medicine, MedUni, 
Vienna, Austria       
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 published a small booklet on each of these enti-
ties, later embedded in the fi rst volume of his 
Radiology [ 1 ]). In 1915 Kienböck was appointed 
extraordinary Professor at Vienna Medical 
School [ 1 ,  5 ]. He held this position until 1938, 
when he was dismissed  by the Nazis [ 5 ].  

    The  Nazi Era and WWII   

 Most of Robert Kienbock’s  appointments and 
projects were prematurely terminated during the 
Nazi’s rise to power and especially after the 
Anschluss, or the Nazi annexation of Austria in 
1938. He was persecuted for two reasons: one 
was because of the political positions held by his 
brother and the other because Kienbock himself 

was half Jewish (his mother came from a Jewish 
family). Nevertheless, in the so-called 
 Reichsärzteregister   (the board of medical doctors 
in the Third Reich), he was considered of 
“ German blood  ” [ 5 ]. 

 In 1923 Kienböck, Holzknecht, and Haudek 
co-founded the  Vienna Society of Radiology   
(Wiener Gesellschaft für Röntgenkunde). In 
1933 Robert Kienböck was told to step down as 
president of the German Röntgen Congress in 
Bremen because the political class had decided 
to accept only speakers of German blood. 
Kienböck, although being Catholic but half 
Jewish on his mother’s side, was informed of this 
in a letter by his substitute. Ultimately, none of 
the Viennese radiologists would attend the con-
gress in Bremen [ 6 ]. In 1934, the  Austrian 
Society of Radiology   was founded with 
Kienböck elected as its fi rst president [ 1 ,  2 ,  6 ]. 
Both the Viennese and Austrian societies existed 
separately until annexation of Austria by the 
Third Reich [ 6 ]. In 1934, Robert Kienböck 
started writing his eight volumes on radiology 
(Fig.  1.7a, b ). Unfortunately, the work was aban-
doned in 1942 [ 1 ,  2 ].

   Not only was the Anschluss the end of Austria 
and its institutions, above all it was an immense 
and cruel human tragedy. The Sanatorium Fürth 
was shut down by the Nazis and the building was 
confi scated by the Wehrmacht for their own pur-
poses. Most of the former patients, many of them 
Jewish, never returned. Jewish scholars and phy-
sicians were deported or had to fl ee penniless. 
Many colleagues chose to commit suicide. Fürth, 
the owner of the sanatorium, was one of those. 
He and his wife took their own lives in the operat-
ing theatre of the sanatorium [ 17 ]. In 1938 the 
Poliklinik was “aryanized” by the Nazis and lost 
two-thirds of its outstanding, highly valued fac-
ulty [ 12 ]. Both Kienböck brothers were forced to 
retire but were permitted to remain in Vienna [ 5 ]. 

 During the war, Kienböck continued his stud-
ies and his work on the eight volumes on 
Radiology. Two of these are still available. 
Interestingly, volume two was published in 
1938 in two parts, and the fi rst volume  came out 
in 1941 (authors’ own copies).  

  Fig. 1.3    Portrait of Robert Kienböck,    1921. Reprinted 
with permission from Josephinum, Collection of Pictures, 
Collections and History of Medicine, MedUni, Vienna, 
Austria       

 

1 Dedication. Robert Kienböck (January 11, 1871–September 7, 1953)…
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     Post-WWII   

 After  World War II the Poliklinik was taken over 
by the City of Vienna and renamed  Wiener 
Städtische Allgemeine Poliklinik  . It was  operated 
as a hospital until 1998, and then as a home for 
the aged for about 10 years. The Sanatorium 
Fürth building was recovered by the Austrian 
Government after the war and was later turned 
over to the US authorities as part of the US 
Embassy in Austria [ 17 ]. 

 Robert Kienböck never returned to his 
 professional activities as a radiologist [ 5 ] but did 

maintain a strong interest in the activities of the 
scientifi c community. Two consecutive strokes at 
the age of 71 handicapped him and he was further 
hindered by severe depression [ 1 ]. Nevertheless, 
he was named honorary president of the Austrian 
Röntgen Society, which was established at the 
Poliklinik on November 30, 1946 [ 1 ,  6 ] (Fig.  1.8 ). 
When Robert Kienböck died on September 7, 
1953, he had written 250 publications and com-
pleted eight volumes on radiology. He was a 
 pioneer in establishing radiology as a specialty 
and set the standards for a safer practice of 
 radiotherapy [ 18 ]. He never personally suffered 
the effects of uncritical use of X-ray [ 1 ,  2 ,  6 ,  19 ]. 

  Fig. 1.4    The  faculty   of Erste Wiener Poliklinik, 1923. 
Robert Kienböck is the leftmost in the second row. 
Reprinted  with   permission from Josephinum, Collection 

of Pictures, Collections and History of Medicine, MedUni, 
Vienna, Austria       
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 Ruckensteiner   called Kienböck an everlasting 
star in the fi rmament of radiology [ 19 ]. He estab-
lished the fundamentals of radiotherapy and he 
made it a secure and reliable treatment by adding 
his method of radioquantimetry [ 20 ].

   For hand surgeons Kienböck’s name always 
will stand for the entity of  lunatomalacia   [ 13 ]. He 
not only encountered the radiologic phenomenon 

but described its pathogenesis, as well. He even 
anticipated histologic changes that decades later 
have been confi rmed [ 19 ]. His ideas on therapy 
are at least partly true today, as are his splendid 
observations and deductions on perilunate dislo-
cation of the wrist [ 14 ]. 

 For young colleagues in radiology the yearly 
 “Kienböck Award”   of the Austrian Radiologic 

  Fig. 1.5    Front page of the  famous   paper on avascular necrosis of the lunate       

 

1 Dedication. Robert Kienböck (January 11, 1871–September 7, 1953)…
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  Fig. 1.6    The fi gure  in   his 1910 paper on avascular necro-
sis of the lunate. The translation of the fi gure legend 
states, “Drawing to visualize the sequelae of isolated post-

traumatic lunatomalacia: Sclerosis and apophytes at the 
distal rim of radius, deformation of radial and ulnar sty-
loid. The blackened patches mark the ligament insertions 
roughened due to secondary laxity of the carpus”       

 

M. Chochole



  Fig. 1.7    ( a ) Kienböck, 
   Röntgendiagnostik der 
Knochen und 
Gelenkkrankheiten. 
( b ) Kienböck, 
Röntgendiagnostik der 
Knochen und 
Gelenkkrankheiten, 
front page       

  Fig. 1.8    Robert Kienböck ( right ) at  his   80th birthday with Konrad Weiss, First President of the Austrian Society of 
Radiology, after WW II (thus, successor of R. Kienböck)       
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Society is the stimulant to submit extraordinary, 
brilliant publications, quite in the spirit and of  the 
standards set by Robert Kienböck himself [ 21 ].     
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      Osseous Anatomy 
and Microanatomy of the Lunate                       2

     Chong     Jin     Yeo     ,     Gregory     Ian     Bain      , 
and     Egon     Perilli    

          Introduction 

 The name of the lunate bone derives from the 
“crescent-shaped” (Latin:  lunatus ), from Latin 
 luna  (“moon”), from the bone’s resemblance to a 
crescent moon. The lunate has been described as 
the keystone of the wrist. It is the “intercalated” 
segment of the intercalated proximal carpal row. 

 An understanding of the normal anatomy and 
variants is of value before delving into the patho-
logical anatomy.  

    Gross Anatomy of the Normal 
Lunate 

 Dr. Henry   Gray, in 1858, described the lunate 
in his classic text “ Anatomy  : Descriptive and 
Surgical” as follows:

  “The  Semi - lunar  bone may be distinguished by its 
deep concavity and cresentic outline. It is situated 
in the centre of the upper range of the carpus, 
between the scaphoid and cuneiform. Its  superior 
surface , convex, smooth and quadrilateral in form, 
articulates with the radius. Its  inferior surface  is 
deeply concave, and of greater extent from before 
backwards, than transversely; it articulates with 
the head of the os magnum, and by a long narrow 
facet (separated by a ridge from the general sur-
face) with the unciform bone. Its  anterior  or  pal-
mar  and  posterior  or  dorsal surface  are rough, for 
the attachment of ligaments, the former being 
broader, and of somewhat rounded form. The 
 external surface  presents a narrow, fl attened, semi- 
lunar facet, for articulation with the scaphoid. The 
 internal surface  is marked by a smooth, quadrilat-
eral facet, for articulation with the cuneiform 
(Fig.  2.1 ).

   To ascertain to which hand this bone belongs, 
hold it with the dorsal surface upwards, and the 
convex articular surface backwards; the quadrilat-
eral articular facet will then point to the side to 
which the bone belongs. 

  Articulations . With fi ve bones: the radius 
above, os magnum and unciform below, scaphoid 
and cuneiform on either side.” 
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   In addition to some changes in nomenclature 
of the bones, this description is still very much 
applicable today. 

 The lunate is cartilaginous at birth and usually 
has one ossifi cation center that begins to ossify 
during the fourth year [ 1 ]. Ossifi cation has been 
noted to take place from 1.5 to 7 years of age in 
boys, and between 1 and 6 years of age in girls. 
There have also been observations of double- 
ossifi cation centers in the lunate. 

 Several accessory bones can be associated 
with the lunate. Accessory bones, if present, usu-
ally are the result of a secondary or an additional 
ossifi cation center that does not fuse with the 
associated bone. These have been associated with 
the lunate: the os epilunatum (os centrale II), the 
os hypolunatum (os centrale III), the os hypotri-
quetrum, the os epitriquetrum (epipyramis, os 
centrale IV), and the os triangulare (os interme-
dium antebrachii, os triquetrum secundarium) 
[ 2 ]. The os epilunatum is located between the 
lunate, scaphoid, and capitate, along the distal 
border of the scaphoid and lunate. The os hypolu-
natum is located between the lunate and the capi-
tate, just ulnar to the site of the os epilunatum. 
The os hypotriquetrum is located in the vicinity 
of the lunate, capitate, proximal pole of the 
hamate, and the triquetrum. The os epitriquetrum 
is located between the lunate, hamate, and trique-
trum, just ulnar to the site of the os hypotrique-
trum. The os triangulare is located between the 
lunate, triquetrum, and the distal ulna [ 2 ]. 

 The lunate is crescentic, concave distally, and 
convex proximally. It consists of internally can-
cellous bone, surrounded by a cortical shell. The 
dorsal and palmar surfaces where the carpal liga-
ments attach to are rough. The palmar surface is 
roughly triangular and is larger and wider than 
the dorsal portion. The smooth, convex proximal 
articular surface articulates with the lunate fossa 
of the distal radius and with a portion of the trian-
gular fi brocartilage on its proximal ulnar aspect. 
The lateral surface is crescent shaped, fl at, and 
narrow, with a relatively narrow surface area with 
which it contacts the scaphoid. The medial sur-
face is square or rectangular, and fairly fl at, and 
articulates with the triquetrum. The distal surface 
is deeply concave and articulates with the proxi-
mal portion of the capitate. There are variations 
noted for the distal articulations that will be 
touched upon later in the chapter. 

 Of note, there are no muscle origins or inser-
tions on the lunate, but has a volar and dorsal cap-
sule, and the scapholunate and lunotriquetral 
ligaments. 

 Five bones articulate with the lunate: the 
radius, scaphoid, capitate, hamate, and trique-
trum. The lunate articulates with the radius on its 
proximal surface where it lies in the lunate fossa 
of the radius, located on the ulnar aspect of the 
distal radius. The lunate articulates with the 
scaphoid along the lunate’s radial surface, with a 
relatively small, crescent-shaped articular surface 
area. The lunate articulates with the capitate dis-

  Fig. 2.1    Micro-CT 3D images of  the   normal lunate from 
a ( a ) radial view, ( b ) volar view, and ( c ) distal view. 
Reproduced with permission from Low S, Bain GI, 
Findlay DM, Eng K, Perilli E, External and internal bone 

micro-architecture in normal and Kienböck’s lunates: A 
whole-bone micro-computed tomography study. J Orthop 
Res 2014; 32 (6): 826–833.© 2014 Orthopedic Research 
Society. Published by Wiley Periodicals, Inc.       
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tally, where the proximal pole of the capitate sits 
in the distal, crescent-shaped articular surface of 
the lunate. Between the articular surfaces for the 
triquetrum and the capitate, there usually is a nar-
row strip of articular surface for articulation with 
the proximal portion of the hamate. A curved 
ridge separates the articular surfaces for the 
hamate and capitate. Contact with the hamate is 
maximized   with ulnar deviation.  

    Normal Lunate Morphology 

 Viegas et al. described two types of lunate based 
on the existence of a distal medial facet. Type I 
lunates (35 %) had no distal medial facet while 
type II (65 %) lunates had a distal medial facet 
that articulates with the hamate [ 3 ] (Fig.  2.2 ).

   Zapico in 1966 categorized lunate  morphology   
into three types (Fig.  2.3 ) and also noted a relation-

  Fig. 2.2    Lunate  morphology 
as   described by Viegas. Type I 
has an absent medial facet, 
while type II had a medial 
facet articulating with the 
hamate       

  Fig. 2.3    Lunate  morphology as   described by Zapico. The Zapico type I lunates have a trabecular angulation of greater 
than 135°, making it less able to tolerate compressive loads and thus at risk for Kienböck’s disease. Modifi ed from [ 4 ]       
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ship between the ulnar variance and type of lunate 
[ 4 ,  5 ]. Type I lunates are trapezoidal in shape and 
associated with negative ulnar variance. Type II 
lunates are more rectangular in shape and associ-
ated with ulnar neutral wrists. Type III lunates are 
pentagonal, with two proximal joint surfaces, and 
found typically with positive ulnar variance.

       Wrist Morphology Associated 
with Kienböck’s Disease 

 There are a number  of   morphological factors of 
the lunate, radius, and ulnar that are known to be 
associated with Kienböck’s disease. 

    Lunate  Morphology   Associated 
with Kienböck’s Disease 

     1.    There is a higher incidence of  Viegas’ type I 
lunates   in Kienböck’s disease patients as com-
pared to the general population [ 6 – 8 ].   

   2.     Zapico’s type I lunate   is postulated to be more 
susceptible to Kienböck’s disease due to the 
potential plane of weakness as the trabecular 
angulation with greater than 135° is less able 
to withstand compressive forces [ 9 ]. This is 
based on the studies that trabeculae within the 
lunate run perpendicular to the proximal and 
distal articular surfaces [ 4 ,  9 ].      

     Radius Morphology   Associated 
with Kienböck’s Disease 

     1.    Ulnar variance is one of the most commonly 
cited factors for lunate loading. A short ulna 
will increase the load on the radial half of the 
lunate. There are numerous studies to support 
this mechanism [ 10 – 13 ].   

   2.    A fl atter radial inclination with a smaller 
lunate was noted in patients with Kienböck’s 
disease on their contralateral wrists as com-
pared to the normal population [ 14 ].       

     Microstructure   of the Normal 
Lunate 

 Micro-CT images     demonstrate that the lunate has 
single-layered cortices, except the distal sub-
chondral bone plate that articulates with the capi-
tate [ 15 ]. This distal lunate subchondral bone 
plate was multilayered with each layer separated 
by short perpendicular bridging trabeculae 
(Fig.  2.4 ). We refer to the superfi cial layer as the 
primary subchondral bone plate, and then the 
secondary plate below it [ 15 ]. The coronal 3D 
micro-CT images demonstrated multiple radially 
arranged trabeculae, spanning from the distally 
reinforced multilayered subchondral bone plate 
to the single-layered proximal subchondral bone 
plate (Fig.  2.5 ). By spanning from the proximal 
to the distal subchondral bone plate, they main-
tain this distance, transmit the load, and maintain 
the height of the lunate.

  Fig. 2.4    3D micro-CT  image   demonstrating posterior 
view of left lunate, with trabeculae spanning from the 
proximal to the distal subchondral bone plate. Note that 
the proximal subchondral bone plate is a single layer, 
which may predispose to a stress fracture of the proximal 
surface, and it is repeatedly loaded in the same location. 
Copyright Dr. Gregory Bain       
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  Fig. 2.5    3D micro- CT   images, 1 mm thick cross sections 
of the lunate: ( a ) coronal section showing radial pattern of 
the trabeculae, spanning from distal to the proximal sub-
chondral bone plate, ( b ) sagittal section, and ( c ) coronal 
section with radial lines highlighted in  white , evidencing 
radial spanning trabeculae. Reproduced with permission 

from Low S, Bain GI, Findlay DM, Eng K, Perilli E, 
External and internal bone micro-architecture in normal 
and Kienböck’s lunates: A whole-bone micro-computed 
tomography study. J Orthop Res 2014; 32 (6): 826–833.© 
2014 Orthopedic Research Society. Published by Wiley 
Periodicals, Inc.       

  Fig. 2.6    Micro-CT images showing  the   internal trabeculae 
and subchondral structures for the lunate and radius. ( a ) 
Sagittal view with the  bold arrow  illustrating the loading 

force from distal, and the  transparent arrows  showing the 
thickened trabeculae and subchondral bone. ( b ) Coronal 
view. Copyright Dr. Gregory Bain       
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    The subchondral bone is a shock absorber and 
can be seen morphologically to distribute the 
joint stresses (Fig.  2.6 ). Below it, intermediate 
spanning trabeculae extend from the proximal to 
the distal articular surfaces and maintain the 
lunate height. The proximal articular “condyle” 
is the common site of Kienböck’s disease. It is to 
be noted that the subchondral bone plate on the 
convex proximal surface is  only a single layer , 
and it is this surface that is prone to the lunate 
fracture of Kienböck’s disease. The distal multi-
layered cortex is self-reinforcing, and typically 
has a coronal fracture due to the impinging 
 capitate. The main soft-tissue attachments, which 
include the vascular pedicles, are on the volar 
and dorsal aspects. Unlike long     bones, there is 
almost no periosteum on the lunate.

        Microstructure   of the Kienböck’s 
Lunate 

 3D micro-CT      images reveal that the lunates in 
Kienböck’s disease had lost the normal crescent 
shape, and are fractured and fragmented, show-
ing destruction of the bone, with only part of the 
cortex being present, both proximally and dis-
tally. The proximal cortex was more severely 
fragmented than the distal aspect (Fig.  2.7 ).

   Internal morphology displayed regions of 
dense trabeculae bone interspersed with regions 
devoid of bone, with some residual evidence of 
the distal subchondral bone plate (Fig.  2.8 ). 
However, the radially patterned trabeculae that 
normally span from the distal to the proximal 
lunate subchondral bone plate were largely 
absent, due to bone fragmentation and 
resorption.

   The micro-CT demonstrates the sparse pattern 
of normal lunate, compared to the avascular 
lunate, in which there are twice as many trabecu-
lae that are thicker (×3). However, the total bone 
volume of the lunate is reduced, as a consequence 
of the bone resorption [ 4 ] (Fig.  2.9 ).

   The subchondral bone plate is an important 
morphological structure that transmits the load, 
and provides a consistent platform for the articu-
lar cartilage. The subchondral bone plate can be 
compromised      by fracture, or it can be eroded 
such that the articular cartilage has no support 
(Fig.  2.10 ).

        Histology   of the Kienböck’s Lunate 

 Gross examination demonstrates the ulcerated 
changes of the articular surface, and the necrotic 
subchondral bone plate (Fig.  2.11 ). Histological 

  Fig. 2.7    3D micro-CT images  of   fractured Kienböck’s 
lunates in various orientations of ( a ) radial view, with 
volar and dorsal fragments, ( b ) distal view, with the com-
mon coronal fracture. The Kienböck’s lunate has lost the 

crescent shape, and is fl attened and wider. The subchon-
dral bone plate has fragmented, producing irregular artic-
ular surfaces. Copyright Dr. Gregory Bain       
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  Fig. 2.8    3D micro- CT   images, 1 mm thick cross sections. 
Kienböck’s disease lunate: ( a ) coronal section of the 
lunate, consistent with a sheering fracture. ( b ) Sagittal 
section, with fragmentation of the cortical and subchon-
dral bone plate and resorption of the spanning radial 

 trabeculae. ( c ) Reformatted sagittal section superimposed 
on a normal lunate. Note the multiple cortical fractures, 
and extensive loss of trabeculae due to fracture and resorp-
tion. ( d ) The proposed area of reabsorption of bone. 
Copyright Dr. Gregory Bain       

  Fig. 2.9    3D  morphometric   analysis of the cylindrical tra-
becular volume of interest (3 mm diameter, 3 mm length). 
( a ) Normal lunate and ( b ) Kienböck’s lunate, which has 

more trabeculae that are thicker. However the total bone 
volume of the lunate is less than the normal lunate due to 
bone resorption       
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assessment of the lunate provides another insight 
into the morphology of the lunate (see Chap.   6     on 
pathology). Extensive voids can be identifi ed, 
which are fi lled with areas of necrotic bone, 
scarred fi brous tissue, and cysts [ 16 ]. There are 
also areas of reparative tissue including granula-
tion tissue and new bone. The new bone will 
respond to the forces placed upon it and take on 
the role of loading and supporting the capitate.
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          Introduction 

 Dr. Robert Kienböck, an Austrian radiologist, 
fi rst described lunatomalacia in 1910 in his 
clinical series and felt that the cause of the col-
lapse of the lunate was repetitive trauma to the 
lunate from work activities [ 1 ,  2 ]. This opinion 
was backed by the study of Muller in 1920 who 
coined the term occupational lunatomalacia [ 3 ]. 
The etiology of avascular necrosis of the lunate 
remains uncertain to this day, but a common 
theory persists that it is due to disruption of the 
vascular supply to the lunate. The exact cause 

of this disruption is still a source of consider-
able debate. 

 There are few papers describing in detail the 
blood supply to the carpal bones. The vascular 
supply is diffi cult to delineate as the vessels 
supplying the carpal bones are small and the 
capsular tissues and ligaments surrounding the 
carpal bones are relatively thick. Arterial injec-
tion studies with chemical debridement and 
decalcifi cation were used to identify the arte-
rial anatomy of the carpal bones more accu-
rately in modern days. We review papers that 
described arterial anatomy of the carpal bones 
with particular attention being paid to the 
lunate bone.  

     Extraosseous Blood Supply 
to the  Carpus   [ 4 ] 

 There are fi ve named blood vessels that give off 
direct supply to the carpal bones. There are the 
radial artery, ulnar artery, anterior interosseous 
artery, deep palmar arch, and accessory ulnar 
recurrent artery. These fi ve arteries form a palmar 
network and a dorsal network that supply the car-
pal bones. Each network can be divided into three 
transverse arches which give off  branches of 
nutrient arteries that supply the carpal bones 
(Figs.  3.1  and  3.2 ).

        K.  G.   Chee ,  MBBS, MRCS, MMed (Surgery)    
  Department of Orthopedic Surgery , 
 Tan Tock Seng Hospital ,   Jalan Tan Tock Seng , 
 Singapore   308433 ,  Singapore     

    C.  J.   Yeo ,  MBChB, MRCS, MMed, FAMS    
  Hand and Microsurgery Section, Department 
of Orthopedic Surgery ,  Tan Tock Seng Hospital , 
  11 Jalan Tan Tock Seng ,  Singapore   308433 , 
 Singapore     

    G.  I.   Bain ,  MBBS, FRACS, FA(Ortho)A, PhD      ( ) 
  Professor, Upper Limb and Research, Department of 
Orthopedic Surgery ,  Flinders University and Flinders 
Medical Centrer ,   Bedford Park, Adelaide ,  SA , 
 Australia   
 e-mail: greg@gregbain.com.au  

mailto:greg@gregbain.com.au


24

  Fig. 3.1     The   palmar carpal arterial supply.  R  radial 
artery,  U  ulnar artery,  1  palmar branch, anterior interosse-
ous artery,  2  palmar radiocarpal arch,  3  palmar intercarpal 
arch,  4  deep palmar arch,  5  superfi cial palmar arch,  6  
radial recurrent artery,  7  ulnar recurrent artery,  8  medial 
branch, ulnar artery,  9  branch off ulnar artery contributing 
to the dorsal intercarpal arch. Reprinted from The Journal 
of Hand Surgery, 8(4), Gelberman RH, Panagis JS, 
Taleisnik J, Baumgaertner M, The arterial anatomy of the 
human carpus. Part I: The extraosseous vascularity, 367–
375, Copyright © 1983 American Society for Surgery of 
the Hand, Published by Elsevier Inc. All rights reserved       

         Palmar Transverse Arches   

 Palmarly, the arches formed are the radiocarpal 
arch, the intercarpal arch and the deep palmar 
arch. The radiocarpal arch is the most proximal 
and is found about 5–8 mm proximal to the radio-
carpal joint at the level of the metaphysis of the 
distal radius and ulna. It is encased in the wrist 
capsule. This arch is constantly supplied by the 
radial, ulnar, and the anterior interosseous artery 
in 87 % of the specimens and in 13 % the anterior 
interosseous artery does not contribute to this 
arch. The radiocarpal arch gives off branches that 
supply the palmar surface of the lunate and tri-
quetrum (see Fig.  3.1 ). 

 The palmar intercarpal arch receives its supply 
from radial, ulnar, and anterior interosseous arter-
ies. One-quarter of the specimens do not have any 
contribution from the anterior interosseous artery. 
It is present in about half the specimens and it lies 
in between the proximal and distal arches of the 
wrist. This arch is not a consistent contributor to the 
carpal bones and is usually small in diameters. 

 The deep palmar arch is the most distal 
in location. It is located at the base of the meta-
carpals about 5–10 mm distal to the carpometa-
carpal joints. It presents consistently and gives 
off the ulnar and radial recurrent arteries, and 
sends perforating branches to the palmar meta-
carpal arteries and dorsal basal metacarpal arch.  

     Dorsal Transverse Arches   

 On the dorsal  aspect of the carpus, the blood sup-
ply also comes from three transverse arches. The 
most proximal of them, the dorsal radiocarpal 
arch is present in 80 % of the specimens and 
obtains its supply from the radial, ulnar, and ante-
rior interosseous arteries. The radiocarpal arch is 
located at the level of the radiocarpal joint and 
provides main nutrient vessels to the lunate and 
triquetrum. Occasionally, the anterior interosse-
ous artery or the ulnar artery may not contribute 
to this arch (see Fig.  3.2 ). 

 The dorsal intercarpal arch is the most consis-
tent arch dorsally and is the largest. It receives its 

supply from radial, ulnar, and anterior interosse-
ous arteries in 53 % of the specimens, radial and 
ulna arteries alone in 20 % of the specimens, and 
7 % from ulnar and anterior interosseous arteries 
only. It is located in between the proximal and 
distal carpal rows. It gives off anastomoses to the 
radiocarpal arch and supplies the lunate and tri-
quetrum (Fig.  3.3 ).

   The basal metacarpal arch is the most distal of 
the dorsal transverse carpal arch. It is the most 
inconsistent of the arches and does not play an 
important roll in the vascularity of the lunate. The 
basal metacarpal arch is located in between sec-
ond to fourth metacarpal bases and supplies the 
distal  carpal bones.  
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     Extraosseous Blood Supply   
of the Lunate [ 4 – 6 ] 

 The lunate receives its blood supply from the 
palmar and dorsal sources. The main nutrient 
arteries’ supply come palmarly from the radio-
carpal and the intercarpal arches. The dorsal 
radiocarpal and intercarpal arches also give 

nutrient arteries to the lunate but are usually 
smaller. Eighty percent of the specimens receive 
supply from both the dorsal and palmar supplies; 
20 % of the specimens only receive their supply 
from the palmar arches alone. The lunate is cov-
ered mostly by articular cartilage and hence no 
other nutrient arteries enter the bone. After 
entering the bone these nutrient vessels branch 
proximally and distally.  

  Fig. 3.2    The dorsal  carpal 
  arterial supply. Cadaveric 
specimen of the arterial 
anatomy with latex 
injection and acid 
submersion, to erode the 
soft tissues. Radial artery 
(RA), with the dorsal 
radiocarpal artery (DRC), 
dorsal intercarpal artery 
(DICA), scaphoid (S), 
lunate (L), hamate (H), 
capitate (C), and 
triquetrum (T). Copyright 
Dr. Carlos Zaidenberg, 
Argentina       

  Fig. 3.3     Contributions   of the fi ve named arteries supply-
ing the carpus; radial, ulnar, anterior interosseous, acces-
sory recurrent ulnar artery, and deep palmar arch. Note 

areas of vascular contribution to each carpal bone. ( a ) 
Volar. ( b ) Dorsal. Image drawn with information from [ 4 ]. 
Copyright Dr. Gregory Bain       
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    Intraosseous Blood Supply 
of the Lunate [ 5 ,  6 ] 

 Lee in 1963 and Gelberman in 1980  have studied 
the  intraosseous vascular anatomy   of the lunate. 
Lee reported that 26 % of the lunates had only a 
single major blood supply either from the dorsal or 
the volar arch [ 5 ,  6 ]. These blood vessels enter 
volarly (15 %) or dorsally (11 %) and traverse 
obliquely across the lunate to supply the whole 
lunate (Fig.  3.4 ). There was a dorsal and volar sup-
ply, but with no anastomosis in 7.5 % of the speci-
mens. In 66.5 % of the specimens, there were both 
vessels entering the lunate bone from either the 
dorsal or the volar surfaces. About 20 % of them 
form a ring anastomosis, while the other 80 % form 
a single anastomosis in the center of the lunate.

   Gelberman reported the pattern of the internal 
vascularity of the lunate. Fifty-nine percent of 
them form a three-vessel anastomosis (Y pat-
tern), of which half of them have two volar nutri-
ent vessels and the other half have two palmar 
nutrient vessels. Thirty-one percent of the speci-
mens that anastomosed formed a single-vessel 
anastomosis (I pattern), and 10 % of the speci-
mens formed the X pattern anastomosis with two 
vessels entering the lunate volarly and dorsally 
and formed a single anastomosis in the center 
(Fig.  3.5a, b ). In a subsequent paper his group 

reported that in 20 % of the specimens, nutrient 
vessels were seen entering only the palmar sur-
face of the lunate [ 8 ]. In these specimens, one or 
two medium-sized vessels penetrated the palmar 
surface and gave off numerous branches that sup-
plied the entire lunate [ 8 ]. The group at risk of 
Kienböck’s disease is likely to be those with a 
single arterial supply or those with no anastomo-
sis between the vessels. The development of the 
vascularity of the lunate can be appreciated from 
this image provided by Dr. Henry Crock [ 7 ]. 
Note how there is only a volar arterial supply in 
this lunate from a 4-year-old. It helps explain 
how some lunates will have a dominant volar or 
dorsal supply.

   Lamas et al. reported that nutrient vessels 
entered the lunate through the dorsal and volar 
poles in all the specimens [ 9 ]. Dorsal lunate vas-
cularity is supplied by branches originating from 
the dorsal plexus as well as the radiocarpal, 
 intercarpal, and transverse metacarpal arch. The 
dorsal intercarpal and radiocarpal arches supply 
blood to the lunate from plexus of vessels located 
directly over the lunate’s dorsal pole. Vessels 
entered the dorsal lunate through 1–3 foramina 
located in the proximal, central, or ulnar, non- 
articular aspect of the bone (Fig.  3.5c ). Palmar 
lunate vascularity is supplied by branches 
 originating from a palmar plexus as well as direct 

Dorsal

Distal

Proximal

Palmar
PalmarDorsal

Lateral

Medial

  Fig. 3.4     Lunate with   single volar artery as seen from the 
lateral and distal view. The intraosseus arterial pattern of 
the carpal lunate bone and its relation to avascular necro-
sis. Note the single volar vessel. Reproduced with permis-

sion from Lee ML. The intraosseus arterial pattern of the 
carpal lunate bone and its relation to avascular necrosis. 
Acta Orthop Scand. 1963;33:43–55. Courtesy of Taylor & 
Francis Ltd.,   www.tandfonline.com           
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ulnar, radial, and anterior interosseous artery 
branches. Palmar radiocarpal arches were present 
in all specimens, while the intercarpal arch was 
present in 70 %. The nutrient vessels (1–5) 
entered the volar pole through various ligament 
insertions, including the ligament of Testut- 
Kuentz (RSL ligament) and the radiolunate tri-
quetrum ligament and ulnar lunate triquetral  
ligament (Fig.  3.5d–f ) [ 9 ].  

     Venous Anatomy    of the Lunate 
[ 7 ,  10 ] 

 The work of Dr. C. Lamas and Professor M. Llusa 
provides some insight into the extraosseous 
venous system of the carpus (Fig.  3.6 ). The inter-
connections of the venous drainage system refl ect 
the arterial supply.

  Fig. 3.5    ( a ) Schematic drawing  to   illustrate the various 
lunate blood supply. Image drawn with information from 
[ 6 ]. Copyright Dr. Gregory Bain. ( b ) Left lunate and tri-
quetrum of a 4-year-old boy. Note the single large volar 
vessel in the lunate and the triquetrum. There are dorsal 
vessels that now have an established anastomosis with the 
triquetrum and are just starting with the lunate. Copyright 
HV Crock AO [ 7 ]. ( c ) Dorsal aspect of the lunate with 
three dorsal foramina and vessels entering the lunate. ( d ) 
Transverse section of the wrist with Spalteholz technique. 
Arterial supply of the dorsal and palmar aspect of the 
wrist. Dorsal nutrient vessels entering the lunate through 

the dorsal radiocarpal arch. Palmar nutrient vessels enter-
ing the lunate through the RSL ligament of Testut-Kuentz, 
RLT ligament, and ULT ligament. ( e ,  f ) Transverse sec-
tion with Spalteholz technique. Magnifi ed view of the 
osseous ligamentous interface, through which the vessels 
enter the lunate. Parts ( c ), ( d ), ( e ), and ( f ) reproduced from 
Lamas C, Carrera A, Proubasta I, Llusà M, Majó J, Mir 
X. The anatomy and vascularity of the lunate: consider-
ations applied to Kienböck’s disease. Chirurg Main 2007; 
26:13–20. Copyright © 2007 Elsevier Masson SAS. All 
rights reserved         
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   Crock studied the intraosseous lunate venous 
system of the lunate and the lower limb 
(Fig.  3.7a–c ) [ 7 ,  11 ]. He reports that there is a 
complex subarticular venous system, collecting 
blood from the subchondral plate. In the lower 
femur he states that the veins mirror the arteries, 
except that they are a wider diameter and are 
wavy in confi guration [ 11 ]. The venous limbs of 
the capillaries perforate the subchondral bone 
plate, to drain into the subarticular plexus, which 
lies immediately adjacent to the subchondral 
bone plate. The plexus is arranged in parallel as a 

dense subarticular plexus that drains to the mar-
gins of the articular surface, into collecting trunks 
which join the lower radiate veins. In the lunate 
specimen there is some connections between the 
dorsal and volar lunate intraosseous veins. The 
wavy veins are seen to pass to the volar and dor-
sal margins, and then pass towards the mid-volar 
and dorsal aspects of the lunate where they 
coalesce before exiting the osseous lunate [ 7 ].

   The venous drainage from the lunate then 
forms a dorsal venous plexus and a palmar 
venous plexus (Fig.  3.8 ). Dorsally the venous 

Fig. 3.5 (continued)
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plexus continues into the contiguous capsule of 
the wrist joint. The system continues radial-
ward via the dorsal intercarpal arch and into 
the comitant veins of the radial artery. The 
plexuses also  communicate with the subcuta-
neous veins via small connective vessels which 
went through the deep dorsal fascia of the 
hand. A consistent large- caliber vein runs 
through the two sections of the fi rst dorsal 
interosseous muscle into the hand after coming 
between the radial veins and the subcutaneous 
dorsal venous plexus. Less frequently, one or 
two veins stretch along the base of the fourth 
synovial sheath and discharge into the dorsal 
interosseous veins.

   Palmarly, the typical venous plexus merges 
into the contiguous parts of the palmar capsule 8. 
Venous blood vessels from surrounding tissues 
and the palmar venous plexus drain ulnarward 
along the concavity of the ulnar part of the carpal 
bones and reach the ulnar comitant veins after 
leaving the proximal hiatus of Guyon’s ulnar 
canal into the distal forearm (Fig.  3.9 ). A few 
parallel vessels within the deep palmar fascia 
drain radially into the comitant veins of the deep 
palmar arch.

   The palmar venous plexus drains into the 
radial comitant veins that swerve in the dorsal 
direction from the ventral distal radius under the 
long tendons of the thumb muscles (Fig.  3.10 ).

   A single vein runs beneath the pronator qua-
dratus in the proximal direction as the palmar 
interosseous vein. The topographic attribution 
of the veins to the complex ligamentous appara-
tus is diffi cult because of the narrowness of the 
carpal ligaments and their close contact with 
the joint capsule of the carpus. As the vessels 
leave the lunate the small veins fi ll the connec-
tive tissue intervals of the deep, middle, and 
superfi cial carpal ligamentous structures and 
run in  palmar and dorsal directions in the deep 
fascia of the hand.  

    Conclusion 

 The relationship of the anatomy (vascular, osse-
ous, and cartilaginous) and how it is affected by 
the pathological processes will be the key to the 
puzzle of Kienböck’s disease [ 12 ,  13 ].     

  Fig. 3.6    ( a – c ) Angiogram of  the   carpus. Note the extensive 
array of vessels around the carpus. Reprinted with permission 
from Lluch A, Garcia-Elias M. Etiology of Kienbock’s dis-
ease. Tech Hand Up Extrem Surg 2011; 15(1): 33–37 [ 14 ]       
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  Fig. 3.8    The  venous   drainage of the lunate. Used with permission from Springer Science + Business Media: Surg 
Radiol Anat, 2003, Pichler M, Putz R [24]       

  Fig. 3.7    ( a ) Lateral view of  an   adult lunate with venous 
injection. The main veins emerge on the volar and dorsal 
surfaces in the middle of the lunate. ( b ) Magnifi ed view of 
specimen from ( a ). Note the volar and dorsal plexus. With 
the extra magnifi cation the sinusoids ( small black dots ) 
can be better appreciated. Note that on the inferior surface 

the parallel venules make up the subarticular plexus, and 
that there is a single vein exiting the volar lunate. ( c ) This 
is the same specimen as in ( a ), illuminated with incident 
light and Spalteholz cleared, showing the complex subar-
ticular collecting veins arranged in parallel wavy lines. 
Figures copyright HV Crock AO [ 7 ]       
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          Introduction 

 The etiology for Kienböck’s disease has been 
attributed to many factors including vascular 
insuffi ciency, repetitive microtrauma, corticoste-
roid use, and a hypercoagulability state [ 1 ,  2 ]. 
Mechanical factors such as decreased radial 
inclination and negative ulnar variance have also 
been postulated as risk factors for the develop-
ment of Kienböck’s disease [ 1 ,  2 ]. More recently, 
variations in lunate morphology have been theo-
rized to play a role in the pathogenesis of avascu-
lar necrosis within the  lunate   [ 3 – 9 ]. 

 The lunate is the keystone of the wrist. The 
lunate is integral to the central column of the car-
pus and may be subjected to marked axial loads 
[ 10 – 12 ]. Variations in lunate shape have been 
shown to affect  carpal kinematics     . In addition, 
lunate shape may predispose to asymmetric 
loading of the lunate, which in turn could predis-
pose to microtrauma and avascular necrosis 

[ 6 ,  13 – 17 ]. This chapter reviews the different 
 classifi cations of lunate morphology and how 
they apply to Kienböck’s disease.  

    The Eff ect of Lunate Morphology 
on the Pathogenesis 
and Management of Kienböck’s 
Disease 

 Lunate morphology has been described accord-
ing to several variables including overall size and 
position [ 8 ,  9 ], dorsal and volar height [ 4 ,  18 ,  19 ], 
and proximal [ 3 – 5 ,  20 ] and distal articular sur-
faces [ 15 ,  17 ,  21 ,  22 ]. 

    Lunate   Size and Position   
(Coronal Plane Morphology) 

 Lunate size and the angle of the distal articular 
facet may affect the lunate’s ability to transmit 
force within the central column and alter the link-
age between the proximal and distal rows [ 9 ,  10 ]. 
Radiographic population-based assessments of 
lunate size have been reported. Tsuge et al. 
assessed lunate height (LH), diameter (LD), dis-
tal facet width (DF), and tilt (LT) on standard 
posteroanterior radiographs of 66 normal male 
controls (mean age 32 years, range 14–67) 
(Fig.  4.1 ) [ 9 ]. Thienpont et al. performed similar 
measurements on 126 normal wrists in 68 men 
and 58 women (mean age 36 years, range 17–69) 
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[ 8 ]. The mean values for lunate size and position 
are noted in Table  4.1 . Tsuge then compared his 
controls to the unaffected contralateral wrists in 
41 male Kienböck patients (mean age 34 years, 
range: 15–58) and Thienpont compared them to 
the contralateral wrists in 54 patients, 31 men and 
23 women (mean age 35 years, range: 17–58) 
(see Table  4.1 ) [ 8 ,  9 ]. They observed a signifi -
cantly smaller lunate, in height and diameter, in 

the Kienböck group compared to the control 
group and concluded that a smaller lunate may be 
subjected to a higher relative load of transmitted 
force and a greater likelihood of microtrauma and 
avascular necrosis [ 20 ,  23 ].

    A more radially inclined lunate with increased 
lunate tilt may predispose the lunate to increased 
intraosseous pressure and/or avascular necrosis 
(see Fig.  4.1 ). It is known that the trabeculae 

  Fig. 4.1    Measurement 
 of   lunate size and tilt 
(coronal plane 
morphology). 
A tangential line 
connecting the ulnar and 
radial most distal aspect 
of the lunate articular 
surface is drawn from 
which the width of the 
lunate body is measured 
and defi nes the lunate 
diameter (LD,  solid 
black line ). A 
perpendicular line along 
the ulnar surface of the 
lunate defi nes the lunate 
height (LH,  yellow line ). 
The LD line is extended 
to transect the 
longitudinal axis of the 
radius ( dotted black line ) 
to determine the lunate 
tilting angle (LT,  blue )       

    Table 4.1    Lunate  dimensions   and Kienböck’s disease a    

 Author  Sample ( n )  Lunate height (LH) 
 Lunate diameter 
(LD)  Lunate tilt (LT) 

 Distal facet width 
(DFW) 

 Tsuge et al. 

•  Normal 
 66  11.5 ± 1.1 mm  16.1 ± 1.6 mm  18.8° ± 4.4°  8.9 ± 1.2 mm 

•  Kienböck 
 41  11.0 ± 1.0 mm  15.0 ± 2.1 mm  21.2° ± 3.8°  8.8 ± 1.5 mm 

  P -values  0.04  0.003  0.004  0.5 
 Thienpont et al. 

•  Normal  126  11.5 ± 0.7 mm  15.4 ± 1.6 mm  17.7° ± 5.4°  N/A 

•  Kienböck 
 54  10.1 ± 1.2 mm  14.2 ± 1.0 mm  20.9° ± 4.6°  N/A 

  P -values  0.04  0.004  0.004  N/A 

  • Reported as mean ± standard deviation 
  a Created with data from Thienpont [ 8 ] and Tsuge [ 9 ]  
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within the lunate are arranged perpendicular to 
the articular surface [ 24 ]. While it is plausible, 
Tsuge et al. did not fi nd a correlation between 
lunate inclination or tilt (LT, Fig.  4.1 ) and the age  
of onset of Kienböck’s disease [ 9 ].  

     Dorsal and Volar Height   
(Sagittal Plane Morphology) 

 The lunate is  predominantly wedge shaped on 
lateral projection with a propensity to rotate dor-
sally or extend. Kauer et al. reviewed sagittal sec-
tions through cadaveric wrists and observed that 
the lunate was wedge shaped (greater distance 
between the volar distal and proximal articular 
surfaces than the dorsal surfaces) (Fig.  4.2 ) [ 18 ]. 
Watson et al. evaluated the lateral lunate mor-
phology of 292 normal wrists on standard radio-
graphs and noted shorter dorsal height, or wedge 
shaped, in 67 % of wrists ( n  = 196) [ 19 ]. Kato 
et al. also observed a wedge-shaped lunate in 
88 % (21 of 24) of normal wrists [ 4 ]. It is postu-
lated that the capitate head will drive a wedge- 
shaped lunate into extension, whereas the 
opposite morphology, shorter volar distal to 
proximal articular distance, would result in a pre-
disposition for lunate fl exion [ 18 ,  19 ].

   Lateral, or sagittal plane, lunate morphology 
has not been shown to be a clear risk factor for 

development of Kienböck’s disease. Kato et al. 
compared the unaffected, contralateral wrists in 
23 wrists (mean age 40 years, range: 14–63) 
diagnosed with Kienböck’s disease to 24 control 
patients (mean age 39 years, range: 12–68 years) 
with normal wrists [ 4 ]. The authors did not 
observe a signifi cant difference in the incidence 
of a wedge-shaped lunate between the Kienböck’s 
disease patients (74 %,  n  = 17) and the control 
(88 %,  n  = 21) group. Despite a theoretical pro-
pensity for wedge-shaped lunates to dorsifl ex, 
there was no signifi cant difference for the mean 
radiolunate angle (6° and 7°) and the mean  
radioscaphoid angles (58° and 58°) in the 
Kienböck and control groups, respectively [ 4 ].  

    Variation in  Proximal Articular 
Surface   

 The proximal articular surface of the  lunate has 
been shown to exist in three distinct forms as 
defi ned by  Antuña-Zapico   [ 3 ,  20 ]. In type  I  , the 
proximal and radial surfaces of the lunate con-
verged at >130° forming an apex or crest (referred 
to as AZ-type I). Type  II   has an angle of approxi-
mately 100°–110°, resembling a square or rect-
angle (AZ-type II). Type III has two discrete 
facets to articulate with the radius or the triangu-
lar fi brocartilage complex (AZ-type III, Fig.  4.3 ) 

  Fig. 4.2    Lunate volar  and   dorsal rim height measurement 
method (lateral plane morphology). A baseline ( dotted 
green ) is drawn which connects the dorsal and palmar 
horns of the lunate. On the baseline, the volar and dorsal 
quarters are marked (at 25 and 75 percentiles between the 

volar and dorsal horns). Perpendicular lines are drawn 
from these quarter lines, and the height of the lunate mea-
sured. In a wedge-shaped lunate, the dorsal height ( yel-
low ) will be shorter than the palmar height ( red )       
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[ 3 ,  9 ]. The existence of a separate proximal ulnar 
facet (AZ-type III) was also confi rmed by 
Shepherd who anecdotally noted that the size of 
the facet varied between patients [ 25 ]. Llamas 
et al. evaluated 24 cadaveric specimens and noted 
the prevalence of lunate shape as 21 % ( n  = 5) 
AZ-type I, 75 % ( n  = 18) AZ-type II, and 4 % 
( n  = 1) AZ-type III [ 5 ]. The mean proximal artic-
ular surface of AZ-type I and AZ-type II lunates 
was 237 mm 2  and 251 mm 2 , respectively. There 
was no signifi cant difference in surface area 
between the proximal, radial, or ulnar surfaces of 
the lunate, or in their relationships to lunate mor-
phology [ 5 ].

   The trabecular structure within an AZ-type I 
lunate may render it the weakest to resisting com-
pressive stress. As mentioned previously, the tra-
beculae within the lunate runs perpendicular to 
the proximal and distal articular surface. 
Therefore, the external frame of the lunate cor-
responds to the trabecular structure [ 2 ,  24 ,  26 ]. 
Based on this principle, compressive loads 
through an AZ-type I lunate, with an increased 
intratrabecular angulation, are most at risk for 
bone fatigue, stress fractures, and inability to 
effectively heal fractures or microtrauma (see 
Fig.  4.3 ) [ 2 ,  3 ,  20 ]. Additionally, an AZ-type I 
lunate has been associated with ulnar negative 
variance, which is also postulated to be an inde-
pendent risk factor for the development of 
Kienböck’s disease due to extreme shear stress 
on the lunate imparted by the capitate and the 

ulnar articular surface of the distal radius, similar 
to a “nutcracker” [ 1 – 3 ,  20 ]. Consequently, lunate 
fragmentation is more frequently seen in wrists 
with an AZ-type I lunate and ulnar negative vari-
ance [ 3 ]. 

 Lunate morphology at the proximal articular 
surface has not been shown to clearly play a role 
in the pathogenesis of Kienböck’s disease. Lamas 
et al. evaluated 24 cadaveric wrists and did not 
observe a correlation between lunate morphol-
ogy, as described by Antuña-Zapico, and the 
presence of wrist arthrosis or to the number of 
vascular foramina within the lunate. Kato et al. 
did not report any signifi cant difference in the 
incidence of AZ-type I lunates in the unaffected, 
contralateral wrists  in patients with Kienböck’s 
disease (44 %, 10 of 23) compared to control 
wrists (38 %, 9 of 24) [ 5 ].  

     Distal Articular Surface   

 Two types of l unates have been described by 
Viegas et al. based on the absence (V-type I) or 
presence (V-type II) of a distal articular medial 
facet that articulates with the proximal pole of 
the hamate (Fig.  4.4 ) [ 22 ]. The authors evalu-
ated 165 cadaveric wrists and observed lunates 
without a medial (hamate) facet in 35 % 
(V-type I,  n  = 57) and with a medial facet in 
66 % (V-type II,  n  = 108) (22). When present, 
the medial facet width ranged from 1 to 6 mm 

  Fig. 4.3     Lunate morphology   based on the proximal artic-
ular surface (Antuña-Zapico). AZ-type I, the proximal and 
radial surfaces of the lunate converged at >130° forming 
an apex or crest, AZ-type II has an angle of approximately 

100°–110°, resembling a square or rectangle, and AZ-type 
III has two discrete facets to articulate with the radius and 
the triangular fi brocartilage complex ( a ) [ 3 ,  9 ]. 
Relationship of the lunate to the distal radius ( b )       
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[ 5 ,  17 ,  22 ]. In a similar cadaveric study, 
Nakamura et al. noted an incidence of 29 % 
( n  = 49) V-type I and 71 % ( n  = 121) V-type II 
lunates [ 17 ]. A magnetic resonance imaging 
(MRI) study confirmed that the medial facet 
articulates with the hamate in ulnar deviation. 
This articulation may be affected by arthritis 
and arthrosis at the proximal pole of the 
hamate has been seen in 44–49 % of wrists 
with a V-type II lunate in cadaveric specimens 
[ 5 ,  16 ,  17 ].

   The presence of the medial (hamate) facet 
can infl uence the overall kinematics of the car-
pus [ 22 ]. Nakamura et al. noted the existence of 
a separate ligament originating from the tri-
quetrocapitate ligament and coursing to the 
proximal pole of the hamate in patients with a 
type II lunate. In Nakamura’s study, this liga-
ment was present in 96 % (47 of 49) of cadav-
eric specimens. These fi ndings suggest that 
variations in the intrinsic carpal ligament anat-
omy are associated with lunate shape; these lig-
aments may affect carpal kinematics [ 17 ]. 
Further work by Nakamura and colleagues 
showed a greater total arc of radioulnar devia-
tion in the presence of a type II lunate. V-type II 
lunates extend later during ulnar deviation and 
fl ex earlier in radial deviation when compared to 
the V-type I lunate in a cadaveric motion analy-
sis study [ 16 ]. An in vivo motion analysis study, 
performed by Galley et al., noted greater scaph-
oid fl exion in wrists with a V-type II lunate and 

greater scaphoid translation in wrists with a 
V-type I lunate during radial deviation [ 14 ]. 
Bain et al. performed a three-dimensional kine-
matic analysis of the carpus in cadaveric speci-
mens and reported more restricted midcarpal 
motion through a fl exion to extension arc in 
wrists with a V-type II compared to V-type I 
lunates. Thus type II lunate wrists have more 
motion through the radiocarpal than the midcar-
pal joint in fl exion and extension [ 13 ]. 

 Viegas et al. remarked that the presence of the 
medial (hamate) facet may alter the vascular pat-
tern and load characteristics of the lunate [ 22 ]. 
Additionally, Nakamura et al. reported greater 
force distribution between the radius and a V-type 
II lunate compared to a V-type I lunate, conclud-
ing that the presence of the additional facet may 
be an anatomical risk factor for Kienböck’s dis-
ease [ 15 ]. However, Kato et al. and Tsuge et al. 
did not observe a signifi cant difference in the 
incidence of a V-type II lunate in the contralat-
eral, unaffected wrist in patients with Kienböck’s 
disease (26 % V-type II, 6 of 23 and 37 %, 15 of 
41) compared to a control group of normal wrists 
(29 % V-type II, 7 of 24 and 42 %, 28 of 66), 
respectively, on standard radiographs [ 4 ,  9 ]. In 
fact, Tatebe et al. noted a signifi cantly higher 
prevalence of V-type II lunates, confi rmed on 
arthroscopy, in the control group of wrists with 
non-traumatic diseases (32 %), such as ganglion 
cysts or monoarthritis, compared to patients who 
underwent surgery for Kienböck’s disease (22 %) 

  Fig. 4.4     Lunate morphology   based on the absence ( a ) or presence ( b ) of a medial hamate facet (Viegas) [ 22 ]       
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[ 7 ]. Thus, it does not appear that a medial hamate 
facet within the lunate contributes to the cause of 
Kienböck’s disease. 

 While not contributing to the cause of 
Kienböck’s disease, the presence of a medial 
hamate facet (V-type II) may be protective 
against coronal lunate fractures in established 
Kienböck’s disease [ 6 ]. Armistead et al. theo-
rized that during wrist extension, the stout radio-
lunate and volar lunotriquetral ligaments 
concentrated stress at their insertion onto the 
palmar rim of the lunate [ 27 ]. In combination 
with the loads exerted onto the lunate between 
the distal radius and capitate or “ nutcracker 
effect  ,” mechanical failure of the lunate, such as 
coronal fractures, can occur (Fig.  4.5 ) [ 27 ]. 
However, Rhee et al. reviewed 106 wrist radio-
graphs in patients with Kienböck’s disease and 
noted a higher prevalence of coronal fractures in 
V-type I lunates (77 %,  n  = 58 of 75) compared to 
V-type II lunates (58 %, 18 of 31) [ 6 ].

   A V-type II lunate can inhibit abnormal 
scaphoid fl exion deformity and may decelerate 
the progression of Kienböck’s disease [ 6 ]. The 
presence of a medial (hamate) facet has been 
previously shown to protect against dorsal inter-
calated segment instability (DISI) in cases of 
scaphoid nonunion and scapholunate dissocia-
tion [ 28 ,  29 ]. Rhee et al. noted smaller 
radioscaphoid angles in intact V-type II (45°, 
range: 30°–58°) compared to intact V-type I 

(53°, range: 38°–79°) lunates in patients with 
Kienböck’s disease [ 6 ]. However, in the pres-
ence of a coronal fracture, the protective effect 
of the V-type II lunate against scaphoid fl exion 
deformity was lost. Nonetheless, the authors 
also reported signifi cantly higher stages of 
Kienböck’s disease at the time of initial presen-
tation in wrists with V-type I (stage IIIA–
IV = 85 %, 64 of 75) compared to V-type II 
(stage IIIA–IV = 61 %, 19 of 31) lunates [ 6 ]. 
This may be explained by the fact that excessive 
scaphoid fl exion, as seen in scapholunate 
advanced collapse, can result in radiocarpal and 
midcarpal arthritis due to abnormal loading of 
the carpus [ 6 ]. 

 Decreased radioscaphoid angles associated 
with a V-type II lunate may result in improved 
clinical outcomes after joint leveling or unload-
ing procedures in early stages of Kienböck’s dis-
ease (stage II–IIIA) [ 6 ]. Condit et al. reviewed 23 
patients with Kienböck’s disease that underwent 
radial shortening osteotomy ( n  = 14, mean age 
28 years) or scaphoid-trapezoid-trapezium (STT) 
arthrodesis ( n  = 9, mean age 32 years) with a 
mean clinical follow-up of 62 months and 
54 months, respectively [ 30 ]. The authors 
observed that the preoperative radioscaphoid 
angle (smaller values) was the only factor that 
correlated with improved clinical outcomes 
(wrist motion, function, and grip strength) [ 30 ]. 
Another study noted no correlation between 

  Fig. 4.5    Coronal 
fracture  of   the lunate in 
Kienböck’s disease seen 
on computed 
tomography       
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scaphoid fl exion (radioscaphoid angle) and 
 carpal collapse, indicating that these radiographic 
parameters are independent of each other [ 31 ]. 
Similarly, Goldfarb et al. remarked that scaphoid 
fl exion, as determined by the radioscaphoid 
angle, is the best predictor of outcome after sur-
gery for Kienböck’s disease [ 31 ]. 

  Scaphoid-trapezoid-trapezium arthrodesis   
should be performed with caution in wrists with a 
V-type II lunate. Wrist kinematic studies have 
illustrated greater scaphoid fl exion in V-type II 
wrists, as opposed to greater scaphoid translation 
in V-type I wrists [ 13 ,  14 ,  17 ]. This is supported 
by the higher incidence of STT arthritis in wrists 
with a V-type II (83 %) compared to a V-type I 
(64 %) lunate [ 32 ]. Many authors have recom-
mended against STT arthrodesis in the presence 
of a V-type II lunate since it could result in a 
greater loss of motion by eliminating scaphoid 
fl exion [ 14 ,  33 ]. Similarly, Condit et al. recom-
mended radial shortening osteotomy over STT 
arthrodesis in early stages of Kienböck’s disease 
due to an unacceptable nonunion rate for STT 
arthrodesis (33 %, 3 of 9), radial styloid impinge-
ment, and loss of wrist motion observed in their 
cohort [ 30 ]. The authors recommended STT 
arthritis only in wrists with ulnar positive vari-
ance and a radioscaphoid angle < 60° [ 30 ]. Tatebe 
et al. performed a radial closing wedge osteot-
omy in 67 patients with V-type I ( n  = 51) and 
V-type II ( n  = 16) lunates and noted no signifi cant 
difference in wrist function (Mayo wrist scores) 
between the two groups at a mean of  39-month 
follow-up [ 7 ].   

     Limitations   of the Literature 

 Evaluating the effect  of lunate morphology in the 
pathogenesis and management of Kienböck’s dis-
ease is diffi cult due to the destructive changes 
within the lunate. Tsuge et al. recognized the 
challenges in characterizing lunate morphology in 
the patient with Kienböck’s disease [ 9 ]. The 
authors reviewed bilateral wrists in 20 healthy 
male patients (mean age 33 years, range: 23–44) 
and confi rmed that paired wrists were anatomi-
cally equivalent based on a variety of radiographic 

parameters [ 9 ]. As a result, subsequent studies 
have utilized the unaffected, contralateral wrists 
to detect any radiographic markers that may serve 
as a risk factor for the development of Kienböck’s 
disease [ 4 ,  8 ,  9 ]. However, the reported incidence 
of bilateral Kienböck’s disease is 3–7 %, thus 
evaluating the unaffected, contralateral wrist may 
not provide an accurate assessment of the affected 
wrist [ 34 ]. In addition, there is wide variability in 
classifying lunate morphology on imaging studies 
[ 29 ]. For example, the ability to accurately detect 
the medial (hamate) facet on the lunate, V-type II, 
ranges from 64 to 72 %, and a medial facet of less 
than 3 mm can be mistaken for a V-type I lunate, 
which is the most common width of the additional 
facet [ 5 ,  17 ,  35 ,  36 ]. As such, erroneous classifi -
cation of  lunate morphology can occur complicat-
ing outcome-based studies.  

    Conclusion 

 Variations in lunate morphology may play a role 
in the pathogenesis and management of 
Kienböck’s disease. Alterations in the structural 
anatomy of the lunate or the associated infl u-
ence on carpal kinematics with abnormal trans-
mitted loads may be a risk factor for avascular 
necrosis. In addition, lunate morphology may 
infl uence the clinical outcomes in the surgical 
treatment of Kienböck’s disease. However, fur-
ther studies are necessary to identify the true 
infl uence of lunate morphology in Kienböck’s 
disease.     
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          Introduction 

 Normal carpal mechanics depends on a complex 
interplay between a sophisticated arrangement of 
carpal ligament and carpal bone geometry [ 1 ]. 
Although the origin and natural history of 
Kienböck’s disease remain unclear, treatment of 
Kienböck’s disease has been designed to decrease 
compressive loading of the lunate to prevent 
lunate collapse and to allow lunate revasculariza-
tion. Information regarding the load transfer 
characteristics, contact area, and pressures on the 
lunate has offered a basis to better understand the 
pathomechanics of Kienböck’s disease. It has 
also served as a means to assess the possible effi -
cacy of different types of surgical decompression 
procedures. This chapter fi rst reviews the kinetics 
and kinematics of the normal wrist, followed by 
the morphological infl uence on and kinetics of 
Kienböck’s disease, and, fi nally, the kinetic effi -
cacy of different types of surgical decompression 
procedures.  

    Kinetics and Kinematics 
of Normal Lunate 

    Midcarpal Joint 

 The     midcarpal joint         consists of the scaphoid– 
trapezium–trapezoid joint, scaphoid–capitate 
joint, lunate–capitate joint, and triquetrum–hamate 
joint. The distal row has been considered as a rela-
tively fi xed or constrained group of bones, and 
the proximal carpal row is, by comparison, much 
less constrained [ 1 ]. The normal load mechanics 
of the midcarpal joint were studied using pres-
sure-sensitive fi lm, and load distribution through 
the midcarpal joint was reported to be as follows: 
scaphoid–trapezium–trapezoid, 23 %; scaphoid–
capitate, 28 %; lunate–capitate, 29 %; and trique-
trum–hamate, 20 % [ 1 ]. When the scaphoid fl exes 
in normal wrists, the fl exion moment is constrained 
by the extension moment of the triquetrum, and sta-
ble equilibrium is achieved via the lunate as a bony 
link [ 2 ]. Gupta studied the effect of physiological 
axial loading on carpal alignment [ 3 ]. He concluded 
that physiological axial loading resulting from the 
normal tone of the forearm muscles tends to fl ex the 
scaphoid and the lunate. This is contrary to the clas-
sical description of the lunate as having a tendency 
to extend under axial loading [ 4 ]. If the link is bro-
ken (e.g., due to scapholunate dissociation [SLD], 
scaphoid nonunion, or advanced Kienböck’s dis-
ease), the scaphoid fl exes and the capitate translate 
proximally, i.e., carpal collapse occurs. 
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 In Viegas et al.’s original cadaveric study of 
165 wrists, in 35 % of wrists ( N  = 57), the lunate 
articulates only with the capitate (type I lunate); 
in the other 65 % of wrists ( N  = 108), a second 
distal joint surface is present articulating with the 
hamate (type II lunate) [ 5 ]. When present, the 
medial facet of the lunate articulates with the 
hamate during midcarpal motion, which can 
result in degenerative change at the proximal 
pole of the hamate in 44 % of type II lunate wrists 
[ 5 ]. Harley et al. cited hamate-lunate impaction 
as a cause of ulnar wrist pain and found a 91 % 
correlation between hamate arthritis and lunotri-
quetral ligament tears [ 6 ]; however, De Smet 
et al. noted that this degenerative change is often 
asymptomatic [ 7 ]. In a magnetic resonance imag-
ing study in six positions of radial-ulnar devia-
tion the wrists with a type I lunate did not have 
contact between the lunate and hamate in any 
position; the wrists with a type II lunate did have 
contact between the hamate and the lunate, but 
only in ulnar deviation [ 8 ]. We investigated con-
tact between the type II lunate and the hamate 
using computed tomography in nine wrist posi-
tions and found that the type II lunate contacts 
the hamate only in wrist ulnar extension, ulnar 
deviation, and ulnar fl exion (Fig.  5.1 ). This result 
suggests that pain at the ulnar midcarpal joint in 
these positions can be clues for hamate-lunate 
impaction.

   We studied in vivo three-dimensional kine-
matics of the midcarpal joint during radioulnar 
deviation and fl exion–extension motion in 
healthy wrists using a markerless bone registra-
tion algorithm [ 9 ,  10 ]. These kinematic studies 
revealed that the direction of capitate motion 
relative to the scaphoid was rotation in a radial 
extension–ulnofl exion plane, the so-called  dart- 
throwingers motion  , during both radioulnar devi-
ation and fl exion–extension of the wrist. By 
comparison, capitate motion relative to the lunate 
was rotation in a radial extension–ulnofl exion 
plane during radioulnar deviation, and rotation in 
an almost fl exion–extension plane during wrist 
fl exion–extension [ 9 ]. Substantial intercarpal 
motion between the scaphoid and the lunate must 
occur during fl exion–extension motion to 
 compensate for this discrepancy. Capitate motion 

relative to the lunate and triquetrum in the 
midcarpal joint was essentially similar and syn-
chronous with one another, regardless of the type 
of wrist motion [ 9 ]. The  lunate–triquetrum unit   
always moves along the oval convex surface of 
the capitate and the hamate in either type I lunate 
wrist or type II lunate wrist [ 9 ]. At the extreme 
ulnar position of the lunate–triquetrum unit, the 
concave part of the hamate contacts the trique-
trum in both types and the lunate facet of the 
hamate contacts the lunate in type II lunate wrists 
(Fig.  5.2 ).

   Several investigators have studied the poten-
tial association between lunate morphology and 
alterations in carpal kinematics. Nakamura 
et al. have investigated the difference in carpal 
kinematics between types I and II lunate wrists 
two- dimensionally, and have reported that the 
type II lunate articulation, with the shorter 
radius of curvature of the capitate, would have 
much more motion than the type I lunate articu-
lation with the more gradual curvature of the 
capitate [ 8 ]. Bain et al. reported the effects of 
lunate morphology on the three-dimensional 
kinematics of the carpus [ 11 ]. They found that 
signifi cantly greater motion occurred at the 
radiocarpal joint during fl exion–extension of a 
type I lunate wrist than a type II lunate wrist. 
However, we cannot make a defi nitive state-
ment about wrist kinematics regarding the dif-
ference between types I and II lunate wrists at 
present. Further research is    required to increase 
the database.  

    Radiocarpal Joint 

 The lunate articulates proximally with the radius 
and with the triangular fi brocartilage. The inves-
tigation of force transmission through the normal 
wrist using discrete element analysis models 
revealed that, on average, 90.3 % of the total 
radioulnocarpal force was transmitted to the 
radius, with 61.0 % through the  radioscaphoid 
joint         and 39.0 % through the radiolunate joint 
[ 12 ]. A mean of 9.7 % was dissipated through the 
triangular fi brocartilage. The proximal pole of 
the scaphoid was constantly transmitting most of 
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the scaphoid load, with a radioscaphoid versus 
radiolunate peak pressure ratio of 1.6, and a 

radiolunate versus ulnolunate peak pressure ratio 
of 4.0 [ 12 ].   

  Fig. 5.1    Computed tomography of  the         wrist with the 
type II lunate in nine wrist positions. The type II lunate 
contacts the hamate at wrist ulnar extension, ulnar devia-

tion, and ulnar fl exion ( arrows ), and does not contact at 
other wrist positions. L, lunate; H, hamate       
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    Morphological Infl uence 
on and Kinetics of Kienböck’s 
Disease 

     Morphological Infl uence   

 Morphological  variations, such as negative ulnar 
variance, high uncovering of the lunate, abnor-
mal radial inclination, and/or a trapezoidal shape 
of the lunate, and the particular vascular pattern, 
may be predisposing factors [ 13 ]. Hultén noted in 
1928 that a short ulna (ulnar negative variance) 
was present in 78 % of his patients with 
Kienböck’s disease, whereas only 23 % of nor-
mal patients had a short ulna [ 14 ]. However, 
D’Hoore et al. found no statistically signifi cant 
relationship between ulnar variance and 
Kienböck’s disease [ 15 ]. In addition, Nakamura 
et al. noted that most Japanese patients with 
Kienböck’s disease had positive variance [ 16 ]. 

 Ledoux et al. analyzed the infl uence of mor-
phological variations on Kienböck’s disease 
using a fi nite element analysis model [ 17 ]. The 
ulnar variance had a strong infl uence on the ratios 
of radiolunate/ulnolunate total load and peak 
pressures. The distribution of internal stresses 
was markedly affected by the lunate uncovering 
index. The evolution of a simulated incomplete 
fracture was dramatically infl uenced by morpho-
logical parameters: with positive ulnar variance, 

the fracture did not progress, but in the presence 
of three associated conditions—negative ulnar 
variance, a high lunate uncovering index, and 
angulated trabeculae of the lunate—the fracture 
progressed and the proximal part of the lunate 
collapsed. This study supports the concept that 
some lunates are predisposed to Kienböck’s dis-
ease because internal or external structural altera-
tions make them unable to absorb excessive 
stress, and allows an incomplete fracture to prog-
ress resulting in progressive collapse and local-
ized trabecular osteonecrosis. 

 Rhee et al. studied the incidence of type I and 
type II lunates in patients presenting with 
Kienböck’s disease [ 18 ]. They reported a 29 % 
prevalence of type II lunates in the affected wrist 
of Kienböck patients. There was signifi cantly 
more advanced disease (stage IIIA or greater) 
upon initial presentation in wrist with a type I 
compared with a type II lunate. Coronal plane 
fractures were signifi cantly more common in 
type I compared with type II lunates. Their study  
also suggested that type II lunates appear to be 
protective against scaphoid  fl exion deformities.  

    Kinetics 

 According to the  Lichtman classifi cation   scheme, 
carpal collapse and osteoarthritis gradually 
develop as Kienböck’s disease progresses [ 19 ]. 

  Fig. 5.2    Motion of  the         lunate and the triquetrum relative 
to the capitate and hamate. The  lunate–triquetrum unit   
always moves along the oval convex surface of the capi-
tate and the hamate in either ( a ) type I or ( b ) type II 
lunate wrist. At the extreme ulnar position of the lunate–

triquetrum unit ( shaded area ) the concave part of the 
hamate contacts the triquetrum in both types and the 
lunate facet of the hamate contacts the lunate in type II. T, 
triquetrum; C, capitate       
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Iwasaki et al. [ 20 ] studied the effects of lunate 
collapse and demonstrated that in the early stages 
of the disease (stages II and IIIa), the normal 
position of the scaphoid prevented, to some 
extent, transmission of excessive forces to the 
lunate. However, as the scaphoid assumed its 
fl exed position (in stage IIIb), the loads across the 
lunate were increased, thereby accelerating the 
process of collapse and fragmentation. Ueba et al 
reported that the proximal articular cartilage fac-
ing the radius is generally more affected than the 
distal articular cartilage facing the capitate [ 21 ]. 

 Clinically, however, some patients with 
advanced Kienböck’s disease can be asymptom-
atic, and the symptoms do not correlate well with 
the changes in shape of the lunate and the degree 
of carpal collapse [ 22 ]. Taniguchi et al. have 
reported patients with asymptomatic stage IV 
Kienböck’s disease that was associated with 
marked carpal collapse, and their  radioscaphoid 

joint (RSJ)   space was retained [ 23 ]. In contrast, it 
was revealed that wrists with  SLD had RSJ   
incongruity caused by dorsal subluxation of the 
scaphoid proximal pole as well as carpal col-
lapse, and the incongruity caused osteoarthritis in 
RSJ [ 24 ,  25 ]. These facts suggest that the defor-
mity pattern of SLD is different from that of 
stage IIIb Kienböck’s disease. We examined 
three-dimensional carpal alignment in stage IIIa 
and IIIb Kienböck’s disease to determine whether 
RSJ incongruity involving dorsal subluxation of 
the scaphoid proximal pole was present [ 26 ]. 
These results were compared with those for nor-
mal wrists and wrists with SLD and RSJ incon-
gruity involving scaphoid rotatory subluxation. 
We found that normal RSJ congruity of both 
stage IIIa and IIIb Kienböck’s  disease   was 
retained (Figs.  5.3a  and  5.4a–c ). Conversely, in 
SLD, the scaphoid fl exed to the same extent as  in 
  stage IIIb Kienböck’s disease but also shifted 

  Fig. 5.3    Models of the 
scaphoid and radius in the 
right wrist with normal, 
stage IIIb Kienböck’s 
disease, and  scapholunate 
dissociation (SLD)   
superimposed and viewed 
from the ulnar side. The 
similar color points 
represent centroids of each 
scaphoid. Compared with a 
normal scaphoid, the 
scaphoid in stage IIIb 
Kienböck’s disease is 
fl exed, and the centroids 
are located proximally ( a ). 
Compared with stage IIIb 
Kienböck’s disease, the 
centroid and the proximal 
pole of the scaphoid with 
SLD show signifi cant 
translation in the dorsal 
and distal directions ( b )       
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dorsodistally, producing RSJ incongruity 
(Figs.  5.3b  and  5.4d ). The centroid of the capitate 
in stages IIIa and IIIb Kienböck’s disease was not 
signifi cantly different from the capitate in the 
normal wrists. Compared with the capitate in 
stage IIIb Kienböck’s disease, the centroid of the 

capitate with SLD signifi cantly translated 5.2 mm 
in the dorsal direction where dorsifl exion of the 
lunate was associated (Fig.  5.5 ). We concluded 
that the patterns of carpal collapse differed 
between stage IIIb Kienböck’s disease and  SLD   
in terms of RSJ congruity. Our results suggest 

  Fig. 5.4    Inferred contact areas of the articular surface of 
the  radioscaphoid joint (RSJ)  . A typical example of each 
joint is shown. The left illustration of each shows a distal 
view, and the right illustration shows the ulnar view. The 
contact areas in the RSJ of normal, stage IIIa, and stage 

IIIb Kienböck’s disease wrists are similar, and congru-
ency is retained ( a – c ). In RSJ with scapholunate dissocia-
tion (SLD), the contact area is located on the dorsal side 
and there is a joint incongruity for dorsal subluxation of 
the scaphoid proximal pole ( d )       

  Fig. 5.5    Bone models of 
 the   capitate and radius in 
the right wrist with stage 
IIIb Kienböck’s disease 
and SLD superimposed. 
Compared with stage IIIb 
Kienböck’s disease, the 
centroid of the capitate 
with SLD shows 
signifi cant dorsal 
translation       
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that carpal collapse in Kienböck’s disease is not 
associated with  RSJ incongruity  , which may 
explain why there are asymptomatic patients 
with Kienböck’s disease and carpal collapse. 
This study also explains why excision of the 
lunate in Kienböck’s disease showed favorable 
clinical results after long-term follow-up [ 27 ].

          Kinetic Effi  cacy of Diff erent Types 
of Surgical Decompression 
Procedures 

     Radial Shortening Osteotomy   

 As Kienböck’s disease could be the result of 
excessive bone stress, studies have been con-
ducted to understand how it might be possible to 
unload the lunate [ 13 ]. The most common proce-
dure for unloading the lunate in patients with 
ulnar negative variance is radial shortening oste-
otomy [ 28 – 30 ]. Radial shortening or ulnar length-
ening appears to redistribute some of the 
radiolunate load to the radioscaphoid joint and the 
ulnocarpal joint [ 31 – 33 ]. Werner et al. examined 

the effect of ulnar lengthening in cadavers and 
found that the radiolunate pressure was halved 
with a 2.5 mm ulnar lengthening [ 33 ]. On the 
other hand, radial shortening or ulnar lengthening 
increases the ulnocarpal pressure [ 33 ], which 
potentially produces postoperative ulnocarpal 
impaction syndrome, which requires ulnar-short-
ening osteotomy (Fig.  5.6 ).

       Radial Wedge Osteotomy 

  Radial wedge osteotomy     , or   lateral closing 
wedge osteotomy, which decreases radial incli-
nation, has been proposed for patients with 
neutral or positive ulnar variance [ 34 ]. 
Confl icting results have been published regard-
ing the unloading effects of changing the radial 
inclination [ 33 ,  35 – 37 ]. It is likely that the lat-
eral closing wedge osteotomy does not actually 
decrease the total radiolunate load; however, by 
allowing better covering of the lunate by the 
distal radius, it enlarges radiolunate joint con-
tact, thereby decreasing its deleterious peak 
  pressures [ 13 ,  36 ].  

  Fig. 5.6     Ulnocarpal impaction syndrome   that occurred 
1  year      after radial shortening performed for a 19-year-old 
girl with stage II Kienböck’s disease ( a ). Note the cystic 
changes at the proximal and ulnar aspect of the lunate fac-

ing the ulnar head ( arrow ). Pain was resolved by distal 
metaphyseal ulnar shortening osteotomy (modifi ed Kitano 
procedure) ( b )       
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     Capitate Shortening Osteotomy   

 Decompression procedures for the treatment of 
Kienböck’s disease include the capitate shorten-
ing procedure [ 41 ,  42 ]. In the classical capitate 
shortening procedure, a transverse osteotomy is 
located at the capitate waist, and both the lunate 
and scaphoid facets of the capitate are shortened. 
Capitate shortening is particularly useful in posi-
tive or neutral ulnar variance because its opera-
tive indication does not depend on ulnar variance, 
whereas the radial shortening procedure is only 
appropriate for negative ulnar variance [ 41 ,  42 ]. 
Biomechanically, Werber et al. noted that signifi -
cant load reduction on the lunate was evident in 
all specimens after capitate shortening [ 43 ]. An 
average decrease of 49 % was observed under a 
9.8-N load, and 56 % under a 19.6-N load [ 43 ]. 
Horii et al. verifi ed that among surgical treatment 
options, the largest reduction of compressive 
forces on the lunate is obtained by the capitate 
shortening procedure [ 32 ]. The authors noted a 
66 % decrease in the radiolunate load and a 26 % 
increase in the radioscaphoid load. However, 
they also suggested that this operation causes the 
scaphoid–trapezium joint to be tremendously 
overloaded and, under such forces, the scaphoid 
progressively adopts an abnormal palmar fl exed 
position. Along with this collapse, the distal 
 carpal row migrates proximally until capitate–
lunate contact is reestablished (Figs.  5.7  and  5.8 ).

           Partial Capitate Shortening   

 To preserve scaphoid–capitate and midcarpal 
dynamics, in 2001 we developed a modifi ed capi-
tate shortening procedure known as “ partial capi-
tate shortening  ” [ 44 ,  45 ]. Only the lunate facet of 
the capitate is osteotomized and shortened, leaving 
the scaphoid–capitate joint intact (Fig.  5.9 ). In our 
experience, carpal collapse did not progress post-
operatively in most cases, and the lunate- capitate 
joint space maintained (Fig.  5.10 ) [ 45 ]. Using 
fresh frozen cadavers, we measured the intra-artic-
ular pressure with axial load in the radioscaphoid 
fossa, radiolunate fossa, and ulnocarpal fossa 
before and after partial capitate shortening [ 46 ]. 
The radioscaphoid mean pressure signifi cantly 
increased by an average of 39 %, and the radiolu-
nate mean pressure signifi cantly decreased by an 
average of 53 %. The ulnocarpal mean pressure 
did not signifi cantly change. We also investigated 
whether the effect of lunate decompression is 
related to the presence or absence of the lunate–
hamate articulation (type I or type II lunate) after 
partial capitate shortening. Despite the presence or 
absence of the lunate–hamate articulation, the 
radiolunate mean pressure signifi cantly decreased, 
and the ulnocarpal mean pressure was unchanged. 
The early clinical results combined with our bio-
mechanical data demonstrate decreased radiolu-
nate joint loading after partial capitate shortening, 
and suggest a role for partial capitate shortening in 

  Fig. 5.7    Preoperative ( a )  and   1.5-year postoperative ( b ) 
X-rays of classical capitate shortening procedure per-
formed for a 25-year-old man with stage II Kienböck’s 

disease. Note that the scaphoid fl exed and carpal collapse 
progressed postoperatively until capitate–lunate contact is 
reestablished, decreasing carpal height       
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the treatment of Kienböck’s disease. Clinically, 
Citlak et al. reported that partial capitate shorten-
ing appears to be an effective treatment for 
Lichtman stage II and IIIA patients [ 47 ]. Carpal 
collapse following the capitate shortening proce-
dure seldom occurred if the articular contact 
between the capitate and the scaphoid is retained 
[ 47 ]. Additional clinical studies, however, will be 
necessary to defi ne this role and to determine the 
long-term results of this   procedure.

        Intercarpal Fusions 

 Some  intercarpal fusions      also decrease the load-
ing across the radiolunate joint. Two examples 
are scaphoid–trapezium–trapezoid joint fusion 
[ 31 ,  33 ,  38 ,  40 ] and scaphoid–capitate fusion 
[ 32 ,   39 ,  40 ], but Werner et al. did not support 
the use of capitate–hamate fusion for unloading 
the radiolunate joint [ 33 ,  39 ].      

  Fig. 5.8    After  classical 
  capitate shortening, the 
scaphoid progressively 
adopts an abnormal fl exed 
position. With this 
collapse, the distal carpal 
row migrates proximally 
until capitate–lunate 
contact is reestablished       

  Fig. 5.9    In  partial capitate shortening   only the  lunate 
  facet of the capitate is osteotomized and shortened, the 
scaphoid–capitate joint ( arrowhead ) remains intact       
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          Introduction 

 Dr. Robert Kienböck fi rst described lunatomala-
cia in 1910 in his clinical series, and felt that the 
cause of collapse of the lunate was repetitive 
trauma to the lunate from work activities [ 1 ,  2 ]. 
This opinion was backed up by the study of 
Muller in 1920 who coined the term occupational 
lunatomalacia [ 3 ]. The etiology of avascular 
necrosis of the lunate remains uncertain to this 
day, but a common theory persists that it is due to 
disruption of vascular supply to the lunate. The 
exact cause of this disruption is still a source of 
considerable debate. 

 There have been many  classifi cations   intro-
duced in an attempt to understand the disease 
process as well as to guide treatment. At present, 

the most commonly utilized is the radiographical 
classifi cation proposed by Lichtman in 1977 [ 4 ]. 
This is based upon osseous radiographic changes 
and orientation of the carpus. Schmidt et al. used 
magnetic resonance imaging (MRI) with contrast 
enhancement to identify and classify the vascular 
changes within the lunate [ 5 ]. Bain and Begg 
developed an articular-based approach via 
arthroscopy to classify the disease and recom-
mend treatment [ 6 ]. However, the pathoanatomi-
cal aspects of Kienböck’s disease are likely to 
involve all three components of vascular, osse-
ous, and chondral pathologies (Table  6.1 ).

   Understanding the  etiology, anatomy, and 
pathology   will be an important step towards 
explaining the various aspects of Kienböck’s dis-
ease. By comprehending the basic science, one 
can better understand the  prognostic   and man-
agement matrix of Kienböck’s disease.  

    Normal Bone Healing 

 Bone is comprised of various components, namely 
the bone  marrow  , cancellous bone, subchondral 
bone plate, cortical bone, and articular cartilage. 
Healing of the individual components occurs dif-
ferently. Wolff’s law (1892) that bone remodels in 
response to imposed loads is widely accepted [ 7 ]. 
Strong structural supportive bone is formed where 
stresses require its presence (Fig.  6.1 ).
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       Cancellous Bone Healing 

 Cancellous  bone   unites very rapidly since it is 
rich in cells and blood supply. Osteoblastic action 
is confi ned to bone surfaces (endosteal or perios-
teal). Total endosteal surface area is very high in 
cancellous bone, whereas in cortical bone it is 
limited to the linings of Haversian canals. The 
gaps in cancellous bone are fi lled by the forma-
tion of new bone from the points of contact [ 8 ,  9 ]. 
Cancellous bone comprises 20 % of bone mass, 

but 80 % of bone turnover, primarily due to its 
large surface area. Cancellous bone remodels by 
having osteoblastic deposition of layers of lamel-
lae, followed by osteoclastic absorption.  

    Bone Marrow Healing 

 Interstitial oedema and  marrow   fat cell swelling 
occur with detrimental effects on the vascular 
supply to the rest of the bone. Healing is through 
formation of granulation tissue, which mainly 

   Table 6.1    Pathoanatomical aspects of Kienböck’s disease a    

 Stage  Pathological staging  Vascular  Bone  Chondral 

  Normal   Perfusion  Structural trabeculae 
and subchondral 
bone plate 

 Glistening, smooth and fi rm 
surface 

 0   Predisposition   Single vessel  Negative ulnar 
variance 

 Hypercoagulapathy  Lunate shape 
 “Teenbock” protective 

 1  Physiological 
response (Reactive) 

 Hypoperfusion Insult  Edema  Normal 

  Challenged   –  Diffuse Reactive 
hyperemia 

 2  Acute pathology 
(reversible) 

 Ischemia   Bone healing   Acute synovitis 

  Compensated   Necrosis of marrow and 
bone 

 – Osseous necrosis  Fibrillation 

 Neovascularization of 
necrotic margin 

 –  Laying down of 
new bone 
(sclerosis) 

 –  Bone remodeling 
(soft) 

 Fracture of sclerotic 
or soft bone 

 Cartilage clefts and fracture 

 –  Fracture union 
 3  Chronic pathology 

(irreversible) 
 Focal hypervascularity   Failed bone healing   Chronic synovitis 

  Compromised   –  sequestrum and cyst 
formation 

 –  Nonunion with 
fi brous tissue 
formation 

 Floating cartilage surfaces 

 –  Fragmentation  Cartilage degeneration 
 –  Subchondral bone 

resorption 
 Fibrocartilage/granulation tissue 

 4  Lunate failure  Complete necrosis   Failed lunate   Lunate OA 
 – Lunate collapse 

 5  Wrist failure   Compromised wrist   Pan carpal OA 
 Carpal collapse 

   a Modifi ed from [ 22 ]  
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consists of new vessel formations and collagen. 
This progresses to become fi brous tissue that lays 
a framework for the cancellous bone to heal.  

    Cortical Bone/Subchondral Bone 
Healing 

  Cortical bone   unites by two mechanisms, depend-
ing upon the local conditions. When there is 
exact apposition of cortical bone ends and immo-
bilization is rigid, end-to-end healing takes place 
from the cortical surfaces with very little external 
callus (primary bone healing) [ 10 – 14 ]. Where 
displacement of the fragments occurs, or if 
immobilization is not rigid, repair occurs by 
external callus formation (secondary bone heal-
ing). This occurs in overlapping phases consist-
ing of the infl ammatory phase, the reparative 
phase (fi brocartilage and bony callus), and the 
remodeling phase. 

 In cortical bone, remodeling  occurs   with 
osteoclastic tunneling or formation of cutting 
cones. The osteoclasts make up the head of the 
cutting cone, followed by capillaries. Capillary 
loops penetrate this resorptive cavity and eventu-
ally establish new Haversian systems, and osteo-

blasts then lay down the osteoid to fi ll the cutting 
cone. Phemister has coined this process “creep-
ing substitution” [ 15 ].  

    Articular Cartilage Healing 

 Articular or hyaline  cartilage   is avascular. The 
absence of vessels within the cartilage limits the 
healing potential. Isolated cartilage damage does 
not mount a vascular response. Chondrocytes in 
the articular cartilage are capable of cell division 
and of increasing proteoglycan synthesis; how-
ever cartilage regeneration is very slow and the 
highest potential for growth occurs in the peri-
chondrium, which lies at the periphery of articu-
lar cartilage. 

 The mechanism of repair of the articular carti-
lage depends on the depth of injury. If the injury 
extends down to the subchondral bone, capillary 
injury results in a fi brin clot that will be replaced 
by granulation tissue and fi brocartilage. If the 
injury does not penetrate the subchondral bone, 
healing is reliant on the chondrocytes to synthe-
size new matrix via diffusion of nutrients from 
synovial fl uid. Therefore healing takes place very 
slowly and incompletely.  

  Fig. 6.1    Micro-CT images showing the internal trabecu-
lae and subchondral structures for the lunate and radius. 
( a ) Sagittal view with the  bold arrow  illustrating the load-

ing force from distal, and the transparent  arrows  showing 
the thickened trabeculae and subchondral bone. ( b ) 
Coronal view. Copyright Dr. Gregory Bain       
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    Osteonecrosis Process 

 Most of our understanding of  osteonecrosis (ON)   
is based upon research of avascular necrosis 
(AVN) of the femoral head. The primary mecha-
nism appears to be a circulatory disturbance, 
though there is still debate upon the location of 
the  occlusion   (Fig.  6.2 ).

      Pathophysiology 

 Bone is vascularized by small arteries and capil-
laries, which drain into sinusoids and then exit 
the bone via veins. ON can be thought of as a 
type of compartment syndrome, with bone being 
the rigid compartment. A  blood   fl ow blockage at 
any level can result in signifi cant bone infarct, 
regardless of the etiology and morphological pre-
sentation. Any insult that causes the initial isch-
emia will cause interstitial oedema. This causes 
swelling of marrow fat that can lead to capillary 
or sinusoidal tamponade and intravascular throm-
bosis. In essence, the blood fl ow in the bone is 
inversely proportional to the pressure within the 
bone marrow. The fi nal common pathway is 
intravascular coagulation and venous thrombosis, 
leading to retrograde arterial occlusion and 
 subsequent ischemia. A cycle of recurrent and 

progressive ischemia can occur leading to 
 eventual bone necrosis (Fig.  6.3 ).

       Experimental Osteonecrosis 

 In experimentally induced  avascular   necrosis, the 
fi rst histologic changes are in the marrow. Loss of 
cellular detail occurs in 2–4 days. Necrotic osteo-
cytes may appear normal for weeks under light 
microscopy, which means that empty lacunae are 
a late feature of bone death. 

 Repair begins with the invasion of the necrotic 
marrow by capillaries and undifferentiated mes-
enchymal cells. The response is different for each 
tissue type. 

 The marrow is resorbed and replaced by 
hemopoietic and fi brous tissue. With cancellous 
bone, osteoblasts differentiate to form apposi-
tional new bone on the surfaces of necrotic spic-
ules. This explains the increase in radiodensity of 
cancellous bone during the reparative phase. 

 With compact bone,  including   the subchon-
dral bone plate, osteoclasts resorb the compact 
bone with a net loss of bone mass and a concomi-
tant weakening of the subchondral bone plate and 
possible fracture. This feature may propagate 
along the margin of the repair  tissue   or alterna-
tively along lines of least resistance (Fig.  6.4 ).

I

IV

III II

  Fig. 6.2    Diagrammatic representation of possible vascu-
lar occlusion in the pathogenesis of osteonecrosis. (I) 
Arterial insuffi ciency. (II) Venous occlusion. (III) 

Intravascular capillary occlusion. (IV) Intraosseous capil-
lary tamponade. Copyright Dr. Gregory Bain       
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       Evolution of Necrotic Bone 

 The evolution of  necrotic bone   is to either repair 
or progress to fracture, osteochondral fragment 
detachment, collapse, fragmentation, and disinte-
gration (resorption). 

 Fracture occurs through necrotic bone, which 
is at fi rst diffi cult to identify on radiographs as it 
is usually just a thin fracture line. The fracture 
acts as a secondary stimulus for revasculariza-
tion. Resorption of compact bone and the sub-
chondral bone plate leads to structural weakening. 

Arterial
Inflow Sinusoids

Normal

Venous
Outflow

Ischaemia

  Fig. 6.3    Diagrammatic representation of the normal pro-
cess of vascularization of the lunate and with ischemia, 
the fat cells in the marrow become swollen, and there is 
interstitial oedema, leading to a tamponade effect on the 

sinusoids, thus decreasing the venous outfl ow. This 
increases the intraosseous pressure, reduced arterial fl ow 
and eventually leads to ischemia and necrosis. Copyright 
Dr. Gregory Bain       

a b

c d

  Fig. 6.4    Evolution of 
pathological changes in 
avascular necrosis. ( a ) 
Normal bone. ( b ) 
Ischaemic segment with 
cell death. ( c ) Cellular 
proliferation and 
revascularization in the 
zone between dead bone 
and live bone. ( d ) 
Appositional new bone 
formation upon dead 
trabeculae. Copyright 
Dr. Gregory Bain       
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Normal bone is replaced by fi brous tissue and 
areas of fi brocartilage. Collapse of the internal 
structures is due to an ineffective reparative pro-
cess. Involvement of the resorption pathway in 
the reparative process leads to fragmentation of 
the necrotic area. These fragments are resorbed 
by the synovial membrane, leading to disappear-
ance or disintegration of the necrotic area 
(Fig.  6.5 ).

       Evolution of Necrotic Articular 
Cartilage 

 The articular cartilage is often preserved during 
early fracture or collapse of the necrotic bone. 
Articular changes appear in late phases and are 
only partly related to collapse of the necrotic 
area. Initially, vascular penetration from the 
synovial membrane results in resorption of the 
subchondral area.  Then   there is transformation of 
compact subchondral area to a trabecular struc-
ture as vascularization reaches the deep cartilage 
layers. Vascularization of the normally avascular 
tissue leads to reduction in matrix content and 
cell numbers. In the synovial membrane, revas-
cularization occurs through penetration of the 
cartilage, and the “pannus” formation reduces 
nutritional supply. All these factors lead to the 

cartilage developing fi brillations, clefts, frac-
tures, and eventual osteoarthritis.   

    What Happens in Kienböck’s 
Disease? 

    Pathoanatomy (Fig.  6.6 ) 

    In a predisposed patient,  repeated   insults leads 
to hypoperfusion and ischemia of the lunate. 
There is support from literature that impairment 
of venous drainage plays a critical role in the 
pathoanatomy of Kienböck’s disease [ 16 ,  17 ]. 
Revascularization and new bone formation is in 
the middle of the bone, suggesting that there is 
initial venous occlusion due to compressive 
stress, evident by the raised intraarticular pres-
sure, leading to arterial blood fl ow cessation 
[ 18 ]. Intraosseous pressure of the normal versus 
the Kienböck’s disease lunate was also studied. 
The intraosseous pressure rose signifi cantly on 
wrist extension, signifi cantly more in the 
Kienböck’s disease lunate as compared to the 
normal lunate. In some of the Kienböck’s dis-
ease lunate, the pressure exceeds arterial blood 
pressure [ 19 ]. 

 A vicious cycle of progressive ischemia 
occurs, with interstitial oedema and marrow fat 

  Fig. 6.5    MicroCT images of the lunate. ( a ) Fragmented 
lunate in Kienböck’s disease. ( b ) Reconstructed frag-
ments superimposed onto a normal lunate, which high-
lights the fracture path and resorption of the medullary 

bone. Fractures at the attachment of margins of resorption 
of cancellous bone, with majority of subchondral bone 
plate intact. Copyright Dr. Gregory Bain       
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cell swelling. The fat cells lyse and are phagocy-
tosed by macrophages to form foam cells. As the 
trabeculae, marrow and vascular structures are 
confi ned to the osseous compartment, this can 
produce a tamponade effect on the capillary and 
sinusoids leading to stasis and intravascular 
thrombosis that further accentuates oedema. 
Persistent ischemia eventually produces necrosis 
of bone and its marrow (Fig.  6.7 ).

   Attempts at healing  starts   with granulation tis-
sue being laid down that consists of new vessels 
and collagen. With repeated insults and persistent 
ischaemic events, the granulation tissue becomes 
fi brous tissue and fi brocartilage that prevents the 
new vessels penetrating to supply the necrotic 
osseous and fi brous tissue (Fig.  6.8 ).

   New bone is laid down on the existing dead 
trabeculae via osteoblastic activity, creating a 

thickened trabecular structure that can be seen on 
plain X-rays and micro-CT (Fig.  6.9 ) [ 20 ,  21 ].

    Fracture and fragmentation   occurs during the 
remodeling period as the dead bone is resorbed 
and there is structural weakness. It has been 
observed that there are a number of fracture types 
in Kienböck’s disease:  impaction  , oblique, shear, 
or fragmented (Fig.  6.10 ).

   The  sclerosis   that is observed on X-rays can 
be attributed to the following:

    1.    Fracture, and overlay of fragmented bone   
   2.    Laying down of new bone on necrotic 

trabeculae   
   3.    Disuse osteopenia of adjacent bone   
   4.    Dystrophic calcifi cation    

  Fractures of the  subchondral   bone plate lead 
to joint irregularity. Resorption of the subchon-
dral bone leads to loss of support for the articular 
cartilage (Fig.  6.11 ). Synovitis is a universal fi nd-
ing in Kienböck’s disease, which may be due to 
the necrotic factors of Kienböck’s disease or the 
late degenerative arthritis [ 6 ].

   Articular cartilage changes include fi ssuring, 
fracture and degeneration. Kissing lesions that 
affect the opposing articular surface then occur 
(Fig.  6.12 ). Clinically it has been noted that the 
proximal surface of the lunate (radiolunate joint) 
tends to be affected before the midcarpal joint.

Etiological
factors

Predisposed
Individuals

Early - Vascular

Intermediate - Osseous

Late - Chondral

Avascular Necrosis
Pathological phases

  Fig. 6.6    Flowchart of Kienböck’s disease pathoanatomy. 
Copyright Dr. Gregory Bain       

  Fig. 6.7    Histology of a Kienböck’s lunate with empty 
lacunae. ▲ illustrates granulation tissue, ■ fi brous tis-
sue. Copyright Dr. Gregory Bain [ 20 ]       
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New bone pillar

New bone pillar

Fibrous tissue in fracture

Subchondral bone resorbed
 - False Floor

Degenerate cartilage
Intact cartilage

Ligament

0 1mm 5 10

Cyst

  Fig. 6.8    Histology of Kienböck’s lunate. There is exten-
sive osseous necrosis, with intervening fi brous tissue and 
cysts that fi ll the osseous voids. The body of the lunate is 
signifi cantly compromised with reabsorption of the med-
ullary canal of the lunate and the subchondral bone plate. 

The  arrows  demonstrate pillars of new bone, which trans-
mit the load, since the failure of the medullary trabeculae. 
The articular surfaces are variably involved. In this case 
the distal articular surface is more severely involved. 
Copyright Dr. Gregory Bain       

  Fig. 6.9    MicroCT of trabecular structure. ( a ) Trabecular 
structure in a normal lunate. ( b ) Thickened trabeculae in a 
Kienböck’s lunate. There is up to 3× more trabeculae but 
a decrease in total bone volume. Reproduced with permis-
sion from Low SC, Bain GI, Findlay DM, Eng K, Perilli 

E. External and internal bone micro-architecture in nor-
mal and Kienbock’s lunates: a whole-bone micro- 
computed tomography study. J Orthop Res. Jun 
2014;32(6):826–833. © 2014 Orthopedic Research 
Society. Published by Wiley Periodicals, Inc.       
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  Fig. 6.10    Fracture types occurring in Kienböck’s disease. Copyright Dr. Gregory Bain       

0 2.5 7.55 10mm

  Fig. 6.11    Histology of the Kienböck’s lunate with extensive collapse and disintegration of the internal structures whilst 
maintaining the cartilage surface. Copyright Dr. Gregory Bain       

  Fig. 6.12    Arthroscopic 
image showing the 
kissing lesions between 
the distal lunate and the 
capitate       
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        Pathoanatomical Staging 

 Based on our understanding thus far of the 
 pathoanatomy of Kienböck’s disease, we are pro-
posing a pathological staging system founded on 
the vascularity, osseous, and chondral changes of 
the lunate. 

 Utilizing a simple analogy, the lunate in 
Kienböck’s disease can be likened to a failing 
heart. There are certain patients with “risks fac-
tors” or predisposing factors for Kienböck’s dis-
ease that include single vessel in the lunate, 
hypercoagulopathy, negative ulnar variance, and 
trapezoidal lunate shape. 

 When the  lunate   is initially stressed, there is a 
physiological response (reactive or challenged 
stage) to this insult resulting in diffuse reactive 
hyperemia and bony oedema. 

 If the insult continues, the  lunate   progresses to 
a compensated stage whereby ischemia ensues 
with resultant necrosis of the bone and marrow, 
with concurrent neovascularization of the 
necrotic margins. There will be changes to the 
cartilage surfaces with or without fracture 
through the lunate. This stage is still reversible if 
the initial insult is removed. 

 Should the insult persist, the  lunate   becomes 
compromised. It no longer is able to heal itself 
and the changes are now irreversible. This is 
quickly followed by complete failure of the 
lunate. Since the lunate is the “keystone” to the 
wrist, the wrist will also start to fail accordingly. 

 The pathoanatomical staging system presented 
here, when viewed in combination with the sev-
eral other staging systems presented elsewhere in 
this book, can serve as an important component of 
a highly nuanced treatment  algorithm for all 
phases of Kienböck’s disease. This has been done 
in Chap.   30    , where the senior authors (DML and 
GIB) have intertwined these various systems in 
order to create a practical, comprehensive, and 
unifi ed guide to evaluation and treatment.     
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           Introduction 

 Throughout this book, contributing authors intro-
duce their chapters by referring to the general lack 
of consensus about the etiology of Kienböck’s dis-
ease (KD). I am sure, however, that even the most 
skeptical of them assumed that this chapter, devoted 
entirely to etiology, would issue a defi nitive state-
ment on the subject. Well, I am sorry to disappoint 
them. Instead, we recognize that, in common with 
osteonecrosis in other parts of the body (our pathol-
ogist friends assure us that the histopathology of 
KD is compatible with osteonecrosis, or cellular 
death of bone) multiple biological factors can con-
tribute to its pathogenesis. And we also recognize 
that there are specifi c mechanical and structural 
factors for each anatomical region that can have 
their own unique infl uence on the development of 
osteonecrosis in that particular area. 

 What we really do not know is which of these 
factors, the mechanical/structural or the biologic, 
play the most signifi cant role in the development 
of KD. But each theory has its champions. For this 
reason we have divided the chapter into two inde-
pendent (yet complementary) sections, the fi rst by 
my coeditor, Greg Bain, from Adelaide, Australia, 
who advocates the mechanical/structural theory of 

lunate osteonecrosis, and the second by Carlos 
Irisarri from Vigo, Spain, who favors the biologic 
model. After reading both sections, it is our hope 
that you, our readers, will be anxious to decide for 
themselves which theory is correct! 

 David M. Lichtman, MD  

    Basic Science Theory of Kienböck’s 
Disease 

 Gregory Ian Bain

The fi rst chapters of this monograph review the 
osseous, vascular, and pathological aspects of 
Kienböck’s disease. There are many  factors   asso-
ciated with Kienböck’s disease, such as genetics, 
anatomy, trauma, vascular. and metabolic disor-
ders [ 2 – 13 ]. The aim of this chapter is to develop 
further the likely etiologies of Kienböck’s dis-
ease, based on this basic science platform. 

 Electronic supplementary material:   The online ver-
sion of this chapter (doi:  10.1007/978-3-319-34226-9_7    ) 
contains supplementary material, which is available to 
authorized users. Videos can also be accessed at   http://link.
springer.com/chapter/[10.1007/978-3-319-34226-9_7    ]. 
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  Professor, Upper Limb and Research, Department of 
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  Avascular necrosis   is often considered to be a 
compartment syndrome of bone [ 23 ,  24 ]. The 
lunate is the compartment, and the mechanical fac-
tors act on the “at risk” fi xed osseous lunate. The 
factors that can change the pressure within the 
lunate compartment include the (1) arterial infl ow, 
(2) embolization, (3) the compartment contents, 
and (4) venous outfl ow. 

    The Lunate Compartment 

 The proximal articular “condyle” is the  common   
site of Kienböck’s disease. It is to be noted that the 
subchondral bone plate on the convex proximal sur-
face is  only a single trabecula layer , and it is this 
surface that is prone to the fractures associated with 
Kienböck’s disease [ 14 ] (Fig.  7.1 ). On this speci-
men we measured the proximal subchondral bone 
plate in the at risk zone to be 0.1 mm thick. There 
are multiple trabeculae that span to the distally mul-
tilayered subchondral bone plate, that transmit the 
load and maintain the height of the lunate.

       The “At Risk Lunate” 

 There are a number of morphological factors of 
the wrist that are know to be associated with 
Kienböck’s disease. These are presented in 
Table  7.1  and Fig.  7.2  [ 2 – 13 ]. It can be noted that 
all of these factors increase the loading on the 
radial aspect of the lunate,  although   each in a 
slightly different way.

    Briefl y reviewing each aspect from distal to 
proximal: 

 The Viegas type I lunate positions the capitate in 
a more radial position, so that it articulates with the 
radial aspect of the distal lunate [ 2 ,  7 ]. In addition 
the wrist with a type I lunate will mobilize predom-
inantly through the midcarpal articulation, there-
fore the radiolunate articulation tends to repeatedly 
load in the same location (Fig.  7.3 ) [ 22 ].

   The Zapico type I lunate loads on the radial 
aspect of the distal and proximal lunate, therefore 
creating a shearing force on the lunate [ 3 ,  4 ]. 

 The fl atter distal radial inclination causes the 
loading of the proximal lunate to be greater on 
the radial half. 

  Fig. 7.1    Micro-anatomy of the lunate. 3D micro-CT scan 
of the lunate demonstrating the thin proximal single layer 
of subchondral bone plate, which was measured to be 0.1- 
mm thick. There are spanning trabeculae principally on 
the radial aspect [ 14 ]. Copyright Dr. Gregory Bain       

   Table 7.1    “At risk” factors for Kienböck’s disease   

 At risk  Effect  Low risk 
 Lunate 
 Viegas type  I  Radial 

midcarpal 
loading 

 II 

 Zapico type  I  Radial 
midcarpal 
loading 

 II or III 

 Lunate size  Small  Smaller 
surface area 

 Large 

 Lunate 
coverage 

 Uncovered  Radial 
radiocarpal 
loading 

 Covered 

 Number of 
vessels 

 Single  Collateral 
circulation 

 Multiple 

 Cortical 
thickness 

 Thin  Less fatigue 
strength 

 Thick 

 Radius 
 Inclination  Flatter  Increased 

radiocarpal 
loading 

 Inclined 

 Ulnar 
 Variance  Negative  Radial 

radiocarpal 
loading 

 Neutral/
Positive 
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 The “uncovered” lunate (i.e., ulnar position of 
the lunate, so that it hangs off the radius) will 
only be loaded on that portion of the lunate that 
articulates with the radius (Fig.  7.4a ). In addition, 
it creates loading on the very radial edge of the 
distal radius.

   A negative ulnar variance  causes   less of the 
carpal load to be distributed to the ulna, therefore 
more of the load is distributed from the radial 
aspect of the lunate to the radius [ 9 ]. 

 All of these anatomical factors cause the load-
ing during power grip to be concentrated on the 
radial aspect of the lunate.  

    Stress Fracture in Progression 

 To create a  stress fracture  , there must be a time 
when the lunate is being loaded, but the fracture 
had not yet occurred. We refer to this as a “stress 

  Fig. 7.2    Morphological factors associated with 
Kienböck’s disease. ( a ) The “at risk” factors increase the 
load and shear stresses on the radial aspect of the lunate. 

( b ) The “low risk” factors lead to a wide distribution of 
the stresses on the lunate       

  Fig. 7.3    Kinematics of Viegas type I and II wrist. ( a ) The 
motion of the central column in the type I lunate is princi-
pally through the midcarpal articulation for the fl exion/

extension and the ulnar/radial deviation planes. ( b ) The 
type II lunate wrist articulates principally through the 
radiocarpal joint [ 22 ]. Copyright Dr. Gregory Bain       
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fracture in progress.” However, this phenomenon 
creates a reactive physiological response, which 
can be identifi ed with imaging. This includes 
edema, hyperemia (gadolinium-enhanced MRI; 
see Chap.   11    ) and osteoblastic activity as seen on 
a SPECT scan (Fig.  7.4b ). 

 Once the micro-fracture has occurred, it is 
likely to heal spontaneously, if it is not over 
loaded. With repeated loading the fracture will 
reoccur, and ultimately propagate through the 
lunate, and the fracture will be a “die punch” of 
the shape of the impacting distal radius (Fig.  7.5 ). 
The lunate fracture and collapse almost always 
include the radial half of the lunate, to the level of 

the ulnar edge of the radius (Fig.  7.6 ). However, 
in only the most extensive cases, is the ulnar 
aspect of the lunate fragmented.

    Kienböck’s disease is thought not to be due to 
a major traumatic episode. We performed a sys-
tematic review of lunate fracture dislocations, 
and found only two cases with a volar coronal 
fracture that  developed   AVN of the lunate (see 
Chap.   12    ). Kienböck’s disease is more likely to 
occur with repeated stresses placed on the lunate 
and explains the higher incidence in young active 
male workers [ 15 ]. 

 The black arrows demonstrate the areas of load-
ing and the yellow line the zone of propagation.  

  Fig. 7.4    The uncovered type I lunate. ( a ) The uncovered 
type I lunate is positioned on the radial edge of the lunate, 
and with power grip in ulnar deviation loads on the radial 
edge of the radius. ( b ) The SPECT scan demonstrates 

increased uptake within the lunate due to new bone forma-
tion and remodeling within the lunate. There is also 
increased uptake on the radial aspect of the distal radius 
due to the abnormal loading       

  Fig. 7.5    ( a – c ) Early case of Kienböck’s disease. The distribution of the fractures corresponds to the shape of the distal 
radius       
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    Nutcracker Eff ect of the Capitate 

 The stress fracture concept can also occur at the 
distal lunate, due to the loading of the capitate. 
The distribution of the lunate fracture is 
 dependent upon the type of force applied. In this 
case the  capitate   is a nutcracker, which splits the 
lunate in the coronal plane (Fig.  7.7 , Video  7.1 ).

       Comminution 

 Once the lunate has fractured at the proximal and 
distal aspects, it is common for it become com-

minuted  and   for the lunate to collapse (Fig.  7.8 ). 
However, carpal collapse does not occur until 
there is signifi cant lunate collapse [ 15 ].

       Medullary Abrasion 

 The medullary  bone   is designed to span from the 
proximal to distal cortex. However, once the 
outer cortices are compromised, the friable med-
ullary bone is exposed. The trabecular bone can-
not withstand loading, and therefore the lunate 
becomes comminuted and the lunate collapses 
(Fig.  7.9 ).

  Fig. 7.6    Kienböck’s disease stress fracture concept. ( a ) 
Micro-CT lunate superimposed on a plane radiograph of 
Kienböck’s wrist, with the areas of load identifi ed with 

 arrows . ( b ) In this dry cadaveric bone, a small fracture of 
the subchondral bone plate can be seen       

  Fig. 7.7    Capitate nutcracker. ( a ) The capitate is seen at the center of the “target sign” on the radial aspect of the lunate. 
( b ) A coronal fracture propagates across the lunate       
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       Subchondral Bone Plate 

 The  articular   cartilage is critical to a normal func-
tioning articular joint. The subchondral bone 
plate is an important morphological structure that 
transmits the load and provides a consistent plat-
form for the articular cartilage. Fractures and 
reabsorption of the subchondral plate will under-
mine the articular cartilage and affects its 
function.  

    Compartment Syndrome of Bone 

 The above covered the lunate osseous compart-
ment. The remainder of the chapter will cover the 

other components of the  compartment   syndrome 
model (Fig.  7.10 ).

       Arterial 

 There has been much attention to the arterial sup-
ply of the lunate in Kienböck’s disease of the 
lunate (Fig.  7.11 ) [ 11 ,  19 ].  Arterial obstruction   
can cause avascular necrosis of the lunate, how-
ever it is really very uncommon for AVN to occur 
as a consequence of even complex injuries of the 
lunate. For example, AVN rarely occurs with 
perilunate dislocations of the lunate. In a review 
of the trans-lunate carpal injuries we identifi ed 
that it was only in two cases where there was a 

  Fig. 7.8    Lunate fragmentation. Micro-CT sagittal images 
of Kienböck’s lunate: ( a ) Fragmentation and collapse of the 
lunate. ( b ) Reformatted image of the same lunate, superim-
posed on a normal lunate. Note that most of the cortex is 

still present but fragmented. However, there is an extensive 
void, due to resorption of much of the medullary lunate. ( c ) 
This image demonstrates the bone that has been reabsorbed, 
which is mainly medullary. Copyright Dr. Gregory Bain       
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volar  oblique   fracture that AVN of the lunate 
occurred.

       Emboli 

  Embolization   of the arteries can cause localized 
necrosis, but it is really uncommon to have AVN 
be a complication of atrial fi brillation or other 
embolic diseases [ 23 ,  24 ].  

    Compartment Contents 

 The main contents of the lunate are the bone mar-
row and its fat. There are conditions that can 
increase these components, such as  Gaucher’s   
disease, which is a rare cause of AVN. However, 

alcohol abuse also increases the fat content, and 
is a common cause of AVN of the femoral head 
[ 23 ,  24 ]. Fortunately it is rarely associated with 
Kienböck’s disease, demonstrating that the fac-
tors associated with AVN are multifactorial. The 
factors associated with AVN are different depend-
ing upon the patients’ age, sex, race, comorbidi-
ties, activities and are also anatomically specifi c. 

 However, the intra-osseous fat is very sensi-
tive to ischemia and once necrosis occurs there is 
signifi cant edema, and this can have a real impact 
of local vascularity of the lunate. Therefore, the 
contents of the lunate are unlikely to initiate the 
AVN, but are likely to potentiate the condition.  

    Venous 

 Hungerford demonstrated that the  intraosseous 
pressure   is signifi cantly raised in femoral head 
AVN [ 24 ]. Jensen demonstrated that the intraos-
seous pressure in Kienböck’s lunate was signifi -
cantly increased compared to the normal 
population [ 16 ,  17 ]. The intraosseous pressure 
rose signifi cantly on wrist extension, signifi -
cantly more in the Kienböck’s disease lunate as 
compared to the normal lunate. In some cases the 
Kienböck’s lunate intraosseous pressure exceeds 
arterial blood pressure. He postulated that the 
compromised venous outfl ow, and the increased 
intraosseous pressure, was a factor in the devel-
opment of Kienböck’s disease. 

 Crock studied the venous osseous  drainage   of 
the lunate, and described the extra-osseous veins 
followed the corresponding arteries. He also 
described the subarticular venous plexus, just 
below the subchondral bone plate (Fig.  7.12 ) 
[ 18 ]. He noted that these veins are parallel, and 
therefore do not communicate as a network as 
other venous systems do.

   In a predisposed patient, repeated insults leads 
to hypoperfusion and ischemia of the lunate. 
There is support from the literature that impair-
ment of venous drainage plays a critical role in 
the pathoanatomy of AVN of the lunate and fem-
oral head [ 20 ,  21 ,  23 ,  24 ]. Revascularization and 
new bone formation is evident throughout the 
lunate, suggesting that there is initial venous 
occlusion, that produces ischemia. 

  Fig. 7.9    Medullary erosion. Micro-CT of Kienböck’s 
lunate with extensive fragmentation and almost complete 
loss of the proximal subchondral bone plate. This exposes 
the friable medullary bone that is unable to withstand 
load, and therefore crumbles and is reabsorbed. Copyright 
Dr. Gregory Bain       
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 Based on this and other works we propose that 
there are  two  potential models of venous obstruc-
tion that can produce AVN. These can be consid-
ered as global or localized aspects of the lunate 
(Fig.  7.13 ). Crock advised that the extra-osseous 
venous supply of bone mirrors the arterial supply 

of bone [ 18 ]. Therefore, the patient with a single 
arterial supply (as described by Lee and also 
Gelberman [ 11 ,  19 ]) will have a single venous 
drainage. An obstruction at the osseous vascular 
foramen or external to the lunate will produce a 
 global  venous hypertension of the entire lunate.

   Localized  obstruction   can be caused by a stress 
fracture and lead to  localized  venous hyperten-
sion. Once the stress fracture occurs, the adjacent 
subarticular plexus must be violated, and lead to a 
localized venous obstruction (Fig.  7.14 ). This can 
cause local edema and fat necrosis, which in turn 
potentiates the entire cycle.

   These concepts then invite the question as to 
whether there are one or two types of avascular 
necrosis of the lunate. We postulate that the com-
mon type of AVN is a stress fracture, as described 
in the initial section of this chapter. The stress 
fracture begins at the proximal lunate, in the “at 
risk” lunate, in the “at risk individual.” The stress 
fracture also disrupts the delicate subarticular 
plexus, producing local venous hypertension and 
ischemia. This leads to local edema and fat necro-
sis. There may be a capitate nutcracker coronal 
fracture of the lunate; medullary abrasion and 
reabsorption, comminution, and subsequent col-
lapse of the lunate. 

  Fig. 7.11    Lunate arterial supply. Lunate with single 
volar artery as seen from the lateral and distal view. 
Reproduced with permission from Lee ML. The intraos-
seus arterial pattern of the carpal lunate bone and its rela-
tion to avascular necrosis. Acta Orthop Scand. 
1963;33:43–55. Courtesy of Taylor & Francis Ltd.,   www.
tandfonline.com           

Arterial
Inflow Sinusoids
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Venous
Outflow

Ischaemia

  Fig. 7.10    Compartment syndrome of bone. Diagrammatic 
representation of the normal vascularization of the lunate 
(superior half) with the normal fat cell and venous drain-
age. With ischemia (inferior half), there is interstitial 
edema and the marrow fat cells become swollen. This 

leads to tamponade of the sinusoids, thus decreasing the 
venous outfl ow. This further increases the intraosseous 
pressure, reduces arterial infl ow, and produces necrosis. 
Copyright Dr. Gregory Bain       
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 The second type is the global  AVN   of the lunate, 
which has the entire sclerotic lunate, but usually 
not associated with collapse (Fig.  7.15 ). This cor-
responds to the Lichtman grade 1 [ 1 ]. Schmitt 
reported on the role of gadolinium enhancement 
MRI, and has demonstrated examples that corre-
spond to this global type of AVN [ 20 ]. In their 
examples they report that this type has a positive 
enhancement, and a good prognosis (see Chap.   11    ).

   Venous ischemia is not a new concept. There are 
examples of both acute and chronic venous engorge-
ment that can lead to necrosis. Acute venous 
obstructing will lead to a free fl ap failure within 

hours, if the venous drainage is not restored. Chronic 
venous engorgement due to failure of the valves of 
the saphenous vein produces venous hypertension, 
which ultimately leads to peri-venous fi brosis, local 
ischemia and subsequent ulceration of the cutane-
ous tissues. Acute or chronic venous obstruction 
will cause devastating effects.  

    Healing 

 Although the Kienböck’s  lunate   is considered to 
be avascular and necrotic, there are often areas of 

  Fig. 7.12    Venous drainage of the lunate. The majority of 
the lunate venous system has multiple interconnections. 
However, the subarticular plexus is made up of small par-
allel vessels, just below the subchondral bone plate. The 

venous system exits the lunate via large volar and dorsal 
veins ( a ) Venogram of lunate. ( b ) Magnifi ed view. 
Copyright HV Crock AO [ 18 ]       

  Fig. 7.13    Venous 
obstruction models. 
Generalized venous 
hypertension can occur 
with extra-osseous 
obstruction. Localized 
venous obstruction can 
occur with a stress fracture 
of the subchondral bone 
plate, which interrupts the 
parallel venules of the 
subarticular plexus. This 
local venous hypertension 
can cause swelling of the 
adjacent fat cells and 
further increases local 
venous hypertension       
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hyperemia and new bone formation adjacent to 
the necrotic area. The majority of the bone is 
alive and reactive, attempting to compensate for 
the ischemic insult. The SPECT scan will often 
have extensive increased uptake due to the osteo-
blastic activity (see Fig.  7.4b ). There is laying 
down of new bone, which then can remodel, 
based on the stresses placed upon it, as described 
with Wolfe’s law (Fig.  7.16 ).

       Conclusion 

 In this chapter we review the conceptual aspects of 
the etiology of Kienböck’s disease. The stress frac-
ture model would account for many of the cases we 
see in clinical practice with the “at risk” lunate. The 
fracture commences on the proximal radial aspect 
of the lunate and corresponds to the shape of the 
distal radius. There can be a coronal fracture of the 

  Fig. 7.14    Subarticular venous plexus. ( a ) A composite 
image of subarticular venous plexus and 3D micro-CT of 
the subchondral bone plate. The  small box  on the  left  of 
image depicts the area demonstrated in the magnifi ed views 
show in ( b ), where the venule within the subarticular plexus 
seen in profi le. The subarticular venous plexus is directly 
adjacent, making it particularly at risk, even with a stress 
fracture. The calcifi ed zone of the articular cartilage (AC), 

and subchondral bone plate (SBP) are well seen. ( c ) This 
cross-sectional image graphically shows the venous limb of 
the capillaries perforating the subchondral bone plate, and 
then draining into a subarticular collecting vein. The fl uid 
line within the vein demonstrates the position of the speci-
men at time of preparation. These magnifi ed views are from 
the knee, which has a similar pattern of venous drainage as 
the proximal lunate. Copyright HV Crock AO [ 18 ]       
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  Fig. 7.15    Global AVN of the lunate. ( a ,  b ) Global sclero-
sis of the lunate, with large volar perforations of the lunate 
and triquetrum. We believe this is in part related to the 
venous hypertension. There is also some localized sclero-

sis around the venous perforation of the triquetrum. ( c ,  d ) 
Note the changes on the MRI, including the edema of the 
volar ligaments at the lunotriquetral articulation ( white 
arrow )       
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  Fig. 7.16    Histology of the healing lunate. There is exten-
sive osteonecrosis, with intervening fi brous tissue and 
cysts that fi ll the osseous voids. There is signifi cant reab-
sorption of the medullary bone and the subchondral plate. 
The  arrows  mark pillars of new bone, which transmit the 
load, since the failure of the medullary trabeculae. The 

articular surfaces are variably involved. The proximal 
articular surface has viable articular cartilage, but the sub-
chondral bone has reabsorbed, to leave a false fl oor. The 
distal articular surface is more severely involved, with 
ulceration and fracture. Copyright Dr. Gregory Bain       
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lunate due to the nutcracker effect. Abrasion and 
reabsorption of the medullary bone can lead to 
comminution and collapse of the lunate. 

 Finally, there is a small group of patients who 
have a global ischemia, with sclerosis of the 
entire lunate, and often have a reactive enhance-
ment of the lunate with gadolinium. These 
patients have a better prognosis.   

    Biologic Model of Keinböck’s 
Disease 

 Carlos Irisarri 

  Abstract    A defi nite genesis for Kienböck’s dis-
ease (KD) has not yet been identifi ed. In our 
clinical experience, anatomical or mechanical 
factors such as repetitive minor trauma do not 
seem to be the primary cause. Instead, they 
appear to act more like catalysts that cause 
aggravation of an already present KD. We feel 
that more effort should be spent searching for a 
biological cause rather than a mechanical one. 
The most likely fi rst step is an avascular non-
traumatic process with minor infarction, starting 
in the proximal subchondral area. Even at this 
early stage, severe perilunate synovitis is often 
noted on MRI. Bone remodeling results from 
resorption by osteoclasts and formation of new 
bone by osteoblasts. It is still unknown why 
osteoclastic action exceeds osteoblastic activity 
in the repair process. We know that lunatomala-
cia can be present in children and adolescents 
but the disorder behaves differently than in 
adults. Fortunately, the so- called infantile and 
juvenile forms have a better prognosis. Genetic 
research to date has been inconclusive. Research 
in the fi eld of reactive arthritis with polymerase 
chain reaction is a promising new tool to be 
explored. 

  Keywords    Kienböck’s disease, Kienböck’s eti-
ology, Lunatomalacia, Lunate necrosis, Carpal 
 avascular necrosis, Infantile lunatomalacia, 
Juvenile lunatomalacia, Lunate osteochondrosis, 
Kienböck’s risk factors, Kienböck genetic 
research 

    Literature Review 

    Trauma 
 Many hypotheses have  been   proposed during the 
century following Robert Kienböck’s 1910 
report [ 25 ] on lunatomalacia, but at this time the 
genesis of the disease remains speculative. 
Kienböck’s concept that the condition (“ trauma-
tische Malazie ”) was due to a disturbance in the 
nutrition of the lunate following repeated wrist 
sprains has not been verifi ed and is no longer 
universally accepted. Ligament tears of trau-
matic origin have never been demonstrated, and 
dislocation of the lunate is not followed by true 
lunatomalacia. The case reported by Cave [ 26 ], 
frequently mentioned as Kienböck’s disease fol-
lowing a dorsal perilunate dislocation, was in 
fact only increased density of the lunate. Cave 
considered the 6-month follow-up radiographs 
as “ suggestive of aseptic necrosis ,  beginning 
sequestration ,  comparable to KD ,” but the actual 
radiographic fi ndings are quite different from 
those of true KD. 

 Some authors quote Peste [ 27 ] in support of a 
traumatic genesis for KD. In fact, Peste only pre-
sented a short report at  Société Anatomique  
(Paris, 1843) on a patient who died from a skull 
fracture after a fall from a height. During autopsy 
he discovered a wrist dislocation, with radial and 
ulnar  styloid   avulsions, as well as a double frac-
ture in the lunate, a condition far from lunatoma-
lacia. To my knowledge, there are no other 
documented reports of a traumatic lunate fracture 
that developed into Kienböck’s disease.  

    Occupational Lunatomalacia 
 Walther Müller [ 28 ] pointed out “ minor repeated 
trauma cause the lunate to be affected by a morbid 
process .” This  concept   was later supported by 
Therkelsen and Andersen [ 29 ] because they found 
98 manual workers in a study group of 107 patients 
with KD. Also, Stahl [ 30 ] found that 97 % of cases 
occurred in manual workers. However, these stud-
ies were carried out in hospitals dedicated to the 
care of manual workers, and contradict the results 
of series collected in general hospitals. The possi-
bility that young, active patients experiencing 
wrist  pain   after strenuous use are more likely to 
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seek medical attention than older, more sedentary 
patients, may have introduced a selection bias into 
the statistical analyses.  

    Lunate Overload due to a Short Ulna 
 The possible relationship between  ulnar variance   
and KD remains controversial. In 1928, Hultén [ 9 ] 
studied 23 Swedish patients with KD and found 
that 78 % had ulnar negative variance. This obser-
vation raised the possibility that a short ulna 
increased the shear forces acting on the lunate. 
Hultén pointed out that “ no wrist in which the ulna 
was longer than the radius developed Kienböck ’ s 
disease ”; an uncertain assertion, as indicated by 
ulnar plus variance in four patients in our own 
series (Fig.  7.17 ). In addition, Antuña [ 31 ] 
reviewed 100 cases, with clear ulnar plus variance 
in fi ve patients. Nakamura et al. [ 32 ] reported that 
more than half of their 70 patients with KD had 
zero or positive ulnar variance. And fi nally, Afshar 
et al. [ 33 ], reported six cases (10 %) with ulnar 
positive variance in their 60-patient series.

   Causal relationships with other  anatomical   
factors have been proposed, such as uncovering 
of the lunate by the distal radius, the presence of a 
midcarpal facet on the lunate in articulation with 
the hamate, an Antuña type I lunate shape, and a 
smaller than usual size of the lunate (Tsuge and 
Nakamura [ 13 ]). Mirabello et al. [ 34 ] stated that a 
fl at distal radius might be a risk factor. Analyzing 
our own cases, we found so many differences in 
distal radius and carpal anatomy among KD 
patients that we now disregard the so- called “ ana-
tomical risk factors .” It is interesting to note that 
Giunta et al. [ 35 ], using CT  osteoabsorptiometry  , 
failed to fi nd excessive loads on the lunate in KD 
patients, casting doubt on the theory that anatomi-
cal variants  increase   physiologic stress load.  

    Vascular Disturbance 
 As the affected bone in KD  appears   both macro-
scopically and microscopically avascular, the 
term  avascular necrosis  has been widely used. 
The radiological pattern in all AVN cases is simi-
lar. Kenzora and Glimcher [ 36 ] described the 
“ crescent sign ” or presence of the “ crescent line ” 
in the subchondral area, and termed it the “ the 
ubiquitous sign ” because it appears in all forms 
of bone AVN. 

 We should also keep in mind the difference 
between true early KD and “ lunate bruising ” (for 
some authors a “ stress fracture ”) a condition seen 
frequently in sports related injuries, which fi ts 
better within the so-called “ bone marrow edema 
syndrome .” 

 Considering lunatomalacia as a type of osteo-
necrosis, reduction or disruption of the blood 
supply to the bone has been implicated in its 
pathogenesis. Studies of the lunate vascular anat-
omy by Lee [ 19 ] and Gelberman [ 11 ] suggested 
that lunates with only one volar and dorsal vessel 
are predisposed to avascular necrosis. However, 
there was evidence of anastomoses between the 
vessels in all three patterns and all lunates in the 
study were well vascularized. In addition, there 
have not been any studies on the vascular anat-
omy of diseased lunates. Thus, the true infl uence 
of variation among individuals has not been 
determined and it is still unknown whether 
patients with KD possess a unique lunate vascu-
larity. Schiltenwolf et al. [ 20 ] and Jensen et al. 
[ 21 ] reported that the  intraosseous   pressure in 
necrotic lunates was increased signifi cantly, 
hypothesizing that compromise to venous out-
fl ow, and the resulting increase in intraosseous 
pressure, was a factor in the genesis AVN of the 
lunate. But we really do not know if these changes 
are related to the disease’s genesis or simply a 
consequence of preexisting pathology. 

 In keeping with the analogous designation of 
“ Stage 0 ” in the international classifi cation 

  Fig. 7.17    KD with ulnar plus variance. Lunate’s frag-
mentation simulates a fracture       
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 system of AVN of the hip, Lichtman et al. [ 37 ] 
proposed consideration of a new “ Stage 0 ”  KD , 
representing the earliest onset of lunate ischemia. 
In his point of view this stage  represents   a tran-
sient lunate ischemia, brought on by activities 
stressful to the wrist. Watson and Weinzweig [ 38 ] 
also described a “ pre - Kienböck  ‘ stage ’” as the 
earliest onset of KD. In so-called Stage 0, the 
unaffected architecture and density of the lunate 
would result in normal radiographs and MRI 
studies. Whether contrast-enhanced MRI could 
identify a lunate suffering intermittent stress 
ischemia (Stage 0), as suggested by Lichtman, is 
a controversial topic. 

 It has been useful [ 39 ] to subdivide Lichtman’s 
stage III KD into stage IIIA in the absence of car-
pal alignment changes, and IIIB if carpal collapse 

is present, but this subclassifi cation represents a 
strict biomechanical point of view. Perhaps it 
would be useful to also establish a biological sub-
division, since stage II, and particularly stage III, 
demonstrate areas of bone necrosis, without  vas-
cularity  , and areas of bone repair, with active ves-
sel ingrowth. Although a standard MRI does not 
distinguish between these areas, an MRI taken 
after intravenous gadolinium infusion clearly 
identifi es areas of perfusion from areas of necro-
sis. We can thus designate a  positive stage II or 
III  if signal intensity improves after GDi 
(Fig.  7.18a–d ), and a  negative stage II or III , if it 
does not. This information would be most helpful 
before attempting a lunate revascularization; a 
 positive  stage II or III clearly having a better 
prognosis.

  Fig. 7.18    ( a ) Plain radiograph. ( b ) MRI: T2 sequence. ( c ) MRI: T1 sequence. ( d ) T1 after GDi: positive stage III       
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   Different pathways have been suggested for 
vascular disorders:

•    The role of a vascular disease in KD was fi rst 
postulated in 1929 by Santozki and Kopeiman 
[ 40 ]. They described an infl ammatory  vascular 
process resembling an “ obliterating endarte-
ritis .” Bilz [ 41 ] considered the problem a 
“ traumatic endarteritis ,” but this concept 
never gained widespread acceptance.  

•   Schwarz [ 42 ] pioneered the concept of 
“ vascular infarction ” in AVN caused by the 
vascular channels in bone  becoming   
blocked. In the femoral head, as well as the 
proximal area of the lunate, nutrient chan-
nels are essentially end-arteries with lim-
ited anastomosis. Impairment of circulation, 
due to vascular obstruction from any cause, 
is followed by degenerative changes in 
these areas of bone.  

•   In decompression disease, AVN could be the 
fi nal stage of an intraosseous compartment 
syndrome, caused by nitrogen bubbles form-
ing during decompression due to super- 
saturation of nitrogen in fatty marrow cells. In 
our series, only a 41-year-old professional 
diver was registered.  

•   Regulation of  thrombosis   and hemostasis in 
endothelium is a complex topic, far from com-
pletely understood. A thrombogenic process 
related to an infl ammatory disorder has been 
suggested in AVN disorders (“ osteochondro-
ses ”). Vasculitis due to microvascular obstruc-
tion occurs in immunological diseases (i.e., 
systemic lupus erythematosus). KD has also 
been reported in sickle cell disease. Lanzer 
[ 43 ] in 1984 reported a case of KD in a black 
18-year-old male with concomitant sickle-cell 
anemia. There had been no antecedent trauma, 
and radiographs taken 4 years earlier were 
normal.  

•   Culp et al. [ 44 ] reported the relationship 
between AVN and long-term steroid treatment 
in a patient with Crohn’s disease and simulta-
neous KD and osteonecrosis of the femoral 
head. Budoff [ 45 ] reported a case of avascular 
necrosis of the scaphoid and lunate 11 years 
after steroid use. In our series, only one 

patient, a 45-year-old man with asthma, 
reported long-term steroid use.  

•   The relationship between a  coagulation   disor-
der and AVN was suggested by Glueck et al. 
[ 46 ]. He found an inherited hypo-fi brinolysis 
and thrombophilia in patients with Legg–
Calvé–Perthes disease (LCPD), with osteone-
crosis due to a sequence of venous thrombosis, 
increased intra-osseous venous pressure, and 
reduced arterial blood fl ow and hypoxia. In 
turn (Siegfried [ 47 ]) did not confi rm this dis-
order in association with LCPD.     

    Kienböck’s Disease and Cerebral Palsy 
 Patients with cerebral palsy and an abnormally 
fl exed wrist have a higher incidence of KD than 
the general population. Rooker and Goodfellow 
[ 48 ] found fi ve cases in a group of 53 adults with 
cerebral palsy. His case no. 1 was a 17-year-old 
male with athetoid quadriplegia who developed 
 KD   in his left nondominant wrist. Case no. 3 was 
a 17-year-old female who developed the disorder 
in her left dominant hand. 

 Joji et al. [ 49 ] examined a population of 110 
patients with cerebral palsy, and made the radio-
logical diagnosis of KD in six wrists of fi ve 
patients. Paradoxically, these authors reported that 
their patients did not necessarily assume a resting 
posture of wrist fl exion except in one case, and 
their conclusion was “ it is not possible to attribute 
KD in cerebral palsy to this position .” They 
favored the infl uence of negative ulnar variance, 
although curiously not present in their case no. 1, a 
13-year-old girl, who was asymptomatic despite 
increased radiographic opacity of the lunate. 

 In reviewing papers from Rooker and 
Goodfellow [ 48 ], Joji et al. [ 49 ], and Senda et al. 
[ 50 ], the radiologic images rarely resembles typi-
cal evolution and changes in KD, with absence of 
the “crescent line.” Global increased density of 
the lunate is usually present. An MRI scan has 
not been performed in any case with cerebral 
palsy, due to inability of the patients to 
cooperate. 

 One pseudo-fracture case (dorsal and volar 
fragments)  was   reported from Leclercq and 
Xarchas [ 51 ] in a 25-year-old man with right 
spastic hemiplegia due to cerebral palsy. The 
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right, affected wrist was used only to assist the 
left one on gross movements of prehension. 
The resting position of the wrist had been 
restored to neutral following a FCU tenotomy 
carried out 10 years previously. 

 Greene [ 52 ] reported KD in a 10-year-old girl 
with cerebral palsy. Cast immobilization of the 
wrist was maintained for 15 weeks. At follow-up 
exam, age 17, the patient reported no pain and 
radiographs showed a normal contour of the 
lunate.  

    Miscellaneous Considerations 
 Clinical symptoms in KD are not uniform. In 
most cases the onset includes a swollen, painful 
and stiff wrist. Many experts agree that the fi rst 
stage in AVN is a “ synovitic stage ,” as Ficat [ 53 ] 
pointed out. However, the genesis of the wrist 
 synovitis   remains unknown. In several cases in 
our series, severe synovitis was detected on MRI 
in the early stages (Fig.  7.19a–d ). Synovitis in 

these cases was considered “ primary ,” and not 
the result of degenerative disease.

   Bilateral KD appears in a low percentage of 
cases statistically, but its presence is very interest-
ing in light of the concept that KD is generally 
located in the dominant hand. Bilateral KD has 
been linked to Raynaud’s phenomenon and sclero-
derma (Rennie et al. [ 54 ]). The youngest patient 
with bilateral KD was a 14-year-old girl, with no 
history of trauma (Blachier et al. [ 55 ]). Especially 
intriguing has been the discovery of cases in which 
the date of onset of the KD differed many years 
between both hands. We have seen a 12-year inter-
val in a male who was fi rst affected in the non-
dominant hand at age 24. Giunta [ 35 ] reported a 
 patient   with the onset of acute KD in one wrist and 
a history of contralateral radial shortening for KD 
in the other 9 years earlier. 

 For most of the nineteenth century, physicians 
thought AVN had a septic origin, including tuber-
culosis and syphilis. However, the term was later 

  Fig. 7.19    ( a ) A relatively well-preserved lunate. ( b ) T2 sequence: variable signal intensity throughout the lunate. ( c ) 
T1 sequence: Loss of lunate signal and severe synovitis is noted. ( d ) Carpal synovitis on axial view       
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changed to aseptic necrosis because of the failure 
to culture bacteria from specimens. Later, 
Phemister [ 56 ] considered the possibility of a 
microbial embolic process as streptococci grew 
in cultures of two biopsied specimens with 
KD. In actuality, the positive cultures were most 
likely due to casual contamination. In several 
cases we cultured the synovial liquid, synovial 
tissue, and cancellous bone of the affected lunate, 
but never found any bacteria. 

 Mollo [ 57 ] suggested the role of genetic  pre-
disposition   to the disease when considering the 
presence of “ osteochondritis ” of the lunate in 
early childhood. Therkelsen and Andersen [ 29 ] 
hypothesized “ perhaps a genetic brittleness of 
bones may be a contributory factor .” A few 
familial cases of KD have been reported. In 1932 
Ringsted [ 58 ] published a report of bilateral KD 
in two brothers. Unilateral KD in a mother and 
her daughter was reported by Templeman and 
Engber [ 59 ]. Unilateral KD in two sisters was 
published by Lichtman et al. [ 1 ] as well as in two 
brothers by Simmons [ 60 ]. 

 The possible infl uence of  environmental   risk 
factors in genetically predisposed persons has 
been introduced in several reports: Giannestras 
[ 61 ] reported LCPD in twins. Kenniston et al. 
[ 62 ] published a case of AVN of the capitellum in 
fraternal twins, and Tsirikos et al. [ 63 ] described 
bilateral Köhler’s disease in identical twins.    

    Author’s Personal Experience 

 We retrospectively reviewed the clinical records 
of 100 patients (104 wrists) seen from October 
1992 to December 2014. Radiographs were avail-
able in all patients, as well as computed tomogra-
phy (CT) imaging in 14 cases and MRI in 62 
cases.

•    Age: The classical assertion “ KD usually 
affects adults between 20 and 40 years of age , 
 who are predominantly male manual work-
ers ,” is not supported by our series, which 
contains members of the  general   population as 
well as manual workers. In our series, we reg-
istered four cases with infantile lunatomalacia 

(IL), nine cases with juvenile lunatomalacia 
(JL) and eight patients older than 55 years. In 
this last group all were women but one. The 
large number of patients with IL and JL may 
have been attributable to increased referrals 
following our two publications on this topic 
(Irisarri [ 64 ,  65 ]). Mean patient age was 
35.4 years (range, 9–66).  

•   Gender: The  generally   accepted preference of 
KD for young males was not supported by this 
series collected from general hospitals. We 
found a more equal distribution of cases between 
males (54 cases) and females (46 cases).  

•   Clinical Symptoms:  Radiographic   fi ndings of 
KD have occasionally been reported in fi lms 
obtained for other reasons, usually after a 
recent traumatic injury. In our series, com-
pletely asymptomatic, incidental KD has been 
a very rare occurrence. Some patients recall a 
prior injury, but this was somewhat question-
able because of frequent ongoing litigation. A 
causal association between KD and a previous 
traumatic event was discounted in the great 
majority of cases. KD with associated 
 scapholunate  dissociation   was present in only 
one patient (Fig.  7.20a, b ).

•      Ulnar Variance: There was a preponderance of 
negative  ulnar variance   in our series. We found 
58 patients with ulnar minus (including both 
wrists in two bilateral cases), 38 patients with 
ulnar neutral (including both wrists in two 
bilateral cases) and only four patients with 
positive ulnar variance.  

•   Coagulation Disorder: An exhaustive search 
for  coagulation disorders   was carried out in 
ten patients without positive fi ndings.  

•   Lunate Vascularity: In two female stage III 
patients an angio-CT was obtained. There 
were no fi ndings of abnormalities in the extra- 
osseous  lunate vascularity  . Small intraosseous 
vessels were not adequately appreciated in 
these images.  

•   Bilateral KD: Four cases were recorded in our 
series, three men and one woman.  

•   Familial Cases: We have registered four cases 
in two families. In our fi rst familial case, KD 
was diagnosed in two brothers. One brother, 
age 24 was treated for Stage IIIA KD in his 
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right dominant wrist. No risk factors were 
identifi ed. One year later, the second brother, 
age 27, was treated, also with unilateral KD 
(stage IIIB) in his right dominant hand. He 
had a history of hepatitis C several years 
previously.  

•   Our second  familial case   was a 37-year-old 
female with unilateral stage IIIB KD in her 
right dominant hand. The onset of clinical 
symptoms was 10 years earlier. No risk factors 
were found. Several years later we attended 
her brother, aged 45, with unilateral stage IV 
KD (IV stage) in his right dominant hand. 
Again, no risk factors were found.    

 In an attempt to determine the role of heredity 
in the genesis of KD,  genetic screening   was per-
formed on our famililial cases by the Clinical 
Genetics Department of the University Hospital 
Santiago. Using current techniques, no genetic 
anomalies were detected. However, in the future 
more sophisticated may identify specifi c genes 
linked to KD.  

    Discussion and Conclusions 

 The proper treatment of any medical condition 
requires an understanding of its etiology and nat-
ural history. This is not possible in KD because 
the pathogenesis remains uncertain. Concerns 
about whether surgical procedures actually 

improve the natural course of the disease are 
therefore appropriate. As Stahl [ 30 ] pointed out 
many years ago, the postoperative immobiliza-
tion, rather than the procedure itself, may be the 
most important factor in lunate healing— 
especially following indirect revascularization 
procedures and in younger patients who have a 
greater potential for “spontaneous” recovery. As 
Dias and Lunn pointed out [ 66 ] “ there is danger 
in proceeding to invasive and radical procedures , 
 whereas a more scientifi c approach would be to  
‘ stand back ’  and get a more objective view of the 
condition before advising surgical treatment .” 

 Bone cells may be killed in a variety of ways, 
but the term “ osteonecrosis ” is traditionally asso-
ciated with ischemia. It is tempting to search for 
a universal cause of AVN, but in my opinion, we 
need to revisit the statement that all types of luna-
tomalacia represent different manifestations of a 
single disorder, and recognize the possibility of 
different patterns of KD under different circum-
stances. Unfortunately, right up until the present, 
it has rarely been possible to identify the actual 
causative factor. It may be wishful thinking, but I 
believe a “ biological cause ” will eventually be 
identifi ed for most “idiopathic” cases of AVN, in 
all bones, ages, and circumstances. 

 In our series, several cases demonstrated 
severe synovitis in stage II and III on MRI. The 
role of perilunar synovitis in the genesis of KD is 
still far from clear, but I believe it is a pathway to 
be explored. It should be noted that the skeletal 

  Fig. 7.20    ( a ) Concomitant KD and scapholunate dissociation ( arrow ). ( b ) Aspect at surgery ( arrow )       
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behavior in AVN is different from other infl am-
matory arthropathies, like rheumatoid arthritis, 
so it seems clear that different patterns and causes 
for the synovitis of KD are possible. 

 I also believe “ minor repeated trauma ,” 
 including   vibration exposure, is probably not the 
primary cause of KD, but a factor that causes 
symptomatic aggravation of an underlying disor-
der. In young, heavy manual laborers, the affected 
wrist is likely to become painful after strenuous 
use, whereas less active patients may never seek 
medical treatment because they only experience 
mild clinical symptoms. Taniguchi and Tamaki 
[ 67 ] examined 133 patients. There were 47 
women, fi ve of whom had bilateral disease. The 
age at onset for women was signifi cantly higher 
than that for men. Based on their data, they sug-
gested that the genesis of KD in women might be 
different from that in men, with biologic factors 
playing a more important role than mechanical or 
anatomical ones. 

 Mennen [ 68 ] recently published an interesting 
study, reviewing radiographs of 1287 South 
African patients, fi nding 23 cases (1.9 %) with 
asymptomatic Lichtman stage II–IV 
KD. Taniguchi [ 69 ] also reported 14 patients 
with KD diagnosed with wrist radiographs taken 
for other wrist or hand problems. In my experi-
ence, however, patients suffering KD describe at 
least an initial period of intermittent wrist pain 
with exertional activities. 

 My fi rst bilateral KD patient, a self-employed 
bricklayer, is illustrative. He worked for several 
years prior to retirement with moderate pain in 
both wrists but never sought medical advice. My 
second bilateral KD patient was a 38-year-old 
miner. He required surgery for both wrists because 
of severe pain, followed by only partial improve-
ment. He never returned to work. Clearly, one’s 
threshold for pain as well as other personal and 
social factors infl uence patients’ tolerance of the 
disease, as well as their outcome after surgery. 

 Regarding the association of KD and  ulnar 
negative variance (UNV)     , several authors have 
reported contradictory fi ndings. Its presence is 
statistically signifi cant in many series (including 
ours), but I disagree that this condition infl uences 
KD genesis in any patient. Antuña [ 70 ] pointed 

out a possible relationship between lunate mor-
phology and KD evolution. His fi ndings indicate 
that the presence UNV implies a poor prognosis 
in an established KD, but I believe that no study 
has demonstrated that UNV is the true causal 
factor. 

 It is surprising that there are so many articles 
linking the genesis of KD with local anatomical 
variations, yet there are few reports of capitate 
AVN—a rare disease, but one similar and proxi-
mate enough to stimulate serious research on 
common etiologic factors. 

 In  AVN  , vascular deprivation and minor bone 
marrow infarctions appear to be the initiating 
mechanism of bone weakening, but something 
more than a simple embolus cutting off the circu-
lation must occur. Bone fragmentation and col-
lapse is the result of unbalanced bone remodeling, 
with increased osteoclastic resorption not being 
suffi ciently counteracted by osteoblastic new 
bone formation. It is intriguing to note that in 
contradistinction to the notable resistance of the 
lunate to collapse in the presence of space occu-
pying lesions (e.g., benign tumor, enchondroma, 
and intraosseous cyst), the typical progression of 
collapse of the lunate in KD is relatively rapid. 

 It is unknown why osteoclastic action sur-
passes osteoblastic regeneration in KD. Since 
cellular activity requires a blood supply, the 
lunate must at least be partially vascularized in 
order to collapse, thus excluding complete extra- 
osseous arterial deprivation. Endothelial cells 
play a role in the process of new bone formation, 
as suggested by Trueta [ 71 ,  72 ], but the mecha-
nism that drives regional vascular endothelial 
dysfunction is also unknown. 

 After “ crescent line ” appearance, a dysvascu-
lar lunate will collapse starting on the radial side. 
Only in rare cases is the ulnar side involved fi rst. 
Later, the entire proximal surface appears col-
lapsed.  Resorption   of bone leads to weakness and 
the appearance of a “ pseudo - fracture .” I do not 
favor the terms “ linear ,  shear or compressive 
fracture ” or “ stress fracture ” in KD, because I do 
not believe it is a true fracture. Perhaps the term 
“ fault ” (Watson and Guidera [ 73 ]) is less equivo-
cal, and adequate even for a complete coronal 
split of the necrotic lunate, typical in the new 
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Lichtman [ 11 ] stage III C (Fig.  7.21a, b ). He 
wisely noted that these patients have a poor prog-
nosis, because the lunate does not heal, even after 
direct or indirect revascularization procedures.

   In a 52-year-old male patient of ours, with a 
doubtful  differential diagnosis   between KD and 
traumatic midcoronal lunate fracture, fi xation 
with a screw was followed by rapid post- operative 
evolution to fragmentation and collapse. In con-
trast, two of our cases with confi rmed traumatic 
fractures of the lunate obtained union following 
simple cast immobilization and a third achieved 
union after screw fi xation. 

 Aspenberg [ 74 ] attributes lunate collapse to 
 spontaneous revascularization  , and points out 
that “ stress risers at interfaces between resorbed 
and sclerotic areas lead to microfractures and 
collapse. ” It seems that bone destruction in KD 
results from the attempt of the living cancellous 
bone to repair the necrotic areas with an unbal-
anced process of osteogenesis and osteoclasis. 

 Once a crescent line appears the prognosis is 
poor in adults. We have only one case that has 
shown radiological improvement: the patient, a 
21-year-old baker, experienced progressive pain 
for 2 years in his right dominant hand, without a 
previous acute traumatic event. Once diagnosed 
at a hospital elsewhere, despite an ulnar plus vari-
ance (Fig.  7.22a ) a radial shortening was carried 
with a dorsal plate and a cast for 8 weeks. One 
year later, the patient arrived in my offi ce com-
plaining of pain in the radio-distal ulnar joint. A 
clear ulnar impaction syndrome was noted, as 

well as apparent healing of the radial aspect of 
the lunate (see Fig.  7.24b ).

   In several cases that we have treated with 
 proximal row carpectomy  , gross examination of 
the sectioned lunate revealed less avascularity of 
the distal-ulnar corner, with the presence of 
“bleeding points” (Fig.  7.23a ) in that area. 
Differences in residual vascularity are also evi-
dent in the MRI (see Fig.  7.23b ). In more 
advanced cases, proximal subchondral resorption 
is clearly noted (Fig.  7.24 ).

    The  prognosis   for spontaneous healing in chil-
dren appears to be much greater than in adults, 
even before mechanical disorders (Greene [ 52 ]). 
In children, the lunate articular cartilage is 
thicker, and as Therkelsen and Andersen [ 29 ] 
pointed out, its increased plasticity allows con-
siderable deformity without sustaining an actual 
cortical break. Because of the potentially 
increased reversibility, I believe that conservative 
treatment with a period of immobilization is 
always indicated in young patients. This is simi-
lar to the  experience   noted in Legg–Calvé–
Perthes disease and other forms of AVN. 

 We do not have a defi nitive answer about 
whether KD is always an  aseptic  condition or 
whether it can be triggered by bacterial or viral 
infection. This is only speculation, but an “ artic-
ular infl ammation - related synovitis ” could 
explain AVN in all bones (local or regional) and 
in all ages. Failure to prove the presence of bacte-
ria does not rule out the presence of a reactive 
arthritis (ARe), an infl ammatory process with 

  Fig. 7.21    ( a ) Midcoronal split (Lichtman stage IIIC). ( b ) Sagittal MRI aspect       
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presence of intraarticular bacteria. Polymerase 
chain reaction is a more sensitive technique than 
conventional cultures to detect ARe. The rela-
tionship of AVN to viral infection must also be 
considered. Hepatitis C virus has been associated 
with minor joint disorders, including KD. In our 
series, we registered two cases of patients with 
Hepatitis C, both young men. Another patient in 

our series, a 35-year-old man, was diagnosed 
with AIDS. 

 We must remember that the immune system is 
closely linked to the coagulation cascade and that 
infl ammation and coagulation are also tightly 
linked. In immune-mediated infl ammatory dis-
eases vasculitis can appear. The hypothesis that 
some subpopulations may be more susceptible to 

  Fig. 7.22    ( a ) KD with ulnar positive variance. ( b ) Radiological lunate improvement, but now also with and ulnar 
impaction syndrome since radial shortening       

  Fig. 7.23    ( a ) Once the lunate is divided in dorsal (D) and volar (V) fragments, “bleeding points” appear only in the 
distal-ulnar corner ( arrow ). ( b ) Differences in residual vascularity refl ected in MRI       
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KD than others is worth consideration, but it 
seems clear that AVN is not a straightforward 
genetic condition with a predictable mode of 
inheritance. The possibility that the genetic back-
ground of the host can infl uence the intensity of 
the reaction after infection and/or immune 
 reaction is another unanswered, yet intriguing, 
question. 

 The presence of  infantile and juvenile lunato-
malacia   has caused us to refocus our thinking on 
“ biological ” as well as “ mechanical ” factors [ 64 , 
 65 ] in the genesis of KD. The same is true of 
bilateral cases and cases involving simultaneous 
disease in the scaphoid and lunate, as reported by 
Antuña [ 70 ], Watson and Weinzweig [ 38 ], and 
Bhardwaj [ 75 ]. In other situations AVN occurs 
not only bilaterally (LCP disease) but is found in 
multiple bones, as in Freiberg’s disease involving 
several metatarsal heads of both feet. On the 
other hand, I have some concerns with reports of 
“ regional ” AVN of multiple carpal bones, such as 
the ones by De Smet [ 76 ], Budoff [ 45 ], and 
Wollstein [ 77 ]. MRI changes are certainly pres-
ent in all of their cases, but they are not the typi-
cal ones of KD. We must therefore question if 

these cases  represent   simultaneous KD and 
Preiser’s disease or perhaps completely different 
disorders. 

 In summary, the defi nitive etiology of KD has 
not been established, but the preponderance of 
evidence suggests that a vascular nontraumatic 
process is closest to the truth, starting as a minor 
infarction pattern in the proximal subchondral 
area. KD is so widespread in all countries that 
ethnic differences do not seem to be highly rele-
vant. Concepts of anatomic variations of the 
radius and ulna, and their effect on ulnar shear 
stress, as well as the role of arterial and venous 
anomalies and their potential contribution to 
lunate AVN, all need to be revisited. Morphology 
and vascularity of the affected lunate can play a 
role in the natural history of the disease, but are 
probably not the factors that initiate AVN. 

 It is my hope that the next major focus will be 
on biological research (microbiology and virol-
ogy studies, polymerase chain reaction [PCR] 
arrays, etc.). Karyotype genetic screening should 
be kept in mind, but at present is still an expen-
sive and uncertain tool. To overcome the chal-
lenge of KD genesis, as well as the challenge of 
AVN itself, cooperative efforts are necessary 
between basic researchers, medical clinicians, 
and operating surgeons, with an open mind to 
innovative and diverse viewpoints.      
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          Introduction 

 The blood supply of the lunate is probably the 
key factor in the pathogenesis of Kienböck’s dis-
ease. Extrinsic factors such as fractures or repeti-
tive minor trauma can damage the intra-osseous 
blood supply leading to osteonecrosis. However, 
rather than causing the necrosis the fracture may 
also be a consequence of the necrosis. In 1928 
Hulten [ 1 ] noted an association between 
Kienböck’s disease and ulnar minus variance. 
Since then, several other variations in the mor-
phology of the lunate and distal radius have been 
shown to play a role in the pathogenesis of the 
disorder.  

    Ulnar Variance 

 The relation between  ulnar variance   and 
Kienböck’s disease is not yet entirely clear. Since 
Hulten [ 1 ] fi rst described the association between 
Kienböck’s disease and ulnar minus variance, 

other authors [ 2 – 8 ] have also noted these fi ndings 
(Table  8.1 ). Biomechanical concepts such as the 
“nutcracker theory” [ 9 ] are based on this associa-
tion. As a consequence, levelling procedures 
have become popular (e.g., radial shortening and 
ulna lengthening). Numerous studies have 
reported favorable outcomes for these procedures 
(Tables  8.2  and  8.3 ) [ 2 ,  7 ,  10 – 31 ]. The basic con-
cept is to unload the lunate and prevent further 
collapse. Most classical papers and handbooks 
still recommend an osteotomy for Lichtman 
stages one and two, provided that there is an ulna 
minus variance.

     Some authors believe that rather than joint 
levelling the regional hyperemia provided by the 
surgical insult is responsible for the pain relief. 
Based on this, Illarramendi et al. [ 32 ] proposed 
performing fenestration of the distal radius and 
ulna rather than changing the length or 
orientation. 

 Several authors, however, have found that 
measurements of ulnar variance are affected by 
age, sex, and position of the wrist as well as 
degenerative arthritis secondary to the effects of 
Kienböck’s disease [ 20 ,  21 ,  23 ] (Fig.  8.1 ). Due to 
the arthritic process there is bone apposition on 
the distal radius in front of the (collapsed) lunate. 
This phenomenon is called “pseudo-lengthening 
of the radius” [ 20 ] (see Fig.  8.1 ). Recently, sev-
eral authors have demonstrated that there is no 
signifi cant difference between the ulnar variance 
in Kienböck’s patients and sex- and age-matched 
control groups [ 33 – 39 ].
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   The source of the discrepancy in  variance   
among apparently well-conducted surveys 
remains a matter of discussion. A lack of stan-
dardized radiographic technique and positioning 
has been shown to materially affect comparisons 
of ulnar variance [ 21 ,  23 ,  40 – 42 ]. However, since 
1983, the technique introduced by Epner et al. 
[ 42 ] and Palmer et al. [ 42 ] has been the gold stan-
dard for determination of variance. 

 Another reason for the discrepancy in results 
is the difference in ulnar variance among various 

populations (Table  8.4 ) [ 43 – 47 ]. A crucial 
feature is the control group. For example, since 
ulnar variance can be affected by age, a proper 

   Table 8.1    Ulnar variance and Kienböck’s disease   

 Author  Year  UV 

 Hulten  1928  −2.04 

 Gelberman  1975  −1.40 

 Armistead  1982  −3.01 

 Sundberg  1983  −2.04 

 Kristensen  1986  −1.42 

 Kristensen  1987  −1.04 

 Mirabello  1987  −1.10 

 Wun  1990  −1.22 

 Nakamura  1991  −0.37 

   Table 8.2    Radial shortening   

 Author  Year   N   % Good 
 Calandriello  1966  10  90 
 Axelson  1973  19  100 
 Rosemeyer  1976  19  69 
 Eiken  0980   8  87 
 Oversen  1981   8  87 
 Almquist  1982  12  91 
 Schattenkerk  1987  20  70 
 Nakamuro  1990  23  83 
 Weiss  1991  29  87 
 Gomis  1994  28  85 
 Garbuio  1996  13  84 
 Siala  2000  31  80 

   Table 8.3    Ulnar lengthening   

 Author  Year   N   % Good 

 Tillberg  1968  10  100 
 Armistead  1982  20   90 

 Sundberg  1983  19   95 

 Schattenkerk  1987  15   70 

 Quenzer  1993  64   90 

 Ducarmois  1999   9  100 

  Fig. 8.1    Pseudolengthening of the radius in a longstand-
ing Kienböck’s disease       

   Table 8.4    Ulnar variance in different populations   

 Author  Year   N   UV 

 Hulten  1928  400  −0.7 mm 

 Gelberman (Caucasians, 
USA) 

 1975  419  0.7 

 Gelberman (Blacks, 
USA) 

 1975  idem  0.3 

 Chan (China)  1980  400  0.8 

 Kristensen (Denmark)  1986  100  −0.8 

 Czintrom (USA)  1987  65  −0.4 

 Mandelbaum (USA)  1989  25  −0.5 

 Nakamura (Japan)  1991  325  0.2 

 Schuind (USA)  1992  120  −0.9 

 Hollevoet (Belgium)  2000  50  −0.4 

 D’Hoore (Belgium)  1994  125  −0.4 
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age- matched control group is required before a 
signifi cant difference in ulnar variance can be 
established.

   Although there may be no proven  etiological   
link between a shorter ulna and the occurrence of 
Kienböck’s disease, the shorter ulna may contrib-
ute to progression of an already established dis-
ease, including fragmentation and collapse of the 
lunate. A fi nite element analysis reported in 2008 
by Ledoux et al. [ 47 ] pointed in this direction. In 
2010, Goeminne et al. reviewed the radiographic 
fi les of 70 patients with Kienböck’s disease. 
Ulnar variance and Kienböck stage were deter-
mined. A signifi cant difference in ulnar variance 
was seen between early and late stages of the dis-
ease. In later stages there is a marked negative 
ulnar variance, not caused by bone apposition on 
the radius. The authors hypothesize that negative 
ulnar variance encourages further progression of 
the collapse of the lunate, while neutral or posi-
tive ulnar variance seems to protect the lunate 
against deformation and with revascularization 
the shape of the lunate remained intact [ 48 ]. 

 Two meta-analyses have been reported on this 
topic [ 33 ,  49 ]. Chung et al. [ 33 ] could not fi nd a 
signifi cant correlation between negative ulnar 
variance and lunatomalacia. Stahl et al. [ 49 ] did 
fi nd a correlation by adding additional series 
reported after Chung’s paper [ 36 ,  49 ,  50 ]. They 
explained this by the selection bias in the control 
groups. Further  statistical   methods (i.e., Bradford 
Hill criteria) did not support a causal relationship 
between negative ulnar variance and Kienböck’s 
disease.  

    Morphology of the Lunate 
and Distal Radius 

 In addition to the ulna, morphological (or radio-
logical) features of the distal radius and the 
 lunate   itself have been investigated to study the 
pathogenesis and treatment of Kienböck’s dis-
ease. Razemon in 1982 [ 51 ] studied the lunate 
coverage ratio and reported that in Kienböck’s 
disease ( n  = 36), the lunate was less covered by 
the radius than in a control population ( n  = 97). 
The study of Thienpondt et al. [ 37 ], however, 

could not confi rm this fi nding. Mirabello et al. 
[ 52 ] reported that a fl at distal radius may predis-
pose to Kienböck’s disease and that there is a 
correlation between the slope of the radial distal 
articular surface and the age of onset. Thienpondt 
et al. [ 37 ] also found a fl atter distal radius. Tsuge 
and Nakamura [ 4 ] found a positive correlation 
with a smaller lunate diameter and height, a fl at-
ter radial inclination, and a radially more inclined 
lunate- tilting angle. These fi ndings were con-
fi rmed by Thienpondt [ 37 ] (Table  8.5  and 
Fig.  8.2 ). In theory, a smaller  lunate   will concen-
trate a greater proportion of the axial load per 
unit area. According to the studies of Frank [ 53 ] 
and Zapico [ 54 ], a lunate with a more radially 
inclined tilting angle is less able to resist axial 
loading because of its trabecular pattern. It there-
fore undergoes more shear forces than simple 
compression forces.

    Lunate morphology may also affect the sever-
ity of Kienböck’s disease at the time of initial 
presentation. Patients with Viegas type 1 lunates 
present with more advanced Kienböck’s disease 
compared with those with type II lunates [ 55 , 
 56 ]. In type 1 lunates, there is a greater likelihood 
of lunate coronal fracture; and, in the absence of 

   Table 8.5    Lunate and radial morphology in Kienböck’s 
disease   

 Kienböck 
group 

 Control 
group 

  P   Mean ± SD  Mean ± SD 
 Lunate diameter 
(mm) 

 14.23 ± 1.02  15.43 ± 1.60  0.0037* 

 Lunate height 
(mm) 

 10.08 ± 1.20  11.50 ± 0.70  0.04* 

 Lunate tilting 
angle (°) 

 20.94 ± 4.6  17.68 ± 5.4  0.0036* 

 Radial 
inclination (°) 

 23.72 ± 4.3  25.42 ± 4.8  0.018* 

 Ulnar variance 
(mm) 

 −0.89 ± 0.9  −0.42 ± 1.4  0.51 

 Lunate fossa 
inclination (°) 

 13.81 ± 4.1  13.61 ± 4.4  0.88 

 Lunate 
uncovering 
index (%) 

 33.65 ± 10.5  39.32 ± 9.3  0.17 

  * p  < 0.05 Statistical signifi cance for Student’s  t -test 
 From Thienpont E, Mulier T, De Smet L. Radiographic 
analysis of anatomic risk factors for scapholunate disso-
ciation. Acta Orthop Belg 2003; 69: 246–251 [ 37 ]  
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a coronal fracture, the radioscaphoid  angles   are 
greater. Type II lunates, therefore, appear to be 
protective against coronal fractures and scaphoid 
fl exion deformities.  

    Conclusion 

 Since 1928, when Hulten reported an association 
between Kienböck’s disease and ulnar minus 
variance there has been considerable interest in 
the morphological features of Kienböck’s dis-
ease. Finite element modelling suggests that 
ulnar minus variance is important for progression 
of the lunate collapse, and that ulnar minus vari-
ance is probably not the cause of Kienböck’s dis-
ease, but contributes to the progression of the 
collapse. 

 Other factors that are associated with the 
pathogenesis or progression of Kienböck’s dis-
ease include a smaller lunate diameter and height, 
a more radially inclined lunate-tilting angle, and 
a fl atter radial inclination. The Viegas type 1 
lunate wrists have signifi cantly more advanced 
disease compared with those with type 2 lunates. 
If there is a type 1 lunate, then there is a greater 

chance that there will be a coronal fracture; and 
in the absence of a coronal fracture, radioscaph-
oid angles are greater. These anatomic factors 
may result in a greater load transmission across 
the lunate. Alternatively the type II lunates appear 
to be protective against coronal fractures and 
scaphoid fl exion deformities.     
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          Introduction 

 Kienböck’s disease is most prevalent in young 
adults; however, the natural history in this age 
group is based primarily on empirical observa-
tions on patients who were treated shortly after 
the diagnosis was confi rmed. The true natural 
history of untreated adult Kienböck’s patients is 
therefore somewhat speculative. Nevertheless, in 
an attempt to select an appropriate treatment plan 
based on the severity (or stage) of the disease at 
presentation, several classifi cation systems have 
been developed based upon these empiric obser-
vations [ 1 – 4 ]. 

 Despite the prevalence of this disorder in 
young adults, Kienböck’s disease can also occur 
in the pediatric and geriatric populations. Since 

the clinical fi ndings, prognosis, and response to 
treatment appear to be distinct for the three age 
groups, they will be discussed individually in 
separate sections of this chapter.  

    Clinical Diagnosis, Classifi cation, 
and Natural History in Adults 

 Kienböck’s disease usually presents in patients 
20–40 years of age with a 2:1 male-to-female pre-
dominance.  Hand dominance   has not been shown 
 to   contribute its development [ 5 ]. The  incidence   
of bilateral disease in adults is extremely low [ 6 , 
 7 ]. The typical presentation is intermittent dorsal 
wrist pain aggravated by stressful wrist activities, 
especially extension. Patients may or may not 
report a history of wrist trauma [ 8 ]. With disease 
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progression, localized swelling, tenderness, and 
pain compatible with perilunate synovitis appear. 
These fi ndings are most prominent in the perilu-
nate area and can be present along the ulnar aspect 
of the carpus as well. Wrist range of motion and 
grip strength decrease [ 9 ] in proportion to the  pain 
and swelling  , while forearm rotation is generally 
preserved [ 10 ]. Later in the course of the disease, 
signs and symptoms of acute synovitis are 
replaced by fi ndings of carpal instability and 
degenerative arthritis (i.e., clicking, crepitus, and 
restricted motion). After several years, the acute 
symptoms tend to abate and the patient typically 
notices mild to moderate residual wrist stiffness 
with occasional fl ares of pain associated with 
stressful activities. These residual fi ndings can 
last indefi nitely. Given that the signs and symp-
toms are relatively non-specifi c throughout the 
course of the disease, a diagnosis of Kienböck’s 
disease should be considered in any adult present-
ing with lingering, undiagnosed wrist pain. 

 In 1977, the senior author developed a classi-
fi cation system based on personal observations of 
X-ray changes during the natural course of 
Kienböck’s disease in adult patients (Table  9.1 ) 
[ 1 ,  2 ]. Although this  classifi cation   has also been 
applied to children and the elderly, the associated 
treatment algorithm should be used with caution 
in these populations because of age related varia-
tions in the revascularization potential and 
response to treatment.

   In stage I Kienböck’s disease,  X-rays   are nor-
mal (Fig.  9.1a, b ). The diagnosis of stage I was 
initially made in retrospect, after lunate density 
changes appeared on standard X-rays. With MRI, 
however, low intensity signal on T1-weighted 
images can confi rm the diagnosis (see Fig.  9.1b ) 
prior to X-ray changes. The symptoms and signs 
at this stage are predominantly those of intermit-
tent perilunate synovitis, and are often initiated 
by stressful wrist activities.

   In stage II disease, the lunate becomes scle-
rotic on plain X- ray  ; however, the external archi-
tecture is preserved (Fig.  9.2a, b ). Measurements 
of lunate height and carpal height are normal. In 
stages II and IIIA, the fi ndings of wrist synovitis 
are more constant and are accompanied by a 
decrease in wrist motion and grip strength.

   In stage III, there is collapse of the lunate in the 
frontal plane, with lunate widening in the sagittal 
plane (Fig.  9.3a, b ).  Lunate fragmentation   is a 
frequent accompaniment. As the lunate collapses 
further, the capitate migrates proximally, the proxi-
mal carpal row widens, and the scaphoid fl exes 
giving the characteristic ring sign on anteroposte-
rior radiographs (see Fig.  9.4 ). Stage III is differ-
entiated into stages IIIA (Fig.  9.3a, b ) and IIIB 
(Fig.  9.4 ), with the determining factor being the 
absence (IIIA) or presence (IIIB) of fi xed scaphoid 
fl exion (radioscaphoid angle greater than 60° [ 11 ]). 
Fixed scaphoid fl exion can be due to scapholunate 
dissociation, fl exion deformity of the proximal row 
and/or fragmentation of the lunate. Symptoms in 
stage IIIA are similar to those in stage II with 
increasing pain, stiffness and more constant 
swelling due to synovitis. In stage IIIB, the pre-
dominant fi ndings are those of carpal instability 
(clicking, grinding, and crepitus) along with 
gradually increasing wrist stiffness. In most cases 
the symptoms abate gradually as the infl ammation 
(synovitis) surrounding the necrotic lunate resolves.

    Lunate collapse and  fragmentation      along with 
radiocarpal and midcarpal degenerative changes 
denote stage IV (Fig.  9.5 ). In this stage, symp-
toms and signs are frequently diminished with 
intermittent fl ares following stressful activities. 

   Table 9.1    Lichtman classifi cation of Kienböck’s disease   

 Disease 
stage  X-ray fi ndings  MRI fi ndings 
 I  Normal  T1 signal: 

decreased 
 T2 signal: variable 

 II  Lunate sclerosis  T1 signal: 
decreased 
 T2 signal: variable 

 IIIA  Lunate collapse  T1 Signal: 
decreased 
 T2 signal: variable 

 IIIB  Lunate and carpal 
collapse 

 T1 signal: 
decreased 

 Scaphoid rotation (RS 
angle > 60) 

 T2 signal: usually 
decreased 

 IV  Pan carpal arthritis  T1 signal: 
decreased 

 KDAC  T2 signal: 
decreased 
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The typical fi ndings of clinical and radiographic 
degenerative arthritis closely resemble those 
caused by chronic scaphoid non-union (SNAC) 
or scapholunate dissociation (SLAC); hence our 

nickname for this stage, “KDAC” (Kienböck’s 
Disease Advanced Collapse).

   Throughout all four stages the T1 MRI  signal  , 
which represents healthy bone marrow, remains 

  Fig. 9.1    ( a ) Anteroposterior view of a wrist of a 46-year- 
old female with known stage I disease, showing no acute 
changes. ( b ) Coronal T1-weighted MRI sequence of the 

same patient showing decreased signal intensity through-
out the entirety of the lunate. With normal radiographs, 
this is consistent with stage I Kienböck’s disease       

  Fig. 9.2    ( a ) Anteroposterior radiograph of a 56-year-old 
female showing sclerosis and cystic changes with the lunate. 
There is no apparent disruption in the normal architecture of 

the lunate. These fi ndings are consistent with stage II 
Kienböck’s disease. ( b ) T1 coronal MRI of the same patient 
showing decreased signal throughout the lunate       
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low unless there is spontaneous revascularization 
of the lunate. On the other hand, the T2 signal, 
which refl ects either lunate edema or revascular-
ization, is variable depending on the amount of 
fl uid in the bone. In general, however, lower signal 
on  T2   sequences correlates with a poorer progno-
sis for spontaneous revascularization of the lunate. 
In recent years, investigators have studied the four 
traditional stages of Kienböck’s using advanced 
imaging [ 12 ] and arthroscopic [ 13 ] techniques and 
discovered that the stages can be further divided to 
add additional nuance to the derived treatment 
algorithm. The correlation of these  fi ndings   and 
their clinical signifi cance will be presented in 
greater detail elsewhere in this text. 

 In 2010, the osseous classifi cation system 
was expanded to include a hypothetical stage 0 
and a well-represented  stage   IIIC disease [ 14 ]. 
Stage 0 disease is analogous to stage 0 of the 
ARCO International classifi cation [ 15 ] of hip 
osteonecrosis where patients present with inter-
mittent pain but standard radiographs and MR 
images are normal. The advantage of diagnosis 
at this stage would be the potential to abort true 

  Fig. 9.4    Anteroposterior radiograph showing lunate scle-
rosis and collapse, with a prominent ring sign with the 
scaphoid suggesting scaphoid hyperfl exion. This fl exion 
was fi xed, consistent with stage IIIB Kienböck’s disease       

  Fig. 9.3    ( a ) Anteroposterior radiograph of a 34-year-old 
female showing a sclerotic lunate which has collapsed. 
The patient did not have fi xed scaphoid hyperfl exion, con-

sistent with stage IIIA Kienböck’s disease. ( b ) 
T1-weighted coronal MRI of the same patient with 
decreased signal intensity throughout the lunate       
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osteonecrosis onset by correction of etiologic 
factors associated with later stages of the dis-
ease. In stage IIIC disease, there is a coronal 
fracture or fragmentation of the lunate (Fig.  9.6 ). 
In our experience, when this occurs the progno-
sis for lunate revascularization is poor. Treatment 
recommendations for this stage include lunate 
excision with prosthetic replacement, proximal 
row carpectomy, or intercarpal arthrodesis.

   There are few additional studies that fully con-
fi rm the natural history of untreated Kienböck’s 
disease in adults. Keith et al. [ 16 ] reported a 
cohort of 33 wrists with Kienböck’s disease 
treated nonoperatively, and noted that wrist range 
of motion decreases with increasing disease stage. 
They also noted a similar deterioration in grip 
strength in the affected extremity with disease 
progression. Keith et al. determined that changes 
in pain, wrist fl exion, and  DASH scores   correlate 
with disease progression, and that the radioscaph-
oid angle is the best parameter to evaluate for 
radiographic progression of the disease. 

 Reports have shown varying rates of disease 
progression, with some patients progressing to 

 stage IIIB   rapidly [ 16 ,  17 ] while others have fol-
lowed patients that never progress beyond  stage 
IIIA   disease [ 10 ]. In 1980, Beckenbaugh et al. 
[ 18 ] reported a retrospective review of 46 patients 
with Kienböck’s disease, and noted that radio-
graphic progression of the disease does not nec-
essarily correlate with worsening symptoms. 

 In 1986, in a retrospective review by 
Kristensen [ 19 ], 49 wrists with Kienböck’s dis-
ease were reviewed 8–33 years after diagnosis 
(mean follow-up 20.5 years). Though intending 
to compare temporary  immobilization   with no 
treatment, their fi ndings are a fair representation 
of the natural history of the disease. The lunate 
appeared to progress to fragmentation with a cor-
onal fracture, and they note “without treatment 
osteoarthritis in the radiocarpal joint supervenes 
after a number of years.” In no patient did the 
lunate improve in stage at fi nal follow-up. Thirty- 
three percent of patients ( n  = 16) developed a 
lunate fracture and 66 % ( n  = 33) developed 
radiocarpal arthritis. This relatively large retro-
spective review with long-term follow-up shows 
convincing evidence of disease progression when 
treated nonoperatively. 

 In 1995 Fujisawa et al. [ 20 ] reported on 17 
patients with unilateral Kienböck’s disease treated 
nonoperatively and evaluated  retrospectively. At 
minimum 10-year follow-up, fi ve patients 
remained in the same Lichtman disease stage as 

  Fig. 9.5    Anteroposterior image of a wrist with a scle-
rotic, collapsed lunate with associated diffuse degenera-
tive changes within the radiocarpal and midcarpal joints. 
This is consistent with stage IV Kienböck’s disease. 
Image courtesy of Luc De Smet       

  Fig. 9.6    Lateral radiograph showing a clear coronal frac-
ture of a sclerotic lunate, consistent with stage IIIC 
Kienböck’s disease       
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presentation, all of which had advanced (stage III 
or IV) disease. Eight of their nineteen patients 
progressed in stage, and four patients improved 
from stage III to stage II.  Fujisawa’s observation   
shows a potential for radiographic improvement 
in early stages of disease, but a trend towards pro-
gression to advanced disease with time. 

 Stahl [ 21 ] retrospectively reviewed three cases 
of nonoperatively treated Kienböck’s disease, and 
noted an expeditious progression from intact lunate 
architecture (stage II) to stage IIIA in as little as 
6 months. This observation is contrary to the more 
 prolonged progression   noted previously [ 20 ]. 

 In 2015 Vijakka [ 22 ] reiterated the fairly pre-
dictable  disease   progression with nonoperative 
management in a retrospective review of nine 
wrists with Kienböck’s disease (seven patients 
were stage IIIA, two were stage IIIB). Five patients 
who presented at stage IIIA did not progress at a 
mean follow-up of 27.3 years. Two patients who 
were stage IIIA and both patients who presented at 
stage IIIB advanced to stage IV at fi nal follow- up. 
All patients had statistically signifi cant improve-
ment in grip strength from presentation. No sig-
nifi cant changes in range of motion in any plane 
were noted between  presentation   and fi nal follow-
up. The authors conclude that observation alone is 
not an appropriate treatment recommendation for 
stage III Kienböck’s disease. 

 Despite a lack of full understanding of the 
natural history of Kienböck’s disease, the struc-
tural classifi cation system provides rationale for 
a generally accepted treatment algorithm for 
adult patients (Table  9.2 ). Further details regard-
ing these and many other treatment options are 
provided elsewhere in this book. Modifi cations 
of the algorithm based on recent advances in 
arthroscopy and advanced imaging will also be 
presented and discussed in later chapters.

       Kienböck’s Disease in Pediatric 
Patients 

 While the majority of patients diagnosed with 
Kienböck’s  disease   range in age from 20 to 
40 years, there have been various reports of 
Kienböck’s disease in patients as young as 

6 years old [ 5 ]. As in adults, the etiology of 
the disease in children is largely unknown, yet 
it has been recognized that a large proportion 
of reported patients have a negative ulnar 
variance. 

 Disease presentation in pediatric patients is 
similar to that in adults, with decreased wrist 
range of motion, decreased grip strength, tender-
ness, and swelling of the wrist [ 5 ,  14 ,  23 – 27 ]. 
T1-weighted MRI sequences reveal decreased 
signal within the lunate, while T2-weighted MRI 
imaging may show either decreased or increased 
signal intensity. Progressive collapse of the 
lunate may occur with time, though this is not as 
frequently observed as in adults [ 14 ]. 

 Irisarri [ 23 ] categorized Kienböck’s disease in 
children into infantile lunatomalacia (patients 12 
or younger) and juvenile lunatomalacia (patients 
13 years to skeletal maturity). They treated 13 
pediatric patients with Kienböck’s disease; four 
classifi ed as infantile and nine as juvenile. All 
patients with infantile lunatomalacia were treated 
with immobilization and were asymptomatic 
with revascularization noted on MRI at the con-
clusion of their treatment. Among  those   with 
juvenile lunatomalacia, three boys, all 16 years 
old, failed treatment with immobilization and 
later underwent successful radial shortening oste-
otomy. Irisarri concluded that patients under 
15 years of age tend to have successful outcomes 
with immobilization alone. On the other hand, 

   Table 9.2    Treatment algorithm based on Lichtman clas-
sifi cation of Kienböck’s disease   

 Disease stage 
 Authors’ preferred treatment 
(alternate in parenthesis) 

 0, I  Immobilization 
 II or IIIA with 
ulnar-negative 
variance 

 Radial-shortening osteotomy 

 II or IIIA with 
ulnar-neutral or 
-positive 
variance 

 Capitate shortening with CH fusion 
(revascularization procedure) 

 IIIB  STT or scaphocapitate fusion 
(proximal row carpectomy, radial 
shortening) 

 IIIC, IV  Proximal row carpectomy, wrist 
fusion, active patient 

W.F. Pientka II et al.



103

patients older than 15 years tend to show disease 
progression with nonoperative treatment. 

 In addition to age, the revascularization poten-
tial of the lunate as determined by MRI should be 
taken into account when considering prognosis 
and treatment in children. We currently rely on the 
T2-weighted MRI sequences to detect evidence of 
possible lunate revascularization [ 14 ]. As an 
 example  , our group was recently asked to provide 
a second opinion for a 16-year-old female diag-
nosed with stage I Kienböck’s disease (Fig.  9.7a, 
b ) following 6 months of increasing wrist pain. 
Based on the signifi cant ulnar minus variance (see 
Fig.  9.7a ), a radial shortening osteotomy had been 
recommended. Further imaging, however, 
revealed decreased signal intensity in the lunate on 
T1-weighted MRI sequences (Fig.  9.8a ) but 
intense signal on T2-weighted sequences (see 
Fig.  9.8b ), suggesting possible early revascular-
ization. We therefore recommended a 3-month 
trial of immobilization in lieu of surgery. Follow-up 
MRI at 3 months (Fig.  9.9a, b ) and at 7 months 
(Fig.  9.10a–c ) showed a progressive normaliza-
tion of signal on both T1 and T2 sequences. At 
7 months, the patient was asymptomatic and was 
cleared to resume normal activities.

      In 2003, Ferlic et al. [ 24 ] reviewed 32 patients 
with Kienböck’s disease ranging from 6 to 
19 years old. The review highlighted the case of a 
10-year-old girl with cerebral palsy who was 
treated with 15 weeks of cast immobilization, 
followed by 15 weeks in a removable wrist splint. 
At 7-year follow-up, the appearance of the lunate 
on radiographic images had normalized. In addi-
tion, the carpal  height   ratio increased from 0.48 
to 0.56. 

 Other reports in the literature have shown an 
improvement in lunate architecture, although the 
radial aspect of the lunate continued to show 
some loss of height. 

 Kim et al. [ 25 ] reported three patients under 
age 12 treated with immobilization, showing 
improved lunate height with time. Four children 
older than 12 years did not respond to immobili-
zation and  required   operative intervention, 
which provided successful clinical outcomes but 
did not result in lunate architecture restoration. 
Kim concluded that the prognosis of patients 
under 12 years old is good, and often results in 
remodeling of the lunate. The fi ndings reinforce 
the concept that adolescent patients tend to 
respond favorably to nonsurgical treatments. 

  Fig. 9.7    Plain X-rays before treatment. ( a ) Posteroanterior view reveals a normal appearance of the lunate and a nega-
tive ulnar variance. ( b ) Lateral view demonstrates a normal-appearing lunate       
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Kim also concluded that, unlike in adults, the 
lunate in pediatric patients may restore its nor-
mal architecture following successful nonopera-
tive treatment. 

 Since the majority of patients  presenting   with 
Kienböck’s disease have negative ulnar variance, 
a popular operative procedure in both children 
and adults is radial shortening osteotomy. 
However, in skeletally immature patients, radial 
shortening increases the risk of postoperative 
radial overgrowth [ 27 – 30 ]. Matsuhashi [ 27 ] 
reported that overgrowth occurred in four of 
eight patients treated with radial shortening, but 
that this did not signifi cantly affect clinical out-
come. Nevertheless, it remains a concern in 
patients with open physes. 

 A less invasive treatment that does not pose 
the same risk of overgrowth is temporary fi xation 
of the  scaphotrapeziotrapezoidal (STT) joint  . 
Shigematsu et al. [ 30 ] and Yasuda et al. [ 31 ] both 
performed this procedure on adolescents with 
Kienböck’s disease and reported favorable 
results. Kazuki et al. [ 26 ] also performed tempo-
rary STT pinning on a 15-year-old girl following 
failure of immobilization alone. At the time of 
STT pinning, the patient had stage IIIA 
Kienböck’s disease. They used three Kirschner 
(K)  wires  , which were removed 6 months postop-
erative when the signal intensity on T1-weighted 
MRI normalized. At 2-year follow-up, the patient 
was pain-free, wrist range of motion increased by 
60° and grip strength increased from 20.3 to 

  Fig. 9.8    MRI sequences before immobilization. ( a ) T1-weighted sequence shows decreased signal intensity within the 
lunate, centered on the radial aspect. ( b ) Markedly increased signal in the lunate on T2       

  Fig. 9.9    MRI sequences at 3-month follow-up. ( a ) The T1-weighted sequence shows increased intensity of the lunate 
compared to the original. ( b ) T2-weighted image shows a slight decrease in intensity from the original       
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22.9 kg. Despite the clinical improvement, lunate 
architecture was not restored. 

 Ando et al. [ 28 ] used the same approach in six 
adolescents (9–17 years old) with type IIIA or 
IIIB Kienböck’s disease. All patients were 
reported to be pain-free with improved grip 
strength, increased range of motion, and normal-
ization of MRI changes at fi nal follow-up. STT 
temporary fi xation is therefore  an   appropriate 
option for pediatric patients who fail non- 
operative treatment. It is less invasive than joint 
leveling procedures, and can be applied regard-
less of ulnar variance. In addition, this technique 
avoids the risk of overgrowth associated with 
radial shortening osteotomy. 

 Jorge-Mora et al. [ 29 ] proposed epiphysiode-
sis as a new, less invasive alternative to radial 
shortening for younger patients who do not 
respond to cast immobilization. Four patients 

(ages 12–14) were treated with defi nitive distal 
radius epiphysiodesis after previous failed 
attempts at non-operative treatments. This 
resulted in similar decompression of the radiolu-
nate joint and  similar   biomechanical effects as a 
radial shortening osteotomy. The four patients 
were pain-free and had signifi cantly improved 
range of motion in the wrist at an average of 
4.25 months of follow-up. The authors found 
several advantages to this procedure: It reduces 
negative ulnar variance without the risk of radial 
overgrowth, it is a familiar procedure to pediatric 
orthopedic surgeons and it has a short recovery 
time compared to other surgical options. There 
is, however, limited outcome data for the tech-
nique used in this context and further investiga-
tion is warranted before advocating its 
unrestricted use as a treatment for adolescent 
Kienböck’s disease. 

  Fig. 9.10    MRI sequences taken at 7-month follow-up. 
( a ) The lunate T1 signal is normalized (except for the very 
distal aspect). ( b ) The T2 signal is almost normalized in 

the dorsal aspect of the lunate. ( c ) The T2 continues to 
show areas of increased signal in the volar lunate, but 
much improved over earlier sequences       
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 Due to the positive prognosis for spontaneous 
revascularization of the lunate in children, we 
advise immobilization as the initial treatment for 
pediatric patients with Kienböck’s disease. If 
there is no clinical or  radiologic   evidence of heal-
ing after 3 months, then surgical options should 
be considered. Temporary STT joint fi xation is 
recommended for younger patients and for those 
who show increased signal on T2-weighted MRI 
sequences. For those 15 years old and over, espe-
cially when the MRI indicates minimal revascu-
larization potential, we favor a treatment protocol 
similar to that of an adult.  

    Kienböck’s Disease in the Elderly 

 There are only a few reports of Kienböck’s  dis-
ease   in the elderly patient population [ 32 – 36 ]. 
Despite this paucity of literature, it is evident that 
Kienböck’s disease manifests itself differently in 
seniors than it does in juveniles or younger adults. 
Therefore, the natural history of Kienböck’s dis-
ease in the elderly deserves consideration sepa-
rate than that of younger patients. 

 Taniguchi et al. [ 33 ] reported the largest series 
of elderly patients with Kienböck’s disease. He 
observed 14 patients with an average age of dis-
ease onset of 65 years. Their series consisted of ten 
women and four men, as opposed to the male pre-
dominance of Kienböck’s disease observed in 
younger populations. Three patients in the study 
were over 70 years of age, all women. Eleven of 
the 15 affected wrists involved the dominant hand. 
One patient had bilateral involvement, and was 
also diagnosed with lupoid hepatitis. This patient 
had been treated with corticosteroid therapy for 
7 years prior to the onset of wrist  symptoms. Two 
patients presented with a history of wrist trauma; 
however, ten others reported that their occupation 
involved manual labor.  Negative   ulnar variance 
was present in only 2 of the 14 patients. 

 Taniguchi used standard radiographic tech-
niques to diagnose and follow disease progres-
sion. He recorded the Lichtman disease stage, the 
carpal height ratio (CHR) as described by Youm 
[ 37 ], and ulnar variance as described by 
Gelberman [ 38 ]. Three wrists were diagnosed at 
stage II, six wrists were stage IIIA, and six wrists 

were stage IIIB. At a mean fi nal follow-up of 
5.6 years (2.2–9.1) all 15 wrists had progressed 
to stage IV disease. CHR measurements demon-
strated loss of lunate height between the fi rst visit 
and fi nal follow-up.  Despite   the progressive car-
pal collapse and degenerative changes, all 
patients had either good or excellent clinical out-
come scores. Based on his case series, the follow-
ing observations are pertinent to the natural 
history of Kienböck’s disease in the elderly: It is 
more common in women, it is not commonly 
associated with ulnar minus variance, it may be 
associated with other systemic or infl ammatory 
disorders and despite a predictable progression 
through the four clinical stages patients respond 
favorably to nonoperative treatment. 

 According to separate reviews by Yoshida 
et al. [ 34 ] and Giunta et al. [ 35 ], Kienböck’s dis-
ease in patients over 50 years is causally related 
to the presence of osteoporosis. They theorize 
that osteoporosis, a known risk factor for micro-
fracture, could well be a catalyst for the develop-
ment of osteonecrosis of the lunate. The higher 
incidence of both Kienböck’s disease and osteo-
porosis in women also suggested to Tanaguchi a 
possible relationship between the two disorders. 

 In 2004 Thomas et al. [ 36 ] presented a case 
report of Kienböck’s disease in the non-dominant 
hand of a 70-year-old female patient. The  patient’s   
radiographs revealed severe osteopenia and mul-
tiple cysts within the carpus of the left hand. 
X-rays also revealed progressive sclerosis and col-
lapse of the lunate without scaphoid rotation, con-
sistent with stage IIIA Kienböck’s disease. 
Because of the patient’s age and rapid progression 
of disease, proximal row carpectomy (PRC) was 
performed. They noted that the diagnosis of 
Kienböck’s disease in elderly patients is frequently 
overlooked because of the many other potential 
diagnoses, including infl ammatory arthritis, carpal 
tunnel syndrome, infection, or fracture. 

 A characteristic example of Kienböck’s  dis-
ease   in the elderly is represented by a 68-year-
old woman who presented to our clinic with 
intermittent wrist pain of 1-year duration in 
her dominant right wrist. All relevant labora-
tory studies were normal. The plain X-rays 
(Fig.  9.11  a, b) are compatible with diffuse 
carpal inflammatory arthritis, but the T1- and 
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T2-weighted MRI sequences (see Fig.  9.11c, 
d ) suggest stage IIIA Kienböck’s disease. 
After the likely course of the disease was 
explained, the patient elected to continue non-
operative treatment.

   The natural history of Kienböck’s disease in 
the elderly differs in many ways from that of 

younger adults and juveniles. As part of the ini-
tial evaluation of Kienböck’s disease in the 
elderly, it is worth exploring the possibility of 
other causal conditions, such as infl ammatory 
arthritis, autoimmune disorders, and/or osteopo-
rosis. Since most elderly patients do well despite 
progression to stage IV disease, nonoperative 

  Fig. 9.11    ( a ) Lateral radiograph of a 68-year-old female 
with Kienböck’s disease, showing sclerosis with cystic 
changes of the lunate. ( b ) This PA wrist radiograph of the 
same patient shows evidence of pancarpal arthritis, with 
lunate sclerosis and collapse consistent with Kienböck’s 
disease. There are cystic changes at the distal radius as 
well. ( c ) T2-weighted MRI of the same patient showing 

synovitis, as well as a large cyst in the ulnar aspect of the 
distal radius and distinct fracture line within the lunate. 
( d ) T1-weighted MRI of the same patient showing 
decreased signal in the lunate, as well as decreased signal 
in the ulnar distal radius, correlating with the subchondral 
cyst noted on other imaging studies       

 

9 Clinical Presentation, Natural History, and Classifi cation of Kienböck’s Disease



108

treatment is usually suffi cient. For unresponsive 
patients, radial shortening osteotomy, proximal 
row carpectomy, synovectomy or wrist arthrode-
sis may be considered, depending on the extent 
of joint destruction and pain.  

    Conclusion 

 Kienböck’s disease is an uncommon but important 
cause of wrist pain in children, adults, and the 
elderly. The natural history of the disorder, as 
determined by progressive structural changes seen 
on standard X-rays, is the basis of the classifi ca-
tion system commonly used for selecting individu-
alized treatment protocols. Unfortunately, major 
gaps still exist in our understanding of the natural 
history the disorder. These gaps in our knowledge 
relate to the pathogenesis, non- osseous structural 
changes, pathokinematics, and revascularization 
potential of the avascular lunate. Fortunately, there 
is much research ongoing in all of these areas. 
Hopefully, the fi ndings will lead to a better under-
standing of the disorder in all age groups and will 
enable surgeons to create evidence-based treat-
ment algorithms that are attuned to every patient’s 
needs. Other chapters in this book delineate some 
of the most important ongoing research. The con-
cluding chapter attempts to show how the latest 
information can be used to create a more nuanced 
and dependable algorithm.     
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       Robert Kienböck’s 1910 publication “Concerning 
traumatic malacia of the lunate and its conse-
quences” represents one of the earliest applica-
tions of radiography to clinical diagnosis [ 1 ,  2 ]. 
While others before him reported similar ana-
tomic fi ndings in cadaveric specimens, Robert 
Kienböck was the fi rst to relate imaging fi ndings 
to clinical symptomatology. He described the 
radiographic fi ndings of sclerosis and collapse of 
the lunate with relative sparing of the other bones 
of the hand in patients presenting with chronic 
wrist pain [ 2 ]. 

 Diagnosis has often been delayed in this dis-
ease, and the average duration of symptoms prior 
to diagnosis has been stated to be 1–2 years [ 3 , 
 4 ]. Predisposing factors include a vulnerable 
blood supply, a fi xed position of the lunate within 
the wrist, and the presence of a short ulna. 

 Even with the passage of time, imaging 
remains central to the evaluation of Kienböck’s 
disease. With the advent of advanced imaging 
modalities, including MRI, a more detailed 
assessment can be made, including diagnosis and 
staging of Kienböck’s disease, While our under-
standing of the disease process is incomplete, 
various staging classifi cations have been created 
which refl ect the natural progression of the dis-
ease. The most widely used is a four-stage clas-
sifi cation system proposed by Lichtman et al. in 
1977 [ 5 ]. This system is a modifi ed version of 
one proposed by Stahl in 1947 [ 6 ] and was tai-
lored to guide the selection of treatment options. 
A number of studies have shown the Lichtman 
classifi cation to have high inter-observer reliabil-
ity and reproducibility [ 3 ,  7 ,  8 ]. It is important to 
recognize that the Lichtman classifi cation is an 
assessment of the osseous morphological charac-
teristics of the disease based on imaging exami-
nation. Other factors such as vascularity, cartilage 
integrity, and the morphology of the remainder of 
the wrist are also important. Patient factors such 
as functionality, age of the patient, and occupa-
tion often must be considered when weighing 
potential interventions. 
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    Imaging Modalities 

    Radiography 

 The  radiological evaluation   of a patient with 
potential Kienböck’s disease typically begins 
with plain radiography. At minimum, three views 
of the wrist should be obtained in the lateral, 45° 
oblique, and posteroanterior projection. A stan-
dardized set of radiographs will provide a more 
reproducible image and assessment of ulnar vari-
ance. The patient’s arm should be in the neutral 
position—the shoulder abducted at 90°, elbow 
fl exed at 90° with the forearm in neutral rotation. 
Pronation and supination will increase or 
decrease ulnar variance, respectively [ 9 ,  10 ]. The 
axis of the long fi nger is aligned with the axis of 
the forearm as radial and ulnar deviation can alter 
the radiolunocapitate alignment. Well-positioned 
radiographs are often suffi cient to detect lunate 
fractures, sclerosis, or collapse and may be the 
only imaging needed for osseous staging of 
Kienböck’s disease.  

    Computed Tomography 

  Computed tomography   (CT) is best suited for 
evaluating the extent of osseous necrosis and tra-
becular disruption. CT will also demonstrate 
coronal fractures through the lunate and frag-
mentation, which may not be seen with radiogra-
phy. Quenzer reported that the plain radiographs 
often underscored the severity of the osseous 
involvement, and that it was common for the 
wrist to be reclassifi ed after performing a CT 
scan [ 11 ].  

    Nuclear Scintigraphy 

 Prior to the advent of MRI,  nuclear scintigraphy   
frequently followed radiographic evaluation of 
early Kienböck’s disease. Technetium scans 
applied in this manner are challenging to inter-
pret, in many cases appearing as nonspecifi c 
increased radio-isotope uptake. MRI has proven 

more valuable than scintigraphy for the  evaluation 
of Kienböck’s disease as MRI provides better 
anatomic correlation and higher specifi city.  

    Magnetic Resonance Imaging 

  Magnetic resonance imaging   (MRI) is most 
benefi cial for the evaluation of early Kienböck’s 
disease at a stage when plain fi lm and CT can be 
unrevealing. The ability of MRI to detect early 
disease is valuable as revascularization is often 
possible [ 12 ]. For patients in which revascular-
ization is achieved, a restoration of normal MRI 
fi ndings can be identifi ed [ 13 ,  14 ]. In estab-
lished Kienböck’s disease, MRI is helpful to 
detect subchondral collapse and the integrity of 
the cartilage over the proximal and mid-carpal 
rows, which may alter surgical management. 
The Bain and Begg articular cartilage classifi ca-
tion was developed from wrist arthroscopy, but 
MRI can be utilized for grading of the 
Kienböck’s disease [ 15 ]. 

 MRI is also suited for the exclusion of other 
etiologies of patients’ chronic wrist pain. 
Furthermore, MRI may evaluate response to 
treatment in this disease, and T2-weighted 
images may be helpful in determining revascular-
ization. Favorable prognostic signs on 
T2-weighted MR images for revascularization 
include a focal area of increased signal within 
bone that manifests diffuse decreased signal and 
a return to normal or increased marrow signal on 
T2-weighted images [ 16 ,  17 ]. 

 Studies have shown that  functional   evaluation 
may be performed with contrast-enhanced MRI 
and is complementary to morphologic evalua-
tion, helping to guide treatment in some stages. 
Further discussion of contrast-enhanced MRI is 
the subject of a later chapter.   

    Wrist Measurements 

 There are particular  measurements  , which are 
important when evaluating radiographs of the 
wrist. It is important to note the presence or 
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absence of particular anatomic variants as these 
may predispose patients to the development of 
Kienböck’s disease. In some cases, the presence 
of these anatomic variants themselves may prove 
the basis for or the target of subsequent therapeu-
tic intervention. 

 Ulnar variance is the distance between two 
lines which are perpendicular to the long axis of 
the radius, one passing through the ulnar aspect 
of the distal radius and a second passing through 
the distal ulnar cortex (Fig.  10.1a ). Negative 
ulnar variance has been shown to be present in 
78 % of cases of Kienböck’s disease [ 18 ]. The 
term negative ulnar variance denotes an abnor-
mally shortened ulna in comparison to the radius 
with the variance greater than 2 mm. A number of 
studies have investigated procedures that normal-
ize ulnar variance with the goal of unloading 
excessive forces from the lunate [ 19 – 24 ].

   A smaller lunate size has been  associated   with 
Kienböck’s disease [ 25 ]. Radiographic measure-
ment of lunate size is usually performed on the 
posteroanterior view. The relevant measurements 
are lunate diameter and lunate height with the 
baseline being the line extending from the ulnar 
tip to the radial tip of the distal facet. We believe 
that this measurement has limited clinical value, 
however, as there are no reference ranges 
available. 

  Radial inclination   is defi ned as the angle 
between a line from the radial styloid to the ulnar 
aspect of the  carpal   surface of the radius and a line 
perpendicular to the long axis of the radius (see 
Fig.  10.1b ). Normal radial inclination is between 
16 and 28°. A steeper angle of radial inclinations 
has been associated with Kienböck’s disease [ 25 ]. 
There have been studies that report favorable out-
comes with decreasing radial inclination through 
radial wedge osteotomies [ 26 – 28 ]. 

 The radioscaphoid angle was selected as the 
key parameter for assessing carpal alignment in 
Kienböck’s disease due to the fact that measure-
ment of the angle does not involve the diseased 
lunate which may otherwise affect interobserver 
reliability [ 3 ]. The radioscaphoid  angle   is defi ned 
as the angle between the axis of the radius and the 
axis of the scaphoid on a lateral radiograph (see 
Fig.  10.1c ) with normal range of 30–60° [ 29 ]. In 
addition to the standard radiographs, stress fi lms 
can prove useful for identifi cation of carpal 
instability.  

    Diagnosis and Classifi cation 

 A defi ned set of criteria for the radiological diag-
nosis of Kienböck’s disease is not easily 
described. The  diagnostic features   of Kienböck’s 

  Fig. 10.1    Wrist measurements. ( a ) Ulnar variance is the 
distance between two lines which are perpendicular to the 
long axis of the radius, one drawn through the distal ulnar 
cortex and the second through the ulnar aspect of the dis-
tal radius. Normal ulnar variance is less than or equal to 
2 mm. ( b ) Radial inclination is the angle between a line 

connecting the radial styloid tip to the ulnar aspect of the 
radius and a line perpendicular to the long axis of the 
radius. Normal radial inclination is 16–28°. ( c ) 
Radioscaphoid angle is the angle formed between the long 
axis of the radius and the long axis of the scaphoid on 
lateral view. Normal radioscaphoid angle is 30–60°       
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disease however are better stratifi ed based on 
their sequential appearance in the course of the 
disease. In this manner, the four-stage classifi ca-
tion system proposed by Lichtman et al. [ 5 ] can 
serve as a framework for both the diagnosis and 
classifi cation of Kienböck’s disease. 

 In stage I of Kienböck’s disease, radiography 
and CT demonstrate normal morphology and 
density of the lunate (Fig.  10.2a ). In some cases, 
a linear or compressive fracture may be appreci-
ated. MRI, however, will be positive at this stage 
of disease, and typically demonstrates uniformly 
decreased signal on T1- and T2-weighted 
sequences [ 30 ] (see Fig.  10.2b, c ). Less com-
monly, marrow edema results in increased signal 
on T2-weighted sequences accompanied by 

decreased signal on T1-weighted sequences [ 31 ]. 
Relative increased signal on T2-weighted images 
may indicate residual vascularity and a better 
prognosis [ 32 ].

   In stage II, the lunate appears  sclerotic   with 
increased density on both radiographs and CT 
while the morphology of the lunate is largely pre-
served (Fig.  10.3a ). When compared to radiogra-
phy, CT better demonstrates sclerosis as well as 
the pseudocystic inclusions which are commonly 
present at this stage [ 33 ]. On MRI, the lunate will 
exhibit low signal on T1-weighted sequences and 
variable signal on T2-weighted sequences with 
areas of low signal on T2-weighted sequences 
denoting areas of sclerosis (see Fig.  10.3b, c ). 
Signal changes are often greatest at the radial 

  Fig. 10.2    Stage I Kienböck’s disease. ( a ) Radiograph 
shows normal appearance of the lunate ( arrow ). There is 
an ulnar-negative variancce. Coronal ( b ) and sagittal ( c ) 

(separate patient) T1-weighted MR images show 
decreased signal intensity throughout the lunate ( arrows )       

  Fig. 10.3    Stage II Kienböck’s disease. ( a ) Radiograph 
shows increase in density of the lunate ( arrow ). ( b ) 
Coronal T1-weighted MR image shows decreased signal 
intensity throughout the lunate ( arrow ). Size and shape of 

the lunate are preserved. ( c ) Coronal T2-weighted fat- 
suppressed MR image shows increased signal intensity in 
the lunate ( arrow )       
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aspect of lunate, refl ecting the propensity of the 
disease to manifest earliest at this location. 
Rarely, subtle articular radial surface collapse of 
the lunate may be seen.

   Lunate collapse signifi es  progression   to stage 
III disease, which is subdivided into stage IIIA 
and stage IIIB depending on carpal alignment. In 
stage IIIA, there is lunate sclerosis and collapse 
with normal carpal alignment (Fig.  10.4a ). Under 
these conditions, the continuity of the proximal 
row carpals allows for redirection of forces 
through the scaphoid, thereby alleviating trans-
mission of forces through the lunate [ 34 ]. In stage 
IIIB, there is carpal collapse with abnormal car-
pal alignment, specifi cally a radioscaphoid angle 
of greater than 60° as seen on sagittal projections. 
Whereas stage I, II, and IIIA may be treated with 
techniques aimed at revascularization, treatment 
of stage IIIB must address the carpal instability 
as its persistence results in accelerated lunate col-
lapse and progression to stage IV disease. Other 
imaging fi ndings associated with carpal instabil-
ity include proximal migration of the capitate and 
ulnar deviation of the triquetrum. A dorsal inter-
calated segmental instability pattern may also be 
seen.

   MRI of stage III disease  demonstrates   low sig-
nal on T1-weighted sequences and variable sig-
nal on T2- and proton density-weighted sequences 
with high signal usually representing revascular-
ization or granulation tissue (see Fig.  10.4b, c ). In 

stage IIIB, scapholunate dissociation is some-
times seen, and, if so, derangement of the scaph-
olunate ligament can be directly visualized on 
MRI exam. 

 Stage IV is characterized by lunate collapse 
with intra-articular degenerative changes at the 
midcarpal joint, radiocarpal joint, or both. MRI 
demonstrates chondral loss, articular collapse, 
and reactive changes in the midcarpal and radio-
carpal articulations (Fig.  10.5 ). There may be 

  Fig. 10.4    Stage III Kienböck’s disease. ( a ) Radiograph 
shows lunate sclerosis and collapse ( arrow ). ( b ) Coronal 
T1-weighted MR image shows decreased signal intensity, 
fl attening, and loss of height of the lunate ( arrow ). ( c ) 

Sagittal proton density-weighted MR image shows a coro-
nal fracture of the lunate, along with fl attening and loss of 
height ( arrow )       

  Fig. 10.5    Stage IV Kienböck’s disease. Coronal 
T2-weighted MRI image revealing lunate collapse ( solid 
arrow ), with secondary degenerative arthrosis in the radio-
carpal and midcarpal joint compartments ( open arrow )       
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adjacent reactive synovitis and joint effusion. 
The fi ndings are similar to those seen with scaph-
olunate dissociation advanced collapse (SLAC) 
and scaphoid nonunion advanced collapse 
(SNAC). To highlight these similarities, Lichtman 
et al. coined the term Kienböck’s disease 
advanced collapse (KDAC) [ 31 ].

       Diff erential Diagnosis 

 Many of the features of Kienböck’s disease may 
overlap with other pathological entities. The 
most common considerations will be discussed 
here. In some cases, only a fraction of the lunate 
may be involved, representing a diagnostic chal-
lenge as some other disease processes such as 
intraosseous ganglia and osteochondral injuries 
may exhibit a similar appearance.  Sagittal 
sequences   usually provide the best evaluation in 
these cases. Typically, Kienböck’s disease may 
be suggested if abnormal signal changes are pres-
ent in at least half the lunate. It should be noted 
however that the extent of involvement can be 
overestimated since abnormal marrow signal can 
also be due to reactive granulation tissue and 
marrow edema. This can be accentuated on fat-
saturated T2-weighted images and STIR images. 

    Intraosseous Ganglion Cyst 

 While cysts of the carpal bones are common, an 
isolated  intraosseous ganglion cyst   of the lunate 
presenting with pain is a relatively rare occur-
rence [ 35 ]. Ganglion cysts may occur at any age 
but most frequently are seen in the second 
through fourth decades of life. It is thought that 
these benign lesions occur due to mucoid degen-
eration of intraosseous connective tissue or syno-
vial herniation into the underlying bone [ 36 ,  37 ]. 
On radiographs, the lesions appear as round 
lucencies at the radial aspect or distal ulnar aspect 
of the lunate, communicating with the scapholu-
nate or lunotriquetral joint space, respectively. 
MRI demonstrates a round lesion with low signal 
on T1-weighted sequences and high signal on 
T2-weighted sequences (Fig.  10.6 ). There may 
be surrounding marrow edema, which appears 
hyper-intense on T2-weighted sequences as well.

       Ulnar Carpal Impaction Syndrome 

  Ulnar carpal impaction syndrome   is a degenera-
tive condition caused by impaction of the ulnar 
head with the ulnar-sided carpal bones. The 
abnormal biomechanical forces result in 

  Fig. 10.6    Intraosseous ganglion cyst within the lunate. 
( a ) Coronal T1-weighted MR image shows a well-defi ned 
area of hypointensity in the radial aspect of the lunate 
( arrow ). ( b ) Coronal T2-weighted fat-suppressed image 

shows increased signal in the radial aspect of the lunate 
( open arrow ), arising in relation to the scapholunate liga-
ment insertion ( solid arrow )       
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 degeneration of the triangular fi brocartilage disc 
and chondromalacia overlying the involved osse-
ous structures [ 38 ]. The major predisposing fac-
tor for ulnar carpal impaction syndrome is 
positive ulnar variance. In contrast, Kienböck’s 
disease is more commonly associated with ulnar-
negative variance. Positive ulnar variance causes 
abnormal rotational forces and impaction, which 
leads to attrition and thinning of the TFCC [ 39 ]. 
Radiography demonstrates subchondral sclerosis 
and cystic changes in the ulnar head (Fig.  10.7a ). 
Similar degenerative changes in the ulnar aspect 
of the lunate and triquetrum can be seen with 
advanced disease (see Fig.  10.7b ). On MRI, the 
TFC disc is thinned and often torn, and there is 
chondromalacia along the ulnar head, lunate, and 
triquetrum. The key features which  distinguish   
this entity from Kienböck’s disease are the asso-
ciation with positive ulnar variance, involvement 
of the ulnar head, and the predilection for the 
more inferior ulnar aspect of the lunate rather 
than its entirety [ 40 ].

       Acute Fracture or Contusion 

 Acute fracture or contusion of the  lunate   can 
appear identical to stage I Kienböck’s disease on 
initial imaging. Traumatic lunate fractures are 
rare, comprising approximately 0.5–1 % of all 

carpal bone fractures [ 41 ]. An acute fracture may 
appear as a lucent line on radiography and as a 
hypointense line on T1-weighted MRI sequences. 
T2-weighted sequences can demonstrate diffuse 
hyperintensity of the lunate. Marrow contusions 
are a more common occurrence than fracture and 
a pattern of diffuse hyperintensity refl ective of 
marrow edema will be seen (Fig.  10.8 ). In some 
contusions the typical low signal that may be 
seen in Kienböck’s disease, which is usually the 
result of fi brosis and/or sclerosis may not be 
 present, and this can at times be a helpful differ-
entiating feature.

   Clinical history is important. Fracture or con-
tusion is identifi ed in the setting of acute trauma, 
and can be associated with carpal dislocation, as 
a translunate perilunate dislocation [ 42 ]. On the 
other hand, Kienböck’s disease is thought to 
potentially arise from repetitive or chronic forces 
in  anatomically   susceptible wrists [ 31 ]. Moreover, 
the signal abnormality on T2-weighted sequences 
usually resolves with proper immobilization and 
healing after trauma.  

    Arthritis 

 Arthritides such as rheumatoid arthritis, gout, 
and posttraumatic arthritis can result in signal 
changes in the osseous structures of the wrist, 

  Fig. 10.7    Ulnar-carpal impaction syndrome, advanced 
stage ( a ) Radiograph shows positive ulnar variance with 
cystic changes in the distal ulna ( arrow ). ( b ) Coronal 
STIR MR image reveals cystic change in the distal ulna 
( solid arrow ) as well as chondral loss. There is a large 

central defect of the TFCC ( open arrow ), and edema 
along the inferior medial aspect of the lunate bone ( arrow-
head ). There is cystic change in the triquetrum and ulnar 
styloid as well. There is a positive ulnar variance       

 

10 Basic Imaging and Diff erential Diagnosis of Kienböck’s Disease



118

mimicking Kienböck’s disease. In contrast to 
Kienböck’s disease, these  disorders   often involve 
multiple carpal bones and other joints and are 
associated with a different patient population. 
However, there can be overlap between the two 
disease entities as secondary degenerative arthri-
tis is a late-stage manifestation of Kienböck’s 
disease.  

    Osteoid Osteoma 

  Osteoid osteomas   are benign osteoblastic neo-
plasms which typically occur in children and 
young adults with male-to-female ratio of 2:1 
[ 43 ,  44 ]. While the majority of osteoid osteomas 
occur in the long bones, carpal bone involvement 
is rare with most published literature on the sub-
ject being in the form of isolated case reports 
[ 45 – 49 ]. Patients with carpal bone involvement 
present with wrist pain that is usually worse at 
night and is relieved by aspirin or nonsteroidal 
anti-infl ammatory medications. Unfortunately, 
the nonspecifi c nature of the symptoms and low 
index of suspicion can lead to delayed or incor-
rect diagnoses. Radiographs demonstrate dense 
sclerosis and cortical thickening of the affected 
bone. In some cases, a radiolucent nidus can be 
seen on radiographs with or without a central 
sclerotic dot. On MRI, reactive sclerosis and 

marrow edema are dominant features whereas the 
nidus is often imperceptible, resulting in an 
appearance that could potentially be mistaken for 
Kienböck’s disease when the lunate is affected. 
CT is best suited for demonstrating the radiolu-
cent nidus and central sclerotic dot and is the 
modality of choice for distinguishing between 
Kienböck’s disease and osteoid osteoma.  

    Enchondroma 

  Enchondromas   are benign medullary cartilagi-
nous neoplasms usually found in small tubular 
bones [ 50 ]. In the hand, enchondromas are most 
common in the phalanges and metacarpals but 
can rarely appear in the carpal bones [ 50 ]. 
Enchondromas are typically easy to distinguish 
from Kienböck’s disease on radiography and CT, 
but may sometimes be challenging on MRI. These 
lesions appear as radiolucent areas in the lunate, 
which are often well demarcated. They are asso-
ciated with mild bony expansion, endosteal 
resorption, and cortical thinning. While uncom-
mon, sclerosis can be seen in cases of pathologi-
cal fracture. On MRI, the lesions are hypointense 
on T1-weighted sequences and may have a more 
lobulated  hyperintensity   on T2-weighted 
sequences with low-signal chondroid calcifi ca-
tion within.   

  Fig. 10.8    Lunate contusion. ( a ) Coronal T1-weighted MR image shows only subtle hypointensity in the lunate ( arrow ). 
( b ) Coronal T2-weighted fat-suppressed MR image shows relatively diffuse increased signal in the lunate ( arrow )       
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    Conclusion 

 Imaging is of signifi cant benefi t for the diagnosis, 
staging, and treatment planning of Kienböck’s 
disease. The imaging-based classifi cation system 
developed by Lichtman et al. serves as a reliable, 
reproducible framework for both the diagnosis 
and characterization of Kienböck’s disease. 
While radiography remains the most common 
imaging modality for diagnosis, supplemental 
imaging fi ndings from computed tomography 
and magnetic resonance imaging have been 
incorporated into the classifi cation system to 
allow more accurate staging and comprehensive 
treatment planning. MRI examination is also of 
signifi cant benefi t in early diagnosis, determining 
the presence of revascularization, and for follow-
ing patients after treatment.     
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          Pathoanatomic Fundamentals 
of Imaging 

 To enhance the basic understanding of the imag-
ing fi ndings, we have briefl y summarized the 
multifactorial etiology and underlying mecha-
nisms of pathology in Kienböck’s disease [ 1 ]. 

    Etiology 

 The etiology of Kienböck’s disease remains con-
troversial, and there remains no evidence-based 
explanation. The  pathogenesis   of Kienböck’s dis-
ease can’t be attributed to a single cause. It seems 
more likely that a combination of at-risk factors, 
trigger mechanisms, and modulating factors are 
required for the initiation and development of the 
disease [ 2 ,  3 ]. Many hypotheses have been sug-
gested, with vascular, mechanical (extrinsic and 
intrinsic), and metabolic factors being the most 
probable factors:

•    Anatomically, there is a unique  vasculariza-
tion   pattern of the lunate, characterized by a 
retrograde intraosseous vascularization [ 4 ]. 
Vessels branching from the radial and anterior 
interosseous arteries enter the lunate via the 
dorsal pole. Branches of the radial, ulnar, and 
anterior interosseous arteries, as well as 
branches from the recurrent deep palmar arch 
reach the palmar pole of the lunate. The nor-
mal nutrient intraosseous vessels are in differ-
ent confi gurations, including a Y-shaped 
(59 %), I-shaped (31 %), or X-shaped (10 %). 
The vessel density is continuously decreasing 
from their distal entry sites, to the proximal 
lunate, which is supplied by only the terminal 
vessels. The proximal lunate subchondral 
bone is supplied by only the terminal vessels 
and is considered the “terminal zone of vascu-
larization” with an increased risk of ischemia 
if small intraosseous arteries are interrupted 
by trauma or thromboembolism [ 4 ,  5 ]. A sin-
gle  palmar   vessel exists in 7 % of lunates, 
which theoretically carries a greater risk for 
avascular necrosis in a traumatic event [ 6 ]. 
Pathoanatomically, the lunate “at risk” is 
defi ned either by either a single vessel or by a 
limited intraosseous collateral network of ves-
sels [ 3 ].  

•   Obviously,  carpal injuries   play an important 
role in the onset of Kienböck’s disease [ 7 ]. 
Sprains, contusions, and subluxations may 
lead not only to ligamentous lesions, but also 
to occlusions of the nutrient vessels to the 
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lunate. Since the dominant hand of males in 
manual jobs is predominantly affected, 
chronic repetitive traumas have been thought 
to be responsible for vascular occlusions, 
mainly by thrombosis of the intraosseous 
arteries. Acute injuries of the lunate—mainly 
impaction or avulsion fractures—can also 
trigger Kienböck’s disease; however, the frac-
ture theory is controversial, as lunate frac-
tures often appear secondarily in the natural 
course of osteonecrosis. Finally, compro-
mised venous drainage should be mentioned 
as a possible cause of Kienböck’s disease, 
because increased intra-osseous pressure has 
been documented, particularly in extended 
wrists [ 8 ].  

•   Among mechanical  risk factors  , the short ulna 
is thought to be the most important contribut-
ing for the development of osteonecrosis of 
the lunate [ 9 ]. In negative ulnar variance, 
which is observed in about 78 % of patients 
suffering from Kienböck’s disease, axial force 
transmission along the radius-lunate-capitate 
column is focused onto the radial portion of 
the lunate, creating an uneven high internal 
load, whereas the ulnolunate compartment is 
unloaded. These focal intraosseous strains are 
considered as the main reason for the prefer-
ential manifestation of Kienböck’s disease on 
the radial aspect of the lunate [ 10 ]. 
Furthermore, negative ulnar variance may be 
associated with a triangular shape of the lunate 
[ 11 ]. However, the causative factor of negative 
ulnar variance in Kienböck’s disease is ques-
tioned nowadays [ 12 ,  13 ]. Other mechanical 
features predisposing to osteonecrosis  include   
decreased radial inclination, a reduced radiol-
unate contact area [ 14 ], the spherical shape of 
the lunate characterized by large proximal and 
small distal surfaces, the triangular or square 
geometry of the lunate [ 11 ], and fi nally the 
particular architecture of the trabeculae which 
make the lunate susceptible to fractures under 
axial load [ 11 ,  15 ].  

•   In addition, Kienböck’s disease  has   been 
reported as an infrequent association with 
neural, metabolic, and endocrine conditions.     

    Pathology 

 Pathoanatomically, Kienböck’s  disease   is not 
merely a nonreactive, nonviable tissue (“dead 
bone”), but a dynamic, viable remodeling pro-
cess of the bone and bone marrow, as has been 
confi rmed in animal experiments [ 16 – 18 ]: 

 Following the infl uence of traumatic triggers 
and modulators on the lunate, cellular repair, and 
revascularization mechanisms immediately arise 
from the maintained viable bone marrow [ 17 –
 20 ]. As necrotic areas appear, small vessels 
invade from the periphery of the adjacent living 
bone. New vessels as well as fi brovascular tissue 
develop within a hyperemic repair zone, which is 
interposed between the proximal necrotic (non-
viable) tissue and the normal (viable) bone mar-
row on its distal aspect. This new angiogenetic 
activity leads to osteoclastic resorption of 
necrotic bone and laying down of osteoblastic 
new bone. 

 The osteonecrotic history of Kienböck’s dis-
ease can be subdivided into four pathoanatomical 
phases [ 19 ,  20 ]:

•     Phase of edema : Any form of  ischemia   within 
the lunate induces intercellular edema of the 
bone marrow with their cells being compro-
mised by an increased water content. 
Medullary fat cells survive ischemia for only 
2–5 days.  

•    Phase of cellular necrosis : After this period, 
the medullary cells within the lunate die.  

•    Phase of repair : The regenerative processes 
are initiated already in the phases of edema 
and necrosis. The fi rst repair mechanism is 
neogenesis of fi brous and vascular tissues 
with the presence of fi broblasts and the forma-
tion of new vessels. The lunate must be at least 
partially vascularized for initializing the repair 
and revascularization processes. Then, the 
remaining vessels vasodilate and viable bone 
becomes hyperperfused.  

•    Phase of bone remodeling : Finally, the remain-
ing bone, as well as the rebuilt fi brovascular 
tissue undergo a remodeling processes. During 
this phase the osteoblasts and osteoclasts are 
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intensively activated. On histology, areas of 
osteonecrosis alternate with areas of new bone 
formation.    

 By defi nition, potentially  reversible   ischemia 
must be differentiated from irreversible necrosis 
of the bone marrow.  Ischemia  is a hypoxic condi-
tion of the tissues caused by problems with blood 
vessels, and characterized by insuffi cient oxygen 
and nutrition supply needed for cellular metabo-
lism. Dysfunction of tissue and damage can be 
the consequences. Ischemic tissue can develop in 
a reversible manner, if restricted perfusion is 
eliminated by the onset of repairing mechanisms. 
 Necrosis  is characterized by severe cell injury 
and cell death after vascular and tissue repairing 
has failed [ 21 ]. Without intervention, external 
ischemia may progress to necrosis of the bone 
marrow and bone substance. In contrast to isch-
emia, necrotic tissue is defi nitely irreversible 
with regard to “ad integrum” healing. 

 Three different zones can be differentiated in 
histopathology as well as in contrast-enhanced 
MRI [ 19 ,  22 ,  23 ]:

•     Zone of necrosis : The site of the most  intense   
and frequent osteonecrosis is at the proximal- 
radial circumference of the lunate. 
Pathoanatomically, this area is the terminal 
zone of vascular supply. When reparative vas-
cularization has failed, bone conversion leads 
to dense osteosclerosis due to an imbalance of 
osteoblasts with residual activity and insuffi -
cient osteoclasts. Osteonecrotic tissue is iden-
tifi ed by vacuoles free of osteocytes, sparse 
osteoid, removal of debris leading to osseous 
cavities, and comminuted fractures. The artic-
ular cartilage of the lunate remains intact for a 
long time, but is usually damaged in advanced 
Kienböck’s stages [ 24 ].  

•    Zone of repair : Microscopic analysis of speci-
mens reveals fi broconnective tissue and shards 
of bone trabeculae both being suggestive of an 
ischemic condition. Fibrovascular reparation 
tissue is found in the middle layer of the 
lunate, which is characterized by hyperemia, 
cellular infi ltration, granulation tissue, and 
also by phagocytosis, removal processes, 

decalcifi cation, and pathologic fractures. In 
the zone of repair, which resembles a space of 
osseous nonunion, osteonecrotic foci are alter-
nating with areas of viable bone and new bone 
formation. There is an attempt to balance the 
resorption of necrotic bone and the formation 
of new bone.  

•    Zone of viability : The distal  aspects   of the 
lunate, particularly the palmar and dorsal 
poles, preserve viable bone marrow and bone 
tissue the longest. Specimens of viable bone 
have abundant osteoid and osteocytes. The 
distal aspect of the lunate becomes necrotic in 
only the advanced stages of Kienböck’s 
disease.    

 On principle, the new developed repair tissue 
can take quite different courses with respect to 
bone viability:

•    At its best, the fi brovascular repair tissue is 
subsequently transformed into fi brous bone 
tissue, and later into normal lamellar bone. 
This positive outcome results in a “restitution 
ad integrum” recovery of Kienböck’s disease, 
and is most often seen in children and adoles-
cents [ 25 ,  26 ], but also in adults under best 
treatment conditions.  

•   For reasons not really understood,  fi brovascu-
lar   repair tissue is often not transformed into 
fi brous and lamellar bone. This progressive 
event follows a unidirectional course with a 
“point of no return” pattern that is not clearly 
determinable in development of osteonecro-
sis. The fi nal stage is characterized by necrotic 
(nonviable) bone, osteosclerosis, and forma-
tion of sequestra. It is assumed that an increase 
in vascularization (hyperemia) produces a 
focal demineralization in the repair zone [ 27 ], 
and this focal osteopenia induces a pathologic 
fracture of the lunate. The fracture is usually 
on the proximal aspect or alternatively can be 
a coronal fracture. Theoretically, a fracture 
can be the primary event, although this in not 
thought to be common.  

•   Fractures of the necrotic lunate  lead   to a loss 
of height of the lunate, and a synchronous 
proximal migration of the capitate and 
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 consequently a loss of height of the proximal 
carpal row. The fi nal stage is characterized by 
progressive radiocarpal and midcarpal osteo-
arthritis (Kienböck’s disease advanced col-
lapse), which usually occurs within 5 years, if 
the wrist is left untreated. Reactive synovitis 
may be associated.      

    Imaging in Kienböck’s Disease 

 The treatment decision in Kienböck’s disease is 
mainly based on four parameters: (1) the stage of 
the disease, (2) the ulnar variance, (3) the pres-
ence of carpal osteoarthritis, and (4) the patient’s 
age. By defi ning the fi rst three parameters, imag-
ing basically constitutes the main decisive com-
ponents in the therapeutic concepts of Kienböck’s 
disease. The diagnostic capabilities of CT and 
MR imaging are emphasized in this text, whereas 
conventional radiography is only briefl y men-
tioned, because it is covered in another chapter of 
this book (see Chapter 10). 

    Conventional Radiography 

 True dorso-palmar and true lateral X- ray   views are 
basic imaging tools for assessment of wrist pathol-
ogy. In most cases of Kienböck’s disease (particu-
larly the advanced stages), the diagnosis is made on 
plain X-rays [ 7 ,  28 ]. But, early in the course of the 
disease, radiographs may actually be normal. 

Although being inferior to CT and MRI, X-rays are 
useful for grading Kienböck’s disease and for dis-
tinguishing it from other pathologic conditions of 
the lunate, i.e. the ulnolunate impaction syndrome, 
intra-osseous ganglion cysts, post-traumatic condi-
tions, lunotriquetral coalitions, and others. 

 The position of the distal ulna in relation to the 
distal radial surface changes with varying degrees 
of forearm rotation. Therefore, it is essential that 
the dorso-palmar is obtained with the true neutral 
position, to allow for an exact measurement of 
the degree of ulnar variance [ 10 ,  29 ].  

    Computed Tomography (CT) 

 The introduction of multi- slice   (multidetector) 
spiral CT has fundamentally improved the capa-
bilities of imaging the osseous anatomy. High- 
resolution CT is a very powerful tool in evaluating 
the osseous microstructure of the lunate and the 
perilunar joints in Kienböck’s disease [ 22 ,  30 ]. 

    Acquisition and Post-processing 
Techniques in CT Imaging 
 High-resolution techniques of both acquisition 
and reconstruction are recommended for CT 
imaging of the lunate (Fig.  11.1 ):

•     First, a volumetric data-set is acquired (volt-
age 120 kV, current 100 mA, fi eld of view 
60 mm, slice thickness 0.5 or 0.6 mm, pitch 
factor 0.9).  

  Fig. 11.1    Acquisition technique of carpal computed 
tomography (CT). ( a ) Positioning for transaxial CT imag-
ing. The patient is standing beside the CT gantry, and the 
pronated forearm and hand are placed fl at and in longitu-
dinal direction on the gantry table. ( b ) Planning of coronal 
and sagittal MPR (multiplanar reconstruction) on this 

transaxial image. The coronal MPR images are planned 
on the transaxial image with a tangent drawn on the pal-
mar aspect of the scaphoid and pisiform ( yellow line ). 
Sagittal MPR images ( blue line ) are then perpendicular to 
the  yellow line . ( c ) The coronal MPR plane is parallel to 
the colinear radius-lunate-capitate axis ( yellow line )       
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•   In the post-processing procedure, transaxial, 
overlapping source images are reconstructed 
(slice thickness 0.5 or 0.6 mm, increment 
70 %, high-resolution bone kernel)    

 Sagittal and coronal  images   are recon-
structed (slice thickness 0.5 or 0.6 mm, incre-
ment 100 %, high-resolution bone kernel). It 
must be emphasized that thin slices (0.5–
1.0 mm) and overlapping increment are impor-
tant prerequisites for multiplanar reconstructed 
(MPR) images. For these reasons CT imaging 
is superior to X-rays in assessing the fi ne osse-
ous morphology [ 23 ,  30 ].  

    Findings in CT Imaging 
 Sagittal and coronal MPR images are best for 
assessing the proximal circumference of the 
lunate. These MPR images are high-resolution 
and without any out-of-fi eld and streaking arti-
facts (these artifacts are often seen in images 
which have been acquired with primary scans in 
the sagittal or coronal plane).

•     Evidence of stage II : Due to the better resolu-
tion, CT imaging is able to display mild osteo-
sclerosis of the cancellous bone and 
pseudo-cystoid inclusions better than plain 
radiographs (Fig.  11.2 ). Therefore, stage II of 

  Fig. 11.2    Plain radiology and CT scan of a 49-year-old 
female with wrist pain for 3 months. ( a ,  b ) Dorsopalmar 
and lateral radiographs demonstrate osteosclerosis and 
fl attening of the proximal lunate. This would be defi ned as 
a Lichtman stage II. ( c ,  d ) Coronal and sagittal MPR 

(1-mm slices) demonstrate cystic inclusions, and osteo-
sclerosis is better visualized due to the superior resolu-
tion. Additionally, an impacted fracture of the proximal 
lunate is identifi ed, which would re-defi ne to a Lichtman’s 
stage IIIa       
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Kienböck’s disease is discernible earlier and 
with more precision in CT imaging.

•       Evidence of stage IIIa : CT  imaging is useful   to 
demonstrate fracture or fragmentation of the 
lunate. The early phase of stage IIIa is charac-
terized by subtle linear fracture lines and small 
zones of impacted fragments at the proximal- 
radial circumference of the lunate. These fi nd-
ings can often be occult with plain radiography. 
Discrete fractures and impaction at the proxi-
mal circumference are reliably detected with 
high-resolution technique (Fig.  11.3 ). 
Osteosclerosis and lunate collapse may be the 
consequence of revascularization [ 18 ,  27 ]. 
However, it is not clear whether a fracture 
seen in advanced stages is the primary cause 
of Kienböck’s disease or occurs later in the 

natural history as the result of revasculariza-
tion, bone resorption, and structural weakness. 
Furthermore, CT imaging allows proper visu-
alization of the coronal fracture, which can be 
overlooked with MRI, particularly when the 
signal height of the lunate is heavily compro-
mised in the fracture area [ 23 ]. Coronal frac-
tures are comprehensively depicted in sagittal 
MPR images. Evidence of proximal and/or 
sagittal fractures defi nitely confi rms stage IIIa 
of Kienböck’s disease. Carpal instability in 
Kienböck’s disease (stage IIIb) does not con-
stitute an indication for CT imaging, as insta-
bility criteria are suffi ciently confi rmed with 
the use of radiographs (Youm’s index, 
radioscaphoid angle) for differentiating stages 
IIIa and IIIb [ 31 – 33 ].

  Fig. 11.3    CT imaging for visualizing fracture lines in 
stage IIIa of Kienböck’s disease. Patient is a 57-year-old 
male with painful wrist and reduced range of motion. ( a , 
 b ) Dorsopalmar and lateral radiographs demonstrate a 
sclerotic lunate, but fracture lines are not clearly identi-

fi ed. ( c ,  d ) Coronal and sagittal MPR CT images (1-mm 
slices) reveal an oblique lunate fracture and dense osteo-
sclerosis. An impacted fragment causes straightening of 
the proximal lunate       
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•       Evidence of stage IV : Initial  stages   of perilu-
nar osteoarthritis are reliably detected with 
CT imaging demonstrating small osteophytes, 
subchondral osteosclerosis, cysts, and asym-
metry of the radiocarpal and midcarpal joint 
spaces (Fig.  11.4 ). Thus, a CT exam should be 
ordered in suspected stage IIIb of Kienböck’s 
disease when osteoarthritis (stage IV) must be 
ruled out in surgical treatment planning [ 23 ]. 
However, the CT exam is not required in 
advanced cases when osteoarthritis is clearly 
visible on plain radiographs.
      In conclusion, CT identifies the advanced 

stages of Kienböck’s disease more precisely 

than plain radiography and MRI. If osteone-
crosis has already been diagnosed with another 
imaging procedure (i.e. X-ray, MRI),  CT   
should also be performed to determine the 
exact disease stage according to the osseous 
morphologic criteria. Thus, CT imaging 
should be an inherent part of the diagnostic 
work-up in Kienböck’s disease.   

    Magnetic Resonance Imaging (MRI) 

 Magnetic resonance imaging (MRI) is used for 
imaging of the lunate bone marrow and for 

  Fig. 11.4    CT imaging for demonstrating osteoarthritis in 
stage IV of Kienböck’s disease. Patient is a 57-year-old 
male with progressive wrist pain over the last 3 months, 
who now has a marked restriction in his range of motion. 
( a ,  b ) Dorsopalmar and lateral radiographs demonstrate 
an osteosclerotic and fractured lunate, with loss of carpal 
height. Osteoarthritis of the distal radioulnar joint is a sec-

ondary fi nding. ( c ,  d ) Coronal and sagittal CT MPR 
images demonstrate advanced chondropathia of the pal-
mar aspect of the radiolunate joint. The lunate is coronally 
fractured and osteosclerotic.  Note : The visual impression 
of these MPR images is different from Figs.  11.1  and  11.2 , 
because a slice thickness of 2 mm has been used in 
post-processing       
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 determining its viability in Kienböck’s disease 
[ 16 ,  17 ,  22 ,  23 ,  34 ,  35 ]. 

    Acquisition Techniques in MRI 
 High-resolution MRI  sequences   must be applied to 
suffi ciently visualize the bone marrow of the lunate. 
We recommend the following parameters [ 23 ]:

•    The 1.5 or 3.0 T MRI scanner is required. The 
low- and midfi eld scanners (0.2–1.0 T) have a 
lower fi eld strength, which do not provide 
adequate spatial and contrast resolution due to 
the poor signal-to-noise ratios (SNR) and 
contrast- to-noise ratios (CNR).  

•   The application of a multichannel, phased- 
array wrist coil has become standard in MRI 
of the extremities (Fig.  11.5 ). The phased- 
array coils have the advantage of “parallel 
imaging technology,” which  signifi cantly   
expands the possibilities of MRI techniques 
by acquiring either high-resolution images in 
the same time or by producing the images 
with a reduced acquisition time. Of course, the 
high-resolution MRI of the wrist is favorable 
in Kienböck’s disease.

•      The optimal geometric scan parameters for 
wrist MRI are: Field of view 80 mm, slice 
thickness 2 mm without gap (interleaved 
acquisition order) when acquiring 2D 
sequences, and slice thickness 0.5 mm in 
acquisition of 3D sequences.  

•   The sequences should be acquired in all three 
orthogonal planes, with the coronal and 
 sagittal being most important in Kienböck’s 
disease.  

•   Acquisition of these sequence types is 
recommended:
 –    PD-weighted FSE with fat-saturation (cor-

onal plane)  
 –   PD-weighted FSE with fat-saturation 

(transaxial plane).  
 –   T1-weighted FSE nonenhanced (coronal 

plane)  
 –   T1-weighted FSE with fat- saturation   after 

intravenous gadolinium (coronal plane)  
 –   T1-weighted FSE with fat-saturation after 

intravenous gadolinium (sagittal plane).        

    MRI of the Normal Bone 
 With regard to the signal height in MRI, bone can 
be subdivided into two compartments [ 36 ]:

•    The  calcifi ed bone compartment  comprises 
the compact bone of the peripheral cortex and 
the central cancellous (trabecular) bone, 
which serves as architectural framework for 
bone marrow. The calcifi ed bone substance 
which is mainly composed of the osteoid 
matrix and calcium phosphate complexes 
does  not   provide any signal with MRI, and has 
therefore a low (“dark”) signal intensity on 
both T1 and T2-weighted sequence types.  

  Fig. 11.5    Acquisition technique of wrist MR imaging. 
( a ) In-center positioning of the wrist. The patient is lying 
on the MRI table in the “superman position” (i.e., lying 
prone, with the arm overhead and the hand pronated). The 
hand is placed in a 16-channel, phased-array coil dedi-
cated for high-resolution wrist and hand MRI. ( b ,  c ) 
Coronal and sagittal localizers (scouts) for planning a 

coronal acquisition volume (“slab”) of 8 cm × 8 cm in- 
plane size. Active coil elements are displayed on the  right 
side . Saturation pulses are placed proximal and distal to 
the acquisition volume to minimize vascular fl ow artifacts 
as well as fold-over artifacts.  Arrows  indicate the phase 
encoding direction       
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•   The  medullary bone compartment  is  composed 
of the bone marrow and is embedded between 
the trabecular (cancellous) bone. The bone 
marrow consists of red (hematopoietic) and 
yellow (fatty, adipose) cells that are dispersed 
through the trabecular bone framework. The 
percentage of yellow marrow increases with 
age. MRI provides direct assessment of the 
hematopoietic and fatty marrow of  cancellous   
bone. The yellow marrow has a similar MRI 
signal to subcutaneous fat—high on T1 and 
intermediate on T2-weighted images. Red 
marrow has lower signal intensity than yellow 
marrow on T1-weighted images. In the nor-
mal bone marrow, the high intensity MRI sig-
nal is due to the predominance of the medullary 
fat cells.  

•   The perfusion state of the bone marrow can be 
assessed with tissue-dependent relaxation 
times. In studies correlating MRI and patho-
histologic fi ndings of the bone, a close rela-
tionship has been found between the MRI 
signal heights of the calcifi ed bone substance 
and the bone marrow [ 20 ]. Thus, any changes 
in the signal intensity of the bone marrow 
indirectly indicate an underlying pathology or 
disturbance of the bone metabolism. This phe-
nomenon is one of the basic assumptions in 
reading MRI of Kienböck’s disease.     

    MRI in Kienböck’s Disease 
 MRI is able to distinguish  areas   of viable and 
nonviable bone within the lunate. The capability 
of MRI in identifying osteonecrosis is based on 
the physical principle that magnetic relaxivity of 
the bone marrow is changed in ischemic, repara-
tive as well as in necrotic tissue areas, allowing 
the differentiation of different states of bone via-
bility [ 16 ,  17 ,  20 ,  23 ,  34 ,  36 ]:

•     Phase 1 — Ischemia : Ischemia leads to edema 
of the bone marrow. In the initial stage, signal 
intensity of the fatty bone marrow is increased 
in T2-weighted, fat-saturated sequences, and 
slightly decreased in T1-weighted sequences. 
Depending on the degree of the ischemic pro-
cess, signal changes are either limited to the 

proximal circumference or extended through-
out the entire lunate.  

•    Phase 2 — Necrosis : The ischemic  medullary   
fat cells survive for 2–5 days. After this time 
the medullary signal intensity decreases in 
T1- and T2-weighted images, to create 
hypointense signal height.  

•    Phase 3 — Repair : The reparative process with 
mesenchymal neogenesis of fi brovascular 
repair tissue begins soon after onset of com-
promised vascular perfusion. This produces a 
further signal reduction in both T1- and 
T2-weighted sequences.  

•    Phase 4 — Remodeling ; Activated osteoblasts 
induce remodeling and osteosclerosis of the 
trabecular bone and thereby induce a further 
decrease of the signal intensity in T1- and 
T2-weighted sequences. Additionally, signal 
loss is generated by fragments at the proximal 
circumference of the lunate.    

 In the literature, two different  MRI   approaches 
have been reported for assessing the viability of 
the bone marrow: The traditional approach uti-
lized standard MRI. The new approach utilizes 
intravenous gadolinium enhancement which cre-
ates a high intensity signal in the vascularized 
tissue. 

   Unenhanced MRI 
 In traditional MRI [ 16 ,  17 ,  20 ,  34 ,  35 ],  viability   
of the bone marrow is assumed in the presence of 
high-signal intensity in plain (unenhanced) T1- 
and T2-weighted sequences (Fig.  11.6 ). Viable 
bone marrow is also assumed in the presence of 
bone marrow edema, which presents with high 
signal intensity in fat-suppressed T2-weighted 
images. The underlying theory is that bone 
 marrow edema can develop if the vascular supply 
is either unaffected or moderately compromised, 
only [ 17 ]. In contrast, nonviable bone marrow is 
assessed in unenhanced MRI by means of hypoin-
tense areas both in T1 and T2-weighted sequences 
indicating loss of the fatty marrow as well as the 
absence of any vascularity. Two degrees of signal 
defect can be differentiated on MRI [ 34 ,  35 ]: 
Focal signal loss on the radial half of the lunate 
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on T1-weighted images as well as normal or 
increased signal height on T2-weighted images 
suggests early ischemic involvement and a better 
prognosis, whereas generalized signal loss in T1 
and T2-weighted images on the entire lunate is 
diagnostic for advanced osteonecrosis of the 
lunate.

   Although proved only in  scaphoid   nonunion 
and not in Kienböck’s disease, the concept of 
unenhanced MRI is limited in assessing osteone-
crotic bone for several reasons [ 37 ,  38 ]. Firstly, 
unenhanced MRI uses the combination of T1- 
and T2-weighted sequences for determining 
bone-marrow viability, with the presumption that 
viability is maintained in the presence of bone- 

marrow edema. However, differentiation of inter-
cellular (reversible) edema and intracellular 
(irreversible, cytotoxic) edema is not possible 
with T2-weighted sequences. Signal height on 
T2-weighted sequences does not allow the 
 differentiation of necrotic, reparative, and  normal   
bone marrow [ 37 ]. For this reason, high-signal 
areas in T2-weighted images are seen in viable as 
well as in nonviable bone marrow [ 38 ]. Secondly, 
the necrotic zone cannot be reliably discerned 
from the neighbored repair zone, because these 
zones can have the same signal intensity on both 
T1- and T2-weighted sequences. Low-signal- 
intensity areas on unenhanced T1-weighted 
images do not closely correlate with the extent of 

  Fig. 11.6    Schematic diagram of bone marrow viability in 
unenhanced (traditional) MRI. In the traditional MRI 
approach, normal, ischemic, and necrotic bone marrow is 
differentiated by means of plain T2- and T1-weighted FSE 
sequences. The lunate is shown in lateral views. ( a ) Normal 
bone marrow (viability unaffected). The signal height is 
homogeneously dark in fat-saturated T2-w FSE, and homo-
geneously bright in T1-w FSE. ( b ) Ischemic bone marrow 
(viability maintained). Mainly due to bone- marrow edema, 

the proximal pole of the lunate is hyperintense in fat-satu-
rated T2-w FSE, and hypointense in T1-w FSE. Bone-
marrow edema is regarded as an indirect sign of persistent 
perfusion in unenhanced MRI. ( c ) Necrotic bone marrow 
(viability lost). There is no bone-marrow present in fat-sat-
urated T2-w FSE at the proximal circumference which is 
marked hypointense in T1-w FSE. In plain MRI, necrosis is 
characterized by the absence of both bone-marrow edema 
(T2-w) and fatty bone marrow (T1-w)       
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the necrotic areas and may oversize the necrotic 
area. Thus, with unenhanced T1-weighted 
images, the true osteonecrotic area will be over-
estimated, as the repair zone also appears to be 
necrotic [ 19 ]. Thirdly, the unenhanced MRI does 
not assess the repair zone which is considered 
essential in the pathoanatomy of osteonecrosis.  

   Gadolinium-Enhanced MRI 
 In MRI, the perfusion state of the bone marrow 
can be assessed with tissue-dependent relaxation 
times and the effect of intravenous gadolinium 
[ 22 ,  37 ]. If there is signifi cant contrast enhance-
ment in the bone marrow, the T1 relaxation time 
is shortened by the infl uence of the paramagnetic 
gadolinium resulting in increased signal intensity 
in fat-saturated T1-weighted sequences. 

 By applying the intravenous  contrast   agent, a 
new concept was developed for assessing bone- 
marrow viability [ 22 ,  37 ]. The following section 
reviews the role of contrast-enhanced MRI 
(ceMRI) in the assessment of the pathoanatomic 
course of Kienböck’s. This includes the three- 
layered zones, seen at the time of repair of the 
necrotic proximal lunate (Fig.  11.7 ).

     Viable Bone Marrow 
 The bone marrow is viable in the following cases; 
normal bone marrow, ischemic bone marrow 
when it is initially compromised, (before necro-
sis) and reparative vascularized bone marrow. In 
ceMRI, areas of hyperenhancement are charac-
teristic of reparative mechanisms in Kienböck’s 
disease. 

  Normal bone marrow : In normal bone marrow, 
the yellow fat cells are exclusively responsible 
for the high signal in  both   T1- and T2-weighted 
images. An increased signal height is characteris-
tic of the viable bone marrow displaying the bone 
marrow “white” in both unenhanced sequence 
types, and “dark” in fat-saturated sequences. 
With ceMRI, there is no contrast enhancement in 
the normal (unaffected) bone marrow. 

  Repair tissue : Viable bone tissue is also present 
in fi brovascular repair tissue which is located in 
the transition area between the necrotic zone and 

the zone of viable bone. The reparative area is 
characterized by the invasion of leucocytes, 
fi broblasts, and new vessels. The infl ammation- 
like processes and the marked hyperemia, pro-
duce hyperenhancement in T1-weighted FSE 
sequences after 3–5 min following gadolinium 
injection [ 22 ,  37 ]. Its viability is measured by rat-
ing the degree of contrast-enhancement. Time- 
resolved, fast 2D- or 3D-GRE sequences can be 
applied for calculating a time-signal diagram 
over an interval of about 5 min (Fig.  11.8 ). These 
 diagrams   allow quantitative analysis of the local 
perfusion pattern and also the prognosis of the 
altered bone marrow in follow-up studies. 
However, the benefi t of time-resolved enhanced 
MRI has recently been questioned, at least in 
assessing the bone-marrow viability in scaphoid 
nonunion [ 39 ].

      Nonviable Bone Marrow 
 As stated above, the unenhanced T1-weighted 
images, may over-interpret the zone of bone mar-
row necrosis, as the zone of repair will also have 
a low signal intensity [ 19 ]. Following gadolin-
ium, the repair zone will be enhanced and the 
nonperfused necrotic zone will still have a low 
signal intensity [ 23 ,  37 ]. 

 Possible signal changes and patterns of con-
trast enhancement in Kienböck’s disease are 
summarized in Table  11.1 .

      Three-Layered Anatomy 
 By determining bone marrow viability with the 
use of ceMRI, three geographic zones are dis-
cernable in the lunate [ 22 ,  23 ]:

•    In the  proximal zone ,  osteonecrosis   is charac-
terized by decreased signal height in 
T1-weighted sequences, and no hyperenhance-
ment pattern after application of gadolinium.  

•   In the  middle zone , fi brovascular repair tissue 
is visualized by means of an intensive hyper-
enhancement in T1-weighted fat-suppressed 
sequences after application of gadolinium—
independent of the presence of a bone-marrow 
edema.  

•   The  distal zone  is displayed with normal sig-
nal heights of the unaffected bone marrow.    
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  Fig. 11.7    Schematic diagram of bone-marrow viability 
in gadolinium-enhanced MRI. In the contrast-enhanced 
MRI approach, normal, ischemic, partially necrotic, and 
completely necrotic bone marrow is differentiated by 
means of contrast enhancement in fat-saturated 
T1-weighted FSE sequences independent of the presence 
of bone-marrow edema in T2-weighted FSE sequences. 
The lunate is shown in lateral views. ( a ) Normal bone 
marrow (viability is unaffected). The signal height is 
homogeneously dark in fat-saturated T2-w FSE, and 
homogeneously bright in T1-w FSE. No contrast- 
enhancement within a homogeneously dark lunate is char-
acteristic in fat-saturated T1-w FSE after intravenous 
gadolinium. ( b ) Ischemic bone marrow (viability is main-
tained, MRI pattern A). The proximal pole of the lunate is 
hyperintense in fat-saturated T2-w FSE, and hypointense 

in T1-w FSE due to bone-marrow edema. In fat-saturated 
T1-w FSE, there is a homogeneous gadolinium enhance-
ment pattern of the entire proximal zone directly indicat-
ing maintained perfusion. ( c ) Partially necrotic bone 
marrow (viability is partially lost, MRI pattern B). The 
proximal pole of the lunate is hyperintense in fat-saturated 
T2-w FSE, and hypointense in T1-w FSE. Both necrotic 
and repairing zones are present. Differentiation is possible 
only on the basis of gadolinium enhancement: The repair-
ing zone is marked by an intense enhancement, which 
characteristically is missing in the necrotic zone. ( d ) 
Completely necrotic bone marrow (viability is completely 
lost, MRI pattern C). Independent of present or missing 
bone-marrow edema in fat-saturated T2-w FSE, no 
enhancement is seen at all in fat-saturated T1-w FSE after 
gadolinium when compared to plain T1-w FSE       
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 Accompanying joint effusions and a synovial 
thickening showing marked contrast enhance-
ment are mostly seen in advanced MRI stages of 
Kienböck’s disease. Characteristically, the radio-
lunate compartment is spared from osteoarthritis 
over a long period of time in the natural course.  

   Viability Patterns in ceMRI 
 In Kienböck’s disease, the degree of contrast 
enhancement in the endangered proximal seg-
ment constitutes the most relevant prognostic 
parameter [ 22 ,  23 ]. In close correlation to histo-
pathological fi ndings, three patterns of contrast 
enhancement of the lunate can be differentiated 

with plain (unenhanced) and enhanced 
T1-weighted MRI sequences (Table  11.2 ):

     MRI pattern A : There is  homogeneous  , intense, 
and territorial enhancement after gadolinium 
at the proximal circumference or entire lunate 
(Fig.  11.9 ). The pathology is bone marrow 
edema with intact osteocyte function, main-
tained or reorganized perfusion of the bone 
marrow, and a normal bone structure.

      MRI pattern B : An inhomogeneous contrast 
enhancement pattern is characteristic with 
three different zones of perfusion, (i.e. proxi-
mal necrosis, middle reparative, and distal 

  Fig. 11.8    Dynamic perfusion MRI in stage IIIb of 
Kienböck’s disease in the follow-up after free- vascularized 
osteochondral bone grafting. Patient is a 30-year-old 
female with advanced Kienböck’s disease following vas-
cularized bone grafting of the diseased lunate. ( a ,  b ) 
Dorsopalmar radiograph and MRI perfusion study (coro-
nal 3D fast GRE sequence every 20 s after gadolinium 
injection) 4 months after grafting and hardware removal 

in the meantime. Contrast enhancement is inhomoge-
neous and increased at the ulnar side of the lunate where 
the vascular bundle inserts. ( c ) Perfusion study 9 months 
after grafting (same dynamic MRI sequence). Contrast 
enhancement has become more homogeneous. Later, a 
dorsal osteophyte was removed, and the lunate healed 
with moderate proximal deformity       

   Table 11.1    Pathoanatomic processes in Kienböck’s disease and their contribution to the signal height of the lunate   

 Pathology  Signal intensity  Contrast enhancement
T1 FSE gadolinium  In T2 FSE  In Plain T1 FSE 

 Bone-marrow edema  Increased  Decreased  Homogeneous, territorial 
 Necrotic or emigrated fat cells  Decreased  Decreased  Dependent on viability state 
 Fibrovascular repair tissue  Decreased  Decreased  Homogeneous, zonal 
 Trabecular osteosclerosis  Decreased  Decreased  None 
 Pseudocysts  Increased  Decreased  Central none, peripheral rim 
 Fractures  Decreased  Decreased  None 

   Table 11.2    MRI patterns of Kienböck’s disease in with contrast-enhancement   

 MRI pattern  Signal intensity in  Contrast enhancement in T1 
FSE gadolinium 

 Pathology 

 T2 FSE  T1 FSE 

 A  Increased  Decreased  Homogeneous, territorial  Bone-marrow edema 

 B  Increased or decreased  Decreased  Inhomogeneous, zonal  Partial osteonecrosis 

 C  Increased or decreased  Decreased  None  Complete osteonecrosis 
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normal). The pathology is localized at the 
proximal lunate osteonecrosis with no vascu-
lar perfusion. Therefore there is no enhance-
ment of the nonviable bone (Fig.  11.10 ). The 
middle reparative zone has dense cell prolif-
eration and is hypervascular, therefore has 
marked contrast enhancement (“hyperen-
hanced” zone). The distal aspect of the 
lunate—particularly the dorsal and palmar 

poles—have normal signal height in unen-
hanced and enhanced MRI due to normal bone 
marrow, enhancement with contrast is not 
seen.

      MRI pattern C :  Generalized   signal loss in 
T1-weighted sequences is seen in advanced 
necrosis cases with typically no contrast 
enhancement at all. Interestingly, bone- marrow 
edema can be found infrequently despite the 

  Fig. 11.9    Ischemic lunate (MRI pattern A) in stage I of 
Kienböck’s disease. Viability is maintained in edematous 
bone marrow of the lunate. 34-year-old male suffering 
from spontaneous onset of pain without previous wrist 
injury or overuse. ( a ,  b ) Dorsopalmar and lateral radio-
graphs are normal and not suspicious of Kienböck’s dis-
ease. Negative ulnar variance. ( c ) Territorial bone-marrow 

edema in the entire lunate (coronal PD-w FSE fat- 
saturated). ( d ) The radial and central parts of the lunate 
are of inhomogenously low signal (coronal T1-w FSE). 
( e ,  f ) With intravenous gadolinium there is an intense 
enhancement within the lunate (coronal and sagittal T1-w 
FSE fat-saturated after gadolinium)       
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absence of perfusion and contrast enhancement 
(Fig.  11.11 ). In most cases of advanced 
Kienböck’s disease however, there is also a sig-
nal loss in T2-weighted sequences (Fig.  11.12 ). 
Irreversible osteonecrosis of MRI pattern C is 
either focally limited to the proximal circum-
ference or territorially extended to the entire 
lunate. Complete osteonecrosis (“dead bone”) 

is present without any repairing areas. 
Histopathological slices are characterized by 
empty osteocyte vacuoles, territorial removal 
of debris, formation of bone cavities, and com-
minute fracture zones. The nonviable lunate 
has a poor prognosis, of course.
       In advanced stages of Kienböck’s disease, 

synovitis is present around the lunate in ceMRI.     

  Fig. 11.10    Partial lunate necrosis (MRI pattern B) in 
stage IIIb of Kienböck’s disease. Patient is a 56-year-old 
male with a painful swollen wrist. Both necrotic and 
repair zones are located side by side. ( a ,  b ) In dorsopalmar 
and lateral radiographs, the lunate is diffuse osteosclerotic 
and fl attened at its proximal circumference. ( c ) The 
hypointense proximal zone of the lunate is evident, while 
there is marked bone-marrow edema in the middle and 
distal parts (coronal PD-w FSE fat-saturated). Type II 

lunate with degeneration at the lunohamate joint. ( d ) In 
the T1-weighted sequence, the lunate is inhomogenously 
hypointense in its whole territory (coronal T1-w FSE). ( e , 
 f ) With intravenous gadolinium, the proximal circumfer-
ence of the lunate remains hypointense, whereas the mid-
dle part shows marked hyperenhancement, and the distal 
poles only have low hyperenhancement (coronal and sag-
ittal T1-w FSE fat-saturated after intravenous gadolin-
ium). Adjacent synovitis is remarkable       
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    Classifi cation Systems 

 The classic staging system of Kienböck’s  disease   
was introduced on the base of X-ray fi ndings [ 7 , 
 28 ]. Later, the X-ray-based classifi cation has 
been modifi ed several times with inserting imag-
ing aspects of MRI and carpal biomechanics. 
Firstly, bone marrow edema identifi ed on MRI 

[ 40 ]. Secondly, the subcategories of the stable 
and instable wrist were included, depending upon 
the radioscaphoid angle (RSA) [ 41 ]. The RSA is 
less than 60° in Lichtman stage IIIa, and greater 
than 60° in stage IIIb [ 32 ]. 

 Thirdly, a new stage IIIc was introduced to 
assess the coronal fracture type of the lunate [ 33 ]. 
The inclusion of these different approaches led to 

  Fig. 11.11    Complete lunate necrosis (MRI pattern C) in 
stage IIIc of Kienböck’s disease. Patient is a 51-year-old 
male with a painful wrist and reduced range of motion as 
a result of a crushing injury of the hand 5 years before. 
Necrosis is manifest in the fractured lunate in the presence 
of bone-marrow edema. ( a ,  b ) Dorsopalmar and lateral 
radiographs show minor osteosclerosis and negative ulnar 
variance. ( c ) Patchy bone-marrow edema in the center of 

the lunate (coronal PD-w FSE fat-saturated). ( d ) The 
lunate, which is slightly changed in shape, is of inhomo-
geneous low signal (coronal T1-w FSE). ( e ,  f ) No hyper-
enhancement is present within the lunate, suggesting 
complete necrosis. The dorsal pole is fractured and dis-
placed (coronal and sagittal T1-w FSE fat-saturated after 
intravenous gadolinium). Note diffuse carpal synovitis       
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the current osseous radiographic classifi cation of 
Kienböck’s disease. Indeed, this current classifi -
cation is of value for clinical use and manage-
ment decisions; however, it is incomplete with 
respect to assessing the vascularity of the lunate. 

 Other than the radiographic  classifi cation  , the 
MRI patterns in signal intensity and contrast 

enhancement describe functional tissue parame-
ters, i.e., the relaxivity of the bone marrow before 
and after application of gadolinium. Relaxivity is 
the ability of magnetic compounds to increase 
the relaxation rates of the surrounding water pro-
ton spins. Since different physical conditions 
are measured (X-ray absorption versus MRI 

  Fig. 11.12    Complete lunate necrosis (MRI pattern C) in 
stage IIIc of Kienböck’s disease. Patient is a 52-year-old 
male who has been suffering from severe wrist pain for 
2 years. Necrosis is manifest in the absence of bone- 
marrow edema. ( a ,  b ) Dorsopalmar and lateral radiographs 
show slight lunate osteosclerosis. There is a negative ulnar 
variance and suspicion of a dorsal pole fracture. ( c ) The 
lunate is without any evidence of bone- marrow edema. 
The proximal pole is fl attened, and horizontal fracture 

lines can be assumed. Hyperintense degenerative changes 
at the proximal poles of the hamate and capitate (coronal 
PD-w FSE fat-saturated). ( d ) On this T1-weighted image, 
the lunate has no signal, demonstrating there is no medul-
lary fat (coronal T1-w FSE). ( e ,  f ) There is no hyperen-
hancement following gadolinium. The lunate is coronal 
fractured in the center and also at the proximal circumfer-
ence. Marked synovitis is present (coronal and sagittal 
T1-w FSE fat-saturated after intravenous gadolinium)       
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relaxivity), there is no congruence between the 
radiographic and MRI classifi cations. While pro-
jection radiography and CT depict the osseous 
anatomy of the lunate and the perilunate joints, 
ceMRI exclusively covers the bone and bone-
marrow viability. The assessment modalities do 
not compete in the evaluation of Kienböck’s dis-
ease, but complement one another to achieve a 
comprehensive staging system of Kienböck’s 
disease. 

 Therefore, it is recommended to apply both 
the X-ray classifi cation [ 40 ] and the MRI classi-
fi cation system [ 22 ] side-by-side for exactly 
describing the stages of Kienböck’s disease. For 
example, the pathoanatomic constellation of a 
proximal lunate fracture, with a stable wrist 
(RSA < 60°), and an active repair zone in the mid-
dle section of the lunate is classifi ed in the pro-
posed system as “Kienböck’s stage IIIa, MRI 
pattern B”. 

 There is actually the real necessity for a new 
 and   comprehensive classifi cation system of 
Kienböck’s disease [ 33 ]. Such a basically revised 
classifi cation system should merge the traditional 
and all new imaging aspects (CT and contrast- 
enhanced MR imaging) as well as the arthroscopic 
evaluation of the articular cartilage for determin-
ing the exact degree of involvement in Kienböck’s 
disease and for  choosing   appropriate treatment 
decisions [ 24 ].  

    “Teenböck’s”: Pediatric and Juvenile 

 The prognoses of adult and younger Kienböck’s 
disease are different. There is a high potential for 
spontaneous remodeling and revascularization in 
pediatric patients (up to 12 years) and juvenile 
patients (12 to skeleton maturity). In these 
 patients  , the condition is often self-limiting and 
the prognosis is considerably better, even in the 
advanced stages of the disease. In juvenile 
patients older than 16 years, this phenomenon is 
not as reliable as in the younger children. 
Unloading of the lunate is the treatment of choice 
[ 25 ,  26 ]. Usually there is bony healing of the 
lunate, but mostly with deformity. Temporary 
transfi xation of the scaphotrapezoidal joint with 

titanium K-wires made from titanium is an ideal 
therapeutic option, as it allows MRI imaging and 
is reversible as soon as the lunate is healed [ 25 ]. 
Normalization of the MRI signal can be expected 
with the return of proximal blood fl ow, fat cells, 
and hematopoietic elements (Fig.  11.13 ).

       Differential Diagnoses 

 There is considerable variability of MRI presen-
tation of Kienbock’s disease (Fig.  11.14 ). 
However Kienböck’s disease needs to  be   distin-
guished from other causes, particularly in the 
early stages, when radiographs may be negative. 
When interpreting MR images, one should keep 
in mind that only about 25 % of all signal- 
compromised lunates are caused by Kienböck’s 
avascular necrosis [ 42 ]. There is a broad spec-
trum of differential diagnoses that account for the 
remaining 75 % [ 27 ,  42 ]. By evaluating the clini-
cal, biomechanical, and imaging fi ndings, the fol-
lowing pseudo-Kienböck’s entities should be 
identifi ed:

•      Ulnolunate impaction syndrome : In  contrast   
to Kienböck’s disease, the maximum of the 
signal changes are located at the proximal- 
ulnar circumference of the lunate [ 43 ,  44 ]. 
Mostly, but not always, a positive ulnar vari-
ance is the cause of the biomechanical impac-
tion of the ulnar head and the proximal-ulnar 
aspect of the lunate. For the same reason, 
degenerative TFC perforations are associated. 
Cystic and osteosclerotic lesions are accom-
panied by perifocal bone marrow edema in 
symptomatic patients. Figure  11.15a, b  illus-
trates a case of ulnolunate impaction without 
positive ulnar variance and without perforated 
TFC.

•       Intraosseous ganglion cysts : These cystoid 
lesions are located within the lunate, adjacent 
to the scapholunate (SL) and lunotriquetral 
(LT) ligaments inserts (Fig.  11.15c, d ). 
Ganglion cysts develop from hypertrophy of 
the synovia enveloping the ligament, and form 
radiolucent cysts with a surrounding  sclerotic   
rim. If there is a focal signal change on MRI, 
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the differential diagnosis should include an 
intraosseous ganglion cyst. Then CT imaging 
should be performed for detailed visualization 
of the cystoid cavity surrounded by a sclerotic 
rim and connected to the interosseous liga-
ment by a transcortical channel [ 45 ]. On MRI, 
a hyperintense, dumbbell-shaped lesion is 
obvious on T2-weighted images. In symptom-
atic cases, a perifocal edema is present.  

•    Posttraumatic lesions : Traumatic bone contu-
sions (“bone bruises”), fractures, nonunions, 
and posttraumatic osteoarthritis (Fig.  11.15e, f ) 
can mimic signal changes of Kienböck’s disease 
[ 27 ]. Differentiation is usually possible by the 
history of a previous injury.  

•    Lunotriquetral synchondrosis : Characteristic 
of fi brocartilaginous coalition (Minaar type I) 
are irregularities of the subchondral bone sub-

stance, narrowed or absence of the LT joint 
space, and hyperintense signal changes of the 
subchondral bone marrow of the lunate and 
triquetrum (Fig.  11.15g, h ) [ 46 ].  

•    Infl ammatory conditions : With  arthritis   there 
are often subtle erosions surrounded by focal 
bone-marrow edema. Examples include rheu-
matoid arthritis, seronegative spondylarthrop-
athies, and calcium pyrophosphate dehydrate 
(CPPD) arthropathy. Clinical presentation, 
typical involvement of several joints and 
pannus- like synovial thickening are indicative 
of the infl ammatory arthritis.    

 Differentiation of the underlying pathology is 
possible in over 80 % of the signal-compromised 
lunates, when clinical, biomechanical, and imag-
ing aspects are evaluated synoptically [ 42 ].  

  Fig. 11.13    Healing of juvenile Kienböck’s disease (stage 
I) in the follow-up after temporary STT fusion. Patient is 
a 14-year-old female adolescent with progressive wrist 
pain following a fall onto her outstretched hand 7 months 
before. ( a – d ) Pre-therapeutic baseline imaging (external 
MRI). Patchy osteosclerosis and bone-marrow edema of 
the lunate (hyperintense in T2-, hypointense in 
T1-weighted images) are eye-catching. ( e – h ) Imaging 
4 months after temporary STT fusion. Osteosclerosis has 
advanced, but signal changes and gadolinium enhance-

ment of the lunate are signifi cantly improved. ( i – l ) 
Imaging 10 months after temporary STT fusion and hard-
ware removal. Osteosclerosis has decreased, and signal 
changes and gadolinium enhancement of the lunate have 
completely normalized. Image order: Dorsopalmar radio-
graphs in the left column, coronal PD-w FSE fat-saturated 
MRI in the second column, coronal T1-w FSE MRI in the 
third column, and sagittal plain T1-w FSE resp. T1-w FSE 
fat-saturated MRI after intravenous gadolinium in the 
fourth column       
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  Fig. 11.14    Collection of fi ve different appearances of 
Kienböck’s disease (all in stages IIIa or IIIb). ( a ,  b ) 
Hypervascularized repair zone (MRI pattern A). Sagittal 
CT and MRI (T1-w FSE fat-saturated after intravenous 

gadolinium) of a 24-year-old female suffering from wrist 
pain over 1 year. There is extensive central osteolysis and 
an impacted fragment at the distal circumference. The 
repair zone covering most of the lunate is extensively
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    Limitations of Imaging 

 CT and MRI have signifi cantly pushed the capa-
bilities of advanced imaging in Kienböck’s dis-
ease; however, some limitations are still present 
and evident: 

 Firstly, we strongly recommend high- 
resolution approaches for CT as well as for MR 
imaging with the use of thin slices (0.5 mm resp. 
2 mm) and high image matrices (512 × 512 resp. 
384 × 384) as introduced earlier in this chapter. 
The necessity of high-resolution imaging is ana-
tomically based on the  extension   of the lunate of 
less than 2 cm. CT and MRI scans performed 
with lower resolution would potentially hide 
essential information required to accurately 
determine management. 

 Secondly, the necessity of including intrave-
nous gadolinium in MRI for Kienböck’s disease 
must be emphasized. As presented earlier in this 
chapter, there are compelling arguments for 
including contrast-enhanced MRI over plain 
MRI. However scientifi c evidence is yet to be 
provided with respect to gadolinium in the early 
stages and fi nal outcome of Kienböck’s disease. 
In the early stages of the disease, patients are 
often treated with immobilization, radial short-
ening, or STT fusion, so it has been diffi cult to 
obtain suffi cient biopsies for histological corre-
lation. However our unpublished data demon-
strates an excellent correlation between the 
histology and three-zones seen with enhanced 
MRI. 

 Radiology-pathology correlation is much eas-
ier with the proximal fragment of a scaphoid non-
union. In a prospective study of 88 scaphoid 
nonunions, we compared the unenhanced MRI, 
contrast-enhanced MRI, and intraoperative 
bleeding from the proximal scaphoid [ 38 ]. Bone- 
marrow  edema   in unenhanced MRI was assessed 
as an inferior indicator of bone viability, and 
contrast- enhanced MRI provided signifi cant 
higher sensitivity in detecting nonviable proxi-
mal fragments. A nearly equivalent approach has 
been reported for MRI and the tetracycline cal-
cium complexes in the uptake of bone mineral-
ization. Normal MRI signal of the bone marrow 
was shown to correlate with the presence of the 
osteoid and osteocytes, whereas absence of tetra-
cycline label was noted in areas of focal osteone-
crosis [ 16 ,  17 ]. 

 And fi nally, we have suggested an expensive 
imaging protocol to diagnosis and stage 
Kienböck’s disease. The costs are important, 
especially in the current health environment. 
However we believe cost-effectiveness is opti-
mized when the best treatment is based on the 
best  diagnostic   information.  

    Diagnostic Algorithm 

 Based on the different diagnostic capabilities of 
conventional radiography, CT, and MRI, the fol-
lowing algorithm is recommended for imaging 
and staging of Kienböck’s disease:

Fig. 11.14 (continued)  vascularized. Bleeding bone 
marrow was found at surgery (cancellous bone grafting 
and temporary STT fusion). ( c ,  d ) Progressively vascu-
larized repair zone (MRI pattern B). Preoperative and 
follow-up MRI (both exams with T1-w FSE fat-saturated 
after intravenous gadolinium) in an 18-year-old male 
with severe wrist pain. Extensive vascularized repair tis-
sue and an ossifi ed island have developed 7 months after 
temporary SST fusion and radial shortening (artifacts 
caused by the radial plate). Carpal synovitis is resolving. 
( e ,  f ) Avascular repair zone (MRI pattern C). Lateral 
radiogram and sagittal MRI (T1-w FSE fat-saturated 
after intravenous gadolinium) in a 35-year-old male suf-
fering from exertional wrist pain. Repair zones at coronal 
and proximal fractures are without any enhancement and 
thus avascular. Patchy enhancement is present in the dor-

sal pole of the lunate, only. ( g ,  h ) Free-vascularized 
osteochondral bone graft. Sagittal CT and MRI (T1-w 
FSE fat-saturated after intravenous gadolinium) in a 
22-year-old male treated with osteochondral bone graft 
which is fi xed with a dorsal k-wire to the remaining 
lunate (CT imaging 1 month after surgery). After hard-
ware removal, MRI nicely depicts a central fi ssure in the 
articular cartilage of the lunate (20 months later). ( i ,  j ) 
Healed Kienböck’s disease in an adult. Sagittal CT and 
MRI (T1-w FSE fat-saturated after intravenous gadolin-
ium) in a 64-year-old female with carpal discomfort for 
decades. The concave defect of the proximal circumfer-
ence of the lunate is partially covered by articular carti-
lage, but there is a deep chondral defect at the palmar 
pole. No signal changes were detectable on plain T1- and 
T2-weighted sequences (not shown)       
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  Fig. 11.15    Differential diagnoses of Kienböck’s disease. 
( a ,  b ) Ulnar carpal impaction syndrome. Patient is a 
44-year-old female with ulnar-sided wrist pain. 
Dorsopalmar radiograph is unremarkable. In fat-saturated 
PD-w FSE, subchondral bone-marrow edema is located at 
the proximal-ulnar circumference of the lunate. This ulnar-
sided edema is different in localization from radial- sided 

signal changes in Kienböck’s disease. Note, TFC is not 
perforated by degeneration. ( c ,  d ) Intraosseous ganglion 
cyst originating from the scapholunate ligament. Patient is 
a 16-year-old female with dorsal wrist pain. A 6-mm 
 ganglion cyst, originating from the scapholunate ligament, 
is both extra- and intraosseous. Surrounding bone-marrow 
edema is seen in fat-saturated PD-w FSE ( left ), 
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•    Historically,  radiography   is the fi rst line of 
imaging. The radiographic views should be 
acquired in the neutral position to provide a 
standardized assessment of ulnar variance. 
The diagnosis of advanced Kienböck’s dis-
ease is primarily established through radio-
graphs. No further imaging is required in stage 
IV disease, because only salvage procedures 
would be indicated.  

•   Plain radiographs are also valuable in detect-
ing or excluding a broad spectrum of the dif-
ferential diagnoses.  

•   Plain radiography will not identify the early 
marrow changes of Kienböck’s disease. An 
MRI is therefore recommended if Kienböck’s 
disease is suspected, despite normal radio-
graphs. In stage I Kienböck’s disease, MRI is 
the only modality that will provide a 
diagnosis.  

•   Generally, ceMRI is useful in Kienböck’s 
stages I to III to assess bone-marrow viability 
(MRI patterns A to C). It should be used in 
conjunction with X-rays and CT imaging 
which will provide a better appreciation of the 
macroscopic osseous changes. Additionally, 
ceMRI provides the unique capability to 
assess the perfusion and degree of repair, and 
can therefore is of some prognostic value in 
the healing process (see Fig.  11.8 ).  

•   Once the diagnosis of Kienböck’s disease is 
established, determination of the degree of 
involvement should be made in order to guide 
the management options. In the intermediate 
stages, CT imaging is essential to determine 
the precise osseous changes of the lunate and 
the perilunar joints.  

•   This includes assessment of  trabecular   osteo-
sclerosis (stage II), small fractures of the 
proximal lunate (stage IIIa), coronal fractures 

(stage IIIc) and identify perilunar osteoarthri-
tis (stage IV).  

•   Bone scintigraphy is not currently recom-
mended for assessing Kienböck’s disease, 
because of its low specifi city.    

 In summary, both contrast-enhanced MRI and 
high-resolution CT imaging are important in 
Kienböck’s disease due to their different capa-
bilities: CT imaging is needed for osseous mor-
phology, MRI is essential for assessing bone and 
bone-marrow viability. Both procedures should 
be applied in  equivocal   diagnostic and therapeu-
tic cases. Once armed with this advanced imag-
ing information, the clinician is better placed to 
assess the differential diagnosis and stage the 
vascular, osseous, and articular cartilage of the 
lunate. This assists the clinician to interpret the 
clinical problem, assess the healing potential, and 
create an informed treatment algorithm. The indi-
vidual treatment options are discussed in detail 
later in the book. Some examples are presented in 
Figs.  11.8 ,  11.13 , and  11.15 .      
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          Introduction 

 Lunate fractures and translunate fracture disloca-
tions are rare (0.5 %) [ 1 – 4 ]. In a series of 157 
perilunate dislocations there were no translunate 
fractures reported [ 4 ]. The only published data on 
acute lunate fractures are in the form of case 
reports and case series. In 1910, Robert Kienbock 
published a paper on  perilunate dislocations   
(immediately following his landmark publication 
on lunate avascular necrosis). He states that iso-
lated fractures of scaphoid are most frequent, fol-
lowed by fractures of the scaphoid and radius. In 
addition, he described that when the scaphoid 

fractures, and the lunate dislocates, the proximal 
aspect of scaphoid stays with the forearm while 
the distal aspect remains with the hand [ 5 ] 
(Fig.  12.1 ).

       Lunate Fracture 

 Teisen and Hjarbaek reviewed 17 lunate frac-
tures collected over 31 years. Based on plain 
radiological appearance and the vascularity of 
the lunate, they classifi ed the lunate fractures 
into fi ve types. However their classifi cation does 
not incorporate the relationship between the 
lunate fracture, perilunate instability, or carpal 
instability [ 1 ]. Other investigators have discussed 
similar cases of translunate, perilunate fracture-
dislocations (or subluxations) but have made no 
reference to the classifi cation systems commonly 
used in the application of treatment principles 
[ 6 – 10 ].  

    Perilunate Injuries 

 A  perilunate dislocation   involves dislocation of 
the carpus from the lunate, with associated  osteo- 
ligamentous injuries   [ 11 – 14 ]. In 1980, Johnson 
classifi ed perilunate fracture dislocations accord-
ing to the associated structures involved [ 12 ]. A 
lesser arc injury involves the ligaments that sur-
round the lunate (scapholunate and lunotrique-
tral ligaments). A greater arc injury involves the 
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carpal bones that surround the lunate (scaphoid, 
capitate, triquetrum, radial, and ulnar styloid). It is 
common for there to be a mix of greater and 
lesser arc injuries. 

 Mayfi eld described that perilunate dislocation 
could be reproduced with a progressive ligamen-
tous injury that commenced on the volar radial 
side, and then around the lunate to the ulnar side 
of the wrist [ 12 ,  13 ]. This involves a combination 
of extension, intercarpal supination, and ulnar 
deviation [ 11 – 14 ], such as occurs with a fall onto 
the outstretched hand with a fi xed pronated radius 
[ 11 ].  Mayfi eld classifi ed perilunate dislocation   
into four stages, with a characteristic progression 
of the injury (Fig.  12.2 ) [ 12 ,  13 ]. The radiolunate 
ligament remains attached and allows the lunate 
to rotate 180°. Alternatively, the lunate remains 
in place and the remaining carpus translocates 
dorsally (dorsal perilunate dislocation).

        Translunate Instability   

 In 2008 Bain introduced the  translunate arc con-
cept in a series of three patients [ 15 ]. The arc is 
complementary to the greater and lesser arcs. It 
includes a zone of injury through the lunate pro-
ducing a lunate fracture, with associated perilu-
nate injuries. Graham introduced the concept of 
the inferior arc, in which the path of injury is 
through the radiocarpal plane [ 16 ] (Fig.  12.3 ). 
The traditional classifi cation of greater and lesser 
arc injuries was expanded to a more inclusive 
classifi cation of carpal fracture-dislocations, 
which included the translunate and radiocarpal 
arcs. This classifi cation also assists in identifying 
the correct management plan.

   The pathomechanics of the translunate perilu-
nate dislocation is unclear. Mayfi eld did not 

  Fig. 12.1    This is one of 
many fi ne images from 
Robert Kienbock’s paper 
on perilunate injuries in 
1910. He stated that, 
when  the   scaphoid 
fractures and the lunate 
dislocates, the proximal 
scaphoid remains 
attached to forearm 
while the distal part 
remains with the hand. 
From Kienböck R. Uber 
traumatische Malazie 
des Mondbeins und ihre 
Folgezustände: 
Entartungsformen und 
Kompressions--
frakturen. Fortschr 
Roentgenstr 
1910;16:78–103       
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assess the effect of a lunate fracture; however, it 
is likely to be a variation of his description of 
perilunate instability. It is usually a high-velocity 
mechanism to create the lunate fracture and the 
associated carpal injuries [ 1 ,  11 ]. The degree of 
lunate displacement depends on the type of lunate 

fracture and the associated carpal fracture and 
ligament injuries. 

 Bain et al. divided carpal injuries with an 
associated lunate fracture into subluxation and 
dislocation. A total of 34 cases were identifi ed 
from the literature over a period of 35 years from 

  Fig. 12.2    Mayfi eld’s four stages  of 
  perilunate instability. Stage I—Scapholunate 
ligament disruption.    Stage II—Capitolunate 
dislocation (usually dorsal). Stage III—
Lunotriquetral ligament disruption. Stage 
IV—Dorsal radicarpal ligament disruption. 
Image created from information from 
Mayfi eld JK. Wrist ligamentous anatomy 
and pathogenesis of carpal instability. 
Orthop Clin North Am 1984:15:214       

  Fig. 12.3    Spectrum of arc  injuries   of the wrist. ( a ) 
Coronal plane. ( 1 ) greater; ( 2 ) lesser; ( 3 ) translunate, and 
( 4 ) inferior arcs. ( b ) Sagittal view of the central column, 
with the associated four arcs. Reproduced with permis-

sion from Bain GI, Pallapati S, Eng K. Translunate perilu-
nate injuries—a spectrum of this uncommon injury. J 
Wrist Surg 2013; 02(01): 063–068. ©Georg Thieme 
Verlag KG       
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1976 to 2011 and from the members of 
 International Wrist Investigator Workshop 
(IWIW)   [ 15 ,  17 – 19 ]. 

 The subluxation group (ten cases) included 
minimally displaced lunate fractures to lunate sub-
luxations, which had a translunate arc injury 
 pattern. Some of the undisplaced or subluxated 
cases could have been dislocations with spontane-
ous reductions compared with the dislocation group. 

 The dislocation group (24 cases) resulted from 
a high-energy mechanism and had a poorer prog-
nosis [ 19 ]. In both groups, there were no open 
fractures, and the most common lunate fracture 
pattern was in the coronal plane. The most com-
mon associated fractures in the subluxation group 
were of the scaphoid and triquetrum. In the dislo-
cation group the fractures were of the radial sty-
loid and scaphoid (Fig.  12.4 ).

   In several cases, the lunate fracture was not 
identifi ed initially and the presentation was 
delayed. This is particularly the case in the sub-
luxation group, where the displacement was less 
obvious. To identify all the injuries preopera-
tively, we recommend a 2D and 3D CT scan, 
which provides great resolution. Traction radio-
graphs provide an appreciation of the injuries, as 
it minimizes the overlap of the carpus and 
unmasks the zone of injury [ 18 ]. 

 We have performed a further review of lunate 
fractures and found that the associated instabili-
ties were either of the radiocarpal (type 1) or 

midcarpal joint (type 2) (Figs.  12.5  and  12.6 ). 
The injuries were further subdivided into carpal 
reduced, subluxated, and dislocated.

    Type 1 injuries usually involved a transverse 
plane fracture of the lunate with a dorso-radial 
instability of the radiocarpal joint. This is likely 
to be similar to the mechanism reported by 
Mayfi eld, but in the reverse direction, i.e., from 
ulnar to radial. 

 In the type 2 injuries, there was usually a coro-
nal lunate fracture, similar to a Teisen’s type V 
fracture [ 1 ], with a volar proximal midcarpal 
instability. This is likely to be due to an axial 
impaction of the  capitate on the lunate [ 1 ,  20 ].  

    Management Principles 

 With a perilunate dislocation, the volar radiolu-
nate ligament remains intact, stabilizing the 
lunate to the radius. Therefore, the key   manage-
ment principle   of all perilunate dislocations is to 
stabilize the proximal carpal row to the “key-
stone” lunate (Fig.  12.7 ). The greater arc frac-
tures are reduced and fi xed and the lesser arc 
injuries are stabilized and the ligaments repaired. 
We also neutralize the midcarpal joint with a K 
wire from the distal scaphoid to the capitate.

   When assessing a wrist injury that includes a 
lunate fracture, it is important to consider both 
the lunate fracture and the associated carpal 

  Fig. 12.4    Location and  incidence   of associated fractures 
with translunate perilunate injuries. ( a ) Subluxation group. 
( b ) Dislocation group. Reproduced with permission from 

Bain GI, Pallapati S, Eng K. Translunate perilunate inju-
ries—a spectrum of this uncommon injury. J Wrist Surg 
2013; 02(01): 063–068. ©Georg Thieme Verlag KG       
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instability. If the lunate is also fractured, then the 
treatment algorithm must change, as the surgeon 
needs to stabilize the lunate “keystone” fi rst, and 
then stabilize the proximal carpal row. The asso-
ciated lunate fracture makes the stabilization pro-
cess considerably more diffi cult. 

 Undisplaced lunate fractures can often be 
managed conservatively in a plaster cast. 
 Translunate fracture dislocations   are typically 
high-energy injuries. Consequently, these inju-
ries are often more complex, more diffi cult to 
treat, and are more likely to have a poor progno-
sis. It may be diffi cult to achieve a satisfactory 
lunate reduction and fi xation in the presence of 

co-existing lesser and/or greater arc injuries. We 
recommend fi xing the lunate “keystone” fi rst, 
and then the greater arc, and fi nally stabilizing 
the lesser arc ligament injuries. 

 This can be done via either a volar, dorsal, or 
combined approach. In complex cases, consider-
ation should be given to add a neutralization 
device such as an external fi xateur or bridging 
plate [ 21 ]. If there is a delayed presentation, or 
extensive comminution, or the above methods are 
unsuccessful, then a salvage procedure may be 
required. Salvage options include proximal row 
carpectomy (PRC), lunate excision, scaphocapi-
tate fusion, wrist arthroplasty, and full wrist 

  Fig. 12.5     Translunate   perilunate dislocation—type 1 
(radiocarpal) dislocation. ( a ) Coronal plane; ( b ) sagittal 
plane; ( c ) diagram of type 1 translunate radiocarpal dislo-
cation. ( a ) and ( b ) Reproduced with permission from Bain 
GI, McLean JM, Turner PC, Sood A, Pourgiezis 
N. Translunate fracture with associated perilunate injury: 

3 case reports with introduction of the translunate arc con-
cept. J Hand Surg Am 2008;33(10):1770–1776. Copyright 
2008 American Society for the Surgery of the Hand. 
Published by Elsevier, Inc. All rights reserved. ( c ) 
Copyright Dr. Gregory Bain       

  Fig. 12.6    Translunate  fracture   with type 2 (midcarpal) instability. ( a ,  b ) Radiographs of trans-styloid, translunate, 
perilunate fracture–dislocation. ( c ) Diagram of type 2 translunate (midcarpal) dislocation. Copyright Dr. Gregory Bain       
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  Fig. 12.7    The “arcs” of  complex   carpal injuries are 
presented in diagrammatical form. The algorithm pres-
ents the path of instability through the wrist and the 
structures injured through each arc, followed by the pre-
ferred method(s) of fi xation requiring repair, and the 

likely salvage procedure for each.  GA  greater arc,  LA  
lesser arc,  TLA  translunate arc,  IA  inferior arc,  SLAC  
scapholunate advanced collapse procedure,  PRC  proxi-
mal row carpectomy procedure,  RSL  radioscapholunate 
fusion procedure. Copyright Dr. Gregory Bain       
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fusion. A scaphocapitate fusion can be consid-
ered for an unsalvageable central column, in 
which case  the load is transferred from the cen-
tral column to the radial column. These salvage 
options may be required as a primary or second-
ary procedure (Fig.  12.8 ).

       Conclusion 

 Lunate fractures and translunate fracture disloca-
tions are uncommon and are best assessed with 
CT scans, to allow a better understanding of the 
complexity of the injury. 

  Complex carpal dislocations   can be classifi ed 
by the arc of injury. The arcs include the greater, 
lesser, translunate, and inferior arcs. The intra- 
lunate arc injuries can be subclassifi ed into mid-
carpal or radiocarpal instabilities, which can be 
in a dorsal or volar direction. The magnitude of 
instability is classifi ed as a reduced, subluxation, 
and dislocation of the wrist. 

 The principles of management of the translu-
nate injuries are to stabilize the lunate keystone 
fi rst, and then fi x the greater arc injuries and 
fi nally the lesser arc injuries. If the injury is very 
severe or the diagnosis has been delayed, a sal-
vage procedure may be a preferred option.     
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  13

       The purpose of this chapter is to discuss wrist 
arthroscopy and its value in the staging and treat-
ment of Kienböck’s disease. Tips and techniques 
for the use of arthroscopy in the diagnosis and 

treatment of  Kienböck’s disease   are also 
presented. 

 Watanabe et al. fi rst described the use of wrist 
arthroscopy in the evaluation of Kienböck’s dis-
ease in 1995 [ 1 ]. They found the incidence of 
interosseous ligament tears correlated with 
radiographic stage; however, they noted that 
articular cartilage damage was underestimated 
based on preoperative radiographs. Since then, 
multiple authors [ 2 – 4 ] have reported that preop-
erative radiographic assessment does not neces-
sarily correlate with articular anatomy seen 
during arthroscopy, with radiographs often 
underestimating the extent of chondral damage 
and degeneration. Wrist arthroscopy is also an 
important tool in the treatment of Kienböck’s 
disease, with reported interventions that include 
synovectomy and debridement [ 5 ], lunate core 
decompression [ 6 ,  7 ], lunate bone grafting [ 8 ], 
and intercarpal arthrodesis [ 9 ]. In order to under-
stand how wrist arthroscopy can be benefi cial in 
Kienböck’s disease, it is important to understand 
the etiology, natural history, and current man-
agement concepts. These topics have been 
reviewed in depth elsewhere in this book, so will 
not be reviewed here. Ultimately, the true etiology 
remains uncertain, but it is thought to be related 
to both vascularity and joint mechanics [ 10 ,  11 ]. 
Additionally, signifi cant controversy remains in 
the treatment of this condition. The source of 
this uncertainty largely stems from the fact that 
the incidence is low, and that some patients may 
be asymptomatic [ 12 ]. 
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 While the dominant or primary cause of 
Kienböck’s disease has yet to be determined, the 
end result is necrosis and collapse. It is clear that 
the disease is associated with decreased grip 
strength and wrist motion, and there is a varying 
degree of lunate collapse [ 13 ]. 

 Imaging is required, including plain radio-
graphs for evaluating alignment and osseous 
structures. CT scans provide a better resolution of 
the osseous structures. Magnetic resonance imag-
ing can assess vascularity and necrosis [ 14 ], but it 
is less reliable for evaluating articular cartilage 
[ 15 ]. Current staging and treatment algorithms 
would benefi t from a greater understanding of the 
articular cartilage involvement in Kienböck’s dis-
ease. For example,  MRI   can clearly delineate 
necrosis and fracture, but the integrity of the artic-
ular cartilage is better assessed through direct 
visualization and palpation, which can be pro-
vided by arthroscopy. Armed with this informa-
tion, the surgeon can determine if there are 
functional articular surfaces, or if reconstructive 
or salvage procedures such as a proximal row car-
pectomy should be performed. Perhaps attempts 
at lunate preservation would be reasonable in a 
young patient if the lunate articular surfaces are 
intact despite fracture and underlying necrosis. 
This information can’t reliably be obtained from 
 MRI   in the absence of complete joint collapse on 
plain radiographs or CT scan. 

 Arthroscopy of the wrist allows direct visual-
ization and palpation of articular surfaces. This 
information can play a valuable role in staging and 
clinical decision making in Kienböck’s disease. 
High-resolution MRI provides a great deal of 
information about the integrity of the radiocarpal 
and midcarpal articulations, but arthroscopy 
remains the gold standard against which all nonin-
vasive diagnostic modalities are compared [ 15 ]. 

 In an attempt to guide surgical decision mak-
ing, and to potentially improve surgical out-
comes, Bain and Begg have developed an 
arthroscopic staging system based on the number 
of  nonfunctional articular surfaces   (Fig.  13.1 ) 
[ 3 ]. The principle is to identify the articulations 
that are nonfunctional (compromised), and either 
excise or fuse them, to allow the wrist to be mobi-
lized with the functional articulations. If all of the 
remaining articulations are functional, then the 
patient is more likely to have minimal pain and a 
functional range of motion [ 16 ].

    In grade 0 , all articular surfaces are  func-
tional  . Therefore the surgical management is 
directed at the symptomatic synovium and 
attempting to alter the natural history. An 
arthroscopic synovectomy is performed [ 5 ]. An 
extra-articular unloading procedure may be indi-
cated. If there is negative ulnar variance then a 
radial shortening osteotomy could be performed. 
For neutral or positive ulnar variance a capitate 

  Fig. 13.1    Bain and Begg arthroscopic classifi cation of 
Kienböck’s disease. The grade is determined by the num-
ber  of   nonfunctional articular surfaces. The grading system 
assists the surgeon to determine the best surgical option, 

based on the pathoanatomic fi ndings. Reprinted with per-
mission from Bain GI, Durrant A. An articular- based 
approach to Kienböck avascular necrosis of the lunate. 
Tech Hand Up Extrem Surg. 2011 Mar; 15(1):41–7       
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shortening procedure could be performed. A 
revascularization procedure could also be indi-
cated in this group, especially if perfusion studies 
demonstrated marked necrosis. Other options are 
arthroscopic assisted drilling of the lunate [ 6 ,  7 ] 
and possibly arthroscopic bone grafting [ 8 ]. 

  In grade 1 , a nonfunctional proximal lunate 
articular  surface   is identifi ed as the only articular 
abnormality. A healthy midcarpal joint and lunate 
facet of the distal radius are seen on arthroscopy. 
Proximal row carpectomy or radioscapholunate 
fusion may be indicated. 

  In grade 2  there are two  nonfunctional articular 
surfaces  . This grade is subdivided based on the 
location of articular compromise. Grade 2a 
involves the proximal articular surface of the 
lunate and the lunate facet of the distal radius. A 
radioscapholunate fusion will eliminate both non-
functional articular surfaces and enable the wrist 
to articulate through the normal midcarpal joint. 

 Grade 2b involves the  proximal and distal 
articular surfaces   of the lunate. This typically 
occurs when there is a coronal fracture in the 
lunate extending between the radiocarpal and 
midcarpal joints. The lunate fossa of the radius 
and the head of the capitate are normal. With the 
coronal fracture, of the avascular lunate, internal 
fi xation is unlikely to be successful and a vascu-
larized bone graft will be compromised as there 
are two fractured articular surfaces. In this case 
the lunate is not reconstructible; therefore a 
 salvage procedure of the lunate is required, such 
as a lunate excision, lunate replacement, or proxi-
mal row carpectomy. If the lunate is left in situ, it 
will elute chemical factors from the necrotic 
lunate into the joint [ 17 ]. 

  In grade 3  there are three  nonfunctional artic-
ular surfaces  . The capitate articular surface will 
most likely remain functional. However the intact 
surface can be the lunate facet. This situation 
could be managed with a hemiarthroplasty. 
Alternatively, a salvage procedure such as a total 
wrist fusion or total wrist arthroplasty may be 
performed, depending on the patient’s age and 
activity level. 

  In grade 4 , all four articular surfaces are non-
functional. In this case the wrist is not recon-
structible; therefore a salvage procedure of the 

wrist is required, such as a total wrist fusion or 
arthroplasty. If the patient does not wish to pro-
ceed with a salvage procedure, then all other 
options can be considered (e.g., synovectomy +/− 
radial shortening); however that will leave com-
promised articulations and the patient is likely to 
have persistent pain. 

 Arthroscopy facilitates direct visual assessment 
of the articulations of the lunate and a probe is 
used to assess the degree of softening of the articu-
lar surfaces. Correlating the information gained 
through arthroscopy with preoperative imaging 
will assist the surgeon in making a better informed 
treatment decision. Bain and Begg reported that 
synovitis was present in all cases and that the 
 degree of synovitis   correlated with the degree of 
articular damage [ 3 ]. Plain radiographs often 
underestimated the severity of articular changes 
and arthroscopic fi ndings commonly changed the 
recommended treatment. A fascinating statistic is 
that 82 % of cases had at least one nonfunctional 
articulation, and 61 % had at least two nonfunc-
tional articulations. There were cases identifi ed in 
which the chondral envelope was intact, although 
softening and collapse of the subchondral bone 
plate were noted. This was considered an impor-
tant subgroup where attempts at revascularization 
and unloading of the lunate could potentially pro-
vide a good functional outcome. 

 From the spectrum of arthroscopic fi ndings, 
an  articular based classifi cation   of Kienböck’s 
disease was created. Based on the articular based 
principles, a treatment algorithm was proposed 
(Table  13.1 ) [ 17 ]. The advantage of this method 
is that the distribution of functional articular sur-
faces determines treatment.

    A    functional articular surface    will appear normal 
arthroscopically, which is to say it will have a 
smooth, glistening, “hard-boiled egg” appearance. 
The normal subchondral bone is fi rm to palpation 
without signifi cant softening. Minor fi brillation is 
still considered a functional articular surface. 

   Nonfunctional articular surface    would include 
those with extensive fi brillation, fi ssuring, 
 localized or extensive loss, a fl oating articular sur-
face, and fracture (Fig.  13.2 ). The aim of surgical 
treatment is to maintain functional wrist motion 
with the remaining functional articulations.
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   The initial paper by Bain and Begg was titled 
“ Arthroscopic Assessment and Classifi cation of 
Kienböck’s Disease  ” [ 3 ]. This paper was based on 
arthroscopic fi ndings and defi ned the functional 
articulations, reported the clinical arthroscopic 
spectrum, and proposed a classifi cation system, 
and an algorithm for each group. A subsequent 
paper titled “An Articular-based Approach to 
Kienbock Avascular Necrosis of the Lunate” 
highlighted that there will inevitably be new 
developments in assessment of the articular sur-
faces, and that critical factor in treating Kienböck’s 
disease is to take into account the articular sur-
faces in determining management. It also detailed 
the  patho-anatomical aspects   of the development 

of Kienböck’s avascular necrosis, and how it 
related to the subchondral bone plate, and the 
articular cartilage. Although many surgeons can 
perform arthroscopy, probably most hand sur-
geons are not comfortable or not trained in per-
forming wrist arthroscopy. Therefore to have an 
articular based approach extends this concept to 
all surgeons, and does not lock them into an 
arthroscopic approach, rather engages them to 
respect the articular aspects of Kienböck’s! To 
direct the hand surgeon who never does arthros-
copy to scope the wrist can only lead to trouble. 
As MRI and other modalities evolve, this concept 
will become more important. 

 The articular based classifi cation respects the 
articular aspects of the carpus, and uses it to guide 
treatment of the wrist based on patho- anatomical 
surgical principles. If all articular surfaces are 
intact, then a procedure that does not violate the 
integrity of the articular surface, such as synovec-
tomy, drilling, vascularized bone grafting, or joint 
leveling, is indicated. If there is a mix of functional 
and non-functioning articular surfaces, a wrist-
reconstructive procedure that maintains carpus 
mobility through the remaining functional articu-
lar surfaces is ideal. If the lunate is not reconstruct-
ible, then a lunate salvage/wrist- reconstructive 
procedure should be performed (e.g., proximal 
row carpectomy, radioscapholunate fusion, lunate 
replacement, or hemiarthroplasty). 

 If the entire wrist is not reconstructible, then a 
wrist salvage procedure should be performed 
(e.g., total wrist fusion or arthroplasty). 

 The above concepts are adopted in the man-
agement of degenerative disorders of the wrist 
[ 18 ]. It has puzzled one author (GIB) for some 
years that the commonly recommended princi-
ples of management of Kienböck’s disease are 
different from other degenerative conditions of 
the wrist, such as  scapholunate advanced  collapse 
wrist   [ 18 ]. As such, a more direct approach con-
sidering the integrity of the articular cartilage 
was developed. The functional status of articular 
cartilage is best appreciated when it is seen as 
part of the overall pathologic process. The clas-
sifi cation and concepts presented in this study 
[ 17 ] are pathoanatomic, and not just anatomic. 
The approach that is presented takes into account 
the articular cartilage in patients with Kienböck’s 

   Table 13.1    Articular based  approach   to avascular necro-
sis of the lunate a    

 Grade  Description 
 Recommended 
treatment 

 Grade 
0 

 All articular surfaces 
are functional 

 Synovectomy b  

 Joint leveling 
 Vascularized BG 
 Forage 

 Grade 
1 

 One nonfunctional 
surface. Usually the 
proximal lunate 

 RSL fusion PRC 

 Grade 
2a 

 Two nonfunctional 
surfaces. Proximal 
lunate and lunate 
facet of radius 

 RSL fusion 

 Grade 
2b 

 Two nonfunctional 
surfaces. Proximal 
and distal surfaces 
of the lunate 

 PRC lunate 
replacement 

 Grade 
3 

 Three nonfunctional 
surfaces. Usually 
preserved capitate 
articular surface 

 Hemiarthroplasty 

 Total wrist fusion 
 Wrist replacement 

 Grade 
4 

 Four nonfunctional 
articular surfaces 

 Total wrist fusion 

 SC fusion 

   PRC  proximal row carpectomy,  RSL fusion  radioscaphol-
unate fusion,  BG  bone graft 
  a Reprinted with permission from Bain GI, Durrant A. An 
articular-based approach to Kienböck avascular necrosis 
of the lunate. Tech Hand Up Extrem Surg. 2011 
Mar;15(1):41–7 
  b Synovectomy is performed in all patients at the time of 

arthroscopy  
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disease and  emphasizes the importance of  the 
pathoanatomic aspects of articular cartilage in 
the decision-making process. 

    Technique: Arthroscopic 
Assessment and Debridement 

 A standard wrist arthroscopy  is performed with a 
tourniquet, traction tower, and a 2.7 mm 30° 
arthroscope. The lunate, adjacent articular sur-
faces, and interosseous ligaments are examined 

via the 6R portal with a probe in the 3–4 portal. 
The midcarpal joint is evaluated through the mid-
carpal radial and ulnar portals. The presence or 
absence of synovitis or loose bodies is noted. As 
seen in Fig.  13.3 , the surfaces are palpated with a 
probe and the presence of softening, “fl oating” 
(unsupported) articular surface or gross degenera-
tive changes are noted. The lunate is meticulously 
inspected for chondral integrity and fractures.

    Debridement   of the radiocarpal and midcarpal 
joints is performed with a full-radius oscillating 
shaver. First, synovectomy is performed to facili-

  Fig. 13.2    ( a ,  b ) “Bag of worms” sign,    pathognomonic of 
Kienböck’s. ( c ) After removing the cartilage shell of the 
lunate, necrotic bone ( arrows ) and granulating tissue ( G ) 
can be seen (scope in 3–4 and probe in 6R). Reprinted 
from Gluck GS et al. Wrist arthroscopy and its role in 

Keinböck’s disease. In: del Piñal F et al. (eds.). 
Arthroscopic Management of Ulnar Pain. Berlin, 
Heidelberg: Springer-Verlag; 2012: 253–263, with kind 
permission from Springer Science and Business Media       
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tate visualization. Once a clear view is obtained, 
loose bodies, torn intercarpal ligaments, and 
unstable chondral surfaces are removed using 
arthroscopic shavers, suction baskets, and pitu-
itary rongeurs. If no further surgical intervention 
is planned, arthroscopic debridement alone can 
help with symptoms and has been shown to be a 
valuable treatment option in those patients where 
the lunate has progressed to collapse or fracture. 
In 1999, Poehling’s group reported on a small 
cohort of patients with Lichtman stage 3A and 
3B Kienböck’s disease [ 5 ]. Patients were man-

aged with arthroscopic debridement of synovitis, 
loose bodies, unstable chondral surfaces, and 
torn intercarpal ligaments. All patients achieved 
signifi cant improvements in pain, motion, and 
grip strength with minimal morbidity. 
Additionally, all patients reported resolution of 
mechanical symptoms. All patients returned to 
their prior level of activity or occupation within 
4 weeks of surgery. After an average follow-up of 
19 months, about half had progression of lunate 
sclerosis. Clinical results were maintained and 
none of the patients had further carpal collapse or 

  Fig. 13.3    ( a ,  b ) In the midcarpal space,  the   lunate carti-
lage seems normal—only a loose body could be seen on 
fi rst inspection ( arrow ). ( c ) When probing, a clear coronal 
fracture ( arrow ) can be seen at the junction of the dorsal 
and middle lunate thirds (scope in UMC and probe in 

RMC). In: del Piñal F et al. (eds.). Arthroscopic 
Management of Ulnar Pain. Berlin, Heidelberg: Springer- 
Verlag; 2012: 253–263, with kind permission from 
Springer Science and Business Media       
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symptomatic instability during the study period 
(Figs.  13.4 ,  13.5 , and  13.6 ).

     In the early stages of Kienböck’s disease, the 
goals of treatment should be to either halt pro-
gression or reverse osseous changes prior to 
compromise of subchondral support and subse-

quent articular degeneration. Arthroscopy, as a 
diagnostic tool, should ideally help the surgeon 
identify which patients fall into a truly reversible 
category. This would potentially allow for con-
sistent alteration of the natural history, and also 
prevent unnecessary secondary or complex sur-
geries in a patient who would otherwise have 
similar long-term outcomes or symptom relief 
with either no intervention or a more simple 
intervention with more rapid recovery. 

 Arthroscopy can also be a valuable treatment 
tool in early, pre-collapse Kienböck’s disease. 

  Fig. 13.4    Loose  lunate   osteochondral fragment. 
Reprinted from Gluck GS et al. Wrist arthroscopy and its 
role in Keinböck’s disease. In: del Piñal F et al. (eds.). 
Arthroscopic Management of Ulnar Pain. Berlin, 
Heidelberg: Springer-Verlag; 2012: 253–263, with kind 
permission from Springer Science and Business Media       

  Fig. 13.5    Removal of  loose   lunate osteochondral frag-
ments. Reprinted from Gluck GS et al. Wrist arthroscopy 
and its role in Keinböck’s disease. In: del Piñal F et al. 
(eds.). Arthroscopic Management of Ulnar Pain. Berlin, 
Heidelberg: Springer-Verlag; 2012: 253–263, with kind 
permission from Springer Science and Business Media       

  Fig. 13.6    ( a ,  b ) Defect in the  necrotic   lunate after 
debridement of loose bodies. Reprinted from Gluck GS 
et al. Wrist arthroscopy and its role in Keinböck’s disease. 
In: del Piñal F et al. (eds.). Arthroscopic Management of 
Ulnar Pain. Berlin, Heidelberg: Springer-Verlag; 2012: 
253–263, with kind permission from Springer Science 
and Business Media       
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Forage has been used in the early stages of femo-
ral head  osteonecrosis   as a minimally invasive 
osseous drilling to create revascularization [ 19 ]. 
Bain et al. published a small case series of 
arthroscopic/fl uoroscopic guided drilling of the 
lunate for Kienböck’s disease diagnosed prior to 
evidence of necrosis on MRI or sclerosis on plain 
radiographs [ 6 ]. These patients were managed 
with arthroscopic assisted drilling alone after 
failure of nonoperative treatment. This led to 
complete reversal of symptoms and imaging 
abnormalities after a 6-year follow-up period. Of 
note, a second patient in this case report had 
already progressed to sclerosis on plain radio-
graphs but chose drilling as a less invasive option. 
Although the patient improved clinically during 
the follow-up period, radiographs showed pro-
gression and collapse in accordance with the 
natural history of the disease [ 17 ,  19 ]. 

 Further supporting this approach, Mehrpour 
et al. performed an open drilling technique of the 
lunate in 20 patients with average follow-up of 
5 years [ 7 ]. All of the stage 1 and 2 patients had 
objective, standardized outcome measures that 
demonstrated signifi cant lasting improvement, 
and there was no radiographic progression. 
However, two of the four stage 3 patients later 
required a radial shortening osteotomy. The ideal 
patient for forage will have failed nonoperative 
treatment, have all articular surfaces intact (Bain 
and Begg grade 0), and have no fragmentation of 
the lunate (Lichtman grade 0 or 1). The mini-
mally invasive arthroscopic technique is likely to 
have less morbidity and quicker rehabilitation. A 
joint-leveling procedure can be performed at the 
same time as the forage procedure, or as a sec-
ondary  procedure if the patient has persistent 
pain despite the forage.  

    Technique: Arthroscopic Assisted 
Drilling of the Lunate 

 Preoperative planning, based on the  MRI to iden-
tify the correct trajectory into the area of necro-
sis, is important. The drill perforates the area of 
necrosis, creates a weep-hole for the venous 
hypertension, generates a regional reactive 

hyperemia, introduces an acute infl ammatory 
response into the area of chronic infl ammation, 
and opens a channel into which new granulation 
tissue and a cascade of vessels will proliferate. 

 A standard wrist arthroscopy is performed and 
once the integrity of the articular surfaces has 
been confi rmed to be grade 0, attention is turned 
to  drilling   the lunate. A drill sleeve to protect the 
extensor tendons is introduced into the 3–4 por-
tal, and positioned on the dorsal aspect of the 
lunate with arthroscopy and fl uoroscopy guid-
ance. Both the angle of the drill and the position 
of the wrist can be adjusted to strategically direct 
the drill to the areas of necrosis to encourage vas-
cular ingrowth. Two or three passes of a 2.5 mm 
drill are made into the lunate (Fig.  13.7 ). Once 
the drill is removed, morselized bone graft can be 
tamped through the same drill sleeve, into the 
lunate under arthroscopic control [ 8 ]. Any debris 
should be lavaged from the joint. Postoperatively, 
patients are provided with a removable wrist 
splint and instructed to mobilize the wrist as 

  Fig. 13.7    Forage of  the   lunate. Fluoroscopic image of the 
wrist, with the scope in the 6R portal and the drill within a 
sheath in the 3–4 portal. The drill is positioned under 
arthroscopic control, and confi rmed to be satisfactory with 
fl uoroscopy. Once positioned the drill is advanced. 
Arthroscopic-directed drilling of the lunate in a patient with 
arthroscopic grade 0 Kienböck’s disease. Reprinted with 
permission from Bain GI, Durrant A. An articular- based 
approach to Kienböck avascular necrosis of the lunate. 
Tech Hand Up Extrem Surg. 2011 Mar;15(1):41–7       
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comfort allows. Hand therapy would only be 
required if postoperative progress is slow.

   As arthroscopic techniques and technology 
have evolved, so do have the capabilities of the 
wrist arthroscopist to perform previously open 
procedures in a minimally invasive fashion. 
 Proximal row carpectomy   and  intercarpal fusions   
are two examples of procedures that can be per-
formed arthroscopically. Arthroscopic proximal 
row carpectomy is not only technically possible, 
but can provide a faster recovery and earlier range 
of motion than the open technique [ 20 ]. Limited 
intercarpal fusion, such as scaphocapitate fusion, 
can serve to prevent collapse of the distal carpal 
row and stabilize scaphoid rotation in the setting of 
Kienböck’s disease. Resection of the proximal 
pole of the capitate can also serve to unload the 
lunate. A prospective, randomized study was per-
formed to compare open versus arthroscopic 
scaphocapitate fusion in Kienböck’s disease [ 9 ]. 
Patients in the open group also had a lunate revas-
cularization procedure performed and the 
arthroscopic group included resection of the proxi-
mal pole of the capitate. The lunate was preserved 
in both groups. Sixteen patients with Lichtman 
stage III disease were reviewed at an average fol-
low-up of 3 years. The arthroscopic group without 
revascularization had shorter surgical times and 
returned to regular daily activities quicker (6 weeks 
versus 15 weeks). The arthroscopic group had bet-
ter Mayo wrist scores, but this did not reach statis-

tical signifi cance due to the small number of 
patients. Revascularization did not have a signifi -
cant effect on clinical or radiographic outcome at 
3 years . There were no nonunions.  

    Technique for Arthroscopic 
 Scaphocapitate Fusion   

 Following an arthroscopic assessment and 
 debridement of the wrist, the capitate pole is 
excised using a shaver or burr until the midcarpal 
surface of the lunate does not abut the capitate 
(Fig.  13.8 ).

   The arthroscope is directed toward the scapho-
capitate joint through the ulnar midcarpal portal. 
The cartilage on the adjacent surfaces of the capi-
tate and scaphoid is debrided through the radial 
midcarpal portal, until the subchondral bone is 
exposed. With the arthroscope in the scaphoid 
fossa, a guide wire is advanced through the ana-
tomic snuffbox, onto the scaphoid, in preparation 
to be advanced into the capitate. It should be 
directed into the scaphoid in a ulnar, dorsal, and 
distal direction. The arthroscope is then re-posi-
tioned in the midcarpal joint, and the guide wire is 
advanced into the capitate under arthroscopic 
visualization. The wrist is placed in maximal 
extension and ulnar deviation to ensure scaphoid 
extension prior to crossing the arthrodesis site. 
With the arthroscope in the scaphocapitate joint 

  Fig. 13.8    Radiograph of  the   arthroscope in the midcarpal 
joint and after arthroscopic resection of the head of the capi-
tate. Republished with permission of Arthroscopy Association 
of North America and Elsevier, from Leblebicioğlu G, Doral 

MN, Atay öA, Tetik O, Whipple TL. Open treatment of stage 
III Kienböck’s disease with lunate revascularization com-
pared with arthroscopic treatment without revascularization. 
Arthroscopy. 2003 Feb;19(2):117–30       
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and the guide wire in place, the length of the 
screw is determined and the cannulated drill and 
screw are placed over the wire. The guide wire is 
deliberately made long to avoid it displacing. The 
precise positioning of the wire and screw can be 
confi rmed with arthroscopy and intraoperative 
fl uoroscopy. The arthroscope is then slightly 
withdrawn, and the screw is tightened to observe 
compression between the scaphoid and the capi-
tate (Fig.  13.9 ). A second screw may be used for 
added fi xation. The lunate is left in situ.

   Postoperatively, the wrist is immobilized in a 
short arm splint in a position of 15° of dorsifl exion 
and 10° of ulnar deviation for 4 weeks. After 
removal of the splint, the patient is allowed to 
passively mobilize the wrist [ 9 ]. Follow-up 
radiographs are performed to confi rm the position 
of carpal fi xation and later to confi rm union. 

 The majority of the literature regarding 
Kienböck’s disease does not include wrist 
arthroscopy to determine the diagnosis or guide 
treatment. Hopefully, this chapter has helped 
demonstrate how wrist arthroscopy can serve as a 
valuable tool in the evaluation and management 
of this challenging disease. Arthroscopy provides 
direct evidence of articular surface involvement 
and allows the surgeon to design a logical solution 
to maintain a functional motion. Further studies 

are required before we have the appropriate 
information at the various stages of the disease 
that is consistently better than the natural history. 
The authors hope that arthroscopy will be incor-
porated into more future studies to provide valu-
able additional diagnostic information and 
 facilitate less invasive treatment options for 
patients with Kienböck’s disease.     
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          Introduction 

 The treatment of osteonecrosis of the lunate has 
evolved considerably since fi rst described by 
Kienböck in 1910 [ 1 ]. Surgical options include a 
variety of joint-leveling procedures, vascularized 
bone grafts, wrist arthrodeses with or without 
lunate excision, and excision of bones in the prox-
imal carpal row. In 1993, the senior author recog-
nized that treatment outcomes of Kienböck’s 

disease vary based on disease severity and 
 chronicity. He proposed a treatment algorithm 
based on the staging system he introduced in 1977 
[ 2 ,  3 ]. Despite widespread use of this algorithm, 
surgical outcomes today still remain somewhat 
unpredictable and, as with all open procedures, 
have the potential for morbidity. To decrease 
complications associated with established surgi-
cal options, less invasive, surgical techniques are 
being investigated. These techniques include tem-
porary scapho-trapezio-trapezoidal (STT) pin-
ning, core decompression of the distal radius and 
ulna or lunate, balloon lunatoplasty, and immobi-
lization using external fi xation devices.  

    Temporary Scapho-Trapezio- 
Trapezoidal  Pinning   

 Yajima [ 4 ]   originally described temporary  STT 
pinning   in adolescent patients with Kienböck’s 
disease in 1998. This procedure decompresses 
the lunate by temporarily transferring forces 
from the radiolunate to the scaphocapitate and 
radioscaphoid joints. This allows temporary 
decompression of the lunate long enough to 
allow for revascularization without permanent 
alteration of anatomic joint relationships. 

 In addition to temporary STT fi xation, Yajima 
advocated revascularization of the lunate using 
the second or third dorsal metacarpal artery and 
vein. He used a drill hole from dorsal to volar on 
the lunate to pass the vascular pedicle, then 
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secured the pedicle to the palmar joint capsule, 
and reinforced the tunnel with autograft bone. 
Following vascular bundle implantation, he 
inserted three 0.045-in. Kirschner wires. The fi rst 
was placed from the dorsal scaphoid into the tra-
pezium with the wrist in slight extension, the sec-
ond from the dorsal trapezoid to the scaphoid, 
and the third from the trapezium to the trapezoid. 
Yajima later modifi ed this technique with respect 
to K-wire placement. In the new confi guration, 
he places two wires from the trapezoid to the 
scaphoid and one from the scaphoid to the trape-
zium. This eliminates the need for fi xation 
between the trapezium and trapezoid. Yajima 
emphasizes the importance of ensuring that no 
K-wires cross the radiocarpal joint regardless of 
confi guration (Fig.  14.1 ).

   Following the procedure, the extremity is 
immobilized in a short arm cast for 4 weeks to 
allow soft-tissue healing and integration of the 
vascular pedicle. K-wires are removed upon 
radiographic evidence of lunate healing, usually 
between 4 and 6 months postoperatively. Wrist 
range of motion is not restricted after the initial 
4-week period of cast immobilization. In the sec-
ond month, isometric non-weight-bearing wrist 
exercises are started. Light lifting is allowed at 
3 months postoperatively. 

 Yajima [ 4 ] reported complete pain resolution 
in 80 % of patients and increased grip strength 
following STT pinning with vascular augmenta-
tion. There was no difference in postsurgical 
wrist range of motion or mean carpal height in 
this study. 

 Several case reports also demonstrate the effec-
tiveness of STT pinning. In 1998, Yasuda [ 5 ] et al. 
reported on a 12-year-old female with stage IIIB 
Kienböck’s disease treated with temporary scapho-
trapezoidal joint pinning. A postoperative MRI 
demonstrated revascularization of the lunate, along 
with healing of lunate fractures present preopera-
tively. Wrist extension and fl exion both increased 
from 40° to 90° and grip strength increased from 9 
to 21 kg following 4 months of splint immobiliza-
tion and subsequent pin removal. 

 In 2004, Shigematsu [ 6 ] reported on an 
11-year-old female with stage IIIA Kienböck’s 
disease treated with temporary STT pinning. The 

patient underwent 4 weeks of cast immobilization 
and pin removal at 8 weeks. Wrist fl exion 
improved from 60° to 90° and extension improved 
from 30° to 90°. Grip strength improved from 5 to 
24 kg. Radiographs showed reconstitution of the 
lunate with a return to normal bone density. 
Furthermore, carpal height ratio improved from 
0.45 to 0.51 postoperatively, compared to 0.54 in 
the unaffected wrist. A postoperative MRI showed 
evidence of revascularization at 10 months. 

 In 2005 Kazuki [ 7 ] performed temporary STT 
pinning on a 15-year-old girl followed by sequen-
tial MRI and plain radiographs monthly from 1 to 
6 months, and at 9, 12, and 24 months postopera-
tively to evaluate lunate revascularization. 

  Fig. 14.1     Postoperative   PA radiograph of a 46-year-old 
woman who underwent temporary STT pinning for treat-
ment of stage IIIa Kienböck’s disease. Reprinted from 
Journal of Hand Surgery, 23(3), Yajima H, Ono H, Tamai 
S, Temporary internal fi xation of the scaphotrapezio- 
trapezoidal joint for the treatment of Kienbock’s disease: 
a preliminary study, 402–410, Copyright 1998       
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K-wires were removed at 6 months. The low- 
intensity area of the lunate on T1-weighted MRI 
demonstrated a notable increase in signal at 
3 months and T1-weighted MRI of the lunate had 
normalized by 6 months. Radiographs showed 
decreased lunate sclerosis and cystic changes, 
with bony sclerosis eliminated by 9 months. The 
carpal height ratio did not change and lunate col-
lapse did not progress. 

 Ando et al. [ 8 ], in 2009, presented a retrospec-
tive review of six adolescent patients with 
Kienböck’s disease (three stage IIIA, three stage 
IIIB) treated with temporary ST joint fi xation for 
between 3 and 6 months. They noted statistically 
signifi cant increases in wrist fl exion and extension 
postoperatively, as well as an increase in grip 
strength. A postoperative MRI noted improvement 
to a nearly normal lunate signal in all patients. 

 In summary, temporary ST joint immobiliza-
tion effectively neutralizes forces across the 
lunate and heightens the regenerative potential of 
the skeletally immature lunate. We recommend 
this procedure in patients with good revascular-
ization potential, such as adults with high signal 
intensity on preoperative gadolinium perfusion 
studies as well as for selected juveniles and ado-
lescents. In children, temporary pinning results in 
restoration of carpal height in many cases and 
therefore represents a reasonable operative 
choice, even when X-rays demonstrate type IIIA 
or IIIB Kienböck’s disease. Because the proce-
dure is minimally invasive and non-destructive it   
is particularly well suited to younger patients.  

     Balloon Lunatoplasty   

 In 2011 Chen [ 9 ]   introduced the concept of using 
a balloon system to restore height (similar to 
what has been commonly used for vertebral com-
pression fractures) in cases of Kienböck’s disease 
with lunate collapse. He and his colleagues pre-
sented a cohort of fi ve patients (two stage II, two 
stage IIIA, two stage IIIB) treated with balloon 
lunatoplasty. Immediate postoperative imaging 
showed lunate expansion to normal dimensions. 
At 24-month follow-up, signifi cant improve-
ments in pain, strength, and wrist range of motion 

were noted in all fi ve patients. Follow-up imag-
ing showed no progression or further lunate col-
lapse, and all patients returned to their previous 
level of employment. 

 To perform  balloon lunatoplasty  , Chen uses an 
11-gauge vertebroplasty needle positioned in the 
lunate from a dorsal approach and directed 
towards the center of the collapsed lunate in stage 
III or the center of the less dense cystic region of 
the lunate in stage II. Needle position is verifi ed 
using c-arm fl uoroscopy. A working cannula is 
placed using a guide wire and the entrance point 
is drilled for the balloon. Half of the balloon is 
inserted into the lunate and infl ated to impact the 
necrotic bone. The balloon is subsequently 
removed and bone cement is injected under fl uo-
roscopy using a kyphoplasty cement system. 
Extravasation of cement beyond the lunate is to 
be avoided and immediately removed through a 
minimal incision if identifi ed fl uoroscopically. 

 Chen’s results indicate that balloon lunato-
plasty is effective in the treatment of stage IIIA or 
early stage IIIB Kienböck’s disease and allows 
restoration of lunate geometry, which may pre-
vent carpal degeneration [ 9 ]. In addition, this 
procedure eliminates the need for joint fusion 
and prolonged immobilization and allows for 
earlier rehabilitation. The surgeon must recog-
nize and remedy cement extravasation from the 
lunate, which was seen in up to 20 % of patients 
in Chen’s study. Chen recommends using high- 
viscosity cement injected under low pressure to 
decrease the occurrence of cement extravasation. 

 In 2012 Ken [ 10 ] presented an in vitro study 
on percutaneous cement lunatoplasty. The proce-
dure was performed in four cadavers, using the 
contralateral wrist as a paired control. Cement 
was injected at 200 psi and fl uoroscopy was used 
to ensure no cement extravasation. The injected 
lunates and their contralateral-paired controls 
were then loaded to failure in axial compression. 
The results demonstrated an increase in the mean 
load to failure for treated lunates compared to 
their untreated counterparts (3.5 kN vs. 3.0 kN). 

 There is no information available regarding the 
long-term outcome of patients treated with balloon 
lunatoplasty. As in vertebroplasty, there is some 
concern that a cemented lunate may be exceed-
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ingly dense, potentially leading to wear and frag-
mentation of surrounding structures. Outside of 
investigational   studies, we do not yet endorse this 
treatment use in Kienböck’s disease.  

    Core Decompression  of the Radius 

 Illarramendi [ 11 ] in 2001 astutely noted sponta-
neous resolution of Kienböck’s disease in patients 
experiencing non-displaced  distal radius frac-
tures  . He theorized that the local biologic 
response to fracture healing alters the physiologic 
environment and stimulates revascularization of 
the lunate. As a surgical alternative to distal 
radius fracture, Illarramendi proposed distal 
radius and/or ulnar metaphyseal core decompres-
sion as a treatment for Kienböck’s disease. 

 This procedure calls for a 3 to 4 cm longitudi-
nal incision along the radial border of the distal 
radius metaphysis. Branches of the radial nerve 
are identifi ed and protected. A bony window is 
created measuring 2 cm × 0.5 cm, located 2 cm 
proximal to the radial styloid. The distal radius 
metaphysis is curetted and subsequently impacted 
without removing any bone. The bone cortex 
removed is either broken into 5 mm fragments or 
impacted back into place as a single piece. The 
distal ulnar metaphysis is then approached with a 
longitudinal incision between the extensor and 
fl exor carpi ulnaris tendons. A bone window is 
made 2 cm proximal to the ulnar styloid. The 
core decompression technique for the ulna 
matches the aforementioned technique used in 
the distal radius. The extremity is immobilized 
for 3 weeks in a short arm cast. Strenuous activi-
ties are avoided for 3 months, and monthly 
follow- ups are performed for the fi rst 6 months, 
followed by annual visits. 

 Illarramendi [ 11 ] reported on 22 patients that 
underwent metaphyseal core decompression for 
stage I, II, or IIIA Kienböck’s disease. At 10-year 
follow-up, no patient had required further surgi-
cal procedures; 72.7 % of patients were pain free 
and 18 % reported mild occasional pain. One 
patient reported worsening pain and had radio-
graphic evidence of intercarpal arthritis and 
another had moderate pain that required modifi -
cation of their occupation. Average grip strength 

was 75 % of the contralateral wrist and range of 
motion was 77 % of the contralateral wrist at fi nal 
follow-up. Three of the 22 patients did not have 
core decompression of the ulna, and had equiva-
lent outcomes at 10-year follow-up to those 
patients who had both the radius and ulna decom-
pressed. Carpal height ratio was unchanged from 
preoperative measurements at fi nal follow-up. 

 Biomechanical cadaver studies have been per-
formed to evaluate the effect of distal radius 
metaphyseal core decompression on the wrist. 
Sherman [ 12 ] identifi ed a signifi cant decrease in 
the stiffness of the distal radius after distal radius 
metaphyseal core decompression, but no changes 
in the distribution of forces across the radiocarpal 
joint or in the ulnocarpal fossa were noted. 
Illarramendi attributed the immediate postopera-
tive pain relief following core decompression to 
alteration of the local intraosseous pressure. In 
addition, he believed that revascularization of the 
lunate was enhanced by a regional vascular 
response secondary to surgical core decompres-
sion or injury from a fracture. Further studies on 
the vascular physiology of these structures are 
necessary to determine the cause-and-effect rela-
tionship behind  these observations.  

    Core Decompression of the Lunate 

 Increased intraosseous pressure secondary to 
venous congestion may also contribute to the 
development of avascular necrosis of the  lunate   
[ 13 ]. This consideration led to experimentation 
with core decompression of the lunate, fi rst 
described by Bain in 2011 [ 14 ]. Also in 2011, 
Mehrpour [ 15 ] published on lunate core decom-
pression in a cohort of 20 patients with stage I–
IIIb Kienböck’s disease. The surgical procedure 
involved transverse dorsal and capsular incisions 
over the lunate. A high-speed burr was used to 
decompress the lunate. The cancellous bone from 
the lunate was not removed. Postoperatively, the 
extremities were splinted initially, and then immo-
bilized in a short arm cast for a total of 6 weeks. 
Range-of-motion exercises were then initiated. 

 At 5-year follow-up, Mehrpour noted a signifi -
cant decrease in pain, as well as improvement in 
DASH scores, fl exion, extension, and radial and 
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ulnar deviation. There was no postoperative pro-
gression of disease stage, and no operative compli-
cations. Ten percent of patients (all with stage III 
disease) went on to radial shortening osteotomy 
due to continued pain. These results suggest that 
lunate core decompression may be a reasonable 
option for treatment of stages I and II Kienböck’s, 
but may not lead to successful results in stage III 
where the lunate has already collapsed.  

    External Fixation 

  External fi xation   has complemented many of the 
historical treatment options for Kienböck’s dis-
ease. As an example, vascularized bone grafting 
is often supplemented by the addition of external 
fi xation (or temporary STT pinning) to unload 

the lunate during the postoperative period [ 16 , 
 17 ]. Both techniques may prevent compression 
of the lunate during the revascularization process 
when the lunate is highly susceptible to further 
collapse. The true effect of the fi xator (or tempo-
rary pinning) is unknown, however, because the 
outcome of the combined procedures is largely 
dependent on the stage of the disease and the 
quality of the revascularization procedure itself 
(Figs.  14.2  and  14.3 ).

    Although external fi xation can provide similar 
change in force transmission across the lunate as 
STT pinning, it is more diffi cult for the patient to 
tolerate and is associated with an increased risk 

  Fig. 14.2    PA radiograph of  a   wrist that has been tempo-
rarily stabilized with an external fi xator. Reprinted with 
permission from Gelberman RH, editor. Master 
Techniques in Orthopedic Surgery: The Wrist. 3rd ed. 
Philadelphia: Lippincott Williams & Wilkins; 2009         Fig. 14.3    Clinical  photograph   of the same patient with a 

wrist external fi xator in place for temporary immobiliza-
tion after undergoing a lunate revascularization procedure. 
Reprinted with permission from Gelberman RH, editor. 
Master Techniques in Orthopedic Surgery: The Wrist. 3rd 
ed. Philadelphia: Lippincott Williams & Wilkins; 2009       
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of local infection. Therefore, we do not recom-
mended external fi xation as an isolated procedure 
for the treatment of Kienböck’s disease.  

    Conclusion 

 In summary, minimally invasive procedures for 
Kienböck’s disease can be effective under certain 
circumstances. As we learn more about the natu-
ral history of the disorder the precise indications 
for these procedures will become clearer. At 
present we recommend temporary STT pinning 
or external fi xation as adjunctive procedures to 
provide stress transfer following direct revascu-
larization of the lunate. We also perform core 
lunate decompression, followed by cancellous 
bone grafting, for questionable lesions of the 
lunate. In this instance, the procedure serves both 
a diagnostic and therapeutic function.     
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          Introduction 

 In 1986, Almquist introduced capitate-shortening 
osteotomy to the armamentarium of treatments 
for Kienböck’s disease [ 1 – 3 ]. He reported that 
revascularization and healing of the fragmented 
lunate occurred in 83 % of patients and that post-
operative grip strength improved to 80 % of the 
opposite side [ 2 ,  3 ]. Subjective pain relief after 
surgical treatment in Kienböck’s disease depends 
on multiple factors. Capitate-shortening osteot-
omy has  mechanical and biological healing 
effects   on the lunate. Innes et al. have postulated 
that a cortical disruption increases the local cir-
culation to the lunate [ 4 ]. In accordance with this 
hypothesis Bekler et al. [ 5 ] performed capitate 
forage and Blanco and Blanco [ 6 ] performed 
radial osteotomy without shortening to treat 
Kienböck’s disease. A study using magnetic reso-
nance imaging (MRI) on nine patients demon-
strated that the  revascularization process   of the 
lunate after capitate-shortening osteotomy began 
at an average of 4.7 months (3–7 months) postop-
eratively (Fig.  15.1 ) [ 7 ].

   Of the carpal bones, the lunate bone bears the 
greatest load per unit surface [ 2 ]. Reducing load on 

the lunate probably prompts revascularization of 
the bone and prevents further changes in the shape 
of the lunate and collapse of the carpus. Capitate-
shortening osteotomy effi ciently decreases the load 
transfer across the lunate bone [ 8 – 11 ]. Horii et al. 
have demonstrated that the shortened capitate 
transferred less load (66 % reduction) across the 
radio-lunate joint than the shortened radius (45 % 
reduction) [ 8 ]. The load of the carpus pass through 
the three columns (radial, intermediate, and ulnar 
columns) across the wrist joint, to the forearm. 
Capitate-shortening osteotomy diverts the load 
from the intermediate column to the radial and 
ulnar columns and adjacent intercarpal joints [ 8 , 
 11 ], therefore unloading and protecting the radiolu-
nate articulation. 

 There is no consensus on the best surgical 
treatment for Kienböck’s disease [ 12 – 22 ]; how-
ever, capitate-shortening osteotomy is a simple 
and straightforward procedure that has gained 
interest in recent years [ 1 – 3 ,  7 ,  23 ,  24 ,  27 – 31 ].  

     Indications   

 Traditionally, surgical treatment for Kienböck’s 
disease is based on the Lichtman stages [ 12 ,  13 ] 
of the disease and ulnar variance [ 14 – 17 ]. 
Capitate-shortening osteotomy usually has been 
offered to patients with ulnar neutral and positive 
variances in the early Lichtman stages (stage I, 
stage II, and stage IIIA) of Kienböck’s disease 
[ 1 – 3 ]. However, capitate-shortening osteotomy 
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is an independent procedure from ulnar variance, 
and it has also gained interest for ulnar-negative 
patients in recent years [ 23 ]. Capitate-shortening 
osteotomy does not affect the kinematics of the 
distal radioulnar joint and the risk of ulnar side 
pain does not increase [ 23 ,  24 ]. Signifi cant frag-
mentations of the lunate and arthritic changes 
with cartilage loss around the lunate are contrain-
dications for capitate-shortening osteotomy [ 3 ].  

     Contraindications   

 There are a number of  important contraindications 
for capitate shortening. Preoperative assessment 
with imaging modalities is essential. However, the 
fi nal decision as to the correct surgical procedure 
should be made following inspection of the carpus 
at the time of surgery. These factors should be con-
sidered with the preoperative imaging and must be 
discussed with the patient before surgery. If at the 
time of surgery the capitate shortening is consid-
ered to be contraindicated, then the surgeon must 
have an alternative plan. 

 Contraindications include the following:

    1.    The lunate is too fragmented.   

   2.    There are advanced arthritic changes of the 
lunate articular surfaces.   

   3.    There are advanced  arthritic changes of the 
articular surfaces adjacent to the lunate.      

     Operative Techniques   

 Preoperative  radiographs of the patient are per-
formed (Figs.  15.2  and  15.3 ). A dorsal surgical 
approach which begins at the base of the third 
metacarpal and extends 4 cm proximally [ 2 ,  3 ]. 
The distal aspect of the fourth extensor compart-
ment retinaculum may be incised to aid in retrac-
tion of the extensor tendons to the ulnar side. The 
dorsal interosseous nerve, located in the fl oor of 
the fourth extensor compartment, can be resected 
for de-innervation (Fig.  15.4 ). A longitudinal 
dorsal capsulotomy is performed, and the capsule 
is refl ected to expose the capitate and lunate. A 
synovectomy may be required (Fig.  15.5 ). No 
imaging technique can be substituted for the 
direct observation of the lunate’s condition. The 
distal concave articular surface of the lunate is 
inspected by traction along the middle fi nger. To 
observe the proximal surface of the lunate and 
radiolunate joint, the dorsal capsule over the 

  Fig. 15.1    Three months postoperative fat suppression 
MRI image with high signal intensity and bone marrow 
edema in  the   capitate and lunate. The changes are highly 

suggestive of lunate revascularization and post-osteotomy 
of the capitate       
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lunate is dissected. This step provides a direct 
assessment and staging of the diseased lunate. 
The dorsal dissection should be limited so as not 
to further compromise the circulation to the avas-
cular lunate.

      At this point a decision is made as to whether 
the capitate shortening is appropriate, taking into 
the surgical observations, imaging, and the 
demands of the patient. Importantly the contrain-
dications are considered. 

 To proceed with the osteotomy, use a fi ne- 
oscillating saw to make two parallel cuts in the 
capitate at the junction of its middle and distal 
thirds (Fig.  15.6 ). The osteotomy site is located 
in the capitate waist at the level of the distal dor-
sal articular surface of the scaphoid. The step-
wise cuts are made 2 mm apart and the proximal 
cut is completed fi rst. If the distal cut is com-
pleted fi rst, it makes it diffi ult to keep the proxi-
mal fragment stable during completion of the 
proximal cut. The attachment of the volar wrist 
capsule and ligaments to the proximal third of the 
waist of capitate is preserved. Then, a 2 mm 

wafer of bone is removed by prying it up 
(Fig.  15.7 ). The remnants of the proximal and 
distal volar cortexes may be removed by a small 
curet or rongeur to ensure that the two cut 
 surfaces are aligned correctly. The two cut sur-

  Fig. 15.2     Preoperative   anteroposterior radiograph of the 
left wrist with Kienböck’s disease       

  Fig. 15.3    Preoperative  lateral   radiograph of the left wrist 
with Kienböck’s disease       

  Fig. 15.4    The fourth  extensor   compartment tendons are 
retracted to ulnar side. The hook at the distal level of the 
fourth extensor compartment shows the terminal branch 
of the dorsal interosseous nerve       
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faces are compressed manually by a curved blunt 
instrument inserted proximally (Fig.  15.8 ) and 
are fi xed with two crossed 0.062 in K-wires. The 
wires are inserted percutaneously from distal to 
proximal (Fig.  15.9 ). The K-wires should not 
penetrate the proximal articular surface of the 
capitate. The K-wires may be placed on the ulnar 
and radial sides of the fi ngers’ extensor tendons. 
The placement of the K-wires is confi rmed with 
radiographs (Figs.  15.10  and  15.11 ). The wires 
may be left out of the skin, so they can be removed 
in the offi ce easily. Alternatively, the osteotomy 
site may be fi xed by a headless screw [ 23 ] or a 
staple [ 24 ]. The wounds are closed in layers and 
the wrist is protected with a short-arm splint.

        Postoperatively, light activity of the fi ngers is 
advocated. After 1 week the short-arm splint is 
changed to a short-arm cast. The osteotomy site 

usually heals in about 6–8 weeks. When union is 
confi rmed by radiographs, the pins and cast are 
removed and the patient increases his/her activity 
level and starts active and passive wrist range-of- 
motion exercises. The wrist should be  protected 
by a wrist splint until the revascularization of the 
lunate is complete.  

    Technical Alternatives 

 If there is a relatively long capitate waist, Almquist 
recommended removal of a thickness (e.g., 
3–4 mm) bone wafer [ 2 ,  3 ]. Almquist did perform 
 capitohamate arthrodesis   along with capitate-
shortening osteotomy [ 2 ,  3 ]. However, several 
studies failed to demonstrate an effi cient load 

  Fig. 15.5    The wrist joint is  opened   and the proximal 
articular surface of the capitate is visualized. The hyper-
trophic synovium is removed       

  Fig. 15.6    At the 
junction of  middle   and 
distal third of the waist 
of capitate bone two 
parallel cuts, with 2 mm 
intervals, are made using 
an oscillating saw. The 
arrow indicates the 
lunate bone       

  Fig. 15.7    A 2 mm wafer of bone is removed       
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reduction by adding a capitohamate arthrodesis to 
the capitate-shortening osteotomy [ 3 ,  24 – 26 ]. 
Therefore, subsequent authors have abandoned 
this part of the original procedure [ 7 ,  23 ,  24 ,  27 ]. 

 Waitayawinyu et al. and Kakinoki et al. per-
formed a vascularized bone graft for the lunate 
along with capitate-shortening osteotomy to 
expedite the revascularization process of the 
lunate [ 28 ,  29 ]. Waitayawinyu et al. also per-
formed hamate shortening in some of their study 
subjects; however, the added benefi t of this part 
to the procedure was not clear. 

 Okamoto et al. treated six Kienböck patients 
with capitate-shortening and capitate-hamate 
fusion. They noted a progressive scaphoid fl ex-
ion in their patients. They believe that after 

capitate shortening the distal carpal row 
migrates proximally because of a shortened 
capitate and scaphoid adopts a palmar fl exed 
position. The carpal collapse stops when the 
capitolunate contact is re-established [ 30 ]. 
Moritomo et al. [ 23 ] have suggested a reverse 
“L-shape”  osteotomy   to recess only the lunate 
facet of the capitate to circumvent the potential 
progression of carpal collapse that was noted 
by Okamoto et al. [ 30 ]. In this procedure, the 
length of the scaphoid facet of the capitate is 
not violated and this may help to preserve the 
normal position of the scaphoid bone in the 
wrist [ 23 ]. 

 Fouly et al. performed a distal capitate short-
ening with  capitometacarpal arthrodesis   [ 31 ]. 
The third metacarpal is the most stable metacar-
pal at the wrist. Fouly et al. theorized that the 
arthrodesis of the base of the third metacarpal to 
the shortened distal capitate not only reduces the 
load to the intermediate column, but also pre-
vents the proximal migration of the capitate and 
progression of carpal collapse [ 31 ].  

     Outcomes   

 In cumulative data from 85 patients who under-
went capitate osteotomy, the majority of patients 
demonstrated improvement in wrist pain, grip 
strength, and wrist range of motion [ 2 ,  3 ,  7 ,  24 , 
 27 – 31 ]. There were no reported cases of non-
union or avascular necrosis of the proximal frag-
ment [ 2 ,  7 ,  23 ,  24 ,  27 – 31 ]. In cumulative data 
from 67 patients who underwent capitate- 

  Fig. 15.8    The 
 osteotomy   surfaces are 
compressed with a 
curved blunt instrument 
and then stabilized with 
two K-wires inserted 
percutaneously from 
distal to proximal. The 
arrow indicates the 
capitate’s head       

  Fig. 15.9    The osteotomy  fi xed   with two crossed K-wires. 
The wires are inserted percutaneously from distal to prox-
imal. The K-wires are placed ulnar and radial sides of the 
fi ngers’ extensor tendons       
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shortening osteotomy, no carpal malalignment 
was noted [ 2 ,  7 ,  24 ,  27 – 29 ]. 

 Vander Grend et al. investigated the blood 
supply of the capitate bone [ 32 ]. They found 
three patterns of intraosseous circulation. The 
common denominator of the three vascular 
patterns was a retrograde flow from distal to 
proximal which may predispose to the non-
union or avascular necrosis of the proximal 

fragment. These same concerns are also appli-
cable to the scaphocapitate (Fenton) syndrome 
where there is a fractured scaphoid and capi-
tate, with the proximal capitate fragment rotat-
ing up to 180°. In several series there were no 
reported cases of avascular necrosis or non-
union of the capitate, as long as the proximal 
fragment was appropriately reduced and fixed 
[ 33 – 43 ].  

  Fig. 15.10    The placements of  the   K-wires are checked with intraoperative fl uoroscopy. ( a ) Anteroposterior view. ( b ) 
Lateral view       

  Fig. 15.11     Anteroposterior   radiographs of the left wrist 7 weeks postsurgery. ( a ) Anteroposterior view. ( b ) Lateral view       
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    Conclusion 

 Capitate shortening is a technically simple method 
of unloading the lunate. It is indicated if the patient 
has an intact lunate and the articular surfaces are 
functional. It is contraindicated if the lunate is 
fragmented or if the articular surfaces of the lunate 
or adjacent articulations are not functional. 

 The decision to perform a capitate-shortening 
osteotomy is based on assessment of the lunate 
and articular surfaces of the carpus, with preop-
erative imaging and intraoperative examination. 

 Unlike the radial shortening, it can be used in 
either ulnar-positive or ulnar-negative variance, 
and it does not compromise the distal radioulnar 
joint. With the appropriate indications, the 
reported outcomes of this procedure are good.     
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          Introduction 

 The most common procedures to treat Kienböck’s 
disease involve osteotomies of the radius or ulna 
and are frequently referred to as joint-leveling 
procedures. The rationale for these osteotomies 
comes from the belief that abnormal association 
between the lunate and radius leads to altered 
mechanics at the radiocarpal joint which predis-
pose those individuals to developing Kienböck’s 
disease. This theory was fi rst proposed by Hultén 
in 1928 who observed a greater preponderance 
of ulnar minus variance in his patients with 
Kienböck’s disease (78 %) compared to the nor-
mal population (23 %) [ 1 ]. Despite these and 
other observations supporting Hultén’s theory, 
there have been further studies casting doubt on 
his concept, suggesting racial differences 
between ulnar variance and the development of 
Kienböck’s disease [ 2 ,  3 ]. As such, these studies 
have still demonstrated improved functional 
 outcomes in these patient populations with 

 joint- leveling procedures suggesting that outcomes 
are likely related to the alteration of force trans-
mission across the lunate rather than the resolu-
tion of a specifi c anatomic causal factor. 

 A number of biomechanical studies have since 
been performed which further support the obser-
vations of Hultén. Horii et al. demonstrated in 
their rigid body spring model that joint-leveling 
procedures resulted in a 45 % reduction in force 
through the radiolunate joint [ 4 ]. Cadaveric stud-
ies by Werner and Palmar have also demonstrated 
similar reduction of force across the radiolunate 
joint with radial-shortening and ulnar- lengthening 
osteotomies [ 5 ]. The exact amount of resection 
or lengthening has been of some debate. In vitro 
analysis by Trumble et al. through sequential 
radial shortening or ulnar lengthening led them to 
conclude that change of approximately 2 mm in 
length led to maximal decompression of the 
lunate while minimizing complications of ulno-
carpal impingement or incongruity of the distal 
radioulnar joint [ 6 ].  

    Osteotomy Options 

 Several  joint-leveling procedures   have been 
described with the goal of achieving ulnar- neutral 
variance. Hultén in 1935 described a radial- 
shortening osteotomy [ 7 ] and Persson soon 
 followed with a ulnar-lengthening procedure [ 8 ]. 
Both  techniques   have demonstrated improve-
ment of symptoms and share the advantage of 
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being extra-articular should disease progression 
warrant further intra-articular intervention. Some 
have postulated that a radial-shortening osteot-
omy effectively lengthens the extrinsic musculo-
tendinous units crossing the carpus, subsequently 
decreasing the force across the lunate [ 9 ].  Radial- 
shortening   osteotomy is generally favored as 
ulnar lengthening has the disadvantage of associ-
ated morbidity with autograft harvesting, typi-
cally from the iliac crest. Additionally, ulnar 
lengthening has an increase in nonunion rates as 
union is required at two bone-graft interfaces and 
the ulnar diaphysis is more diffi cult to obtain 
union even without bone grafting with nonunion 
rates as high as 9 % [ 10 ]. This  complication   was 
even observed in early iterations of the radial- 
shortening osteotomy, which employed a 3.5 mm 
plate to stabilize a diaphyseal-based osteotomy. 
Subsequently, a distally based osteotomy at the 
metaphyseal/diaphyseal junction was employed 
utilizing a T-plate, which also had nonunion 
problems, and now the preferred fi xation for 
 stabilization and compression is a volar locking 
distal radius plate. 

 While  radial-shortening   and  ulnar- lengthening   
osteotomies have offered treatment options for 
patients with ulnar-negative variance, they are of 
little utility for patients with ulnar-neutral or 
-positive variance. Kojima et al. in 1984 described 
a radial closing wedge osteotomy for patients 
with ulnar-positive variance [ 11 ], which decre-
ased radial inclination while minimally affecting 
ulnar variance. They effectively demonstrated 
reduced axial load across the lunate through dis-
tribution of contact stress over a great surface 
area of the lunate. Their work was followed by 
Tsumura et al. who demonstrated in a rigid body 
spring model that the optimal lateral closing 
wedge angle in which the force transmitted 
through the lunate was evenly distributed across 
the radius and ulna at 15° [ 12 ]. 

 The  biomechanical data   supporting radial 
wedge osteotomies has not been consistent. Studies 
published by Watanabe et al., employing a rigid 
body spring model, demonstrated a decrease in the 
force through the radiolunate and ulnolunate joints 
by 10 % and 36 %, respectively [ 13 ]. Their osteot-
omy model was theoretically similar to a lateral 

closing wedge osteotomy, effectively reducing the 
radial inclination. Cadaveric studies performed by 
Werner and colleagues analyzed the effect of 
medial closing, lateral opening, and lateral closing 
wedge osteotomies of the radius on the force  trans-
mitted   across the radiolunate and ulnolunate joints 
[ 5 ]. With respect to the lateral opening wedge oste-
otomy, they demonstrated a decrease in pressure 
across the radiolunate joint at 4° of angulation, 
which was completely eliminated at 8° of angula-
tion. A corresponding increasing in ulnolunate 
pressure was observed at increasing angles. This 
same relationship was seen with the medial closing 
wedge osteotomy. Ulnolunate pressure dramati-
cally reduced with lateral closing wedge osteoto-
mies; however there was a corresponding increase 
in radiolunate pressure. Kam et al. demonstrated a 
26 % decrease in lunate cortical strain with a radial 
opening wedge osteotomy and a 24 % increase 
with a radial closing wedge osteotomy [ 14 ].  

    Indications 

 Traditionally,  indications   for radial or ulnar oste-
otomies have been limited to patients with early 
symptomatic disease with the absence of degen-
erative changes and the maintenance of normal 
lunate architecture, stages I, II, and IIIA. However, 
these indications have slowly expanded to 
include those patients with stage IIIB disease as 
long- term follow-up studies have demonstrated 
equivalent outcomes. Previous concern over 
degenerative changes of the lunate resulting in 
further arthrosis of the carpus led many to believe 
that further intra-carpal procedures were required 
to alleviate symptoms and improve outcomes. 
However, most patients with stage IIIB disease 
treated with a radial or ulnar osteotomy experi-
ence improved symptoms and objective outcome 
measures, despite radiographic progression of 
disease [ 15 – 21 ]. While there is still some debate 
as to the inclusion of patients with stage IIIB dis-
ease, it is still widely felt that radial and ulnar 
osteotomies are a relative contraindication in 
patients with stage IV disease where wrist fusion, 
proximal row carpectomy, and denervation pro-
cedures are more predictable. 
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 Radial-shortening and ulnar- lengthening   oste-
otomies are only considered in patients with 
ulnar-negative variance. The concern for ulnar 
impingement and decreased forearm rotation 
 precludes patients with ulnar-neutral or -positive 
variance. In those patients, a wedge osteotomy of 
the radius can be utilized instead to offset the 
 force   on the lunate while maintaining preopera-
tive ulnar variance.  

    Technique 

    Radial-Shortening Osteotomy 

 The patient is placed supine on the  operative   
table and after induction of anesthesia, the opera-
tive extremity is draped over a hand table with 
a pneumatic tourniquet placed high up on the 
extremity. After Esmarch exsanguination, the 
tourniquet is typically infl ated to 250 mmHg. 

 A longitudinal incision is carried out in the 
interval between the fl exor carpi radialis tendon 
and the radial artery. The incision typically starts 
at the wrist fl exion crease and extends proximally 
approximately 7–10 cm. An incision is made 
through the anterior fl exor carpi radialis tendon 
sheath, in line with the superfi cial skin incision. 
A fascial incision is made between the radial 
artery and the fl exor carpi radialis (FCR) tendon 
sheath instead of directly through the fl oor of the 
FCR sheath in order to protect the palmar cutane-
ous branch of the median nerve, which is some-

times located more radially. The fl exor pollicis 
longus tendon and the fi nger fl exor tendons and 
median nerve are retracted ulnarly while the bra-
chioradialis muscle and radial artery are retracted 
radially. The pronator quadratus is incised sharply 
and subperiosteally elevated along its radial and 
distal borders. 

 A Synthes™ (DePuy Synthes  Trauma  , West 
Chester, PA, USA) 2.4 mm volar locking distal 
radius T-plate with dynamic compression holes 
proximally is placed along the volar cortex of the 
radius. We like this particular plate for this indi-
cation because of the ability to obtain compres-
sion of the osteotomy site with the compression 
holes in this plate. After confi guring the position 
radiographically such that the osteotomy will not 
violate the distal radial ulnar joint, two screws 
are placed in the distal most holes. The osteot-
omy location is planned such that three dynamic 
compression slots are available through the plate 
in the proximal fragment. The plate and distal 
screws are removed and a transverse osteotomy 
is templated on the cortical bone. The distance 
between the two osteotomy sites should theoreti-
cally correlate to the degree of ulna-negative 
variance such that post-osteotomy variance is 
neutral. Typically, this is between 2 and 3 mm. 
Nakamura et al. demonstrated that radial shorten-
ing greater than 4 mm led to signifi cantly less 
satisfactory patient outcomes [ 22 ]. The osteo-
tomy is performed using stacked blades in an 
oscillating saw [ 23 ] with careful attention 
paid towards avoiding over-resection (Fig.  16.1 ). 

  Fig. 16.1    Radial 
osteotomy performed 
using stacked blade 
technique       

 

16 Radial-Shortening and Ulnar-Lengthening Operations for Kienböck’s Disease



186

After completion of the osteotomy, the plate is 
fi xed to the distal fragment through the previ-
ously drilled holes. The proximal and distal frag-
ments are apposed and compressed through the 
dynamic compression holes in the proximal por-
tion of the plate. Using  image   intensifi er, apposi-
tion and compression are confi rmed on both the 
volar and dorsal cortices in addition to adequate 
correction of ulnar variance (Fig.  16.2 ).

    Range of motion consisting of wrist fl exion/
extension and forearm pronation/supination is 
checked intraoperatively to ensure no loss in 
motion as a result of the plate/screw construct 
or osteotomy. The pronator quadratus is repaired 
over the plate and screws to help prevent attri-
tional rupture of fl exor tendons. The tourniquet is 
released, adequate hemostasis is achieved, and 
the wound is irrigated. The skin and subcutane-
ous tissues are closed with absorbable suture.  

    Radial Wedge Osteotomy 

 Two types of wedge osteotomies of the  radius   have 
been described, employing a similar approach and 
procedure, when compared to a radial-shortening 

osteotomy. The fi rst involves a z-type osteotomy in 
two planes [ 24 ] while the other involves a more 
simple lateral closing wedge osteotomy [ 25 ]. Both 
are presented in brief. 

 The step-cut or z-osteotomy is typically per-
formed in the distal one-quarter of the radius and 
is done by fi rst making a longitudinal osteotomy 
along the long axis of the radius. Trapezoidal 
segments of bone are subsequently resected on 
the distal/volar and proximal/dorsal segments of 
bone allowing the radius to translate in two 
planes resulting in radial deviation of the distal 
carpus and reduction of the radial inclination 
angle. Internal fi xation is typically accomplished 
with 2 × 3.5 mm cortical screws in the anterior- 
posterior plane (Fig.  16.3 ).

   We prefer the simpler, lateral closing wedge 
osteotomy, which is performed approximately 
5 cm proximal to the radial styloid. A 15°, later-
ally based, closing wedge osteotomy is templated 
on the exposed bone.  Kirschner   wires can be 
used along the axis of each cut to increase preci-
sion of the osteotomy. The osteotomy is per-
formed and the resulting segments of radius are 
internally fi xed with a 4-hole LC/DC plate in 
compression (Fig.  16.4 ).

  Fig. 16.2    Preoperative ( left ) and postoperative ( right ) radiographs confi rming correction of ulnar variance       
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  Fig. 16.3    ( a ,  b ) Schematic of z-type radial wedge osteotomy       

  Fig. 16.4    ( a ,  b ) Schematic of lateral closing wedge radial osteotomy       
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       Ulnar-Lengthening Osteotomy 

 The  ulnar-lengthening   osteotomy has been modi-
fi ed from the initial description by Persson, in 
which he used cerclage wire to secure an oblique 
osteotomy [ 8 ], to a simpler technique illustrated 
below, initially described by Armistead et al. [ 26 ]. 
This classic description can be modifi ed with newer 
plating options and more modern techniques. 

 Ulnar lengthening is performed with similar 
preoperative patient positioning and preparation 
with the addition of sterilely preparing the ipsi-
lateral anterior iliac crest. After induction of 
anesthesia, exsanguination, and tourniquet infl a-
tion, a longitudinal incision approximately 7–10 
cm is made over the subcutaneous border of the 
distal ulna. The soft tissues are subperiosteally 
elevated over the distal third of the ulna. The 
fl exor carpi ulnaris and extensor carpi ulnaris are 
refl ected in their respective directions. 

 A transverse osteotomy is performed through 
the medial three-fourths of the distal ulna in a 
location suffi cient to allow distal fi xation of a 
four-hole plate with slotted holes. The plate is 
placed on the ulna and all four holes are drilled in 
the portion of the slot closest to the osteotomy 
site. Screws are loosely placed in each hole and 
subsequently tightened once distraction is 
achieved across the osteotomy site utilizing a 
lamina spreader. This allows for linear distraction 
while minimizing rotatory malalignment. 

 A bicortical autograft is  harvested   from the 
anterolateral iliac crest. Size is predetermined 
based on the degree of correction required to 
achieve ulnar neutral or slightly ulnar positive. 
The graft is inserted into the osteotomy site and 
the proximal screws on the plate are loosened to 
allow for compression through the autograft. 
Screws are once again retightened and the graft 
trimmed fl ush with the surrounding cortical bone 
(Fig.  16.5 ).

   Correction of ulnar variance is verifi ed utiliz-
ing image intensifi er. Intraoperative range of 
motion is assessed to evaluate full wrist fl exion/
extension and forearm pronation/supination. 
Ulnar deviation  might   be reduced as a result of 
ulnar lengthening. Additionally, loss in prona-
tion/supination can occur in patients who undergo 

ulnar-lengthening or radial-shortening osteotomy 
and who have a reverse obliquity of the sigmoid 
notch of the radius where the angle between the 
radiocarpal and distal radioulnar joints is incre-
ased. In these instances, a lateral closing wedge 
osteotomy of the radius can be combined with the 
associated joint-leveling procedure to correct for 
this impingement [ 27 ]. As an alternative, some 
surgeons trim the protruding bone of the proxi-
mal sigmoid notch with a narrow osteotome or 
rongeur to accommodate the ulnar head in its 
new location.  

    Postoperative Course 

 The  postoperative care   for all the osteotomies 
described here are essentially the same. The 
extremity is immobilized for a period of 6 weeks 
while the patient is instructed on exercises for the 
thumb and digits. After 6 weeks, the patient is 
started on range-of-motion and strengthening 
exercises for the wrist and forearm with return to 
normal activities expected by 3–6 months.   

    Outcomes 

 Numerous studies have been published high-
lighting the effi cacy of radial-shortening osteot-
omy in the treatment of early-stage Kienböck’s 
disease. Many of the early studies assessed 
objective fi ndings and were limited in  length   of 
follow-up. Weiss et al. demonstrated improve-
ment in pain, wrist range of motion, and grip 
strength while showing no signifi cant change in 
radiographic parameters of degeneration. They 
demonstrated improvement of symptoms in 
patients with stage IIIA and B disease but were 
limited to short-term follow-up of less than 
4 years on average. They also observed improved 
outcomes in patients whose degree of correction 
was less than the amount of preoperative ulnar-
negative variance highlighting the importance of 
unloading the lunate in the treatment of 
Kienböck’s disease [ 15 ]. Rock and colleagues 
had similar short-term objective fi ndings but 
interestingly showed no difference between 
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patients with stage II or stage IV disease treated 
with radial-shortening  osteotomy [ 16 ]. They 
acknowledged their average follow- up time of 
4.5 years as likely not capturing disease progres-
sion but illustrated that radial- shortening osteot-
omies may be of some benefi t in the short term. 
Calfee et al. demonstrated similar improvements 
in patients with stage II/IIIA compared to stage 

IIIB with slightly  longer   average follow-up at 
7 years [ 17 ]. In addition to objective fi ndings, 
they analyzed validated patient-based outcome 
measures (VAS for pain and function, 
QuickDASH, modifi ed Mayo wrist scores) to 
demonstrate no clinically relevant  differences 
between stage II/IIIA and IIIB Kienböck’s 
disease. 

  Fig. 16.5    Schematic of ulnar lengthening osteotomy (the lateral view images)       
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 As previously mentioned, Nakamura and col-
leagues evaluated factors affecting operative 
results of radial-shortening osteotomy [ 22 ]. 
In addition to highlighting the amount of radial 
shortening predictive of satisfactory results, they 
also demonstrated no difference in clinical or 
radiographic fi ndings at an average follow-up of 
5.5 years with respect to ulnar variance or stage 
of disease. Age less than 30 years was the only 
other variable predictive of satisfactory results. 

 More recently, several long-term studies have 
emphasized the resiliency of previously pub-
lished short-term results of radial  osteotomies   in 
the treatment of Kienböck’s disease. Koh et al. 
showed improvement of pain, wrist range of 
motion, and grip strength at 5-year follow-up, 
which was subsequently maintained at a mini-
mum of 10 years [ 18 ]. Although radiographic 
changes worsened at fi nal follow-up, these 
changes did not affect clinical outcome in their 
patients. Watanabe et al. utilized a validated out-
come measure (DASH) in addition to objective 
clinical measures to demonstrate reliable out-
comes at an average of 21 years in patients with 
stage II and III disease [ 19 ]. Patients with stage 
IIIB disease tended to have worse functional out-
comes at fi nal follow-up. Matsui and colleagues 
went one step further and obtained magnetic res-
onance imaging in their small cohort of patients 
with stage III and IV disease, preoperatively and 
at fi nal follow-up of at least 10 years [ 20 ]. They 
successfully showed increased T1 signal inten-
sity of the lunate in 7 out of 10 wrists likely cor-
relating to long-term preservation of the lunate. 

 Good clinical and radiographic outcomes 
have been demonstrated in short- and long-term 
studies involving radial wedge osteotomies. 
Nakamura et al. reported improved pain, wrist 
fl exion-extension, and radiographic parameters 
at an average of 2.5 years [ 28 ]. Given the design 
of the step-cut osteotomy, they did notice a trend 
towards decreased pronation but was not signifi -
cant. They also analyzed factors infl uencing 
their results and found that patients who had 
10–15° of radial deviation of the distal part of 
the radius after osteotomy had better  outcomes   
than those with 5–9°. Younger patients less than 
30 years old trended towards better outcomes 

but were not signifi cant. Ulnar variance, pres-
ence or absence of radial shortening, stage of 
disease, or duration of follow-up did not corre-
late with outcome. 

 Similar objective clinical results were 
observed at long-term follow-up of 14 years on 
average, despite radiographic progression of dis-
ease [ 29 ]. When comparing wedge to shortening 
osteotomy of the radius, Iwasaki and colleagues 
showed similar improvement in pain, range of 
motion, and grip strength in patients with stage 
IIIB and IV disease [ 21 ]. Both treatment groups 
were similar with respect to age, stage of disease, 
and duration of follow-up with closing wedge 
osteotomy reserved for ulnar neutral or positive 
variance while radial shortening utilized for 
ulnar-negative patients. 

 There are few outcome studies  concerning   
ulnar-lengthening procedures. Persson fi rst des-
cri bed the ulnar-lengthening procedure in 1945 
and subsequently reported his additional experi-
ences with 5-year follow-up [ 8 ,  30 ]. He was able 
to demonstrate superior results in 23 patients 
including improved pain, grip strength, and pres-
ervation of radiographic parameters of the lunate. 
Tillberg, in 1968, reported his experiences on 
nine patients and further validated Persson’s fi nd-
ings with 13.5-year follow-up on average [ 31 ]. 
Armistead and colleagues at the Mayo Clinic 
reported their successful fi ndings in 20 patients 
treated with an ulnar osteotomy. They found 
improved symptoms of pain, preservation of 
wrist motion between 70 and 86 % of the contra-
lateral wrist, and a 17 % increase in grip strength 
compared to preoperative values [ 26 ]. Ulnar 
deviation was the only wrist motion signifi cantly 
affected with only 53 % of the contralateral value. 
Quenzer and Linscheid reported on the largest 
sample of patients treated with ulnar- lengthening 
osteotomy [ 32 ]. With an average follow-up of 
94 months, they found 90 % satisfaction rate 
with surgery, 86 % pain relief, and 70 % of their 
patients had returned to their original job. Despite 
comparable outcomes, ulnar- lengthening proce-
dures have largely fallen out of favor when com-
pared to radial-sided procedures secondary to 
increased complication rates, particularly non-
unions and need for additional bone graft [ 9 ]. 
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 Weiss et al. described two main  complications   
attributed to radial shortening osteotomy [ 15 ]. 
By far, the most prevalent complication was 
 nonunion of the osteotomy, which they noted 
around 3–4 % in their patient population. 
Additionally, they cautioned against over shorten-
ing the radius leading to incongruity of the distal 
radioulnar joint and ulnar impaction syndrome. 
For this, they recommended resection of less than 
4 mm to avoid pain associated with pronation/
supination and ulnar deviation, respectively. 

 In their large cohort of patients treated with 
ulnar lengthening, Quenzer and Linscheid found 
an overall complication rate of 22 % with most 
attributed to hardware removal secondary to 
painful implants (44 %) [ 32 ]. Their delayed union 
and nonunion rate was 14 % and they observed 
ulnocarpal impingement in 8 % of patients. 
Although their patients had technically satisfac-
tory ulnar-lengthening osteotomies, they noted 
that 11 % of patients at fi nal follow-up had fur-
ther  procedures   for relief of wrist pain. Due to 
the relatively large number of complications, 
many advocate for radial shortening procedures, 
as highlighted in a comparative study from the 
Mayo Clinic [ 33 ].  

    Conclusion 

 While the exact role of ulnar variance in the 
pathogenesis of Kienböck’s disease remains 
unclear, the acceptance that ulnar variance does 
play a role in its natural history has led to the 
popularization of various joint-leveling proce-
dures. Since Hultén’s observations in 1928, 
numerous biomechanical and outcome studies 
have illustrated the benefi ts of unloading the 
force witnessed by the lunate in the overall pro-
gression of disease. As was mentioned before, 
both radial-shortening and ulnar-lengthening 
osteotomies provide equivalent results with 
respect to pain, wrist range of motion, and grip 
strength and as such are increasingly being used 
in patients with severe disease as a temporizing 
procedure. Despite the complications associated 
with ulnar-lengthening osteotomies, it along with 

radial-shortening osteotomies offers the added 
benefi t of staying extra-articular should further 
intra-articular salvage procedures be required in 
the future.     
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           Historical Perspectives   

 The lunate is the   central bone of  the   proximal car-
pal row and the keystone of the wrist. Kienböck’s 
disease is a progressive disorder characterized by 
aseptic necrosis of the lunate bone. The precise 
etiology remains unknown; however, Kienböck’s 
disease is multifactorial and (1) overload, (2) vas-
cularity, and (3) mechanical predisposition cause 
lunatomalacia. Currently, there is no consensus 
on treatment for Kienböck’s disease. Although 
the lunate overloading theory is insuffi cient to 
explain the etiology of Kienböck’s disease [ 1 ], 
mechanical factors also have been theorized to 
contribute to the development of osteonecrosis 
[ 2 ]. Therefore several procedures have been 
reported to unload the lunate and to prevent a pro-
gressive condition [ 2 ]. 

 Radial osteotomy is an extra-articular and 
lunate-preserving procedure. A lateral closing 
wedge osteotomy of the distal radius that 
decreases radial inclination has been recom-
mended for Kienböck’s disease   based on clinical 
investigations [ 3 ].  

     Biological Effect   

 Several investigators   have reported on  the   bio-
mechanical effects of radial wedge osteotomy 
[ 4 – 7 ]. Nakamura advocated a radial closing oste-
otomy to increase the radiolunate contact surface, 
producing a more uniform distribution of forces 
and thus reducing load on the lunate [ 8 ]. The 
radial closing osteotomy in this situation 
decreases the radial inclination of the distal 
radius and increases the contact area between the 
radius and the lunate [ 9 – 11 ]. By doing so, contact 
stress and force transmission across both the 
radiolunate and the capitolunate articulations are 
decreased [ 12 ]. A radial closing wedge osteot-
omy could shift the loading vector and ulnar 
deviation of the carpus, extending the scaphoid 
(Fig.  17.1 ). Recent reports mentioned that the 
radial open wedge osteotomy had better biologi-
cal effects than the radial closing wedge osteot-
omy [ 7 ]. However, most biomechanical analyses 
simulate a certain position that does not apply to 
all daily activities or sports activities, and do not 
assess actual motion. Therefore the precise 
 biomechanical consequences of radial wedge 
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osteotomy remain unclear. Indeed, the radial 
closing wedge osteotomy had good results in 
clinical settings. Soejima et al. reported that the 
satisfactory clinical outcome of the lateral clos-
ing wedge osteotomy of the distal radius for 
advanced-stage Kienböck’s disease can be attrib-
uted to the effects of the increased lunate-cover-
ing ratio      (LCR: Fig.  17.2 ) and the improved 
radioscaphoid angle on carpal alignment [ 13 ].

        Osteotomy Effect:  Revascularization   

 Given the vascularity of the  wrist   as a network of 
vascular anastomoses encircling the radius and 
extending across the carpus, osteotomy of the 
radius may incite suffi cient hyperemia to accel-
erate revascularization of the lunate [ 14 ,  15 ]. 
Theoretically, any surgical procedure near the 
lunate may induce changes in arterial infl ow or 
venous drainage, resulting in pain relief and 
occasionally in changes in the architecture of the 
lunate [ 1 ]. The aim of surgical intervention in 
the early stages of Kienböck’s disease is to 
improve lunate circulation by unloading the 
bone [ 16 ], and the radial closing wedge osteot-
omy achieves this.  

    Surgical Anatomy and Indications 

 The proximal lunate contacts the lunate fossa of 
the radius and  triangular fi brocartilage complex 
(TFCC)  , and distally is in contact with the capi-
tate and hamate [ 17 ]. There are two types of 
lunate described  by      Viegas: the distal lunate 

  Fig. 17.1    The symbols depict  the      anatomic changes fol-
lowing radial closing wedge osteotomy:  solid white arrow  
( a ), carpus shifts radially;  outlined dark short arrow  ( b ), 

carpus deviates ulnarly;  outlined dark long arrow  ( c ), 
scaphoid extends ( d ); asterisk (*), ring sign improves       

  Fig. 17.2     Measurement       of   lunate covering ratio (LCR). 
LCR = A/B       
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contacts the capitate (type I lunate) or the hamate 
(type II lunate) [ 18 ]. Arthroscopic examination 
showed a higher incidence of type 1 lunates in 
patients with Kienböck’s disease than in patients 
without Kienböck’s disease [ 19 ]. Historically, 
anatomical factors associated with Kienböck’s 
disease are negative ulnar variance, and a small 
and radially inclined lunate. More recent studies 
have called this into question, noting no differ-
ence in ulnar variance between normal wrists and 
those with Kienböck’s disease, and that negative 
ulnar variance occurs with equal frequency in 
patients both with and without Kienböck’s dis-
ease [ 2 ,  20 ]. A radial closing wedge  osteotomy 
does not change ulnar variance and can be used 
for ulnar plus variance. For minus variance, a 
radial closing wedge and shortening (combined) 
osteotomy, or only radial shortening osteotomy, 
are recommended.  

     Examination and Imaging   

 Patients have wrist   pain,    tenderness, and occa-
sional swelling over the lunate, decreasing grip 
strength and decreasing wrist motion. Plain X-rays 
show sclerosis, fragmentation, and loss of height of 
the lunate. Carpal malalignment occurs in the 
advanced stage. MRI is the most sensitive and spe-
cifi c test and may detect very early disease. 
Lichtman’s classifi cation is frequently used in the 
assessment and management of Kienböck’s dis-
ease. Good indications for the radial closing oste-
otomy are Lichtman stage 1,2,3a, and 3b with 
ulnar-positive and neutral wrist. Imaging of 
Kienböck’s disease has some problems. First, the 
difference between Lichtman stage 3a and 3b is not 
reliable [ 17 ]. Second, radiographic severity does 
not always correlate with the degree of symptoms, 
which contributes further to the diffi culty in assess-
ing the natural history of this condition [ 17 ]. 

 Wrist arthroscopy provides a valuable preop-
erative evaluation [ 21 ,  22 ]. Wrist arthroscopy 
revealed that younger patients had fewer carti-
lage lesions, which may explain the better clini-
cal results in younger patients [ 22 ]. Once cartilage 
is destroyed, full recovery   will not occur, which 
may be why the severity of cartilage lesions 
affects the clinical outcome [ 11 ,  22 ].  

     Surgical Procedure   

 The procedure is usually   performed  under   an 
axial block or general anesthesia and tourniquet 
control. Originally, the surgical approach from 
the dorsolateral aspect of the radius was used, but 
now we prefer a palmar FCR approach, between 
the fl exor carpi radialis and brachioradialis. The 
fl exor carpi radialis is retracted radially, and the 
other fl exor tendons ulnarly, to expose the prona-
tor quadratus muscle. The pronator quadratus is 
incised at its radial insertion, and the distal third 
of the radius is exposed subperiosteally. The opti-
mal correction angle is 15° according to the study 
done by Tsumura et al. [ 23 ] using a rigid-body 
spring model [ 3 ]. Historically, a step-cut osteot-
omy and screw fi xation 5 cm proximal to the tip 
of the radial styloid process is used. Now, when 
using volar locking plate or locking compression 
plate, a simple wedge osteotomy is performed 
3 cm proximal to the tip of the radial styloid pro-
cess, so as not to obstruct the  distal radioulnar 
joint (DRUJ)   (Fig.  17.3 ). Preoperatively, we 
designed the osteotomy line to decrease the radial 
inclination from 5 to 10° (the fi nal radial inclina-
tion was 10–15° postoperatively). Nakamura 
et al. reported that the results were better for 
younger patients than older ones and that 10–15° 
of radial deviation was better than 5–9° [ 8 ]. The 
proximal setting volar locking plate system is 
used for easy handling and stable fi xation 
(Fig.  17.4 ). An additional procedure, such as a 
vascularized bone graft, could be combined with 
this procedure. Cast or splint fi xation is applied 
for several weeks postoperatively. Complications 
after a radial closing osteotomy include non-
union  , delayed union, ulnar impaction syndrome, 
and DRUJ arthrosis.

        Expected  Outcomes   

 The literature contains several reports of  good 
  long-term results with these procedures in 
Kienböck’s disease, and the factor   that most 
affects clinical results after radial shortening is 
patient age. Our results include 47 cases (34 males 
and 13 females, average age 34.8, range 14–64). 
The average grip strength increased from 64 to 
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  Fig. 17.3    Preoperative  surgical      design. Simple closing wedge osteotomy located 3 cm proximal to the radial styloid       

  Fig. 17.4    Postoperative plain X-ray.       Osteotomy stabilized with a volar locking plate       
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87 % and the range of fl exion–extension increased 
from 88 to 100°. Although many patients had mild 
wrist pain after surgery, most patients had 
decreased pain and regained powerful grip 
strength. Using the Lichtman’s radiological clas-
sifi cation, there were 8 stage 2; 26 stage 3a; and 13 
stage 3b. Postoperative carpal geometry did not 
signifi cantly improve, nor did they progress 
toward carpal collapse (pre-op ulnar variance 
[UV] −0.1, radial inclination [RI] 28.1, carpal 
height ratio [CHR] 0.51, radioscaphoid angle 
[RSA] 64°, Ståhl index [SI] 0.35, LCR 0.52, post-
op UV 1.9, RI 17.3, CHR 0.486, RSA 66.1, SI 
0.296, LCR 0.58). Preoperatively, 21 cases had 
lunate fragmentation, and 9 of 21 cases had bony 
union postoperatively. Most patients were clini-
cally improved, but radiological improvement was 
not marked. A long-term follow- up study showed 
that degenerative change around the scaphoid 
might occur after a closing wedge osteotomy [ 10 ]. 
Regarding radial osteotomy procedures, Schuind 
et al. stated that these offer “durable pain relief and 
may improve grip strength,” but do not offer a 
cure. At best, they can “slow down” the develop-
ment   of the disease [ 24 ].     
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          Introduction 

 Conventional nonvascularized cancellous or cor-
ticocancellous bone grafts, whether allograft or 
autograft, heal by creeping substitution whereby 
remodeling with trabecular resorption precedes 
revascularization and new bone formation [ 1 ]. 
This process relies on vascular ingrowth from the 
periphery, which allows for osteogenic cells to 
invade the graft site. Resorption signifi cantly 
weakens the bone during this slow process lead-
ing to an increased rate of fatigue fractures over 
time [ 2 ]. 

 Vascularized bone  grafting   provides several 
distinct advantages over conventional bone graft-
ing. Firstly, osteocytes are preserved with an 
intact blood supply, decreasing the risk of graft 
resorption as viable osteoclasts and osteoblasts 
are delivered to regions of dead bone [ 3 ,  4 ]. Thus, 
bone heals without creeping substitution. This 
leads to a decreased risk of fatigue fracture with 
consistent graft incorporation and union [ 5 ,  6 ]. 
With less remodeling, bone mass and strength are 
preserved with less osteopenia seen [ 7 ]. Davis 
et al. demonstrated increased strength, tough-
ness, and modulus of elasticity compared to con-
ventional bone grafts when stressed in torsion 

[ 8 ]. Furthermore,  blood fl ow   to the vascularized 
bone graft (VBG) is maintained and increases 
over time as demonstrated in an experimental 
canine model [ 9 ,  10 ]. The blood fl ow in the ped-
icled graft immediately after elevation was 
8.42 mL/min/100 g compared to 16.53 mL/
min/100 g on the contralateral side. Two weeks 
later a hyperemic response was noted with a fl ow 
rate of 33.72 mL/min/100 g, while the contralat-
eral limb’s fl ow rate remained unchanged. This 
was signifi cantly higher than the fl ow rate 
observed with a conventional graft, which was 
0.62 mL/min/100 g. 

 Based on these fi ndings, pedicled VBGs have 
been used for over a century in the treatment of 
avascular necrosis and bone defects throughout 
the body [ 11 – 13 ]. Pedicled VBGs are used 
increasingly for various carpal pathologies, 
including Kienböck’s disease [ 14 – 18 ]. 

 Three  principles   confer the effectiveness of a 
pedicled VBG. The pedicle must be long enough 
to reach the recipient site without tension, the 
nutrient vessels must supply cortical and cancel-
lous bone, and the vessels must have suffi cient 
blood fl ow to maintain bone viability [ 14 ]. 

 In 1971, Beck described the fi rst use of a VBG 
in the treatment of Kienböck’s disease with the 
transfer of a vascularized decorticated pisiform, 
which was later modifi ed by Saffar [ 19 ,  20 ]. In 
1979, Hori et al. published on the transplantation 
a dorsal metacarpal arteriovenous pedicle into 
the necrotic lunate bone [ 21 ]. Palmar-based dis-
tal radius grafts offer additional options [ 22 ]. In 
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1995, Sheetz et al. described the blood supply of 
the dorsal distal radius, which gave rise to the use 
of reverse-fl ow VBGs for the treatment of multi-
ple carpal pathologies [ 14 ,  23 – 25 ]. Specifi cally, 
the 4 + 5 ECA was described for the treatment of 
Kienböck’s disease. A modifi cation with the ECA 
vessels included within a capsular fl ap has been 
reported [ 26 ]. In 2001, Bengoechea-Beeby et al. 
reported on the use of an index fi nger metacarpal 
VBG [ 27 ]. 

 The purpose of this chapter is to review the 
anatomy, surgical technique, and outcomes of 
pedicled VBGs for Kienböck’s disease, in par-
ticular the 4 + 5 ECA.  

    Anatomy 

 The dorsal distal radius is a common  source   of 
VBGs for the treatment of Kienböck’s disease. 
Sheetz et al. described the extraosseous and 
intraosseous blood supply of the distal radius 
which serves as the basis for several donor grafts 
[ 23 ]. By evaluating 35 fresh cadaveric limbs the 
authors showed that the dorsal vessels have a 
constant pattern with a consistent relationship to 
anatomic landmarks. The four arteries that sup-
ply the distal radius and ulna are the radial, ulnar, 
anterior interossesous, and posterior interosseous 
arteries. Four vessels reliably branch from these 
arteries and are important in the design of pedi-
cled VBGs. Two vessels are superfi cial to the 
extensor retinaculum and reside between the 
extensor compartments. They are thus aptly 
named the 1,2 and 2,3 intercompartmental supra-
retinacular arteries (1,2 and 2,3 ICSRA). Two 
vessels are deep and reside on the fl oor of the 
fourth and fi fth compartments, and are thus 
appropriately named the fourth and fi fth extensor 
compartmental arteries (ECA) (Fig.  18.1 ).

   Sheetz et al. noted the characteristics of the 
nutrient vessels related to each graft [ 23 ] 
(Table  18.1 ).

   The 1,2 ICSRA originates from the  radial   
artery an average of 48 mm proximal to the radio-
carpal joint. In 2001, Zaidemberg et al. described 
the anatomic basis for a pedicled VBG based on 
this vessel for the treatment of scaphoid non-

unions [ 24 ]. The authors termed it a “periosteal 
vessel,” but it actually lays over the retinaculum. 
After branching, the vessel travels deep to the 
brachioradialis muscle and then courses superfi -
cial to the 1,2 intercompartmental septum of the 
extensor retinaculum before entering the ana-
tomic snuffbox to anastomose with either the 
radial artery, the radiocarpal arch, and/or the 
intercarpal arch [ 23 ]. Some authors have reported 
using the 1,2 ICSRA to treat Kienböck’s disease, 
however, because of the superfi cial location, 
short arc of rotation of the pedicle, and a small 

  Fig. 18.1    Vascular anatomy of the dorsal distal radius. 
1,2 ICSRA (1,2 intercompartmental supraretinacular 
artery), 2,3 ICSRA (2,3 intercompartmental supraretinac-
ular artery, fourth ECA (fourth extracompartmental 
artery), fi fth ECA (fourth extracompartmental artery), 
aAIA (anterior branch of anterior interosseous artery), 
AIA (anterior interosseous artery), pAIA (posterior 
branch of the anterior interosseous artery), PIA (posterior 
interosseous artery), dSRa (dorsal supraretinacular arch), 
UA (ulnar artery), dICa (dorsal intercarpal arch), RA 
(radial artery), dRCa (dorsal radiocarpal arch). Used with 
permission from the Mayo Foundation for Medical 
Education and Research. All rights reserved       
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mean internal diameter of 0.3 mm, it is not favor-
able [ 28 ] (Fig.  18.2 ).

   The 2,3 ICSRA originates from the anterior 
interosseous artery (AIA) proper 48 % of the 
time, the posterior division of the AIA 48 % of 
the time, or from the anterior division of the AIA 
the remaining 4 % of the time [ 23 ]. As its name 
indicates, the vessel courses superfi cial to the 
extensor retinaculum over Lister’s tubercle to 

anastomose with the dorsal intercarpal arch, the 
dorsal radiocarpal arch, and/or the fourth ECA. It 
may also have transverse anastomoses with the 
1,2 ICSRA. Compared to the 1,2 ICSRA, a 
greater percentage of the 2,3 ICSRA nutrient ves-
sels  penetrate   into cancellous bone (see 
Table  18.1 ). Additionally, it has a larger mean 
internal diameter at 0.35 mm, and a larger arc of 
rotation making a pedicled VBG based on the 2,3 

    Table 18.1    Nutrient artery characteristics a    

 Artery supplying 
nutrient arteries 

 Number of 
nutrient arteries 
(mean [range]) 

 Nutrient artery internal 
diameter (mm) (mean 
[range]) 

 Distance from nutrient 
artery penetration to RC 
joint (mm) (mean 
[range]) 

 Percentage of nutrient 
arteries that penetrate 
cancellous bone (%) 

 1,2 ICSRA  3.2 [0–9]  <0.10 [<0.05–0.15]  15 [4–26]  6 
 Second EC br of 
1,2 ICSRA 

 1 [1]  0.16 [0.14–0.19]  21 [17–28]  57 

 2,3 ISCRA  1.8 [0–5]  0.11 [0.07–0.19]  13 [3–24]  22 
 Second EC br of 
2,3 ICSRA 

 1.4 [1–4]  0.19 [0.09–0.28]  18 [14–32]  48 

 Fourth ECA  3.2 [1–6]  0.16 [0.07–0.29]  11 [3–19]  45 
 Fourth EC br of 
fi fth ECA 

 1.2 [1–2]  0.15 [0.15]  10 [6–12]  43 

   ICSRA  intercompartmental supraretinacular artery,  EC  extensor compartment,  ECA  extensor compartmental artery,  br  
branch 
  a Reprinted with permission from The Journal of Hand Surgery, 20A, Sheetz KK, Bishop AT, Berger RA, The arterial 
blood supply of the distal radius and its potential use in vascularized pedicle bone grafts, 902–914, Copyright 1995, 

with permission from Elsevier  

  Fig. 18.2    Anatomic representation of the 1,2 ICSRA (1,2 
intercompartmental supraretinacular artery) VBG. S 
(scaphoid), R (radius), RA (radial artery). Used with per-

mission from the Mayo Foundation for Medical Education 
and Research. All rights reserved       
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ICSRA more suitable for the treatment of 
Kienböck’s disease [ 29 ]. Imai et al. presented a 
case report on the successful use of the 2,3 
ICSRA-based VBG for the treatment of avascu-
lar necrosis of the capitate [ 30 ]. 

 The fourth ECA originates most commonly 
from the posterior division of the AIA, but can 
also be supplied by the fi fth ECA 45 % of the 
time [ 23 ]. It lies adjacent to the posterior interos-
seous nerve on the radial aspect of the fourth 
extensor compartment. This relationship was 
observed 70 % of the time, with the artery found 
in the 3,4 septum in the remainder of specimens. 
It anastomoses with the dorsal intercarpal arch, 
the dorsal radiocarpal arch, the 2,3 ICSRA, and/
or the fi fth ECA. This branch gives rise to an 
average of 3.2 nutrient vessels that penetrate into 
cancellous bone. Sotereanos et al. described a 
large capsular-based VBG that includes the 
fourth ECA [ 26 ]. This technique allows for easy 
graft harvest, avoids pedicle dissection, the short 
arc of rotation minimizes kinking, and the 
approach provides wide exposure to the scaphoid 
and lunate. 

 The fi fth ECA originates from the  posterior   
division of the AIA [ 23 ]. It has the largest diam-
eter of the four dorsal vessels. It is most com-
monly found radially in the fi fth extensor 
compartment, however, it can be found within the 
4,5 septum 33 % of the time. This vessel anasto-
moses with the dorsal intercarpal arch consis-
tently. It may additionally have communications 
with the fourth ECA, the dorsal radiocarpal arch, 
the 2,3 ICSRA, and/or the oblique dorsal artery 
of the distal ulna. Unlike the other dorsal vessels, 
the fi fth ECA does not commonly provide any 
nutrient vessels to the distal radius. 

 As mentioned, multiple arterial arches in the 
dorsum of the hand connect intercompartmental 
and compartmental vessels allowing for retro-
grade fl ow VBGs, such as the 4 + 5 ECA, to be 
harvested. 

 Sheetz et al. also described the blood  supply   to 
the palmar distal radius [ 23 ]. The radial and ulna 
arteries are connected by the palmar metaphyseal 
and the palmar carpal arches. The palmar metaph-
yseal arch has a very short arc of rotation and is 
located within the pronator quadratus muscle 

belly with a variable location, diameter, and 
nutrient vasculature [ 23 ]. The radial portion of 
the palmar carpal arch has been utilized as part of 
a muscle-pedicle-bone graft using the distal 
radial bone and pronator quadratus musculature 
[ 22 ,  31 ]. Its use is limited by the variable vascular 
anatomy, short arc of rotation, and risk of disrupt-
ing the palmar radiocarpal ligaments during dis-
section with resultant instability [ 32 ]. Multiple 
modifi cations have been proposed, however, this 
graft is infrequently supported at present for the 
treatment of Kienböck’s disease [ 33 – 36 ]. Haerle 
et al. performed an anatomic study of the palmar 
distal radius vascularity and endorsed a longer 
pedicle utilizing a retrograde graft based on the 
anterior branch of the AIA and the palmar carpal 
arch [ 37 ]. 

 A pedicled VBG based on the second meta-
carpal has also been described in the treatment of 
Kienböck’s disease [ 27 ,  38 ]. This is supplied by 
the superfi cial artery of the fi rst dorsal intermeta-
carpal artery, which anastomoses with the deep 
artery of the fi rst dorsal intermetacarpal space 
[ 39 ]. Based on the vascularity, a distal and proxi-
mal bone graft can be harvested with the superfi -
cial  artery   feeding the graft by retrograde fl ow. 

 First described in 1971, the pisiform bone has 
also been utilized as a VBG [ 19 ]. In 1982 
Kuhlmann et al. performed an anatomic study 
that confi rmed the dorsal branch of the ulnar 
artery provided multiple nutrient vessels to the 
medial pisiform from a large diameter vessel 
[ 40 ]. The pisiform can be placed within the lunate 
cavity after removal of necrotic bone to address 
the pathology in Kienböck’s disease [ 41 ]. 
Heymans and Koebke also determined that a 90° 
palmar rotation of the pisiform within the lunate 
cavity places the longitudinal diameter in the dor-
sopalmar direction to maintain the carpal height 
[ 42 ]. The  ulnar   nerve is at risk during harvesting 
of the graft [ 43 ].  

    Decision-Making 

 The treatment algorithm for Kienböck’s  disease   is 
based on stage, ulnar variance, and status of the 
cartilage of the lunate, as well as, at the radiocar-
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pal and midcarpal joints. Lunate revascularization 
is an appropriate option in patients with stage II 
and IIIA disease with intact lunate cartilage shells. 
Limited data has been promising for this treat-
ment in stage IIIB disease [ 28 ,  29 ,  44 ,  45 ]. An 
intact cartilaginous shell is more predictive of 
successful revascularization as opposed to the 
presence of carpal collapse [ 46 ]. Bain and Begg 
described a classifi cation based on the arthroscopic 
appearance and functionality of four articular sur-
faces: the lunate facet of the distal radius, the 
proximal and distal lunate articular surfaces, and 
the capitate [ 47 ]. A normal surface is defi ned as 
one that has a glistening appearance or only minor 
fi brillations. In cases of ulna neutral and positive 
variance where joint- leveling   procedures are con-
traindicated because of the risk of ulnar impaction 
syndrome, vascularized bone grafting is a particu-
larly attractive option. Similarly, in patients with 
ulna negative variance, revascularization is indi-
cated in conjunction with additional procedures 
such as a radial shortening osteotomy. Lunate 
expansion with resultant restoration of the carpal 
height ratio is usually useful in instances of lunate 
volume loss. VBGs are favored after failure of 
alternative procedures. Revascularization in addi-
tion to mechanical unloading with intercarpal 
arthrodesis can also be considered. 

 Absolute contraindications to revasculariza-
tion in Kienböck’s disease include a displaced 
coronal fracture through the lunate, fragmenta-
tion of the cartilaginous shell, and adjacent inter-
carpal degenerative changes (stage IV disease). 
 Previous   surgery requiring exposure of the exten-
sor retinaculum is a relative contraindication for 
dorsally based distal radius VBGs due to poten-
tial compromise of the vascularity. When the car-
tilage shell is disrupted or advanced degenerative 
disease is evident, salvage procedures such as 
limited wrist fusion (scaphocapitate fusion) or 
proximal row carpectomy should be considered. 

 High-risk patients, such as those  with   a cur-
rent or recent smoking history, chronic steroid 
use, and those with peripheral vascular disease 
should be counseled appropriately. 

 There is no clear evidence in favor of one ped-
icled VBG to another. Consequently, the decision 
to use one graft over another is largely based on 

surgeon experience and preference. Our preferred 
graft is the 4 + 5 ECA because of the pedicle’s 
long length, large diameter, and relative ulnar 
location. The latter allows for access to the lunate 
with minimal risk to the pedicle itself.  

    Outcomes 

 There is limited data  comparing   vascularized 
bone grafting to unloading or salvage procedures 
[ 15 ]. Similarly, no studies have directly com-
pared one type of vascularized graft to another. 
The paucity of such data makes evidence-based 
decision-making diffi cult, if not impossible. 

 Hori et al. reported on their use of a dorsal 
metacarpal arteriovenous pedicle in the treatment 
of Kienböck’s disease [ 21 ]. They noted symp-
tomatic improvement and revascularization in 
eight of nine patients with resolution of sclerosis. 
Tamai et al. found a loss of carpal height in 31 % 
of patients treated with an arteriovenous pedicle; 
however, 50 of 51 patients showed improvement 
in pain and grip strength [ 48 ]. Moneim and 
Duncan reported on 11 patients with stage II and 
IIIA disease treated with a second dorsal meta-
carpal arteriovenous pedicle and cancellous bone 
grafting [ 49 ]. Nine patients had successful results 
with  signifi cant   pain relief, improved function, 
and no additional surgery. Two patients went on 
to require a proximal row carpectomy, while only 
one patient showed any signs of radiographic 
progression. Jones et al. reported on a patient 
with stage IIIA disease who underwent fi rst dor-
sal metacarpal arteriovenous pedicle grafting 
with the use of a bone morphogenetic protein 
adjunct [ 50 ]. At fi nal follow-up the patient was 
pain free with signs of revascularization on mag-
netic resonance imaging (MRI) and no signs of 
radiographic progression. 

 Several authors have described the use of a 
 second   metacarpal VBG for the treatment of car-
pal pathology [ 27 ,  38 ,  45 ,  51 ]. Bengoechea- 
Beeby et al. presented a case report of stage IIIA 
disease treated with an index metacarpal VBG 
based on the superfi cial artery of the fi rst dorsal 
intermetacarpal space and retrograde fl ow from 
the deep artery of the fi rst intermetacarpal space 
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[ 27 ]. At 3 years postoperatively, the patient was 
pain free with radiographic and MRI evidence of 
revascularization. 

 Several authors have reported on a metacarpal 
VBG in conjunction with additional procedures 
[ 45 ,  52 ]. Zafra et al. reported on fi ve patients with 
stage IIIA (two patients) and IIIB (three patients) 
disease who underwent a second metacarpal VBG 
and a radius closing wedge osteotomy [ 45 ]. Four of 
fi ve patients had no pain at fi nal follow- up, and one 
patient showed radiographic evidence of further 
lunate collapse. Waitayawinyu et al. reported on 14 
patients with stage II (six patients) and IIIA (eight 
patients) disease and ulna neutral or ulna  positive   
variance who were treated with a capitate shorten-
ing osteotomy and third metacarpal VBG [ 52 ]. 
With a mean follow- up of 41 months, the authors 
demonstrated a signifi cant improvement in grip 
strength, satisfaction, and arc of motion. Carpal 
height was maintained and there was no radio-
graphic progression of disease. Patients with stage 
II disease had signifi cantly better grip strength and 
satisfaction scores compared to those with stage 
IIIA disease. Fujiwara et al. reported on 18 patients 
with stage IIIA and IIIB disease who underwent 
VBG alone or VBG with a joint-leveling procedure 
[ 28 ]. Revascularization alone was reserved for 
patients with isolated stage IIIA disease. Eleven 
patients underwent a metacarpal VBG—nine based 
on the third, and two on the second; seven patients 
either underwent a 1,2 ICSRA or 2,3 ICSRA graft. 
The authors reported an improvement in the Mayo 
Modifi ed  Wrist   Score in all patients. Two patients 
with stage IIIA disease progressed to stage IIIB 
disease, but none advanced to stage IV disease. 
Grip strength improved signifi cantly. There was no 
signifi cant change in carpal height or Stahl index in 
those with stage IIIA disease, however, those with 
stage IIIB disease who also underwent a joint- 
leveling procedure showed a signifi cant improve-
ment in those parameters. 

 Braun described the use of a palmar radius 
VBG on a  pronator   quadratus pedicle for the 
treatment of carpal pathology [ 22 ]. Such a graft 
has been used for the treatment of scaphoid non-
unions and Kienböck’s disease by several authors 
[ 33 ,  35 ,  36 ]. The pronator pedicle has a constant 
branch of the AIA which confers its utility [ 53 ]. 

Gong et al. reported on 41 patients with stage 
IIIB (13 patients) or stage IV (28 patients) dis-
ease at a mean follow-up of 3 years who under-
went lunate excision with placement of a radial 
bone fl ap with a vascularized wrapping of the 
pronator quadratus [ 54 ]. All patients showed 
improvement in symptoms with 20 patients being 
pain-free. There was no signifi cant change in car-
pal height. In 2009, Mathoulin and Wahegaonkar 
reported on 22 patients with stage II, IIIA, and 
IIIB disease at an average follow-up of 74 months 
who were treated with the modifi ed volar distal 
radius VBG previously described by Haerle et al. 
and a joint leveling procedure, if indicated [ 55 ]. 
At fi nal follow-up, 18 patients were pain free 
with improvement in range of motion and grip 
strength. MRI evidence of revascularization was 
noted in 17 patients (77 %). Two patients under-
went reoperation. 

 Beck was the fi rst to  describe   the vascularized 
pisiform graft [ 19 ]. Kuhlmann et al. described a 
modifi cation to the technique whereby the graft 
was based on the dorsal branch of the ulnar artery 
[ 41 ]. Daecke et al. reported on the long-term out-
comes of patients who underwent a vascularized 
pisiform graft for early stage and late stage disease 
[ 43 ,  56 ]. Early stage disease was treated by a pedi-
cled pisiform VBG, while late disease was treated 
with excision of the lunate and interposition of the 
pisiform [ 20 ]. Twenty-three patients with early 
stage disease (II and IIIA) were followed for an 
average of 12 years. Fourteen had arrest of disease 
progression. Twenty patients were noted to have 
improvement in pain. Range of motion and grip 
strength also improved. In those with late stage dis-
ease, pain improved in 16 of 21 patients. There was 
no improvement in range of motion or grip strength. 
Eight patients showed progression of their disease 
stage and nearly half had signs of arthritic changes. 
Kuhlmann et al. showed similar results for early 
stage disease [ 41 ]. Von Maydell and Bruser 
reported on seven patients with stage IIIB disease 
who were treated with the Saffar procedure [ 57 ]. 
All had signifi cant  pain   improvement with four 
patients reporting no pain. Grip strength and active 
range of motion were 77 % and 72 % of the contra-
lateral limb, respectively. Five patients had pro-
gression of disease with advanced intercarpal 
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arthritis. Despite radiographic progression, the use 
of a pisiform VBG results in a high rate of patient 
satisfaction and pain relief. 

 Moran et al. reported on 26 patients treated 
with the 4 + 5 ECA for stage II (12 patients), stage 
IIIA (ten patients), and stage IIIB (four patients) 
disease [ 44 ]. The lunate was unloaded temporar-
ily in 20 patients with midcarpal pinning in 12 and 
external fi xation in 8. Twenty-four patients (92 %) 
 had   signifi cant improvement at 3 months postop-
eratively. There was no disease progression in 20 
patients (77 %). Grip strength improved from 50 
to 89 % of the contralateral limb. There was MRI 
evidence of revascularization at a mean follow-up 
of 20 months in 12 out of 17 patients (71 %). Two 
patients had complications related to pin tract 
infections. Two others had failures of their recon-
struction and went on to total wrist arthrodesis. 

 Kirkeby et al. described a small series of fi ve 
patients with stage II (four patients) and IIIA dis-
ease who underwent a 4 + 5 ECA VBG with a 
mean follow-up of 7.4 years [ 58 ]. None had any 
radiographic evidence of disease progression and 
four patients were fully employed. 

 Afshar and  Eivaziatashbeik   compared nine 
patients who underwent a radial shortening oste-
otomy to seven patients who underwent a 4 + 5 
ECA for stage II and IIIA disease with a mini-
mum follow-up of 5 years [ 59 ]. The authors 
noted no signifi cant difference in pain relief, 
motion, grip strength, or radiographic assess-
ment. However, the Cooney wrist function scores 
were signifi cantly better in the VBG group. 

 As outlined previously, there are no prospec-
tive studies comparing different types of VBGs 
(Table  18.2 ).

       Preferred Technique 

 Our preferred technique in the treatment of 
stage II, IIIA, and IIIB Kienböck’s disease is a 
VBG based on the fourth and fi fth extracom-
partmental arteries in lunates that have an intact 
cartilage shell. 

    Preoperative Planning 

 Preoperative planning begins with a radio-
graphic assessment. Computed tomography 
(CT) allows the surgeon to assess the extent of 
necrosis and understand the lunate geometry. It 
is an imperative study for this reason. It  aids   in 
disease staging, as well as conceptualizing a 
plan to inset the graft. In our opinion, MRI pro-
vides little additional benefi t other than the ini-
tial use to diagnose marrow signal changes in 
the lunate. 

 As described above, an intact cartilaginous 
shell is essential for the effectiveness of any 
vascularized graft. Arthroscopy is an effective 
tool to determine the status of the cartilage. 
When performing arthroscopy, the 4–5 or mid-
carpal ulnar portal is avoided to prevent poten-
tial injury to the fourth or fi fth ECA pedicle. 
The radiocarpal joint is assessed by either the 
3–4, 6U, or 6R portal, while the midcarpal joint 
is assessed by the midcarpal radial portal. The 
Bain classifi cation can be used to assess the 
integrity of the cartilage [ 47 ]. If there is no 
fracture of  the   lunate cartilage, and minimal to 
no chondral injury of the adjacent surfaces, a 
revascularization procedure is performed. If 
there is evidence of cartilage wear or arthrosis, 
salvage procedures such as proximal row car-
pectomy or intercarpal arthrodesis are indi-
cated. A discussion should be undertaken 
preoperatively with the patient regarding the 
possibility of a salvage procedure based on the 
observed fi ndings. 

 Lastly, consideration should be given to the 
need for concomitant unloading of the lunate 
either with a temporary scaphocapitate pinning 
or scaphocapitate arthrodesis. For severely col-
lapsed lunates, our preference has recently been 
for scaphocapitate arthrodesis secondary to the 
long time necessary for revascularization. 
 Temporary   scaphocapitate pinning is ideal in 
stage II Kienböck’s disease or in lunates that do 
not need signifi cant expansion in the distal- 
 proximal   direction.  
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   Table 18.2    Study designs of included studies   

 Study  Year 
 Stage (Patients 
[ n ])  Procedure 

 Mean follow-up 
(Months 
[Range])  Outcomes 

 Hori et al. [ 21 ]  1979  Unknown (9)  Dorsal metacarpal AV 
pedicle graft 

 Unknown 
(4–36) 

 ROM, radiographic 
analysis 

 Tamai et al. [ 48 ]  1993  I (1); II (5); III 
(39); IV (6) 

 Dorsal metacarpal AV 
pedicle graft +/− ICBG 
+/− temporary 
unloading or STT 
fusion 

 71 (12–181)  Pain, ROM, grip 
strength, 
radiographic 
analysis 

 Moneim and Duncan 
[ 49 ] 

 1998  II (6); IIIA (5)  Dorsal metacarpal AV 
pedicle graft 

 72 (15–180)  Pain, ROM, grip 
strength, 
radiographic 
analysis 

 Jones et al. [ 50 ]  2008  I (1)  Dorsal metacarpal AV 
pedicle graft + BMP 

 8 (8)  Pain, ROM, grip 
strength, 
radiographic and 
MRI analysis 

 Bengoechea-Beeby 
et al. [ 27 ] 

 2001  IIIA (1)  Second metacarpal 
VBG 

 36 (36)  Pain, ROM, 
radiographic and 
MRI analysis 

 Zafra et al. [ 45 ]  2005  IIIA (2); IIIB 
(3) 

 Second metacarpal 
VBG + radial shortening 
osteotomy 

 21.2 (16–25)  Pain, ROM, grip 
strength, 
radiographic 
analysis 

 Waitayawinyu et al. 
[ 52 ] 

 2008  II (6); IIIA (8)  Third metacarpal 
VBG + capitate 
shortening osteotomy 

 41 (26–65)  Pain, ROM, 
satisfaction scores, 
radiographic 
analysis 

 Fujiwara et al. [ 28 ]  2013  IIIA (10); IIIB 
(8) 

 Second metacarpal, 
third metacarpal, 1,2 
ICSRA, or 2,3 ICSRA 
+/− radial or capitate 
shortening osteotomy 

 147 (122–186)  Pain, Mayo 
Modifi ed Wrist 
Score, ROM, grip 
strength, 
radiographic and 
MRI analysis 

 Gong et al. [ 54 ]  2006  IIIB (13); IV 
(28) 

 Arthroplasty (radial 
VBG with pronator 
quadratus muscle) 

 6.1 (3–22)  Pain, ROM, 
radiographic 
analysis 

 Mathoulin and 
Wahegaonkar [ 55 ] 

 2009  II (8); IIIA (10); 
IIIB (4) 

 Pedicled pronator VBG 
+/− joint leveling 
procedure 

 74 (60–124)  Pain, ROM, grip 
strength, 
radiographic and 
MRI analysis 

 Kuhlmann et al. [ 41 ]  2003  III (7)  Pisiform VBG  Unclear  ROM, grip strength, 
radiographic 
analysis 

 Daecke et al. [ 56 ]  2005  II (13); IIIA (6); 
IIIB (1) 

 Pisiform VBG +/− joint 
leveling procedure 

 150 
(61.2–266.4) 

 Pain, ROM, grip 
strength, DASH, 
Cooney wrist score, 
radiographic 
analysis 

 Daecke et al. [ 43 ]  2005  II (1); IIIA (4); 
IIIB (10); IV (2) 

 Lunate 
resection + Vascularized 
pisiform os 
interposition +/− joint 
leveling procedure 

 118.8 
(66–178.8) 

 Pain, ROM, grip 
strength, DASH, 
Cooney wrist score, 
radiographic 
analysis 

(continued)
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    Procedure 

 Once a determination is made to proceed with 
surgery, the patient is positioned supine with a 
hand table. The arm is  exsanguinated   and a stan-
dard dorsal midline incision is performed in line 
with the third metacarpal. Harvesting of the graft 
begins by identifying the fi fth ECA in the fi fth 
dorsal extensor compartment. The artery and 
venae commitantes are generally located in the 
fl oor of the compartment radially, often adjacent 
to or within the septum between the fourth and 
fi fth extensor compartments. Occasionally, the 
vessels can course in and out of the compartment, 
making dissection challenging. A radially based 
extensor retinaculum fl ap is elevated from the 
fi fth to the third compartment (Fig.  18.3a ). The 
fi fth ECA is traced proximally to its origin from 
the AIA and elevated. The fourth ECA is then 
identifi ed, traced distally, and elevated (see 
Fig.  18.5a ). A ligament sparing capsulotomy is 
performed along the radioscaphoid joint, the dor-
sal intercarpal ligament, and the dorsal radiocar-

pal ligament [ 60 ]. If the lunate was not initially 
inspected via arthroscopy, it should be inspected 
at this point (see Fig.  18.3c ). If an intact cartilagi-
nous shell is noted, with no fragmentation or 
adjacent degenerative changes, then the surgeon 
can proceed with vascularized bone grafting. 
Necrotic bone in the lunate is then removed under 
direct visualization and fl uoroscopic imaging. 
This is done by the use of a high-speed burr and 
curettes through a dorsal burr hole (Fig.  18.4a, b ). 
 Care   must be taken to preserve an intact cartilage 
shell and subchondral bone. If some collapse is 
noted, a small blunt-ended spreader should be 
used to expand the lunate to its normal dimen-
sions (see Fig.  18.4a ).

    A bone graft centered 1.1 cm proximal to the 
radiocarpal joint and overlying the fourth ECA is 
marked to include the maximum number of nutri-
ent vessels (see Fig.  18.3b ). The excavated defect 
in the lunate is measured to determine the size of 
the graft necessary. The proximal-distal length cor-
responds to the depth of the defect and the radio-
ulnar width corresponds to the anteroposterior 

Table 18.2 (continued)

 Study  Year 
 Stage (Patients 
[ n ])  Procedure 

 Mean follow-up 
(Months 
[Range])  Outcomes 

 von Maydell and 
Bruser [ 57 ] 

 2008  IIIB (7)  Lunate 
resection + Vascularized 
pisiform os 
interposition 

 229.2 
(144–276) 

 Pain, ROM, grip 
strength, DASH, 
radiographic 
analysis 

 Moran et al. [ 44 ]  2005  II (12); IIIA 
(10); IIIB (4) 

 4 + 5 ECA VBG +/− 
temporary unloading 

 31 (12–74)  Pain, Mayo 
Modifi ed Wrist 
Score, ROM, grip 
strength, 
radiographic and 
MRI analysis 

 Kirkeby et al. [ 58 ]  2014  II (4); IIIA (1)  4 + 5 ECA VBG  88.8 (60–108)  DASH, ROM, grip 
strength, 
radiographic and 
MRI analysis 

 Afshar and 
Eivaziatashbeik [ 59 ] 

 2013  II (5); IIIA (11)  4 + 5 ECA VBG versus 
radial shortening 
osteotomy 

 78 (60–121)  Pain, ROM, grip 
strength, Cooney 
wrist score, 
Nakamura score, 
radiographic 
analysis 

   AV  arteriovenous,  VBG  vascularized bone graft,  BMP  bone morphogenetic protein,  ROM  range of motion,  MRI  mag-
netic resonance imaging,  ECA  extracompartmental artery  
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dimension of the defect (see Fig.  18.3b ). The graft 
is elevated with sharp osteotomes. The posterior 
 division   of the AIA is ligated proximal to the fourth 
and fi fth ECA origins to ensure an adequate length 
of the pedicle to permit tension- free insetting (see 

Figs.  18.3d  and  18.5b, c ) The tourniquet may be 
defl ated to assess graft vascularity, however, we 
often skip this step.

   Cancellous bone graft is harvested from the 
dorsal distal radius and packed into the lunate 

  Fig. 18.3    ( a ) Elevation of a dorsal retinacular fl ap over 
the fi fth compartment. EDC (extensor digitorum commu-
nis), EDM (extensor digiti minimi). ( b ) Representation of 
the 4 + 5 ECA VBG. ( c ) Arthrotomy performed to expose 
lunate. ECA (extracompartmental artery). ( d ) Harvested 

4 + 5 ECA VBG with ligation of vessel proximally to cre-
ate a long pedicle with retrograde fl ow through the fi fth 
ECA. ( e ) Insetting of the 4 + 5 VBG into the lunate cavity. 
Used with permission from the Mayo Foundation for 
Medical Education and Research. All rights reserved       
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defect leaving a path for the VBG. The  VBG   is 
then inset with the cortical surface oriented prox-
imal to distal so that lunate height is maintained 
(see Fig.  18.3e ). The graft should originally be 
made slightly larger than necessary to allow for 
trimming and an adequate fi t. Internal fi xation is 
has not been necessary in our series. 

 Unloading of the lunate is performed to help 
with revascularization and graft incorporation 
[ 14 ,  44 ,  61 ,  62 ]. This can be done with external 
fi xation or midcarpal pinning. It is our preference 
to perform a scaphocapitate pinning with two 
0.0625-in. Kirschner wires placed percutane-
ously while applying ten pounds of longitudinal 

  Fig. 18.5    ( a ) Elevation of 4 + 5 ECA graft. Note long pedicle length. ( b ) Elevation of 4 + 5 ECA graft. Note long ped-
icle length. ( c ) Insetting of 4 + 5 ECA graft into lunate       

  Fig. 18.4    ( a ) High-speed burr and curette used to remove 
necrotic bone from the lunate. A blunt-ended spreader 
used to expand the lunate to its normal dimensions. Used 
with permission from the Mayo Foundation for Medical 

Education and Research. All rights reserved. ( b ) High- 
speed burr and curette used to remove necrotic bone from 
the lunate. A blunt-ended spreader used to expand the 
lunate to its normal dimensions       
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traction for stage II Kienböck’s disease 
(Fig.  18.6a, b ).  Permanent   unloading with a 
scaphocapitate arthrodesis is performed for cases 
with higher degrees of collapse.

   The wrist capsule and retinaculum are repaired 
and a long-arm postoperative splint is applied.  

    Rehabilitation 

 The long-arm postoperative splint is removed at 
10–14 days postoperatively and changed to a 
long-arm cast for an additional 4 weeks. At 
6 weeks postoperatively, the cast is removed 
and gentle supervised wrist  fl exion   and exten-
sion exercises are prescribed. The wrist is pro-
tected with a custom Orthoplast splint (Johnson 
and Johnson, New Brunswick, NY) for an addi-
tional 8 weeks. If utilized, the scaphocapitate 
Kirschner wires are removed at 12 weeks. At 
that point, strengthening exercises are initiated. 
The patient is weaned out of the splint symp-
tomatically and followed for several years. 
Repeat radiographs are obtained at scheduled 
intervals to assess progression of disease, as 
well as revascularization.  

    Complications 

 Complications related to this particular proce-
dure include pin tract infections and injury to the 
fourth and/or fi fth ECA if the 4–5 portal is used 
for arthroscopic assessment. Some patients may 
experience  persistent   pain, loss of motion, or loss 
of grip strength.   

    Conclusion 

 Vascularized bone grafting has been proven to 
provide symptomatic relief, revascularization of 
the lunate, and arrest of radiographic progression 
in stage II and IIIA Kienböck’s disease. Several 
authors support its use in stage IIIB disease, as 
well. An intact cartilaginous shell is the most 
important determinant of the effectiveness of this 
technique. Pedicled VBGs may be used as the 
sole treatment in ulna neutral and ulna positive 
variance, or as an adjunct to joint leveling proce-
dures in those with an ulna negative variance. 
Stage IV disease is best treated with a salvage 
procedure. Although future studies are needed to 
elucidate the ideal VBG, we prefer the 4 + 5 ECA 

  Fig. 18.6    ( a ) Antero-posterior radiograph depicting tem-
porary unloading of lunate via a scaphocapitate pinning 
with Kirschner wires. ( b ) Lateral radiographic depicting 

temporary unloading of lunate via a scaphocapitate pin-
ning with Kirschner wires       
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because of its long pedicle length, large pedicle 
diameter, and relative ulnar location. We also 
favor temporary or permanent unloading given 
the theoretical risk that early loads may hinder 
bone graft incorporation and revascularization. 
Regardless, these are technically demanding pro-
cedures and though attractive, technical error and 
pedicle injury are thought to contribute to failed 
revascularization attempts.     
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          Introduction 

 The  descending geniculate artery   has been used 
increasingly as a versatile tool in reconstructive 
microsurgery. It has been most widely employed 
as the vascular pedicle for the medial femoral 
condyle (MFC) corticoperiosteal or corticocan-
cellous fl ap used to address challenging cases of 
nonunion of long bones, tubular bones of the 
hand, carpal and tarsal bones, and the craniofacial 
skeleton. In addition to providing bone from the 
apex of the condyle, the vessel branches have 
demonstrated the capability of providing a cutane-
ous [ 1 ], osteocutaneous [ 2 – 4 ], or osteotendinous 
combinations [ 5 ], and have even served as a useful 
recipient vessel in extremity reconstruction [ 6 ]. 

 The vascular pattern of this system also 
includes periosteal vessels supplying the cartilage-
bearing trochlea of the medial patellofemoral 
joint. The utility of harvesting this convex 
 cartilaginous surface as a  vascularized fl ap   was 
described in a case report of scaphoid reconstruc-
tion of a recalcitrant proximal pole nonunion in 

2008 [ 7 ]. A subsequent clinical series described 
the promising early outcomes of use of the osteo-
chondral medial femoral trochlea fl ap for proxi-
mal pole scaphoid nonunions [ 8 ]. Cadaveric 
studies have described the pertinent vascular 
arcade supplying this bone and cartilage [ 9 ,  10 ] 
and an anatomic study elucidated the similarities 
between the greater curvatures of the proximal 
lunate with the medial femoral trochlea [ 9 ].  

    Anatomy 

 The DGA vascular system  pr  ovides a dense fi li-
gree of blood vessels invested in the periosteum 
of the medial  colum  n of the distal femur. The 
DGA divides into two major periosteal branches: 
the longitudinal branch and the transverse branch. 
The longitudinal branch, which courses to the 
condyle, is used as the source vessel for the cor-
ticoperiosteal fl ap commonly used for osseous 
nonunions not requiring cartilage. The transverse 
branch, which courses anteriorly, is invested in 
the periosteum surrounding the  medial femoral 
trochlea (MFT)   [ 9 ,  10 ] (Fig.  19.1 ). Hugon et al. 
have observed that this site is a source of a con-
vex osteochondral fl ap with a curvature similar to 
that of the proximal lunate on the sagittal and 
coronal plane [ 9 ]. This observation, as well as 
numerous cadaveric trials, led the authors to 
apply this segment of osteochondral bone to 
replace the collapsed lunate in cases of advanced 
Kienböck’s disease with carpal collapse.
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   The authors have performed collectively a 
series of greater than 40 osteochondral lunate 
reconstructions. Their early experience in the use 
of this fl ap in the initial 16 patients was reported 
resulting in good intermediate-term results at a 
minimum of 12-month follow-up [ 11 ]. A sum-
mary  of   the technique and results of the study 
follows.  

    Surgical Technique 

    Wrist Exposure 

 The procedure  begin  s with an exploration of the 
wrist to insure that the quality of the lunate fossa 
is adequate to pursue lunate reconstruction, and 

  Fig. 19.1    Representation of MFT  an  d the planned 
 portion of reconstructed  proxima  l lunate. Portion of MFT 
harvested to provide vascularized osteocartilaginous 
reconstruction of the proximal lunate. Note the preserva-
tion of the native cartilage effacing the midcarpal joint. 

Vascular anatomy demonstrates branching pattern and 
supply of trochlea periosteum. ( A ) Descending geniculate 
artery. ( B ) Transverse branch to MFT. ( C ) Longitudinal 
branch. ( D ) Superomedial geniculate artery. © Copyright 
The Curtis National Hand Center       
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to determine the dimensions of the osteochondral 
segment needed after lunate reconstruction. The 
wrist may be approached via either a volar or 
dorsal approach according to the surgeon’s 
 preference. The dorsal approach provides better 
visualization and ease of reconstruction. We have 
utilized a volar approach only in cases demon-
strating a coronal split of the distal articular carti-
lage where there is a large segment of intact volar 
horn of the lunate that can accommodate screw 
fi xation. If there is no obvious size superiority of 
the intact volar or dorsal lunate segments, we 
have preferred the dorsal approach.  

    Lunate Preparation 

 The  lunate fossa   is inspected to confi rm that it 
has remained adequately preserved to warrant 
lunate reconstruction. The lunate is then subto-
tally resected (Fig.  19.2 ).    Its diseased and col-
lapsed proximal portion can be excavated with a 
scalpel and rongeur while carefully preserving 

the (usually more preserved) distal-most portions 
of the scapholunate and lunotriquetral ligaments 
and the distal cartilage surface of the native 
lunate (Figs.  19.1  and  19.3 ). This maintains both 
the valuable linkage of the proximal row and the 
concave cartilage surface effacing the midcarpal 
joint. If a signifi cant coronal split with displace-
ment exists, interosseous wire or fi ber-wire coap-
tation of these segments may be performed to 
provide complete cartilage coverage of the mid-
carpal surface. If there is no coronal split or the 
split is non-displaced a variety of fi xation tech-
niques may be planned (Fig.  19.4 ). The authors 
have used buried K-wire fi xation across the 
lunotriquetral joint and scapholunate joints, 
respectively (affi xing the osteochondral fl ap), 
mini-screw fi xation between larger segments of 
the native distal lunate into the fl ap, or complete 
absence of fi xation with dependence on a tightly 
fashioned fl ap and the defect. After careful mea-
surement and sizing of the graft the  su  rgeon will 
indeed fi nd a satisfying and tight congruency 
between the fl ap and the evacuated lunate fossa.

  Fig. 19.2    Intraoperative 
photo of dorsal left wrist 
dissection after the 
necrotic proximal lunate 
is resected while 
preserving cartilage 
effacing midcarpal joint. 
Wrist is in fl exion 
demonstrating the extent 
of the lunate resection. 
Fingers are toward the 
top of the photo. 
Reprinted from The 
Journal of Hand Surgery, 
39(7), Bürger HK, 
Windhofer C, Gaggl AJ, 
Higgins JP, Vascularized 
medial femoral trochlea 
osteochondral fl ap 
reconstruction of 
advanced Kienböck 
disease, 1313–22, 
Copyright 2014, with 
permission from 
Elsevier       
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         Preparation of Wrist Vessels 

 Prior to proceeding to  th  e leg, the vessels are 
 prepared for anastomosis in the wrist. When 
using a dorsal approach this is commonly the 
radial artery in the snuffbox (end-to-side) and its 
venae comitans (end to end). If a volar approach 
is used, the palmar branch of the radial artery and 
its venae are prepared for end-to-end anastomo-
ses. The tourniquet is then released and attention 
is turned to the leg.  

    Flap Exposure 

 The surgical markings are started at a location 
midpoint between the medial aspect of the patella 
and the palpable apex of  t  he medial condyle of 

the femur. From this location a line is drawn 
coursing proximally in an oblique path toward 
the adductor canal (Fig.  19.5 ). This incision is 
taken through subcutaneous fat and directly 
through the  fa  scia of the vastus medialis muscle. 
The vastus medialis is retracted anteriorly and 
the fascia posteriorly (Fig.  19.6 ). The medial col-
umn of the femur is rapidly made visible. At the 
depth of the dissection, immediately adjacent to 
the adductor tendon courses  the   DGA (Fig.  19.7 ).

     The  DGA c  an be traced distally along the 
medial column of the femur to feed a broad fi li-
gree of blood vessels intimately adherent into the 
periosteum of the medial distal femur (Fig.  19.8 ). 
The longitudinal branch supplies the region com-
monly used for harvest of the medial femoral 
condyle osteoperiosteal fl ap. The perpendicular 
transverse branch typically traverses the metaph-
yseal region and densely supplies the periosteum 
surrounding the medial femoral trochlea both on 
its medial aspect  and   proximal aspect (Figs.  19.1  
and  19.9 ). This is the vessel that is utilized for 
MFT osteochondral reconstruction.

        Flap Harvesting 

 The DGA may be followed proximally to the 
adductor canal to its origin off the  superfi cial 
femoral artery (SFA)  . As dissection progresses 
proximally the surgeon will obtain both increas-
ing pedicle length and caliber. The surgeon may 
elect to limit this proximal  disse  ction if less 
length or caliber is required. 

 After ligating the pedicle from the SFA, the 
DGA is refl ected distally. The longitudinal branch 
to the condyle may be ligated. Harvest continues 
using the transverse branch that can be traced 
towards the medial trochlea. The periosteal ves-
sels are left adherent to the territory of bone and 
cartilage desired for harvest. A sagittal saw and 
osteotomies may be used to harvest the proximal-
most portion of the cartilage-bearing segment of 
the medial femoral trochlea. The dimensions cor-
respond as follows:

    1.    The proximal-to-distal harvest is measured to 
recreate the radial-to-ulnar dimensions of the 
lunate in the wrist.   

  Fig. 19.3    Intraoperative  phot  o of the dorsal left wrist dis-
section after the necrotic proximal lunate is resected while 
preserving thin distal cartilage of the lunate which articu-
lates with the midcarpal joint. Fingers are toward the top 
of the photo. Reprinted from The Journal of Hand Surgery, 
39(7), Bürger HK, Windhofer C, Gaggl AJ, Higgins JP, 
Vascularized medial femoral trochlea osteochondral fl ap 
reconstruction of advanced Kienböck disease, 1313–22, 
Copyright 2014, with permission from Elsevier       
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  Fig. 19.4    X-rays demonstrating two of the techniques 
commonly used for fi xation of the reconstructed lunate. 
 Left :  Preopera  tive and postoperative AP radiographs of a 
case where K-wires were driven across lunotriquetral and 
scapholunate joints. No fi xation is used to capture the 
remaining distal wafer of native lunate. Center: Preoperative 
and postoperative AP radiographs of a fragmented lunate 
with a displaced coronal split. Interosseous wire fi xation is 
used to correct a displaced coronal split in the distal native 
lunate cartilage. The MFT segment is then tightly inserted 
without additional fi xation. Carpal height was restored. 
 Right : Preoperative lateral radiograph and postoperative 
coronal sagittal CT scan demonstrating the correction of 

the displaced coronal split in the distal native lunate. The 
CT image demonstrates the congruity of the midcarpal 
joint and the healing of the MFT to the distal native carti-
lage remnant. Also note the characteristic appearance of 
the reconstructed proximal fl ap on the coronal CT scan. 
The only visible contour is the V-shaped interface of the 
subchondral bone and cartilage. The more proximal carti-
lage layer is congruent with the lunate fossa.  Left bottom 
fi gure : Reprinted from The Journal of Hand Surgery, 39(7), 
Bürger HK, Windhofer C, Gaggl AJ, Higgins JP, 
Vascularized medial femoral trochlea osteochondral fl ap 
reconstruction of advanced Kienböck disease, 1313–22, 
Copyright 2014, with permission from Elsevier       

  Fig. 19.5    Intraoperative 
markings for harvest of 
the MFT fl ap. A straight 
incision is created from 
the interval between  the   
medial patella and the 
palpable prominence of 
the medial femoral 
condyle. The length of 
the proximal extension 
toward the adductor 
canal can be varied 
according to the length 
of pedicle harvest 
desired. Patella is shown 
superiorly and distal leg 
is toward the right of the 
image       
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   2.    The anterior-to-posterior harvest is measured 
to recreate the proximal-to-distal dimension 
of the lunate in the wrist.   

   3.    The medial-to-lateral harvest in the knee is 
measured to recreate the volar-to-dorsal 
dimensions of the lunate in the wrist.     

 An attempt is made to make the arthrotomy 
and harvest as small as possible to minimize the 

disturbance to the knee joint. The resultant defect 
is coated with bone wax to limit postoperative 
hemarthrosis. The capsule is closed. A minimal 
incision in the proximal-most aspect of the 
medial patellofemoral ligament is often needed 
to gain access for creation of the bone cuts. This 
ligament is repaired anatomically, taking great 
care not to make it excessively tight. A closed 
suction drain is placed in the subcutaneous tissue 
and the skin closed. No brace is required  postop-
era  tively and patients may ambulate as comfort 
permits.  

  Fig. 19.6    Immediately 
after skin dissection an 
incision is made through 
the fascia of the vastus 
medialis. The 
 subsequent   deeper 
dissection will proceed 
in this subfascial plane. 
The tip of the scissors is 
pointing to the refl ected 
edge of the vastus 
medialis fascia. The 
distal leg is to the right       

  Fig. 19.7    Exposure of the  DGA is   afforded by anterior 
refl ection of the vastus medialis and dissection down to 
level of adductor tendon deep to the fascia of the vastus 
medialis. Proximally ( left ) the DGA courses parallel to 
the adductor tendon. Distally ( right ) it separates into two 
major branches: transverse and longitudinal. The trans-
verse branch travels anteriorly below the vastus medialis 
toward the medial trochlea of the femur. Reprinted from 
The Journal of Hand Surgery, 37(5), Iorio ML, Masden 
DL, Higgins JP, Cutaneous angiosome territory of the 
medial femoral condyle osteocutaneous fl ap, 1033–41, 
Copyright 2012, with permission from Elsevier       

  Fig. 19.8    Intraoperative image  o  f a typical branching 
pattern of the transverse branch of the DGA. As it courses 
anteriorly it approaches the cartilage-bearing trochlea 
proximally, often demonstrating an arcade of vessels 
along the osteochondral rim of the trochlea. Convex prox-
imal trochlea to serve as proximal lunate is shown in situ. 
The distal leg is to the right       
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    Fixation of Flap to Lunate 

 The osteocartilaginous segment is  then   fashioned 
so as to fi t into the defect created from resection 
of the lunate. The convex cartilage-bearing sur-
face of the fl ap faces the concave lunate fossa of 
the radius. The remaining cancellous surfaces 
face the adjacent scaphoid and triquetrum as well 
as the preserved distal concave cartilaginous 
midcarpal articulation of the distal native lunate. 
Fixation may be achieved with any of the meth-
ods described above.  

    Anastomosis of Flap Vessels 

 With the segment oriented as  descr  ibed the peri-
osteal vascular pedicle will drape distally 
(Fig.  19.10 ). In the more common dorsal 
approach this will require draping the pedicle in a 
gentle curving fashion subcutaneously into the 
anatomic snuffbox. With the tourniquet released 
the microvascular anastomoses are performed. 
With release of the clamps generous bleeding 

may be observed along the periosteum and 
 vascular leash as it dives deeply toward the 
reconstructed lunate. The skin is mobilized gen-
erously in all directions and closed loosely to 
avoid constriction of the pedicle.

        Postoperative Care 

 The patient typically remains in  the   hospital 
overnight for comfort and application of a warm-
ing blanket for vasodilation. After discharge they 
are maintained on 325 mg of aspirin daily for 
3 weeks. The postoperative splint is exchanged 
for casting at week 2. Casting is maintained for 
12 weeks, followed by a variable course of hand 
therapy as required. If buried hardware requires 
removal this is usually performed at 12 weeks 
postop. A CT scan is performed 12 weeks after 
surgery to confi rm osseous union of the osteo-
chondral segment to the distal native lunate seg-
ment. Therapy is not usually required for the 
knee donor site, but may be requested if the 
patient requires assistance with  re  habilitation.  

  Fig. 19.9    Intraoperative image  s  howing typical 
fi ligree of periosteal vessels originating from 
transverse branch of descending geniculate artery and 
supplying the medial trochlea. Convex surface of the 
cartilage (indicated by  arrows ) can be seen under the 
retracted vastus medialis muscle. Reprinted from The 

Journal of Hand Surgery, 39(7), Bürger HK, 
Windhofer C, Gaggl AJ, Higgins JP, Vascularized 
medial femoral trochlea osteochondral fl ap 
reconstruction of advanced Kienböck disease, 
1313–22, Copyright 2014, with permission from 
Elsevier       
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    Reported Results 

 The authors’ initial series of 16 osteochondral 
lunate reconstructions has previously been 
reported [ 11 ,  12 ]. Union of the reconstructed 
lunates was confi rmed in 15/16 with computed 
tomography (Figs.  19.11  and  19.12 ). There was 
little change in the mean carpal height (Stahl’s 
indices) from preoperative (0.46) to postope-
rative (0.48). Lichtman staging remained 
unchanged in ten patients, improved in four 
patients (3a or 3b to 2), and worsened in two 
patients (3a to 3b). Radiographic progression of 
radiocarpal collapse was seen in these two 
patients. Asymptomatic  midcarp  al radiographic 
joint space narrowing was witnessed in one 
patient despite improvement in Lichtman grade 
(see Fig.  19.11 ).

    The mean wrist motion at follow-up was 50° 
extension (range 30–80°) and 38° fl exion (30–
60°). This was not statistically different from the 
mean preoperative range of motion (45° exten-
sion and 38° fl exion). Pronosupination and  digital 
ROM were unaffected. Grip strength achieved at 
follow-up was 85 % of the contralateral side. 

 All but one patient experienced improvement 
in wrist pain (12/16 complete relief, 3/16 incom-
plete relief). The remaining patient had persistent 
pain and failed to achieve osseous healing. This 
patient ultimately underwent a salvage total wrist 
arthrodesis. All patients experienced donor-site 
discomfort ranging from 4 weeks to 3 months 
after surgery. All patients had resolution of knee 
pain and returned to preoperative activities 
including athletics.  

    Discussion 

 As the authors have gained increasing experience 
with this technique we have learned several les-
sons. This is a challenging surgical technique 
that may demand more from the patient and sur-
geon than other reported surgical treatments of 
Kienböck’s disease. This procedure provides 
reliable pain relief for patients with Kienböck’s 
disease, as have many other reported surgical 
modalities for this disease. Like many other pro-
cedures, the indications are diffi cult to defi ne 
when the techniques reported are multiple and 
the disease process is poorly understood. 

  Fig. 19.10    After inset of the  M  FT into the lunate 
fossa with the cartilage seated in the lunate fossa, the 
periosteum and vascular pedicle will drape distally. In 
the more common dorsal approach this is then gently 

routed in the subcutaneous plane radially into the 
anatomic snuffbox. Here the anastomoses will be 
performed to the radial artery (end to side) and vena 
comitans (end to end)       
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 We have concluded that this technique can 
 reliably provide the most profound impact in the 
treatment of advanced Kienböck’s disease (stage 3a 
or 3B) where carpal collapse is demonstrated, a 
highly fragmented lunate is observed, and conven-
tional treatment options were limited to ablative sal-
vage operations (i.e., proximal row carpectomy). In 
these circumstances, the MFT may provide the sole 
means of autologous restoration of the lunate, resto-
ration of carpal height, and reversal of Lichtman 
staging. In such a case, particularly in younger 
patients, the MFT provides an important alternative 
that can change conventional treatment algorithms. 

 MFT osteochondral reconstruction provides a 
resurfacing of the proximal cartilage surface of 
the lunate, and can re-establish lunate morphol-
ogy in the presence of a coronal split of the distal 
lunate surface (see Fig.  19.4 ). It does not address 
chondral defi ciencies of the proximal capitate or 
the lunate fossa. The indications for this recon-
struction can thus be defi ned according to the 
articular approach advocated by Bain and Begg 
[ 13 ] as being a treatment (and means of reversal) 
of grade 1 and grade 2b Kienböck’s disease, 
where conventional management would offer 
salvage procedures alone. 

  Fig. 19.11    Preoperative radiograph ( left ) of a 30-year- old 
patient with stage 3A Kienböck’s disease without scaphoid 
fl exion  o  r radiocarpal arthritis. At 39 months after MFT 
reconstruction ( right ), radiographs demonstrate improved 
carpal height, Stahl’s Index, and lunate substance, converting 

to stage 2 disease. Reprinted from The Journal of Hand 
Surgery, 39(7), Bürger HK, Windhofer C, Gaggl AJ, 
Higgins JP, Vascularized medial femoral trochlea osteo-
chondral fl ap reconstruction of advanced Kienböck disease, 
1313–22, Copyright 2014, with permission from Elsevier       

 

19 Osteochondral Free Flap Reconstruction of Advanced Kienböck’s Disease



224

 Much investigation is still required to eluci-
date the natural history of cartilage survival in an 
intrasynovial environment with periosteal and 
subchondral blood supply. Rare opportunities for 
subsequent cartilage assessment in our patient 
series have arisen. One such case enabled 
arthroscopic MFT cartilage biopsy of a recon-
structed lunate more than 3 years after surgery. 
This demonstrated uniformly viable  chondrocytes 
in a normal-appearing cartilaginous stroma (this 
case report was in publication submission process 

at the time of this installment) (Fig.  19.13 ). The 
 relat  ive importance of the vascular pedicle (and 
its provided subchondral perfusion of the carti-
lage) and the synovial diffusion is of interest. The 
authors are completing an investigation on the 
histologic performance of these fl aps with or 
without vascular pedicle nutrition in an analo-
gous animal survival model with promising 
results (yet to be published). Finally, long-term 
follow-up on the donor-site morbidity both radio-
graphically and subjectively is under way.

  Fig. 19.12    A 29-year-old patient with stage 3A 
Kienböck’s disease. MFT reconstruction via dorsal 
approach  using   K-wire fi xation. At 28 months after sur-
gery, he has achieved improved carpal height and lunate 

substance, converting to stage 2 disease.  Top left : 
Preoperative AP X-ray.  Bottom left : Preoperative lateral 
X-ray.  Top right : Postoperative AP X-ray.  Bottom right : 
Postoperative lateral X-ray       
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          Introduction 

 Proximal row carpectomy (PRC) is an estab-
lished and widely used procedure for treatment 
of degenerative conditions of the wrist. The pro-
cedure involves excision of the scaphoid, lunate, 
and triquetrum, with formation of a new articula-
tion between the lunate fossa of the distal radius 
and the proximal aspect of the capitate.    The pro-
cedure is particularly attractive for patients with 
Kienböck’s disease as it avoids complicated sur-
gery and allows one to remove the fragmented 
and avascular lunate. In addition, the rehabilita-
tion can be initiated rapidly as there is no need to 
wait for bone healing or bone fusion as in other 
methods of wrist salvage for Kienböck’s disease. 
This chapter reviews the literature specifi c to 
PRC when used in Kienböck’s disease and tries 
to examine factors predictive for a successful 
outcome. 

 PRC has been a described procedure for  wrist 
arthritis   since the 1940s and as such the proce-
dure has been extensively studied. Relief of pain 

and preservation of wrist range of motion have 
been demonstrated in multiple studies [ 1 – 3 ]. A 
functional arc of wrist motion can be maintained 
for over two decades following surgery [ 4 – 6 ]. 
Downsides to the surgery include a signifi cant 
decrease in grip strength, which have led some 
researchers to suggest that PRC may be better for 
patients who are not engaged in heavy manual 
labor [ 6 – 8 ]. Depending upon the distribution of 
the joint degeneration, other salvage options may 
be preferred (e.g., RSL, 4-corner fusion, and sca-
photrapezioumtrapeoidal [STT] fusion). Despite 
these newer options, no study has yet to show a 
signifi cant improvement in upper extremity func-
tion over that achieved with PRC [ 6 ]. Concern 
still exists when performing PRC, as a substan-
tial number of patients will go on to develop 
radiographic arthritic changes at the capitate 
radius interface. This is a particular concern in 
Kienböck’s disease, as the fragmented lunate 
may produce some cartilage damage to the radius 
or capitate prior to diagnosis. 

  Indications   for PRC include

    1.    Patients with persistent pain despite nonoper-
ative management   

   2.    Intact lunate fossa and capitate articular 
surfaces.   

   3.    Advanced-stage disease in less active or older 
patients    

  Contraindications for PRC include
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    1.    Arthritis of the  l  unate fossa and/or capitate   
   2.    Pathology involving the base of the capitate   
   3.    Severe pancarpal arthritis (advanced stage IV 

disease)     

 If a PRC is contraindicated due to compromise 
of the capitate or lunate fossa cartilage, we prefer 
a scaphocapitate fusion. Other researchers recom-
mend a PRC with a dorsal capsular interposition.  

    Long-Term Outcomes of Proximal 
Row Carpectomy 

 An inevitable consequence of  proxi  mal row car-
pectomy is the development of arthritis at the 
radiocapitate joint. In a review of 82 patients in 
fi ve studies where radiographic data was avail-
able [ 6 ], 65 had evidence of radiocapitate degen-
erative joint disease (79.3 %). However, 
radiographic changes did not correlate signifi -
cantly with clinical fi ndings or objective and sub-
jective outcome measures. The signifi cance of 
radiologic changes is a matter of debate, and a 
link between radiographic changes and pain or 
decreased function has not been established. 

 In the normal wrist, the load of the capitate is 
distributed to the scaphoid, lunate, and then to the 
radius. With a PRC the load is transferred directly 
from the capitate to only the lunate fossa. The 
capitate has a radius of curvature of only 64 % of 
the lunate fossa on anteroposterior radiographs 
and 60 % on true lateral radiographs [ 9 ]. This 
results in reduced contact area (21–26 %) and a 
3.8 times increased contact pressure [ 10 ]. Also, 
the capitate both translates and rotates on the 
radius leading inevitably to radiologic evidence 
of arthritis. 

 In a systematic review of PRCs with more 
than 10 years of follow-up [ 6 ], it was found that 
the mean postoperative fl exion/extension arc was 
73.5° (preoperative 73.4°) and postoperative grip 
strength was 68.4 % of the contralateral side. A 
total wrist fusion was required in 14 % (21 of 
147) at a mean of 53.4 months [ 6 ]. Interestingly, 
failures tend to  o  ccur prior to radiographic evi-
dence of radiocapitate arthritis. Adjunctive pro-
cedures such as  posterior interosseous nerve 

(PIN)   neurectomy, radial styloidectomy, proxi-
mal capitate excision, or dorsal capsule interposi-
tion have been suggested to improve outcomes 
after PRC, but only PIN neurectomy has been 
shown to improve pain in long-term outcome 
studies [ 11 ,  12 ]. 

 In a review of PRCs with a minimum of 
20-year follow-up, 35 % of the (6/17) required a 
radiocarpal arthrodesis, at a mean of 11 years 
(8 months to 20 years) [ 13 ]. There was a higher 
incidence  of   conversion to total wrist fusion in 
the more active patients who were younger than 
40 years of age.  

    Proximal Row Carpectomy 
for Kienböck’s Disease 

 It has been suggested that PRC failures may 
occur more often in patients with Kienböck’s dis-
ease due to the presence of capitate or lunate 
fossa  injury   [ 14 ]. However a systematic review of 
PRCs with at least 10-year follow-up has demon-
strated that Kienböck’s disease did not have a 
worse prognosis [ 6 ,  15 ]. 

 PRC is indicated as a salvage procedure for 
advanced Kienböck’s disease, such as  Lichtman’s 
stages   3B and 4 [ 16 ]. Most studies have reported 
good short-term outcomes, with two series [ 14 ,  15 ] 
reporting results with at least 10-year follow-up. 

 Croog and Stern reported minimum 10-year 
results, with a mean fl exion-extension arc of 105° 
and grip strength of 87 % of the contralateral 
side. There was a conversion rate of 14.3 % (3/21) 
to full wrist fusion at a mean of 23 months (5–53) 
[ 14 ]. Two of these patients had stage 4 disease, 
and the other with stage 3A disease had abutment 
between the radial styloid and trapezium and 
trapezoid. There was no association between 
Lichtman stage at the  t  ime of PRC and any objec-
tive or subjective outcome parameters. Like other 
long-term studies following PRC, degeneration 
of the radiocapitate articulation on radiographs 
was found in the majority of patients (87 %); 
however, there was no correlation between the 
radiographic changes and outcome  measurements. 
Lumsden et al. [ 17 ] reported similar results with 
an average 15-year follow-up.  

H. Chim and S.L. Moran



229

    Surgical Technique for Proximal 
Row Carpectomy 

 Our technique is similar to that used by most 
hand surgeons [ 11 ]. A dorsal longitudinal inci-
sion is made in line with the third metacarpal. 
The extensor retinaculum is then opened over 
the third dorsal extensor compartment and the 
extensor pollicis longus (EPL)  ten  don is released 
and transposed radially. Then, retinacular fl aps 
are raised over the second and fourth dorsal 
compartments. A posterior interosseous nerve 
neurectomy is performed. A ligament-sparing 
capsulotomy along the fi bers of the dorsal inter-
carpal ligament (DIC) and dorsal radiocarpal 
ligament (DRC) is then made, exposing the 
carpus (Fig.  20.1 ). The scaphoid, lunate, and 
triquetrum are then excised either en bloc or in 
piecemeal fashion (Figs.  20.2  and  20.3 ). Care is 
taken to avoid damage to the radioscaphocapitate 
ligament. Then, the wrist capsule and extensor 

retinaculum are repaired, followed by the skin. 
A volar splint is applied with the wrist in slight 
 dorsifl exion and the metacarpophalangeal joints 

  Fig. 20.1    ( a ,  b ) Our  approac  h for a standard PRC begins 
with a ligament-sparing dorsal capsulotomy, splitting the 
dorsal intercarpal and dorsal radiocarpal ligament. This 
allows excellent exposure of the midcarpal and radiocarpal 

joint. If a capsular interposition is planned, a large rectan-
gular proximal based fl ap is interposed into the lunate fossa 
of the radius. Used with permission of Mayo Foundation 
for Medical Education and Research       

  Fig. 20.2    Intraoperative image  o  f the proximal carpal row 
following en bloc resection. The specimen shows the lunate 
centrally with scaphoid to the left and triquetrum to the right       
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free. Postoperative protocols vary in our insti-
tutions, with wrist immobilization time varying 
from 3 to 10 weeks depending on the presence of 
instability and the condition of the soft tissue. A 
temporary k-wire across the remaining  wri  st joint 
can be considered if the joint is unstable, such 
as if the radioscaphocapiate ligament is incompe-
tent (Fig.  20.4 ).

          Proximal Row Carpectomy 
with Interposition 

 Nanavati et al. [ 18 ] found that  the   use of a menis-
cal interposition allograft after a PRC can normal-
ize pressures at the radiocapitate articulation. This 
concept can be applied through the interposition 
of soft tissue to normalize peak pressures and 
increase the longevity of PRC [ 18 ,  19 ]. This theo-
retically extends the indications of PRC, with the 
capacity of using PRC as a treatment modality 
even in the presence of midcarpal arthritis or 
degeneration of the base of the capitate [ 20 ]. 

  With interposition   of the joint capsule [ 20 ], 
the surgical technique for exposure is similar to 
that for conventional proximal row carpectomy. 
However, a large proximally based U-shaped fl ap 
of the joint capsule is raised. The width is from 
the radial styloid to the distal radio-ulnar joint, 
and it extends to the second and fourth carpo-
metacarpal joints. The proximal carpal row is 
then excised, and the dorsal capsular fl ap is then 

  Fig. 20.3    Intraoperative photo of capitate  a  nd hamate 
head following removal of proximal carpal row       

  Fig. 20.4    ( a ) Clinical example of a 45-year-old male 
who underwent radial-shortening osteotomy for 
Kienböck’s disease.  Patient   continued to have pain with 
progression of lunate collapse. Patient elected to undergo 

hardware removal, radial styloidectomy, and proximal 
row carpectomy. ( b ) AP radiograph 3 years following 
PRC and hardware removal with stable radius-capitate 
interface       
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sutured to the volar wrist capsule to act as an 
interposition. Care is required to ensure that the 
fl ap is well secured and properly centered so that 
the capitate will articulate with the capsule over 
the lunate fossa. Closure of the joint capsule (if 
possible), extensor retinaculum, and skin is then 
performed in the usual fashion. 

 A review of eight patients with PRC and cap-
sular interposition for degeneration of the capi-
tate or lunate fossa identifi ed progression of 
radiographic arthritis in 3/8 patients at 41-month 
follow-up [ 21 ]. However the radiological signs 
were not related to the pain, motion, grip, and 
functional scores. All patients had relief of pain 
with maintenance of preoperative motion (mean 
fl exion-extension arc 71.9°) and grip strength 
(66.8 % of contralateral). 

 Use of the dorsal wrist capsule as an interposi-
tion material has the advantage of being well vas-
cularized, obviating the need for distraction to 
protect the interposed tissue until revasculariza-
tion. Diao et al. [ 12 ] found a well-preserved 
interposed capsule during arthroscopy in a patient 
who had previously undergone PRC with capsu-
lar interposition 9  months   previous. 

    Improving Preoperative Selection 

 Most recently,  Wag  ner and colleagues evaluated 
144 patients who had undergone PRC for a variety 
of wrist pathologies [ 22 ]. Patients were evaluated 
with the DASH as well as the PRWE. Improved 
pain, function, and survival outcomes were seen in 
those who underwent PRC after the age of 40, had 
a preoperative diagnosis of Kienböck’s disease, 
underwent a concomitant neurectomy procedure, 
were non-laborers, and underwent surgery after 
1990. At present we reserve PRC for patients with 
advanced (stage 3 and greater) Kienböck’s disease 
who are greater than 40 years of age and have  low   
demands for their wrist.   

    Conclusion 

 Proximal row carpectomy is an effective salvage 
procedure for advanced Kienböck’s disease 
(Lichtman stages 3 and 4). Indications for PRC 

include patients with persistent pain despite non-
operative management, with an intact capitate 
and lunate fossa. Careful patient selection is criti-
cal, and optimal results are obtained in patients 
older than 40 years of age who do not engage in 
heavy manual labor. A PRC is contraindicated if 
there is arthritis of the lunate fossa and/or capi-
tate, in which case other options including scaph-
ocapitate fusion or a dorsal capsular interposition 
can be performed. 

 Long-term studies have shown maintenance 
of good outcomes and relief of symptoms, despite 
the presence of degenerative changes at the new 
articulation. Long-term studies are required to 
determine the durability of capsular interposition 
in the presence of cartilage wear and arthritis.     
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           Rationale 

 The lunate represents the central load-bearing col-
umn of the wrist and is critical to wrist function 
[ 1 ]. The osteonecrosis of Kienböck’s disease com-
promises the load bearing capabilities of the lunate 
[ 2 – 6 ]. The  patient’s ability   to use the wrist in 
Kienböck’s disease is fi rst limited by synovitis that 
produces pain and stiffness [ 7 – 9 ]. As the disease 
progresses, the collapse and fragmentation of the 
lunate produce additional mechanical limitations, 
with the end result being destruction of the radio-
lunate joint and collapse of the surrounding carpus 
due to loss of the keystone function of the lunate. 

  Preservation   of the function of the wrist in the 
face of Kienböck’s disease is the goal of treatment. 
The integrity of the lunate and the architecture of 
the carpus cannot be restored once lost; once pro-
gression of the disease threatens the integrity of the 
carpus, indication for surgical treatment exists [ 7 ,  9 , 
 10 ]. Without treatment, irreversible fracture and 
fragmentation of the lunate and the collapse of the 

remainder of the carpus around the fragmented 
lunate destroys the function of the wrist. The prin-
ciple of treatment for Kienböck’s disease, therefore, 
is to preserve the lunate and the architecture of the 
surrounding carpus by redirecting the loads travers-
ing the wrist around the lunate rather than through it 
[ 11 – 15 ]. The wrist loads can only be redirected 
around the lunate by forcing those loads through 
bone rather than relying on the natural ligament- 
bone system that directs the loads to the lunate. If 
we simplify the representation of the load bearing 
forces of the wrist, we fi nd that the aggregate hand 
load can be represented as a vector oriented along 
the middle fi nger metacarpal [ 1 ,  4 ,  11 ]. This load is 
transmitted to the capitate, then to the lunate and on 
to the radius. Without the load bearing ability of the 
lunate, those forces seek another route [ 16 ,  17 ]. The 
 ligamentous anatomy   of the carpus is set to send 
those forces to the lunate and cannot, in the absence 
of the lunate, effectively transmit those forces to the 
radius via another route. Without the lunate, the 
loads across the carpus will cause it to collapse. 

 The  scaphoid and scaphoid fossa   have a bony 
contact surface area suffi cient to accept the loads 
transmitted from the hand to the radius. 
Anatomically, however, the position of the scaph-
oid is out of line with the loads transmitted along 
the central ray of the middle fi nger metacarpal. 
However, using limited wrist arthrodesis 
 techniques, the pathway of those loads can be 
redirected from the middle fi nger  me  acarpal, to 
the scaphoid and then to the radius. Two patterns 
of limited wrist arthrodesis can accomplish this 
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redirection: scaphotrapeziotrapezoid (STT) 
arthrodesis and scaphocapitate (SC) arthrodesis 
(Figs.  21.1  and  21.2 ) [ 12 ,  16 – 21 ].

    The  biomechanics   of limited wrist arthrodesis 
are well established [ 2 ,  11 ,  19 ,  20 ,  22 ,  23 ]. It is 
critical to follow the principles to redirection of 
the loads through the wrist that will unload the 
diseased lunate in Kienböck’s disease. Our goal in 
Kienböck’s disease is to redirect the wrist loads 
into the scaphoid fossa of the radius. The ulnar 
wrist anatomy is unable to take up the loads across 
the wrist and any residual load will pass into the 
lunate, worsening the destruction of the wrist. 
STT or SC arthrodesis can unload the lunate by 
redirecting the forces into the scaphoid fossa.  

    Indications 

 In Kienböck’s disease,  the   lunate will often heal 
and ultimately remain a load-bearing member of 
the carpus. The long-term outcome of the wrist 
depends in part on the condition of the lunate. As 
a result, the optimal time to operate to redistribute 
loads through the wrist is before collapse of the 
external dimensions of the lunate. Therefore, we 

immobilize the wrist at the time of diagnosis of 
Kienböck’s, but will proceed to STT fusion upon 
radiographic or clinical progression of disease. 

 In more advanced Kienböck’s disease (3B or 
4), after collapse of the external dimensions of 
the lunate, STT fusion can redirect essentially all 
the wrist loads through the scaphoid and unload 
the collapsed lunate [ 11 ,  19 ,  20 ,  23 ]. Even with a 
fragmented lunate, redirection the wrist loads 
through the scaphoid will reduce patient symp-
toms and improve function of the wrist. 

 We uniformly retain the fragmented lunate, as 
wrist ligament function is better with the lunate in 
place; excision of the lunate may contribute to ulnar 
translation of the carpus. If the patient  ha  s late syno-
vitis related to a fragmented lunate, it may be 
excised even years after healing of the fusion.  

    Principles 

 The  principles of interc  arpal  fusion   are [ 16 ,  20 , 
 24 ,  25 ]:

    1.     Maintain the external dimensions of the car-
pus . This principle is especially important in 

  Fig. 21.1    ( a ,  b ) Right wrist of 54-year-old male with 
stage 3b Kienböck’s disease. STT fusion will unload the 
lunate to allow for potential healing and prevent second-

ary collapse of the wrist. Note the typical coronal split of 
the lunate in Kienböck’s disease, seen on the lateral image       
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STT and SC fusions, as the remaining carpus 
requires normal alignment to provide func-
tional motion. In STT fusion we use a 5 mm 
spacer, in addition to precise positioning of 
the wrist during pinning, to maintain the nor-
mal external dimensions of the STT joint after 
fusion. This principle also makes obvious the 
fi ndings that STT fusion requires more bone 
graft than SLAC wrist reconstruction (where 
collapse of the capitate and hamate into the 
lunate and triquetrum is acceptable due to the 
lack of a scaphoid), and that compression 
screws are not desirable in STT fusion as they 
will reduce the external dimensions of the 
STT joint resulting in compromised wrist 
motion.   

   2.     Fuse only the joints necessary ;  do not fuse 
joints that are not involved . Uninvolved, adja-
cent joints should not be pinned during STT 
or SC arthrodesis. The micro motion that 
occurs at the unfused joints will dissipate 
forces that would otherwise travel through the 

arthrodesis. Pinning of uninvolved joints 
results in added stress to the fusion site and 
potentiates a nonunion. By maintaining the 
articular surface of normal joints, wrist motion 
after limited wrist arthrodesis is maximized. 
Even joints with little motion under normal 
circumstances (e.g., the trapezoid-capitate 
joint) will allow some additional motion.   

   3.     Maximize surface area for arthrodesis . All 
bones to be fused must be cut back to good 
cancellous bone, with all subchondral bony 
plate being removed. The entire fusion surface 
must be exposed and, in the case of STT 
fusion, the dorsal, non-articular cortex of the 
trapezium and trapezoid is included to aug-
ment the surface area. The larger the surface 
area, the better force transmission through the 
fusion site. Too small a fusion area, though 
healed, may result in pain with loading due to 
insuffi cient bone to carry the loads.   

   4.     Use dense cancellous autograft . We use can-
cellous autograft from the distal radius almost 

  Fig. 21.2    Patient from Fig.  21.1 , s/p STT fusion. Pins are 
ready for removal. The volar to dorsal pin from the trape-
zium to the trapezoid is not necessary and is no longer 

used. Two 0.045 in. c-wires from the trapezoid to the 
scaphoid are suffi cient with thumb spica cast 
immobilization       
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exclusively. Donor site morbidity is extremely 
low and the volume of bone available is ade-
quate for use in the wrist and hand. The bone 
graft is densely packed into the fusion site to 
help with stability and provide a substrate for 
healing. Use of a dental amalgam tamp is 
essential to achieve the high density of bone 
graft for optimal fusion.   

   5.     Immobilize until fused ,  and then mobilize 
fully . The fusion mass must be protected with 
immobilization until it has united. Early 
motion before it has united, compromises the 
stability, and threatens development of a non-
union. Once it has united, it can  then   be 
actively  m  obilized to optimize function.      

    Surgical Technique for STT Fusion 

 The procedure can be seen in the accompanying 
video (Video  21.1 ). 

 STT fusion is approached using a transverse 
incision at the level of the STT joint [ 13 ,  14 ,  16 ,  18 ]. 
 Transverse incisions   at the dorsal wrist are far 
superior to longitudinal incisions as they allow 
for fewer adhesions to the extensor tendons and 
dorsal radial sensory nerve. The transverse inci-
sion crosses these structures at one point, rather 
than along their course as a longitudinal incision 
does. The transverse incision is, however, not 
extensile, so the incision must be correctly placed 
to provide proper exposure for a dorsal wrist pro-
cedure. Landmarks for the transverse incision for 
STT or SC fusion are found by palpating the dis-
tal radius. 

 The surgeon’s thumb is placed on the tip of the 
radial styloid and the index fi nger on Lister’s 
tubercle as our points of reference on the radius. 
A  transverse incision   is made at the level of the 
styloid. Dissection is carried down fi rst to the 
level of the radiocarpal joint and the radioscaph-
oid articulation is inspected. If there is signifi cant 
arthrosis at the proximal portion of the 
radioscaphoid articulation, not just at the dorsal 
ridge, but throughout the central portion of the 
proximal pole’s articulation at the scaphoid facet, 
then a proximal row carpectomy, wrist fusion or 

total wrist arthroplasty may be a more appropri-
ate procedure [ 16 ]. There may be eburnation or 
loss of cartilage at the dorsal edge of the scaphoid 
facet in cases of scaphoid instability. This fi nding 
does not contraindicate going forward with an 
STT fusion, as the STT fusion will control the 
dorsal skidding of the scaphoid, which causes the 
 cartilage erosion  . With improved stability, the 
scaphoid will no longer articulate at the marginal 
arthrosis. Similarly, arthritis that is limited to the 
distal scaphoid facet can be successfully treated 
with STT fusion as the styloid is excised as a por-
tion of the procedure [ 26 ]. After inspection of the 
joint, the radial styloid is excised up to a maxi-
mum of 5 mm, preserving the origins of the 
radioscaphocapitate and long radiolunate upslope 
ligaments [ 27 ]. 

  Attention   is then turned to the STT joint. 
Approach is performed through the second dorsal 
compartment, between the extensor carpi radialis 
longus (ECRL) and extensor carpi radialis brevis 
(ECRB) tendons. These tendons are retracted and 
dorsal capsulectomy is performed. Curettes and 
rongeurs are used to take down the distal articular 
surface of the scaphoid, and the proximal articu-
lar surfaces at the trapezium and trapezoid. The 
amount of bone resection at the joint is critical. 
The entire cartilage surface is removed, as well as 
the subchondral plate of all three bones.  Bony 
excision   proceeds on the articular and nearby 
non-articular portions of the scaphoid, trapezium 
and trapezoid. The excision of all the subchon-
dral bone exposes good cancellous bone, which 
is appropriate for fusion. Using a rongeur to lever 
distally along the trapezoid and trapezium 
enables the tip of the rongeur to curve around to 
the volar articular surface of the distal scaphoid 
to effectively resect this portion of the joint as 
well. The proximal half of the articulation 
between the trapezium and trapezoid is resected 
and the distal half is maintained. 

 At this juncture, the bone graft is taken from 
the ipsilateral distal radius [ 28 ]. A second trans-
verse incision is made over the distal radius just 
proximal to Lister’s tubercle, and subcutaneous 
tissues are dissected down to the interval between 
the fi rst and second  dorsal compartments  . The 
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fi rst and second dorsal compartments are elevated 
subperiosteally, exposing suffi cient distal radius 
just proximal to the styloid for bone graft har-
vesting. A 4 mm osteotome is then used to create 
a teardrop-shaped window with the apex of the 
tear aimed proximally. The window is removed 
and bone graft is curetted out. The window is 
then replaced and the fi rst and second dorsal 
compartments fall back into their normal 
position. 

 This bone is then taken distally to the STT 
fusion site and a portion of the bone graft is 
placed in the volar aspect of the arthrodesis. 
Once volar graft is in place, the joints are 
pinned. Two 0.045 in.  K-wires   are drilled 
through the trapezoid. These are placed parallel 
to one another through the trapezoid in line with 
the scaphoid. Care is taken to angle them so that 
they are parallel to the scaphocapitate distal 
articulation. 

 Next, the more  ulnar pin      is advanced to the 
proximal bony surface of the trapezoid. A 5-mm 
spacer (we use the handle of a small double skin 
hook) is placed between the dorsal surface of the 
scaphoid and trapezoid and the wrist is placed in 
full radial deviation, 45° extension, with the sur-
geon’s thumb pressing up on the volar tubercle of 
the scaphoid to stabilize it. This position gives 
the appropriate level of reduction of the scaphoid 
to approximately a 60° scapholunate angle [ 16 , 
 29 ]. The more radial wire in the trapezoid is 
advanced into the scaphoid, the spacer removed, 
and the ulnar pin advanced into the scaphoid. 
This completes the fusion as the trapezium is rig-
idly attached to the  trapezoid  . A third pin can be 
placed through the  trapezium   into the scaphoid, if 
needed. A third pin is needed in cases where the 
fi nished construct seems less than stable or there 
are other negative factors such as heavy smoking, 
less than reliable patient cast care, etc. The rest of 
the bone graft is then packed densely with a den-
tal amalgam tamp into the space between the 
 scaphoid  , trapezium, and trapezoid. A relatively 
large amount of bone graft is required for STT 
fusion as the external dimensions of the joint 
need to be maintained rather than collapsing the 
joint down in order to get fusion. By maintaining 
the height of the joint, the STT fusion becomes a 

loading column in the radial aspect of the wrist 
rather than collapsing down and allowing the 
load to move through the lunate. The lunate itself 
is never excised at the index procedure to prevent 
ulnar translation of the carpus. If symptoms occur 
due to a retained fragment of lunate, it can be 
removed later. This maintenance of height is in 
contradistinction to the SLAC wrist reconstruc-
tion where, due to the entire mid-carpal joint 
being involved, the bones can be collapsed into 
the space provided by the resection thus requir-
ing less bone graft [ 20 ]. 

 After bone graft is complete,  ECRL and 
ECRB tendons   are returned to their normal posi-
tions and the wound is closed with monofi lament 
absorbable suture. The hand is dressed from fi n-
gertip to mid forearm with bulky, fl uff gauze 
dressing to achieve soft tissue stabilization. It is 
critical that enough soft goods are used to make 
the anteroposterior dimension of the hand in the 
dressing as large as the width of the hand to avoid 
compression of the metacarpus when wrapping 
the hand. Bias cut hand wrap is used to give fi rm 
static compression and elastic bandages are to be 
avoided. This dressing is standard in reconstruc-
tive hand surgery, and critical to preserving the 
soft tissues of the hand. A long-arm thumb spica 
splint is applied in the operating room and, at 
2 days postoperative, this dressing is converted to 
a long arm thumb spica cast.  Long arm casting   is 
continued for 3 weeks postoperatively. At the 
3-week postoperative visit, the patient is con-
verted from the long arm cast to a short arm 
thumb spica cast with the interphalangeal joint 
included. The patient is allowed fi nger motion 
from early on postoperatively as tolerated. Once 
adequate healing is seen on X-ray, which is typi-
cally at the 6-week mark, the pins are removed. 
The patient is started on range of motion for the 
wrist and continues  range of motion   for the digits 
(Figs.  21.3  and  21.4 ).

    The technique for scaphocapitate fusion is 
similar to that of STT fusion [ 12 ,  17 ,  30 – 32 ]. The 
level of  incision   is the same as for STT fusion, 
but is placed more ulnarly and the wrist is 
approached between the second and fourth dorsal 
compartments. All of the principles of limited 
wrist arthrodesis must be followed, in particular 
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  Fig. 21.3    ( a ,  b ) Preoperative: 40-year- ol  d female with Kienböck’s disease, stage 3b       

  Fig. 21.4    Postoperative: PA, oblique, and  lat  eral radio-
graphs of the L wrist 18 months s/p STT fusion for 
Kienböck’s disease, Lichtman stage 3b. The fragmenta-
tion of the lunate that exists at the time of limited wrist 

arthrodesis may displace after fusion. Nevertheless, 
unloading the lunate through fusion will result in a func-
tional wrist with good pain relief       
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maintaining the height of the carpus. The slope of 
the scaphocapitate joint tends  t  o encourage prox-
imal collapse of the joint after decortication. Care 
must me taken to preserve the external dimen-
sions of the scaphocapitate joint to successfully 
transmit loads through the scaphoid facet. The 
correct position of the S-C fusion is best main-
tained by pins perpendicular to the plane of the 
fusion. We prefer the STT fusion to the S-C 
fusion; the fusion site is perpendicular to the 
loads and additional motion may be attained post 
op, as the joint between the trapezoid and the 
capitate will allow.  

    Results 

 The results of both STT and SC fusion have 
shown them to effectively unload the lunate and 
transmit loads through the scaphoid [ 6 ,  12 ,  21 ,  30 , 
 33 – 35 ]. There is a similar decrease in wrist motion 
after both procedures along with a decrease in 
pain and improvement in function [ 36 ].  

    Conclusion 

 The ability to adjust the scaphoid and then stabi-
lize it with STT and SC fusion allows the scaph-
oid to take a load through the radial column of the 
wrist and effectively unload the lunate in 
Kienböck’s disease, improving force transmis-
sion across the wrist and, therefore, grip strength 
[ 14 ,  18 ,  37 ,  38 ]. Limited wrist arthrodesis is indi-
cated in stage I when there is clinical or imaging 
progression of disease despite immobilization. 
When there is signifi cant deterioration of the 
lunate, certainly by stage 2, limited wrist arthrod-
esis is strongly indicated. Grades 3a and 3b are 
good indications for a STT or SC fusion. In grade 
4, the disease is advanced disease, so therefore a 
full wrist fusion is indicated.      
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          Introduction 

 Radioscapholunate (RSL) fusion is a partial wrist 
fusion for localized disease with an intact midcar-
pal articulation. It is indicated for degenerative, 
infl ammatory, post-traumatic, and Kienböck’s 
arthritis [ 1 ]. The midcarpal joint is preserved, 
which is responsible for the dart thrower’s 
motion, which is essential for daily use of a func-
tional hand [ 2 ,  3 ].  

    Preoperative Assessment 

    Indications 

 If conservative modalities, such as modifi cation 
of activities, analgesics, and use of a splint, have 
failed,  su  rgical management may be considered. 
It is essential to identify which joints are involved 
in the disease process. An absolute prerequisite 
for this procedure is a functional midcarpal artic-
ulation (Fig.  22.1 ), to achieve painless motion 
following the fusion [ 4 ]. In Kienböck’s disease, 
the RSL fusion can be performed where the carti-
lage deformities are limited to the proximal 
lunate and/or lunate facet. That is, cases with a 
Bain and Begg grade 1 or 2a (Fig.  22.2 ) [ 5 ].

        Imaging 

 Plain radiographs should be performed to deter-
mine the diagnosis and to assess the extent of the 
disease, including the status of the midcarpal 
joint. Computed tomography (CT) scan and mag-
netic  reso  nance imaging are also of value in 
determining the extent of the disease in the 
lunate, and the remainder of the carpus. 
Arthroscopy is the gold standard to determine the 
integrity of the articular surfaces. Intraoperative 
direct visualization of the articular cartilage can 
be the fi nal decision as to whether or not to pro-
ceed with the limited fusion.  
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    Fixation 

 There are many described methods of  fi xation   for 
RSL fusion. These include K-wires, staples, 
plates, and screws [ 1 ,  6 – 9 ]. We used a set of prin-
ciples when performing limited wrist fusions 
(Table  22.1 ) [ 1 ]. The insertion of K-wires allows 
for simple and accurate positioning to avoid 
impingement, however they do not offer com-
pression. Non-locking plates have been associ-
ated with dorsal impingement, loss of fi xation, 
and nonunion [ 8 ,  9 ]. We have used memory sta-
ples (Depuy International Ltd., Leeds, UK) as 
they are low profi le and provide dynamic com-
press across the fusion site (Fig.  22.3a–c ) [ 10 ]. 
Fixation devices with greater stability allow for 
earlier mobilization of the wrist.

         Types of Fusion 

    Radioscapholunate Fusion 

    Surgical Technique 
 A dorsal approach via the third extensor compart-
ment is used to expose the carpus. Some authors 
recommend excision of the posterior interosse-

ous nerve, however we prefer to leave it intact to 
optimize  proprioception  . Using hand held 
curettes and rongeurs, the joint surfaces of the 
proximal scaphoid, lunate, and distal radius are 
thoroughly debrided. We avoid power instru-
ments that may burn the bone. Using a  closing 
fusion technique   the radiocarpal fusion mass is 
stabilized (Fig.  22.4 ). That is, the full thickness 
of the articular surfaces are excised to allow the 
osseous structures to close [ 1 ]. To obtain a good 
long-term outcome, it is important to create a 
“stand-alone joint” which can potentially obtain 
a good long term outcome. Therefore the midcar-
pal joint surface of the scaphoid and lunate are 
perfectly aligned. We reduce the scapholunate 
interval, and stabilize it with 2 × 1.1 mm K-wires. 
Bone graft from the iliac crest is used to supple-
ment the fusion mass.

   The radiocarpal joint is then stabilized in 15° 
of extension, in order to achieve maximum exten-
sion and grip strength. The fusion site is stabi-
lized using one of the methods described earlier 
(see Fig.  22.3a ).  Intraoper  ative fl uoroscopy is 
used to confi rm the position of the fusion mass 
and the internal fi xation. 

 A plaster slab is then applied and the patient 
encouraged to elevate the arm and mobilize the 
fi ngers. At 1 week, a full cast or removable splint 
is applied, depending upon patient factors and the 
 fi   xation. At 6 weeks the wrist is mobilized with 
graduated wrist strengthening and motion 
exercises.  

    Results 
 Variable rates of nonunion have been recorded 
between 0 and 25 % [ 4 ,  11 ,  12 ]. This is thought 
to be due to the scaphoid acting as a long lever 
and increasing pressure through the fusion 
mass [ 1 ]. 

 The patients usually obtain good pain relief; 
however, there is a reduction in wrist range of 
motion. Normally the scaphoid fl exes during 
wrist fl exion and radial deviation. Thus, a fused 
radioscaphoid joint will mostly affect wrist 
movement in these two directions. The  range of 
motion   is 33–40 % of the normal wrist [ 12 ,  13 ], 
with a 40–50° fl exion–extension (F-E) arc, and 
21–28° radial–ulnar (R-U) arc [ 8 ,  14 ,  15 ]. 

  Fig. 22.1    Prerequisite for  radios  capholunate fusion: a 
functional scaphoid, lunate, and capitate articulation. The 
radioscaphocapitate ligament is important to maintain sta-
bility. Copyright Dr. Gregory Bain       
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 A  long-term study   by Nagy and Büchler 
reported an undesirable high complication rate 
with RSL fusion. Five of their 15 patients 
(33 %) required a full wrist fusion at a mean of 
8 years. Average range of motion was 18° fl ex-
ion, 32° extension, 25° ulnar, and 3° radial 
deviation. More than half developed midcarpal 
arthritis and 27 % had a nonunion. Good results 
were reported for only seven (47 %) of their 
patients [ 8 ]. 

 Shin and Jupiter reviewed a series of fi ve 
patients with two angled 2.4 mm distal radius 
locking plates across the fusion mass to achieve 
complete union in all patients. Functional out-
come was not reported [ 11 ].   

    RSL with Distal Scaphoid Excision 

 RSL fusion  can   be performed with excision of 
the distal scaphoid (see Fig.  22.3b ), which can be 
used as bone graft. Clinical studies have reported 
that adding excision of the distal scaphoid 
improved motion [ 13 ], lowered the rate of non-
union [ 6 ] and midcarpal arthritis [ 16 ]. 

 A cadaveric study by McCombe et al. demon-
strated that excision of the distal scaphoid increased 
in the mean F-E arc from 60° to 122° and R-U 
deviation from 34° to 43° [ 13 ]. A similar study by 
Bain et al. reported that excision of the distal scaph-
oid reduced the long lever arm of the scaphoid and 
unlocked the midcarpal joint to increase wrist fl ex-
ion and radial deviation (Table  22.2 ) [ 17 ].

   Garcia-Elias et al. completed a review of 16 
patients with RSL fusion and distal scaphoidec-
tomy and reported improvement in pain, fl exion, 
and radial deviation compared to previous studies 
with RSL fusions only. They reported no non-
unions and a lower rate of midcarpal arthritis [ 12 ].  

    RSL with Distal Scaphoid 
and Triquetrum Excision 

 Excision of the  triquet  rum decreases the contain-
ment of the midcarpal joint, and therefore 
increases the joint motion (see Fig.  22.3c  and 

  Fig. 22.2    Bain and Begg arthroscopic classifi cation for 
Kienböck’s disease [ 1 ]. The grade is determined  by   the 
number of nonfunctional articular surfaces. The grading 
system assists the surgeon to determine the surgical treat-
ment, based on the pathoanatomic fi ndings. RSL fusion is 

indicated for grade 1 or 2a. Reproduced with permission 
Bain GI, Begg M. Arthroscopic assessment and classifi ca-
tion of Kienböck’s disease. Tech Hand Up Extreme Surg. 
2006, 10(1): 8–13       

    Table 22.1    Principles of  limited   wrist fusion a    

 Localized disease 
 Stand-alone joint 
 Mechanical debridement 
 Surface area of fusion mass 
 Respect the grid 
 Containment (e.g., triquetrum excision) 
 Closing fusion 
 Bone graft augmentation 
 Aim at extension 

   a Modifi ed with permission Bain GI, McGuire DT. 
Decision making for partial carpal fusions. J Wrist Surg. 
2012, 1(2): 103–114. Copyright © 2012, Rights Managed 
by Georg Theime Verlag KG Stuttgart, New York  
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  Fig. 22.4    ( a ) Open fusion  techniq  ue maintains height. 
( b ) Closing fusion allows for bony apposition, stability, 
and increased union rate. Reproduced with permission 
from Bain GI, McGuire DT. Decision making for partial 

carpal fusions. J Wrist Surg. 2012, 1(2): 103–114. 
Copyright © 2012, Rights Managed by Georg Thieme 
Verlag KG Stuttgart, New York       

    Table 22.2    Measured  wrist    motion   of RSL fusion; cadaveric study a    

 Procedures  Flexion  Extension  F-E arc  % b   RD  UD  R-U arc  % c  
 Capsulotomy  59  57  116  –  22  24  46  – 
 RSL fusion  36  38   74  64  14  18  32  70 
 Distal scaphoid excision  49  50   99  85  22  21  43  93 
 Triquetrum excision  56  56   11  97  23  29  52  113 

  Data are expressed as the mean measured ROM in degrees 
  a Modifi ed with permission from Bain GI, Sood A, Yeo CJ. RSL fusion with excision of distal scaphoid and triquetrum: 
A cadaveric study. J Wrist Surg. 2014; 3(1): 37–41. Copyright © 2012, Rights Managed by Georg Theime Verlag KG 
Stuttgart, New York 
  b Percentage from the baseline F-E arc 
  c Percentage from the baseline R-U arc  

  Fig. 22.3    ( a ) Cadaveric model of RSL fusion using 
memory staples. ( b ) Excision of the distal scaphoid 
increases fl exion  an  d radial deviation. ( c ) Excision of the 
distal scaphoid and triquetrum increases extension and 
ulnar deviation. Reproduced with permission Bain GI, 

Sood A, Yeo CJ. RSL Fusion with excision of distal 
scaphoid and triquetrum: a cadaveric study. J Wrist Surg. 
2014; 3(1): 37–41. Copyright © 2014, Rights Managed by 
Georg Theime Verlag KG Stuttgart, New York       

Table  22.2 ) [ 17 ,  18 ]. The triquetrum is the best 
bone graft as the scaphoid is often sclerotic. 

 Cadaveric studies have been published on the 
effect of additional triquetrectomy to RSL fusion 

and distal scaphoid excision. Bain et al. reported 
that excision of the triquetrum will improve the 
R-U arc by a further 21 % compared to RSL and 
distal scaphoidectomy alone (Table  22.3 ) [ 17 ].
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   Berkhout et al. reported that the RSL fusion 
decreased the range of motion in all directions 
[ 14 ]. They reported excision of the scaphoid 
 typically improves the F-E arc, while R-U devia-
tion is most improved after excision of the 
triquetrum. 

 We have performed a minimum 10-year fol-
low- up study of our RSL fusions, which include 
excision of the distal scaphoid and triquetrum in 
24 patients. A mean follow-up of 14.7 years 
found these patients to have a strong trend toward 
a greater R-U arc than RSL fusion alone and RSL 
fusion with scaphoidectomy. There were no non-
unions and radiological results showed preserva-
tion of the midcarpal joint. Pain scores 
progressively improved from pre-operation, to 
2 years to 10 years following surgery. Patient sat-
isfaction rate was 94 %.   

    Long-Term Follow-Up of RSL Fusion 
in Kienböck’s Disease 

 Of the 24 patients who had a RSL fusion, three 
patients had Kienböck’s disease. They were all 
either Bain and Begg grade 2a or 1. One patient 
underwent RSL fusion, while two had RSL 
fusion with distal scaphoidectomy. 

    Patient 1 

 Patient 1 is a 61-year-old  female   who had a RSL 
fusion with K-wires and staples to her nondomi-
nant wrist. Preoperatively, she had visual ana-
logue scale (VAS) pain score of 4/10. 

 Six months post-operatively, plain radio-
graphs demonstrated union of the fusion. At 
18.4 years she was satisfi ed, with VAS pain score 

0/10. Quick DASH score 6.8/100 and Mayo wrist 
score 85/100, which is graded as a good.  

    Patient 2 

 Patient 2 is a 55-year-old  male   who had a RSL 
fusion with excision of the distal scaphoid. Once the 
necrotic part of the lunate was excised, the remain-
ing lunate was thought to be too small for staples, 
and was therefore stabilized with K-wires. The 
K-wires were removed at 15 weeks. By 7 months he 
had return to full-time work with restricted duties. 

 At 17.7 years he was satisfi ed with VAS score 
0/10, Quick DASH 11.4/100, and Mayo Wrist 
score 65 was satisfactory. Plain radiographs dem-
onstrated a solid fusion and preservation of the 
midcarpal joint (Fig.  22.5 ).

   Table 22.3    Percentage change in ROM at each stage of the procedure a    

 Procedures  Flexion  Extension  F-E arc  RD  UD  R-U arc 
 RSL fusion  −39  −33  −36  −36  −25  −30 
 Distal scaphoid excision  36  32  34  57  17  34 
 Triquetrum excision  14  12  13  5  38  21 

   a Modifi ed with permission from [ 17 ]. Copyright © 2012, Rights Managed by Georg Theime Verlag KG Stuttgart, 
New York  

  Fig. 22.5    Patient 2: Plain  radiograph   demonstrating solid 
fusion and preservation of the midcarpal joint at 17.7 years 
follow-up. Copyright Dr. Gregory Bain       
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       Patient 3 

 Patient 3 is a 72-year-old male who also had a RSL 
fusion with excision of his distal scaphoid on his 
dominant wrist, using staples. In view of the associ-
ated  ulnar wrist pain   symptoms, a matched hemi-
resection of the distal ulna was also performed. 

 At 17.5 years follow-up he was satisfi ed with 
VAS pain score 1/10, Quick DASH 29.5/100 and 
Mayo wrist score 60. Plain radiographs con-
fi rmed union with preservation of the midcarpal 
articulation (Fig.  22.6a ) and normal alignment 
(see Fig.  22.6b ).

   For the three Kienböck’s patients, the mean F-E 
arc was 46.6° and R-U deviation arc 20.8°. There 
were no nonunions or other complications and 
none of them required a full wrist fusion. The 
mean scaphocapitate and lunocapitate joint spaces 
measured 2.0 mm and 1.7 mm respectively, refl ect-
ing negligible progression to midcarpal arthritis. 

 Clearly this is a small cohort; however, with 
such a long follow-up these results are certainly 
pleasing. We attribute the good results to:

    1.    Closely applied indications for surgery, in par-
ticular a well-preserved midcarpal joint.   

   2.    Following the principles of limited wrist 
fusion (see Table  22.1 ) [ 1 ].   

   3.    That a perfect reduction of the midcarpal joint 
is obtained.   

   4.    Good stability of the radiocarpal joint until 
union.     

 As the reader would note, we began perform-
ing the RSL fusion for Kienböck’s disease many 
years ago, in this very specifi c  pati  ent cohort. 
Since then newer methods of investigation have 
been introduced, such as gadolinium-enhanced 
MRI, which may further narrow the indication 
for this procedure.   

  Fig. 22.6    ( a ) Patient 3: Plain  rad  iograph demonstrating 
solid RSL fusion with distal scaphoid excision and ulnar 
hemiresection. There is preservation of the midcarpal 

joint. ( b ) Patient 3: Plain lateral radiograph demonstrating 
normal radiocarpal alignment. Copyright Dr. Gregory 
Bain       
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    Conclusion 

 RSL fusion is indicated for patients with localized 
arthritis of the wrist with an intact midcarpal articu-
lation. This procedure can include excision of the 
distal scaphoid and triquetrum, which increases the 
motion and union rate. Long-term outcome studies 
have shown RSL fusion to be sustainable with 
good clinical and radiological outcomes in those 
patients in which the midcarpal joint is anatomi-
cally reduced and fusion mass well stabilized.     
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       Kienböck’s disease predominantly affects young 
adults, between 20 and 40 years of age, usually 
male manual workers. The  condition   is most 
often unilateral [ 1 ,  2 ]. Many patients seek medi-
cal advice with an already advanced  Lichtman 
stage III disease   as defi ned by the presence of 
lunate collapse. Actually, stage III is subdivided 
into stage III-A, with preserved carpal height, 
and stage III-B, with diminished carpal height 
and fi xed palmar fl exion of the scaphoid [ 3 – 5 ]. 
Unlike the scaphoid malposition seen in advanced 
scapholunate lesions, no dorsal translation of the 
scaphoid proximal pole is observed in stage III-B 
[ 6 ], which may explain why stage III Kienböck’s 
does not always progress to stage IV (with osteo- 
arthrosis) and, when it does, why there is fre-
quently a long delay between the two stages. 

 The treatment of stage III Kienböck’s disease 
remains controversial, and the literature provides 
no evidence to support one therapeutic option 
over another. It is well known that symptoms are 
not correlated with the radiographic stage [ 7 ]. 
Asymptomatic patients should probably be con-
servatively treated, except for carpal tunnel 
release in the presence of an associated median 
nerve compression [ 1 ]. But symptomatic patients 

may benefi t from an operation. The goals of 
 surgery are to lower the load applied on the 
lunate, to preserve carpal height in stage III-A or 
restore it in stage III-B, to maintain hand strength 
and to prevent degenerative osteoarthrosis. This 
is usually achieved by intercarpal fusion by either 
scapho-trapezio-trapezoidal or scapho-capitate 
arthrodesis. However, intercarpal fusions cause 
marked loss of wrist range of motion and may be 
complicated by non-union or late  osteo  -arthrosis 
[ 2 ,  8 ]. Procedures indicated for stage II cases (no 
lunate collapse) like capitate shortening, forearm 
 levelling   or lunate revascularization may still be 
used in selected stage III cases. Another quite 
simple option is wrist denervation, without 
attempting to change the natural evolution of the 
lunate osteonecrosis, but to diminish the painful 
symptoms. 

 The morphology of the  capitate head   is rela-
tively similar to the proximal pole of the lunate, 
making it well suited to articulate with the 
lunate fossa of the radius. This is what occurs 
after proximal carpal row resection [ 9 ]. Thus, 
another option for treating stage III Kienböck’s 
disease is to replace the lunate by the head of 
the capitate. This is done by lunate resection and 
capitate lengthening, displacing the head of the 
capitate from the midcarpal joint to articulate 
with the lunate fossa of the radius, between the 
scaphoid and the triquetrum. This concept was 
originally proposed in 1966 by Graner [ 10 ], who 
performed capitate lengthening along with inter-
carpal fusion [ 10 – 12 ]. His patients obtained rel-
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atively good wrist motion and grip strength, but 
many ultimately developed radio-carpal osteo-
arthrosis [ 13 ]. The Graner procedure has been 
criticised for this reason, and also because of the 
potential for devascularization of the head of the 
capitate with subsequent osteonecrosis. Indeed, 
the head of the capitate has a retrograde blood 
fl ow across the capitate waist, similar to the 
blood supply of the scaphoid [ 14 ]. Other com-
plications were also reported, including non-
union of the lengthened capitate [ 15 ]. Because 
of these problems use of the classical Graner 
operation was almost abandoned. In 1997, how-
ever, Wilhelm et al. [ 16 ] proposed progressive 
lengthening of the capitate by external fi xation 
(callus distraction), thereby reducing the risks 
of osteonecrosis and non- union. However, they 
did not advocate performing an associated pan 
carpal arthrodesis. Wilhelm et al. [ 16 ], and later 
Hierner and Wilhelm [ 17 ], reported good long 
term results using this method, particularly in 
regard to grip strength and the absence of degen-
erative osteo-arthrosis. The only problem men-
tioned was some palmar fl exion of the proximal 
capitate fragment caused by traction by the 
palmar ligaments, which potentially could lead 
to long-term degenerative changes at the radio-
capitate joint. De Smet and Degreef [ 8 ] criticised 
the Wilhelm operation, believing its advantages 
were relatively limited compared to a simple 
proximal carpal row resection, and fearing that it 
could result in impingement between the radial 
styloid and the scaphoid. According to Fontaine 
[ 1 ], however, the results of proximal carpal 
row resection were not particularly good in 
Kienböck’s cases. This opinion was controver-
sial and not shared by others [ 20 ] but proximal 
row resection has been reported to result in long-
term osteo-arthrosis of the new radio-capitate 
joint [ 1 ,  18 – 20 ]. This appears not to be the case 
after progressive capitate lengthening because 
the scaphoid and triquetrum are preserved and 
the carpal load is not exclusively applied to the 
lunate fossa. 

 This chapter presents the technique of lunar-
ectomy and progressive capitate lengthening, as 
we have used it at our Institution (Fig.  23.1a–i ).

      Indications 

 The modifi ed Graner procedure with progressive 
capitate lengthening by external fi xation is indi-
cated in Lichtman  sta  ge III-A or III-B cases, 
without chondral lesions at either lunate fossa of 
the distal radius or head of capitate, that is in 
Bain–Begg Kienböck’s grades 0 or 1 [ 21 ]. The 
status of the joints should therefore be assessed 
before the operation by either dedicated MR 
sequences, arthro-CT or by arthroscopy, as there 
is no relationship between the Lichtman stage 
and the Bain–Begg grade [ 1 ,  7 ,  21 ,  22 ]. The 
Bain–Begg grade is correlated to age [ 7 ], how-
ever, so the modifi ed  G  raner procedure is in fact 
usually performed in relatively young patients.  

    Surgical Technique 

 A  dorsal arciform incision   is  p  erformed, avoiding 
the future location of the external minifi xation 
pins. The Berger ligament-preserving dorsal 
approach is used to expose the lunate and capitate 
bones, keeping some dorsal capsule inserted on 
the capitate. This allows partial denervation by 
resection of the distal dorsal interosseous nerve, 
if desired. After local synovectomy, the next 
step is the atraumatic resection of the necrotic, 
and usually fragmented, lunate. The cartilage of 
the lunate fossa and capitate head is inspected. 
Through separate stab wounds, two external 
minifi xation pins (2 mm) are then implanted in 
the head of the capitate and two identical pins 
implanted in the corpus of the bone. Using an 
oscillating saw and cooling irrigation, a trans-
verse osteotomy is then performed at the junc-
tion of the middle and the distal third of the 
capitate (more distal than at the neck). The sur-
geon makes sure that the osteotomy is complete 
but does not lengthen the capitate at this time in 
order to preserve the blood supply to the head of 
the capitate. The external mini-fi xation length-
ening device (Hoffmann II Micro Lengthener, 
Stryker Trauma ® , Selzach, Switzerland) is then 
mounted on the pins. Contrary to the tech-
nique described by Wilhelm et al. [ 16 ], we do 
not temporarily transfi x the scapho-capitate or 
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 scapho-trapezio- trapezoidal joints. Closure is 
done over suction drainage. No splint is used 
(see Fig.  23.1 ) and the patient is encouraged to 
actively mobilise the wrist and fi ngers. 

 After 7–10 days, progressive distraction is 
begun three times each day; 0.25 mm in the 
morning, 0.25 mm at noon, and 0.50 mm in the 
evening for a total of 1 mm/day. The distraction is 
not particularly painful and does not require the 
prescription NSAIDs, which are potentially 
harmful to bone distraction osteogenesis. Gentle 
cleansing of the pin’s skin exit sites is performed 
twice a day. The distraction period is quite short, 
as the total lengthening required is only about 

10–12 mm, at which point the capitate head 
reaches the distal radius joint surface and the car-
pal height is regained. The fi xator is kept in place 
until bone healing is complete. After radiological 
confi rmation of a  so  lid bridge between the head 
and the corpus of the capitate, the fi xator is 
removed under light anaesthesia.  

    Discussion 

 As noted by Facca et al. [ 23 ], several related 
techniques are known by the name of Graner. 
What is usually referred to as the “Graner II” 

  Fig. 23.1    Graner–Wilhelm progressive lengthening of 
the capitate after lunarectomy for the treatment of a 
patient with stage III-B Kienböck’s disease of the left 
wrist. ( a ,  b )  Preope  rative X-rays. Note the existence of a 
lunate distal medial  facet   for articulation with the hamate 
(Viegas type II lunate). ( c ) Preoperative CT scan, demon-
strating fragmentation of the necrotic lunate. ( d ) After 
resection of the lunate by dorsal approach, 39/2 mm exter-
nal minifi xation half pins are implanted in the head and 
corpus of the capitate. An osteotomy was then performed 
at the capitate’s corpus, distal to the capitate neck. ( e – g ) 
Progressive distraction is applied after 7 days without 
wrist/hand immobilisation. ( h ,  i ) X-rays 32 days 46 days 

( h ) and 4 years ( i ) after the initial operation with solid 
healing of the capitate and restoration of the carpal height. 
There is no evidence of osteo-arthrosis but the scaphoid is 
still moderately palmarly fl exed. Note the space between 
capitate and triquetrum. At 4 years follow-up, the patient 
had slight persistent pain (VAS 1/10). His wrist joint 
motion was acceptable but somewhat reduced compared 
to the preoperative measurements. Parts ( a ) through ( h ) 
are from Schuind F, Eslami S, Ledoux P. Kienböck’s dis-
ease.  J Bone Joint Surg  [ Br ] 2008;90:133–9. (Figures 1a, 
1b, 2, 3, 2a, 4b, 5a, 5b and 5c). Reproduced with permis-
sion and copyright © of the British Editorial Society of 
Bone and Joint Surgery       
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operation consists of lunate resection, intraop-
erative capitate lengthening with interposition 
of cancellous bone chips, and intercarpal bone 
arthrodesis leaving the trapezium un-fused. The 
Graner II procedure was subsequently modifi ed 
by Fenollosa and Valverde [ 24 ], who limited the 
arthrodesis to the capitate–hamate joint. The 
procedure was further modifi ed by Wilhelm 
et al. [ 16 ], who proposed progressive capitate 
lengthening. Finally, Lu et al. reported proxi-
mal transposition of the capitate on a vascular-
ized pedicle as a replacement for the necrotic 
lunate [ 9 ,  25 ]. 

 We believe that the progressive callus distrac-
tion of the capitate is an excellent procedure in 
Lichtman stage III Kienböck’s cases without 
chondral lesions at the lunate fossa or the capitate 
head. The duration of capitate lengthening is rel-
atively limited, about 10 days. The osteogenesis 
in this highly  can  cellous bone is relatively quick, 
so that the external minifi xator can be removed 
within 3 months (to shorten the external fi xation 
period, Hierner and Wilhelm [ 17 ] suggested 
replacing the minifi xator—after lengthening—by 
percutaneous Kirschner wires). The procedure 
seems less painful than the classical Graner II 
procedure, and no immobilisation is necessary 
limiting the risks of CRPS and stiffness. The 
risks of devascularisation of the capitate head and 
of capitate non-union are reduced because the 
head is not forcefully mobilised but slowly dis-
placed proximally and because the osteotomy is 
performed distal to the neck [ 17 ,  26 ]. There is no 
additional morbidity for bone graft harvesting. 
The procedure preserves hand strength by restor-
ing carpal height. However, there is loss of wrist 
motion subsequent to bridging of the mid carpus 
[ 12 ,  24 ], analogous to the decrease seen follow-
ing luno-capitate fusion. Finally, in theory there 
should be less degenerative changes at the radio- 
capitate joint than after a proximal carpal row 
resection because the scaphoid continues to 
transmit most of the carpal load. Indeed, after an 
in vitro simulation of the operation, Jia et al. [ 27 ] 
measured unchanged distribution of articular 
stresses. 

 The operation has limitations and risks. The 
patient will perform the actual lengthening; 

therefore good patient cooperation is mandatory. 
 Wrist infection   from the external fi xation pins is 
a possibility. Toward the end of the lengthening 
period the proximal pin may impinge on the dor-
sal rim of the distal radius, limiting the possibil-
ity of wrist extension exercises. When the capitate 
head is narrower than the lunate, as in Viegas 
type II lunates [ 28 ], some gap between the  length-
en  ed capitate and the triquetrum is usual, how-
ever, this has been an inconsequential fi nding in 
our practice (see Fig.  23.1i ). Owing to the good 
stability of the Stryker ®  minifi xator distraction 
device we have not experienced the fl exion defor-
mity of the capitate head as reported by Hierner 
and Wilhelm [ 17 ].  

    Conclusion 

 There are several different operations under the 
name of Graner. The technique presented in this 
chapter combines resection of the necrotic frac-
tured lunate, osteotomy within the distal corpus 
of the capitate and implantation of an external 
minifi xator with subsequent progressive length-
ening of the bone until the carpal height is 
restored. This modifi ed Graner–Wilhelm opera-
tion necessitates excellent cooperation from the 
patient and imposes about 3 months of external 
minifi xation. It is indicated as an alternative to an 
intercarpal arthrodesis in stage III Kienböck’s, in 
selected cases without cartilage degeneration at 
the head of the capitate and/or lunate fossa. It is 
not indicated in stage I and stage II disease, 
where radial shortening or lunate revasculariza-
tion is indicated and stage IV disease.     
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          Introduction 

 Initial applications of wrist arthroscopy for the 
treatment of Kienbock’s avascular necrosis were 
introduced at the end of 1990s, mainly for diag-
nostic purposes. In 1999, Menth-Chiari and col-
leagues [ 1 ] advocated the use of arthroscopy to 
assess the quality of the articular surfaces. The 
 advantage   of direct arthroscopic assessment is that 
it allows the surgeon to visually inspect and pal-
pate the articular surfaces with no further threat to 
lunate vascularity. In addition, they reported that 
arthroscopic synovectomy and debridement  of   the 
necrotic fragmented lunate produced signifi cant 
improvement in pain and wrist function for 
Lichtman grade IIIA or IIIB patients [ 3 ]. 

 Accurate and specifi c arthroscopic assessment 
of the articular surface of the lunate and its adja-
cent articulations,  form   the basis of Bain and 
Begg’s arthroscopic classifi cation system [ 2 ]. In 
addition to classic staging, it has become a stan-
dard reference in the decision-making process for 
the treatment of Kienbock’s disease. Since then, 

scant literature has been published regarding the 
use of arthroscopic reconstructive procedures for 
the treatment of Kienbock’s disease. Exceptions 
include arthroscopic assisted drilling (forage) of 
the lunate [ 12 ], and more recently arthroscopic 
bone grafting of the lunate [ 11 ]. The aim of this 
paper is to describe the authors’ experience with 
arthroscopic assisted bone grafting of the lunate 
in early Kienbock’s disease.  

    Methods 

    Indications and Patient Selection 

 Patients affected  by      Lichtman’s stage 1 
Kienbock’s disease, in which wrist pain showed 
no improvement after at least 3 months of conser-
vative treatment, were considered eligible for 
arthroscopic assisted bone grafting. Kienbock’s 
disease was diagnosed according to plain radio-
graphs and MRI imaging that showed neither sig-
nifi cant lunate collapse nor loss of its rotational 
alignment. Presence of diffuse MRI signal 
changes involving the whole lunate are consid-
ered pathognomonic of avascular necrosis, thus 
allowing differential diagnosis with other patho-
logical conditions such ulnar–carpal abutment or 
intraosseous ganglion cysts. Intraoperative 
arthroscopic fi ndings of signifi cant chondral 
changes on either the midcarpal or the  radiocarpal 
surfaces of the lunate, or both, were considered 
contraindications for the procedure.  
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    Surgical Technique 

    Diagnositic Arthroscopy 
 Wrist arthroscopy is performed under regional 
anesthesia with the patient in the supine position, 
using standard  wris  t arthroscopic technique [ 4 ]. 
The arm is suspended by Chinese fi nger traps 
with about 3.5 kg of traction. A pneumatic tour-
niquet is used. Standard midcarpal and radiocar-
pal exploration is performed to confi rm the 
absence of lunate chondropathy and associated 
lesions, confi rming Lichtman’s stage 1 and Bain 
and Begg’s stage 0. The 3–4 and 6 R portals are 
used for scope and instrumentation, respectively.  

    Lunate Drilling 
 The site of  lunate drilling is lo  calized on the 
dorso-ulnar aspect of the lunate in the less impor-
tant load-bearing area, as close as possible to the 
proximal insertion of the lunotriquetral ligament. 
In order to confi rm correct positioning of the 
drilling site, a needle is inserted under fl uoros-
copy (Fig.  24.1 ). A standard 3.0 mm motorized 
burr is used to remove the cartilage and the sub-
chondral bone (Fig.  24.2a ). Then, the burr’s pro-
tection sleeve is shortened about a 1.5 cm, so that 
the burr’s tip can be advanced into the lunate 
(Fig.  24.2b ). This surgical step is performed 
under both arthroscopic and fl uoroscopic control. 
Further advancement of the burr may require 
switching portals between the scope and the burr. 

When fl uoroscopy confi rms appropriate depth of 
the lunate cavity (Fig.  24.3 ), a 3-mm motorized 
shaver is introduced to debride the intraosseous 
cavity from the remaining soft tissues. To con-
fi rm the adequacy of the debridement and thor-
ough soft tissues removal, the arthroscope can be 
introduced into the intraosseous cavity 
(Fig.  24.4 ), through the 6R portal.

          Bone Graft 
 Cancellous bone graft is then harvested from the 
volar aspect of the distal radius. A longitudinal 
incision is made on the volar aspect of the wrist, 

  Fig. 24.1    Intraoperative  fl u  oroscopic view uses a needle 
to locate the drilling site on the dorso-ulnar aspect of the 
lunate       

  Fig. 24.2    Intraoperative  fl uoros  copic view shows the 
scope in the 3–4 portal and the motorized burr in the 6R 
portal. The burr is positioned on the subchondral bone on 
the dorso-ulnar aspect of the lunate ( a ). It is then advanced 
into the lunate, to perform a core decompression ( b )        
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along the radial margin of the fl exor carpis radia-
lis tendon sheath.  The   radial artery is separated 
with blunt dissection and protected. The pronator 
quadratus is divided along its fi bers in order to 
expose the palmar cortex of the radius (Fig.  24.5 ). 
Through a small cortical window, the desired 
amount of bone is harvested by wide curettage of 
the radial metaphysis. At the end of the proce-
dure, the skin of the forearm is closed with an 
intradermic suture. Then, a 3-mm cannula is 
advanced into the hole of the lunate, via 6-R por-
tal. Fluoroscopy is used to confi rm adequate 
positioning (Fig.  24.6 ). The harvested bone graft 
is inserted through the cannula (Fig.  24.7 ) and 

impacted into the lunate using a small tamping 
rod. This reduces the risk of any graft falling into 
the joint. The cavity is fi lled to the margin of the 
cortical bone, rather than to the level of the artic-
ular cartilage. The lunate is fi nally assessed 
arthroscopically (Fig.  24.8 ) and  fl uoroscop  ically 
to ensure correct positioning of the graft. The 
joint is irrigated and the portals closed with 
steristrips.

  Fig. 24.3    A needle is advanced into  the   lunate cavity and 
fl uoroscopy is used to check proper drilling depth       

  Fig. 24.4    Arthroscopic view  o  f the dorsal lunate, looking 
into the cavity, which has been created with a burr (scope 
in 6R portal)       

  Fig. 24.5    Planned skin incision  on   the palmar forearm 
( a ) to access the metaphysis of the distal radius and create 
a cortical window for graft harvest ( b )       

  Fig. 24.6    Fluoroscopy is used to  confi   rm adequate posi-
tioning of a 3-mm cannula into lunate cavity. Note the 
defect in the metaphyseal radius, from where the bone 
graft was harvested       
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          Rehabilitation 
 A thermoplastic splint is  app  lied for 4–6 weeks, 
according to radiological appearance of callus 
formation.   

    Patient Series 

 From May 2008 to January 2011, arthroscopic 
assisted bone grafting of the lunate was per-
formed in fi ve patients. All patients were  female  , 
with an average age of 44 years (range: 25–59). 

The diagnosis of Kienbock’s disease was made 
using standard radiographs and MRI according to 
the above eligibility criteria, so that all fi ve 
patients were in Lichtman’s stage 1. Indications 
for surgery were persistence of pain, restricted 
motion and function after 3 months of conserva-
tive treatment, consisting in physical therapy and 
wearing of a removable splint. 

 Intra-articular chondral involvement was also 
evaluated according to Bain and Begg’s 
arthroscopic classifi cation system [ 2 ], and all 
patients were classifi ed as grade 0. The right 
(dominant) wrist was involved in three cases. 
Patients were assessed before the operation, after 
1, 3, and 6 months and at fi nal follow-up using 
the Mayo wrist score, Disability of Arm Shoulder 
Hand evaluation questionnaire (DASH), and 
Patient Related Wrist Evaluation (PRWE). Grip 
strength was measured using JAMAR ®  Hydraulic 
Hand Dynamometer and pinch  strengt  h using a 
JAMAR ®  Hydraulic Pinch Gauge. Pain was eval-
uated according to Visual Analogic Scale (VAS). 
Plain X-rays were evaluated at 1 week, 1 month, 
and 2 months after operation.   

    Results 

 At an average  fo  llow-up of 32 months (12–46) all 
patients reported an improvement of symptoms 
and range of motion (Fig.  24.9 ). Mayo wrist 
score showed 4 excellent and 1 good result.

   At fi nal follow-up, there was improvement in 
the average of all the following outcome mea-
sures compared to the preoperative values:

   DASH score improved from 88 (80–102) to 55 
(45–70),  

  PRWE score from 71 (68–75) to 50 (36–60),  
  Grip strength 11 kg (8–13) to 19 kg (10–24),  
  Pinch strength 3 kg (3–4) to 5.2 kg (5–6),  
  VAS pain score at rest 5.6 (5–6) to 2.5 (2–3)  
  VAS pain score under load 7.4 (6–9) to 5 (3–8).    

 In all patients the X-rays  sh  owed an increase 
of lunate bone density and MRI showed an 
increase in the lunate vascular pattern.  

  Fig. 24.7    The bone graft is introduced into  t  he cannula, 
then impacted into the lunate using a small tamping rod       

  Fig. 24.8    Graft fi lling of the  lunate   cavity is assessed 
with the scope       
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    Discussion 

 Treatment of Kienbock’s disease remains a chal-
lenge even for experienced wrist surgeons. Since 
the etiology of the disease is still poorly under-
stood, there is no clear rationale to defi ne which 
is the most appropriate treament option. 

 Provided that the disease is detected at early 
stages, traditional procedures aiming to unload 
the lunate, such as radial [ 5 ,  6 ] or capitate [ 7 ] 
shortening osteotomy or joint distraction by exter-
nal fi xation [ 8 ], show good results. Advanced 
cases may benefi t from salvage procedures, 
such as proximal row carpectomy, radioscaph-

olunate fusion, hemiarthroplasty, wrist fusion, 
or wrist replacement. However these procedures 
are rather aggressive, have more unpredictable 
results and potentially signifi cant complica-
tions. More sophisticated procedures, such as 
vascularized transfers from the pisiform or dis-
tal radius or direct metacarpal artery implanta-
tion, are expected to have a greater potential. 
However, their value is being questioned due to 
the increasing importance attributed to intraosse-
ous venous congestion, compared to poor arterial 
blood supply, as possible primary etiologic fac-
tors for  avascular necrosis   of the lunate [ 9 ]. The 
latter theory may represent a sound explanation 
of the good results achieved by the distal radial 

  Fig. 24.9    Clinical case: ( a )  Preoperative   MRI imaging of a 24-year-old female diagnosed as Lichtman’s stage 1. 
( b ) Restricted preoperative fl exion–extension range of motion. ( c ) Range of motion 3 years following surgery       
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core  decompression technique described by 
Illarramendi et al. [ 10 ]. According to the authors, 
early pain relief and long-term revasculariza-
tion of the lunate may be due respectively to the 
decrease of intraosseous blood pressure and to 
carpal hyperemia in response to surgical manipu-
lation of the distal radial metaphysis. 

 The technique of arthroscopic assisted bone 
grafting combines many  advantages  :

    1.    Direct drilling of the lunate, which causes an 
immediate decrease in venous congestion;   

   2.    Decompression of the distal radial metaphysis 
during the harvest of the bone graft, which 
produces hyperemic response of the carpal 
vascular environment thus enhancing long 
term revascularization of the lunate;   

   3.    Improved quality of the cancellous bone of 
the lunate following bone grafting, thus accel-
erating bone healing;   

   4.    Respect of the periarticular soft-tissues and 
vascular environment by using a minimally 
invasive arthroscopic technique.    

  In order to achieve a good outcome,    there are 
a few important points:

    1.    Patient selection; the indications for arthroscopic 
assisted bone grafting are strictly limited to 
those cases in which lunate shape and height are 
maintained almost unchanged and articular sur-
faces do not show major changes, such in 
patients classifi ed as stage 1 according to 
Lichtman’s classifi cation and grade 0 according 
to Bain and Begg’s arthroscopic staging.   

   2.    Surgical technique; The procedure requires 
the use of advanced arthroscopic techniques.       

  The authors were pleased with their initial 
short-term outcomes published in 2011 [ 11 ]. The 
results presented in this chapter represent a fur-
ther review with an average follow-up of 
32 months. This latest review indicates that the 
initial good short-term results have been main-
tained. However, this very promising technique 
still requires confi rmation with a larger series and 
a longer term follow-up. 

 A fi nal advantage of the procedure is that no 
bridges are burnt; in case of further lunate col-

lapse or pain, all remaining reconstructive and 
salvage options remain open.  

    Conclusion 

 The technique of arthroscopic assisted bone 
grafting of the lunate is a technically demanding 
procedure that should be performed after ade-
quate training for both the surgeon and the OR 
personnel. Clinical results show that it may rep-
resent a valuable option for treatment of selected 
cases of early Kienbock’s disease, when lunate 
shape and height are preserved and articular sur-
faces are intact.     
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           Introduction 

 In stage 3B Kienböck’s  disease   (Fig.  25.1 ), the 
lunate fails to support the load across the wrist 
and so it collapses in height with fi xed rotation of 
scaphoid [ 1 ]. Arthroscopy often reveals dissocia-
tion of the lunate cartilage from the softened 
bone and the cartilage, which can no longer with-
stand load and shear since its fi rm attachment to 
subchondral bone is disrupted. Arthroscopy pro-
vides a more precise assessment of the articular 
cartilage, which helps the surgeon to make an 
informed decision regarding the “functionality” 
of the articular surfaces around the lunate. As 

described by Bain in his classifi cation [ 2 ,  3 ], 
arthroscopy can assist in interpreting the articular 
fi ndings and guides treatment.

       An Articular-Based Approach 
to Assessment and Management 

 The authors have used an articular-based 
approach to assess Kienböck’s disease and its 
involvement of the carpus and to determine the 
optimal surgical treatment [ 2 ,  3 ].  

    Arthroscopic Assessment 

 A  tourniquet   is applied over the arm but not 
infl ated unless bleeding obscures the visualiza-
tion during the procedure. We recommend the 
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standard working portals in the RCJ (3–4, 4–5 
and sometimes 6U) and MCJ (MCR and MCU) 
(Video  25.1 ). The lunate and adjacent articular 
surfaces are meticulously inspected for chondral 
integrity and fractures. The  articular surfaces   are 
probed to assess presence of softening, “fl oating” 
(unsupported) articular surface and degenerative 
changes [ 2 ]. A debridement of loose bony frag-
ments, chondral fl aps, and synovitis is performed.  

    Classifi cation 

 Bain and  Beg  g developed an arthroscopic staging 
system based on the number of nonfunctional 
articular surfaces. The principle is to identify the 

articulations that are nonfunctional (compro-
mised) and those that are functional [ 2 ].  A func-
tional articular surface  would have a normal 
arthroscopic appearance, which is smooth and 
glistening. The normal subchondral bone is fi rm 
to palpate without signifi cant softening. Minor 
fi brillation is still considered a functional articu-
lar surface. 

  Nonfunctional articular surface  would 
include those with extensive fi brillation, fi ssur-
ing, localized or extensive loss, a fl oating articu-
lar surface, and fracture (Figs.  25.2  and  25.3 ).

    The grade determined with the Bain and Begg 
classifi cation depends upon the number of 
 articulations involved (Fig.  25.4 ). Although 
arthroscopy is the gold standard method of 

  Fig. 25.1    ( a ) A 22-year-   old man with stage 3B disease on right wrist. Plain radiographs show lunate collapse with fi xed 
fl exion of scaphoid. ( b ) MRI showing low signal intensity on T1       

  Fig. 25.2     Arthroscopic   view of a concealed fracture of the lunate. ( a ) Initially only an articular cartilage crease is seen 
( arrow ). ( b ) With probing the fracture of the lunate can be identifi ed. Copyright Dr. Gregory Bain       
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assessment of the articular surface, it must be rec-
ognized that new imaging modalities that are 
non-invasive (e.g., MRI) will increasingly allow 
assessment of the articulation [ 4 ].

       Management Principles 

     1.    Using an articular-based  cla  ssifi cation and 
treatment algorithm that respects the articular 
aspects of Kienböck’s disease and uses it to 
guide treatment, based on patho-anatomical 
principles.   

   2.    The aim of treatment is to reduce the pain 
while maintaining a functional wrist motion.   

   3.    Wrist arthroscopy is a diagnostic modality that 
can be used to assess and classify the wrist.   

   4.    Arthroscopic debridement in the form of syn-
ovectomy, removal of chondral fl aps, and 
loose bodies can be helpful.   

   5.    The principle of reconstructive surgery is to 
fuse, excise, or bypass the nonfunctional joint, 
and then mobilize the wrist through the 
remaining functional articulations.   

   6.    The authors will often proceed directly to a 
reconstructive procedure.   

  Fig. 25.3    ( a ) Arthroscopic view of  th  e irregular nonfunc-
tional lunate facet and proximal lunate. ( b ) Arthroscopic 
view of the functional scaphoid facet. The patient is a can-

didate for a radioscapholunate or scaphocapitate fusion. 
Copyright Dr. Gregory Bain       

  Fig. 25.4    Bain and Begg  arthr  oscopic classifi cation of 
Kienböck’s disease. The grade is determined by the num-
ber of nonfunctional articular surfaces. The grading sys-
tem assists the surgeon to determine the best surgical 

option, based on the pathoanatomic fi ndings. Reproduced 
with permission from Bain GI, Begg M. Arthroscopic 
assessment and classifi cation of Kienböck’s disease. Tech 
Hand Up Extrem Surg. 2006;10(1):8–13       
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   7.    Reconstructive procedures can  n  ow be per-
formed using advanced arthroscopic tech-
niques, which are described in detail in the 
manuscript.      

    Selection of Reconstructive 
Procedure 

 The preferred treatment  op  tion is based on the 
arthroscopic fi ndings and staging (Table  25.1 ). 
The following are the options, and they are usu-
ally applied in combinations:

     1.     Debridement  of the synovitis and chondral 
fl aps [ 3 ]   

   2.     Remove the nonfunctional  articular surfaces; 
examples include excision of the lunate or 
proximal row carpectomy. A prosthetic 
implant can be implanted to replace the lunate 
or proximal carpal row.   

   3.     Fuse the nonfunctional  articulations; exam-
ples include radioscapholunate (RSL), radiol-
unate (RL) and total wrist fusion.   

   4.     Bypass the nonfunctional  articulations; exam-
ples include scapho-capitate (SC) fusion and 
scaphotrapeziotrapezoid (STT) fusion.    

      Principles of Arthroscopic Inter- 
Carpal Fusion 

 The principle is to fuse  t  he nonfunctional articu-
lar surfaces and allows motion across the func-
tional articulations. Therefore, the prerequisite is 
to have a functional articular joint which can be 
used for mobilization. Accurate assessment of 
cartilage by arthroscopy is mandatory, followed 
by debridement of damaged articular surfaces 
and/or selected  carpal excision . If bypass fusion 
is required (examples are STT or SC fusion for 
advanced Kienböck’s disease), the cartilage over 
the opposing fusion surfaces is also debrided 
until there is bleeding from the subchondral bone 
( preparation of the fusion surfaces ). The carpal 
malalignment is then corrected, followed by per-
cutaneous fi xation across the debrided articula-
tion (whether damaged or as bypass) to achieve a 
limited wrist fusion ( fi xation of fusion mass ). 

    Carpal Excision 

 Excision of the any of the  carp  al bones requires a 
dedicated approach. Examples include excision of 
the lunate as part of the SC fusion, or resection of 
the entire proximal carpal row. Often the four 
working portals are needed and are interchanged 
for optimal effi ciency. The joint is like a box, and 
the portals are introduced from various directions 
to obtain the ideal perspective for the scope and 
optimal position of the instrumentation (Fig.  25.5 ).

   As an example, in arthroscopic excision of the 
lunate, the fragmented or degenerate cartilage is 
removed with an arthroscopic grasper and punch 
to expose the underlying fragmented bone. A 
motorized resector is positioned in the MCJ with 
the burr in the center of lunate and then proceeds 
radially (Video  25.2 ). The burr is re-positioned in 
the RCJ and directed distally. Once the center of 
the bone has been resected, there is usually a 
osteocartilaginous “shell” which remains 
attached to the intrinsic and extrinsic ligaments. 
These ligamentous attachments are released with 
radiofrequency ablation and grasped with a pitu-
itary rongeur (Fig.  25.6 ). Visualization of the 

   Table 25.1    Preferred reconstructive  p  rocedure based on 
arthroscopic fi ndings and staging a    

 Grade 
(Bain and 
Begg) 

 Nonfunctional 
surfaces  Recommendation 

 1–2a  Proximal lunate and 
lunate fossa 

 RSL fusion 

 2b  Proximal and distal 
lunate surfaces 

 PRC 

 3  Lunate fossa, 
proximal and distal 
lunate surfaces 
(radio-scaphoid 
articulation still 
functional) 

 SC fusion 

 4  All four surfaces 
(lunate fossa, 
proximal and distal 
lunate surfaces, 
proximal capitate) 

 Salvage (total 
wrist fusion or 
arthroplasty) 

   a Modifi ed from [ 2 ]  

W. Tse et al.



265

interval is now easier as the RCJ and MCJ now 
freely communicated.

       Preparation of the Fusion 
Surfaces 

 As an example, we will describe the technique of 
arthroscopic resection of the scaphocapitate sur-
faces. With the  sco  pe in the MCU and a 2.9 mm 
burr in the MCR the articular surfaces that 
require debridement are identifi ed. For the SC 
fusion, the debridement is between the radial 
half of proximal capitate and scaphoid. We com-
mence the resection at the inferior aspect, as the 
bleeding obscures the view of the dependent 
articulations. We progress upwards, removing 
the cartilage, and continue until there is punctate 
bleeding from the subchondral bone, which sig-
nifi es adequate bone resection. The diameter of 
the burr serves as a reference for the depth of 
bone being resected.  

    Fixation of Fusion Mass 

 There are many options for  fi   xation of limited wrist 
fusions, but we prefer cannulated screws, as the 
guide wires can be positioned under arthroscopic 
and fl uoroscopic guidance. Once the ideal position 
is obtained, bone graft or bone graft substitute is 
added if there is a void in the fusion mass. 

 For a SC fusion, we would have the arthro-
scope in the MCU portal and a 4.5 mm cannula in 
the MCR portal to introduce and impact bone 
graft or granules into the scaphocapitate interval. 
If lunate excision has been performed, a French 6 
or 8 Foley catheter is inserted via the 4–5 portal 
and infl ated with normal saline to fi ll the lunate 
void and prevent the graft spillage into the radio-
carpal joint [ 6 ,  7 ]. 

 The traction is removed from the arm, and the 
cannulated depth gauge is advanced over the 
guide wire. A screw is selected that is 4 mm 
shorter than measured, to allow for the counter-
sinking and compression.    Under fl uoroscopic 
control, cannulated drills and 3.2 or 3.5 mm 
screws are then advanced over the guide wires to 
stabilize the fusion mass (Fig.  25.7 ).

   Following the procedure, a plaster slab is 
applied for 7–10 days. Gentle active mobilization 
can be commenced at 10 days with a wrist brace 
for protection. Gentle passive mobilization can 
commence after 4 weeks and strengthening exer-
cises after 3 months.   

    Benefi ts of Arthroscopic-Assisted 
Fusion 

     1.    Reducing  surgica  l dissection of the soft tissue 
envelope, especially the extrinsic ligaments, 
to preserve the ligamentous support, intercar-
pal stability, and vascularity.   

   2.    Precise cartilage and osseous debridement 
minimizes the osseous resection required to 
create congruent opposed bleeding fusion sur-
faces. Thus, carpal height is better maintained 
and utilization of bone graft is reduced and 
often avoided.   

   3.    Percutaneous fi xation with countersinking 
implants within the carpus minimizes the 

  Fig. 25.5    The box concept. The wrist can be thought of 
as a box, which can be visualized from almost any per-
spective. By  interch  anging the portals the optimal per-
spective can be obtained, and working instruments ideally 
positioned. Reprinted from Arthroscopy, 24(3), Bain GI, 
Munt J, Turner PC, New advances in wrist arthroscopy, 
355–367, Copyright © 2008 Arthroscopy Association of 
North America. Published by Elsevier Inc. All rights 
reserved [ 5 ]       
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implant-related complications such as 
impingement.   

   4.    The minimally invasive techniques cause less 
soft tissue injury, postoperative pain, and 
swelling, to allow earlier rehabilitation and 
optimize outcome.   

   5.    Provides a superior cosmetic  out  come.      

    Arthroscopic SC Fusion 

 SC fusion was fi rst  d  escribed by Sutro [ 8 ] for 
scaphoid nonunion in four patients, using an 
open technique. There are four clinical series of 
SC fusion for Kienböck’s disease [ 8 – 11 ]. In 

  Fig. 25.6    Arthroscopic  excisi  on of the lunate. ( a ) Use of the with pituitary rongeur, ( b ) arthroscopic resector. Copyright 
Dr. Gregory Bain       

  Fig. 25.7    Same patient as  s  een in Fig.  25.1 , 11 months following an SC fusion       
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 general, pain improvement was observed, but 
nonunion remains a concern, with 10 and 12 % 
reported in series by Luegmair [ 10 ] and Pisano 
[ 11 ], respectively. The results of SC fusion may 
be improved by modifying the techniques in 
ways that may increase the union rate and main-
tain the motion following surgery. 

 The STT and SC fusion both transfer the load 
from the central column to the radial column, 
therefore unloading the necrotic fragmented 
lunate which may in turn relieve the pain and pro-
gression of Kienböck’s disease [ 12 ,  13 ]. 
Cadaveric studies [ 14 ,  15 ] have demonstrated no 
signifi cant difference in wrist motion between an 
SC and STT fusion. 

 The authors developed the techniques of 
arthroscopic STT and SC fusion techniques [ 6 ,  7 , 
 16 ]; however, we prefer SC fusion for stage 3B 
Kienböck’s disease because the SC articulation is 
easier to arthroscopically access. The opposing 
surfaces of the capitate and the waist and proxi-
mal scaphoid need to be resected. The distal third 
of the scaphoid, trapezium and trapezoid do not 
need to be debrided. The percutaneous fi xation 
across the SC articulation is more straightfor-
ward, and bone graft is not required. 

 We follow the standard principles of 
arthroscopic assessment, debridement, prepara-
tion and fi xation as outlined above. The prerequi-
site is to have a functional scaphoid facet and 
proximal scaphoid.  I  f the lunate is very frag-
mented we resect it. The opposing surfaces of the 
SC articulation are resected. 

    Reduction of SC Angle and Fixation 

 We aim to stabilize the SC fusion in a position of 
normal alignment (e.g., SL angle between 30° 
and 57°, CL angle 0° ± 15°) [ 17 ]. We insert two 
guide pins across the SC interval. If  lunate   has 
been excised, the SC angle should be fi xed 
between 30° and 57°. The position of scaphoid 
can be controlled by thumbing the scaphoid 
tubercle from the volar aspect. The fi rst guide pin 
is advanced through the 1–2 portal. The guide pin 
should enter the scaphoid between the proximal 
and middle thirds. It should be inserted at 60° to 

the longitudinal axis of the wrist. In the lateral 
projection aim at the middle of scaphoid and cap-
itate. Another guide pin should be inserted at 
least 5 mm distal and parallel to the fi rst one, 
aiming to enter the scaphoid between the middle 
and distal thirds. The cannulated depth gauge, 
drill, and screws are advanced over the guide as 
described above.  

    Results of Arthroscopic SC Fusion 

 Between August 2009 and October 2011 there 
were 18 patients with stage 3B Kienböck’s dis-
ease managed with arthroscopic SC fusion in 
three centers (Prince of Wales Hospital, Hong 
Kong; 6th People’s Hospital, Ningbo, China; Ji 
Shui Tan Hospital, Beijing, China). The mean 
age was 32.2 years (18–57), with 11 males and 7 
females. Mean operating time was 90.2 min 
(120–360), and all fi xations were achieved with 
two percutaneous cannulated screws (Fig.  25.8 ). 
Bone substitutes were used in two cases, but no 
supplement was used in the other 16 patients. 
A  c  onsolidated fusion was achieved in all 18 
patients. There were no wound or neurovascular 
complications. One patient had persistent pain 
and was managed with a proximal row carpec-
tomy and pyrocarbon Amandys interposition 
arthroplasty (Tornier).

   In fi ve of our cases, we excised the lunate, as 
there was signifi cant widening of the lunate on 
the sagittal CAT scan, with impingement on the 
dorsal and/or volar aspect. In these cases we 
excised the lunate, which resulted in an increase 
in fl exion, extension and ulnar deviation, but a 
loss of radial  d  eviation [ 18 ,  19 ].   

    Arthroscopic PRC 

 The prerequisite to  perfo  rm a PRC is to have 
functional articular surfaces of the proximal capi-
tate and lunate fossa. We reserve the arthroscopic 
PRC for patients with Lichtman’s stage 3B and 
Bain’s stage 2B disease. Patients who are lower 
demand and age >45 years will have better long- 
term outcomes [ 20 ]. 
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 We perform a standard arthroscopy, debride-
ment, and articular assessment [ 2 ,  3 ]. The four 
common working portals (3–4, 4–5, MCR and 
MCU) are all used as required. The central osse-
ous portion of the lunate, scaphoid and trique-
trum are removed fi rst. The entire lunate and 
triquetrum are removed, but the distal one-third 
of scaphoid is retained for the attachments of 
STT and the dorsal intercarpal ligaments 
(Fig.  25.9 ).

   Care is required to avoid the radial artery on 
the radial side of scaphoid and use meticulous 
hemostasis with radiofrequency. When using 
large burrs we maintain continuous irrigation to 
avoid overheating. The initial operating times 
were long, but since using larger burrs (3.2 mm 
or bigger), our  o  perating times have markedly 
reduced.  

    Arthroscopic RSL Fusion 

 The prerequisite for a  RSL fusion is   to have a 
functional midcarpal articulation. Therefore, it is 
limited to Bain stage 1 and stage 2A disease. 
With the scope in the 4–5 portal, and the burr in 
the 1–2 and 3–4 portals, we commence debride-
ment of the dependent radial styloid and fossae, 
and then go to the overhanging proximal scaph-
oid and lunate surfaces. Because of the gross 
shape mismatch between the scaphoid/lunate and 
the corresponding radial fossae, bone graft or 
substitute fi ller is mandatory. The graft is deliv-
ered via the 4.5 mm cannula through the 1–2 and 
3–4 portals, with the Foley catheter in the 4–5 
portal. The graft is then compacted tightly from 
the radial and volar aspect, working towards the 

  Fig. 25.8    ( a ) Cosmetic  scar   after arthroscopic SC fusion. ( b ) Right wrist range of motion of same patient 11 months 
postoperatively       

  Fig. 25.9    ( a ) Preoperative  rad  iograph of 62-year-old man with stage 3B disease. ( b ) Postoperative radiograph 3 years 
after proximal row carpectomy       
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dorsal and ulnar aspect. Under fl uoroscopic con-
trol, a guide pin is advanced percutaneously 
through the middle column of distal radius to the 
lunate (RL pin) and another guide pin from the 
radial column to the scaphoid (RS pin). The RL 
pin is introduced 1 cm proximal to the dorsal rim 
of the radius and aimed at the volar horn of the 
lunate, to maximize lunate purchase, but avoid 
penetration, which may damage the medial nerve. 
The RS pin is introduced into the radial column 
towards the proximal scaphoid at 45° on the AP 
view. On the lateral view, the pin is aimed along 
the mid axis of radial styloid and proximal scaph-
oid. Then the cannulated compression screws are 
advanced as described above (Fig.  25.10 ).

       Discussion 

 In those cases in which the lunate has collapsed 
and there are articular abnormalities (e.g., 
Lichtman stage 3B and Bain 1, 2, and 3), recon-
structive procedures are required to recreate a 
pain-free articulation. Examples include a proximal 

row carpectomy (PRC) or limited fusion (STT, 
SC). If the articular surfaces are all compromised 
(e.g., Lichtman stage 4 and Bain 4), a salvage 
procedure such as a total wrist fusion or arthro-
plasties is required [ 21 – 23 ]. 

 The indications for the various procedures are 
strict; otherwise the results of surgery are unreli-
able. For example, a PRC with a pre-existing 
capitate articular lesion is known to do poorly, 
especially if the patient is younger than 45 years 
of age [ 20 ,  24 ]. We prefer the SC fusion, espe-
cially in the more advanced cases of Kienböck’s 
disease, such as the Lichtman stage 3b and Bain 
grade 3, if the scaphoid and scaphoid fossa artic-
ulations are functional. 

 Reconstructive procedures using the 
arthroscopic approach as described in this article 
allow the following:

    1.    Accurate assessment of the articular surfaces 
to facilitate surgical decision making.   

   2.    Cartilage and bone resection to be performed 
with precision, therefore maintaining better 
carpal height and reducing the need for bone 

  Fig. 25.10    A 57-year-old man with  an   RSL fusion. Note the bone substitute at the radioscapholunate interval       
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graft or substitute. The authors no longer use 
bone grafts or substitutes for the SC fusion, 
but do for the RSL fusion.   

   3.    Reduces the soft tissue stripping, therefore 
maintaining better soft tissue attachments, sta-
bility and vascularity.   

   4.    These factors reduce the postoperative pain 
and swelling, which facilitates recovery and 
rehabilitation, ultimately producing a better 
functional and cosmetic result.     

 There is a considerable learning curve with 
these advanced arthroscopic techniques. We have 
included many technical points to assist in over-
coming some of the diffi culties. Some of these 
are simple points, such as the use of larger burrs, 
which have enabled a more effi cient resection of 
the sclerotic lunate. With the development of new 
techniques and instruments, we are expecting 
wider application of the arthroscopic approach in 
complex reconstructive procedures for wrist 
disorders.      
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          Introduction 

 Ultimately, the goals for treatment of Kienböck’s 
disease are to provide pain relief whilst maintain-
ing as near normal function as possible. With 
these goals in mind, current outcomes for patients 
treated non-operatively can be poor. Moreover, 
outcomes for conventional surgical treatments 
generally remain unsatisfactory [ 1 ]. Longer-term 
studies suggest that early surgical intervention 
may not prevent collapse, with similar outcomes 
to non-operatively treated patients [ 2 – 5 ]. 
Pancarpal arthrodesis still remains the only reli-
able permanent solution to this debilitating dis-
ease, but the consequent functional defi cit makes 

for a sombre compromise [ 6 ]. This key stimulus 
is what drives the search for an option that pro-
vides better functional outcomes for these 
patients. Joint replacements using more com-
monly used materials, such as metals with or 
without polyethylene, silicone, and ceramics, 
have all been used with varying success. 
Complications have included silicosis [ 7 ], cyst 
formation, osteolysis, aseptic loosening, chronic 
regional pain syndrome, reduced function, and a 
need for revision surgery. The challenges that 
must be considered include implant design, fi xa-
tion, stability, joint bearings, and the techniques 
of surgical implantation. To date, no arthroplasty 
technique, implant design or implant material has 
been identifi ed as a gold standard. 

 Pyrocarbon has been used in medicine for 
over 40 years [ 8 ]. Most notably it is one of the 
principle materials  in   cardiac valve replacement 
[ 9 ]. More recently it has seen a number of appli-
cations in the upper limb including humeral head 
resurfacing, radial head replacement, interposi-
tion arthroplasty of the radiocarpal joint, and 
hemi-, total or interposition arthroplasty of the 
fi rst carpometacarpal (CMC), metacarpo- 
phalangeal (MCP), and proximal interphalangeal 
(PIP) joints [ 10 ]. Its material property profi le 
suggests several potential benefi ts over other 
materials. These include excellent biocompatibil-
ity, optimal fatigue resistance, reduced osteolysis 
from stress shielding, and reduced rates of carti-
lage wear. Mid- and long-term results have been 
promising, particularly with regard to MCP joint 
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arthroplasty [ 11 ]. Evolution and innovation in 
implant design and manufacture have allowed for 
increased use of pyrocarbon over time. Although 
very much in its infancy, pyrocarbon arthroplasty 
may become a mainstay option for treating 
Kienböck’s disease in the future.  

    What Is Pyrocarbon? 

 Carbon atoms are  c  ovalently bonded in different 
orientations to form several natural forms 
including diamond and graphite. Diamond has a 
tetrahedral molecular geometry where every 
carbon atom is covalently bonded to four others. 
This forms a rigid crystalline structure. Graphite 
consists of carbon atoms bonded to each other 
covalently to form macromolecular sheets. 
Weak Van Der Waal’s forces hold these sheets 
together resulting in a high melting point. 
However, little energy is required to displace 
one sheet relative to another, meaning the mate-
rial is very soft (hence its application in pencil 
lead). Stronger lattice structures can be synthe-
sised artifi cially with stronger covalent bonds 
between layers, to form graphene. This artifi cial 
substance is pyrolytic carbon, which is very 
light, strong and has a small crystal grain sizes, 
giving it predictable isotropic characteristics. 
This uniform material can be polished to a very 
fi ne surface and although it is brittle, pyrolytic 
carbon is far less stiff than ceramics and 
metals. 

 A pyrocarbon implant is composed of a graph-
ite core with a pyrolytic graphene outer coating, 
which is typically 1 mm thick [ 13 ]. It is this outer 
coating that confers the benefi ts of its material 
properties to the implant. The graphite core is 
usually impregnated with tungsten to make it 
radio-opaque. The outer layer is radiolucent, so 
radiologically it appears as a halo around the 
implant (which is sometimes mistaken for loos-
ening). Precise machining fashions the implant 
shape and size from tungsten-impregnated graph-
ite rods, which are then coated with pyrolytic  car-
bon   by a process known as chemical vapor 
deposition (CVD) [ 8 ,  10 ,  12 ].  

    Material Properties of Pyrolytic 
Carbon 

 Pyrocarbon has a number  of   potentially advanta-
geous material characteristics [ 10 ]. These 
include:

•    Excellent wear characteristics, therefore cre-
ating minimal particulate debris.  

•   Good fatigue resistance [ 15 ].  
•   Excellent biocompatibility with peri-articular 

soft tissues.  
•   No soft tissue ingrowth, so prosthesis is press 

fi t with non-cemented fi xation via bone 
apposition.  

•   Young’s modulus of 29.4 GPa ± 0.4, which is 
similar to the elasticity of cortical bone [ 14 ]. 
This may decrease wear of the pyrocarbon on 
the native cartilage or bone in hemiarthroplasty 
applications. It may result in minimization of 
stress shielding effects and bone reabsorption.    

 Cooke studied a canine hip model, in which 
the wear characteristics of a femoral hemi- 
arthroplasty were compared with the normal hip 
over an 18-month period [ 11 ]. The wear results 
were compared for the pyrocarbon, cobalt chrome 
and titanium alloy. The pyrocarbon hemiarthro-
plasties had signifi cantly lower rates of cartilage 
wear (Fig.  26.1 ) eburnation, fi brillation, glycos-
aminoglycan loss, and subchondral bone change 
compared to the other groups. Survivorship anal-
ysis showed that 92 % had preserved their carti-
lage in the pyrocarbon group compared to the 
20 % in the other group. It is unclear why pyro-
carbon has better wear properties against carti-
lage than other materials, but it may be due to 
surface-active phospholipids (SAPL), which 
adsorb to the implant surface [ 10 ,  16 ,  17 ].

   In a laboratory study, identically shaped base 
of thumb and radial head implants made of pyro-
carbon, cobalt chrome and ceramic all underwent 
cyclical laboratory testing against animal and 
cadaveric human specimens [ 18 ]. The volumetric 
cartilage and bone wear was 100 times  greate  r in 
the metal group compared to the pyrocarbon 
group. 
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 Bone fi xation of pyrocarbon implants is a sub-
ject of debate regarding the exact mechanism and 
its associated effi cacy [ 10 ,  19 ]. Bony ingrowth 
has not been demonstrated in human subjects. 
Implants that are subjected to nonphysiological 
angular loads are more likely to demonstrate evi-
dence of migration or loosening postoperatively. 
The MCP joint implants have less resorption than 
PIP joint implants. In addition, the authors have 
experience in shoulder hemiarthroplasty using 
stemmed pyrocarbon proximal humeral resurfac-
ing implants in over 150 implants performed 
with up to 3-year follow-up [ 20 ]. We have found 
that, in spite of the higher loads seen in the shoul-
der, there has been virtually no implant migration 
observed. Therefore we have observed that 
implants with a spherical multi-plane articulation 
(e.g., humerus, MCP, capitate) have very little 
implant migration [ 20 ,  21 ], whereas in the PIP 
joint where there is a constrained uniplanar artic-
ulation [ 22 ], there is a far greater potential for 
malalignment and resorption. 

 When considering the bone-prosthesis inter-
face at the time of implantation, the likelihood of 
migration also  s  eems to be related to the quality 
of the residual bone in contact with the implant. 
We advise against high-speed powered instru-
ments, which cause thermal damage to the adja-
cent bone. 

 Impaction bone grafting of any soft or defi -
cient bone, prior to implantation may improve 
the quality of the initial press-fi t. Bone graft is 
usually available locally in suffi cient quantities 
from the “off-cuts” of the  joint   replacement or 
from PRC.  

    Current Designs, Methods, 
and Results 

 Current designs on the market for clinical use of 
pyrocarbon to treat Kienböck’s disease include 
the Amandys implant (Figs.  26.2  and  26.3 ) by 
Tornier (Grenoble, France); the Adaptive 
Proximal Scaphoid Implant (Figs.  26.4  and  26.5 ) 
by Tornier (Grenoble, France); the Pyrocarbon 
Lunate Replacement (Figs.  26.6  and  26.7 ) by 
Ascension (Austin, Texas, USA); and the 
Resurfacing Capitate Pyrocarbon Implant 
(Figs.  26.8  and  26.9a, b ) by Tornier (Grenoble, 
France).

             Amandys 

 The Amandys is a good implant for use in stage 3 
and 4 Kienböck’s disease with mid-carpal arthri-
tis. It can be used in primary surgery or after fail-
ure of other surgeries. It is an alternative to total 
wrist replacement or wrist fusion. 

 The Amandys is a free interposition pyrocar-
bon implant that provides an alternative surgical 
option to wrist fusion and total wrist arthroplasty. 
It is designed to replace the lunate, proximal one- 
third to two-thirds of the scaphoid and the 
 proximal capitate. The implant has a  quadri-ellip-
tical shape   with a convex proximal surface for 
congruent articulation with the radius, and a less 
convex distal surface for articulation with the  dis-
tal carpal row   (see Fig.  26.2 ). The minimal bone 
resection required allows for preservation of the 

  Fig. 26.1    Canine acetabula  m  acroscopic appearances following femoral head implantation using pyrocarbon versus 
cobalt chrome       
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important dorsal and volar extrinsic ligaments 
and motion at the radiocarpal and midcarpal 
joints. This allows in principle for a good range 
of stable movement whilst preserving the “ dart- 
throwing motion  ” [ 23 ]. It has three axes of move-
ment that allows it to act as a mobile and adaptive 
spacer which can slide, roll, and rotate, and is 
available in two lengths (24 and 26 mm) and four 
sizes. 

 The presence of bony cysts is not a contraindi-
cation (Fig.  26.10b ) and can be managed well 
using bone grafts. The contraindications for this 
implant are the presence of radiocarpal and mid-
carpal instability, malalignment of the radial 
epiphysis, and the presence of infection.

   The surgical  technique   can involve either a 
dorsal or radial approach. The dorsal approach is 
indicated when the procedure is being performed 
as a secondary surgery, when previous implants 
need to be removed or bone reconstruction is 
required. One of the primary authors (PB) has 
found the radial approach to be better in those 
patients undergoing primary surgery who do not 
have capsular defi ciency with no signifi cant 
osteophytes. 

 The surgical  technique   for the dorsal approach 
uses a dorsal longitudinal incision and division of 
the extensor retinaculum between the III and IV 
compartments. A fl ap of the retinaculum may be 
used later to strengthen the dorsal capsule if defi -
cient. The posterior interosseous nerve is excised 
and a ligament sparing capsulotomy (Berger 
radially based fl ap [ 24 ]) is performed. A radial 
styloidectomy is performed with care taken to 

preserve the radio-scapho-capitate ligament, 
which is an important restraint of ulnar transla-
tion of the implant. The proximal scaphoid is 
then excised, preserving the distal one-third to 
two-thirds due to the ligament attachments. The 
lunate is carefully excised with a corkscrew to 
preserve the volar capsule and ligaments. The 
head of the capitate is then resected in the same 
line as the scaphoid. The radial carpal row articu-
lations are contoured with an ovoid burr to 
remove the crest between the scaphoid fossa and 
the lunate fossa to obtain a homogenous concave 
ovoid surface along both the axes. On the carpal 
side, the new mid-carpal joint is smoothed and 
reamed to achieve a slightly concave sliding sur-
face. Dorsal and volar radial osteophytes are 
excised taking care to preserve the ligament 
attachments. Other procedures are performed as 
required. These can include curetting the bone 
cavities and inserting bone graft; repairing a tear 
in the volar capsule, or plicating capsular disten-
sion with non- absorbable sutures. Various-sized 
implants are trialed until an implant of appropri-
ate dimensions is selected that allows a good 
range of stable free motion without overstuffi ng 
the joint. Flexion and extension are tested with 
gravity. All movements are performed to check 
that the implant does not rotate. If the implant 
rotates on radial ulnar deviation such that the 
long axis becomes antero-posterior, this is a sign 
of insuffi cient bone excision mainly on the lateral 
aspect. Under fl uoroscopy if the implant is ante-
riorly subluxated or the distal carpal row is sub-
luxated dorsally, it requires anterior capsular 
plication. In the anterior view, the distance 
between the  ulna and triquetrum refl ects   the 
thickness of the implant and ideally should be the 
same as prior to surgery. After fl uoroscopic con-
fi rmation, the implant is correctly and congru-
ently positioned. The capsule is repaired, as this 
preserves the stability of the implant. If the dorsal 
capsule is too thin, half of the extensor retinacu-
lum pedicle fl ap is used to reinforce the capsule. 

 Postoperatively a custom-made thermoplastic 
splint is fabricated in neutral to slight wrist exten-
sion. A gentle wrist mobilisation program is initi-
ated under the supervision of the hand therapist 
between fi rst and 14 days. The splint is used for 

  Fig. 26.2    The Amandys prosthesis. Image courtesy of 
Tornier, Grenoble, France       
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up to 6 weeks following surgery before unre-
stricted movement is permitted. 

 Current literature examining the outcomes fol-
lowing pyrocarbon Amandys replacement is lim-
ited. Bellemère et al. have reported two different 
series. One of them showed 25 patients with a 
mean follow-up of 24 months [ 25 ]. Mean Visual 
Analogue Scale (VAS) reduced from 6.7 to 3.7. 
Mean grip strength was 16 kg (51 % contra- lateral 
side).  Flexion-extension arc mean   was 68°. Mean 
QuickDASH and Patient rated Wrist Evaluation 
(PRWE) scores improved from 63 to 36 and 61 to 

32, respectively. Ninety-six percent of patients 
were satisfi ed or very satisfi ed. This series had no 
subluxations, dislocations or revision surgeries. 

 A series of six patients has also been reported 
in the literature [ 26 ]. They were followed up over 
an average of 16 months. Daruwalla and col-
leagues reported good results for their series of 
patients using the Amandys. However, all of 
these patients had evidence of carpal arthritis and 
the causative pathology was not Kienböck’s dis-
ease. Hence, this should be considered when 
reviewing these outcomes. 

 One of the authors (MR) has treated seven 
patients with  interposition arthroplasty   using the 
Amandys implant. One of these patients had a 
primary diagnosis of Kienböck’s disease. Mean 
age at surgery was 56.4 years (41–68). Five 
patients had surgery on the dominant size. The 
mean follow up was 12 months (9–36). Patients 
reported an average improvement in pain of 20 % 
using the VAS from 6 months after surgery. Mean 
QuickDASH and PRWE scores improved by 16 
and 21 points, respectively. Mean grip improved 
from pre-operative grip 17.7–18.9 kg at 1 year. 
No adverse events such as infection, subluxation 
or dislocation have been reported. 

  Fig. 26.3    The Amandys interposition arthroplasty in situ. Pictures courtesy of Philippe Bellemère       

  Fig. 26.4    The APSI.  Im  age  c  ourtesy of Tornier, Grenoble, 
France       
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 At one of the author’s (PB) institution, 16 
patients (11 male and 5 females) with Kienböck’s 
disease have been managed with the Amandys 
implant between 2009 and 2014. These patients 
have been prospectively reviewed. Data is avail-
able for 14 of the 16 patients with one lost to 
follow-up and one patient deceased. Eight of the 
14 patients had primary surgery for stage 4 
Kienböck’s disease. The remaining six patients 
had the surgery as a secondary procedure (three 
failed silicone lunate implants, two radial short-
ening and one Graner procedure). There were 13 
treated with the  dorsal approach  , and one with a 
radial approach. Mean follow up was 33.3 months 
(5–60). Mean age at surgery was 51.9 years (37–
70). Seven patients were “very satisfi ed” and 
seven patients were “satisfi ed”. Wrist movement 
did not show an overall change following sur-
gery. VAS had a mean reduction of 44/100 mm. 

  Fig. 26.5    The APSI in situ.  Pi   ctur  e courtesy of Philippe Bellemère       

  Fig. 26.6    The  lunate replaceme  nt implant. Image cour-
tesy of Ascension, Austin, TX, USA       
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The PRWE score decreased from pre-op mean 
60.8 to post-op mean 24.3 and the QuickDASH 

score decreased from pre-op mean 61.7 to post-
 op mean 31.9. Grip strength of the affected hand 
increased by a mean of 6 kg. Two patients had 
asymptomatic implant subluxation, however 
there were no dislocations or bone collapse. 
Three required revision surgery. One subluxated 
implant was replaced with a bigger implant. 
Another implant rotated and required a smaller 
implant and further bone resection because of lat-
eral impingement. The third patient also had sub-
luxation and underwent three revision surgeries. 
He fi rst had an implant size increase, followed by 
plication of the anterior capsule. He fi nally 
required bone resection. This was the fi rst patient 
to have surgery with the author (PB) and there 
may be a correlation with the learning curve of 
the technique. Two patients had associated bone 
graft in bone cavities due to infl ammatory reac-
tion around silicone implant. Both patients pre-
sented with normal X-rays at the last follow-up 
(see Fig.  26.10a–d ).  

  Fig. 26.7    ( a ,  b ) The lunate  replacement   in situ. Pictures courtesy of Mark Ross       

  Fig. 26.8    The  RCPI. Imag     e courtesy of Tornier, 
Grenoble, France       
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  Fig. 26.9    ( a ,  b ) Kienböck’s patient who has had a radial shortening osteotomy, proximal row carpectomy and has an 
RCPI in situ. Pictures courtesy of Mark Ross       

  Fig. 26.10    Silicone lunate implant inserted in 1992 for 
Kienböck’s disease stage 3. Patients represent with pain 
and stiffness in 2009. ( a ) AP radiograph with silicone 
implant. ( b ) AP radiograph with radial inclination.  Red 

arrow  shows a bony defect. ( c ) Lateral radiograph, result 
at 1 year. ( d ) AP radiograph, result at 1 year. ( e ) Lateral 
radiograph, wrist in extension, result at 5 years. ( f ) Lateral 
radiograph, wrist in fl exion, result at 5 years       
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    Adaptive Proximal Scaphoid 
Implant (APSI) 

  APSI   (see Figs.  26.4  and  26.5 ) is another pyro-
carbon implant that has similar design character-
istics to the Amandys but it may be used as a 
lunate replacement. It is a  dynam  ic spacer, which 
helps maintain the carpal height [ 27 ] and the 
coherence of the fi rst row [ 23 ]. Being a non-
fi xed implant, it has 3D adaptability during wrist 
movement. This allows it to move and fi nd its 
place depending on the forces applied to the 
implant [ 27 ]. The implant has two axes of move-
ment; the long axis is anterior to posterior and 
the short axis is medial to lateral. The advantage 
of using the device is that it does not compro-
mise bone stock for wrist fusion in the future 
[ 27 ]. The APSI is a good surgical option avail-
able for stage 3 and 4 Kienböck’s disease. This 
implant is not recommended in the presence of 
radio-carpal or mid-carpal arthritis; bone cavity 
in the head of the capitate; in carpal instability or 
in the presence of infection. A prerequisite of 
using this device is that ligaments need to be 
intact in order to avoid implant dislocation. 
Implant dislocation has not occurred in our 
experience and has not been reported in the other 
published series [ 28 ,  29 ]. 

 The articular approach is  u  sing a portion of 
the Berger fl ap [ 30 ] protecting the dorsal radio- 
carpal ligament. The lunate is partially removed, 
and the posterior horn is preserved because of its 
ligamentous attachments. The implant is tested in 
all planes of movement. The long axis of the 
implant is anterior to posterior (see Fig.  26.5 ). It 
is important that the implant moves as this indi-
cates the size is correct. Dynamic X-ray is per-
formed to confi rm that the implant is correctly 
placed. The capsule is securely closed to preserve 
the stability of the implant. This implant does not 
require ligamentoplasty. If the posterior capsule 
is thin, the extensor retinaculum may be used as a 
fl ap to reinforce the capsule. It is very important 
not to oversize the implant so as to allow for it to 
have adaptable movement. A light dressing and a 
temporary plaster slab applied. Post-operatively a 
custom made thermoplastic splint is fabricated in 

neutral wrist position to be used for 2 weeks. A 
gentle wrist mobilization program is initiated 
under the supervision of the hand therapist at 
2 weeks. The splint is used for 6 weeks following 
surgery before unrestricted  movement   is 
permitted. 

 The implant was originally developed in 
2000 for use in patients with necrosis of the 
proximal scaphoid [ 27 ]. The implant has been 
used in Kienböck’s disease for several years in 
France. Werthel et al. [ 29 ] reported two cases of 
Kienböck’s disease treated with an APSI with 
an average follow-up of 36 months. These 
patients improved their mobility and grip 
strength. At a mean follow-up of 3 years, the 
average VAS pain score was 1/100 and the aver-
age DASH was 11.5. 

 Two patients with Lichtman’s stage 4 
Kienböck’s disease have been treated using the 
APSI by one of the authors (PB). The fi rst patient 
was a 44-year-old male manual worker (8-year 
follow-up) (see Fig.  26.5 ) and the second patient 
was a 56-year-old lady in an offi ce-based occupa-
tion (3.4 year follow-up). VAS improved by 
50 mm in the fi rst patient and 54 mm in the sec-
ond patient. Patients’ fl exion/extension increased 
by 10°/10° degrees and 5°/0° degrees, respec-
tively. The PRWE score improved by 55 and 12 
and the QuickDASH score improved by 55 and 9, 
respectively, in the two patients. Both patients 
were satisfi ed with their outcomes. The fi rst 
patient presented with asymptomatic radiological 
signs of subluxation of the implant that did not 
warrant further treatment. 

 A third patient who also had stage 4 Kienböck’s 
disease was treated with an Amandys implant 
used as an APSI. This was a 70-year-old retired 
manual worker with very large hands. 
Intraoperatively it was felt that the largest APSI 
was insuffi cient in size to preserve carpal height. 
The smallest-sized Amandys was used as an 
alternative as it has a similar design with two 
axes of  moveme  nt and dynamic X-rays revealed 
that the Amandys was behaving similar to an 
 APSI. The pa  tient had a good outcomes with no 
pain, improvement in movement and all func-
tional scores.  
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    Pyrocarbon Lunate Replacement 

  The Ascension Lunate Replacement   (Ascension 
Orthopedics, Austin, Texas) (see Fig.  26.6 ) pros-
thesis differs signifi cantly from the formerly 
described implants, as it is shaped like the  lunate  . 
It is fl at on the radial and ulnar sides but wider 
ulnarly to mimic the articulation of the scapholu-
nate and lunotriquetral joints. There are two holes 
in its center allowing for the passage of sutures 
and/or tendon grafts for stabilisation. 

 The lunate is excised and an appropriately 
sized implant is selected with care to avoid over-
stuffi ng. For suture anchor stabilisation alone, a 
template guide is used to place two suture anchors 
into the scaphoid and mark two drill holes 
through the triquetrum. The prosthesis is inserted 
after pulling the sutures through the two central 
holes of the implant, which are then passed 
through the triquetral drill holes and tied, stabi-
lizing the implant (see Fig.  26.7a, b ). Controlled 
mobilization may be introduced from the fi rst 
few days post-op depending on the surgeons’ 
assessment of the stabilization achieved. Up to 
8 weeks of splint immobilization may be used. 

 The preferred technique of one of the senior 
authors (MR) is to utilise a transosseous partial 
FCR graft through the scaphoid, the dorsal hole 
in the implant and the triquetrum and a double 
barrel suture anchor with sutures passed from the 
scaphoid through the volar hole in the implant 
then through the triquetrum. The tendon portion 
of this stabilization is similar to the technique 
described for SLL reconstruction with scapho- 
lunate- triquetral tenodesis (SLT) [ 31 ]. 

 The largest published series to date by Henry 
describes the results of the lunate replacement in 
13 patients with late stage Kienböck’s disease 
[ 32 ]. The mean age of the patients was 40 years 
with a mean follow-up of 30.3 months. Mean 
wrist fl exion, extension and grip strength was 
measured on average as 29.2°, 24.2° and 12.3 kg 
preoperatively, which improved to 43.3°, 53.3° 
and 31.5 kg at follow-up. DASH scores improved 
from 39.1 to 7.7. Henry reported complications 
in three of his 13 patients [ 32 ]. One patient 
required conversion to a proximal row carpec-
tomy during the primary surgery as the surgeon 
was not able to adequately position the implant in 

the sagittal plane. Another patient also did not 
comply with postoperative instructions and 
required re-operation to replace a migrated 
K-wire. A third patient developed osteonecrosis 
of the proximal pole of the scaphoid attributed to 
the drill holes made. This was revised to a proxi-
mal row carpectomy. Despite promising results, 
the author expressed concern over the implant 
design. In particular, he suggested that the two 
central holes were too close together which did 
not allow effective control of the sagittal balance 
of the prosthesis. These complications have lead 
to a modifi cation of the technique by Henry [ 33 ]. 
He now recommends making only one drill hole 
in the scaphoid and triquetrum, and second pass 
of the graft is  route  d dorsal rather than through 
the implant. 

 Control of sagittal plane rotation of the 
implant remains the greatest challenge in implant-
ing the pyrocarbon lunate.  

    Case Example 

 A 27-year-old male safety advisor for the mining 
industry presented at one of the author’s (MR) 
hospital with post-traumatic avascular necrosis 
of the lunate 1 year after a  hyper-fl exion injury   to 
his right wrist (Fig.  26.11 ). This was treated with 
a pyrocarbon lunate replacement, stabilized with 
an FCR tendon transfer and suture anchor double 
suture (see Fig.  26.7a, b ). Postoperatively he was 
immobilized in a splint for 6 weeks while per-
forming only inner range fl exion and extension 
exercises. Strengthening was commenced at 
12 weeks. At his 12-month review, the patient 
had 90 % range of motion compared to the con-
tralateral side (Fig.  26.12 ). At his 60-month 
review he reported a dull ache in  his   wrist (VAS 
10 mm), and had a PRWE score of 18 and a 
QuickDASH score of 6.8.

        Resurfacing Capitate Pyrocarbon 
Implant 

 Proximal row carpectomy (PRC) is an estab-
lished treatment option for unsalvageable 
Kienböck’s disease when the lunate is  irreversibly 
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damaged but the articular surfaces of the radius 
and distal carpal row remain healthy. However, 
these conditions are frequently not met (e.g., 
Bain, stage IV) and associated arthritis is present. 
In these circumstances, a PRC can be performed 
in combination with a Resurfacing Capitate 
Pyrocarbon Implant, or  RCPI      (Tornier, Grenoble, 
France). This is an asymmetric stemmed implant 
that is designed to sit with press fi t fi xation of the 
stem centrally within the capitate (see Fig.  26.8 ). 
A proximal convex surface is designed to articu-
late with the lunate fossa, even when the lunate 
fossa demonstrates cartilage damage or arthritis. 

 The surgical technique is simple and thus 
attractive for surgeons. A routine PRC is per-
formed through a ligament sparing capsular 
approach, followed by excision of the proximal 
pole of the capitate with an oscillating saw. 
Reamers and rasps are then used to prepare the 
bone and either a 14- or 16-mm trial implant is 
inserted. The appropriate size is selected based 
on direct and radiologic observation of the con-
gruence with the native lunate fossa. The wrist is 
immobilized for 1–5 days and then a removable 
thermoplastic splint is applied to allow early 
active range of motion exercises for the next 
4 weeks. 

 Preliminary studies have been promising, 
although again these published case series are not 

exclusively Kienböck’s patients [ 33 ,  34 ]. To date 
the largest series described by Marcuzzi et al. 
included 35 patients from a potential total of 41 
(six lost to follow-up) with a median follow up of 
34 months [ 35 ]. Thirty-two patients were satis-
fi ed with their operation. Mean VAS for pain 
improved from 8.4 to 1.4, DASH scores reduced 
from 56.9 to 11.4. Both grip strength and range of 
motion improved, contrary to the results from 
Goubier et al. [ 36 ]. Patients’ mean fl exion/exten-
sion increased from 25°/25° to 33°/34° and mean 
grip strength increased from 10 to 16.5 kg. 
Radiologically there were no issues with the 22 
implants. In the remaining 13 patients, they iden-
tifi ed a slight medial translation of the implant 
and in one patient a mild subsidence was 
described. They suspected that wrist laxity from 
the PRC and dorsal capsular incision in combina-
tion with the inclination of the distal radius attrib-
uted to this. 

 At one of the author’s (MR) institution the 
RCPI was used in a series of 29 patients, with a 
mean follow-up of 35 months (6–113). Only 
three of these patients had Kienböck’s disease 
but all had associated fi ndings of mid carpal and/
or radiocarpal arthritis. Mean VAS for pain and 
satisfaction were 30 and 77, respectively. Mean 
QuickDASH and PRWE scores were 35 and 36, 
respectively. Interestingly all three patients with 

  Fig. 26.11    ( a ,  b ) Preoperative CT scans of Kienböck’s wrist. Pictures courtesy of Mark Ross       
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Kienböck’s disease scored very highly on satis-
faction scores but all were ultimately revised to a 
total wrist fusion at 39, 33, and 14 months. 
Essentially this  intervention      was viewed as a 
holding therapy that allowed patients a good 
quality of life for a few years prior to total wrist 
arthrodesis.   

    Conclusion 

 Current treatment outcomes for late stage 
Kienböck’s disease remain far from satisfactory. 
Pancarpal arthrodesis is still the only permanent 
solution with an associated functional defi cit that 

  Fig. 26.12    Postoperative 
images at 60 months, with 
pyrocarbon lunate 
replacement implant in 
situ. ( a ) Plain radiographs; 
( b ) extension and fl exion; 
( c ) supination and 
pronation; ( d ) radial and 
ulnar deviation. Pictures 
courtesy of Mark Ross       
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may be often unacceptable to the patient. Joint 
replacement surgery theoretically confers better 
function but traditional methods and designs 
have many shortcomings, some of which are 
related to the materials used. Pyrocarbon interpo-
sition arthroplasty uses a material that has many 
potential advantages that could give long-lasting 
satisfactory results. As with many of the current 
treatment strategies for Kienböck’s disease, the 
patient may often undergo multiple operations 
throughout their life in an effort to obtain pain 
relief and maximise function before undergoing 
to a total wrist fusion. Whether the role of pyro-
carbon arthroplasty becomes an effi cacious treat-
ment option with truly long-term satisfactory 
results currently remains unknown. Current evi-
dence is limited due to small patient numbers and 
short length of follow-up. However, the early 
results are promising and further longer term 
studies with higher patient numbers are needed.     
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          Introduction 

 Although total wrist arthroplasty (TWA) has 
been used in select patients with advanced arthri-
tis due to late Kienböck’s disease, those with 
physically demanding lifestyles are infrequently 
considered appropriate due to a higher risk for 
implant loosening, particularly of the distal com-
ponent. A wrist hemiarthroplasty may obviate the 
need for strict physical restrictions following 
TWA and thus provide another motion- preserving 
option for active patients with advanced wrist 
arthritis, especially those with distal radius or 
capitate articular degeneration. Wrist hemiar-
throplasty combined with a proximal row carpec-
tomy (PRC) has shown promising early clinical 
results in properly selected patients with arthritis 
for whom there are very limited options [ 1 ,  2 ]. 

 In this chapter, a review of the concept of wrist 
hemiarthroplasty, including assessment in a 
cadaver study and the early clinical outcomes in a 
series of patients will be presented. Although 
hemiarthroplasty has shown promising early 
results, the procedure is relatively new and it is 
considered an “off-label” use of an implant sys-
tem in the USA and some other countries.  

    Surgical Technique 

    Concept 

 The standard technique described for the 
 Universal 2   (UNI 2) or Freedom wrist arthro-
plasty implant system (Integra Life Sciences, 
Plainsboro, NJ) is used. A PRC is performed, but 
only the radial component is implanted.  

    Incision 

 In this technique, a dorsal longitudinal  incision   is 
made over the wrist in line with the third meta-
carpal, extending proximally from its midshaft to 
approximately 8 cm proximal to the wrist joint. 
The skin and subcutaneous tissue are elevated 
together off the extensor retinaculum, with care 
to protect the branches of the superfi cial radial 
nerve and the dorsal cutaneous ulnar nerve.  

    Extensor Tendons 

 The EDQ extensor  comp  artment is opened and 
the entire retinaculum is elevated radially, to the 
septum between the fi rst and second extensor 
compartments. Each septum is divided carefully 
to avoid creating rents in the retinaculum, espe-
cially at Lister’s tubercle. An extensor tenosyno-
vectomy is performed if needed, and the tendons 
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are inspected. The ECRB must be intact or repair-
able (preferably the ECRL is also functional).  

    Dorsal Capsule 

 A quarter inch Penrose  tubi  ng is used to retract 
the extensor tendons, with the EDQ and EDC 
tendons pulled ulnarly and the EPL, ECRB, and 
ECRL pulled radially. 

 The dorsal wrist capsule is raised as a broad 
distally based rectangular fl ap to the level of the 
mid-capitate. The capsule is raised in continuity 
with the periosteum over the distal ½ cm of the 
radius to create a longer fl ap for closure. The 
radial side of the fl ap is made in the fl oor of the 
second extensor compartment and the ulnar side 
extends from the radius to triquetrum. The fi rst 
extensor compartment is elevated subperioste-
ally from the distal 1 cm of the radial styloid. 
The remaining dorsal wrist capsule is elevated 
ulnarly from the triquetrum. The wrist is fully 
fl exed to expose the joint. If necessary, a syno-
vectomy is performed. If the distal ulna is to be 
resected, a separate capsulotomy is made proxi-
mal to the triangular fi bocartilage  co  mplex 
(TFCC).  

    PRC 

 A proximal row carpectomy is  per  formed with 
care to preserve the  capi  tate head and volar wrist 
capsule. No further carpal preparation is required. 
The capitate head should not have any erosions or 
cysts that would lead to structural weakening. 
However, articular cartilage is not a requirement 
for a hemiarthroplasty.  

    Trials 

 Using  the   radial trials, apply their articular sur-
face against the capitate head to determine the 
appropriate size. The capitate head must fi t easily 
into the articular surface of the radial trial and 
allow volar-dorsal translation throughout all 
ranges of motion.  

    Implant 

 Although there is  so  me difference in the radius 
preparation between the UNI 2 and Freedom 
implant systems, the UNI 2 technique is described 
here. Insert the radial intramedullary guide rod into 
radius, entering below Lister’s tubercle and approx-
imately 3 mm beneath the edge of the articular sur-
face. Confi rm the rod is entered in the radial canal 
using both PA and lateral fl uoroscopic images. 
Apply the radial resection guide to the rod and 
adjust its position so as to remove on the dorsal rim 
of the radius; the cut need not remove the entire 
articular surface, particularly its volar portion. 
Secure the cutting guide with K wires, remove the 
guide rod, and then resect the radius without violat-
ing the sigmoid notch, triangular fi brocartilage or 
ulnar head. Reinsert the guide rod and sequentially 
broach to the planned implant size. Insert a trial 
radial component and perform a reduction to ensure 
the capitate head will easily fi t and glide on the 
implant surface. Remove the trial and prepare three 
sets of paired holes along the dorsal rim of the dis-
tal radius and place three horizontal mattress 
sutures for later capsule closure. Insert the fi nal 
implant using the impactor. Reduce the joint and 
close the capsule without imbrication. Repair the 
extensor retinaculum, leaving the radial wrist 
extensor tendons and extensor pollicis longus sub-
cutaneous. Apply a dressing  an  d plaster splint.  

    Rehabilitation 

 Begin gentle range of  motio  n exercises within a 
few days but do not allow excessive fl exion until 
4 weeks to protect the dorsal capsule repair. 
Advance to full available active motion and routine 
activities at 6 weeks. Long term restrictions include 
avoidance of impact loading such as using a ham-
mer and forced wrist extension such as a push-up.   

    Cadaver Study 

 A feasibility study  focusin  g on joint alignment 
was undertaken in a cadaver study to determine if 
the concept of wrist hemiarthroplasty combined 
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with a PRC should be considered for patients 
with wrist arthritis. The primary goal was to 
determine if wrist alignment remained similar to 
the natural wrist throughout a functional arc of 
motion. Because the articular shape of the radial 
component of the UNI 2 is designed to restore the 
natural loading axis of the wrist, which passes 
through the long axis of the third metacarpal, 
capitate, and lunate fossa, the expectation was 
that longitudinal alignment of the wrist would be 
maintained but some shortening of the wrist 
would occur due to the PRC. However, because 
only minimal resection of the radius is necessary, 
and there is some thickness of the radial compo-
nent, the overall shortening of the wrist is 
minimal. 

 In this study, eight fresh-frozen specimens 
from eight donors, with an age range of 
43–82 years, were amputated through the proxi-
mal forearm. Radiographs showed no preexisting 
arthritis or deformity. A radial component of the 
Universal 2 implant system was inserted using 
the standard described technique for this system. 

 Radiographic markers were placed in the base 
of the third metacarpal, in the capitate (near cen-
ter of rotation) and in the distal radius to track 
changes in position of the capitate with respect to 
the radius. Fluoroscopic images were obtained 

for each specimen before component implanta-
tion and after the PRC with hemiarthroplasty 
(Fig.  27.1 ). These included; posterior-anterior 
(PA) images with the wrist in neutral, radial and 
ulnar deviation; and lateral images in neutral, 45° 
fl exion and 45° extension.

   The images were imported into AutoCAD 
2002 ®  (Autodesk, Inc, San Rafael, CA) and a 
pixilated two-dimensional Cartesian coordinate 
system was then constructed on each image. 
Projection error was calculated to range from 
0.04 to 1.43 mm. 

 Changes in radial-ulnar alignment of the capi-
tate ranged from 0.21 to 2.21 mm on the PA 
images and from 0.21 to 4.69 mm on lateral 
images. These were not signifi cant. As expected, 
there was signifi cant shortening due to the PRC, 
which was 4.36–5.43 mm on the lateral images 
and 5.72–6.10 mm on the PA images ( p  < 0.01 in 
all wrist positions). 

 The results of these static measurements in 
this model demonstrated good wrist alignment in 
both the  cor  onal and sagittal planes in all wrist 
positions following combined hemiarthroplasty 
with PRC (Figs.  27.2  and  27.3 ). Furthermore, 
although joint stability was not quantitatively 
assessed, none of the specimens were unstable 
during manipulation after the procedure.

  Fig. 27.1    Cadaveric 
 hemia  rthroplasty study. 
Lateral and AP 
fl uoroscopic images 
demonstrating the 
coordinate system used to 
perform measurements       
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        Clinical Series 

 Twenty-six  hemiarthroplasties   combined with 
PRC were performed by the author in 23 patients 
who had a distribution of arthritic changes in the 
wrist that precluded the use of other motion pre-
serving procedures. Only the UNI 2 implant sys-
tem was used in this series, however the author 

converted to the use of the Freedom system when 
it became available. The surgical technique 
described above for the cadaver study was used in 
all patients. Indications initially included rheuma-
toid disease, osteoarthritis, post-traumatic arthritis 
and Kienböck’s disease, however because some 
patients with active rheumatoid disease showed 
evidence of rapid carpal erosion the procedure was 
discontinued for these rheumatoid patients. 

  Fig. 27.2    Lateral 
 fl uoroscopic   image of the 
wrist. ( Left ) With markers 
in situ. ( Right ) Composite 
image following PRC and 
insertion of 
hemiarthroplasty 
(Universal 2, Integra Life 
Sciences, Plainsboro, NJ). 
Note the alignment 
throughout the fl exion and 
extension range of motion       

  Fig. 27.3    AP fl uoroscopic 
 ima  ge of the wrist. ( Left ) 
With markers in situ. 
( Right ) Composite image 
following PRC and 
hemiarthroplasty 
(Universal 2, Integra Life 
Sciences, Plainsboro, NJ). 
Note the alignment 
throughout the range of 
radial and ulnar deviation       
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 Radiographic alignment measurements equiv-
alent to those performed in the laboratory study 
were made in the fi rst 15 wrists in 14 patients, at 
a range of follow-up of 1–2 years, to confi rm the 
procedure was performing similarly in patients 
with arthritis who had some wrist deformity. The 
results showed maintenance of wrist alignment 
or realignment into a more normal position along 
the  x -axis by improving preexisting ulnar translo-
cation of the carpus; with the average change in 
the  x -axis of 3.9 mm. Wrist shortening as mea-
sured on the  y -axis averaged 4.8 mm, which 
occurred primarily due to the PRC. 

 Clinical and radiographic follow-up at a range 
of 3–6 years was performed for all 26 
 arthroplasties (Figs.  27.4  and  27.5 ). The  a  verage 
recorded results were: fl exion 34° (range 22–53), 
extension 24° (18–44), radial deviation 12°, and 
ulnar deviation 21°. Change over time in wrist 
motion was assessed for the fi rst 15 wrists in 14 
patients who had measurements made at 
1–2 years post- operative and again at 4–6 years 
post-operative. The average decrease in motion 
was fl exion 11°, extension 9°, radial deviation 4°, 
and ulnar deviation 6°. This average loss of 
motion, however, was substantially infl uenced by 
three patients who lost considerably more motion 
than the other patients, retaining an average of 
only 11° of fl exion and 9° of extension. These 
three patients had rheumatoid disease and showed 
obvious carpal erosion, and eventually went on to 

a complete arthrodesis. Following recognition of 
these impending failures, patients with rheuma-
toid disease were no longer treated by this proce-
dure. The amount of capitate erosion that was 
measured in the non rheumatoid patients ( n  = 20) 
at follow up of 2–6 years, ranged from 1 to 5 mm, 
with the exception of one patient who had osteo-
arthritis and bilateral procedures showed 7 mm of 
erosion at 4 years in both wrists. This patient also 
had evidence of substantial preoperative capitate 
cystic changes and very active osteoarthritis 
involving multiple joints in other extremities. 
Based on this adverse outcome, caution should 
be exercised when considering this procedure in 
osteoarthritic patients who have substantial syno-
vitis and cystic or erosive  ch  anges in the carpus, 
which likely indicates more advanced disease or 
compromised bone quality.

        Review of Literature 

 Boyer and Adams fi rst described the procedure 
of combining a PRC with a distal radius hemiar-
throplasty in a case study of two patients in 2010 
[ 1 ]. The fi rst patient was a 42-year-old rheuma-
toid patient who had bilateral wrist arthritis and 
the typical associated deformity and the second 
patient was a 52-year-old male with osteoarthritis 
of the right wrist and previous partial left fusion. 
The initial results were good in both patients but 

  Fig. 27.4    Preoperative  posteroan  terior and lateral views 
( a ,  b ) of a patient with radiocarpal arthritis showing ulnar 
translocation of the carpus. Postoperative posteroanterior 
and lateral views ( c ,  d ) following treatment by hemiar-

throplasty (Universal 2, Integra Life Sciences, Plainsboro, 
NJ) combined with PRC showing correction of ulnar 
translocation and reestablishment of the normal longitudi-
nal loading axis across the wrist       
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the fi rst patient developed the progressive carpal 
erosion described above while the second patient 
continues to have a good result at 6 years. 

 Culp et al. reported their results with this pro-
cedure using two different implants [ 2 ]. Their 
over all experience with the procedure included 
the use of the  Maestro   (Biomet, Warsaw, IN) 
radial implant that has polyethylene on its articu-
lar surface in the fi rst 17 patients and the 
ReMotion (Small Bone Innovations, Morrisville, 
PA) that is made entirely of cobalt-chrome- 
molybdenum in the next 19 patients. They aban-
doned the use of the Maestro due to early 
osteolysis and reactive tenosynovitis from poly-
ethylene wear of its articular surface. They had 
also stopped using the procedure in patients with 
infl ammatory arthritis due to an apparent higher 
incidence of carpal erosion. Ten patients who did 
not have infl ammatory arthritis and had proper 
medical records were reviewed in more detail at a 
follow up of 14–29 months. Post-operative wrist 
fl exion and extension averaged 22° and 30°, 
respectively. Pain relief was often incomplete but 
improved following the procedure if there were 

no complications. They concluded the procedure 
provides a functional arc of motion and adequate 
grip strength in select patients but implant design 
likely plays a role an important role in outcome.  

    Discussion 

 Active individuals with advanced Kienböck’s 
disease often desire to maintain wrist motion so 
as to better perform tasks and activities that are 
important to their life style. However, due to the 
physical restrictions that are recommended fol-
lowing total wrist arthroplasty, those with physi-
cally demanding life styles are infrequently 
considered for total wrist replacement because of 
the risk for implant loosening, particularly of the 
distal component. A  distal radius hemiarthro-
plasty   may obviate the need for strict physical 
restrictions because of the durability typically 
found with radial component fi xation. 

 Several criteria need to be satisfi ed before dis-
tal radius implant hemiarthroplasty is considered 
for routine use, including joint alignment and 

  Fig. 27.5    Preoperative  posteroa  nterior and lateral views 
( a ,  b ) of a wrist showing fi ndings of Lichtman Stage 4 
Kienböck’s disease. Note that the capitate articular sur-
face is preserved (Bain grade 3), making it a good indica-

tion for the hemiarthroplasty (Universal 2, Integra Life 
Sciences, Plainsboro, NJ). Postoperative posteroanterior 
and lateral views ( c ,  d ) after distal radius hemiarthroplasty 
combined with a PRC       

 

B.D. Adams



291

 stability. The articular shape of the radial compo-
nent of the UNI 2 and its successor,  Fre  edom 
wrist system, conform well to the head of the 
capitate for optimum stability, but the shape also 
allows the necessary fl exion–extension arc of 
motion as well as the important freedom of 
anterior- posterior and radial-ulnar translation to 
better replicate physiologic motion. Both the 
UNI 2 and Freedom systems are designed to 
restore the natural loading axis of the wrist, 
which passes through the long axis of the third 
metacarpal, capitate, and lunate fossa. In both the 
cadaver study and the clinical series, the UNI 2 
design recreated the natural longitudinal loading 
axis in both the coronal and sagittal planes. Its 
successor, the Freedom system, maintains this 
important loading axis concept while providing a 
broader and shallower lunate fossa to allow 
increased capitate translation and increased wrist 
motion. 

 Despite the procedure including a PRC, which 
could potentially destabilize the joint, stability 
was not problematic in either the cadaver study or 
the clinical series. However, the UNI 2 and 
Freedom implant designs do not necessarily 
refl ect the performance that will occur with other 
available radial implant designs. Furthermore, 
since none of the specimens and only a few of the 
wrists in the clinical series had severe deformity, 
the surgeon will need to exercise good judgment 
and proper caution when considering treatment 
in patients severe wrist deformity. 

 In  clinical application,   erosion of the carpus 
due to contact with the cobalt chrome surface is 
likely, but the rate of erosion will be diffi cult to 
predict. Erosion will probably depend on several 
factors including the initial condition of the car-
pus surface, bone density, and activity of the 
patient. In this series, some patients with rheumatoid 

arthritis showed rapid carpal erosion, which lead 
the author to discontinue this procedure in these 
patients. Additionally, patients who have sub-
stantial synovitis and cystic changes associated 
with active osteoarthritis are likely not good can-
didates. In the other patients, carpal erosion 
appeared to be acceptable and did not impact 
clinical results. Although pain relief will vary 
among patients due to variation in the response of 
the normal or arthritic joint surface against cobalt 
chrome. The results for up to 6.5 years indicate 
most patients can achieve good clinical and 
radiographic outcomes.  

    Conclusion 

 Despite the potential disadvantages of hemiar-
throplasty, it is an alternative for active patients 
with advanced wrist arthritis. This includes 
patients with Stage 4 Kienböck’s disease who are 
not candidates for traditional motion preserving 
procedures due to distal radius or capitate articu-
lar degeneration. Our cadaver and clinical results 
indicate this technique has potential for a satis-
factory clinical outcome in properly selected 
patients. However, the patient should fully under-
stand the risks, including possibilities of incom-
plete pain relief, deterioration of outcome, and 
need for revision surgery.     
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          Introduction 

 Total wrist arthroplasty (TWA) is still a very con-
troversial issue [ 1 – 6 ] and the reader should keep 
in mind that total wrist fusion (TWF) remains the 
gold standard for salvage of the severely 
destroyed, irreparable wrist. However, TWF may 
have an important negative impact on the health 
status of patients with osteoarthritis [ 7 ,  8 ] and 
TWA has become a challenger of TWF. It is more 
ambitious as patients usually prefer motion. On 
the other hand, failures do exist despite recent 
improvements [ 9 ] and periprosthetic osteolysis 
and loosening of the carpal component remain 
important problems. This chapter focuses on the 
most recent advances in TWA in terms of indica-
tions, recent design specifi cations and currently 
available results.  

    Indications 

 The  indication   for TWA in Kienböck’s disease 
(KD) is painful arthritis in which TWF would be 
the only alternative option. This means a 
Lichtman stage IV (Kienböck’s disease advanced 
collapse) but wrists destroyed by KD do not dif-
fer from other conditions leading to wrist degen-
erative arthritis in the context of surgical 
treatment. TWA has rarely been used for KD: 
according to a systematic review of the literature 
published between 1994 and 2013, it was the 
indication for TWA in less than 2 % of all cases 
[ 6 ]. Young age and high-demands are considered 
as contraindications. Active or latent infection 
after previous surgery always is a classic contra-
indication to any  imp  lant surgery.  

    Specifi cations and Current Results 
of Recent TWA Designs 

 The latest  gener  ation of TWA is characterized by 
limited bone resection and limited fi xation in the 
metacarpals compared with older designs. It is 
represented by the Maestro prosthesis (Biomet, 
Warsaw, IN, US), the UTW 1 (KMI, Carlsbad, 
CA, US), the UTW 2 (Integra LifeSciences, 
Plainsboro, NJ, US), the Freedom (Integra 
LifeSciences, Plainsboro, NJ, US), and the 
Remotion (Stryker Corporation, Kalamazoo, MI, 
US). They all are metal-on-polyethylene implants 
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and fi xation of the carpal component is achieved 
by a central peg in the capitate augmented with 
screws in the hamate and scaphoid/trapezoid 
(Fig.  28.1 ). The screw on the radial side may 
cross the second carpometacarpal joint and pen-
etrate the second metacarpal, although we do not 
recommend this as a general principle. With the 
implants currently available, infection and dislo-
cation are rare complications [ 6 ] but the opera-
tion is challenging and requires advanced 
expertise in wrist surgery.

   A very different recent design is the metal-on- 
metal Motec prosthesis with a long screw in the 
third metacarpal (Fig.  28.2 ).

   Results have been published mainly as small 
series or series with a short follow-up. 

 The latest TWA-generation was introduced by 
Menon [ 10 ] with a series of 37 cases of UTW 
1—the majority having rheumatoid arthritis (RA) 
and none specifi ed as having KD—and an aver-
age follow-period of 6.7 years. Effi cient pain 

relief was achieved. The revision rate was 8 %. 
The major problem was instability with a disloca-
tion rate of 14 %. The UTW 1 has since been 
replaced by the UTW 2 and, very recently, the 
latest modifi cations have led to the freedom wrist 
arthroplasty. Using the UTW 2, Ferreres et al. 
[ 11 ] have published a series of 21 cases (mainly 
RA, two KD cases) with a follow-up period of at 
least 3 years (mean 5.5 years). Implant survival 
was 100 %. Van Winterswijk et al. have reported 
on 17 UTW 2-cases (16 RA, none with KD) with 
an average follow-up of 46 months and one revi-
sion of the carpal plate [ 12 ]. 

 The Remotion has been reported in an early 
monocentric series by Herzberg in a series of 20 
wrists (13 RA, none with KD) and an average 
follow-up of 32 months without the need of revi-
sions [ 13 ]. In a larger multicenter series [ 14 ] with 
112 cases with at least 2 years follow-up (average 
4 years), Herzberg et al. reported no differences 
in clinical results or implant durability between 
RA and non-RA patients. The cumulated implant 
survival at 5 years was 92 % in RA as well as 

  Fig. 28.1    The Remotion TWA in a  p  atient with idio-
pathic degenerative arthritis. Reprinted from ref. [ 13 ]       

  Fig. 28.2    Motec TWA in a  rhe  umatoid patient, com-
bined with an Eclypse hemiarthroplasty in the distal 
radioulnar joint       
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non-RA patients. A subsequent publication, 
including only patients with at least 5 years fol-
low- up (one with KD) showed a cumulated 
implant survival of 90 % at 9 years [ 15 ] 
(Fig.  28.3 ). Radiological follow-up revealed that 
periprosthetic osteolysis was relatively frequently 
observed: 21 % showed osteolysis without frank 
loosening of the implant components and another 
11 % of the implants—mainly the carpal compo-
nent—seemed to be subsided, although clinically 
tolerated. In most cases, the osteolysis is local-
ized to the bone adjacent to the prosthetic joint 
line, and tends to stabilize without frank loosen-
ing of the implant components [ 16 ] (Fig.  28.4 ). 
 Neverthele  ss, a further decrease of the implant 
survival must be expected in younger patients.

    Bidwai et al. published a small series of ten 
rheumatoid patients with Remotion and an aver-
age follow-up of 33 months. No implants were 
revised [ 17 ]. 

 The Maestro TWA has been reported by 
Nydick et al. in a series of 23 cases (two KD), but 
follow-up time was short: 4–55 months (average 
28) [ 18 ]. One of the 23 cases was revised for 
infection, 

 Sagerfors et al. have compared the outcomes 
of four implants 1 year after operation in a large 

series: Biax (no longer available), Remotion, 
UTW 2 and Maestro [ 19 ]; 177 of the 206 patients 
had RA. 

 Most series report an average postoperative 
range of fl exion–extension of approximately 
60–70° and radial–ulnar fl exion of 25–30°, which 
is within the functional range of wrist motion, as 
defi ned by Palmer [ 20 ]. The Maestro series of 
Nydick shows somewhat better motion: 90° in 
fl exion–extension and 43° of radial–ulnar fl exion 
[ 18 ]. The study by Sagerfors et al. confi rms the 
greater benefi t in terms of motion with this 
implant [ 19 ]. Some series report clinically and 
statistically signifi cantly improved motion at fol-
low- up [ 17 – 19 ], but others do not [ 6 ,  13 ,  14 ]. It 
seems that the postoperative mobility is depen-
dent on the preoperative mobility [ 15 ]. In all 
series, in which patient rated outcome  measure  s 
(PROM) were recorded preoperatively and post-
operatively, improvement in scores was reported 
(Table  28.1 ).

       Revision Surgery 

 For a failed TWA, a  revis  ion TWA or TWF can 
be considered (Figs.  28.5  and  28.6 ). Often TWF 
will be preferred, since it is most likely to be a 
fi nal solution.

        Discussion 

 There has been a breakthrough regarding the use 
of TWA to treat wrist arthritis since 1998. The 
newer generations of arthroplasty have better 
results and survivorship, than their predecessors. 

 The main  advantage   of TWA over TWF is a 
higher degree of functionality. Most patients who 
have a TWA on one side and TWF on the other, 
would have preferred arthroplasty on both sides; 
but this is not always the case [ 21 ]. 

 Murphy et al. compared TWA (24 RA, UTW 
1) and  TWF   (27 RA) in a retrospective study [ 5 ]. 
The treatment groups were well matched by 
patient characteristics and radiographic staging. 
There were no statistically signifi cant differences 

  Fig. 28.3    Cumulated implant survival  of   65 Remotion 
prostheses. Reprinted from [ 13 ]       
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between arthroplasty and arthrodesis in either 
DASH or PRWE scores. 

 Cavaliere and Chung performed a systematic 
review of the literature, in which they compared 
18 TWA studies (503 procedures) with 20 TWF 
studies (860 procedures) in RA patients [ 2 ]. They 
concluded that the outcomes of TWF were 
 comparable and possibly better than those for 
TWA. Unfortunately, major limitations of that 
study were the often weak methodology in the 
source publications, the fact the implants used 
were of older designs, and that the RA patients, 
 o  ften had multiple joint involvement. Nydick 

et al. found a statistically signifi cant difference in 
PRWE-scores in favor of TWA compared to 
TWF in posttraumatic diagnoses, but not in 
DASH-scores [ 22 ]. The major fl aw of that study 
was the very small number of cases and the ques-
tion of how the patients were selected for the ini-
tial procedures.  

    Conclusion 

 TWA may be a good surgical option for the low- 
demand elderly patient who requires a salvage 
procedure for advanced wrist disease and espe-
cially if there is bilateral involvement, The 
patient’s and surgeon’s decision-making should 
consider several factors. Firstly, TWF is the clas-
sic gold standard procedure with reliable long- 
term results for end-stage wrist arthritis. 
Secondly, the TWA is associated with signifi cant 
complications and may require revision to 
TWF. Thirdly, patient compliance is paramount 
and should be carefully evaluated.     

  Fig. 28.4    Osteolytic lesion 4  and   6 years after Remotion TWA. The osteolysis seems not to increase and the implant 
has not subsided       

   Table 28.1    Functional improvement  afte  r TWA evalu-
ated with Patient Rated Outcome Measures (PROM)   

 Author/year  PROM 
 Mean 
improvement 

 Herzberg 2012 [ 14 ]  Quick DASH  20 points 
 Van Winterswijk 
2010 [ 12 ] 

 DASH  24 points 

 Morapudi 2012 [ 23 ]  DASH  10 points 
 PRWE  46 points 
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  Fig. 28.5    Revision of a UTW 1 implant that subsided 
6 years after index operation ( a ) and replaced with a 
Remotion  prosthesis  , using a cemented bone-grafting 

technique. ( b ) Six years after revision. Because of resorp-
tion of the carpal bones, crossing the CMC joints was 
unavoidable       

  Fig. 28.6    ( a ,  b ) Revision of a  subs  ided Remotion implant to a TWF in a rheumatoid patient       
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          Introduction 

 The natural history of Kienböck’s disease remains 
relatively unknown and this hinders effective 
decision-making regarding clinical management. 
Symptoms and clinical fi ndings include varying 
levels of pain, decreased range of motion (ROM) 
and grip strength [ 1 ]. According to the radiologic 
classifi cation system proposed by Lichtman [ 2 ], 
the disease progresses through fi ve stages, which 
culminate in fragmentation of the lunate, pro-
gressive carpal collapse, altered kinematics of the 
wrist, and eventually chondral loss leading to 
pan-carpal osteoarthritis. There may be little cor-
relation between symptomatology and radiologic 
changes. In this chapter we consider the manage-
ment of the more advanced stages (3B and 4) of 
the disease.  

    Rationale for Management 

 The ultimate goal of any intervention is to pro-
vide a pain-free, stable, and functional wrist. In 
the advanced stages of the disease the lunate is 
not reconstructable and as symptoms and chon-
dral wear progress, the options for  surgical man-
agement   become restricted to salvage procedures. 
Lunate excision, lunate arthroplasty, proximal 
row carpectomy (PRC), limited wrist arthrodesis 
(LWA), and total wrist arthrodesis (TWA) have 
been reported in several retrospective series in 
the literature [ 3 – 10 ]. 

 While there is no evidence to support the use 
of one modality over another [ 11 ], the choice of 
procedure may be guided by the individual carpal 
joints found to be involved radiologically or 
arthroscopically.  MRI   is a noninvasive means of 
assessing the extent of cartilage loss [ 12 ] and is 
often employed in the pre-operative assessment. 
Of course, arthroscopy allows direct visualiza-
tion of the affected joints. The disease can then 
be classifi ed according to anatomical involve-
ment and the severity of chondral loss. 
Synovectomy can be performed (where appropri-
ate) and a defi nitive procedure planned [ 13 ]. The 
radiolunate joint is thought to be the fi rst affected, 
then the capitolunate joint, followed by more 
global wrist involvement [ 13 ,  14 ]. Certainly in 
some reports, arthroscopy has identifi ed chondral 
ulceration not indicated on plain radiographs in 
up to 61 % of cases [ 13 ,  14 ]. This has led some 
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surgeons to advocate an articular based approach 
for the planning of surgery for patients with 
Kienböck’s disease [ 13 – 15 ].  

    Motion-Sparing Surgery 

 The decision to proceed to  a   motion-sacrifi cing 
procedure (as opposed to a motion-sparing one) 
is based on the pattern of joint involvement, the 
patient’s symptoms and expectations, and to 
some extent the surgeon’s preference and experi-
ence. Some patients may decide to accept the risk 
of residual pain or requirement for further treat-
ments to maintain some ROM. 

 Comparisons of the outcome of PRC and LWA 
have shown no statistically signifi cant differences 
with respect to the average ROM, pain profi le, or 
grip strength [ 7 ]. PRC is a technically straightfor-
ward operation without risk of nonunion and 
eliminates the diseased lunate entirely. A RSL 
fusion can be performed if the diseased articula-
tion is restricted to the radiocarpal joint [ 14 ,  15 ]. 
However, if the proximal pole of the capitate and/
or the lunate fossa is found to have chondral 
ulceration, then this procedure is likely to have a 
poor outcome [ 16 ]. PRC may be combined with 
pyrocarbon capitate resurfacing when chondral 
surfaces are not preserved (see Chap.   27    ). 

 Radiolunate arthrodesis (“Chamay” procedure) 
addresses the chondral area thought to be effected 
primarily as the disease progresses [ 17 ]. When 
arthroscopic assessment revealed isolated radiolu-
nate arthrosis, Watanabe and colleagues suggested 
the use of the Chamay procedure [ 13 ]. There are 
very few reports on the outcomes of this procedure 
for Kienböck’s disease, all with very small patient 
numbers. The nonunion rate can be as high as 
50 %, which was thought to be due to trying to 
unite the small  fragmente  d lunate [ 7 ,  11 ,  13 ].  

    Total Wrist Arthrodesis 

 It is clear that once the disease has progressed to 
Lichtman Stage 4, Bain stage 4, or previous 
interventions have failed to relieve symptoms, a 

salvage procedure is indicated. In this case the 
most predictable surgical option is 
TWA. However, some arthroplasty techniques 
may still play a role. Contraindications for TWA 
include inadequate soft tissue coverage and 
active infection. 

 There are many surgical techniques and 
implants described to achieve union. Clayton 
described a technique of using an  intramedullary 
Steinman pin   inserted down the shaft of the third 
metacarpal and into the medullary canal of the 
radius [ 18 ]. Varying techniques using large cor-
ticocancellous iliac crest bone grafts with no 
internal fi xation were employed for many years 
[ 19 ,  20 ]. In 1982, the AO Small Fragment Set 
manual outlined a technique of using a 3.5 mm 
dynamic compression plate for dorsal fi xation 
with bone grafting [ 21 ]. Today, a variety of 
plates in varying contours and materials are 
available with locking and non-locking options. 
Low-profi le, tapered, pre-contoured, dynamic 
compression plates have now been popularized 
by  AO/Synthes   (Fig.  29.1 ), and have led to the 
reduction of many of the well- known complica-
tions previously reported [ 22 ].

   The  optimal position   for fusion of the wrist 
has been debated in the literature. Some authors 
previously have proposed that a neutral position 
is the best functional position, but the general 
consensus now is that 10–15° of extension with 
slight ulnar deviation is preferable for maintain-
ing maximal grip strength [ 23 – 25 ]. When using a 
pre-contoured plate, the position of fusion is dic-
tated by the contour of the plate and fi xation to 
the radial metaphysis and shaft of the third 
metacarpal. 

 Bilateral Kienböck’s disease is very rare. 
Yazaki et al. noted a rate of 4 % of cases over a 
33 year period [ 26 ].  Bilateral TWA   is controver-
sial but not contraindicated. Jebson and Adams 
favored a motion-sparing procedure for the domi-
nant hand and TWA for the nondominant hand 
[ 27 ]. If, after appropriate counseling to ensure 
realistic expectations, bilateral TWA is deemed 
appropriate, consideration should be given to 
 fusing the nondominant wrist in 5–10° of fl exion 
to facilitate perineal care [ 18 ].  
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    Author’s Preferred Surgical 
Technique of Dorsal Plating 

 A  dorsal approach   to the wrist is performed in a 
standard fashion. Extensor pollicis longus is 
released from its compartment and dissection is 
continued subperiosteally under the second and 
fourth compartments to expose the dorsal distal 
radius, the shaft of the third metacarpal, and the 
dorsal wrist capsule. The insertions of the wrist 
extensors (extensor carpi radialis longus and bre-
vis) may occasionally be elevated to facilitate 
exposure, though they may also be used to facili-
tate soft tissue coverage at the end of the proce-
dure. A dorsal ligament sparing capsulotomy is 
performed to develop a large radial based fl ap 
that can be used to cover hardware on layered 
closure. A broad osteotome is used to excise the 
ridge of bone on the dorsum of the distal radius in 
the region of Lister’s tubercle. This allows for 
placement of the plate on a fl at surface, keeping 
the plate profi le low and further decreasing the 
risk of extensor tendon irritation postoperatively. 
Some of this bone is quite good quality and can 
be used as bone graft. Further bone graft is 
sourced from the triquetrum, which is routinely 
excised. If the lunate is severely fragmented and 
poor quality, it is excised and the triquetrum 
rotated into the lunate space to maintain carpal 
height. Not only is the triquetrum a generous 
source of graft, but also by excising or rotating it, 

there is a decreased risk of ulnar-sided wrist pain 
from the triangular fi brocartilaginous complex or 
ulnar carpal impingement (Fig.  29.2 ).

   The joints to be incorporated into the fusion 
mass are identifi ed and denuded of cartilage and 
subchondral bone to expose bleeding cancellous 
bone. The primary fusion mass is between the 
radius, proximal scaphoid, lunate (or interposed 
triquetrum), and capitate. The scapho-trapezio- 
trapezoid (STT) joint is not usually included 
unless there is clear arthrosis of the joint. The 
capitohamate joint is also not usually included as 
this joint is extremely stable. The third carpo-
metacarpal (CMC) joint articular surfaces are 
excised and bone graft is packed in between the 
remaining cancellous surfaces as an ‘open’ 
fusion. The fusion mass is then spanned with a 
standard fusion plate with a bend that dips into 
the proximal carpal row. The plate is fi rst fi xed to 
the third metacarpal and then positioned on the 
fl at surface created on the dorsal distal radius. 
The wrist is aligned and a compression screw is 
placed in the sliding hole of the plate. Bone graft 
is packed into the debrided joint surfaces before 
compression is applied. Fluoroscopy may be 
used to confi rm alignment and to check screw 
lengths. Care is required to ensure that a screw in 
the capitate does not protrude into the carpal tun-
nel and irritate the fl exor tendons. Meticulous 
soft tissue closure is benefi cial to ensure adequate 
soft tissue coverage of the plate and to reduce 
 e  xtensor tendon irritation.  

  Fig. 29.1    AO “straight plate”  wrist   fusion plate, which has been bent to provide some wrist extension for the patient       
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    Conversion of Arthroplasty 
to Arthrodesis 

 When a previous interposition arthroplasty has 
been performed, certain technical issues arise 
that merit discussion. As discussed in a previous 
chapter in this textbook, we use three particular 
implant options.

    1.     Lunate replacement   with a pyrocarbon lunate or 
Adaptive Proximal Scaphoid Implant (APSI), 
in which the proximal scaphoid is retained. In 
converting this to a TWA, there are two options. 
If the scaphoid remains in good shape, the tri-
quetrum can be rotated in as an interposition 
graft, and fusion achieved as described previ-
ously. If the scaphoid is too damaged to incor-
porate, it can be excised and fusion performed 
as outlined for the Amandys implant below.   

   2.    The  Amandys   replaces the lunate and proxi-
mal scaphoid. Therefore when this is con-
verted to a TWA, the implant is removed, 
thereby essentially performing a PRC. The 
triquetrum is excised and used as bone graft. 
The capitate is apposed to the distal radius, 

resulting in loss of carpal height. In this case 
the AO “straight plate” has been bent to pro-
vide the wrist with a better profi le and grip 
strength (Fig.  29.3 ).

       3.    The Resurfacing Capitate Pyrocarbon Implant 
( RCPI  ) presents similar issues to the Amandys, 
except that the triquetrum is not available. 
Distal radius bone graft is usually adequate, 
but the iliac crest should be prepared just in 
case (Fig.  29.4a, b ).

           Discussion of Surgical Technique 

 Some  surge  ons advocate the incorporation of a 
proximal row carpectomy when performing a 
TWA, as this provides local bone graft and allevi-
ates the need to harvest from a satellite position 
[ 22 ]. This results in a loss of carpal height, which 
may have implications for grip strength and hand 
function. For that reason we prefer to retain the 
lunate or interpose the triquetrum, to maintain the 
carpal height. If the necrotic lunate is left in situ, 
it may increase the risk of nonunion and act as a 
source of persistent pain, similar to that reported 
with the radiolunate fusion [ 11 ]. 

  Fig. 29.2    Wrist fusion with excision  o  f triquetrum. The AO “standard bend” plate was used       
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 A second controversy is the decision to include 
the third carpometacarpal (CMC) joint in the 
fusion mass. Nagy and Buchler showed less than 
50 % radiographic fusion rates in the CMC joint 
when it was included in the index arthrodesis, 
and, upon plate removal, the CMC joint was 
more likely to be symptomatic if arthrodesis had 
been attempted than if it were simply bridged 
[ 28 ]. The senior author has found that an ‘open’ 
fusion technique with aggressive removal of joint 
surfaces and cancellous bone grafting reliably 
achieves third carpometacarpal fusion [ 29 ]. If the 
third CMC joint is not included in the fusion 
mass, most surgeons would advocate routinely 
removing hardware that crosses the joint to avoid 
the risk of implant fatigue and plate or screw 
breakage. We have occasionally used the 
Medartis plate (Medartis, Basel, Switzerland) at 
times, which has an expanded distal end to facili-
tate carpal fi xation, thereby avoiding this issue. 
However, most of our fusions use a longer plate 
with third metacarpal fi xation. 

 The distal radioulnar joint (DRUJ) is not usu-
ally involved in Kienböck’s disease, but if con-
current arthrosis exists it can contribute to 
ongoing symptoms postoperatively and should 
therefore be addressed accordingly [ 24 ,  30 ]. 

Ulnar-sided pain is lessened by routine excision 
of the triquetrum. 

 See Table  29.1  for  surgic  al tips.

       Rehabilitation 

 Due to the stability  imparted   by the plate, postop-
erative immobilization is not absolutely neces-
sary, however a removable thermoplastic orthosis 
may be used at the surgeon’s preference. A bulky 
bandage is applied and the limb is elevated. 
Rehabilitation can be divided into two phases. 
The early phase consists of digital ROM and 
forearm supination/pronation exercises. The late 
phase consists of strengthening exercises at about 
6 weeks.  

    Results 

 With the introduction of the modern low profi le 
compression plates, TWA has a lower morbidity, 
with a highly predictable improvement in  pain 
and grip strength  . There is a high fusion rate (94–
100 %) and patient satisfaction (80–100 %) [ 28 , 
 31 – 33 ]. Most patients in previously reported 

  Fig. 29.3    Wrist fusion 
with the AO “straight 
plate” wrist fusion plate, 
which has been bent to 
provide some wrist 
extension       

  Fig. 29.4    ( a ) Patient has had a previous radial shortening, proximal row carpectomy, and capitate resurfacing (RCPI). 
( b ) Due to persistent pain a full wrist fusion was performed       
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series had at least one prior surgical procedure 
and in fact many patients indicated that they 
would have preferred TWA earlier in their man-
agement [ 33 ,  34 ]. 

 TWA addresses the primary concern for most 
patients, which is pain. However, by no means 
does it restore normal wrist function. Perineal 
care and working in small spaces where the 
shoulder and elbow can’t compensate are diffi -
cult. However, subjectively patients reported lit-
tle to no functional disability and good adaptation 
[ 27 ,  35 ,  36 ]. 

 The senior author reported on the outcome of 
53 TWAs in 48 patients for a variety of diagnoses 
utilizing the AO wrist fusion plate [ 33 ]. 83 % of 
patients reported a subjective global improve-

ment. 50 of the 53 wrists reviewed fused primar-
ily, with the other patient requiring secondary 
grafting. The  aver  age DASH score was 34.6. The 
 Buck-Gramcko and Lohmann classifi cation   was 
used to establish an overall score with points pro-
vided for wrist range of motion, functional, pain 
during function, grip strength and global subjec-
tive impression of improvement. The score is 
graded excellent 9–10 points; good 7–8; satisfac-
tory 5–6 and poor <5 points. The average 
 Buck- Gramcko and Lohmann score was 5.73 
(i.e., satisfactory) with 13 % excellent, 27 % 
good, 37 % satisfactory and 23 % poor. Thus 
77 % of patients tested scored “satisfactory” or 
above. The Jebsen Taylor functional assessment 
revealed the patients were able to complete most 
tasks, although they required an increased time 
compared to the reported normal values.  

    Complications 

  Complications of   TWA are fairly common, but 
most are minor and self-limiting (Table  29.2 ) 
[ 33 ]. Postoperatively, haematoma formation, 
wound dehiscence, and paraesthesia can be 
encountered. Good surgical technique can mini-
mize major complications, which include non-
union, deep infection, neuroma formation, 
hardware irritation, intrinsic contracture of the 
middle fi nger and acute carpal tunnel syndrome.

   Hardware irritation and intrinsic contracture 
requiring secondary procedures for plate removal 
and intrinsic release have reduced in incidence 
with the introduction of tapered AO plates [ 22 ]. 
Postoperative acute carpal tunnel syndrome may 
require surgical release [ 22 ,  37 ].  

   Table 29.1     Surgic  al tips   

 Surgical tip  Advantage 

 Excise triquetrum  Decreases risk of ulnar 
sided wrist pain 
 Excellent source of 
bone graft 

 Excise lunate if markedly 
necrotic 

 Decrease risk of 
nonunion 
 Triquetrum available as 
substitute 

 Include third CMC joint in the 
fusion mass 

 Avoids need for 
implant removal if 
using a spanning plate 

 Use an “open” fusion 
technique for third CMCJ 

 Avoids the “closing” 
fusion which requires 
greater soft-tissue 
stripping and is 
diffi cult to unite 

 If the third CMCJ is not 
included in the fusion mass 
but a spanning fusion plate is 
used, it is advisable to remove 
the plate at 12–18 months 
once a solid fusion is achieved 

 To avoid plate fatigue 
failure at the third 
CMCJ 

 Osteotomize dorsal distal 
radius and create a fl at surface 
in the region of Lister’s 
tubercle. 

 Allows the plate to sit 
with a low profi le. 
 Provides additional 
bone graft. 

 Raise ligament sparing 
capsular fl ap. 

 Provides a large 
radially based fl ap to 
cover the plate and 
protects the extensor 
tendons. 

 Ensure the capitate screw is 
not too long. 

 Avoid fl exor tendon 
injury in the carpal 
tunnel. 

   Table 29.2     Complications of total   wrist arthrodesis a    

 Complication  Incidence (%) 

 Infection  2 (4) 
 Pain  11 (21) 
 Paraesthesia  3 (6) 
 Nonunion  3 (6) 
 Tendon irritation  3 (6) 
 Plate/screw failure  3 (6) 
 Plate removal  11 (21) 

   a Adapted from ref. [ 33 ]  
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    Case Studies 

 We have experience with two patients with 
Kienböck’s disease who were initially treated 
with radial shortening, further revised with an 
RCPI pyrocarbon implant and fi nally underwent 
a total wrist fusion. 

 A 62-year-old female underwent a total wrist 
fusion of her dominant hand 39 months after 
receiving an RCPI implant (see Fig.  29.4a, b ). A 
CT scan prior to TWA showed a well fi xed pyro-
carbon implant but some potential wear of the 
implant against radius contributing to pain. She 
was reviewed at 39 months following the TWA 
and rated satisfaction with her wrist as 87/100. 
Pain ranged from 18 to 68/100 with functional 
activities. Grip strength was 13 kg (contralateral 
nondominant 11 kg). QuickDASH score was 
84.09. On a Global Rating of Change (GRC) 
Score since surgery (“A Very Great Deal Worse” 
−7 to +7 “A Very Great Deal Better”), she rated 
her symptoms +3 and function +1. 

 A 59-year-old male with Kienböck’s disease 
underwent a total wrist fusion of his right domi-
nant wrist 33 months following RCPI insertion. 
He returned to normal work duties within 
3 months of surgery. He was most recently 
reviewed 22 months following the fusion. He 
rated his satisfaction with his wrist since fusion 
surgery as 75/100. He reported no pain with nor-
mal functional activity. Grip strength was 18 kg 
(contralateral nondominant 36 kg). Both the 
QuickDASH score (13.63) and PRWE (4) scores 
were excellent. His Global Rating of Change 
Score since surgery was symptoms +7 and func-
tion +4.  

    Conclusion 

 Modern internal fi xation techniques and applica-
tion of specifi c hardware has made TWA a pre-
dictable intervention in the management of 
Kienböck’s disease. Although the loss of ROM 
may impact heavily on functional scores, it may 
be a preferable intervention where joint surface 
compromise makes motion-sparing procedures 

unpredictable, especially in a patient with a 
strong desire for a single procedure.     
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          Introduction 

 Throughout this unique book on Kienböck’s 
 disease, there are extensive descriptions on the 
fi ner points of the etiology, pathology, natural 
history, diagnosis, and treatment. This knowl-
edge has evolved over more than one hundred 
years since Robert Kienböck published his man-
uscript on osteomalacia of the lunate in 1910 [ 1 ]. 
The purpose of this chapter is to amalgamate 
much of this information, particularly the newer 
advances in diagnosis and treatment, into a prac-
tical, yet highly granular algorithm for the man-
agement of this disorder.  

    Natural History 

 The natural  history   of untreated Kienböck’s dis-
ease has been described in terms of the progres-
sion of clinical fi ndings and serial changes on 
standard X-rays [ 2 – 5 ]. The Lichtman osseous 
classifi cation scheme, devised in 1977, identifi es 
these changes. The presentation of Kienböck’s 
disease in pediatric patients is similar to that in 
adults, with dorsal tenderness, synovitis, and 
swelling, coupled with a decreased range of 
motion and grip strength [ 5 ,  8 ,  15 ]. However, the 
prognosis in the pediatric and elderly patients is 
better than the typical 20- to 40-year-old patient 
(Chap.   9    ) [ 8 ]. 

 Irisarri [ 16 ] subdivided pediatric Kienböck’s 
disease into infantile (12 years and younger) and 
juvenile (13 years to skeletal maturity) (Chap.   9    ). 
All patients in the infantile group were treated 
nonoperatively, and at fi nal follow-up all had 
excellent outcomes, with lunate revascularization 
seen on MRI. However, in the juvenile group, 
which was also treated with immobilization, 30 % 
had progression requiring a joint leveling proce-
dure. Irisarri recommended immobilization for 
patients under 15, and reserves joint leveling pro-
cedures for the older patient with disease progres-
sion despite immobilization. 

 Kienböck’s disease behaves differently in the 
elderly when compared to the pediatric and adult 
cohorts [ 18 – 22 ]. Taniguchi reported that in 
Kienböck’s patients older than 70 years, there 
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was less negative ulnar variance and a higher 
prevalence of women, who had more advanced 
radiological changes at presentation [ 19 ]. How-
ever, at a mean follow-up of 5.6 years, all 15 
patients had progressed to stage IV disease, but 
had good to excellent clinical outcomes without 
 sur  gical intervention.  

    Clinical Assessment 

 To provide a more complete understanding of the 
lunate and carpus and enable detailed manage-
ment decisions, Schmitt has recommended the 
following combination of imaging procedures 
[ 10 ,  11 ] (Chap.   11    ).

    1.    Plain radiographs of the wrist.   
   2.    A high-resolution CT scan to provide the best 

understanding of the osseous components, 
which supports the previous published work of 
Quenzer [ 42 ].   

   3.    An MRI to assess the articular cartilage.   
   4.    MRI with gadolinium enhancement, to assess 

the perfusion of the lunate.    

     Plain Radiographs 

  Plain radiographs   have been used to diagnose and 
monitor the progression of Kienböck’s disease, 
using the osseous  Lichtman classifi cation   for 
almost 40 years [ 6 ] (Table  30.1 , Fig.  30.1 ). It has 
evolved with time, with the addition of subclasses 
based on an increased understanding of the con-
dition. The hypothetical stage 0 disease is analo-
gous to stage 0 of the ARCO International 
classifi cation of hip osteonecrosis [ 9 ], where 
patients have intermittent pain but normal radio-
graphs and MRI. Theoretically, there is the poten-
tial to abort the onset of osteonecrosis by corr ecting 
the etiological or risk factors [ 8 ]. Stage IIIC dis-
ease has a coronal fracture or fragmentation of 

   Table 30.1    Lichtman  osseo  us classifi cation [ 7 ,  8 ] a    

 Stage  X-ray  MRI  Treatment 
 0  Normal  Normal  Immobilization 
 I  Normal  T1 Signal: Decreased  Immobilization 

 T2 Signal: Variable 
 II  Lunate sclerosis  T1 Signal: Decreased  Radial shortening (-ve UV) 

 T2 Signal: Variable  Capitate shortening (+UV) 
 IIIA  Lunate collapse  T1 Signal: Decreased  Same as Stage II, and/or: 

Revascularization with dorsal pedicle  T2 Signal: Variable 
 IIIB  Lunate and carpal collapse  T1 Signal: Decreased  Reconstructive procedure 

 Scaphoid rotation 
(RSA > 60°) 

 T2 Signal: Usually 
Decreased 

 STT or SC fusion +/− lunate excision 
(if fragmented), or PRC 

 IIIC  Lunate coronal fracture  T1 Signal: Decreased  PRC 
 T2 Signal: Variable 

 IV  KDAC (Kienböck’s 
disease advanced collapse) 

 T1 Signal: Decreased  Salvage Procedure (TWF, TWA, or PRC) 
 T2 Signal: Decreased 

  - ve UV  negative ulnar variance, + ve UV  positive ulnar variance 
  a It is important to note how the classifi cation simply divides the radiological fi ndings, and defi nes the osseous state of 
the lunate 
 Stage 0—Lunate potentially threatened 
 Stage I and II—Lunate intact, but threatened 
 Stage III A—Localized lunate collapse 
 Stage III B—Lunate collapse and secondary wrist collapse 
 Stage III C—Lunate fragmentation, unreconstructable 
 Stage IV—KDAC, total wrist arthritis  
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the lunate, which in the authors’ personal 
 experience, has a poor prognosis for lunate 
revascularization.

        MR Imaging 

 In recent years, both T1- and T2-weighted MRI 
images have been used to evaluate viability of 
bone marrow [ 10 ]. On T1 images, normal viable 
marrow will have homogenous high  s  ignal inten-
sity. Loss of this signal can be caused by anything 
that replaces viable marrow (edema, neovascu-
larization, space occupying lesions, bone necro-
sis, or sequestrum). T2-weighted images have 
traditionally been used in Kienböck’s disease to 
distinguish between fl uid containing tissue (which 
provides a high T2 signal) and nonvascular or 

desiccated tissue, such as a sequestrum. However, 
T2-weighted images cannot distinguish between 
edema and neovascularization, which have dif-
ferent prognostic values. 

 Schmitt has highlighted how gadolinium per-
fusion techniques enhance T1-weighted FSE fat- 
saturated sequences (Chap.   11    ) [ 10 ]. He was able 
to distinguish low signal edema from enhanced 
high signal of neovascular repair tissue. Using 
these techniques, he was able to identify three 
zones or patterns of enhancement of the necrotic 
lunate: The proximal necrotic lunate with no 
enhancement, intermediate hyper-vascular repair 
zone, and the distal normal lunate. The hyper- 
enhancement in the reparative zone indicates 
areas with a good healing prognosis, whereas low 
signal indicates a poor prognosis due to nonvia-
ble marrow. 

Stage I Stage II

Stage IIIA Stage IIIB Stage IV

  Fig. 30.1    Modifi ed  Lich  tman  classi  fi cation [ 7 ,  8 ]       
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 Based upon these fi ndings, Schmitt [ 11 ] 
 descri  bed a classifi cation that depends on lunate 
signal changes after administration of IV gado-
linium contrast (Fig.  30.2 , Table  30.2 ).

      1.    In MRI stage A, homogenous lunate enhan-
cement indicates marrow edema and intact 
perfusion.   

   2.    MRI stage B shows inhomogenous signal 
with contrast enhancement of the reparative 
zone and viable distal bone with a necrotic 
proximal lunate.   

   3.    MRI stage C has no enhancement correspond-
ing to complete lunate osteonecrosis.    

  This work is most impressive, but it assumes 
that these perfusion studies correlate with 
lunate revascularization potential, and the  clini-
cal   outcome.  

    Arthroscopic Assessment 
of Kienböck’s Disease 

 In 2006, Bain [ 12 ] described an  arthroscopic 
method   of assessment and classifi cation of 
Kienböck’s disease, which is based on the num-
ber of  no  nfunctional articular surfaces of the 
lunate (Fig.  30.3 ) [ 12 ,  13 ].

    A functional articular surface  has a normal 
smooth arthroscopic appearance and is fi rm to 
palpation without signifi cant softening. 

  A nonfunctional articular surface  has at least 
one of the following: extensive fi brillation, fi s-
suring, localized or extensive loss, a fl oating 
articular surface or fracture. Synovitis was identi-
fi ed in all of our cases; therefore, it was not used 
for grading 

 Plain radiographs often underestimate the 
severity of articular changes and arthroscopic 
fi ndings commonly change the recommended 
treatment. Interestingly, 82 % of cases had at 
least one nonfunctional articulation, and 61 % 
had at least two nonfunctional articulations [ 13 ]. 

 From the spectrum of arthroscopic fi ndings, 
an articular based approach was created where 
the distribution of functional articular  surfaces 
  determines treatment (Table  30.3 ) [ 12 ,  13 ]. The 
principle is to identify the articulations that are 

nonfunctional (compromised), and either excise 
or fuse or bypass them, to allow the wrist to then 
be mobilized with the remaining functional artic-
ulations. Then the remaining articulations are all 
functional surfaces, so it is more likely to result 
in a pain-free wrist with a functional range of 
motion [ 14 ]. However, performing a radial  short-
enin  g osteotomy or vascularized bone graft 
would leave the wrist with a nonfunctional artic-
ular surface in 82 % of cases.

        Management 

 The management section of this book is extensive, 
and we are pleased that we have been able to bring 
together a group of quality authors, who have pre-
sented a wide spectrum of treatment options for 
Kienböck’s disease. These can be  c  ategorized into 
groups, as demonstrated in Table  30.4 .

       Bringing It Together: A New 
Treatment Algorithm 

 Before determining the treatment of the patient, 
the clinician needs to understand the following:

    1.    Patient’s age.   
   2.    Lunate Stage: How does the disease affect the 

lunate?   
   3.    Wrist Stage: How does the disease affect the 

wrist?   
   4.    What can the surgeon offer?   
   5.    What does the patient want?     

 To demonstrate the synergy of the three separate 
classifi cation systems, we have placed them side-
by-side in Table  30.5  to see how their amalgamation 
can lead to a more nuanced treatment protocol. The 
new classifi cation system takes this  amalgamation   
several steps further: It aims to respect the impor-
tance that age has on prognosis, the revasculariza-
tion potential of the lunate, the pathoanatomical 
aspects of the lunate disease and the secondary 
effects that the disorder has had on the entire wrist. 
The preferred treatment recommendations are based 
on all of these factors, including the status of remain-
ing intact articulations, and are listed in Table  30.6 .

D.M. Lichtman et al.
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  Fig. 30.2    Schmitt’s  schem  atic diagram of bone-marrow 
viability in Gadolinium-enhanced MRI.  Normal marrow  
( viability unaffected ),  fi rst row : The signal height is 
 h  omogeneously dark in fat-saturated T2-w FSE, and 
homogeneously bright in T1-w FSE. No contrast- 
enhancement within a homogenously dark lunate is char-
acteristic in fat-saturated T1-w FSE after intravenous 
Gadolinium.  Ischemic marrow  ( viability maintained ), 
 second row : The proximal pole of the lunate is hyperin-
tense in fat-saturated T2-w FSE, and hypointense in T1-w 
FSE due to bone-marrow edema. In fat-saturated T1-w 
FSE, there is a homogeneous Gadolinium enhancement 
pattern of the entire proximal zone indicating maintained 

perfusion.  Partially necrotic marrow  ( viability par-
tially lost ),  third row : The proximal pole of the lunate is 
hyperintense in fat-saturated T2-w FSE, and hypointense 
in T1-w FSE. Both necrotic and repairing zones are pres-
ent. Differentiation is possible only with Gadolinium 
enhancement: The repairing zone has intense enhance-
ment, which absent in the necrotic zone.  Completely 
necrotic marrow  ( viability completely lost ),  fourth row : 
Independent of present or missing bone-marrow edema in 
fat-saturated T2-w FSE, no enhancement on fat-saturated 
T1-w FSE after Gadolinium, when compared to plain 
T1-w FSE. Image reproduced with permission from Prof. 
Rainer R. Schmitt, Chap.   11           
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    The age of the patient and the staus of the 
lunate and wrist underpin the management of 
patients with Kienböck’s disease.  The fi rst three 
questions are the essential components  of the 
new combined classifi cation system and are 
 presented in Table.  30.6  with the associated treat-
ment recommendations. The last two concern the 
capabilities of the surgeon and the needs of the 
patient and will also help guide the fi nal manage-
ment decision.

     Patient’s Age 

 The age at time of  presentat  ion is important, with 
the “Teen-bock” and elderly patient having a 

 better prognosis. As these are fundamentally 
 different prognostic groups, we have separated 
them from the start. The treatment recommenda-
tions for these populations are: 

  A1 <  15 years : Treat nonoperatively. Consider 
minimally invasive procedure if symptoms per-
sist after 6 months. 

  A2 16 – 20 years : Trial of nonoperative man-
agement. Consider unloading procedure if no 
improvement in symptoms after 3 months. 

  A3  > 70 years : Usually responds to nonope-
rative management. If symptoms persist beyond 
6 months, consider synovectomy or treat as if the 
patient was younger than 70 years of age. 

 For patients between the ages of 21  and   69 
proceed to sections B or C, as appropriate.  

   Table 30.2    Schmitt  classifi    cation   of lunate vascularity/viability a    

 Pattern  MRI fi ndings  Prognosis 
 N  Normal lunate perfusion  n/a 

 Normal signal 
 A  Intact lunate perfusion  Good 

 Homogenous enhancement of lunate with marrow edema. 
 B  Partial osteonecrosis  Intermediate 

 Inhomogenous signal with necrotic proximal lunate, reparative mid-zone enhancement 
and viable distal bone. 

 C  Complete osteonecrosis  Poor 
 No contrast enhancement. 

   a Table modifi ed and reproduced from Schmitt (Chap.   11    )  

  Fig. 30.3     Bain and Begg arthroscopic classifi cation   of 
Kienböck’s disease. The number of nonfunctional articu-
lar surfaces determines the grade. The grading  system 
  assists the surgeon to determine the best surgical option, 

based on the pathoanatomical fi ndings. Reproduced with 
permission from Bain GI, Begg M. Arthroscopic assess-
ment and classifi cation of Kienböck’s disease.   Tech Hand 
Up Extrem Surg    . 2006;10(1):8–13       
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    Lunate Stage: How Does the Disease 
Aff ect the Lunate? 

 The lunate consists of osseous, vascular, and car-
tilaginous components. Each of these can be 
affected in different ways. There have been 
 classifi cation systems developed for each of these 
 components  . Osseous—Lichtman [ 6 ], Vascular—
Schmitt [ 11 ], Cartilage—Bain [ 12 ]. 

 We consider the lunate to be “intact” if it is not 
fractured and the articular surfaces are “functional”. 
Lichtman stages 0, I and II, Schmitt stage A, Bain 
grade 0 all represent an intact lunate. A “compro-
mised” lunate has localized areas of collapse or 
degeneration, but other areas that can be used to 
reconstruct and maintain a functional lunate. This 
coincides with the Lichtman Stage IIIA, Schmitt 
stage B and Bain grade 1. A lunate is “not recon-

   Table 30.3    Bain/Begg  artic  ular- based   classifi cation for Kienböck’s disease a    

 Grade  Description  Recommendation 

      

  Grade O   Joint leveling procedure 
 0 Nonfunctional surface  Forage +/− bone graft 

 Vascularized bone graft 

      

  Grade 1   RSL fusion 
 1 Nonfunctional surface  PRC 
 – Proximal lunate  Osteochondral grafting 

      

  Grade 2a   RSL fusion 
 2 Nonfunctional surfaces 
 – Proximal lunate and lunate facet of radius 

      

  Grade 2b   PRC 
 2 Nonfunctional surfaces  Lunate replacement 
 – Proximal and distal lunate  Capitate lengthening 

      

  Grade 3   Hemiarthroplasty 
 3 Nonfunctional surfaces  (SC fusion if radial column intact) 
 – Capitate surface usually preserved 

      

  Grade 4   Total wrist fusion 
 All four articular surfaces are nonfunctional  Total wrist arthroplasty 

 (SC fusion if radial column intact) 

  Synovectomy is performed in all patients 
 SC fusion = scaphocapitate fusion, can be considered if the central column is nonfunctional, but the radial column is 
intact 
  a Articular-based approach to Kienböck’s disease. The Bain/Begg arthroscopic classifi cation system is derived from the 
number and location of nonfunctional articular surfaces in the central column. Treatment algorithm is based on the 
principle to excise, fuse, or bypass the nonfunctional articular surfaces. Modifi ed from Bain GI, Begg M. Arthroscopic 
assessment and classifi cation of Kienböck’s disease. Tech Hand Up Extrem Surg 2006. Copyright Dr. Gregory Bain [ 12 ]  
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structable” when it is fragmented, collapsed, or has 
completely lost its vascular supply. Lichtman stage 
IIIC, Schmitt stage C, and Bain grade 2b are exam-
ples of lunates that are not reconstructable. 

    Lunate Intact: Lunate Protection 
 By  defi nition  , this group has a lunate that has not 
collapsed (Lichtman Stage 0, I, II), has functional 
articular surfaces (Bain 0), and has a positive 
prognosis for revascularization (Schmitt Stage 
A). There are three aims for treatment of this 
group:

    1.    Decrease the patient’s pain and improve 
function.   

   2.    Protect the vulnerable lunate before it collapses.   
   3.    Set the stage for spontaneous revas cu lari zation.    

    Nonoperative Management 
 In the earliest stages, patients are managed non-
operatively for at least 3 months. Short arm cast 
or splint  immobilization   is the usual treatment of 
choice; however, minimally invasive techniques 
may be appropriate as well. Patients are asked to 
avoid all strenuous activity involving, pushing, 
pulling, twisting, or lifting over 5 kg (10 lb) with 
the affected extremity. Medical causes of osteo-
necrosis are managed, if identifi ed. If after 
3 months, the patient is still symptomatic or 
imaging demonstrates disease progression, a 
lunate unloading or revascularization procedure 
is appropriate.  

   Lunate Unloading Procedures 
 Lunate unloading is the next  op  tion for patients 
with intact lunates who do not respond to nonop-
erative measures. These procedures protect the 
lunate and set the stage for spontaneous revascu-
larization. The most common procedure is radial 
shortening osteotomy, which is effective for the 
patient with a negative ulnar variance and/or 
abnormal radial inclination (Chaps.   16     and   17    ). If 
the physis is still intact, a radial epiphysiodesis is 
a possible surgical alternative, as it restricts radial 
growth, while allowing the short ulna to grow 
preferentially [ 17 ] (Chap.   9    ). If there is a neutral 
or positive ulnar variance, then a capitate short-
ening osteotomy can be performed. Patients with 
early Lichtman stage IIIA (minimal collapse) 
with functioning articular surfaces (Bain 0) may 
still be candidates for unloading procedures if the 
lunate has viable bone present (Schmitt A, early B).  

   Lunate Decompression 
 Another option  i  s lunate forage, which involves 
drilling the lunate to decompress the venous 
hypertension (Chaps.   13    ,   14    , and   24    ). This can be 
performed arthroscopically, in conjunction with a 
synovectomy (Chap.   13    ) [ 12 ,  14 ,  35 ,  38 ] and can-
cellous bone grafting [ 35 – 37 ,  39 ] (Chap.   24    ).  

   Revascularization Procedures 
 Core decompression  of   the distal radius is thought 
to provide an indirect revascularization of the 
lunate, due to the increased regional vascular 

   Table 30.4     Surgical   options for Kienböck’s disease   

 Principle  Procedure  Chapter 
 Unloading 

 Radial shortening  16 

 Radial epiphysiodesis  9 

 Capitate shortening  15 

 External fi xation  14 

 STT joint pinning  14 

 Opening and closing 
osteotomies 

 17 

 Revascularization 
 Pedicle and free graft  18 

 Radial forage (indirect 
vascularization) 

 14 

 Lunate reconstruction 
 Medial femoral trochlear graft  19 

 Wrist reconstruction 
 RSL fusion  22 

 Lunate excision, capitate 
lengthening 

 23 

 PRC  20 

 STT, SC fusion  21 

 Arthroscopic assisted 
reconstruction 

 13, 24, 25 

 Interposition (pyrocarbon) 
arthroplasty 

 26 

 Hemi-arthroplasty  27 

 Salvage 
 Total wrist arthrodesis  29 

 Total wrist arthroplasty  28 
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response [ 34 ]. Direct revascularization of the lunate 
has been performed for many years, with both ped-
icle and free vascularized bone graft (Chap.   18    ). 
Pedicle graft procedures are appropriate for patients 
with an intact, partially viable lunate (Schmitt B). 
It is also used as an alternative to unloading in 
patients with a positive ulnar variance.   

    Lunate Compromised: Lunate 
Reconstruction (Lichtman Stage IIIA, 
Schmitt Stage B, and Bain Grade 1) 
 The lunate has localized disease, including areas 
of nonfunctioning proximal articular cartilage, 
but other areas are intact. Ideal treatment would 
involve localized reconstruction of the lunate. 

   Vascularized Medial Femoral Trochlea 
(MFT) Graft [ 23 ,  24 ] 
 The vascularized medial femoral trochlea (MFT) 
graft  is   indicated for reconstruction of the proxi-
mal osseous and articular lunate, and can also be 
used to restore carpal height (Chap.   19    ). As this is 
a demanding and time-consuming procedure, we 
need to have other treatment options available, 
such as lunate salvage (PRC or lunate replace-
ment), RSL fusion, or SC fusion. Note that all of 
these alternative procedures are more destructive 
than an isolated lunate reconstruction.   

    Lunate Not Reconstructable: Lunate 
Salvage (Lichtman IIIC, Schmitt C, 
Bain 2b) 
 The lunate is not reconstructable if there is 
advanced lunate collapse, there is no revascular-
ization potential or the lunate articular surfaces 
are nonfunctional. Therefore, a salvage proce-
dure of the lunate is required. Once the lunate has 
reached this level of destruction, it is common for 
the adjacent articulations to have degeneration 
and for the carpus to collapse as well. Once the 
disease process extends beyond the lunate, and 
involves the wrist, proceed to the section C of the 
algorithm. 

   Lunate Replacement 
 If the lunate is not reconstructable,  it   needs to be 
excised. Lunate replacement with silicone [ 6 , 
 26 ], autogenous tendon, metallic spheres and the 
pisiform [ 25 ] have all had inconsistent or poor 
results [ 26 ]. If the capitate head and adjacent 
joint surfaces are intact, a lunate excision and 
capitate lengthening with interposition graft is a 
possible solution (Chap.   23    ). Recently, pyrocarbon 
implant replacement has been advocated. 
However, instability remains an issue, and  further 
work is required to ascertain whether reliable 
clinical outcomes  are   possible [ 27 ,  28 ] (Chap.   26    ).  

    Table 30.6    Recommended treatment   

 A. Child/elderly 
  A1. <15 years—non-operative 
  A2. 16–20 years—non-operative (consider unloading procedure) 
  A3. >70 years—non-operative (consider synovectomy) 
 B. Adult—limited to lunate 
  B1.  Lunate intact—radial shortening for ulnar −ve; capitate shortening for ulnar +ve variance (lunate forage 

+/− bone graft  for Schmitt A; revascularization for Schmitt B and C a ) 
  B2. Lunate compromised—MFT reconstruction a  (SC fusion for higher demand; PRC for lower demand patient) 
  B3.  Lunate not reconstructable—SC fusion with lunate excision for higher demand; PRC for lower demand patient 

(lunate replacement a ) 
 C. Adult—wrist aff ected 
  C1a. Central column RL articulation compromised—RSL fusion (SC fusion for Schmitt C) 
  C1b. Central column RL and MC articulation compromised—SC fusion with lunate excision 
  C2. Carpal collapse with intact radioscaphoid articulation—SC fusion w or w/o lunate excision b  
  C3. Wrist not reconstructable—total wrist arthrodesis (arthroplasty a ) 

   Alternative procedures in parentheses are appropriate based on surgeon/patient preference 
  a  Complex procedure to be used only with appropriate equipment/training 
  b  Lunate excision for fragmented lunate with reactive synovitis  
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   Proximal Row Carpectomy 
 Proximal row carpectomy is  a   simple and reliable 
technique that is indicated for the unreconstruc-
table lunate (Chap.   20    ). However, the articular 
surfaces of the lunate facet and the capitate must 
be functional (Bain 2b). The PRC is a good choice 
in those patients who have a low demand for the 
wrist. In high demand patients other options, such 
as a limited wrist fusion is preferred.    

    Wrist Stage: How Does the Disease 
Aff ect the Wrist? 

 The secondary effects of the collapsing lunate are 
a “compromised” wrist, including degeneration 
of the central column at the radiolunate and mid-
carpal articulations, collapse of the central and 
radial columns and fi nally degeneration of the 
radial column as well. 

 Fractures of the lunate subchondral bone plate 
produce irregularity of the lunate articular sur-
faces. If the fracture  s  ettles and heals in a stable 
confi guration then the prognosis is likely to be 
good. There may secondary “kissing lesions” of 
the lunate facet and capitate, and then progres-
sion to articular degeneration (nonfunctional car-
tilage) [ 12 ,  13 ]. If the fracture propagates, there 
will be continued loss of lunate height, which 
affects the kinematics of the perilunate ligaments 
and the central column. Comminution, disruption 
of the spanning trabeculi, or a coronal lunate 
fracture will result in collapse of the lunate, 
which will allow proximal migration of the capi-
tate, and therefore collapse of the entire central 
column. Laxity of the scapholunate ligaments 
may also contribute to proximal migration and 
collapse of the central column. 

 In collapse due to lunate comminution, inter-
position of the capitate head between fragments 
appears on sagittal X-rays as a widening or elon-
gation between the volar and dorsal lunate poles; 
or if the major fragments are pushed dorsally, the 
lunate will appear to be in fl exion (VISI). On 
the other hand, A DISI deformity may occur if the 
capitate head migrates into a gap formed by 
scapholunate ligament disruption or if the major 
fragments are pushed anteriorly. In almost all 
instances, however, the mechanical effects of 

proximal migration of the capitate (and distal 
row) cause excessive fl exion of the scaphoid 
(Lichtman stage IIIB), as manifested by a 
radioscaphoid angle >60° [ 40 ]. For a short time 
this scaphoid fl exion is correctable but eventually 
the prolonged fl exion will cause erosive degen-
eration of radioscaphoid articular cartilage and 
that joint, too, will become nonfunctional. The 
wrist has now reached its fi nal stage of degenera-
tion, or Kienböck’s Disease Advanced Collapse 
(KDAC) 

 Prior to  carpal collapse,   the wrist with non-
functional wrist areas can be reconstructed with 
motion preserving procedures by excising, fus-
ing, or bypassing the nonfunctional aspects and 
maintaining the functional articulations. The spe-
cifi c recommended procedure will depend upon 
the extent of osseous collapse, but more impor-
tantly the remaining functional articular surfaces. 
The surgeon needs to match the remaining func-
tional articular surfaces with the prerequisites. 

 After  carpal collapse   the radial column defor-
mity is initially correctable, so lunate reconstruc-
tive procedure could theoretically be effective 
(e.g., lunate replacement). However, once there is 
a fi xed deformity and central column articular 
degeneration, a limited wrist fusion is required. 
The scaphocapitate (or STT) fusion is a good 
 surgical option at this stage, as it bypasses the dis-
eased central column, stabilizes the radial  column, 
and articulates through the intact radioscaphoid 
articulation. This is the same concept as the 
SLAC wrist procedure, which excises the radial 
column, stabilizes the central column, and mobi-
lizes through the intact radiocarpal articulation. 

 Once the radioscaphoid articulation is also 
compromised (nonfunctional), the wrist is unre-
constructable and a salvage procedure is required. 
This is only seen in very late Kienböck’s disease 
(KDAC-Lichtman IV) or following failed recon-
structive surgery. 

    Central Column Compromised; Central 
Column Fusion or Bypass (Lichtman IIIA 
or C, Schmitt B, Bain 2a, 3, or 4) 
     (a)     Radiolunate articulation  nonfunctional        

( Lichtman IIIA ,  Schmitt B ,  Bain 2a )  and the 
midcarpal joint surfaces functional . In this 
case a RSL fusion can be performed (Chap.   22    ). 
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If the lunate is not viable (MRI grade C), then 
bypassing the central column and performing a 
scaphocapitate fusion should be considered   

   (b)     Radiolunate and midcarpal articulations non-
functional  ( Lichtman IIIA or C ,  Schmitt C , 
 Bain 4 ). The central column is not reconstruc-
table and needs to be bypassed with a scap-
hocapitate fusion. As the proximal and distal 
lunate articular surfaces are compromised, the 
diseased and fragmented lunate is excised. 
 In the occasional case where the capitate 
 articular surface is intact  (Lichtman IIIA or C, 
Schmitt C, Bain 3) a  he  miarthroplasty can be 
performed (Chap.   27    ).      

    Carpal Collapse; Wrist Stabilization 
(Lichtman IIIB, Schmitt B, Bain 2–4) 
 With collapse and/or degeneration of the central 
column, it is common for the radial column to 
also collapse, which has been reported to be pres-
ent if the radioscaphoid angle is greater than 60° 
[ 40 ,  42 ]. Fortunately, the radioscaphoid articula-
tion is usually functional. In this case, we recom-
mend a scaphocapitate fusion, although STT 
fusion is an alternative (Chaps.   21     and   25    ). The 
lunate can be left in situ if it is not inciting a local 
synovitis. 

 In the early stages of carpal collapse, the 
lunate can be reconstructed, as described in B3. 
However, this is limited to those cases in which 
the articulations are intact, and there is not a fi xed 
deformity. We do not recommend a lunate pros-
thesis in those cases with associated carpal col-
lapse, as it is technically demanding to obtain 
stability. 

   Scaphocapitate Fusion 
 As part of the  scaphocapitate fusion we re  com-
mend excising the lunate, if there is advanced 
 disease with extensive lunate collapse and 
 fragmentation. These changes frequently cause 
mechanical symptoms and incite an extensive 
synovitis of the wrist. Tse recommends excising 
the lunate if there was signifi cant widening of the 
lunate seen on the sagittal CT scan (Chap.   25    ). 
He performed this as an arthroscopic procedure, 
and reported a resultant increase in range of 
motion. When performing an open excision of 

the volar lunate fragments, the surgeon needs to 
be cautious of not violating the volar carpal liga-
ments, that are intimately attached to the volar 
fragments. Otherwise ulnar translocation of the 
carpus will occur.  

   Arthroscopic Reconstructive Procedures 
 Most of the motion preserving procedures  ca  n 
now be performed arthroscopically, as expertly 
described by Tse (Chap.   25    ). However, the pre-
requisites of each procedure must still be 
respected.   

    Wrist Not Reconstructable; Wrist 
Salvage (Lichtman Stage 4, Schmitt C, 
Bain Grade 4) 
 Once the radioscaphoid articulation also becomes 
nonfunctional, the wrist is no longer reconstruc-
table. This is commonly termed  Kienböck’s 
advanced collapse (KDAC)  , which is due to late 
disease or failed previous reconstructive surgery. 
As there are no longer any functional articula-
tions, a salvage procedure is required, such as 
total wrist fusion or total wrist arthroplasty 
(Chaps.   28     and   29    ). The specifi c recommended 
procedure will usually depend upon the demands 
of the patient. Total wrist arthroplasty should 
only be performed in those patients who will use 
the extremity in a controlled manner and not 
overload the wrist. 

   Adjuvant Procedures 
 There are a number of  surgical   procedures that 
can be considered adjunctive procedures, which 
can be performed as an independent procedure, 
or added to other procedures. These include: 

  Synovectomy . Synovitis of the wrist is a com-
mon fi nding in Kienböck’s disease [ 12 ] and a 
 frequent source of pain. Synovectomy and joint 
debridement can be performed as an open or 
arthroscopic [ 38 ] (Chap.   13    ) adjunctive proce-
dure whenever indicated. 

  STT Pinning . Temporary pinning of the 
scaphotrapezio- trapezoid (STT) joint unloads the 
lunate, and allows time for revascularization 
[ 29 – 33 ]. The STT joint is pinned with the scaph-
oid in the extended position. This is a reasonable 
option as a primary treatment in the “Teenbock” 
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patient (Chap.   9    ) or can be used to protect the 
lunate in conjunction with a vascularized bone 
graft [ 29 ] (Chaps.   9     and   14    ). 

  PIN Neurectomy . There are some authors who 
recommend posterior interosseous neurectomy to 
provide pain relief for patients with carpal pathol-
ogy [ 41 ]. However, we are concerned that the con-
comitant loss of proprioception will negatively 
affect function and self-   protection of the wrist.    

    What Can the Surgeon Off er? 

 Because surgeons have different abilities, train-
ing, and experience, these factors must be taken 
into consideration after assessing the patient’s 
age, status of the lunate, and condition of the 
wrist. Some treatment options require special 
equipment or advanced skills in microsurgery or 
arthroscopy, which may be beyond the capabili-
ties of some surgeons or their operative facilities. 
We have identifi ed these highly specialized pro-
cedures within the algorithm (*). With worldwide 
technical advances, most of these procedures will 
eventually become mainstream.  

    What Does the Patient Want? 

 Ultimately, medical decision-making comes 
down to satisfying the needs and desires of the 
informed, competent patient. The patient’s gen-
eral health, lifestyle, and future demands on the 
wrist need careful consideration. Each patient is 
different, and personal considerations will 
affect all levels of the proposed algorithm. 
Unfortu nately, constraints outside of the control 
of the doctor and patient, such as fi nancial 
restrictions imposed by the insurer or governing 
bodies, also affect the fi nal decision. 

 No treatment algorithm will cover every pos-
sible contingency, especially when addressing an 
enigmatic disease like Kienböck’s that affects 
such a broad spectrum of the population. Armed 
with the information provided here, we feel that 
the treating physician can make an evidence- 
based decision that is tailored to the unique needs 
of the patient.   

    Finale 

 The algorithm presented here is based on the 
accumulation of knowledge of Kienböck’s dis-
ease currently available. We know, however, that 
there will be further advances in the understand-
ing of the etiology, pathoanatomy, biomechanics, 
demographics, imaging, natural history, and 
treatment. These advances will need to be incor-
porated into the algorithm, and will aid in defi n-
ing the defi nitive management of this fascinating 
disorder. 

 Finally, we thank all of the contributors of this 
book for permitting us to bring together their 
vast breadth of information. We trust that their 
efforts have advanced the management well 
beyond what Robert Kienböck could have ever 
imagined.     
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