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    Foreword 

    Ligamentous Surgery of the Wrist  by Emmanuel Camus and Luc Van Overstraeten 
is an ambitious undertaking. It begins with a detailed discussion of the ligamentous 
anatomy, followed by chapters on wrist biomechanics and pathomechanics. Two 
chapters on wrist imaging thoroughly cover the standard imaging modalities includ-
ing x-ray/CT/arthrography and ultrasound followed by an eloquent chapter devoted 
to MRI of normal and pathological wrist ligament anatomy. The methodology of a 
standard diagnostic arthroscopy is well covered by a master in the  fi eld, followed by 
two more in-depth chapters on its applications in the arthroscopic diagnosis and 
treatment of scapholunate instability. This includes a detailed description of a novel 
arthroscopic capsulodesis procedure. Open treatment methods of acute and chronic 
tears are well covered and include chapters on open repair, two methods of dorsal 
capsulodesis, tendon graft reconstruction including the Brunelli capsulodesis and 
tri-ligament tenodesis, bone ligament bone reconstruction, the RASL procedure as 
well as a new concept of capsulo fi brodesis. Treatment of lunotriquetral ligament 
injuries through arthrodesis or capsulodesis is also covered in addition to additional 
chapters on midcarpal instability, axial dislocations and the emerging approach of 
arthroscopic treatment of perilunate dislocations. The book is replete with clinical 
examples of wrist ligament injuries and treatment. Few books have covered all 
aspects of wrist instability in such a comprehensive manner. The authors should be 
congratulated for their organized and in-depth approach to an often confusing sub-
ject. For students of the wrist and its disorders, this book is a must have. 

    David   J.   Slutsky,   M.D., F.R.C.S (C)      
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    Preface 

   It is today admitted that a traumatic carpal ligamentary lesion may lead to an insta-
bility and then to a carpal degenerative arthritis. However, the variety of anatomo-
pathological classi fi cations and the multiplicity of surgical repair techniques re fl ect 
the dif fi culty to conceive this ligamentary pathology. Truly, the clinical analysis and 
traditional techniques of investigation face to the complexity of the wrist and to the 
small size of its components, especially the carpal bones. 

 The mechanical complexity    of the wrist is due to the number of synchronized 
bones in every movement of the hand, since the forearm to the palm there is not less 
than 15 in a few volume. 

 Clinical analysis is in this wrist joint insuf fi cient to measure exactly the mobility, 
normal or pathologic, of these carpal bones. Paraclinical examinations have a par-
ticular place. From x-ray to arthroscopy, including arthro-CT scan and soon MRI, 
the tools are today available. 

 Talking about the repairing techniques, their diversity must not hide that a bio-
mechanical and physiological principle is looming and must be sought. 

 This book is the result of a re fl ection of an expert group of wrist pathology. It 
attempts to analyze, to understand, to explain and to make logical, if not obvious, 
the re fl ection which must accompany each practitioner in diagnosis and treatment 
of the carpal ligamentary lesions. This    book has voluntarily left aside the degenera-
tive carpal pathology, which usually bene fi ts more visibility in various scienti fi c 
works. 

 We hope that with this work the reader may apprehend more globally quite dis-
persed knowledge and  fi nd in this beginning of synthesis the matter to rethink a 
dif fi cult and sometimes thankless surgery to make a surgical adventure of the 
twenty- fi rst century. 

    Emmanuel     Camus    
   Luc   Van   Overstraeten      
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    Preface (French Edition 2009)   

 Carpal ligament wrist surgery before arthritis. From trauma to instability. 
 It is just about time that someone has thought of writing the account of more than 

30 years of anatomical, biomechanical studies and experiments and setting them out 
against results of clinical practice. One must commend the courage of Emmanuel 
Camus (a French Hand surgeon) and that of Luc van Overstraeten (a Belgian Hand 
surgeon), both fascinated by the wrist, for undertaking such a vast and complex 
subject. 

 Can we, in 2009, sift through all these works? 
 Can we propose a classi fi cation that enables us to propose a treatment with a 

reasonable bene fi t/risk ratio to symptomatic patients? 
 What is the available validated data to choose one technique over another? 
 These questions and many others have engaged the authors to search for 

answers. 
 The most dif fi cult task is to present hand surgeons with an algorithm for early 

lesions whose evolution pattern is unknown. What are the factors predicting unfa-
vourable evolution, i.e. what are the criteria of instability of these lesions? 

 Due to the great importance of these works that will be immediately useful to all 
hand surgeons, it was in order that the Société Française de Chirurgie de la Main 
and the Belgian Hand Group both sponsor this initiative. 

 Christian Dumontier, M.D. 
General Secrétary of the GEM-SFCM   
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  Fundamentals    
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DOI 10.1007/978-2-8178-0379-1_1, © Springer-Verlag France 2013

 Variable descriptions and nomenclatures of the ligaments of the wrist have been 
presented. Classical anatomical textbooks describe more than 30 different ligaments 
related to the carpus. Differences of description, classi fi cation, and nomenclature 
increase the complexity of understanding this region  [  7,   24,   36,   51,   55,   89  ] . More 
recently, researchers proposed a simpli fi ed description of the carpal ligaments using 
various classi fi cations  [  7,   22,   36,   51,   55,   78,   88  ] . Several authors also mention a 
variability of carpal ligament anatomy  [  20,   22,   36,   50,   59,   85  ] , which could contrib-
ute to explain the differences found in the literature. Sennwald and Segmüller  [  78  ]  
presented a classi fi cation of the wrist ligaments in  fi ve groups. More recently, 
Sennwald et al.  [  79  ]  redescribed the palmar scaphotriquetral ligament that had fallen 
into oblivion for 90 years. 

 This lack of unanimity concerning carpal ligament anatomy could have effects 
on the diagnosis and the treatment of the ligamentous lesions of the wrist. The 
 existence of various classi fi cations of carpal instability reinforces this assumption 
 [  31,   32,   52,   54,   89  ] . 

 Morphometric studies about the carpal ligaments are rare.    The majority of them 
relate to the measurement of ligament cross-sectional areas of the with an aim of 
determining their mechanical properties  [  47,   56,   63,   72,   74  ] . Few studies concerned 
the evaluation of ligament dimensions in situ and their variations  [  14,   21,   45,   74,   85,   86  ] . 
This kind of information could nevertheless improve our knowledge in the  fi eld 
of carpal anatomy and pathology, re fi ne the therapeutic choices, and provide a par-
tial explanation to the individual variations of carpal kinematics highlighted by sev-
eral studies  [  17,   19,   23,   72,   74  ] , since the capsular ligaments are probably the 
principal structures which limit and control carpal motions. 

    V.   Feipel   
     Laboratoire d’Anatomie Fonctionnelle , 
 Faculté des Sciences de la Motricité, Université Libre de Bruxelles ,
  808 route de Lennik, CP 619 ,  B-1070   Brussels ,  Belgium    
e-mail:  vfeipel@ulb.ac.be   

      Anatomy of the Carpal Ligaments       

      V.   Feipel                



4 V. Feipel

 In this chapter, we will attempt to summarize the principal lessons that can be 
drawn from the literature concerning the functional anatomy of the carpal ligaments. 
We will use, for this description, the classi fi cation suggested by Sennwald and 
Segmüller  [  78  ]  as a basis while taking into account structures which are not included 
in this classi fi cation. 

    1   Flexor and Extensor Retinacula 

 Sennwald    and Segmüller  [  78  ]  describe these structures as an extra-capsular group 
of ligaments. In our view, the retinacula belong to the muscular apparatus. We thus 
will not extend on the description of these structures. Nevertheless, their role, and 
especially that of the  fl exor retinaculum, in the stability of the wrist remains 
discussed. 

 Table  1  presents the various functions of the  fl exor retinaculum as well as the 
effects of its section  [  26,   28,   29,   37,   46,   65,   70,   80  ] .   

    2   Proximal and Distal Interosseous Ligaments    

 Figure  1  schematizes the anatomy of the interosseous ligaments. The functions of 
this group are maintaining transverse cohesion, and thus stability, as well as limiting 
and/or guiding of the segmental movements. The stiffness of the interosseous liga-
ments is lower than that of the extrinsic ligaments, because of a more important type 
III collagen content, which allows interosseous ligaments to lengthen more com-
pared to extrinsic ligaments. Their failure load is regarded as higher than that of the 
extrinsic ligaments  [  3–  5,   11,   18,   24,   27,   30,   34,   35,   38,   43,   44,   49,   55,   56,   58,   63,   69, 
  71,   73,   77,   78,   81–  83,   87,   92,   95  ] .  

 The distal interosseous ligaments are shorter and more resistant than the proxi-
mal ones, offering thus less freedom of movement to the bones of the distal carpus. 
The distal ligaments present a dorsal part, connecting the dorsal faces of the  adjacent 
bones and a deep portion, located palmarly and connecting the interosseous faces of 

   Table 1    Roles of the  fl exor retinaculum and effects of its section  [  26,   28,   29,   37,   46,   65,   70,   80,   97  ]    

 Roles  Section 

 Anchoring of thenar and hypothenar 
muscles 

      of carpal    tunnel pressure 

 Transverse carpal stability       of intrinsic and extrinsic muscle force 
 Pulley for the  fl exor tendons       of carpal tunnel width and volume 

      of gliding resistance between nerve, tendons and 
synovial sheath 

 Δ of scaphoid kinematics 



5Anatomy of the Carpal Ligaments

  Fig. 1    Interosseous       ligaments. ( a ) Palmar view of a 3D model showing the location of the proxi-
mal ( red ) and distal ( yellow ) interosseous ligaments. ( b ) Schematic representation of the proximal 
interosseous ligaments according to  [  3,   42–  44,   71  ] . ( c ) Failure load of the proximal interosseous 
ligaments according to  [  63,   69,   73,   87,   94  ]. Abbreviations: TRI: triquetrum, LU: lunate, SC: 
 scaphoid, SL: scapholunate interosseous ligament, LT: lunotriquetral interosseous ligament          
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the adjacent bones. Their incomplete character allows communication between the 
midcarpal space and the carpometacarpal joint spaces. 

 The interosseous ligaments of the proximal carpus (Fig.  1b, c ) have been studied 
extensively. They are described as a crown or a cap, surrounding the proximal, dor-
sal, and palmar edges of the corresponding articular surfaces. The proximal part of 
the two ligaments consists of  fi brocartilage, with collagen  fi bers without preferen-
tial orientation. This part carries the radiocarpal cartilage but does not contribute to 
stabilization or limitation of movements. The dorsal part of the scapholunate liga-
ment and the palmar part of the lunotriquetral ligament are short and resistant, limit-
ing translations (~70 % of resistance to translation) and serve as point pivot to the 
segmental movements. On the opposite, the palmar part of the scapholunate liga-
ment and the dorsal part of the lunotriquetral ligament are longer and less resistant, 
present oblique  fi bers, and limit segmental rotations (~60 % of resistance to rota-
tion). This provision implies a cam effect during movements, with a dorsal pivot in 
the scapholunate space and a palmar pivot on the lunotriquetral side. It also implies 
a suspension of the lunate in torsion between the scaphoid and the triquetrum.  

    3   Palmar Ligaments 

 Sennwald and Segmüller  [  78  ]  present the palmar ligaments as two “V”-shaped 
structures, the proximal palmar “V” and the distal palmar “V” (Fig.  2a ). These 
structures include part of the radiocarpal (except the short radiolunate ligament) and 
ulnocarpal (except the ulnocapitate and ulnotriquetral ligaments) ligaments from 
the classical descriptions (Fig.  2c ). The dimensions of the main palmar ligaments 
are presented in Table  2   [  2,   3,   6,   8,   11,   14,   16,   21,   25,   39,   51,   55,   57,   60,   61,   63,   69, 
  71,   73,   75,   78,   84,   93,   94,   96  ] .   
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Fig. 1 (continued)

  Fig. 2    Palmar    ligaments. ( a ) Palmar view of a 3D model showing the palmar “Vs” ( red lines ) 
according to Sennwald and Segmüller  [  78  ] . ( b ) Palmar view of a 3D model showing the ligaments 
of the scaphotrapezio-trapezoidal joint (scaphotrapezial in  yellow , scaphocapitate in  orange , and 
capitotrapezial in  green ). ( c ) Palmar radio- and ulnocarpal ligaments. ( d ) Distal view of the inferior 
epiphysis of the radius showing the attachment zones of the palmar radiocarpal ligaments. 
Attachment sites of short radiolunate ligament in  yellow , long radiolunate ligament in  red  and 
radiocapitate ligament in  blue          
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   Table 2    Dimensions and mechanical properties of the carpal ligaments according to  [  14,   18,   21,   38, 
  62,   69,   73,   75,   94  ]    

 Length (mm)  Width (mm)  Thickness (mm) 
 Coronal 
inclination (°) 

 Tangent 
modulus (MPa) 

  Interosseous  
 Scapholunate  Palm: 2–4  Palm: 6  Palm: 1  Dors: 100–300 

 Dors: 5–6  Dors: 6  Dors: 2–3 
 Prox: 4  Prox: 11  Prox: 1 

 Lunotriquetral  Palm: 3–5  Palm: 6  Palm: 2 
 Dors: 3  Dors: 6  Dors: 1 
 Prox: 2  Prox: 10  Prox: 1 

 Distal interosseous  >300 
  Palmar  
 Ulnolunate  12–23  2–5  1  151  <100 
 Ulnotriquetral  18  5  <100 
 Ulnocapitate  29  3  <100 
 Radiolunate  11–17  8  1–2  34  <100 
 Radiocapitate  25–29  8  1–2  44  <100 
 Lunotriquetral  8–11  5–7  1  27 
 Triquetrocapitate  11–13  4–7  2–4  139  <100 
 Scaphotrapezio-

trapezoidal 
 >300 

  Dorsal  
 Radiocarpal  18–22  8–13  1  28  <100 
 Intercarpal  33–41  6–7  1–2  167  <100 

c d

Radioscapholunate

Radiocapitate

Long radiolunate
Short radiolunate

Ulnolunate
Ulnocapitate

Ulnotriquetral

Fig. 2 (continued)
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 Besides their attachment at the palmar surface of the capitate, the ulnocapitate 
and radiocapitate ligaments merge through interwoven  fi bers in front of the luno-
capitate joint line (Fig.  2c ). 

 The radioscapholunate ligament is a loose and little organized connective tissue, 
constituting the vascular sheath of the proximal arteries for the scaphoid and lunate. 
Its mechanical resistance is low compared to the other palmar ligaments (failure 
load of 40 N and elongation to failure of 174 % versus 150 N and 125 % for the 
radiocapitate ligament, for instance). 

 The main roles of the palmar ligaments are the limitation of radial (ulnocarpal 
ligaments) and ulnar deviation (radiocarpal ligaments), as well as of dorsal  fl exion. 
They also prevent ulnar, anterior, and posterior translations. They have an important 
role in carpal stability and are supposed to contribute to the determination of move-
ments. Moreover, the radiocarpal ligaments limit intracarpal pronation and maintain 
the scaphoid. 

 Berger and Amadio  [  6  ]  and Siegel and Gelberman  [  84  ]  showed that the knowl-
edge of ligamentous insertions on the distal radius (Fig.  2d ) could contribute to the 
evaluation of functional implications of distal radius fractures or styloidectomy. 

 Also, most studies describe the radiocarpal ligaments as displaying a relatively 
constant morphology, in contrast with the ulnocarpal ligaments. The latter vary 
signi fi cantly, concerning their general morphology as well as their dimensions. 
However, the presence of two radiolunate ligaments (long and short), described in 
many studies, was not observed in 40 % of the cases in our work  [  22  ] . 

 The palmar scaphotriquetral ligament was not described by most authors. 
Sennwald et al.  [  79  ]  showed its situation deep to the palmar ligaments, crossing the 
palmar surface of the head of the capitate and connecting the waist of the scaphoid 
to the palmar surface of the triquetrum. 

 The support of the distal pole of the scaphoid is ensured by the scaphotrapezial, 
scaphocapitate, and capitotrapezial ligaments (Fig.  2b ).  

    4   Dorsal Ligaments 

 At the dorsal aspect of the carpus, the dorsal radiocarpal or dorsal radiotriquetral 
ligament and the dorsal intercarpal or dorsal scaphotriquetral ligament form a 
“V”-shaped structure with its apex at the level of the ligamentous crest of the tri-
quetrum (Fig   .  3 ). This structure constitutes the dorsal “V” of Sennwald and 
Segmüller  [  78  ] .  

 The morphological variability of the dorsal ligaments is much larger than that of 
the palmar ligaments, as shown by many studies  [  11,   14,   16,   21,   22,   33,   49,   53,   55, 
  59,   69,   71,   73,   77,   78,   91,   94,   96  ] . The dimensions of the dorsal ligaments are pre-
sented in Table  2 . 

 The dorsal radiotriquetral ligament limits intracarpal supination, radial devia-
tion, palmar  fl exion, and ulnar translation of the carpus. As a whole, the “V” dorsal 
limits palmar  fl exion. These ligaments contribute also signi fi cantly to carpal 
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  Fig. 3    Dorsal    ligaments. ( a ) Dorsal view of a 3D model showing the dorsal “V,” dorsal radiocarpal 
ligament in  red , dorsal intercarpal ligament in  blue . ( b ) Anatomical specimen presenting one of 
the variations of the dorsal “V,” double radiotriquetral ligament ( red arrows ) (type II of Viegas 
et al.  [  94  ] ). Dorsal intercarpal ligament ( blue arrow )       
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 stability by the support offered to the lunate and their role in longitudinal and trans-
verse wrist cohesion. The dorsal radiocarpal ligament is a relatively strong struc-
ture, displaying a failure load of approximately 150 NR and a tangential modulus 
of 30 MPa, in spite of a low thickness (1 mm). The dorsal intercarpal ligament is 
characterized by a failure load of approximately 80 NR and a tangential modulus 
of 45 MPa. 

 Finally, the dorsal ligaments are very rich in nervous endings compared to the 
palmar ligaments. Approximately 80 % of these terminations are observed near 
ligament insertions and 80 % in the epi-ligamentous sheath.  

    5   Triangular Fibrocartilage Complex 

 Regarded as the pulley of the extensor carpi ulnaris, the triangular  fi brocartilage 
complex (Fig.  4 ) consists of several poorly dissociated elements. The triangular 
 fi brocartilage itself is supplemented by several associated structures, the palmar and 
dorsal radioulnar ligaments, the palmar ulnolunate ligament, the ulnotriquetral liga-
ment, the ulnocapitate ligament, the ulnocarpal meniscus, the    prestyloid recess, the 
ulnar collateral ligament, and the sheath of the extensor carpi ulnaris. The dimen-
sions of the components of this complex are presented in Tables  2  and  3   [  1,   15,   16, 
  64,   66–  68,   75,   76,   78,   90  ] .   

 The triangular  fi brocartilage is attached to the distal margin of ulnar notch of the 
radius. Its ulnar attachments are located at the level of the lateral surface of the 
ulnar styloid process, the fovea of the ulnar head and the deep surface of the articu-
lar capsule or the ulnar collateral ligament. It is broader laterally and thicker medi-
ally. Its central part is avascular. The distal part of its  fi bers originating from the 
radius extends distally to attach on the medial surface of the triquetrum and hamate; 
this constitutes the ulnocarpal meniscus. The access to the prestyloid recess is 
located between the  fi brocartilage itself and the meniscus. The palmar and dorsal 
radioulnar ligaments reinforce the edges of the triangular  fi brocartilage. The ulno-
carpal ligaments are also attached at the palmar margin of the  fi brocartilage. The 
sheath of the extensor carpi ulnaris is closely blended with the posterior part of the 
complex. 

 The ulnar complex, as it is frequently named, plays a central role in the stability 
of the distal radioulnar joint and the ulnar carpus. In addition, it participates in the 
transmission of constraints between the hand and the forearm. In this context, it is 
frequently described as a cushion interposed between the carpus and the ulna. 

 During axial loading experiments, Adams et al.  [  1  ]  showed that an average force 
of 440 N caused avulsion of the  fi brocartilage at the level of its ulnar attachments, 
without macroscopic lesions of  fi brocartilage substance. The average elongation 
was 17 %, more important in the radial portion (28 %). 

 Let us  fi nally note that nervous endings (free endings and proprioceptors) are 
mainly found in the ulnar portion of the complex, which explains the absence of 
instability in case of lesion of the radial part of the  fi brocartilage.  
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  Fig. 4    Triangular  fi brocartilage complex. ( a ) Frontal section of an anatomical specimen. ( b ) 
Frontal section (MRI T1).  U  ulna,  T  triquetrum,  H  hamate,  arrow  triangular  fi brocartilage 
complex       
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    6   Collateral Ligaments 

 The collateral ligaments have not been included in the classi fi cation of Sennwald 
and Segmüller  [  78  ] . Several authors indicate that these ligaments are loaded during 
opposed deviation, serve as support to the scaphoid and constitute the anchoring 
point of rotation axes. 

 On the other hand, the majority of the authors consider that such ligaments do 
not exist or are not contributive because they would prevent lateral deviations. Other 
studies showed a variable morphology of the collateral ligaments, incompatible 
with a stabilizing function of the carpus. Dynamic collateral stabilization is ensured 
by the muscular apparatus: abductor pollicis longus and extensor pollicis brevis on 
the radial side and extensor carpi ulnaris on the ulnar side  [  9–  13,   16,   21,   22,   24,   25, 
  30,   36,   40,   41,   44,   48,   50,   59,   88,   95  ] .  

    7   Conclusion 

 The anatomy of the carpal ligaments is complex. This chapter tried to provide 
insight on current knowledge in the  fi eld of functional anatomy of the carpal liga-
ments. We will have noticed that certain data remain little explored. The capsular 
ligaments of the wrist present morphological and morphometric variations. These 
relate to mainly the ulnar and dorsal ligaments. They could explain the biomechani-
cal variations reported in the literature and the diversity of classi fi cations and treat-
ment methods suggested for carpal instability, although further studies are necessary 
to con fi rm this assumption.      
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          1   Introduction 

 Since Destot in 1905, the study of intracarpal injuries has interested many authors 
who were faced with wrist traumatisms  [  1–  7  ] . Therefore, the analysis of the sole 
traumas is not enough to understand carpal biomechanics. Studies have thus been 
led in different directions to solve injuries’ mechanism. 

 Imaging studies dealt with the radiography of healthy subjects  [  8–  17  ] , with the in vitro 
measure of intracarpal movements  [  18–  27  ]  and then in vivo by CT scan  [  28–  40  ] . The 
radiographic studies of healthy subjects enabled to measure the shift of the bones that 
could be seen on front and pro fi le views. But the bone superposition and the out-of-the-
radiographic-plane position of some bones do not allow to measure all the displace-
ments. Cadaveric studies allowed researchers to  fi x markers on carpal bones to differentiate 
them better and measure their movements. The authors of these studies mostly resorted 
to metallic markers, which shifting was recorded by stereoradiography. Yet, the neces-
sary surgical approach to introduce the markers and their presence inside the wrist involve 
a doubt on the similarity in between in vivo results  [  23,   28,   29  ] . Recent CT scan studies 
measured in vivo the in-plane and out-of-plane movements of the bones  [  28,   29,   36, 
  38–  40  ] . These studies enabled to draw an accurate view of carpal biomechanics. 

 In vitro studies on carpal ligament sections were useful to start some ligamentous 
traumatic sequences. Several carpal restraints are thus described  [  7,   41–  50  ] . 

 Works on forces transmission enabled to explain the different strains applied to 
the moving wrist  [  51–  58  ] . 

 As the study and the diagnosis of carpal ligamentous injuries are dif fi cult, it seems 
necessary to present a biomechanical synthesis of the available data on the topic.  
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    2   Kinematics of the Wrist 

    2.1   Flexion and Extension of the Wrist 

 Under the action of carpal  fl exor or extensor tendons, both carpal rows  fl ex or extend 
jointly, with varied ranges of motion  [  29,   40  ] . As the movements of both rows have 
the same direction in the sagittal plane, the ranges of motions add up. The tilting 
movements in the frontal plane are not important  [  29,   40  ] . Usually, it is said the 
radiocarpal space is mainly mobilized during  fl exion and the mediocarpal space 
during extension  [  59  ] . In fact, thorough CT scan studies prove this is oversimpli fi ed 
 [  40,   60  ]  (Fig.  1 ). Flexion is predominant in STT, radiolunar and ulnotriquetral 
spaces (Fig.  2 ). Extension is predominant in radioscaphoid, lunocapital and tri-
quetrohamate spaces (Fig.  3 ).    

 The main  fl exion and extension lines of the wrist are thus described. These lines 
represent the space which is the most mobile in each motion. The scapholunate liga-
ment is where those lines cross and reverse (Fig.  4 ).   

    2.2   Radial and Ulnar Deviation of the Wrist 

 Both carpal rows deviate in the same direction in the frontal plane. The radial or 
ulnar deviation of both rows adds up  [  17  ] . But in the sagittal plane, different move-
ments coexist. 

 During radial deviation, the proximal row (R1)  fl exes, and the distal row (R2) 
extends. With such inverse movements, one neutralizes each other and this allows to 

  Fig. 1    Sagittal section of the extended wrist column by column.  Red  radius axis,  Black  wrist bone 
axis       
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  Fig. 2    Wrist main  fl exion line         Fig. 3    Wrist main extension line       

  Fig. 4    Junction of the of  fl exion and extension 
main lines within the scapholunate ligament       
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maintain the hand in the frontal plane. On the radial side of the wrist, the  fl exion of 
the scaphoid comes with an apparent shortening of the scaphoid’s height and 
 consequently of the radial column’s height, and on the ulnar side of the wrist, an 
uplifting of the triquetrum on the hamate engenders a lengthening of the ulnar col-
umn’s height  [  17,   40  ] . 

 During ulnar deviation of the wrist, a reversal of the rows’ movements is 
noticed; there is an extension of the proximal row and a  fl exion of the distal row. 
The lengthening of the radial column goes with a vertical position of the scaphoid, 
and the ulnar column’s height shortens as the triquetrum crosses palmarly ahead 
of the hamate  [  17,   40  ] . Seen in the frontal plane, those movements can be com-
pared with the mobilization of a double cup (Fig.  5 )  [  17  ] . In the sagittal plane, the 
shearing of both carpal rows following the radial deviation can be compared to the 
closing of scissors (Fig.  6a ) and the ulnar inclination to the opening of these scis-
sors (Fig.  6b )  [  40  ] .   

 Two variants which differently combine  fl exion-extension and radioulnar devia-
tion of the proximal row of the carpus have been described. Some wrists show a 
proximal row  fl exion-extension movement that prevails on the radioulnar motion. 
They are called column wrists  [  14  ] . At  fi rst sight, these wrists belong to so-called 
lax subjects  [  15  ] . On the contrary, some subjects have a wrist with a proximal row 
which does not  fl ex or extend much; they are called row wrists. They usually refer 
to rigid wrists. The in fl uence of gender on both these biomechanical variants is still 
under consideration  [  14,   16  ] .   

Radial tilt Ulnar tilt

  Fig. 5    Pattern    of both carpal rows mobility following the double-cup description.  Blue  radius axis, 
 red  distal row transverse axis,  green  proximal row transverse axis        
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    3   Actions of the Ligaments and Peripheral Tendons 

    3.1   Ligaments 

 Ligaments are passive brakes which authorize movements inside and between the 
rows and maintain the spacial coherence of the carpus  [  61  ] . They allow intra-row 
movements, which are adaptative for congruence movements, and inter-row move-
ments which are ef fi cient movements to mobilize the hand  [  17  ] . The limit of range 
depends on their length. For didactic reasons, intrinsic and deep extrinsic ligaments 
(Fig.  7 ) and extrinsic super fi cial ligaments will be separately represented (Fig.  8 ).   

  The scapholunate ligament  links both bones (Fig.  7 -1). The  fi bres which consti-
tute the ligament are not symmetrically distributed. The dorsal part of the ligament 
is the most  fi brous and thickest and also the most resistant  [  62  ] . It is considered as 
the main stabilizer of the scapholunar couple. It is always injured in scapholunar 
instability  [  63–  65  ] . This ligamentous injury involves an increase  fl exion of the sca-
phoid from 3° to 6°  [  47–  50,   62,   66  ] , an extension of the lunate of 5°  [  50  ]  and a 
dorsal translation of the scaphoid’s proximal pole more than 2 mm  [  62  ] . Tang also 
noticed a possible displacement of the rotation centre of the wrist  [  67  ] . 

  The radioscapholunate ligament  (Fig.  7 -2) is thin; it is a neurovascular pedicle 
 [  62,   68  ]  and not a real ligament. 

  The lunotriquetral ligament  (Fig.  7 -3). Its  fi bres are asymmetric too. On the 
palmar part, these  fi bres are thicker and resist to traction. They lock up the  palmar 
translation of the lunate. Dorsal  fi bres are the most torsion resistant. They lock 
up both the lunate’s dorsal translation and the torsion by differential  fl exion-
extension between the two bones  [  41  ] . When the ligament is injured, it engenders 

aa bb

  Fig. 6    ( a ) During radial inclination, shearing scissors-like between both proximal and distal car-
pal rows. Trapezium and trapezoid cross back the scaphoid whose tubercle runs forward ( fl exion 
of the scaphoid). ( b ) During ulnar deviation, trapezium and trapezoid run distally to the scaphoid. 
The distal row  fl exes when the proximal row extends       
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a lunotriquetral instability with VISI and sometimes a gap with supination of the 
triquetrum  [  42  ] . 

  The palmar scaphotriquetral ligament  (Fig.  8 -4) avoids palmar scaphotriquetral 
dissociation and indirectly scapholunate dissociation. It probably maintains the 
head of the capitate when the wrist extends  [  66  ] . 

  The radioscaphocapitate ligament  (Fig.  8 -5) is a powerful palmar ligament 
ensuring carpal cohesion. It is tensed against the scaphoid tubercle which lifts it in 
radial inclination of the wrist (Fig.  9 ). It avoids the dorsal translation of the proximal 
scaphoid pole and is a secondary stabilizer of the scapholunate couple  [  63  ] . If it is 
injured, it can be responsible for the scaphoid’s instabilities with DISI and sca-
pholunar gap  [  64  ] .  

  The scaphotrapezial ligament  (Fig.  7 -6) is V pattern ligament attached to the 
radial side of the scaphoid, the proximal point and at distal joint on the palmar and 
radial sides of the trapezium  [  68  ] . It is another secondary stabilizer of the scapholu-
nar couple together with the radioscaphocapitate ligament. For Moritomo et al., it is 
also one of the points where the scaphoid’s  fl exion-extension axis passes through 
 [  69  ]  (Fig.  10 ). The injury of this ligament after that of the scapholunar ligament 
worsens the instability of the scapholunar space.  

  The scaphocapitate ligament  (Fig.  7 -7) is the second element which stabilizes 
the scaphoid with the distal carpal row  [  68  ] . It also plays a part in the materialization 
of the scaphoid’s  fl exion-extension axis (Fig.  10 ). 

  Fig. 7    Intrinsic and deep extrinsic ligaments. ( a ) Palmar view. ( b ) Dorsal view.  1  Scapholunate 
ligament,  2  Radioscapholunate ligament,  3  Lunotriquetral ligament,  6  Scaphotrapezial ligament,  7  
Scaphocapitate ligament,  8  Triquetrohamatocapitate ligament,  9  Capitotrapezial ligament,  10  
Capitotrapezoidal ligament,  11  Capitohamate ligament,  12  Short radioulnar ligament,  13  Ulnolunar 
ligament,  14  Ulnotriquetral ligament       
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  The triquetocapitate ligament  (Fig.  7 -8) is tensed from the radial angle distal 
from the triquetrum to the ulnar part of the capitate’s body  [  68  ] . It takes  attachment 
from the hamate bone, and its  fi bres go to the ulnotriquetral ligament to describe 
the ulnocapitate ligament. It is the ulnopalmar stabilizer of the mediocarpal 
space. 

  Fig. 8    Extrinsic ligaments. ( a ) Palmar view. ( b ) Dorsal view.  4  Scaphotriquetral ligament,  5  
Radioscaphocapitate ligament,  15  Dorsal radiocarpal ligament,  16  Dorsal intercarpal ligament,  17  
Carpal anterior annular ligament,  18  Radiolunotriquetral ligament       

  Fig. 9    Lifting    of the radioscaphocapitate ligament by the scaphoid tubercle during radial inclina-
tion. ( a ) Ulnar inclination. ( b ) Radial inclination.  5  Radioscaphocapitate ligament       
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  The long radiolunotriquetral ligament  (Fig.  8 -18) is the palmar part of Kuhlmann’s 
triquetral sling  [  8,   61  ] . It prevents the ulnar translation of the carpal bones. When 
this ligament is injured, the perilunar region becomes deeply unstable and thus pro-
motes the perilunar dislocation of the carpal bones  [  7  ] . 

  The dorsal radiocarpal ligament  (Fig.  8 -15) is radiolunotriquetral. It is the dorsal 
part of Kuhlmann’s triquetral sling  [  8,   11,   61  ] . It is a secondary stabilizer of the 
carpal bones. When it is injured, it is as destabilizing for the carpus as when the 
radioscaphocapitate and scaphotrapezial palmar bundles are injured  [  65  ] . The dor-
sal radiocarpal ligament is injured in more than 50 % of the carpal instabilities, 
often in association with the interosseous scapholunar ligament, but it may be the 
only ligament to be injured  [  70  ] . 

  The dorsal intercarpal ligament  (Fig.  8 -16) links the triquetrum and the distal 
scaphoid and continues on the trapezium and the trapezoid in half of the cases. It is 
the last secondary stabilizer of the carpal bones  [  65  ] . For Viegas, this ligament con-
stitutes, together with the dorsal radiocarpal ligament, a dorsal V-shaped radiosca-
phoidal ligament with a transversal orientation  [  47  ] . The resulting length varies, but 
the ligament is always tensed. A direct radioscaphoid ligament would be either lax, 
to allow the  fl exion of the wrist, and inef fi cient or tensed in a neutral position, pre-
venting  fl exion and giving stiffness. This transversal V-shaped ligament remains 
tensed whatever the position of  fl exion or extension of the wrist thanks to the move-
ment of the branches of the V which modify the angle (Fig.  11 ) and whatever the 
radioulnar inclination of the wrist as it goes together with the linked movements of 
 fl exion/extension of the scaphoid.  

  The transverse anterior annular ligament of the carpal bones  (Fig.  8 -17) com-
pletes the system. If it were sectioned, there would be an extension of the scaphoid 

  Fig. 10    Materialization    of the axis of 
 fl exion-extension of the scaphoid.  Orange  
scaphocapitate ligament,  yellow  
scaphotrapezium ligament,  dotted line  
scaphoid’s  fl exion/extension axis according 
to Moritomo       
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of 58 % during the carpal ulnar drift and probably an increase of the restraints on the 
other ligaments  [  48  ] . 

 To sum up, the scapholunar instability is often the result of an interosseous injury. 
The problem increases if other ligaments, mainly the palmar secondary stabilizers 
(radioscaphocapitate ligament or scaphotrapezial ligament) or the dorsal secondary 
stabilizers (dorsal radiocarpal or dorsal intercarpal), are affected  [  63–  65,   71  ] . 

 If the ligamentous injury starts at the distal pole of the scaphoid and affects the 
STT ligamentous system, there is also a destabilizing of the scaphoid, what can lead 
to STT arthritis if no surgical repair is made  [  72  ] . This situation of distal scaphoidal 
ligamentous injury can be compared to the partial osseous resections which are used 
in scaphotrapezial arthritis  [  73  ] . The distal scaphoidal resection separates the sca-
phoid from the trapezium and the trapezoid. It engenders a DISI in half of the cases 
 [  74  ] , but the isolated trapeziectomy does not destabilize the wrist. The injury of the 
scaphotrapezial ligament only seems to have no impact on the scaphoid’s stability. It 
must be linked with a scaphotrapezoidal ligamentous injury or maybe a scaphocapi-
tate ligamentous injury to produce a scaphoidal destabilization by its distal pole. 

 The lunotriquetral instability is linked to an injury of the lunotriquetral ligament, 
the palmar radiolunotriquetral ligament and the dorsal radiocarpal ligament  [  7,   42  ] . 
It is often associated to an ulnocarpal hyper pressure or to an injury of the TFCC. 
There may be a responsibility of the injured triquetrocapitate and palmar scaphotri-
quetral ligaments, but this has not been studied yet. 

 A ligamentous injury is not necessarily unstable at once. If one of the restraints 
of the different compartments is affected, there is often merely an occult ligamen-
tous laxity, which can only be seen by arthroscopy. However, the repetition of 
 movements in a wrist where there is such a laxity can engender a real instability by 

  Fig. 11    Opening variation of the angle of the dorsal ligamentous V       
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the fatigability of previously sane restraints. Berger asserted that carpal destabili-
zation is linked to the number of cycles of movements imposed to the wrist. This 
assertion is checked for the scapholunar compartment  [  63–  65  ]  and for the lunotri-
quetral compartment  [  42  ] .  

    3.2   Tendons 

 The peripheral tendons come stabilizing the wrist with the carpal ligaments. The 
carpal motors muscles and tendons are the  fl exor carpi radialis and the  fl exor carpi 
ulnaris, the extensor carpi radialis brevis and longus and the extensor carpi ulnaris. 
Their direction is mostly axial (Fig.  12 ). This layout makes them play a role in the 
cohesion of the carpal bones. Intracarpal pressures are mainly due to the traction 
impressed on the hand by the motor tendons. The traction strengths stiffen the ten-
dons which become like the bars of a cage around the carpal bones  [  51  ] .  

 Schematically, there are four muscular groups, often contracting two by two, 
surrounding the wrist  [  75  ] . The action of the palmaris longus is insigni fi cant. The 
radial and ulnar  fl exors and extensors act two by two and simultaneously, in the 
elementary movements of the carpus. For instance, the neutral extension of the 
wrist is the result of the simultaneous contraction of the radial and ulnar carpal 
extensors (Table  1 ). The dart thrower’s motion (DTM) is produced by the alterna-
tive contraction of  fl exor carpi ulnaris and the extensor carpi radialis longus and 
brevis  [  76  ] .          

  Fig. 12    Motor tendons of the carpus.  19  Flexor carpi radialis,  20  Flexor carpi ulnaris,  21  Extensor 
carpi radialis longus,  22  Extensor carpi radialis brevis,  23  Extensor carpi ulnaris       
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 This tension applied to the tendons makes them become rigid. They are variable 
brakes of carpal dislocation according to their tension degree. The motors of the 
 fi ngers have a distinguished action from the motors of the wrist. The extension of 
the carpus increases the ef fi ciency of the  fi ngers  fl exors  [  59  ] . When the wrist moves, 
the agonist groups are tense and the antagonist groups are lax. This imbalance of 
tension of the different groups produces the hand mobilization. On the contrary, in 
the powerful grasp, the osseous cohesion is possible thanks to the tension of the 
 fi nger  fl exors and the wrist extensors. This leads to the tendinous caging of the car-
pal bones in association with the ligaments to maintain carpal coherence  [  51  ] . 

 The  fl exor carpi radialis stabilizes the scaphoid distal pole. The  fi bres of its sheath 
are closely combined to those of the scaphotrapezial capsule  [  77  ] . Its role is impor-
tant since 40–70 % of the tension created by this tendon enables the stabilization of 
the scaphoid and prevents its collapse by  fl exion  [  52  ] . At the back of the wrist, the 
extensors carpi radialis longus and brevis stabilize the proximal pole  [  52,   67  ] . When 
the scapholunar ligament is injured, the course of these three tendons, which are 
necessary to move the hand, is lengthened and requires to develop more strength 
 [  67  ] . Chronicle STT instability can rupture the  fl exor carpi radialis  [  78,   79  ] .   

    4   Absorption and Transmission of Axial Pressures 

 The pressures going through the carpus originate in the muscular contraction and in the 
tendinous tension of the motors of the hand. This results in an axial compression which 
tends to dislocate the carpus. The tenoligamentous system creates cohesion which limits 
collapse. Axial pressures are normally transmitted to the forearm without carpal exhaus-
tion that give the motor muscles a stable support to move the hand. These pressures are 
not spread at random. In the neutral position of the wrist, pressure in the radioscaphoid 
fossa is superior to pressure recorded at the radiolunate or ulnotriquetral spaces  [  53  ] . 
Radioscaphoid pressure represents 45–55 % of total pressure, radiolunar pressure from 
30 to 40 % and pressure under TFCC from 9.7 to 22 %. The radius thus receives from 
80 to 90.3 % of the total pressure distributed through the carpus  [  52,   54–  57  ] . 

Extension

ECU ECRL, ECRB

Ulnar Tilt
DTM Radial Tilt

FCU FCR

Flexion

 Table 1    Combined    action of the carpal motor muscular groups  

  ECU  extensor carpi ulnaris,  ECRL  extensor carpi radialis longus,  ECRB  extensor carpi radialis bre-
vis,  FCU   fl exor carpi ulnaris,  FCR   fl exor carpi radialis,  DTM  dart thrower’s motion. In this motion, 
the ECR and FCU tendons do not have a combined but an alternative action ( dotted arrow ) 
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 In the mediocarpal space, the scaphoid receives from 28 to 30.7 % of the total 
pressure through STT and from 26 to 32 % through the scaphocapitate space. The 
lunate receives from 26 to 29 % of the pressure through the capitate, and the tri-
quetrum receives from 10.5 to 17 % of the total pressure which is transmitted by the 
hamate  [  56,   57  ]  (Fig.  13 ). According to Schuind, intracarpal pressure is concen-
trated towards the scaphoid when it is transmitted from the mediocarpal to the 
radiocarpal spaces  [  56  ] . During the contraction of the motors of the hand, tendinous 
tension and consequently carpal caging increase as laxity decreases. The carpus is 
in a maximal position of interlocking  [  51  ] . Pressure in the different columns of the 
carpus may vary during motion. It is redistributed towards the scaphoid in radial tilt 
of the wrist but towards the lunate in ulnar tilt or during a grasp movement  [  50,   55, 
  57  ] . These physiological variations of pressure in the carpus can undergo a post-
traumatic evolution. After a scapholunar dissociation, there is a decrease of pressure 
in the  scaphoid fossa of the radius and an increase of pressure in the radiolunar and 
lunocapital joints  [  50,   58  ] . Consequently, the lunate becomes overworked. The sca-
phoid does not take its responsibility as it is unbolt and escapes from pressure by 
 fl exion instead of transmitting it. But when  fl exion is too important, its proximal 
pole bumps into the dorsal margin of the radius and engenders a dorsal radiosca-
phoid hyperpressure. The apparition of carpal arthritis comes as a consequence of 
this phenomenon  [  58  ] .   

    5   Balance of the Carpal Proximal Row 

 The movements of the proximal row, which automatically associate  fl exion and 
radial tilt and extension and ulnar tilt, prove the carpal proximal row is in constant 
balance. The compaction strengths on the radial column of the carpus  fl ex the sca-
phoid that drives the proximal row to follow scaphoid in  fl exion. The compaction 

  Fig. 13    Distribution of the pressures 
through the carpus       
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strengths on the ulnar column of the wrist extend the triquetrum which drives the 
proximal row in the same direction  [  40  ] . 

 During the grasp, the compaction strengths of the carpus are global. The radial 
strengths which  fl ex the proximal row are counterbalanced by the ulnar strengths 
which extend the proximal row. The carpal proximal row is thus in a state of balance 
under pressure (Fig.  14 ). At that stage, the injury of one of the intrinsic ligaments 
can make the lunate go out from its axis, with DISI (Fig.  15 ) or VISI (Fig.  16 ).     

  Fig. 14    Carpal proximal row in 
equilibrium. Scaphoid  fl exion 
counterbalances triquetrum extension       

  Fig. 15    DISI with scapholunar ligament 
rupture. The scaphoid  fl exes ( green axis ) and 
the lunate ( red axis ) and triquetrum extend       
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    6   Particular Factors of Vulnerability 
of the Scapholunar Ligament 

 The scapholunar instability is the most frequent of the post-traumatic carpal insta-
bilities  [  43  ] . This raises the question of the factors which facilitate this frequent 
injury. 

    6.1   The Junction of the Mobility Main Lines 

 The scapholunar space is the seat of the maximal constraints of movements when 
the wrist drives from  fl exion to extension. This is where the main lines of intracarpal 
mobility cross (Fig.  4 ). The differential  fl exion/extension value is about 30° between 
scaphoid and lunate, absorbed by torsion of the ligament  [  40  ] .  

    6.2   The Capitate’s Transmitted Pressure 

 The head of the capitate is just facing the scapholunar ligament in the neutral posi-
tion and in the ulnar tilt of the carpus. In case of axial load, the head tends to dissoci-
ate the scapholunar space as a quoin  [  80  ] . This becomes obvious in case of 
scapholunate collapse with the shortening of the carpal height. The head of the capi-
tate is usually locked in the scapholunar space.  

  Fig. 16    VISI with lunotriquetral rupture. 
The scaphoid and lunate ( red axis )  fl ex and 
the triquetrum extends ( pink axis )       
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    6.3   Concentration and Reverse Absorption of Pressures 

 The lunate is in equilibrium when it is under pressure ( see above :  balance of the 
proximal row ). It remains in a neutral position as it absorbs the  fl exion constraints 
transmitted by the scaphoid and the extension constraints transmitted by the tri-
quetrum. Since most of the axial loads are directed towards the radius via the sca-
phoid, the loads which  fl ex the scaphoid are stronger than the loads of the ulnar 
column which extend the triquetrum. This should result in an imbalance in  fl exion 
of the whole carpal proximal row. But the lunate often has a dorsal horn which is 
thinner than the palmar horn  [  81  ] . The axial pressure transmitted by the capitate 
thus helps the triquetrum to extend the lunate. The triquetrolunate ligament is not 
the only piece that maintains the lunate in equilibrium. This ligament is thus less 
affected than the scapholunar ligament in overload injuries.   

    7   Conclusion 

 Because the scapholunar ligament is exposed to axial constraints of mobility and 
loads, it represents a weak point of the proximal row. But it is protected by quite a 
complete system of extrinsic ligaments which contribute to unify the wrist. There 
are a palmar ligamentous plane, a dorsal ligamentous plane and a distal scaphoidal 
ligamentous complex. The different tendons around the wrist can also have a cohe-
sion effect of the carpus. A ligamentous injury is less likely to happen if the sca-
pholunar ligament is unaffected. In that case, the lunotriquetral ligament is most 
likely injured. Seldom the extrinsic ligaments can be the only one to be affected, 
astride on the radiocarpal or the mediocarpal spaces. Once all the biomechanical 
aspects are put together, it is possible to understand the different mechanisms of the 
carpal collapse, which result from the application of the mechanical loads to the 
carpus, badly absorbed or badly redirected, by bones badly locked when they should 
sustain load. The different ligament injuries explain the varieties of carpal instabili-
ties. Consequently, clinical, paraclinical and arthroscopic exams have to explore 
those different ligamentous restraints for the best. This aims to enable a ligamentous 
repair as physiological as possible.      
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          1   Introduction 

 The wrist was considered to be a single bone up until 1860; over a century and a half 
with the progress of imaging techniques, it has currently become by far the most 
complex articulation of the human skeleton. 

 Imaging is necessary to establish the diagnosis of posttraumatic lesions as well 
as the choice of their treatment but needs to be guided by a meticulous clinical 
examination. This clinical examination dictates the choice of complementary inves-
tigations as well as which questions these investigations should answer.  

    2   Conditions of the Examination 

 Patient and examiner comfort are essential. They should be sitting facing each other 
separated by an examination table the height of a desk (about 1 m) and a width not 
exceeding 60 cm; if too wide, it would force the examiner to lean forwards; too nar-
row would be insuf fi cient to allow the patient to extend the forearm while relaxing 
both the elbow and the hand simultaneously. 

 The patient should be sitting at the right height with both forearms bare till above 
the elbow to allow examination of the contralateral wrist (Fig.  1 ).   
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    3   History Taking 

 This is the  fi rst part of the examination and is essential to orient the diagnosis. Age 
of the patient must be noted, the affected and dominant sides, his/her work and hob-
bies (sports, music, gardening, etc.). General history of the patient is  fi rst noted and 
then any symptoms present before the actual presenting symptoms (reason for con-
sultation) followed by the date and circumstances of the trauma and the conse-
quences. When the examination is conducted much later than the initial trauma, the 
examiner must strive to determine the main complaint of the patient. 

    3.1   General History 

 General history is taken including pathology that can affect treatment results, e.g. 
diabetes and tobacco.  

    3.2   Local History 

 Any ipsilateral upper limb pathology must be noted and considered; this can modify 
therapeutic indications.  

  Fig. 1    Examination setup with the examiner and patient facing each other across a table of appro-
priate height and width       
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    3.3   Circumstances of the Injury 

 It is important to identify the circumstances of the trauma (fall from height while 
walking, skiing, car accident…) and specify if it is a low- or high-energy injury and 
if it is a domestic, sports or work accident and try to describe the mechanism of 
trauma as precisely as possible: direct or indirect, in forced extension or  fl exion, 
with impact on radial, ulnar or median nerves. 

 Hyperextension injuries, for example, orient towards a diagnosis of scapholunate 
lesion if the impact is to the thenar eminence and towards a TFCC lesion if it is 
directed to the hypothenar side, as do injuries in forced rotation ‘reverse drill’. 

 The date of the accident sometimes becomes dif fi cult to determine when it goes 
back weeks, months or even years before presentation but is directly relevant to the 
choice of treatment.   

    4   Pain 

 This is the most important symptom and several points are important to clarify dur-
ing examination. 

    4.1   Site 

 It is crucial to get the patient to pinpoint the pain even if it is rarely excruciating in 
wrist ligament injuries. 

 The patient often just points to the whole wrist declaring ‘my wrist is painful’. 
 The examiner should get the patient to specify whether pain is palmar or dorsal 

or in the inside of the wrist and then further localize it to the radial, ulnar or middle 
of the wrist. 

 It is useful to get the patient to use a  fi nger to actually point out the point of maxi-
mal pain intensity. This simple gesture is very useful to guide the rest of the clinical 
examination.  

    4.2   Circumstances of Onset 

 Is the pain permanent, upon intense effort or on certain movements? It may be trig-
gered by simple  fl exion/extension or by more complex movements such as exten-
sion with ulnar inclination or with certain actions such as pressure on the hand to lift 
oneself out of a chair, open a jar or hold a cooking pan. All these elements speci fi ed 
during the examination will help localize the site of pain and its repercussions on 
the use of the wrist.  
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    4.3   Pain Intensity 

 This may be evaluated by the visual analogue scale that gives a numerical measure-
ment reproducible for a series of examinations.  

    4.4   Functional Disability 

 It is important that the patient himself speci fi es the disabling effect of pain on the 
wrist, both on daily activities – such as opening a door, a jam jar or carrying a bottle 
of water – as well as professional ones. Validated and accepted questionnaires may be 
used. A comprehensive list of all the questionnaires is beyond the scope of this book, 
but the two most used globally are the DASH (disability of the arm, shoulder and 
hand) (Fig.  2 ) developed in 1994 by representatives of the Institute for Work and Health 
(IWH) and the American Academy of Orthopaedic Surgeons (AAOS) and translated 
from American to French by Dubert et al.  [  2  ]  and the PRWE (patient-rated wrist eval-
uation) score developed by MacDermid in 1998 (Fig.  3 )  [  3  ] . Besides being  fi lled out 
by the patient far from surgeon’ s in fl uence, these are reproducible from one patient to 
another as well as for the same patient from one consultation to the next.     

    5   Sounds and Abnormal Phenomena 

    5.1   Benign Clicks 

 These are totally painless and fully reproducible at will without apprehension or 
discomfort. They are pneumatic such as generated upon forced  fl exion ‘cracking’ 
the metacarpophalangeal or proximal phalangeal joints.  

    5.2   Triggering 

 This is palpable, audible and sometimes visible. It can be benign in hyperlax wrists, 
but is most frequently pathological, with pain and sometimes apprehension. In this 
case it indicates scapholunate, lunotriquetral or midcarpal instability. The examina-
tion will attempt to then trace its origin.  

    5.3   Pathological Clicking 

 These are painful without obvious triggering and are provoked by speci fi c move-
ments. Ulnar clicking may denote underlying TFCC rupture.  
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  Fig. 2    DASH score (disability of arm, shoulder and hand)  [  2  ]              
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Fig. 2 (continued)
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Fig. 2 (continued)
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Fig. 2 (continued)
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    5.4   Other Presentations 

 These are usually associated with primary complaints discussed previously, and the 
examiner needs to help the patient accurately describe them. A frequent  presentation 
is stiffness usually in  fl exion-extension or pronosupination and rarely in radial or 
ulnar inclination. Another is decreased force – usually secondary to pain.  

PATIENT-RATED WRIST EVALUATION

Name Date

The questions below will help or understand how much difficulty you have had with your wrist in the past week. You will be describ-
ing your average wrist symptoms over the past week on a scale of 0 to 10. Please provide an answer for ALL questions. If you
did not perform an activity, please ESTIMATE the pain or difficulty you would expect. If you have never performed an activity,
you may leave it blank.

I.  PAIN

Rate the average amount of pain in your wrist over the past week by circling the number that best describes your pain on a scale
from 0 to 10, A zero (0) means that you did not have any pain and a ten (10) means that you had the worst pain you have ever
experienced or that you could not do the activity because of pain.

Rate the amount of difficulty you experienced performing each of the items listed below, over the past week, by circling the
number that describes your difficulty on a scale of 0 to 10. A zero (0) means you did not experience any difficulty and a ten (10)
means it was so difficult you were unable to do it at all.

Rate the amount of difficulty you experienced performing your usual activities on each of the areas listed below over the past
week, by circling the number that best describes your difficulty on a scale of 0 to 10. By “usual activities,” we mean the activities
you performed before you started having a problem with your wrist. A zero (0) means that you did not experience any difficulty
and a ten (10) means it was so difficult you were unable to do any of your usual activities.

Sample scale:

Sample scale:

0 1 2 3 4 5 6 7 8 9 10

0 1 2 3 4 5 6 7 8 9 10

0 1 2 3 4 5 6 7 8 9 10

0 1 2 3 4 5 6 7 8 9 10
0 1 2 3 4 5 6 7 8 9 10
0 1 2 3 4 5 6 7 8 9 10
0 1 2 3 4 5 6 7 8 9 10
0 1 2 3 4 5 6 7 8 9 10
0 1 2 3 4 5 6 7 8 9 10

0 1 2 3 4 5 6 7 8 9 10
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When doing a task with a repeated
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When it is at its worst

How often do you have pain?

Cut meat using a knife with my affected hand
Fasten buttons on my shirt
Use my affected hand to push up from a chair

Turn a door knob using my affected hand

Carry a 10-pound object in my affected hand
Use bathroom tissue with my affected hand

Personal care activities (dressing, washing)
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Household work (cleaning, maintenance)

wrist movement

  Fig. 3    PRWE score (patient-rated wrist evaluation) developed by MacDermid et al.  [  3  ]        
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    5.5   Inspection 

 This is usually normal in chronic or subacute (more than 6 weeks) ligament injuries. 
A dorsal subluxation of the ulnar head may sometimes indicate distal radioulnar 
dislocation. In recent injuries, diffuse oedema is usual and adds little to the 
examination.   

    6   Clinical Measurements 

    6.1   Mobility 

 Active and passive mobility is compared to the contralateral side. 
 Flexion-extension: 
 The patient sits facing the examiner with the elbow on the table, the forearm 

vertical. The goniometer is placed on the dorsal aspect of the hand, wrist and fore-
arm in  fl exion and palmarly in extension (Fig.  4 ). Normal values are approximately 
80° and 70°, respectively  [  1  ] .   

    6.2   Pronosupination 

 It is measured with elbow to trunk,  fl exed at 90°, and forearm horizontal. It is more 
dif fi cult than  fl exion-extension and approximate measures should be avoided. 
A limb of the goniometer placed vertically in the axis of the arm and the other in the 
plane of the hand with the eye of the examiner at patient’s hand level gives more 
precise readings (Fig.  5 ). Normal values of pronation and supination are 70–85° and 
90°, respectively  [  1  ] .   

    6.3   Radial and Ulnar Inclination 

 The hand is in supination with the goniometer placed on the dorsum of the forearm, 
wrist and hand, one limb along the third  fi nger and the other in the axis of the mid-
forearm (Fig.  6 ). Ulnar inclination is usually up to 40°, while radially it rarely 
exceeds 20°.    
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a

b

  Fig. 4    Measurement of  fl exion ( a ) and extension ( b ) using the goniometer       
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a

b

  Fig. 5    Measurement of 
pronation ( a ) and supination 
( b ) using the goniometer       
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    7   Force 

    7.1   Grip Strength 

 Strength is measured using a dynamometer ‘grip strength’ (Fig.  7 ).  
 When a mechanical Jamar dynamometer is used, it should neither be too 

large nor too narrow and should be adjusted to the second spacing as shown by 
a study on 288 patients – 89 % of whom attained maximum force in this position 
 [  4  ] . The elbow is placed on the table, without resting the forearm, wrist or hand 
(Fig.  8 ).  

 Three measurements are taken for each side alternating rapidly between patho-
logical and contralateral sides to detect potential malingerers. The patient is asked 
to grip strongly, maximally and brie fl y. This attitude seems the most logical and 
widely accepted; however, Haider et al. – in a study on 100 healthy volunteers – 
showed that the maximum values noted in a single measurement and the average of 
three measurements showed the same variation (about ±8 kg) and showed no 

a

b

  Fig. 6    Measurement of radial ( a ) and ulnar ( b ) inclination using the goniometer       
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 statistically signi fi cant difference  [  5  ] . In 2008, Gunther et al. studied 769 adult 
Caucasians (403 men and 366 women) aged 20–95  [  6  ] . 

 The normal values obtained are shown in Table  1 . The authors noted a ratio of 
95 % between right and left sides and that grip strength increases till the age of 35 
when it slowly starts decreasing.  

 The force is directly correlated to several parameters such as the size of the hand 
or the girth of the forearm but is not signi fi cantly related to body mass index, work 
or dominant hand. Only one study, however, reports this conclusion, the others not-
ing a correlation between dominance and grip strength  [  8–  10  ] .  

  Fig. 7    Jamar dynamometer for grip strength measurement and pinch gauge dynamometer for 
pinch grip measurement       
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    7.2   Pinch Strength 

 The key pinch is measured using the pinch dynamometer held between thumb and index 
with the ulnar border of the hand, the wrist and forearm resting on the table (Fig.  5 ). The 
same recommendations for grip strength measurement apply (bilateral, rapid alterna-
tion, repetition). Normal values as reported by Günther et al.  [  10  ]  are shown in Table  1 .   

a

b

  Fig. 8    Positioning    for grip ( a ) and pinch ( b ) strength measurements       

   Table 1    Normal values of grip and pinch strength in kilograms according to Günther et al.  [  7,   10  ]    

 Man ( n  = 403)  Woman ( n  = 366) 

 Side  Right  Left  Right  Left 
 Grip strength (kg)  49  47  29  27 
 Pinch grip (kg)  10.4  9.7  6.6  6.1 
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    8   The Anatomic Landmarks of the Normal Wrist 

 Wrist examination requires thorough knowledge of the anatomy and the surface 
landmarks. A systematic approach is advised without precipitation to the problem 
area so as not to miss another clinically signi fi cant point. The tour of the wrist is 
made ending at the starting point. Ideally the examination ends with the problem 
point designated by the patient. The bony dorsal and palmar landmarks are identi fi ed 
during this examination. 

    8.1   The Dorsal Bony Landmarks (Fig.  9 )    

 From radial to palmar, the radial styloid can be easily palpated at the proximal wrist 
followed by the tubercle of Lister, the depression preceding the ulnar head corre-
sponding to the distal radioulnar interval, the ulnar head (projecting in pronation, 
less obvious in supination) and the ulnar styloid    (dorsal in pronation and ulnopalmar 

  Fig. 9    Dorsal bony landmarks of the wrist:
 1  snuff box and scaphoid,  2  radial styloid, 
 3  Lister’s tubercle,  4  scapho-lunate space, 
 5  capitate’s head,  6  distal radio-ulnar space, 
 7  ulnar head,  8  ulnar styloid,  9  ulnar snuff 
box and TFCC       
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in supination)  [  1  ] . Distally, the carpal bones can be palpated from radial to ulnar; the 
scaphoid body in the anatomical snuffbox while the proximal pole is made  prominent 
by  fl exion and ulnar inclination of the wrist, about 2 cm distal to the tubercle of 
Lister. Immediately ulnar, still in  fl exion, is the scapholunate interval/ligament. The 
lunotriquetral interval is more readily palpable in  fl exion with radial deviation. 
Between these two points slightly distally is the depression dubbed the ‘cruci fi xion 
fossa’, which corresponds to the head of the capitate. Finally, the medial border of 
the wrist is the ulnar snuffbox between  fl exor carpi ulnaris and extensor carpi ulnaris 
denoting the TFCC.  

    8.2   The Palmar Bony Landmarks (Fig.  10 )    

 It is important to carry out the examination in a circular and systematic manner  [  1  ]  
from the ulnar palmar border of the wrist.    The ulnar head is palpated, then the 
pisiform distal to the fl exion crease of the hypothenar eminence, and 1 cm distally 
and radially – the hamate and its hook. More radially, the anterior aspect of the 
radial styloid is palpated, more distally the tubercle of the scaphoid and the sca-
photrapezial joint and  fi nally the crest of trapezium at the base of the thenar emi-
nence, and the base of the fi rst metacarpal.   

  Fig. 10    Palmar bony landmarks of the wrist 
from ulnar to radial.  10  pisiform,  11  hook of 
hamate,  12  radial styloid,  13  scaphoid 
tubercle,  14  anterior crest of the trapezium 
and  15  fi rst metacarpal       
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    9   Palpation 

 According to Young et al.  [  11  ] , there are three principles for palpation of the painful 
wrist:

   The exact point of pain is the site of pathology.  • 
  If the exact point of pain is known, thus the anatomical structure is determined, • 
then the diagnosis is made.  
  The association of the positive and negative  fi ndings of the examination makes • 
up the diagnosis.    

 As in the history, the examination, palpation, positional tests and dynamic tests 
allow precise localization of the pain. Correlated with the anatomy, a clinical diag-
nosis can be reached – to be con fi rmed by investigations. 

 The painful points in search of ligament pathology are on the dorsal and ulnar 
aspects. 

 The lunotriquetral interval – 2 cm distal to the tubercle of Lister in the radiocar-
pal depression – is dif fi cult to palpate as it is situated at the ulnar border of the 4th 
extensor compartment (sometimes the 5th) and masked by the extensors. At the 
ulnar border of the wrist, pressure between the ulnar styloid and the triquetrum 
eliciting pain evokes a TFCC lesion  [  1,   11,   12  ]  (Fig.  11 ).   

  Fig. 11    Pressure on the ulnar styloid eliciting pain and denoting TFCC lesion       
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    10   Positional Tests 

 The examiner places the patient’s wrist in the speci fi c position triggering the pain 
and maintains it (pain, deformity). 

 Distal radioulnar instability can be evidenced by a pathognomonic dimple sign 
 [  1,   11,   12  ] , where a depression immediately distal to the head of the ulna is observed 
on pressure by the examiner’s thumb on the neck of the ulna (Fig.  12a ) or spontane-
ously (Fig.  12b ).  

 A TFCC lesion is suspected if pain is elicited by grinding this ligament between 
the carpal side of the ulnar head and the triquetrum. The examiner places the patient’s 
wrist in pronation and slight extension and applies a forced ulnar inclination (Fig.  13 ). 
It is also possible to intensify the test by applying small pronation-supination move-
ments in this position to elicit what Linscheid termed the ‘grinding sign’  [  12  ] .   

a

b

  Fig. 12    The dimple sign is pathognomonic of distal radioulnar instability where the depression 
may be provoked by the examiner pressing on the ulnar neck ( a ) or spontaneously ( b ) (Photo by E. 
Camus)       
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    11   Dynamic Tests 

 They differ from positional tests in that it is the movement from one position to 
another rather than maintaining a certain  fi xed position that triggers the pain thus 
giving a positive test. From proximal to distal, the following tests are used: 

    11.1   Dynamic Test of Distal Radioulnar Instability 

    11.1.1   Distal Radioulnar Ballottement (Fig.  14 )    

    The forearm vertical as for scapholunate and lunotriquetral tests, the examiner sta-
bilizes the radius between thumb and index and uses the other hand to move the 
ulnar head from palmar to dorsal direction in search of dorsal instability (more 
 common) or from back to front for anterior instability (rarer). 

 A positive result denotes complete rupture of the stabilizing elements of the dis-
tal radioulnar joint especially the TFCC or the ECU sheath.   

  Fig. 13    A TFCC lesion is suspected if pain on the ulnar border of the wrist is elicited by grinding 
this ligament between the carpal side of the ulnar head and the triquetrum       

 



59Clinical Examination of Wrist Ligaments

a

b

  Fig. 14    Distal radioulnar ballottement detecting instability; it should be done in supination ( a ) and 
in pronation ( b )       
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    11.2   The Dynamic Test of Radiocarpal Instability: Forced 
Flexion of the First Carpal Row (Fig.  15 )    

 The examiner holds the distal forearm with one hand and carpus between thumb and 
index of the other hand applying 10° of ulnar inclination. Simultaneous progressive 
radial inclination is then applied with posterior drawer. A triggering is then pro-
duced which may be physiologic and painless in hyperlax wrists but must be con-
sidered pathologic if painful  [  1  ] .  

    11.3   Dynamic Tests of the Scapholunate Ligament SLL 

    11.3.1   Scaphoid Shift Test of Watson (Fig.  16 )    

 Described in the mid-1980s by Watson et al.  [  13,   14  ] , the scaphoid shift test is 
done by provoking dorsal dislocation of the scaphoid. The examiner places the 
thumb on the tubercle of the scaphoid and index on its posterior aspect and presses 
forcibly with the thumb. The wrist is placed in ulnar inclination and the scaphoid 
is thus maintained vertical (in extension). Bringing the wrist gently to radial incli-
nation, the pressure exerted on the scaphoid prevents it from  fl exing and puts ten-
sion on the SLL. If the SLL is ruptured (even without visible radiological diastasis 
on static or dynamic views), this manoeuvre triggers acutely painful clicking. It is 
worthy of note that a non-pathological click may exist in young or hyperlax 
wrists. 

  Fig. 15    The test for radiocarpal instability. From ulnar inclination, the examiner combines move-
ment towards radial inclination and a posterior drawer – a painful click/triggering is a sign of 
instability       
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 In the years that followed the description of this test by Kirk Watson, many stud-
ies evaluated its reliability  [  15–  19  ] , especially radiologically. Most of these studies 
advocated doing this test under radiological control showing non-pathological click-
ing in 14–36 % of patients with consensus that pain is necessary and suf fi cient to 
declare a positive test. This accentuates the necessity of bilateral comparative exam-
inations especially if a click is found. In partial rupture especially with an intact 

a

b

  Fig. 16    Watson shift test. The thumb maintains pressure on the scaphoid tubercle. The passage 
from ulnar ( a ) to radial ( b ) inclination triggers pain       

 



62 C. Rizzo et al.

posterior part (mechanically more competent), the test may produce pain without 
clicking which is still a positive test indicating SLL lesion. 

 In 1995, La Stayo et al.  [  20  ] , compared clinical and arthroscopic  fi ndings in 50 
painful wrists showing a 69 % sensitivity and 46 % speci fi city for the test, 48 %pos-
itive predictive value (PPV) and 78 % negative predictive value (NPV). Two years 
after, another methodologically identical study on 37 patients showed better values, 
91 % sensitivity, 77 % speci fi city and 62 % PPV  [  21  ] . Both conclude that this test 
(as the scapholunate test described previously) is important for the examiner to 
determine the necessity for further investigations. 

 In our daily practice, this test is performed at the end of the clinical examination 
because if positive, it triggers intense pain as well a signi fi cant click disagreeable to 
the patient making him/her more apprehensive for the rest of the examination.  

    11.3.2   The Scaphoid Lift Test of Dobyns (Fig.  17 )    

 The scaphoid lift test or the scapholunate ballottement test is a variant of the Watson 
test also indicating SLL lesion  [  11  ] . The patient places the elbow on the table, the 
forearm vertical and the hand and wrist in complete supination. The examiner seizes 
the scaphoid between thumb and index and the lunate in the other hand. A scissor-
ing movement is applied between the two bones from front to back in relation to the 
wrist axis and high to low in relation to the table axis – hence the name ‘lift’. This 
movement is repeated  fi xing one bone and moving the other. A certain amount of 
mobility can be found in the scapholunate joint, and only a painful test is a positive 
one even without signi fi cant hypermobility. The test may be done with a horizontal 
forearm in pronation. The same study previously cited for the Watson test states that 
the sensitivity of this test is 64 % with 44 % speci fi city, a PPV of 24 % and NPV of 
81 %  [  20  ] .  

    11.3.3   The Scaphoid Thrust Test of Lane 

 In 1993, Lane described a modi fi cation of Watson’s test which he compared to the 
anteroposterior drawer test of the knee  [  22  ]  – the scaphoid thrust test. The examiner 
holds the scaphoid between index and thumb but without applying pressure. 

 To avoid re fl ex muscular contractions and defensive tensioning, slow small 
 fl exion-extension and radioulnar inclination movements are applied. At an instant 
of neutral wrist position, a sudden strong pressure on the thumb ray onto the tuber-
cle of the scaphoid from front to back is then applied in an attempt to dislocate the 
scaphoid posteriorly. According to the author, this test can detect moderate even 
minimal instability by controlling the amplitude of thrusting. This is not possible in 
the Watson test, which provokes a sudden brutal uncontrollable click. We have 
found only two publications  [  11,   19  ]  mentioning this test with no radiological or 
arthroscopic evaluation having been conducted.   
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    11.4   Dynamic Lunotriquetral Ligament Test (LTL): Reagan’s 
Test (Fig.  18 )    

 Described in 1984, this is a test of lunotriquetral ballottement as for scapholunate bal-
lottement, seizing the lunate between two  fi ngers and the triquetrum in the other hand. 
As before, it is the pain and not the mobility that concludes a positive test  [  23  ] .  

    11.5   Dynamic Capitolunate Instability Test (Fig.  19 )    

 Ballottement between capitate and lunate is provoked as previously. In neutral wrist 
position, the lunatum is hidden in the concavity of the radius articular surface and cannot 
be seized between two  fi ngers. The forearm is therefore laid horizontal in pronation, and 
the examiner holds the distal forearm with one hand, the capitate with the other and 

  Fig. 17    Scapholunate 
ballottement test of Dobyns       
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attempts ballottement as previously described. Pain indicates a positive test and suspi-
cion of radiocarpal instability due to an anterior radioscaphocapitate lesion  [  1  ] .  

    11.6   Dynamic Midcarpal Instability Test: The Forced Extension 
Manoeuvre (Fig.  20 )    

 Resembling the forced  fl exion manoeuvre, but starting from neutral position to 
attain 20° ulnar inclination, a block is reached that ‘gives way’ suddenly with a 
painful click and sensation of posterior translation of the carpus. This phenomenon 
corresponds to the passage of the  fi rst carpal row from palmar  fl exion in neutral 
position to dorsal  fl exion in ulnar inclination  [  1  ] .       

  Fig. 18    Lunotriquetral 
ballottement test of Reagan       
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 Ligaments of the wrist play a fundamental role in the stability of the carpus. Poirier 
and Charpy  [  1  ]  and Testut  [  2  ]   fi rst described this relationship. The works of May fi eld 
et al.  [  3  ]  and Taleisnik  [  4  ]  constitute the basis of the current description. More 
recently, Berger  [  5  ]  has contributed some modi fi cations to this classi fi cation. 
Classically, we differentiate between intra-articular or interosseous ligaments and 
capsular ligaments. The latter group is further classi fi ed into intrinsic ligaments, 
which originate and insert into carpal bones, and extrinsic ligaments, which attach 
carpal bones to bones of the forearm or the hand  [  6  ] . 

    1   Classi fi cation of Instability 

 The classi fi cation of carpal instability is complex and variable according to the 
authors. Larsen proposes an analysis of carpal instability according to six criteria: 
the duration of evolution, permanent radiographic signs, aetiology, topography, 
direction and mechanism  [  7  ] .
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   Duration: acute being less than 1 week, subacute 1–6 weeks or chronic over • 
6 weeks. This in fl uences healing of lesions.  
  The permanence of the instability is correlated to the severity of the ligamentous • 
lesion.  Static  instability is permanent and visible on static x-rays, whereas 
 dynamic  instability is only detected on certain movement patterns and is demon-
strated only on dynamic radiography (under  fl uoroscopy).  Predynamic  instabil-
ity is a subtle anomaly nonapparent on radiography.  
  Aetiology is mostly traumatic but may also be congenital or rheumatoid.  • 
  The topography may concern the radiocarpal joint, the proximal row, the midcar-• 
pal joint, the distal row or the carpometacarpal joint.  
  Directions are variable. Dorsal instability or ‘dorsal intercalated segment insta-• 
bility – DISI’ is the most common. The lunate is tilted into dorsal  fl exion and 
translated anteriorly. The ulnar translation and dorsal subluxation correspond to 
the sliding of the carpus on the radial slope, medially and posteriorly. We distin-
guish between type I ulnar translation when the carpus is shifted interiorly and 
type II when the scaphoid remains in place due to a scapholunate diastasis  [  6  ] .  
  There are several mechanisms. In ‘dissociative carpal instability – DCI’, there is • 
an imbalance between bones of the same row. The main causes are scaphoid 
fracture, scapholunate or lunotriquetral ligament rupture  [  8 ,  9  ] . In ‘nondissocia-
tive carpal instability – NDCI’, the instability is radiocarpal (between radius and 
 fi rst carpal row) or midcarpal (between  fi rst and second carpal rows). In ‘com-
plex carpal instability’, elements of both types DCI and NDCI are present. 
‘Adaptative carpal instability – ACI’ is a defect of alignment following an extrin-
sic anomaly often an epiphyseal nonunion of the radius  [  10  ] .     

    2   Mechanisms of Intracarpal Ligament Lesions 

    2.1   Lesions of the Ligaments of the Radial Side of the Wrist 

 The mechanism of these traumatic wrist lesions is stereotyped, almost always a fall 
on the outstretched hand. When the arm is abducted, impact on the thenar eminence 
induces extension, ulnar deviation and intracarpal supination of the wrist. These 
displacements are particularly deleterious to the radial ligaments of the wrist.  

    2.2   Progressive Perilunate Instability 

 According to May fi eld, this mechanism is the origin of the perilunate instability 
classi fi cation, which is progressive in gravity in function of the energy of the trauma 
and the number of ligaments ruptured  [  11  ] . Pure ligamentous lesions follow the lesser 
arc of Johnson,  fi rst involving the scapholunate junction (scapholunate ligament rup-
ture, stage 1), then the capitolunate junction (rupture of radioscaphocapitate ligament, 
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stage 2), lunotriquetral (stage 3) and radiolunate (rupture of the dorsal radiocarpal 
ligament, stage 4), leading to the palmar tilt of the lunate  [  12  ] . As the energy increases 
further, lesions progressively involve carpal bones along the greater arc of Johnson, 
giving the classi fi cation table for fracture palmar subluxations of the lunate  [  13  ] .  

    2.3   Progressive Scaphoid Instability 

 Watson described the evolution of scapholunate lesions  [  14,   15  ] . Stage 1 is a dorsal 
carpal syndrome – synovitis of the scapholunate interval with moderate ligament 
injury. Pain is primarily on activity (especially with racquet sports) and its persis-
tence at rest is a sign of aggravation. There is tenderness on the dorsal scapholunate 
interval and  fi nger extension test is positive.  

    2.4   Rotatory Scaphoid Subluxation (RSS) 

 This involves more severe ligament injuries causing dorsal displacement with rota-
tion of the proximal pole. The abnormal forces on the radioscaphoid joint cause 
‘scapholunate advanced collapse SLAC’ wrist  [  16  ] . There are symptoms of at least 
6 months’ duration with pain at rest and limitation of range of motion, especially 
 fl exion. Tenderness over the scaphoid or on Watson’s test is elicited on examination. 
Watson described  fi ve types of RSS.    Predynamic RSS (type 1) involves clinical 
instability with no radiographic abnormality. 

 Dynamic RSS (type 2): Radiographic abnormality only on stress views: sca-
phoid shortening with ring sign, superposition of the scaphoid and capitate. 

 Static RSS (type 3): More severe clinical abnormality and radiographic abnor-
malities in neutral position: scapholunate gap, increased scapholunate angle with or 
without DISI. This can be reducible or non-reducible. 

 Degenerative stage (type 4) or ‘SLAC’ wrist develops after prolonged evolution. 
X-rays show radioscaphoid followed by capitolunate arthritis. 

 The last type of RSS (type 5) is  secondary  to other carpal lesions such as primary 
necrosis of the lunate (Kienbock’s disease) or the scaphoid (Preiser’s). When it 
complicates scaphoid nonunion, it is known as ‘scaphoid nonunion advanced col-
lapse – SNAC’ wrist.   

    3   Ulnar-Sided Lesions 

 Lunotriquetral ligament rupture is encountered in two cases. The  fi rst is radial-sided 
wrist injury as in May fi eld stage 3 where it passes to the next level. Isolated lunotri-
quetral ligament rupture can occur in ulnar-sided wrist trauma where the mecha-
nism of injury is similar but with arm adduction causing ulnar impact. Trauma to the 
hypothenar eminence causes extension, radial inclination and intracarpal pronation. 
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With respect to the May fi eld theory, Viegas et al. described the reversed perilunate 
instability  [  17  ] . Lunotriquetral ligament rupture presents clinically with ulnar-sided 
wrist pain which is exacerbated by compression tests and lunotriquetral ballotte-
ment. X-rays show lunotriquetral diastasis and lunate tilt in VISI.  

    4   Standard Radiography 

 Four views are required in any wrist trauma: posteroanterior, lateral, oblique and 
scaphoid views  [  18  ] . Posteroanterior palm down and lateral views are suf fi cient to 
show the essential wrist landmarks for assessment of instability. Success criteria for 
the PA view are (Fig.  1 ): 

    1.    A continuity between the medial cortex of the ulna and the ulnar styloid  
    2.    ECU gutter in the middle of the fossa  [  19  ]      

 For the lateral view, the criteria are (Fig.  2 ): 

    1.    Superposition of the radius and ulna  
    2.    Pisiform projects between the anterior cortex of the capitate posteriorly and the 

distal pole of the scaphoid anteriorly  [  20  ]      

 On these views, we can note:

   Carpal arches described by Gilula to assess the alignment of the two carpal rows. • 
The  fi rst arch is formed by the superior convex border of the scaphoid, lunate and 
triquetrum and the second by their concave borders. The third arch is formed by 
the proximal borders of the capitate and hamate  [  21  ] . These arches delineate 
harmonious curves in neutral position. In radial or ulnar deviation, we can 
observe physiological abutment  [  22  ] .  

a b

3
2

  Fig. 1    PA    view in neutral position. ( a ) Without marking, ( b ) with marking. Harmonious three 
Gilula arches, ulnar styloid in the extension of the medial ulnar cortex ( arrow head ), extensor carpi 
ulnaris groove in relation to fossa ( white arrow ) suppress  2  and  3        
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  The regularity of these lines (on PA).  • 
  All lines do not normally exceed 3 mm thickness. The opposing articular surfaces • 
are parallel, and in the absence of  fl exion, any overriding indicates the presence of 
a fracture or subluxation. The scapholunate space must be carefully scrutinized. 
In fact, in the axial plane, this interval is parallel in only 80 % and divergent with 
respect to the anterior and posterior horns of the lunate in 15 % of cases  [  23  ] . 
Thus, the measure of this space must be taken at the middle. Scapholunate diasta-
sis is considered if the interval exceeds 3 mm. This may be physiologic in lunotri-
quetral synostosis or inherent laxity (bilateral comparative x-rays are 
recommended), or pathologic in association to ligament rupture (Fig.  3 )  [  24 ,  25  ] .   
  Carpal angles (lateral view). • 
 The lunate axis is de fi ned by the line perpendicular to the tangent connecting • 
the two horns of the lunate. The scaphoid axis passes through the centre of the 
tubercle, waist and base of the scaphoid. The axes of the radius and the capitate 
are calculated by dropping a perpendicular to the line connecting the two equi-
distant points on the anterior and posterior borders of these two bones. The 
normal scapholunate angle is between 30° and 70° with a mean value of 55°. It 
increases in extension instability (DISI) and decreases in  fl exion instability 
(VISI). The radiolunate and capitolunate angles range between −15° and +15°. 
They increase in DISI or VISI (Fig   .  4 ). The theoretical collinearity of the axes 
of the radius, lunate, capitate and third metacarpal is actually rarely seen (only 
11 % normal subjects).     

a b
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β
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1

  Fig. 2    Lateral view in neutral position. ( a ) Without marking, ( b ) with marking: Superposition 
of the radius and ulna. Pisiform between scaphoid tubercle and anterior facet of capitate ( arrow ). 
Lunate axis ( line 1 ) perpendicular to the line connecting the anterior and posterior horns ( dotted 
line ). Scaphoid axis ( line 2 ). Capitate axis ( line 3 ). Scapholunate  angle alpha . Capitolunate 
 angle beta        
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 The study of carpal dynamics is usually done to con fi rm clinical or radiographic 
suspicion of carpal instability. Gilula proposes PA views in neutral position, ulnar 
and radial deviation, a clenched  fi st PA view, lateral views in neutral position,  fl exion 
and extension. The clenched  fi st position increases intra-articular pressure and 
unmasks scapholunate diastasis  [  26  ] . Lawand proposes this test on both sides whilst 
clenching a pencil  [  27  ] . The interpretation of these views requires knowledge of the 
combined carpal movements in the sagittal and coronal planes (Fig.  5 ). In radial 
deviation, the  fi rst carpal row  fl exes. The scaphoid is shortened and shows the ring 
sign at its distal portion representing the tubercle seen escaping. The lunate follows 
the movement and appears triangular due to the displacement of its pointed poste-
rior horn. In ulnar inclination, the  fi rst carpal row extends. The scaphoid elongates, 
exposing its waist. The lunate becomes quadrangular due to displacement of its 
rounded anterior horn which becomes more visible  [  28  ] .  

 Radiography remains an investigation of low sensitivity. As repeatedly shown by 
experimental studies  [  29  ] , the presence of radiographic signs of instability denotes 
extensive ligament lesions generally associated with complete or partial intrinsic 
and extrinsic ligaments, thus the need for complementary investigations  [  30  ] . 

 To summarize:

    1.    Radiographic signs for DISI on PA view in neutral are scapholunate diastasis, 
superposition of the scaphoid and capitate, ring sign of the scaphoid, quadrangu-
lar shape of the lunate. On lateral view, they are the increase of scapholunate, 
capitolunate and radiolunate angles (Fig.  6 ).   

    2.    Radiographic signs for VISI are decrease of scapholunate angle and increase of 
capitolunate and radiolunate angles.      

a b

  Fig. 3    Scapholunate diastasis. Scapholunate interval is not widened in neutral position ( a ). SL 
diastasis on AP view with 20° pronation ( b )       
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a b

  Fig. 4    Carpal instability.  DISI  dorsal tilt of the lunate and increased scapholunate angle,  VISI  
ventral tilt of the lunate       

  Fig. 5    Carpal dynamics in radial and ulnar inclination. ( a ) Radial inclination: The  fi rst carpal row 
is in  fl exion. The scaphoid is short and shows the ring sign. Triangular shape of the lunate is due to 
the pointed shape of its posterior horn. Physiological rupture of Gilula arch 1 regarding the lunotri-
quetral interval. ( b ) Ulnar inclination: The carpal bones are in extension. The scaphoid is elon-
gated. Quadrangular shape of the lunate due to the large and rounded shape of its anterior horn       
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    5   Ultrasound 

 The use of ultrasound for diagnosis of lesions of wrist ligaments is very recent 
 [  31–  33  ] . It is an investigation of low sensitivity but high speci fi city which can be 
a useful cheap complement to the clinical examination. It requires, however, 
high-quality equipment with high-frequency ultrasound. The dorsal portion of 
the  scapholunate ligament may be seen in most cases, the TFCC in one out of two 
cases and rarely, the dorsal portion of the lunotriquetral ligament. The interosseous 
ligaments are examined in transverse cuts from the dorsal side, whilst varying the 
degree of wrist  fl exion. The diagnosis of rupture depends on the appearance of 
the normal  fi brous structure which is replaced by a zone of hypoechogenicity 
(Fig.  7 )  [  34  ] .   

  Fig. 6    Dorsal instability (DISI) at 1 month post traumatic. ( a ,  b ) Radiographs at day 0 showing no 
abnormality. ( c ,  d ) Control at 1 month shows a DISI. Pa shows shortened scaphoid with a ring sign, 
superposition of the scaphoid and capitate denoting rotational displacement, quadrangular lunate. 
Lateral view con fi rms the dorsal tilt of the lunate with a widening of the scapholunate angle       
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    6   CT Scan 

 Simple CT scan without injection is not indicated in studying wrist ligaments. 
However, it shows associated osseous lesions perfectly.  

    7   MRI 

 Most studies use the 1.5 T system. A cadaveric study using a low- fi eld machine 
showed limited results  [  35  ] . Several more recent studies compared the same sequences 
at 1.5 and 3.0 T  [  36–  38  ] . The subjective quality and signal–noise relation was 
signi fi cantly higher at 3.0 T. The technical considerations of positioning are such that 
the wrist is seldom in a neutral position and thus the anatomical relations are modi fi ed. 
The most recent 3 T MRI study gives 100 % speci fi city and 89 and 82 % sensitivity 
for full-thickness scapholunate and lunotriquetral lesions, respectively  [  39  ] .  

    8   Arthrography, Arthro-CT and Arthro-MRI 

 Opaque arthrography, notably triple arthrography with successive punctures of the 
midcarpal, radiocarpal and distal radioulnar joints, is but the precursor of CT or MR 
arthrography. The opaci fi cation of these compartments by contrast material – iodides 
for CT and gadolinium salts for the MRI – allows an exhaustive analysis of the dif-
ferent articular portions of the scapholunate and lunotriquetral ligaments. 

 The  scapholunate ligament  closes the proximal part of the interval. It is horse-
shoe-shaped and is formed of three anatomically and functionally distinct portions 
 [  40,   41  ] . The dorsal portion is short, transverse and trapezoidal. Composed of thick 
and tight collagen bands, it is the strongest part of the ligament. It forms the axis of 

  Fig. 7    Ultrasound of the scapholunate ligament. Comparative study of the dorsal portion;  SC  
scaphoid,  L  lunate. ( a ) Normal SL ( arrow ), ( b ) Hypoechoic zone denoting rupture ( arrow )       
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rotation between the scaphoid and the lunate. The proximal or intermediate portion 
resembles a meniscus with its triangular shape and  fi brocartilaginous structure. It is 
proximally attached to the radioscapholunate facet and is the weakest part of the 
ligament. The palmar portion is long and slopes obliquely below and inwards. It is 
formed of  fi ner and more loosely arranged collagen bands, allowing an anterior 
displacement of both bones in  fl exion. The scaphoid has a greater arc in  fl exion than 
the lunate due to a smaller curvature of its proximal pole. 

  Fig. 8    Complete scapholunate ligament SLL rupture. ( a ) MRI shows scapholunate diastasis with 
ligament stump outlined by the effusion. ( b ) Midcarpal arthrography with contrast communicating 
to radiocarpal joint via incompetent SL interval. ( c – e ) CT arthrography showing the SLL stump 
and dorsal tilt of the lunate in DISI. ( f – g )    MR arthrography. The stump is less visible since soaked 
with contrast material       
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 The lunotriquetral ligament also has three portions  [  42,   43  ] . The dorsal portion 
is  fi brous and is continuous with capsular ligaments posteriorly (radiocarpal and 
dorsal intracarpal). The proximal portion is  fi brocartilaginous and meniscoid like. It 
is not very strong. The palmar portion is  fi brous, strongest and most important 
functionally. 

 In arthro-CT  [  44  ]  and arthro-MRI  [  30,   45,   46  ] , the intermediate portions of these 
ligaments can be studied on coronal sections and the dorsal and palmar portions on 
axial sections. Ligamentous lesions are characterized by their extent and depth. 
Complete tear involves all three portions, whilst partial tears involve one or two, or 
even just a segment (punctuate ruptures) of the ligament (Figs.  8  and  9 ).   

 Full-thickness tears involve the entire thickness of the ligament whilst partial 
ones affect the palmar or dorsal aspect only without entailing articular communica-
tion. For full-thickness tears, it is important to determine whether the tear is central 
or peripheral (zone of insertion) for management plan. In a peripheral rupture, the 
stump retracts and appears thickened. 

 CT and MRI arthrography performance approaches actual arthroscopy. 
As   sociated lesions detected and analysed are primarily state of the cartilage and 
bone alterations and secondarily bone contusions and occult fractures.      

  Fig. 9    Partial rupture of the LTL and central portion of the TFCC (type Palmer 2D). ( a ,  b ) MRI 
shows no visible abnormality. ( c ,  d ) CT arthrography shows the lesion perfectly in coronal and 
sagittal cuts. ( e ) MR arthrography shows no visible abnormality       
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 Carpal instability is usually the consequence of a fracture and/or of ligamentous 
injuries. Sometimes, instability does not evolve and hardly hampers the movements 
of the wrist or merely provokes a slight pain. But occasionally, on the contrary, 
instability can lead to functional disability and increasing pain and even result in 
osteoarthritis  [  1–  3  ] . 

 MRI and arthroscopy are examinations which allow the direct visualisation and 
analysis of wrist ligaments. The main goal of the exploration of the ligaments is to 
recognise and to point out the injuries which can badly evolve and require a speci fi c 
treatment. They are prescribed to a patient who suffers from a functional discomfort 
with doubtful radio-clinical results or in case of radio-clinical anomalies, allowing 
to resort to healing surgery  [  4,   5  ] . 

 Most authors agree on the fact that in case of carpal instability, intrinsic and 
extrinsic ligaments are injured  [  6  ] . Nevertheless, interosseous (scapholunate and 
lunotriquetral) ligaments have to be completely injured to develop a signi fi cant car-
pal instability. 

 Although some correlation studies between the results of MRI and arthroscopy 
(often dealing with a limited series of patients) have been mentioned in medical 
literature on intrinsic ligaments (especially the scapholunate), very few works focus 
on the comparative study of these techniques to diagnose extrinsic ligamentous 
injuries. 
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 This chapter aims at describing the normal and pathological MR appearance of 
radiocarpal and ulnocarpal extrinsic ligaments. We will go on anatomic descriptions 
of the literature and personal  fi ndings after cadaveric studies and arthroscopic 
correlations. 

 Our work is based on the retrospective analysis of 132 wrist MR examinations of 
79 patients (from 17 to 57 years old – mean age of 33) who suffer from midpalmar 
or middorsal chronic pain. These examinations have been performed on a 1.5 T magnet 
(Symphony-Vision by Siemens) using a wrist coil with four channels. Two-mm-thick 
slices were obtained in the three orthogonal planes, using spin echo proton density 
and T2-weighted sequences and proton density sequence with fat saturation as well 
as 1-mm-thick coronal slices in T2-weighted 3D gradient echo sequence. A detailed 
arthroscopic correlation has been obtained in 27 cases out of 79 patients (who have 
systematically been operated by the same hand surgeon)  [  7  ] . 

 The anatomy of the extrinsic ligaments is complex. They are intracapsular and 
link the radius and the ulna to the carpal bones. They gather radiocarpal ligaments 
(between the radius and the carpal bones) and ulnocarpal ligaments (between the 
ulna and the carpal bones). All the radiocarpal ligaments are proximally attached to 
the distal extremity of the radius and distally inserted on one or several carpal bones. 
They are capsular thickenings which have, for most of them, an oblique direction 
and thus require several thin adjacent slices to analyse the whole ligaments. They 
appear as fasciculate and striated structures, presenting bands of low signal intensity 
alternating with bands of intermediate or high signal intensity on coronal slices  [  8, 
  9  ] . Several extrinsic ligaments are described at the level of the palmar and dorsal 
parts of the carpus. Palmar ligaments are thicker and stronger than dorsal ligaments. 
They are important stabilisers of wrist movements  [  10–  12  ] . 

 Although there are several variations within the nomenclature and the descrip-
tion of the ligaments, we will keep in mind two groups on the palmar side (with a 
reversed V shape) and a ligamentous group with a transverse direction (with a 
reversed V shape) on the dorsal side. 

    1   Palmar Radiocarpal Ligaments 

 On the palmar side, three strong extrinsic radiocarpal ligaments were clearly 
identi fi ed: the radioscaphocapitate, long radiolunate and short radiolunate ligaments 
(Fig.  1 ).  

  The radioscaphocapitate ligament  ( RSC ) extends from the styloid process of the 
radius; it cravats the scaphoid waist (what enables to maintain the position of the 
scaphoid as it acts like a seat belt) to insert on the palmar side of the capitate. It acts 
like a spindle around which revolves the scaphoid and is paramount in the scaphoid 
stability  [  13–  16  ] . 

  The radiolunotriquetral ligament  ( RLT ) or long radiolunate ligament is paral-
leled to the radioscaphocapitate ligament, extends from the anterior margin and 
from the styloid process of the radius to the radial margin of the palmar surface of 
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  Fig. 1    Palmar       extrinsic ligaments : Radioscaphocapitate ( RSC ) and long radiolunate ( RL ) liga-
ments. Notice the (normal) interruption of the  fi bres on the lunate attachment with a separated 
palmar lunotriquetral ( LT   ) bundle, which corresponds to an anatomic variation ( a ,  b ).  R  radius,  L  
lunate,  S  scaphoid. ( a ) On a cadaveric specimen (Courtesy of David Connell, London), ( b ) normal 
MR appearance on a thin slice (1 mm thick) obtained in 3D gradient echo sequence, ( c ) partial 
rupture of the RSC and RL ligaments, ( d ) drawing which shows the trajectory of these two liga-
ments together with the radioscapholunate ligament ( RSL ) and the inconstant short radiolunate 
ligament ( SRL ), ( e ) normal arthroscopic view, ( f ) arthroscopic view of the injured RSC and RL 
ligaments showing synovitis  fi lling the interligamentous sulcus       
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the lunate and obliquely connects on the palmar side of the triquetrum (where it is 
covered up by the ulnotriquetral ligament). The  fi bres of this ligament can interrupt 
at the lunate attachment and thus create two ligamentous structures, the long radio-
lunate and the palmar lunotriquetral. The RLT ligament is the longest of the wrist 
 [  17–  20  ] . 

  The radioscapholunate ligament  (or ligament of Testut) originates between the 
long and short portions of the radiolunate ligament and has its  fi bres embedded in 
the interosseous scapholunate ligament. It is deeper than the RSC and RLT liga-
ments. It is rather considered as a synovial fold which retains a neurovascular bun-
dle. It corresponds to the anterior brake of the lunate and is used as a reference in 
arthroscopy to point out the scapholunate ligament  [  21  ] . 

 In case of injury, the signal of these ligaments can increase and the ligaments 
can lose their sharp outlines on the thin sections obtained in 3D sequence (Fig.  1 ). 
A  fi brous thickening (with decreased signal intensity on T2) can also be described 
in chronic partial ruptures (Fig.  2 ). Moreover a cyst can sometimes appear and 
develop itself in the ligaments or anterior to it, and be associated to a chronic liga-
mentous rupture (Figs.  3  and  4 )  [  22  ] .    

a b

  Fig. 2    Chronic  fi brous thickening of the radioscaphocapitate ligament ( a ,  b ,  arrows ) of a gymnast 
who suffered from midcarpal pain. The presence of an associated rupture of the intrinsic scapholu-
nate ligament results in a rotatory subluxation of the scaphoid (with a horizontal orientation of the 
latter), which is clearly pointed out on the thin sagittal slices (2 mm thick) in proton density ( a ) and 
T2 ( b ). The ligament seems to be thickened and presents a heterogeneous signal in proton density 
and weak in T2; it has irregular outlines. Compare with the contralateral wrist ( c ,  d ) where the liga-
ment seems normal ( arrow ), as well as the scaphoid axis       
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 These three palmar ligaments can be visualised by arthroscopy. It is however 
necessary to precise that the extrinsic ligamentous structures are only reachable dur-
ing arthroscopic examination for their very short intra-articular part. 

c d

Fig. 2 (continued)

a b

  Fig. 3    Synovitis with chronic cystic distension around the radioscapholunate ligament in a patient 
complaining of palmar radiocarpal pain. On anterior coronal section (of a 3D gradient echo 
sequence) ( a ,  b ), a cystic distension with a chronic multilobular aspect is put forward at the level 
of the radioscapholunate ligament ( RSL ). The radiolunotriquetral ( RLT ,  a ) and radioscaphocapitate 
ligaments ( RSC ,  b ) are continuous       
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  Fig. 4    Thickening    of the radioscapholunate ligament and surrounding synovitis associated with a 
rupture of the intrinsic scapholunate ligament. The patient is a 40-year-old gardener who devel-
oped a localised palmar distension after he had pruned trees; he had already fallen from a ladder 
4 years before as his wrist was in dorsal hyper fl exion. The coronal slices in proton density ( a ,  b ) 
and T2 ( d ,  e ) reveal the presence of a  fl uid distension with a cystic aspect at the level of the palmar 
 fi bres of the scapholunate and the radioscapholunate ligament with a widening of the scapholunate 
space. The rupture of the palmar bundle of the intrinsic ligament is con fi rmed on the transverse 
section ( c ) on which the ligament has an increased signal intensity, is thickened and has blurred 
contours in comparison with the normal ligament of the contralateral uninjured wrist ( f ); the dorsal 
bundle was also torn (not shown) ( c  circle,  torn palmar bundle of scapholunate ligament;  f  circle, 
normal palmar bundle of scapholunate ligament). The radioscapholunate ligament appears thick-
ened with a heterogeneous signal on the sagittal section ( h ) ( arrow ), whereas the contralateral 
sagittal section is normal ( g ). Arthroscopy ( i ) reveals the presence of an important synovitis associ-
ated with a rupture of the palmar  fi bres of the scapholunate ligament with partly detached strips. 
These strips can also be seen on the sagittal section ( h ) at the level of the anterior radiocarpal 
space, ahead of the tilted lunate (compare to the normal contralateral sagittal section) ( g ).  R  radius, 
 L  lunate,  S  scaphoid         

a b

d

c

e f
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 The general con fi guration of the palmar ligaments has a “V” structure which is 
weaker at one point, a triangular area in the capsule, so-called space of Poirier. This 
space is situated between the two palmar arcs with a V shape, above the lunocapi-
tate joint where the lunate can dislocate  [  23  ] . 

  The short radiolunate ligament , which is not described by all the researchers, 
is close to the palmar  fi bres of the triangular  fi brocartilaginous complex. It is an 
anterior capsular thickening. Its origin is usually described on the palmar and 
ulnar rim of the distal part of the radius and the ligament inserts at the proximal 
part of the palmar surface of the lunate. This ligament stabilises the lunate  [  23  ]  
(Fig.  1 ). 

 The  distal palmar  ligamentous group (with a reversed V shape) is composed of 
the intrinsic triquetrocapitate ligament on the medial side and of the extrinsic 
radioscaphocapitate ligament and of the intrinsic scaphocapitate ligament on the 
lateral side. This group stabilises the capitate and thus the distal row of the carpal 

g

i

h

Fig. 4 (continued)
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bones. The  intrinsic triquetrocapitate and scaphocapitate ligaments  form the 
 arc-shaped ligament of the wrist or  volar arcuate ligament  (terminology used by 
hand surgeons) which is an important palmar midcarpal stabiliser. Theumann et al. 
identi fi ed it as the  palmar scaphotriquetral ligament   [  7,   24  ]  (Fig.  5 ).   

    2   Palmar Ulnocarpal Ligaments 

 The  proximal palmar  ligamentous group (with a reversed V shape) is made of the 
extrinsic ulnotriquetral and ulnolunate ligaments, on the medial side and of 
the extrinsic radiolunotriquetral ligament on the lateral side. This group stabilises the 
lunate and thus the proximal row of the carpal bones. 

 The ulnocarpal ligaments originate on the anterior rim of the palmar radioulnar 
ligament or of the triangular  fi brocartilage or the base of the styloid process of the 
ulna (according to the different authors). The ulnolunate ligament is situated next to 
the short radiolunate ligament following the same direction and then is inserted on 
the palmar side of the lunate. The ulnotriquetral ligament originates medial to the 
former and inserts on the triquetrum  [  25  ]  (Fig.  6 ).   

    3   Dorsal Radiocarpal Ligaments 

  Dorsal ligaments  are thinner and biomechanically less important than palmar liga-
ments. The  dorsal radiolunotriquetral ligament  (radiocarpal ligament) is the main 
extrinsic ligament, extending from the distal radius (at the level of the Lister tubercle 
and/or the styloid process of the radius) to the lunate and the triquetrum. 

  Fig. 5    Image showing the components of 
the arc-shaped (intrinsic midcarpal): 
triquetrocapitate ( TC ) and scaphocapitate 
( SC ) ligaments       

 



89MRI of Normal Anatomy and Injuries of Extrinsic Ligaments

 Several dorsal midcarpal ligaments link the carpal bones.    Among these liga-
ments are the  dorsal intercarpal ligament , which includes the triquetroscaphoidal 
and the triquetro-trapezoido-trapezial ligaments  [  23,   26–  28  ]  (Figs.  7  and  8 ).   

 The dorsal ligamentous group which has a transverse orientation (with a reversed 
V shape) is composed by these ligaments. They also participate in the stability of 
the proximal row of the carpus. 

 According to the arthroscopic correlation study performed by Scheck et al. deal-
ing on 20 patients who were operated and examined by MRI and by MR arthrogra-
phy, radiocarpal ligaments cannot be accurately analysed on a MRI, even with thin 
slices  [  29,   30  ] . According to our experience, ligamentous injuries could be  suspected 

a

c

d

b

  Fig. 6    Normal palmar ulnocarpal ligaments: ( a ) Drawing demonstrating the palmar ulnotriquetral 
( UT ) and ulnolunate ligaments ( UL ) attached to the triangular  fi brocartilage ( TFC ). ( b ) Normal 
ulnolunate ligament ( UL ) on an anterior coronal section (2 mm thick) obtained in proton density 
spin echo sequence. ( c ) Ulnotriquetral ligament ( UT ) on the triangular  fi brocartilage observed on 
a thin section (1-mm-thick) 3D gradient echo image. ( d ) Ulnotriquetral ligament ( UT ) attached on 
the palmar radioulnar ligament ( PRU ) on an anterior coronal section obtained in proton density 
spin echo sequence (posterior to ( b ) and anterior to ( c ))       
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on a MRI with intravenous injection of contrast, by detecting oedematous reaction 
and granulation tissue at the level of the injured ligaments. An intra-articular 
 injection of contrast might hide signs associated to a clinically important partial 

  Fig. 7    Image indicating the dorsal 
radiotriquetral ligament ( RT ) with its 
proximal insertion on the tubercle of Lister 
( tl ). The other two ligaments are midcarpal 
ligaments: the triquetroscaphoidal ( TS ) and 
the triquetro-trapezoido-trapezial ( TTT ), 
also called “dorsal intercarpal ligament.” 
 RCL  radial collateral ligament,  UCL  ulnar 
collateral ligament       

  Fig. 8    Normal extrinsic dorsal radiotriquetral ligament ( RT ), normal midcarpal triquetrosca-
phoidal ( TS ) and triquetro-trapezoido-trapezial ligaments ( TTT ). ( a ,  b ) Thin coronal slices (1 mm) 
in 3D gradient echo sequence obtained on a cadaveric specimen. ( c ) Thin coronal slice (1 mm) in 
3D gradient echo sequence on a patient whose dorsal ligaments were normal. ( d ,  f ) Coronal slices 
(2 mm) in STIR sequence on a gymnast presenting clinical signs of dorsal impingement, whose 
triquetroscaphoidal ligament was thinned but continuous ( d ) with cystic distension between the 
dorsal ligaments. ( e ) Photograph of the cadaveric specimen         

a b
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ligamentous rupture. These signs could be the presence of a native cyst, a local  fl uid 
reaction or an associated osseous oedema, which could often be useful to diagnose 
the injuries.  

    4   Collateral Ligaments 

 Collateral ligaments of the wrist are thickenings of the  fi brous capsule; their func-
tion is less important than those of the knee or the elbow. The  radial collateral liga-
ment  is a dorsal extension of the palmar radioscaphoidal ligament and extends from 
the apex of the styloid process of the radius to insert on the scaphoid waist 
(Fig.  7 ). 

e f

dc

Fig. 8 (continued)
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 The  ulnar collateral ligament  reinforces the palmar ulnotriquetral ligament and 
is proximally connected to the basis and to the body of the styloid process of the 
ulna (with an extension towards the triangular  fi brocartilage). It is distally connected 
to the triquetrum and to the pisiform  [  23  ]  (Fig.  7 ). 

 On the basis of this preliminary retrospective study of MR images compared to 
arthroscopic  fi ndings, it is possible to notice that if we use magnets with high mag-
netic  fi elds (from 1.5 to 3 T) and dedicated wrist coils, MRI could become a supple-
mentary paramount help to the imaging methods already used to detect carpal 
instabilities (dynamic radiographs, CT arthrography etc.). It may in the future even 
replace diagnostic arthroscopy of the wrist. Nevertheless, the positive aspect of 
arthroscopy is to give a dynamic approach which cannot be given by high resolution 
MRI. Moreover, numerous injuries of the ligamentous structures of the wrist 
detected, thanks to MRI, will always have to be interpreted with caution and associ-
ated with clinical  fi ndings to avoid excessive surgical treatments.      

  Acknowledgements   To Eddy Broodtaerts, Filip, Bart, Els and Yasmina for their precious collabo-
ration in the elaboration of MR images.  
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          1   Introduction 

 Although the study of the different types of carpal instability goes back to 1905 with 
Destot’s  [  1  ]  publication, the word “instability” itself was  fi rst used in 1967  [  2  ] . In 
1972, Linscheid et al. came up with the  fi rst classi fi cation of the different types of 
wrist instability, among which are the notions of dorsal  fl exion and palmar  fl exion 
instability  [  3  ] . But the de fi nition, in order to be complete, had to be revised several 
times. The classi fi cation of these lesions requires the analysis of many criteria.  

    2   De fi nition 

 In a way, a wrist may be considered as unstable if there is a malalignment of the 
carpal bones  [  4  ] . But this description is limited in the sense that certain hyperlax 
wrists present a carpal malalignment without being symptomatic and that some 
radiographically normal wrists are symptomatic and cannot bear loads  [  5  ] . Therefore, 
the de fi nition of instability cannot be restricted to a loss of alignment of the carpal 
bones visible on plain X-rays. Instability could be de fi ned as the inability of the 
wrist to transmit physiologic loads. But this de fi nition does not render the “snap-
ping” phenomena which certain patients sometimes feel while grasping. The IFSSH 
wished to clarify this de fi nition published in 1999  [  5  ] . A wrist is considered to be 
unstable “when it is not capable of bearing loads without sudden changes of carti-
laginous pressure or when its kinematics is perturbed, including brutal changes in 
the alignment of the carpal bones.”  
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    3   Classi fi cation 

 In fact, instability can be classi fi ed according to different criteria brought together 
in 1995 by Larsen et al.  [  6,   7  ] . In this way, six categories appear; these may be com-
bined in order to add more precision to the description.

   I    Chronicity

   (a)    Acute (<1 week; maximum healing potential)  
   (b)    Subacute (1–6 weeks; healing potential)  
   (c)    Chronic (>6 weeks; little healing potential)       

  II    Variability

   (a)    Static, visible on standard pictures (reducible or irreducible)  
   (b)    Dynamic, visible on stress or  fl uoroscopic radiographies  
   (c)    Predynamic, or occult  [  8  ] , invisible on radiographies but visible in 

arthroscopy       

  III    Etiology

   (a)    Congenital  
   (b)    Traumatic  
   (c)    In fl ammatory  
   (d)    Arthritis  
   (e)    Osteonecrosis (Kienböck’s disease, necrosis of the capitate)  
   (f)    Neurological  
   (g)    Iatrogenic       

  IV    Location

   (a)    Radiocarpal  
   (b)    Intercarpal  
   (c)    Midcarpal  
   (d)    Carpometacarpal  
   (e)    Particular bones or ligaments       

  V    Direction of the Instability

   (a)    VISI  
   (b)    DISI  
   (c)    Ulnar  
   (d)    Radial  
   (e)    Volar  
   (f)    Dorsal  
   (g)    Proximal  
   (h)    Distal  
   (i)    Rotatory  
   (j)    Combined       
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  VI    Types

   (a)    Carpal instability dissociative (CID): intra-row instability, proximal most 
of the time, if not, distal  

   (b)    Carpal instability nondissociative (CIND): inter-row instability, generally 
visible through a shift of the  fi rst row, can be of radiocarpal or midcarpal 
origin  

   (c)    Carpal instability combined or complex (CIC): association of an intra-
row (CID) and inter-row  [  5  ]  (CIND) instability  

   (d)    Carpal instability adaptive (CIA): of extracarpal origin, most of the time 
due to the adaptation of the carpus to a vicious callus of the radius     

 These type descriptions were detailed in “Terminology and De fi nitions” works of 
the IWIW (International Wrist Investigators’ Workshop), published in 2002  [  9  ] .      

     4   Discussion 

 None of these classi fi cation categories is suf fi cient to give an idea of the variety 
of different types of instability, of circumstances in which these may appear, of 
diagnostics, of possible evolutions and of treatments. The cross-checking of 
these classi fi cations also enables one to understand that several evolutive or 
lesional aspects may correspond to a similar clinical or radiographic aspect. 
Finally, a normal use of these classi fi cation systems leads to answering various 
questions. 

 The aim is to help the practitioner select the most suitable treatment. Certain 
categories (I, II, VI) contain exclusive choice possibilities, with only one possi-
ble item being retained. In categories III, IV, and V, several items may simultane-
ously correspond to the lesional description  [  6,   7  ] . Finally, even if all the 
descriptive categories are useful to the therapeutic discussion, categories I, II, 
III, and VI have speci fi c implications in the evaluation of the lesion, and catego-
ries III, IV, and V have speci fi c implications in envisaging the therapeutic 
options.  

    5   Conclusion 

 Thanks to these works of clari fi cation and lesional description, the practitioner 
now has at his/her disposal a tool enabling a theoretical analysis of the situation. 
It is all about a language in the process of becoming adopted by all which will 
enable one to better compare populations and treatments. Of course, for each 
clinical case, one still has to put to good use the diagnostic tools necessary to 
answer in the best way possible the different questions brought to light by this 
classi fi cation.      
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 The appearance of wrist arthroscopy as a diagnostic tool in the armamentarium of 
wrist investigations and treatment is relatively recent  [  1,   2  ] , probably due to the tech-
nical constraints imposed by such a small joint interval involved. However, this tech-
nique has become inevitable today for diagnosis as well as management of wrist 
pathology  [  3  ] , even as noninvasive imaging has continued to progress in performance 
as well as in de fi nition. Arthroscopy remains the gold standard for evaluation of wrist 
ligament lesions by the direct vision it provides as well as the dynamic testing which 
makes it possible to detect even very early stages of dissociative instability  [  4,   5  ] . 

    1   Performing a Wrist Arthroscopy 

    1.1   Anaesthesia 

 Wrist arthroscopy is performed under locoregional anaesthesia as a day case proce-
dure. The patient may follow the procedure on screen if he/she wishes.  

    1.2   Setup 

 Arthroscopy necessitates joint distraction which is obtained by setting up the hand 
on a traction tower with the forearm vertical and a counter traction support applied 
to the arm above the elbow. The Chinese  fi nger traps are placed on the index and 
middle  fi ngers (Fig.  1 ).  
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 The scope used is 2.7-mm calibre oriented at 30°. This scope is adequate for 
exploration of the radiocarpal and midcarpal joints. The ‘needle’ 1.9-mm scope is 
only rarely used for exploration of the distal radioulnar joint. The trocar is smooth-
tipped to avoid cartilaginous lesions during introduction. It bears the connection for 
the light source, and the irrigation. Once in place, the light connects to the video 
camera where the joint is visualized on a monitor screen and not by direct vision. 
The probe is an indispensable instrument in this set. Its size and the smoothness of 
its tip must be adapted to the size of the joint explored. A set of two graspers (straight 
and curved) as well as a single-use knife are useful for debridement of the TFCC 
when necessary. The use of powered instruments (shavers and burrs) for arthroscopic 
surgery for the TFCC is quite common practice now  [  6  ] .  

    1.3   Access Portals 

 The portals of access are designated by the corresponding dorsal extensor compart-
ments (Fig.  2 ). We recommend de fi ning all the portals that will be needed at the 
beginning of the operation. The development of a ‘hydroma’ due to diffusion of the 
irrigation  fl uid renders it dif fi cult to identify bone and tendon landmarks later 
throughout the course of the procedure. For all portals, a small calibre needle is used 
for identi fi cation. If elastic resistance is encountered at the point of entry, it is easy 
to reposition the needle to avoid tendons. A hard resistance is characteristic of bone. 
Correct penetration into the joint interval is denoted by a suction sound due to the 

  Fig. 1    Arthroscopy tower. This type of 
tower provides distraction whilst allowing 
repositioning and wrist orientation as 
required       
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intra-articular negative pressure resulting from the distraction. Once the interval is 
marked by the needle, portal access can be established using an N°15 blade perpen-
dicular to the surface. The scope or probe can then be introduced.  

  To explore the radiocarpal joint , three portals are usually suf fi cient. 
  Portal 3/4  is the  fi rst point of introduction of the scope. This portal is situated at 

the radial border of extensor communis tendon. The tubercle of Lister is the bony 
landmark for this portal. It is found by palpating with the thumb along the posterior 
border of the radial glenoid. 

 The depression indicating the joint interval can be palpated about 1 cm above 
(distal) this point. The needle should be introduced obliquely on account of the 
radial slope in the sagittal plane. The knife should be held sharp facing downward 
to avoid iatrogenic lesion of the scapholunate interosseous ligament. 

  Portal 4/5  is between the EDC and EDM and serves for probe introduction for 
exploration of the radiocarpal joint. The depression between the two tendons is 
readily palpable and introduction is more proximal than the previous portal on 
account of the radial slope in the frontal plane. These portals 3/4 and 4/5 are the 
least risky for sensory nerve branches  [  7  ] . 

  Portal 6U  is situated on the ulnar border of the ECU. This is the site for the 
needle for drainage of the irrigation  fl uid. 

  Other portals . The 6U portal is seldom used. It is useful for arthroscopic surgery 
of the TFCC. Palmar portals are only used for arthroscopically assisted reduction of 
distal radius fractures. Introduction of the scope through the FCR has been proposed 
as a secure method of exploring the most palmar portion of the scapholunate liga-
ment  [  8,   9  ] . 

  Fig. 2    Portals    for exploration of the wrist. The 
current portals for wrist exploration are identi fi ed in 
relation to the extensor compartments. Portal 3/4 is 
on the radial border of the extensor communis EDC 
( 1 ) and portal 4/5 on the ulnar border of EDC ( 2 ). 
Portals for the midcarpal joint are RMC ( 3 ) and 
UMC ( 4 ). Portal 6U ( 5 ) is commonly used as 
drainage outlet for the irrigation       
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    1.3.1   Portals for Exploration of the Midcarpal Joint 

 The radial midcarpal RMC is situated on the radial border of the EDC, about 1 cm 
distal to the 3/4 portal (Fig.  2 ). This corresponds to the scaphocapitate interval more 
dif fi cult to palpate than the radiocarpal interval. The ulnar midcarpal portal UMC is 
situated on the ulnar border of EDC about 15 mm from 4/5 and corresponds to the 
triquetrohamate interval.    

    2   Performing a Diagnostic Arthroscopy 

    2.1   Analysis of Radiocarpal Chondral Lesions 

 Simple inspection of the articular surfaces is followed by probing any cartilage 
defect or lesion. The topography, extent and severity of the lesion is appreciated and 
noted. Healthy cartilage feels  fi rm and elastic when palpated using the probe. The 
probe does not leave an imprint on healthy cartilage, and a full-thickness cartilagi-
nous lesion is hard on probing. 

 This exposure of subchondral bone is synonymous to arthritis even if the lesion 
is of limited extent and does not show on X-ray. All other chondral lesions without 
bone exposure are grouped under the generic term ‘chondritis’. A precise descrip-
tion of the lesion must specify if it is simple cartilage oedema (the cartilage bears 
the imprint of the probe), a  fi brillary chondritis (associated with cartilaginous  fl aps) 
or a partial defect not exposing the underlying bone (without arthritis).  

    2.2   Study of the Radiocarpal Articular Surfaces 

 Diagnostic arthroscopy begins by visualization of the scaphoid and lunate fossae of 
the radius, separated by a blunt anteroposterior ridge (Fig.  3 ). Through the same 
portal, the scope is oriented ulnar to explore the horizontal portion of the TFCC.  

 The radial insertion, central portion and the anterior border of the TFCC must be 
systematically palpated as they are often the site of traumatic or degenerative lesions. 
An intact healthy TFCC gives a  fi rm elastic resistance to probing – described as the 
‘trampoline effect’. When pushed to the ulnar side of the radiocarpal interval, the 
probe may access the prestyloid recess and penetrate it. This is a physiologic exten-
sion of the radioscaphoid joint. A radial traction motion must be applied as if to pull 
the full thickness of the TFCC laterally. This can depict a peripheral (ulnar) disinser-
tion of the TFCC.    If no lesion, the peripheral TFCC insertion stays taut resisting prob-
ing and no wave effect is elicited. Examination of the carpal surfaces follows. Scaphoid 
convexity is examined until the styloscaphoid space and then the lunate dome is 
inspected. The 3/4 portal does not allow easy access to the triquetrum; thus, the scope 
must be reintroduced through the 4/5 portal to complete the radiocarpal examination.  
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    2.3   Study of Ligamentous Structures in the Radiocarpal Joint 

  Extrinsic ligaments : Due to the dorsal entry point of the scope, the only extrinsic 
ligaments accessible are those of the anterior plane. The posterior plane cannot be 
studied – a minor inconvenience since they have a minor role in intracarpal stability. 
Arthroscopy gives quite a clear intra-articular view of these ligaments  [  10  ] . Heated 
controversy exists as to the nomenclature of these ligaments. We have adopted those 
best suited to this arthroscopic intra-articular view.

    • The most radial is the radioscaphocapitate ligament  (Fig.  4 ):  
 This ligament arises from the anterior border of the radial glenoid and wraps around 
the waist of the scaphoid to reach the waist of the capitate. There is a distinct space 
between it and the radiolunotriquetral which the probe can penetrate and which 
Berger and Landsmeer named the  interligamentary sulcus   [  11  ] . Thus positioned, 
the probe can be used to test the tension of the radioscaphocapitate ligament.  
   • The second ligament of the anterior extrinsic plane is the radiolunotriquetral 
ligament : 
 It is distinguished from the previous ligament by the obliquity of its  fi bres. This 
ligament arises from the anterior border of the radius facing the scaphoid fossa 
and directing obliquely towards the triquetrum, to insert on the anterior horn of 
the lunate and onto the anterior portion of the scapholunate interosseous liga-
ment. As above it can be inspected and tested during the radiocarpal 
examination.  
   • The radioscapholunate ligament  ( ligament of Testut ): 
 This ligament is easily identi fi ed in arthroscopic examination; its  fi bres are strictly 
vertical, inserting onto the radius at the level of the anteroposterior ridge separat-
ing the scaphoid and lunate fossae of the radius. The previous two ligaments had 
oblique  fi bres. From its radial insertion, this ligament diverges in a T shape where 
each limb inserts into either part of the interosseous ligament. On palpation, it 
seems less tense than the other two ligaments whatever the degree of articular 

  Fig. 3    Exploration    of the radiocarpal joint. 
Scaphoid (S), Scaphoid fossa ( fs ) and Lunate 
fossa of the radius (  fl  ) separated by a blunt ridge         
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distraction. These arthroscopic  fi ndings con fi rm the accessory biomechanical role 
played by this ligament, which is otherwise considered as a vessel bearing matrix – 
an intra-articular extension of the anterior interosseous pedicle  [  11  ] .  
  The radial half of the radiocarpal joint is thus lined at its palmar aspect by three • 
easily distinguished ligaments; the ulnar half is sealed palmarly by a continuous 
sheet of ligament consolidating with the anterior border of the TFCC. Classic 
descriptions report two principal ligaments (ulnolunate and ulnotriquetral). Both 
arise from the ulnar styloid but their respective limits cannot be distinguished by 
arthroscopy. It is still possible to test this ligament curtain using the probe to 
appreciate its tension and verify continuity with the anterior border of the 
TFCC.      

    3   Intrinsic Ligaments 

 The scapholunate and lunotriquetral interosseous ligaments must be assessed. 
 Their posterior two-thirds are accessible to inspection and palpation due to the 

posterior entry points of the scope. 

    3.1   The Scapholunate Interosseous Ligament 

 It is identi fi ed at the ‘ceiling’ of the carpus through the 3/4 portal. Covered by a 
layer of articular cartilage continuous with that of the scaphoid and the lunate, it 
may be dif fi cult to identify when healthy; it is palpated as a zone of attenuated ten-
sion vertically above the anteroposterior ridge separating the scaphoid and lunate 
fossae and the deep radioscapholunate ligament (of Testut) (Fig.  5 ). The entire 
extent of the ligament should be assessed in search of lesions of the middle or ante-
rior thirds. Traumatic lesions affect the insertion onto the scaphoid, the body of the 
ligament or less frequently, the lunate insertion.   

  Fig. 4    The    anterior plane of extrinsic ligaments 
seen on exploration of the radiocarpal joint. 
 S  scaphoid,  R  radius,  RSCLM  radioscaphocapitate 
ligament       
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    3.2   The Lunotriquetral Interosseous Ligament 

 It is more dif fi cult to localize due to the absence of anatomical landmark. The scope 
should be reintroduced through the 4/5 portal, and often probe palpation is 
necessary.   

    4   Midcarpal Examination 

    4.1   Examination of Articular Surfaces 

 The scope is introduced through the RMC which is generally suf fi cient for complete 
exploration of the midcarpal joint including its ulnar corners. The use of a probe is 
indispensable through the UMC portal. During introduction, the  fi rst image seen is 
the scaphocapitate space. The distal scaphoid fossa and the scapholunate interval 
are examined at this point. With no ligament lesion, these fossae are perfectly con-
gruent (Fig.  6 ) and the space between the two bones admits only the tip of the 
probe.  

 The slope of this interval is then followed apically and radially to reach the distal 
pole of the scaphoid and the STT joint. The scope is then pushed ulnarly assessing 
the capitate head on the way as well as the tip of the hamate and the capitohamate 
junction. The lunotriquetral interval is also hereby assessed with the same criteria of 
congruency and cohesion as for the scapholunate interval. 

 In most cases, it is possible to extend the examination following the helicoidal 
slope of the hamate to the ulnar corner of the midcarpal joint. 

 Different morphological types of the midcarpal joint have been described; we 
have adopted the terminology of Viegas  [  12  ]  who described type I lunate with a 
single midcarpal facet and type II when a second facet is present, separated from the 

  Fig. 5    The scapholunate interosseous ligament. 
It is identi fi ed by the probe as an area of 
attenuated tone between scaphoid ( S ) and lunate 
( L ). It is entirely covered by cartilage       
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 fi rst by an anteroposterior ridge. The second type appears to predispose to late 
degenerative midcarpal lesions  [  12,   13  ] . As will be further discussed, arthroscopy 
has a decisive role in the diagnosis and management of these lesions in the ulnar 
con fi nes of the midcarpal joint which are not detected by X-ray (Fig   .  7 ).   

    4.2   Examination of Ligamentous Structures 
in the Midcarpal Joint 

 Only two extrinsic ligamentous structures are accessible during midcarpal 
examination. 

 The  fi rst is the midcarpal segment of the radioscaphocapitate ligament. It is 
sometimes seen as a ligamentous structure barring the scaphocapitate space. In fact, 
this tough ligament  fi rmly closes this space, preventing access to the anterior  capsule 

  Fig. 6    Assessment of the midcarpal joint. 
Assessment of the congruency of distal articular 
surfaces of the scaphoid ( S ) and lunate ( L ). 
If no instability, the congruency is perfect at rest. 
 C  capitate       

  Fig. 7    Examination of the midcarpal interval. 
Junction of the four bones. The four internal 
bones are seen on this midcarpal view:  L  lunate, 
 T  triquetrum,  C  capitate,  H  hamate. The medial 
branch of the deltoid V is also seen (V)       
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and ligaments. The second is the medial branch of the deltoid V, a ligament stretch-
ing between the hamate and capitate. Lesions of this ligament are incriminated in 
the development of midcarpal instability.   

    5   Dynamic Tests During Arthroscopy 

 In diagnostic arthroscopy, it is possible to mobilize the bones in the carpal range to 
detect instability. These dynamic tests are adapted to the diagnosis of the so-called 
dissociative instability which is denoted by a modi fi cation of spatial coherence (or 
dissociation) between two adjacent bones. Practically, these dynamic tests are most 
relevant for the scapholunate and lunotriquetral instability, with the  fi rst being by far 
the most commonly encountered. 

 It is established that the generation of this type of instability does not follow an 
‘all or none’ law but comes in a wide spectrum of lesions. During the early stages of 
scapholunate instability, static and dynamic radiography may not detect any lesions. 
The clinical suspicion evoked is thus con fi rmed by arthroscopy  [  4  ] . The next chapter 
is dedicated to the use of arthroscopy for the diagnosis of dissociative instability.      
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 The so-called intrinsic ligamentous structures, scapholunate and pyramido-lunate 
are implied in the instabilities which are said to be dissociative. Just like ‘noninva-
sive’ imagery (MRI and arthroscanner), arthroscopy is a means to study these liga-
mentous structures. It has even been reported that the arthroscanner has an excellent 
‘sensitiveness’ to detect breaches in the interosseous ligaments  [  1  ] . Nevertheless, 
arthroscopy’s superiority is to be found in the dynamic aspect of this exam, which 
not only enables to study the mechanical qualities of these ligaments but also to 
analyse the consequences of a ligamentous lesion resorting to dynamic tests. Only 
one diagnostic stage is enough to prove a ligamentous injury and, even more 
 important, to demonstrate the consequences of this injury on the dynamics of the 
carpal bones, asserting or invalidating the existence of an instability or a dissocia-
tion. To end up, the same exam enables to accurately analyse the chondral impact of 
the instability and thus contributes to evaluate how long it has been lasting. The 
quality of the ligamentous stumps can also be studied to judge whether a  fi xing by 
direct suture is possible or not. For all these reasons, arthroscopy remains the gold 
standard to diagnose dissociative instabilities. 
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    1   Anatomic Reminder: Intrinsic Ligaments    

    1.1   The Scapholunate Ligament 

 The scapholunate ligament  [  2,   3  ]  is a ligament covered up with synovial tissue and 
tensed between the scaphoid and the lunate. It is divided into three sections: the 
posterior, the proximal and the anterior section. The posterior section, which is 
made of transverse conjunctive  fi bres, is the strongest. This section links the radial 
side of the posterior horn of the lunate to the dorso-ulnar part of the proximal pole 
of the scaphoid. Some  fi bres, which come from the extrinsic intercarpal ligament 
and from the radiocarpal articular capsule, are getting into it. The proximal section 
is avascularized and has little conjunctive tissue. A  fi brocartilage is unequally dis-
patched on its length. The absence of  fi brocartilage makes this part of the ligament 
thin, and degenerative perforations are possible. The anterior section is stronger as 
it has more conjunctive tissue. It is as strong as the posterior section.  

    1.2   The Triquetrolunate Ligament 

 The triquetrolunate ligament links the lunate to the triquetrum. The constitution of 
the ligament is more or less the same as that of the scapholunate ligament: it is 
divided into three parts and one-third of it has a real subordinate mechanical role.   

    2   The Role of the Intrinsic Ligamentous Structures 
in the Etiopathogeny of Dissociative Instabilities 

    2.1   Scapholunate Dissociative Instability 

 Most authors agree on the fact that the apparition of a dissociative instability needs 
the combination of an intrinsic and an extrinsic ligamentous injury. However, opin-
ions still diverge on the nature of the extrinsic injuries which must be combined to 
the rupture of the interosseous ligament. For some authors, it is the ligamentous 
complex of the STT joint which plays the main role. Indeed, it maintains the distal 
pole of the scaphoid in place  [  4,   5  ] . Other authors underlined the role of the volar or 
dorsal extrinsic ligamentous structures  [  6  ] . Short and Werner  [  7  ] , after an experi-
mental study consisting in sequential ligamentous sections followed by cyclic and 
repetitive motions of the wrist, assert that the scapholunate interosseous ligament is 
the ‘primary’ stabilising structure of the scapholunate couple while the extrinsic 
structures (radioscaphocapitate ligaments and STT ligamentous complex) are the 
‘secondary’ stabilisers. The same authors also mentioned that the dorsal ligamen-
tous plane plays a part in the stabilisation of the scapholunate couple and thus assert 
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the alteration of the scapholunate kinematic in case of capsulotomy which gets over 
this dorsal extrinsic ligamentous plan  [  8  ] . If nowadays it is dif fi cult to accurately 
de fi ne which extrinsic ligaments are responsible for the apparition of an instability, 
it is partly because it is dif fi cult to reproduce the effects of a traumatic rupture in an 
experiment. On the contrary, retrospective clinical studies are faced with the meth-
odological dif fi culty which consists in separating the ligamentous injuries at the 
origin of the instability from those which are associated to it by chance  [  9  ] .  

    2.2   Pyramido-Lunate Dissociative Instability 

 Once again, the triquetrolunate interosseous ligament embodies the ‘main ligamen-
tous bolt’ as it maintains the spatial cohesion between the semilunate and the tri-
quetrum. The anterior third of this ligament plays the most important part  [  10  ] .   

    3   Practice of a Diagnostic Arthroscopy in Search 
of a Scapholunate Dissociative Instability 
(Study of Intrinsic Ligaments) 

    3.1   Portals for the Diagnostic Exploration 
of Dissociative Instabilities 

 The usual portals which are used to make a diagnostic arthroscopy of the wrist are 
enough to estimate the intrinsic ligaments and to make dynamic tests. The SLIOL is 
correctly analysed by the combination of the 3/4, 4/5 and 6u portals. The arthro-
scope is  fi rst placed in the 3/4 portal and the hook palpator in the 4/5 portal. The 6u 
portal is used to let the washing  fl uid go out. To explore the triquetrolunate joint 
space, you will just have to exchange the instruments and to place the arthroscope 
in the 4/5 portal. The resort to a volar portal has been evoked to allow a more com-
plete exploration of the SLIOL. Abe et al.  [  11,   12  ]  insists on the interest of such a 
volar portal to explore the anterior third of the SLIOL.  

    3.2   Study and Palpation of the Intrinsic Ligamentous Structures 

    3.2.1   Intrinsic Ligaments 

 The scapholunate and pyramido-lunate interosseous ligaments must be explored. 
For each of these ligaments, only the anterior two-thirds will be reachable to study 
and palpation, considering the posterior point of penetration of the arthroscope.  
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    3.2.2   The Scapholunate Interosseous Ligament 

 It is looked for in the ‘roof’ during the exam of the carpal condyle and the arthro-
scope is introduced by the 3/4 portal. When it is healthy, it can be dif fi cult to  fi nd 
since it is covered up with a layer of articular cartilage which is the continuity of 
the scaphoid and the semilunate. Palpation is the best means to locate it as it is in 
a zone where tonus is diminished at the level of the anteroposterior crest of sepa-
ration from the scaphoidal and lunar fossas and the deep radioscapholunate liga-
ment (ligament of Testut) (Fig.  1 ). The whole ligament has to be analysed in 
search for injuries of the mid-third or the anterior third. Traumatic injuries lie in 
the insertion zone on the scaphoid, right inside the ligament or, more rarely, 
where the lunate inserts itself. Apart from typical ligamentous breaches and tears 
(Fig.  2 ), it is also necessary to recognise a healed ligament, which takes the shape 

  Fig. 1    Localisation of the scapholunate 
interosseous ligament thanks to palpation. The 
ligament is found during the exam of the 
radiocarpal interval: tonus in the interval 
between the scaphoid and semilunate is 
diminished.  S  scaphoid,  L  lunate       

  Fig. 2    Breach of the scapholunate interosseous 
ligament: the hook is introduced in the breach 
inside the ligament.  S  scaphoid,  L  lunate       
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of a zone of  fi brous continuity, where it is not possible to introduce the hook but 
where the tonus and the normal consistency of the interosseous ligament are not 
restored.    

    3.2.3   The Pyramido-Lunate Interosseous Ligament 

 It is more dif fi cult to locate than the previous one as there is no topographic refer-
ence. To locate it, the arthroscope has to be reintroduced by the 4/5 portal, and once 
again, palpation with the hook is often necessary.   

    3.3   Practice of Arthroscopic Dynamic Tests  [  13  ]  

    3.3.1   Dissociative Scapholunate Instabilities 

 Before any dynamic test, it is necessary to reduce the tension on the  fi nger traps so 
as not to distort the interpretation by the arti fi cial tension impressed on the extrinsic 
ligamentous structures induced by distraction. At the beginning of our experiment, 
we systematically used  dynamic tests in the radiocarpal joint . The examining hook 
was introduced in a ligamentous breach and moved axially to try and separate the 
scaphoid from the semilunate, or the lunate from the triquetrum. In the same way, 
we made an ‘arthroscopic test of Watson’ as we dorsally pushed on the tubercle of 
the scaphoid to try and put forward a rotatory subluxation of the proximal pole of 
the scaphoid. Retrospectively, it becomes obvious that the analysis of these tests’ 
results is dif fi cult, especially when the interval contains post-traumatic ligament 
remnants. Thus, these tests have now been abandoned and replaced by  the midcar-
pal dynamic tests  which interpretation is far easier. 

 In the midcarpal space, it is also possible to use the hook to estimate the stability 
of the scapholunate or the pyramido-lunate couples. To make these tests, the arthro-
scope is introduced by one of the midcarpal portals (RMC or UMC), and it visua-
lises the junction of the scapholunate or pyramido-lunate distal facets. Normally, it 
is impossible to slip the hook in the interosseous scapholunate and pyramido-lunate 
intervals. When there is no instability, the hook can de fi nitely not penetrate into the 
interosseous interval. If there is an instability, the hook can be pushed into the 
interosseous interval, towards the midcarpal. The axial movements that are 
impressed on it manage to move both osseous pieces apart (Figs.  3  and  4 ). The 
interosseous interval opens and makes the remnants of the interosseous ligament 
visible at the  fl oor.  

 At a further stage of instability, these dynamic manoeuvres with the hook even 
allow an opening which is wide enough to let the arthroscope go from the radiocar-
pal to the midcarpal space, through the ligamentous breach (Figs.  5, 6  and  7 ). 
However, this is only possible when the instability is further in the spectrum of 
injuries and can usually be established by a radiographic diagnosis.    
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  Figs. 3 and 4    Practice of dissociative dynamic tests in the scapholunate interval: the hook is 
introduced by the UMC portal and pushed towards the scapholunate interval. Axial movements are 
created to try and create a diastasis in the scapholunate interval. In the case of dissociative instabil-
ity, the opening of the interval becomes clearly visible (see text)       
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    3.4   Meaning of the Dynamic Arthroscopic Tests 
in the Dissociative Scapholunate Instabilities 

 These manoeuvres and dynamic tests thus enable to put forward a de fi ciency in the 
ligamentous devices. The surgeon indirectly analyses the effects of intrinsic and/or 
extrinsic possible ligamentous injuries on the carpal stability. Throughout our 
experiment, thanks to these dynamic arthroscopic tests, it has been made possible to 
point out an early instability before it creates abnormalities in the dynamic or a 
fortiori static radiographic results  [  14,   15  ] . It is easy to understand the higher ‘sen-
sitiveness’ of arthroscopy as far as dissociative instabilities are concerned since this 
exam enables to make a test of direct dissociation and impress constraints on the 
bones (under the effect of the twisting motion applied to the hook). On the contrary, 
in a dynamic radiographic study, the component of dissociation is indirectly induced 
under the effect of axial compression which is itself induced by  fi st clenching. 
Scapholunate dissociative instability is probably an entity with various declinations 
following a vast spectrum of injuries. The distinction between a static and a dynamic 
instability only is not suf fi cient to make the vastness of this spectrum clear. If the 
conditions in which radiographic images are made are perfectly standardised, cor-
relations can be established between the severity of ligamentous injuries seen in 
arthroscopy and their radiographic interpretation  [  16  ] .  

    3.5   Dynamic Arthroscopic Tests in Pyramido-Lunate 
Dissociative Instabilities 

 The practice of these tests has been deduced from what was observed in the sca-
pholunate interval. In that case, the absence of ligamentous injury does not let the 
hook penetrate into the triquetrolunate interosseous interval. Instability is estab-
lished after an abnormal opening of the interosseous interval impressed by the twist-
ing motion applied to the hook (Fig.  8 ).   

    3.6   Other Ligamentous Structures 

 During a diagnostic arthroscopy, our clinical practice systematically consists in the 
inspection and the palpation of the extrinsic ligamentous structures. Through the 

  Figs. 5, 6 and 7    Midcarpal view of the scapholunate base during dissociative tests: (Fig.  5 ) The 
scapholunate interval is perfectly congruent and ‘continent’. If there is a breach in the SLIOL, 
there is no instability. (Fig.  6 ) Moderate opening of the interval under the twisting motion applied 
to the hook. (Fig.  7 ) The interval is clearly opened and leaves the remnants of the SLIOL visible at 
the  fl oor. The arthroscope easily goes from the midcarpal to the radiocarpal joint, through the liga-
mentous breach (see text).  S  scaphoid,  L  lunate,  T  triquetrum,  H  hamate,  RSCL  radioscaphocapi-
tate ligament       
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classic dorsal portals, it is possible to inspect and palpate the short intra-articular 
section of the extrinsic anterior ligamentous plane, while the dorsal plane escapes 
from a ‘normal’ arthroscopy (that is to say, by a dorsal portal). Despite this system-
atic testing, the information we have is not suf fi cient to con fi rm or to contradict one 
or other etiopathogenic theories relating to the participation of these structures in 
the birth of dissociative instabilities.  

    3.7   Study of the Chondral Effect of the Instability 

 The initial diagnostic arthroscopy is also the best moment to establish an assess-
ment of the chondral effect of a dissociative instability. If this method is not really 
interesting on the triquetrolunate side as the TL dissociative instability is not said to 
be very arthrogen, it is paramount on the scapholunate side. The inspection and the 
accurate palpation of the stylo interval or radioscaphoidal joint enable to detect an 
early chondrite or arthrosis which testi fi es to the oldness of the instability. As a mat-
ter of fact, deep radioscaphoidal chondral injuries have sometimes been diagnosed 
while the patient just mentioned a unique and recent trauma. The search for the 
chondral effect is useful to detect ruptures with multiple stages which are classic 
phenomena of scapholunate instabilities.   

    4   Arthroscopy to Analyse the Severity and the Oldness 
of a Scapholunate Instability 

 Considering the performances of arthroscopy as far as diagnostic evaluation is con-
cerned, it became obvious to use it to establish a score of severity, especially in the 
case of scapholunate instability which is now known to be a vast spectrum of  injuries 

  Fig. 8    Dynamic testing in the interval between 
lunate and triquetrum (midcarpal joint).  L  lunate   , 
 T  triquetrum,  H  hamate,  C  capitate       
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and not a binary entity. The arthroscopic classi fi cation of instabilities that we use is 
reproduced below  [  15,   17  ] . The other existing classi fi cation was made by Geissler 
 [  18,   19  ] .  

    5   Arthroscopy to Treat Early Stages 
of Scapholunate Instability 

 A mere arthroscopic debridement has often been mentioned as a means to treat the 
isolated injuries of the scapholunate or pyramido-lunate interosseous ligaments  [  20, 
  21  ] . However, it is still dif fi cult to make a distinction between what can be granted 
to the debridement itself and what is the consequence of the effects of immobilisa-
tion which is associated to it or the mid-term spontaneous evolution towards indo-
lence, which is often observed in the context of scapholunate dissociation, a fortiori 
when a scapholunate and/or scaphocapitate broaching has also been made. Most of 
the studies published refer to the development of a mere functional score (Mayo 
wrist score or else) to judge of the ef fi ciency of arthroscopy on the long term.  

 Arthroscopic severity score for scapholunate instability (Dautel) 

  Stage 0 : Absence of instability, normal wrist as far as the scapholunate kinetics is concerned. 
This stage is a means to list the SLIOL breaches without instability 

  Stage 1 : The tip of the hook can be introduced in the scapholunate interval. Normal 
radiography 

  Stage 2 : Moderate opening of the scapholunate interval with the use of the twisting motion 
applied to the hook 

  Stage 3 : Clear opening of the scapholunate interval, possibility to introduce the arthroscope 
from the radiocarpal to the midcarpal space 

 This type of scoring can judge the global function and the comfort but remains 
unable to analyse the consequences of arthroscopy on wrist stability. The same can 
be said of the ligamentous electro-thermocoagulation techniques which are still 
used but for which there is no proof of real ef fi ciency.      
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          1   Introduction 

 The anatomy of the extrinsic ligaments of the wrist is quite complex as is the under-
standing of their kinematics involved in wrist stabilization  [  6–  8 ,  15 ,  23–  25  ] . 

 Arthroscopy has allowed a different approach to these extrinsic ligaments com-
pared to conventional diagnostic methods. The morphological study remains 
restricted to the intraarticular zones but may be complemented by speci fi c and pre-
cise testing of each ligament group.  

    2   Arthroscopic Anatomy of Extrinsic Ligaments 

 To facilitate understanding, we have distinguished three groups of extrinsic 
ligaments:

   Anterior proximal carpal plane: RSC – RLT (LRL, SRL) – RSL – UL – UT  • 
  Anterior midcarpal plane: STq – SC – ST – CTz – TqC  • 
  Dorsal plane: DRC – DIC    • 

 Each group is assessed through a certain arthroscopic approach with a possible 
speci fi c approach that may be needed. 

 Only the anterior proximal plane of carpal ligaments is accessible to direct 
arthroscopic vision. 

    L.   Van   Overstraeten   
     Hand and Foot Surgery Unit SPRL , 
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 Even if the arthroscope can only examine the intraarticular portion of these 
extrinsic ligaments, the data collected can be used to assess the stability of the wrist 
and orient the choice of technique for potential surgical repair.  

    3   The Anterior Proximal Carpal Plane 

 It is composed of two subgroups, the radiocarpal and ulnocarpal, and is explored 
essentially through dorsal radiocarpal portals. 

 The classic portals 3–4 and 4–5 allow direct visualization of the scapholunate 
and lunotriquetral interosseous ligaments. They also give access to the intraarticular 
portions of the extrinsic ligaments of the anterior radiocarpal and ulnocarpal planes 
 [  28–  30  ] . The SRL, UL and UT can also be approached. 

    3.1   The Anterior Radiocarpal Plane 

 The radioscaphocapitate ligament (RSC) is a large strong ligament which inserts 
onto the radial styloid and is directed radially and obliquely towards the capitate. It 
runs along the proximal half of the scaphoid where it inserts at the level of the waist 
distal to the tubercle  [  19  ]  and is  fi xed distally on the palmar tubercle of the capitate 
(Fig.  1 )  [  22  ] . According to Berger, only 10 % of the  fi bres insert into the capitate 
 [  19  ] . The RSC is intimately related to the distal  fi bres of the lunocapitate (LC) and 
the palmar scaphotriquetral (STP) ligaments  [  19  ] . The RSC crosses two articular 
chambers (radiocarpal and midcarpal). Its role is to ‘ fi x’ the scaphoid preventing 
dorsal tilting of its proximal pole. In ulnar deviation, it helps the verticalization of 
the scaphoid acting as a secondary stabilizer of the scapholunate complex  [  11  ] , and 
its injury may be the cause of scaphoid instability with DISI and scapholunate dia-
stasis  [  12  ] .  

 On arthroscopic examination of the radiocarpal joint, the RSC is most radial 
(Fig.  2 ). Its  fi bres are obliquely oriented from radial to ulnar, and it is separated from 
its neighbouring radiolunotriquetral by a hiatus – the interligamentary sulcus which 
allows testing of both ligaments using the hook palpation (Fig.  3 ).   

 The radiolunotriquetral ligament (RLT) is also very strong and usually com-
posed of two bands: the long radiolunate (LRL) radially and the short radiolunate 
(inconstant) (SRL) separated by the radioscapholunate (Fig.  1 ). It is almost parallel 
to the RSC and usually divided into two parts: a proximal purely radiolunate half 
and the distal palmar lunotriquetral. The SRL  fi bres cross with those of the 
ulnotriquetral. 

 It traces a proximal inverted ‘V’ with the anterior ulnocarpal where the apex of 
the V represents the triquetral and lunate insertions. 

 It forms the palmar part of the triquetral sling  [  21  ]  and contributes to the stabili-
zation of the lunate, preventing its dorsal  fl exion and palmar translation. It prevents 
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the ulnar translation of the carpus, and its injury destabilizes the perilunate region. 
On arthroscopic assessment, the radiolunotriquetral ligament RLT is the ulnar 
neighbour of the RSC. It links the anterior border of the scaphoid fossa of the radius 
to the triquetrum, and its  fi bres are more oblique than those of the RSC (Fig.  2 ). On 
its way, it also inserts onto the anterior horn of the lunate. 

 The radioscapholunate ligament (RSL) or ligament of Testut is quite a lax  fi brous 
structure (Fig.  4 ). According to Berger, ‘the RSL ligament is not a real ligament in 
the biomechanical or the histological sense of the term’. It can be considered as a 

  Fig. 1    The plane of extrinsic wrist ligaments, ( a ) palmar and ( b ) dorsal views.  4  Scaphotriquetral 
ligament,  5  Radioscaphocapitate ligament,  15  dorsal radiocarpal ligament,  16  dorsal intercarpal 
ligament,  17  annular anterior carpal ligament,  18  long radiolunate ligament       

  Fig. 2    Arthroscopic view of the radiocarpal 
interval left wrist.  Right   to  left :  RSC ligament , 
interligamentary sulcus and  RLT  ligament       
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mesocapsule. It contains terminal branches of the anterior interosseous nerve and 
rami from the radial arcade  [  19,   20  ] .  

 It serves as an arthroscopic landmark for the scapholunate ligament which is 
sometimes dif fi cult to identify without probing which depresses it (Fig.  4 ). It is 
characterized by its vertical  fi bres which extend along the scapholunate crest of the 
radius. It is the most super fi cial from the scope and can sometimes obscure the ante-
rior part of the radiocarpal joint like a veil (Fig.  5 ). 

 It is more lax than the previous ligaments and feels always more so on probe 
palpation.  

  Fig. 3    Arthroscopic view of the left radiocarpal 
interval. Probing RLT (which is lax stage 2). 
Probe is in the interligamentary sulcus. 
Hemorrhagic synovitis in the radial part of the 
RSC ligament       

  Fig. 4    The plane of extrinsic and intrinsic wrist ligaments, ( a ) palmar and ( b ) dorsal views. 
 1  Scapholunate,  2  radioscapholunate,  3  lunotriquetral,  6  scaphotrapezial,  7  scaphocapitate, 
 8  triquetrohamatocapitate,  9  capitotrapezial,  10  capitotrapezoidal,  11  capitohamatal,  12  short radi-
olunate,  13  ulnolunate,  14  ulnotriquetral       
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    3.2   The Anterior Ulnocarpal Plane 

 This is formed by the RLT ligament, the proximal palmar ‘V’ ligament (Fig.  1 ), 
which    is formed of the ulnolunate UL and lunotriquetral LT ligaments. It inserts 
on the proximal part of the anterior portion of the TFCC and the ulnar styloid. It 
contributes to the stabilization of the lunotriquetral complex and TFCC tension. 
The ulnolunate ligament may sometimes share  fi bres with the short RL 
ligament.  

 Ulnarly, the anterior  fl oor is composed of less distinctly individualized ligaments 
(Fig.  6 ). The difference in obliquity distinguishes between the UL and UT ligaments 
which appear to be intimately attached to the TFCC and represent an extension of 
this structure. They are also palpated by the probe.    

  Fig. 5    Arthroscopic view of the right 
radiocarpal interval.  Left  to  right : LRTL 
(long radiotriquetral) and hemorrhagic 
synovitis on the  RSL  ligament       

  Fig. 6    Arthroscopic view of the left ulnocarpal 
interval: 3 years after shortening osteotomy 
described by Milch, ‘scarring’ chondritis 
triquetrum. Ulnocarpal ligaments stretched 
with no clear separation between the  UT  
and the  UL        
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    4   The Anterior Midcarpal Plane 
and the Scaphotrapeziotrapezoid Complex 

 The anterior midcarpal plane is formed of a combination of extrinsic and intrinsic 
ligaments. It includes the distal part of the RSC ligament; the intraarticular midcar-
pal part of the RSC forming the distal palmar ‘V’ is visible through the standard 
arthroscopic portals. 

 Thus, the RMC and UMC classic midcarpal portals give direct access to the 
intraarticular part of the RSC and TC ligaments. 

 The midcarpal part of the radioscaphocapitate ligament is easily identi fi ed 
(Fig.  7 ) by the same obliquity of  fi bres as its radiocarpal portion. It is easily acces-
sible to the probe.  

 The anterior midcarpal plane also includes the triquetrocapitate TC (Fig.  4 ) and 
the palmar scaphotriquetral STP (Fig.  1 ) ligaments. 

 The TC extends from the distal radial angle of the triquetrum to the ulnar cortex 
of the capitate  [  19  ] . It forms the distal and ulnar part of the palmar midcarpal ‘V’ 
and is the palmar ulnar stabilizer of the midcarpal joint. On arthroscopic examina-
tion, it is discernible from the RSC by the inverted obliquity of its  fi bres. 

 Described in 1994, the STP ligament prevents scaphotriquetral palmar dissocia-
tion and thus indirectly scapholunate dissociation. It probably supports the head of 
the capitate during wrist extension  [  20  ] . It is extraarticular and inaccessible to 
arthroscopic examination. 

 The anterior midcarpal plane also includes the scaphotrapeziotrapezoid com-
plex. It is strictly palmar and is composed of three distinct exclusively intrinsic 
structures: the palmar scaphotrapezial ligament (STz) and radially a scaphocapitate 
ligament (SC) and a capitotrapezoid ligament (CTzo) distal to the scaphoid (Fig.  4 ). 
The STz ligament seems to act as a secondary stabilizer to the scapholunate com-
plex along with the RSC and the dorsal intercarpal ligament (DIC)  [  11–  13  ] . The two 
ligaments materialize the  fl exion-extension axis of the scaphoid (Fig.  8 ). This axis 

  Fig. 7    Arthroscopic view of the right midcarpal 
interval: stage 1 laxity of the midcarpal portion 
of the RSC       
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passes through the waist of the capitate  [  16,   17  ] . The SC  ligament is also an impor-
tant stabilizer of the scaphoid  [  19  ] .  

 The SC ligament is accessible only when the distal scaphocapitate interval is 
open, i.e., in a pathological situation of instability (Fig.  9 ).  

 The CTz ligament is inaccessible to arthroscopic examination, and the STz is not 
accessible through the dorsal midcarpal ptortals. It is possible to introduce the probe 
through an MC 1–3 portal in the distal anatomical snuffbox taking care to avoid the dorsal 
recurrent branch of the radial artery. Recently, we use standard portals (scope through 
RMC and probe through MC). The probe crosses up the scope into the midcarpal joint 
and goes to palpate the STz ligament in the STT joint. The scope is slid through the MCR 
along the scaphoid to visualize the scaphotrapeziotrapezoid junction.  

  Fig. 8    Plate of extrinsic wrist ligaments: the 
scaphotrapezial STz and scaphocapitate SC 
tracethe axis of  fl exion-extension of the 
scaphoid       

  Fig. 9    Arthroscopic view of left midcarpal 
interval. Scope through RMC, probe through 
MC 1–3. Enlarged distal scaphocapitate interval 
allowing palpation of SC ligament       
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    5   The Dorsal Plane 

 The dorsal plane is formed by two ligaments forming a sloping ‘V’ open radially 
with the point inserted on the triquetrum. Viegas describes it as a radioscaphoid 
ligament which relays on the triquetrum  [  4  ] . It is distinguished by the constant ten-
sion of its branches whatever the opening angle of the ‘V’ and whatever the move-
ment of the wrist (in the sagittal or the frontal plane). Thus, in ulnar inclination, the 
‘V’ opens and the dorsal ligament plane participates in the verticalization of the 
scaphoid, while the triquetrum passes under the hamate (Fig.  10 )  [  26  ] .  

 The dorsal radiocarpal ligament (DRC) unites the radius and the triquetrum and 
inserts on the lunate (Fig.  1 ). It forms the dorsal component of the Khulman’s sling 
 [  21  ]  and is a secondary stabilizer of the carpus  [  12,   13  ] . A lesion here is as destabiliz-
ing to the carpus as a lesion of the palmar bands of the scaphocapitate and scaphotra-
pezial ligaments  [  13  ] . It is ruptured in 50 % of cases of carpal instability usually 
associated with scapholunate ligament injury but may also be a solo ligament injury 
 [  27  ] . The pain occurs more rapidly with the existence of associated lesions. 

 The ceiling of the joint space may only be visualized through lateral portals 1–2 
and 6U. Care should be taken with approaches through these portals to protect the 
dorsal sensory branch of the ulnar nerve as well as the radial artery. The dorsal syn-
ovium is thick and its folds often obscure the dorsal ligaments. However, careful 
probing through 3–4 and 4–5 portals – across the synovium – gives a fair apprecia-
tion of the tension of the dorsal radiocarpal ligament. 

 The dorsal intercarpal ligament (DIC) unites the triquetrum and distal scaphoid 
sometimes extending onto the trapezium and trapezoid   [  5,   33  ]  (Fig.  1 ). It is the 3rd 
secondary stabilizer of the carpus  [  13 ,  18  ] . 

  Fig. 10     Plate of extrinsic dorsal wrist ligaments: the ‘V’ opens in ulnar inclination       
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 The DIC ligament may be seen through MC 1–3 and palpated through UMC; it is 
likewise possible to estimate the tension of the dorsal intercarpal ligament (Fig.  11 ).   

    6   Pathologic Arthroscopy of the Extrinsics 

    6.1   Genesis of Perilunate Dissociative Instability: Nebulous? 
Biokinematic and Pathologic Hypothesis 

 Most authors appear to accept that responsibility for dissociative scapholunate or 
lunotriquetral is shared by intrinsic and extrinsic ligaments  [  2,   3,   4,   11,   12,   14 ,  23–  25  ] . 
The majority of authors also agree on the primacy of the scapholunate and lunotrique-
tral ligament lesions as essential for carpal destabilization  [  1,   11–  13  ] . 

 In the analysis of scapholunate dissociative instability, some consider that in 
addition to the interosseous ligament, the proximal palmar ligament is essentially 
involved. Others have incriminated essentially the distal extrinsics or the scaphotra-
peziotrapezoid complex  [  31,   32  ] . 

 Short et al. consider that the scapholunate ligament is the principal stabilizer of the 
scapholunate complex, and the extrinsics RSC, DIC and STz are secondary stabilizers 
 [  11–  13  ] . For them, the carpus destabilizes progressively under phasic stresses  [  9,   10  ].  

 We propose the following biokinematic theory. The scapholunate complex is stabi-
lized by the scapholunate ligament which is the fundamental intrinsic restrain and also 
by three extrinsic locks: the distal (STz, CTz, SC), the palmar proximal radial (RSC) 
and the dorsal (DIC) ligaments. For the stability of the complex to be preserved, the 
scapholunate ligament as well as two of the three restrains must be intact. If the sca-
pholunate ligament is completely ruptured (Dautel 3; Geissler 4), dissociative instabil-
ity is clear. We have never witnessed isolated scapholunate ligament rupture without 

  Fig. 11    Arthroscopic view of left 
midcarpal interval. Scope through MC 1–3, 
probe through RMC. After synovial 
débridement using a shaver, the dorsal 
intercarpal  DIC  ligament is palpated       
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associated extrinsic laxity. If the scapholunate ligament is partially ruptured (Dautel 1 
or 2; Geissler 3) and one extrinsic restrain is loosened, the instability process has begun 
and – without treatment – will inevitably progress to adaptative decompensation. 

 In the management of an acute sprain (more recent than 6 weeks) we must verify 
the integrity of these three restrains and systematically repair all partial SL lesions 
(Dautel 1), when associated with a lesion of at least one extrinsic restrain. It is also 
necessary in the control of a chronic prearthritic dissociative lesion to assess the 
state of these three extrinsic locks which will modulate our choice of technique. 
This will substitute for the broken restrain. 

 In lunotriquetral dissociative instability, the role of the lunotriquetral interosseous 
ligament seems fundamental  [  10  ] , and this interval is systematically tested in our 
protocol. 

 As for extrinsics, their responsibility seems even more complex than in scapholu-
nate instability. We test the palmar and dorsal (RLT and DRC) planes of the Khulman’s 
sling and the palmar ulnocarpal (UT) and the DIC ligaments. We have never wit-
nessed frank lunotriquetral instability (combining Dautel 2 with triquetral hypermo-
bility and marginal chondritis of the lunotriquetral interval and the tip of the hamate) 
without laxity of the components of the triquetral sling. Up to now, we do not modu-
late the technique of management of instability to any such extrinsic ligament lesion.   

    7   Approach to Extrinsics 

 The arthroscopic approach to the extrinsics involves both modalities of assessment: 
direct vision inspection and testing by probing. Analysis is completed by clinical 
examination using special tests such as Watson and interosseous ballottement, 
intraarticular interosseous gaping and hypermobility of the bones. 

    7.1   Direct Vision Inspection 

     Radiocarpal  through portals 3–4, 4–5, 6U and 1–2 (RSC – LRL – RSL – (SRL 
inconstant) – UL – UT)  
   Midcarpal  through portals MC 1–3, RMC, UMC, RSC and TC     

    7.2   Probe Palpation Assessment 

 For lesions of the extrinsic ligaments in the proximal palmar plane, we propose the 
following staging:

   Stage 0: Perfect tension: harp string effect.  • 
  Stage 1: Ligament laxity: possible mobility, corresponding to the thickness of the • 
probe 1 mm (Fig.  10 ).  
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  Stage 2: Partial ligament degeneration as seen by  fi brillary appearance, thinning • 
and blurred edges.  
  Stage 3: Complete disappearance of the extrinsic ligament, only remnants may • 
be seen.    

 This testing may be applied to the distal palmar plane (the scaphotrapezotrape-
zoidal complex) where only the scaphotrapezial STz ligament can be tested, 
since – as previously mentioned – the CTz and SC are only accessible in pathologi-
cal situations. 

 The palmar plane assessment is completed by probing of the distal scaphocapi-
tate interval. We propose extending the Dautel scapholunate staging  [  28–  30  ]  to the 
distal scaphocapitate interval (Fig.  11 ). 

 We consider stage 2 (easy probe penetration and opening of the interval by tor-
sion) and 3 (spontaneously open interval) to signify a severe lesion of the extrinsic 
lock, the distal scapholunate. 

 This testing may be applied to the dorsal plane. It is dif fi cult and needs the use of 
special portals 1–2, 6U and MC 1–3. It is sometimes necessary to debride the bulky 
dorsal synovium using the shaver to optimize palpation under visual control. It is 
also sometimes necessary to use the second probe.   

    8   Other Arthroscopic Signs of Instability 

 In recent trauma, hemorrhagic synovitis pigments the stretched extrinsic ligament 
and is an indicator of the lesion in arthroscopy  [  34  ] . 

 Hypermobility of one of the proximal carpal bones, better visualized through the 
midcarpal, is a better sign especially if the interosseous ligament testing is equivocal. 

 Chondritis of the borders of the scapholunate or lunotriquetral intervals is a sign 
of an old instability  [  34  ] . 

 Watson’s test and interosseous ballottement are of anecdotal importance.  

    9   Conclusion 

 The extrinsic ligaments – intimately related to the intrinsics – seem to play a role 
much more signi fi cant than that originally described in the genesis of perilunate 
dissociative instability. 

 Arthroscopy allows a descriptive and kinematic study of wrist ligament pathol-
ogy. It presents an inevitable stage in the assessment of wrist instability. 

 We systematically assess the extrinsic locks through a lateral approach (portals 
1–2, 6U, MC 1–3) to complete the classical examination. 

 We propose a staging for extrinsic lesions and an application of the Dautel stag-
ing to the distal scaphocapitate interval. 
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 We propose the hypothesis that SL dissociative instability is due to SL ligament 
lesion associated with a lesion of at least one of the three extrinsic locks. 

 We think that the extrinsic locks’ lesion should modulate the choice of technique 
for treatment of chronic scapholunate instability.      
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 This chapter is a short technical note which completes the ‘Application of wrist 
arthroscopy to the study of intrinsic ligaments’ written by Gilles Dautel. It aims at 
quantifying the causes of false positives and false negatives during the dynamic test-
ing of scapho- and pyramidolunate instabilities at the midcarpal space. 

    1   False Positives 

 In these situations, the arthroscopic dynamic testing tends to overestimate the score 
of severity of a scapho- or triquetrolunate instability. 

    1.1   The Examining Hook and the Optic 

 Although it can seem trivial, an undersized examining hook can engender a misin-
terpretation of the testing. It becomes impossible to make real dynamic testing if the 
hook is too thin and its tip small.    The examining hook should be 2 mm thick and the 
tip with a right angle should be at least 3 mm deep. In stage 1 of Dautel’s classi fi cation, 
it is possible to introduce the tip of the hook in the interosseous space. In stage 2, 
the hook must be long and strong enough to test the interosseous laxity with the use 
of a twisting motion applied to the hook. In stage 3, the optic easily passes from the 
midcarpal to the radiocarpal space through the diastasis. It can be understood that 
the use of an optic for small joints (   1.9 mm) can distort the results.  
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    1.2   Natural Ligamentous Laxity 

 It is dif fi cult to understand the degree of physiologic laxity of these interosseous 
ligaments. However, two elements can be useful:

   First of all, the pre-operating clinical exam gives us information about the degree 
of laxity which can be expected if we are, as described by Christophe Rizzo, 
systematically bilateral and comparative. This exam is always completed by a 
dynamic radiographic report which is bilateral too.  
  Then, if we are lucky enough to use arthroscopy to test a wrist with one of the 
two interosseous ligaments which is sane in the midcarpal space, it is possible to 
trust its behaviour in the radiocarpal space. It is as if the sane couple was the 
reference to the injured couple. In other words, if the laxity detected in the testing 
of the scapholunate couple, which has an injured radiocarpal ligament, is the 
same as the one of the healthy triquetrolunate couple, we can come to the conclu-
sion that this is a physiologic laxity.      

    2   False Negatives 

 These are situations when the arthroscopic dynamic testing tends to underestimate 
the score of severity of a scapho- or triquetrolunate instability. 

    2.1   The Tension Applied on the Finger Traps 

 It is necessary to insist on the fact that when the tension impressed on the extrinsic 
ligaments during wrist arthroscopy is too important, there can be a misinterpreta-
tion. Once the hook and the optic are in place in the midcarpal space, tension has to 
be relaxed. Moreover, the wrist has to be in a neutral position in prono-supination. 
Indeed, too many constraints in twisting motion have the same indirect effect on the 
extrinsic ligaments and can modify the interpretation of the arthroscopic testing.  

    2.2   The Position of the Examining Hook 

 It is essential that the hook is introduced in the axis of the interval to be tested. 
Indeed, for a testing of the scapholunate couple, the hook must be introduced by the 
radial midcarpal portal (RMC). The hook is thus parallel to the scapholunate inter-
val, and the twisting motion becomes easy and natural. Once the hook is deeply 
introduced in the scapholunate space, until its right angle is inserted, a strong and 
progressive twisting motion is axially applied to the hook. 
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 For the testing of the triquetrolunate couple, the hook must be parallel to the tri-
quetrolunate interval, and thus it must be introduced by the ulnar midcarpal portal 
(UMC). 

 The previous elements can lead to a misinterpretation of the results of the 
dynamic testing. However, these inconveniences can be easily avoided if the sur-
geon has the adequate material, a good technique of arthroscopic palpation and if he 
takes care to get rid of the variations induced by the elements of extrinsic 
stabilization.        
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 As already mentioned, the dating of radio- and intracarpal sprains often raises a 
therapeutic and forensic question. 

  Is the trauma reported as being the causal element the only one to be 
responsible?  

 This question has a therapeutic impact since, as we know it, the stabilization of 
unstable injuries within 6 weeks allows to get an anatomic and functional healing to 
prevent adaptive decompensation. 

 This question also has a forensic impact. 
 In common law (for instance, when an accident on the public highway implies 

the third party responsibility), the previous state erases the damage, and except if the 
victim can prove a worsening of his/her previous state, the damage will not be 
repaired. 

 The author puts forward three criteria to estimate when the trauma  fi rst appeared 
and to argue anamnestic information given by the victim. 

    1   The Turbidity of the Synovial Fluid 

 At the beginning of an arthroscopy, after the tourniquet has been in fl ated, needles 
are placed in the usual portals. Most of the time, the 3/4 portal easily allows to get 
synovial  fl uid. 

 The author himself always injects 5 cc of physiologic  fl uid he gets back in a 
white bottle or on a compress. 

 This  fl uid is scarcely translucent when the trauma is less than 6 weeks old! 
 This idea has come to estimate the turbidity following a score of colouration. 
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 At  fi rst, there were three scores: transparent, rosy and bloody. 
 For a short time, the author has been estimating turbidity on a scale from 0 to 4, 

reproduced by dilution 1/2 (dilutions from 1/2 to 1/8196) (Fig.  1 ).  
 A colourful  fl uid (T3–T4) testi fi es to a recent trauma which happened less than 

2 weeks before (usual delay for hemarthroses to disappear). 
 A rather clear  fl uid (T1–T2) testi fi es to a trauma of less than 6 weeks old. 
 A transparent  fl uid (T0) testi fi es to a trauma of more than 6 weeks old. 
 Be careful of the variations linked to some microcrystalline or rheumatoid 

arthritides.  

    2   The Presence of Hematic Synovitis 

 We all noticed the presence of hematic synovitis in wrists that have just been injured. 
It shows the extrinsic ligamentous zone implied in the injury. It gives a real topog-
raphy of the zone. 

 In recent traumas, less than 2 weeks old, the whole ligamentous zone is red from 
the proximal to the radial ligament. 

T4
(1/2)

T3
(1/16)

T2
(1/128)

T1
(1/2048)

T0
(1/8196)

  Fig. 1    Turbidity: scale of 
reference (from 0 to 4); 
dilutions       
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 When traumas are older, from 3 weeks to 6 months, the hematic synovitis prob-
ably concentrates itself in the disinsertion zone (Fig.  2 ) in radiocarpal and in 
midcarpal.  

 A recent pathological wrist which has no hematic synovitis but a scapho- or tri-
quetrolunate instability, or a laxity of the extrinsic ligamentous apparatus, has nec-
essarily been previously injured. The trauma is often reported to be superior to 6 
months.  

    3   The Scoring of the Associated Chondrite 

 This is Outerbridge’s scoring of chondrites  [  1  ] :

    • Stage 1 : soft chondrite: the hook leaves a print  
   • Stage 2 :  fi brous chondrite or chondrite with  fi ssures  
   • Stage 3 : chondral incisive ulceration ‘crab-like coloured’ (Fig.  3 )   
   • Stage 4 : the bone is visible    

 The soft chondrite is the  fi rst cartilaginous reaction. It appears at the edges of the 
injured intervals 3 or 4 weeks after the trauma. Then, it extends to the convex sur-
faces ( fi rst to the proximal poles of the  fi rst row and then to the capitate and lunate 
poles). It is less visible on the concave surfaces (radial and distal facets of the bones 
of the  fi rst row). 

 The  fi brous chondrite appears as soon as the 4th post-traumatic week on the 
edges of the injured intervals. It extends to the convex and then to the concave sur-
faces after the sixth week. Chondral ulceration testi fi es to a subacute injury which 
has been lasting for several months. 

 The exposure of the bone is chronicle. It appears after several years of 
instability.  

  Fig. 2    Hematic synovitis at the foot of the 
radioscaphocapitate ligament: S1       
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    4   Scoring Proposal 

 The author proposes the following scoring:

   T for ‘turbidity’ followed by a number from 0 to 4• 
   T0: perfectly transparent  fl uid  
  T4: 1/2 dilution of the arterial blood     

  S for ‘hematic synovitis’ followed by a number from 0 to 2• 
   S0: absence of hematic synovitis  
  S2: hematic synovitis on the whole ligament     

  C for ‘chondrite’ followed by a number from 0 to 4• 
   C0: absence of chondrites  
  C1: soft chondrites  
  C2:  fi brous chondrites  
  C3: incisive chondral ulceration  
  C4: exposure of the dome        

    5   Chart Summing Up the Possible Clinical Aspects 

 The correlation between each criteria and the post-traumatic delay is the result of a 
statistical analysis  [  2  ] .

    T0S0C0 : normal wrist  
   T3S2C1 : recent trauma dating back from less than 2 weeks  
   T1S1C2 : recent trauma from 2 to 6 weeks  
   T0S0C2 : trauma from 2 to 6 months  
   T0S0C3 : chronicle trauma of more than 1 year    

  Fig. 3    Incisive ulceration: proximal pole of the 
triquetrum, C3       
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 These statistically signi fi cant criteria have the merit to objectively evaluate wrist 
sprains and possible guide treatment.      
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          1   Introduction 

 In case of emergency, wrist sprain diagnosis is often mentioned after a wrist trauma, 
without fracture or visible luxation on radios. It corresponds to the de fi nition of 
a sprain for the public at large. A non-pathologic radio sometimes reassures the 
patient, more often the doctor, and the trauma is usually functionally treated by an 
elastic or rigid light contention, and even a mere antalgic. It is however necessary to 
remember that a real sprain corresponds to a trauma of wrist ligaments. Even if 
a benign sprain will heal without any sequela, the severity of this sprain can be sly. 
The emergency room doctor has the dif fi cult task to avoid these traps.  

    2   Clinical Case 

 This is the case of a 15-year-old girl, victim of a ‘benign’ wrist trauma. The clinical 
report at the emergency department mentioned, ‘pain at wrist motion, oedema on 
the wrist, no hematoma, no sensory disorder, no motor disorder’. The initial radio 
showed a cunean non-displaced fracture of the radius (Fig.  1 ). The treatment at the 
emergency department consisted in the application of plaster cast and a prescription 
of paracetamol.  

 Four weeks later, when the fracture healed (Fig.  2 ), the cast was removed, but the 
patient mentioned a persisting trouble at wrist motion.  

 One week later, she consulted again as the disorders persisted. The clinical 
exam mentioned pseudo-blockings with wrist snap, a peri-lunate sensitiveness 
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and a doubtful aspect of extension of the lunate on the pro fi le radiography, evok-
ing a possible intracarpal ligament injury. On the one hand, the arthroscanner 
pointed out an injury of the triangular  fi bro cartilage complex (TFCC) with a pas-
sageway of the contrast  fl uid into the distal radioulnar joint and on the other hand, 
an important widening of the scapholunate space, without passage of the contrast 
 fl uid (Fig.  3 ).  

 Arthroscopy con fi rmed a rupture of the TFCC (Fig.  4 ), sutured in the same time 
(Fig.  5 ), but also an important scapholunate laxity (Fig.  6 ) which was immediately 
pinned with K wires (Fig.  7 ).     

 There was a positive evolution after wires had been removed 6 weeks later and 
after reeducation which had lasted 1 month.  

    3   Discussion 

 If the patient had not mentioned her trouble or if her family had not taken her seri-
ously, the trauma would have been diagnosed at a chronic stage. A fracture proves 
that energy has been delivered by the trauma, which energy could drive to other 

  Fig. 1    Initial radiography with the cast       
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  Fig. 2    Radiography once the bone was consolidated       

  Fig. 3    Arthroscanner. 
Rupture of the TFCC with 
passage of the contrast  fl uid 
( circle ). Widening of the 
scapholunate space ( arrow )       
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lesions as ligament    tears. Anyway, the absence of fracture does not imply the absence 
of energy absorbed by the wrist. The history of the trauma, an oedema, snaps or joint 
blockings, pain at grasp, a bascule of the lunate on the pro fi le radiography, a rupture 
of Gilula’s arcs or a widening scapholunate gap are signs which tend to demonstrate 
a ligamentous injury. Any wrist trauma has to be followed by a complete clinical 
exam (Chap.   3    ). If there is a fracture, it can be dif fi cult to do the exam immediately, 
but in that case, it must be done at the latest when the plaster cast is removed. 

 At the slightest doubt, dynamic x-rays can reveal a latent instability, but even at 
that stage, there can be false negatives. The most important is thus to quickly direct 

  Fig. 4    Arthroscopic image of the perforation of 
the triangular  fi bro cartilage complex (TFCC). 
 Tri  triquetrum       

  Fig. 5    Arthroscopic suture of the TFCC       

  Fig. 6    Scapholunate    laxity. The space is easily 
opened by the hook.  Lu  lunate,  SCA  scaphoid, 
 Cap  capitate       
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the patient towards a surgeon who knows how to deal with carpal pathology when 
the evolution of the trauma is problematic. Even the arthroscanner can be de fi cient, 
and in that case, arthroscopy is the only means to make a report of all the injuries 
and to test the different wrist ligaments (Chaps.   8     and   9    ). But it also allows the man-
agement of the trauma during the acute phase. The ideal moment to treat the trauma 
is during the 6 weeks which follow, namely, the period of potential healing of the 
ligaments. Indeed, after that period, the results of repair are not as good  [  1  ] . Non-
diagnosed carpal instability, and thus not treated, often leads to advanced arthrosis 
within a few years  [  1  ] . The diagnosis of a sprain and the scoring of severity must be 
established before a long-lasting immobilization.  

    4   Conclusion 

 After a few days or a few weeks, it is paramount to re-examine the injured wrist. 
During each consultation, the best means to avoid an insidious but invalidating arthro-
sis is to look for a precursory and clinical sign, which can sometimes be radiological 
and late. The management of the trauma within the six  fi rst weeks allows an ideal 
treatment often associated with arthroscopy. There is a period of pseudo-silence before 
chronic instability declares itself, but it can be detected if the signs are well read.      
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 The important impact of wrist traumas among traumatologic emergencies has been 
known for a long time. 

 Indeed, the Industrial Accident Fund (IAF) reports statistic datum which are 
updated every year  [  1–  6  ] . 

 We also know the important impact of wrist sprains among wrist traumas. 
 We have been aware of the apparent benign aspect of radiocarpal or intracarpal 

sprains for a long time. As a matter of fact, pains almost always disappear whatever 
the sprains (stable or unstable). 

 Wrist sprains seem to be less seriously taken into account than other traumas of 
the superior limb. Sprains are often considered as benign, because of ignorance of 
the clinical and radiological gravity signs. 

 Yet, once unstable sprains are stabilized within a delay of 6 post-traumatic weeks, 
there is an anatomic healing of the injuries, and the secondary destabilization and 
arthrosic adaptation is slowed down or avoided (Chap.   17    )  [  7–  9  ] . 

 During the out-patient clinic activities, we are too often faced to patients who fell 
on their wrist from 3 to 6 months earlier, and which late diagnosis puts forward an 
unstable scapho- or triquetrolunate injury while the patient had been examined by a 
doctor in emergency. 

 So, there is a public health responsibility in the sensitization of  fi rst-line thera-
peutic actors. 

 Public powers do not seem to be sensitized to this problem. This is the reason 
why this responsibility to sensitize  fi rst-line therapists should rest on the specialist. 

 We have to make everything possible to explain emergency room doctors and 
GPs in each of our health departments:

   That a painful post-traumatic wrist without osseous abnormality can have an • 
unstable ligamentous injury  
  That this wrist can be more easily examined after 4 or 5 days of immobilization  • 
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  How to accurately examine a ligamentous wrist  • 
  What the seven stages to examine the wrist are and how to make the round of the • 
joint  
  What a manoeuvre of Watson, a triquetrolunate ballottement and a Reagan • 
test is  
  That an unstable wrist, even just after the trauma, can remain normal and have • 
a normal mobility and a normal strength  
  That if a ligamentous injury is suspected, the patient has to be directed to a hand • 
surgeon and an arthroscanner be quickly made  
  That if there is a perilunate ligamentous leak, an appointment must be taken with • 
a surgeon specialized in arthroscopy  
  That a period of 6 weeks is a maximum before stabilizing an unstable ligamen-• 
tous injury  
  That if the injury is stable in arthroscopy, a removable orthosis should have • 
a rapid soothing effect and the patient should rapidly go back to work and lead 
a normal life  
  That, on the contrary, if the injury is unstable in arthroscopy, it could be surgi-• 
cally operated within the delay of 6 weeks after the trauma and stabilized with 
broaches during 6 weeks  
  That it is a team work    • 

 We have to persuade our colleagues that it is a race against time. 
 These wrist traumas without osseous injury and these referenced cases by our 

 fi rst-line colleagues have to be our priority in our agendas. 
 Indeed, if we take into account 15 post-traumatic days before the  fi rst consulta-

tion and 15 days before a possible arthroscanner, there will be only 15 days remain-
ing to plan a surgical intervention! 

 A written feedback to our colleagues has to be established to give information on 
the operating protocol, on the short- and long-term follow-up of the patient and on 
the ef fi ciency of their action. 

 It is the easiest way, if not the only one, to reduce the consequence of SLAC-type 
adaptive decompensations without increasing the consequence of capsulo fi brodeses 
or ligamentoplasties.     
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          1   Introduction 

 Painful constitutional midcarpal laxities are particular and sometimes block our sur-
gical consultations  [  1 – 3 ,  6 ,  7  ] . 

 In 1984, Louis described a capitolunate instability pattern as a distinct form of 
instability  [  5  ] . In 1986, Johnson and Carrera reported chronic capitolunate instabil-
ity of traumatic origin  [  8 ,  9  ] . In 1984, White and Coll. proved that all the patients 
who have a CLIP (‘capitolunate instability pattern’ or capitolunate trigger during 
Watson manoeuvre) were receptive to a plastered immobilization  [  14  ] . In 1996, 
Ono, Gilula and Coll. disagreed with them  [  10 ,  14  ] . They described the DCT and 
the VCT (‘dorsal and volar capitate displacement test’). In 1996, Schernberg showed 
on stress views that the dorsal displacement of the capitate was more prominent on 
lax wrists than on normal wrists  [  12,   13  ] . In 2002, out of 100 normal wrists, Park 
de fi ned the displacement index of the capitate and three types of capitolunate laxity 
following the direction in dorsal stress of the lunate  [  11  ]  (Fig.  1 ). Laxity was 
de fi nitely more important when the patients were women and young adults (20–29 
years old). Neither was there difference between dominant and nondominant wrists 
nor between dorsal or volar displacements.  

 In 2002, Kuhlman established that the discomforting SNAP-type trigger was due 
to a rupture or a loosening of the dorsal radiocarpal ligament  [  4  ] . He did not refer to 
a non-pathologic state.  
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    2   Casuistics 

 The patients are often young adults from 12 to 20 years old who have no trauma but 
sometimes suffer from a dorsal wrist pain in the median long  fi ngers as they practise 
manual activities (gymnastics, gardening, move, athletics). This pain is often asso-
ciated with the extension of the wrist when we lean on the heel of the hand, by writ-
ing, and by ball sports  [  1  ] . A dorsal wrist pain spreads to the median long  fi ngers. It 
can happen at rest and be latent but scarcely engender cramps. 

 There was no mention of swelling or abnormality. There is no dysesthesia, but 
cracks or snaps are reported. A shoot up sometimes precedes the painful episode. 

 The clinical exam usually points out a hypermobility, particularly in the sagittal 
plane with ranges which come close to or exceed 90°. 

 The ligamentous testing underlines a sensitive triquetro-lunate ballottement and 
a midcarpal trigger, sometimes with a CLIP. This trigger is the consequence of the 
 fi xing of the dorsal horn of the lunate with the dome of the capitate. 

 The standard radiographic report is normal. 
 The differential diagnosis can be established with:

   Hidden arthrosynovitis cysts  • 
  Dorsal synovial pinching  • 
  Early aseptic necrosis of the lunate (Kienböck)  • 
  RUD instability  • 
  Extensor carpi ulnaris instability  • 
  Radiocarpal instability with a de fi ciency of the extrinsic ligaments    • 

  Fig. 1    Park’s type II pattern of midcarpal laxity: standard and anteroposterior radiological views. 
Extension and dorsal displacement stress of the lunate       
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 It is a diagnosis of exclusion for which it can sometimes be relevant to resort to 
scan or NMR.  

    3   Medical Management 

 This is a medical, easy and often rapid treatment. Night immobilization in a small 
antebrachio-palmar orthosis and strengthening of the extrinsic muscles participate 
in lessening the pain within 2 or 3 weeks. Kapandji proposed to ‘reinforce the ten-
dinous cage’  [  15  ] . 

 This ‘sheath’ effect is maintained by daily and long-term exercises of isotonic 
strengthening of the common  fl exors of the  fi ngers and the extensor carpi ulnaris. 
After a few weeks, the orthosis is removed but can be put back whenever 
necessary. 

 There is no surgical necessity except in exceptional cases. A  fi brosis around the 
dorsal intercarpal ligament arti fi cially stiffens these hyperlax wrists.  

    4   Particular Cases: Minor Intracarpal Joint Upsets 

 Minor joint upsets are rare. The patients who suffer from these upsets are usually 
hyperlax and the pain, sharp and brutal, spontaneously arises without any initial 
trauma. The pain can be compared to that of a blade. 

 The pain is often dorsal and trans fi xing. 
 The medical exam of a painful wrist is particularly dif fi cult considering the 

intensity of the pain. 
 The aspect of the wrist and the  fi ngers is normal. The wrist is maintained in an 

‘antalgic’ position. On the contrary, the exam of the contralateral wrist generally 
shows a hypermobile wrist, a small midcarpal trigger. The elbows show a recurva-
tum and the sub-astragalian are hyperlax. 

 Usually, there is no signi fi cant abnormality on the radiographic report. 
 Exceptionally, the parallelism between two ossicles is modi fi ed (Figs.  2  and  3 ): 

capitohamate or triquetro-lunate.   
 The differential diagnosis is that of a classic midcarpal hyperlaxity. 
 The paraclinic report is strictly normal:

   99-m technetium scintigraphy does not reveal any hyper- fi xing.  • 
  There is no ligamentous injury or articular foreign body on the arthroscanner; • 
it can con fi rm the loss of articular parallelism.    

 The result is strangely similar to that of the minor vertebral articular upsets like 
lumbagos. 
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 The diagnosis is con fi rmed by axial traction manipulations and anteroposterior 
joint ballottement. A small trigger almost immediately engenders a disappearance 
of the pains. 

 A radiographic report of control shows parallelism has been re-established.    
 As for wrists with a hyperlax and painful mediocarpus, the strengthening of the 

extrinsic muscles stays enabled to avoid or decrease the frequency of these ‘joint 
accidents’.      

  Fig. 2    Minor articular upset: radiological 
view showing a capitate-hamate interval 
which is perfectly visible but a 
superimposed lunate-triquetral interval       

  Fig. 3    Post-reduction minor articular upset: 
radiological view after manipulations. It 
shows the triquetro-lunate and capitohamate 
intervals whose bones are not superimposed       

 

 



159Management of Painful Constitutional Laxities

   References    

    1.    Apergis EP (1996) The unstable capitolunate and radiolunate joints as a source of wrist pain in 
young women. J Hand Surg Br 21–13:501–506  

    2.    Berger RA (1997) The ligaments of the wrist: a current overview of anatomy with consider-
ations of their potential functions. Hand Clin 13:63–82  

    3.    Garth WP Jr, Hofammann DY, Rooks MD (1985) Volar intercalated segment instability sec-
ondary to medial carpal ligamental laxity. Clin Orthop 201:94–105  

    4.    Kuhlman JN (2002) La stabilité et les instabilités radio et médio-carpienne. Sauramps Médical, 
Montpellier  

    5.    Louis DS, Hankin FM, Green TL, Braunstein EM, White SJ (1984) Central carpal instability-
capitate lunate instability pattern: diagnosis by dynamic displacement. Orthopedics 
7:1693–1696  

    6.    Lichtman DM, Schneider JR, Swafford AR, Mack GR (1981) Ulnar midcarpal instability-
clinical and laboratory analyses. J Hand Surg Am 6-A:515–523  

    7.    Linscheid RL, Dobyns JH, Beabout JW, Brvan RS (1972) Traumatic instability of the wrist: 
diagnosis, classi fi cation and pathomechanics. J Bone Joint Surg Am 54-A:1612–1632  

    8.    Johnson RP (1980) The acutely injured wrist and its residuals. Clin Orthop Relat Res 
149:33–44  

    9.    Johnson RP, Carrera GE (1986) Chronic capitolunate instability. J Bone Joint Surg Am 
68-A:1164–1176  

    10.    Ono H, Gilula LA, Evanoff BA, Grand D (1996) Midcarpal instability: is capitolunate instabil-
ity pattern a clinical condition? J Hand Surg Br 21-B:197–201  

    11.    Park MJ (2002) Normal anteroposterior laxity of the radiocarpal and midcarpal joints. J Bone 
Joint Surg Br 84-B:73–76  

    12.    Schernberg F (1996) Roentgenographic examination of the wrist: part 1: the standard and 
positional views. J Hand Surg Br 15B:210–219  

    13.    Schernberg F (1996) Roentgenographic examination of the wrist: part 2: stress views. J Hand 
Surg Br 15B:220–228  

    14.    White SJ, Louis DS, Braunstein EM, Hankin FM, Greene TL (1984) Capitate-lunate instability: 
recognition by manipulation under  fl uoroscopy. AJR Am J Roentgenol 143:361–364  

    15.    Kapandji AI, Martin-Bouyer Y, Verdeille S (1991) Etude du carpe au scanner à trois dimen-
sions sous contraintes de prono-supination. Ann Chir Main 10:36–47      



161E. Camus, L. Van Overstraeten (eds.), Carpal Ligament Surgery, 
DOI 10.1007/978-2-8178-0379-1_15, © Springer-Verlag France 2013

          1   Introduction 

 Radiocarpal rotatory instability is de fi ned as the increase in longitudinal rotation 
between the forearm bones and the carpal condyle. 

 This rotational laxity in the transverse plane constantly provoked by pronosupina-
tion is frequently forgotten in clinical and biomechanical studies of carpal stability. 

 Longitudinal rotation between forearm bones and carpal condyle has neverthe-
less been described by several authors. 

 The  fi rst was Cyriax  [  1  ]  in 1917, who showed that an important passive rotation 
existed between forearm bones and carpal condyle. He emphasized that this rotation 
cannot be produced actively. He evaluated it clinically at 45°, whereas in a cadaver 
it was only at 19°. 

 In 1980, Gagey  [  2  ]  evaluated intracarpal and radiocarpal rotation at 50° in com-
pletely relaxed patients under general anaesthesia in theatre. 

 In 1991, Kapandji  [  3  ]  de fi ned ‘rotational drift’ between the radius and the base 
of the metacarpals. He measured it in his own wrist under tomodensitometry at 45° 
in free pronosupination. 

 In 1992  [  4,   5  ] , we clinically measured radiometacarpal rotation RMR, which is 
the rotation that occurs between the forearm bones  fi xed in midpronation and the 
base of the metacarpals. We used a special device that measures simultaneously the 
RMR, the grip force and the pronosupinator moment arm exerted distally to show 
that this passive rotation varied for the same moment arm force according to the grip 
strength. A  fi rst measurement was recorded with the wrist relaxed (force less than 
5 N), exerting a distal rotation moment arm of 2 Nm in supination and 0.5 Nm in 
pronation. In these conditions, the RMR was 42°. A second measurement was taken 
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with closed wrist (grip force between 80 and 100 N) with distal moment arm of 
rotation of 1 Nm in pronation and in supination. The RMR was 33°. This decrease 
in RMR with a distal moment arm almost tripled de fi nes the wrist locking. We used 
this test to assess 100 healthy wrists.  

    2   Radiocarpal Rotatory Stability 

 We have shown in a cadaveric anatomic study that there are radiocarpal and intracarpal 
ligament structures limiting the passive longitudinal rotation in pronation as well as in 
supination. We described a ‘double ligamentary pronosupinator helix’ (Fig.  1 )  [  5,   6  ] .  

 The pronator helix is activated by active pronation against resistance or passive 
carpal supination. It originates on the posterior border of the radius and joins the 
posterior border of the triquetrum ulnarly and is composed mainly of the dorsal 
radiotriquetral ligament. It is prolonged palmarly by the triquetrocapitate ligament 
then by the thick capitotrapeziotrapezoidal complex. The supinator helix is acti-
vated by active supination against resistance or passive carpal pronation. It origi-
nates on the anterolateral border of the radius with the radioscaphocapitate ligament, 
prolonged by the palmar capitotriquetral ligament. On the dorsal aspect of the car-
pus, it is continuous with the transverse dorsal carpal ligament by a ligament band 

  Fig. 1    ( a ,  b ) Extrinsic ligaments form a double pronosupinator helix. This helix is particularly 
apparent on pronosupination against resistance         

a
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that joins the triquetrum to the trapezoid. This band is more apparent on active supi-
nation against resistance. 

 In a 1995 cadaveric study, Ritt et al.  [  7  ]  resumed the previous work to study the rota-
tional carpal stability with respect to the radius. He released the anatomic structures acti-
vated by a rotational radiocarpal moment arm. When a pronatory moment arm is exerted 
at the carpal condyle, the radioscaphocapitate ligament is the  fi rst to be solicited. 

 The long and short radiolunate ligaments play a secondary role. 
 The dorsal radiocarpal ligament is the principal ligament to oppose carpal 

supination. 
 Ritt emphasizes that the action of these ligaments depends on the position of the 

forearm in pronosupination. The ligaments originating from the ulna can be  activated 
by radiocarpal rotation depending on the position of the forearm in pronosupination. 

b

Fig. 1 (continued)
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 Such is the case for the palmar ulnolunate ligament which essentially resists car-
pal supination but its action varies according to the pronosupination of the forearm. 

 The work of Ritt  [  7,   8  ]  and ours  [  4–  6  ]  show the adaptation of the entire radiocar-
pal and intracarpal ligamentous structure to the pronosupinator forces the wrist is 
subjected to.  

    3   Clinical Test 

 Since 1992, we use a simple clinical test that activates the previously described liga-
ments  [  4–  6  ] . It consists of exerting a distal passive pronosupination force while 
maintaining midpronation of both forearm bones (Fig.  2 ).  

 This test has become systematic for clinical examination of wrist ‘sprains’. 
Palmar pain provoked by passive pronation of the carpus suggests a radioscaphoid 
ligament lesion. This test is also positive in scaphoid fractures. Verdan used a simi-
lar test holding the hand while the patient tries to actively supinate the forearm. 
Palmar and palmar radial wrist pain evoked corresponds to the radioscaphocapitate 
ligament pressing on the fracture site. It suggests a scaphoid fracture. 

a b

  Fig. 2    The test for evaluation of radiometacarpal rotation is a systematic part of our clinical wrist 
examination, particularly useful if an extrinsic capsular ligament sprain is suspected. ( a ) The fore-
arm is held in midpronation with one hand while the other hand is used to rotate the carpal condyle 
longitudinally into pronation. ( b ) In supination       
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 The passive carpal supination activates dorsal radiotriquetral ligament and is 
positive in case of radiotriquetral sprain. 

 Clinical experience led us to consider results of this test during wrist immobiliza-
tion  [  9  ] . In function of results of this test, we suggest immobilization in slight carpal 
supination or pronation. This position is independent of the pronosupination of the 
forearm. We have used this principle for the orthopaedic/closed treatment of dorsal 
 fl ake triquetral fractures. These fractures are the equivalent of sprain of the dorsal 
radiotriquetral ligament when this test is positive – this is almost always the case in 
our experience. For scaphoid fractures and palmar sprains painful in carpal prona-
tion, we place the wrist in mild supination.  

    4   Radiocarpal Rotatory Instability in Supination 

 Radiocarpal rotatory instability in supination is de fi ned by increased rotation of the 
carpal condyle over the distal radius compared to the other side. The clinical test is 
done symmetrically with one hand holding the forearm in midpronation while the 
other hand exerts longitudinal rotation in supination at the carpal condyle. In certain 
cases, simple observation of the wrist shows carpal supination on the distal radius 
(Fig.  3 ).   

    5   Anatomical Reminder 

 The dorsal radiotriquetral ligament inserts onto the dorsal distal surface of the radius 
(Fig.  4 ). Exactly at the dorsal border of the articular surface of the radius, extending 
from the tubercle of Lister to the sigmoid fossa. It has an oblique pathway passing 
ulnarly over the posterior horn of the lunate where its deep  fi bres are attached. 
These  fi bres are the reason why the name dorsal radiocarpal ligament is preferred to 
radiotriquetral. They strengthen the dorsal portion of the lunotriquetral ligament 
and insert distally on the dorsum of the triquetrum where the ligament merges with 
the insertion of the dorsal intercarpal ligament. Viegas et al.  [  10  ]  described the ana-
tomic variations of this ligament but the radiotriquetral  fi bres are constant.   

    6   Clinical Experience 

 Since 1998, we have operated four patients for rotatory radiocarpal instability in 
supination. To us, this is synonymous with dorsal radiotriquetral ligament 
insuf fi ciency. We have treated this instability by reconstructing this ligament using 
extensor retinaculum. 
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 The series includes four men with wrist trauma after a fall. In three cases, the fall was 
backwards with torsion and supination of the carpus in one case. All cases had posttrau-
matic oedema. Three patients had radiograms and immobilization, two in a plaster for 3 
weeks and one in resin for 1 month. One patient had ignored his initial trauma. 

 The four patients presented with ulnar wrist pain and acute tenderness on the 
posterior triquetrum. The radiometacarpal rotation test was positive with pain which 
increased on carpal supination. In three cases, there was increased radiocarpal rota-
tion in supination compared to the contralateral side. In one case the test was equiv-
ocal but the pain sharp. There was no lunotriquetral instability clinically. The 
radiolunate joint was free with complete pronosupination of the wrist, and normal 
ROM in other planes with tenderness at extremes of range of motion being the rea-
son for consultation. Patients also complained of a loss of grip strength, measured 
at 65 % of the contralateral side. 

a

b

  Fig. 3    ( a ) Carpal supination 
is dif fi cult to observe in case 
of isolated rupture of the 
dorsal radiotriquetral 
ligament. This patient 
presents with a mild carpal 
supination of the right wrist 
following radiotriquetral 
ligament rupture. ( b ) The 
carpal supination deformity is 
apparent in rheumatoid 
affection or when rupture of 
ulnocarpal ligaments is 
associated. Palmar 
dislocation of the radius with 
respect to the ulna 
exacerbates the supination 
deformity of the carpus       
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 In three cases, x-rays showed dorsal avulsion of the ligament off the triquetrum 
(Fig.  5 ). There was no ulnar drift of the carpus. The dynamic views showed no dis-
ruption of the Gilula lines.  

 Arthrogram was done in all cases; in two cases there was lunotriquetral incom-
petence, TFCC was intact in all cases. In one case, a scapholunate ligament lesion 
without diastasis was found. 

 Scintigraphy was done in two cases showing isolated ulnar  fi xation. 
 Patients were operated at 12–30 months from the initial trauma.  

  Fig. 4    Dorsal radiotriquetral ligament resists carpal supination. According to Viegas, the radiotri-
quetral  fi bres are constant, and in 99 % of cases some  fi bres terminate on the lunate       
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a1 a2

b

d

c

  Fig. 5    ( a1 ,  a2 ) A 32-year-old patient presents with dorsal avulsion of the triquetrum on x-ray 
where the fragment is seen on the lateral view. ( b ) The oblique view shows the dorsal surface of 
the triquetrum. ( c ) Arthrogram shows a leak through the lunotriquetral ligament. ( d ) Sagittal cut 
through the triquetrum of the arthrogram shows the avulsed dorsal fragment       
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    7   Operative Technique 

    7.1   Reconstruction of the Radiotriquetral Ligament 

 The operation is performed under general anaesthesia with a tourniquet at the upper 
arm through a dorsal longitudinal incision in the axis of the third ray medial to the 
tubercle of Lister. The dorsal extensor retinaculum is identi fi ed and the tubercle 
located. A  fl ap of retinaculum is drawn 6–8 mm wide parallel to its  fi bres (Fig.  6a ). 
This  fl ap needs to be long enough to reach the dorsal surface of the triquetrum. The 
retinaculum is incised parallel to its  fi bres taking care of the extensor tendons 
beneath (Fig.  6b ). Once the  fl ap is harvested, the retinaculum is then opened longi-
tudinally and distally. We identify the dorsal radiocarpal interval and identify the 
radiotriquetral ligament. In four cases, we found substantial  fi brosis and the liga-
ment was dif fi cult to isolate. In three cases, a bony fragment was found on the dorsal 

a

b

  Fig. 6    Operative technique 
for radiotriquetral ligament 
reconstruction: ( a ) Right 
wrist: plane of the extensor 
retinaculum after longitudinal 
incision in the axis of the 
third ray. ( b ) Left wrist: 
harvesting the retinacular 
 fl ap; its insertion on the 
tubercle of Lister is 
preserved. ( c ) Left wrist: 
removal of a fragment of the 
avulsed triquetrum and 
reaming the radiotriquetral 
ligament insertion zone. ( d ) 
Left wrist:  fi xation of the 
ligamentoplasty, the carpus is 
placed in pronation over the 
radius. ( e ) Left wrist: the 
extensors resume their 
position onto the ligamento-
plasty. ( f ) Postoperative 
immobilization using a 
malleable splint holding the 
carpus in pronation to the 
radius           
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Fig. 6 (continued)
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aspect of the triquetrum in the midst of  fi brous tissue with dif fi culty to identify the 
ligament  fi bres (Fig.  6c ). The ulnocarpal interval was explored and partial minute 
insigni fi cant lesions of the lunotriquetral ligament were found in three cases without 
instability. Nothing was done for the lunotriquetral. In one case we sutured the sca-
pholunate ligament which was partially ruptured.  

 The dorsal aspect of the triquetrum is reamed at the ligament insertion. The reti-
nacular  fl ap is passed under the extensor tendons; its tension is adjusted and  fi xed 
onto the dorsal triquetrum using an anchor with the carpus held in maximum prona-
tion to the forearm (Fig.  6d, e ). The dorsal retinaculum is resutured so as to re-
establish the extensor gliding plane and the continuity of the ligament curtain that 
resists the carpal supination. A drain is inserted. The hand and forearm are immobi-
lized on a malleable splint maintaining the carpus pronated with respect to the radius 
(Fig.  6f ). At 48 h postoperative, the drain is removed and a resin splint is used to 
keep the carpal pronation. This splint is renewed at suture removal at 15–20 days 
and is kept for a total of 45 days.   

f

Fig. 6 (continued)
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    8   Results 

 The four patients were reviewed with a  fi nal follow-up of at least 1 year. Pain was 
improved in all four patients. One patient suffered from pain on strength grip, the 
other three had no pain. 

 Pronosupination was complete, and extension recovered. In all cases there 
remained a residual  fl exion de fi cit of about 20 % compared to the contralateral side 
as well as a radial inclination. An increase of force was recorded at 90 % of the 
contralateral side.  

    9   Radiocarpal Rotatory Instability in Pronation 

 The radiocarpal rotatory instability in pronation is de fi ned as the increase in carpal 
rotation on the distal radius in pronation compared to the contralateral side. Testing 
is done symmetrically, with one hand maintaining the forearm in midpronation 
while the other hand exerts a longitudinal rotation at the carpal condyle in 
pronation. 

 This clinical test is systematic for us in traumatic wrist examination. We did not 
 fi nd a frank asymmetry of rotation as in the test in supination. This test is positive 
if painful. Pain is felt on the palmar and radial aspects of the wrist; direct pressure 
on the wrist between  fl exor carpi radialis and abductor pollicis longus reproduces 
this pain. We attribute this pain to a radioscaphocapitate sprain or a scaphoid 
fracture. 

 We exclude scaphoid rotatory instability in the setting of scapholunate dissocia-
tion. In case of scapholunate dissociation, scaphoid instability occurs in pronation 
but it involves the scaphoid and not the carpal condyle. This is associated with dis-
sociative intracarpal instability: scapholunate instability. 

 Radioscaphoid ligamentoplasty as described by Blatt aims to correct the rotator 
instability between the radius and the scaphoid. Some clinical results are good 
despite an absent scapholunate ligament. These observations related to our analysis 
of radiocarpal instability lead us to question: Can dissociative scapholunate instabil-
ity be secondary to a primary lesion of the radioscaphocapitate ligament?  

    10   Discussion 

 Radiocarpal rotatory stability is necessary to transmit pronosupination from the 
forearm to the hand  [  6  ] . The role of the wrist ligaments in the transverse plane is 
seldom studied. It is in this plane that pronosupination is exerted. 

 For over a century, radiography has led us to analyse the stability of the carpus in 
the frontal and sagittal planes while masking the transverse plane. 
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 The advent of CT and MRI that offered a view of the transverse plane in multiple 
cuts was very conducive to the study of instability, and the 3-D reconstructions 
facilitate the interpretation of the relative position of the bones. 

 For the study of instability of ligamentous origin, the available imaging today 
remains inadequate. The visualization of the interosseous ligaments is good but that 
of the capsular ligaments is still mediocre. Arthroscopy shows the wrist ligaments 
directly, and visualization of the radiocarpal capsular ligaments that can be put 
under tension by pronosupination emphasizes the importance of the transverse plane 
in carpal stabilization. 

 Slutsky  [  11,   12  ]  studied the dorsal radiotriquetral ligament arthroscopically 
using a palmar radiocarpal portal. This work showed the frequency of lesions of this 
ligament. Unfortunately, the test of passive carpal supination to detect radiotrique-
tral ligament lesions did not correlate with the  fi ndings of Slutsky. This work showed 
the frequent association of this lesion with other ligament lesions: scapholunate, 
lunotriquetral or TFCC. No association of triquetral fracture seems to have been 
found. 

 Three of the four patients operated presented with avulsion of the dorsal frag-
ment of the triquetrum. Arthroscopy was not done for these patients. It would have 
shown the bony fragments found on operation on the distal part of the ligament. We 
think the lesions we describe are different from those intraligamentous ones reported 
by Slutsky. Ours were primary lesions of the radiotriquetral ligament; isolated or 
associated with nonsigni fi cant lesions of the interosseous ligaments. In one case we 
sutured the scapholunate interosseous ligament. 

 On the other hand, lesions identi fi ed by Slutsky are frequently associated with 
interosseous ligament lesions. They could be secondary ligament lesions as their diag-
nosis was very remote from the initial trauma. They could be microtraumatic due to 
excessive use in case of rupture of the interosseous ligaments. These  fi ndings lead us 
to think that capsular ligament lesions activated by the rotatory pronosupination force 
are often the site of ‘adaptative’ secondary lesions. This is what we de fi ne as second-
ary or ‘adaptative’ rotatory instability. With this instability, the  fi ne radiotriquetral 
ligament is vulnerable, which may explain the frequent lesions found by Slutsky. 

 This secondary rotatory instability is probably the cause of the dif fi culties 
encountered in the treatment of interosseous ligament injuries – a theory that cor-
relates well with the known evolution pattern of the scapholunate ligament injury. 
In an initially isolated SL ligament injury, the so-called secondary stabilizers will 
progressively be affected  [  13  ] . At surgery, all the ligaments should be repaired if 
possible  [  14  ] . 

 We think that most primary ligament lesions are acute result of trauma in exten-
sion mainly, less frequently in  fl exion, and the secondary chronic ligament lesions 
are the result of repeated pronosupination against resistance. 

 When the wrist is relaxed, pronosupination force induces radiocarpal rotation 
which places the radiocarpal ligaments under tension. If the force increases, rupture 
will occur which will, in turn, increase the radiocarpal rotation  [  15  ] . 

 Rarely, torsion can induce carpal rotation on the radius and cause acute lesions 
such as the avulsion of the triquetral insertion of the dorsal radiotriquetral ligament. 
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The exact mechanism of these fractures is debated between the advocates of avul-
sion and those of triquetrum impaction against the ulnar styloid  [  16  ] . Practically, 
both mechanisms are probably involved. The four radiotriquetral avulsion patients 
treated were asked about the trauma. Only one reported torsion with carpal supina-
tion, while the other three reported a fall backwards with impaction of the hypoth-
enar eminence in extension. In this case the forearm is pushed behind and the carpal 
supination may be secondary to forearm pronation; ulnar styloid impaction onto the 
triquetrum is also possible. 

 Carpal supination is marked in rheumatoid deformity and palmar ulnocarpal 
lesions are most probably associated with a radiotriquetral ligament lesion  [  7  ] . 

 This idea is reinforced by the distal radioulnar instability and palmar subluxation 
of the radius. In rheumatoid polyarthritis, rotatory instability in rotation is associ-
ated with ulnar drift of the carpus. This drift was never found in our patients. In 
rheumatoid, the deformity is often treated by tendon transfers of ECRL on to ECU 
which reproduces the course of the radiotriquetral ligament. In more advanced 
affection, partial arthrodesis (radiolunate or radioscapholunate) is done for stabili-
zation, to correct supination and ulnar shift of the carpus.  

    11   Conclusion 

 Radiocarpal rotatory instability has to draw our attention on the transverse plane, 
plane of pronosupination, plane where imaging is still de fi cient. 

 Only an accurate account of the ligament lesions can provide basis for ef fi cient 
ligament reconstruction. We thus think that acute posttraumatic ligament lesions are 
complicated by secondary ‘adaptative’ lesions that need to be diagnosed and 
treated.      
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    1   De fi nition, Epidemiology, Classi fi cation 

 Carpal axial dislocation with preservation of the radio-luno-capitate axis on a lateral 
view is extremely rare. 

 According to Herzberg  [  1  ] , it is a combination of dislocation of the second carpal 
row and the second carpometacarpal joint (the intermetacarpal space). 

 Since Oberst  [  2  ]  in 1901, about 70 cases have been reported in the literature. The 
largest series was reported by Garcia-Elias et al.  [  3  ]  from the Mayo clinic and was 
conducted over 16 years as a retrospective analysis of nearing on 1,140 carpal 
trauma and fracture cases, among which 16 cases (1.4 %) were diagnosed as axial 
dislocation    (Fig.  1 ).  

 Garcia-Elias et al.  [  3  ]  describes three types of axial dislocation according to the 
affected column:

   Radial axial (RA) (Fig.  • 2 ) with instability and proximal radial displacement of 
the radial column ( fi rst and second metacarpals, trapezium, trapezoid, scaphoid), 
while the ulnar column maintains stable relations with radius and ulna.   
  Ulnar axial (UA) (Fig.  • 3 ) where the ulnar column (fourth and  fi fth metacarpals, 
hamate, triquetrum) is displaced proximal and ulnar, while the radial column 
maintains stable relations with the radius and ulna.   
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  Fig. 1    Radial and ulnar 
columns with axial 
dislocation lines.  AU  axial 
ulnar,  AR  axial radial          

  Fig. 2    Radial axial 
dissociation.  AU  axial ulnar, 
 AR  axial radial       
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  Radioulnar axial (Fig.  • 4 ) with instability and displacement of both columns parting 
in opposite directions. Here, the third column (third metacarpal, lunate, capitate) is 
stable onto the radius and ulna, while the two other columns are displaced.     

 Garcia-Elias describes subgroups for the forms RA and UA:

   For RA, three subgroups: peritrapezial/peritrapezoid, peritrapezial, transtrapezial  • 
  For UA, three subgroups: trans-hamatal/peri-pisiform, peri-hamatal/peri- • 
pisiform, peri-hamatal/trans-triquetral     

  Fig. 3    Ulnar axial 
dissociation.  AU  axial ulnar, 
 AR  axial radial       

  Fig. 4    Radioulnar axial 
dissociation.  AU  axial ulnar, 
 AR  axial radial       
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    2   Mechanism 

 Several mechanisms have been suggested by different authors, but the common fac-
tor for this entity is the violence of the mechanism involved which has been reported 
throughout the literature. 

 According to Herzberg, axial dislocation is most often associated with blast injuries 
and open crush injuries. Garcia-Elias et al.  [  3  ]  emphasizes the frequency of associated 
neurovascular and musculotendinous lesions:  fl exor/extensor injuries, thenar and 
hypothenar lacerations, median nerve, sensory and motor branches of ulnar nerve 
lesions, arterial injuries, fractures including metacarpal, hook of hamate, fracture avul-
sion of trapezium, pisiform, carpometacarpal dislocations and digital amputations. 

 Tabib  [  4  ]  describes a case of radial axial dislocation and describes the mecha-
nisms reported in the literature. These are most commonly manual work-related 
crush injuries or high kinetic energy accidents (motorcycle). 

 Yammine  [  5  ]  reports an atypical case of scapholunate axial dislocation where the 
mechanism involved is an axial compression load acting as a major vector surpass-
ing other associated forces in a longitudinal axis of the wrist associated with 
hyperextension. 

 Tanaka et al.  [  6  ]  report a case of radioulnar axial dislocation where the mecha-
nism is an anteroposterior compression dislocating both columns which part in 
opposite directions. 

 For Tanaka et al.  [  6  ] , the force associated with the compression may result in a 
scaphoid fracture by the head of capitate. 

 The scaphoid may be dislocated by a high-energy force; Horton  [  7  ]  describes a 
rare case of scaphoid dislocation associated with axial disjunction. 

    2.1   Management 

 Axial dislocation is most often due to a high-energy mechanism. When isolated, it 
is often clearly detectable by the associated soft tissue damage and clinical defor-
mation. In a polytrauma setting and/or associated lesions, the diagnosis may be 
more dif fi cult. 

 Standard x-rays remain key to diagnosis. The posteroanterior view shows the 
radial, ulnar ulnoradial inclination of the displacement, while the lateral view shows 
the radio-lunato-capito-3rd metacarpal axis and indicates the palmar or dorsal dis-
placement of the affected columns. 

 Management is in emergency; however, an immediate diagnosis may be dif fi cult 
due to the complexity of interpretation of PA and lateral views, and certain authors 
propose further investigations. 

 In a series of eight patients, Inoue and Miura  [  8  ]  reports eight delayed diagnoses: 
2 weeks in  fi ve patients and over 1 month in three patients. The worst outcomes are 
correlated with delayed diagnosis. In radiological abnormality associated with 
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 clinical functional de fi cit or oedema, the diagnosis may require a CT scan which 
should not – nevertheless – delay management. 

 MRI may be useful but unavailable. It is of special interest in the diagnosis of 
ligament lesions and incomplete fractures. Horton  [  7  ]  describes the use of MRI 
away from the trauma to diagnose ligamentous palmar, dorsal, intrinsic and extrin-
sic lesions. These lesions are con fi rmed by radiocarpal and midcarpal arthroscopy 
and unravel scapholunate and capitohamatal instability.  

    2.2   Treatment and Results 

 The mechanism is often high-energy trauma, with skin laceration and severely dis-
placed fractures. The associated ligamentous lesions are usually severe, causing 
great instability. Management is often surgical by closed reduction and  fi xation. A 
palmar or dorsal approach is recommended with reduction and pinning or screw 
 fi xation  [  9  ] . Some authors  [  3,   10  ]  report closed reduction and immobilization in a 
cast. There is no evidence in the literature to favour surgical approach and  fi xation 
over closed  fi xation. 

 The mean immobilization is 4–6 weeks. 
 Functional prognosis is correlated to the severity of the initial trauma as well as 

associated neurovascular and other lesions. Good results reported in the literature 
are only around 60 %.       
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          1   Introduction 

 When a scapholunate or triquetrolunate injury is stabilized within 6 weeks from the 
date of the trauma, its midterm or long-term outcome is usually favourable. Indeed, 
the use of wires to stabilize the joint in anatomic reduction for a period from 6 to 
8 weeks slows down or prevents adaptive collapse  [  1,   3,   4 ,  5  ] . 

 In 1980, Green and O’Brien were the  fi rst to insist on rapid treatment of these 
traumas, which they described as being acute scapholunate instability without peri-
lunate dislocation  [  2  ] . 

 As already mentioned, the establishment of a diagnosis of interosseous instability 
is a ‘race against time’.  

    2   Surgical Indications 

 For medicolegal reasons, it is our practice that an arthroscopy will always be indi-
cated by an arthro-CT abnormality. This means there will be a small group of false 
negatives that will be neither identi fi ed nor stabilized—those presenting a ligamen-
tary instability but without any arthro-CT abnormality. 

 Even if the number of patients with an unknown unstable wrist is signi fi cant, we 
are determined not to advise arthroscopy on clinical signs only  [  6  ] . Indeed, sooner 
or later, a ‘borderline’ stabilization (for instance, in stage 0 of scapholunate injury 
 [  9  ] , associated with a type 2 laxity of the radio-scapho-capitate (Chap.   9    )) risks 
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being  criticized or rejected by the insurer (NIHDI—National Institute for Health 
and Disability Insurance, insurance law, third-party insurance). 

 For the author, arthroscopic stabilization rests on the following conditions:

   Anamnesis: <6 post-traumatic weeks  • 
  Doubtful clinical examination (SL or TL pain; Watson or TL ballottement; pain-• 
ful Reagan or [+])  
  X-ray examinations (−) or (+): RL angle, SL angle, SL diastasis, arcs of Gilula  • 
  Arthroscan (+) (Fig.  • 1 – 3 )   
  Criteria to date the trauma  [  • 7  ]   
  Interosseous instability by Dautel (2–3)  [  • 9  ]  (Fig.  2 )   
  Little or no interosseous instability according to Dautel (0–1) but laxity on one • 
of the three extrinsic bolts (Chap.   9    )  [  9  ]      

  Fig. 1    Arthroscanner at the 15th post-
traumatic day: triquetrolunate leak       

  Fig. 2    Arthroscopy at the 20th post-traumatic 
day: midcarpal compartment—spontaneously 
opened interval, easy widening with the hook, 
hypermobility of the triquetrum (Dautel 2)       
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    3   Surgical Technique 

 This is a simple technique. The patient is under plexus anaesthesia and in dorsal 
decubitus with the upper limb in an abducted position, with traction from 8 to 10 kg 
and upper arm support. There is a pneumatic tourniquet at the extremity of the limb. 

 Arthroscopy is standard, 5–6 portals (1–2, 3–4, 4–5, (6U), RMC, UMC). The 
following information can be obtained:

   Turbidity of the synovial  fl uid (T0–T4)  [  • 7  ]   
  Haematic synovitis (S0–S2)  [  • 7  ]   
  Aspect of the cartilage (C0–C4)  • 
  Laxity of the extrinsic ligaments (E0–E3) and analysis of the extrinsic bolts • 
(Chap.   9    )  
  In radiocarpal: RSC, RL(T)L, RL(T)S, UTL, RCDorsal  • 
  In midcarpal: distal scapho-capitate, STT, DIC  • 
  SL and TL interosseous testing according to Dautel (0–3) (parallelism)    • 

 If the following conditions are completed, stabilization is made:  

 >T0 − > S0 − < C3 
 D123 (+E0) or D0123 (+>E0) 

 An optional shaving is made on the reinserted osseous edge. A small  fi ssure can be 
ploughed with a burr. Stabilization is realized by Kirchner wire 12/10° under arthroscopic 
and  fl uoroscopic control. A correction of the DISI by joystick is possible. 

 Scapholunate instabilities are pinned in scapholunate and scaphocapitate. 
 Triquetrolunate instabilities are stabilized in triquetrolunate and triquetrohamate 

(Fig.  3 ).  
 The ends of the wires remain on the outside and are folded and  fi xed one to the 

other by Steri-Strips. This sterile  fi xing is very simple. It increases the stability of the 
mount as it turns it into a real osteotaxis. It signi fi cantly diminishes the risk of fracture 
and secondary infection of the K-wires. At  fi rst, there is no antibiotic prescription. An 
antebrachial plastered splint is made. Three days later, the state of the wrist is checked. 
The dressing is renewed after a disinfection by alcohol of the wires. Wrist swelling 
linked to arthroscopic drainage is always resorbed. A circular plaster cast is placed for 
a period of 6–8 weeks if there is no sign of an exceptional and local in fl ammation. A 
little cell is prepared using the base of a plastic cup to avoid any contact between the 
plaster cast and the K-wires. A radioclinical control is made 1 month later. 

 When the wires are removed during consultation, perilunate and midcarpal joints 
will be stiff. From 20 to 30 physiotherapy sessions are necessary. Manual workers 
can go back to work 4 months after the operation. The wrist gets a below normal 
suppleness back between the 12th and 18th month after operation. 

 Stabilizations which are made on only one lunate side have a quicker recovery 
time. (Triquetrolunate stabilizations are signi fi cantly faster.) It is possible to go back 
to work about 10 weeks after the operation. Physiotherapy is necessary 50 % of the 
time. The wrist is supple 6 months later. 

 These results con fi rm those reported in literature.  

http://dx.doi.org/10.1007/978-2-8178-0379-1_9
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    4   Conclusion 

 Pinning debridement is dedicated to acute or subacute scapholunate or triquetrolu-
nate instabilities which are less than 6 weeks old and which come within the frame 
of Garcia-Elias stage 1 or 2  [  8  ] .      
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  Fig. 3    Stabilization of a triquetrolunate 
instability by triquetrolunate and triquetrohamate 
pinning (Kirschner wire 12/10 exteriorized and 
 fi xed)       
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 This technique is ideally used for recent scapholunate ligament rupture associated 
with arthroscopically irreducible malalignment (Figs.  1  and  2 ).   
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  Fig. 1    Recent scapholunate 
ligament rupture with static 
malalignment, widened 
scapholunate gap, DISI of the 
lunate and palmar tilt of the 
scaphoid       
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    1   Surgical Approach 

 The patient is supine with the upper limb on an arm table and an upper arm pneu-
matic tourniquet in place. The wrist is  fl exed and a dorsal longitudinal incision is 
centred on the tubercle of Lister (Photo  1 ).  

 Skin is dissected medially and laterally to expose the extensor retinaculum. The 
articular branches of the radial nerve are divided, thus performing a partial denerva-
tion of the carpus (Photo  2 ).  

 A ‘free’  fl ap is harvested from the proximal extensor retinaculum transversely 
along its entire breadth across the wrist – 3 cm × 0.5 cm. This will function as a liga-
ment to strengthen the posterior portion of the scapholunate interval (Photo  3 , 
Fig.  3 ).   

 This extensor retinaculum is divided between the third and fourth compartments; 
the intercompartmental septum between the  fi rst and second compartments is 
released. The EPL, ECRL and ECRB tendons are retracted radially and the EDC 
medially. 

 The posterior interosseous neurovascular bundle is identi fi ed subperiosteally, 
medial to Lister’s tubercle. Resection of the nerve at this point completes the carpal 
denervation. Lister’s tubercle is minimized using a rongeur (Photo  4 , Fig.  4 ).   

 The posterior capsule and posterior scapholunate ligament are exposed. A poste-
rior capsulotomy in extended Z shape is performed as described by G. Herzberg 
(Photo  5 , Fig.  5 ).    

  Fig. 2    Scapholunate 
ligament rupture with wide 
SL gap. Note the 
asymptomatic central 
degenerative TFCC lesion       
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  Photo 1            

  Photo 2            

  Photo 3            
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3 cm

0.5 cm

  Fig. 3    Harvesting a ‘free’  fl ap from the 
extensor retinaculum       

  Photo 4            

  Fig. 4    Incision    of the extensor retinaculum between third and fourth compartments ( arrow )       
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    2   Suturing the Scapholunate Ligament 

 The scapholunate interval is thus exposed revealing scapholunate instability with an 
abnormal scapholunate gap, a horizontalized scaphoid with a tendency for dorsal 
subluxation and a dorsally tilted lunate (Photo  6 ).  

 A small curette is used to revive the insertion arc of the scapholunate ligament at 
the proximal scaphoid pole. Three transosseous tunnels are drilled using a 10/10 
K-wire between dorsal waist and the freshened area proximally. Two U-shaped 3-0 
PDS sutures are passed directly into the transosseous tunnels (Photo  7  and Fig.  6 ).   

  Photo 5            

  Fig. 5    Posterior capsulotomy in extended 
‘Z’ as described by G. Herzberg       
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  Photo 6            

  Photo 7            

  Fig. 6    The creation of three intraosseous 
tunnels through the scaphoid using 10/10 
pins to pass the two ‘U’ sutures for 
scapholunate ligament reinsertion       
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 The stage of realignment of the scapholunate complex then follows and is the 
most dif fi cult part of the operation. The lunate tilt in dorsi fl exion must be reduced; 
the scaphoid  fl exion must be corrected as well as the posterior subluxation of its 
proximal pole and reduction of the scapholunate gap. Once reduction is achieved, 
 fi xation is performed using two 12/10 scapholunate K-wires and two 12/10 sca-
phocapitate wires. These temporary intracarpal pins are removed at 6 weeks to 
allow for ligament healing. 

 The following tips may be useful to obtain a perfect scapholunate reduction:

   The use of ‘joystick’ K-wires to manipulate the scaphoid and the lunate.  • 
  Reduction of the lunate dorsi fl exion is performed in wrist  fl exion followed by • 
scapholunate pinning (Linscheid manoeuvre).  
  Use a towel clip style fracture holder (Backhauss).  • 
  Pin position is veri fi ed by  fl uoroscan.    • 

 We bury our pins and use a cap on the sharp tip to minimize subcutaneous irrita-
tion postoperative. Care must be taken to avoid con fl ict with the EPL and the sen-
sory branch of the radial nerve (Photo  8  and Figs.  6  and  7 ).   

 The two ‘U’ sutures for scapholunate ligament reinsertion may now be tied 
(Photo  9 ).  

 The retinacular  fl ap is used to reconstruct posterior scapholunate ligament rein-
forcement. A small anchor is placed in the posterior horn of the lunate and another 
in the dorsal part of the proximal pole of the scaphoid. The transplant is  fi xed 
between these two anchors (Photos  10  and  11 ).   

 The direct repair of the scapholunate ligament can be complemented by a capsu-
lodesis using a mini anchor on the posterior aspect of the scaphoid waist which is 
 fi xed to a radial capsular radiocarpal  fl ap (Fig.  8 ).   

  Photo 8            
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    3   Closure in Layers 

 The posterior capsule and ligament layer are closed using interrupted PDS 4/0 
sutures. 

 The dorsal retinaculum is closed using a double row ‘to and fro’ continuous PDS 
4/0 as described by L. Erhard for the repair of pronator teres (Photos  12  and  13  and 
Fig.  9 ).    

 A hand-forearm volar slab is used for postoperative immobilization for 45 days. 

     Fig. 7    K-wire fi xation for temporarily 
scapho-lunar and scapho-capitate arthrodesis       

  Photo 9            
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  Photo 10            

  Photo 11            

  Fig. 8    Posterior capsulodesis       
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 Pins are removed in theatre at 45 days. 
 Return to sports and manual work is authorized at 3 months postoperative. 

Normal range of movement is recuperated at 3–6 months with a considerable risk of 
permanent residual stiffness.       

  Photo 12            

  Photo 13            
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  Fig. 9    Closure of the dorsal retinaculum 
using a double row continuous PDS 4/0       

 



199E. Camus, L. Van Overstraeten (eds.), Carpal Ligament Surgery, 
DOI 10.1007/978-2-8178-0379-1_19, © Springer-Verlag France 2013

          1   Introduction 

 Blatt’s capsulodesis, which uses a dorsal capsular  fl ap with a proximal hinge, was 
described in 1987 to treat rotative dissociations of the scaphoid and to stabilize a 
distal ulna following the excision of its head  [  1  ] . Capsulodesis is like a mechanical 
brake to avoid the volar  fl exion of the scaphoid. 

 At that time, this capsulodesis was an alternative to Taleisnik’s treatment of the 
scapholunate ligament. 

 For about 10 years, surgeons resorted to it as an isolated treatment or, more often, 
together with a suture of the interosseous ligament  [  2,   3  ] . 

 Nowadays, this technique is still widely used. In 2004, a Canadian study ques-
tioned North American hand surgeons and reported that, among the 468 surgeons 
who answered the questionnaire, most of them preferably resorted to a repair of the 
scapholunate ligament together with capsulodesis when the injury was acute. In 
their opinion, the best means of treating chronic instabilities is Blatt’s capsulodesis, 
capsulodesis combined with scapholunate repair or scaphotrapeziotrapezoid (STT) 
arthrodesis  [  4  ] .  

    2   Surgical Technique 

 The incision is dorsoradial and longitudinal and goes to the ulnar side of the 
long  fl exor of the thumb, between the third and fourth compartments of the 
extensors. It goes from Lister’s tubercle to the scaphotrapezial joint. The thumb 
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long extensor and the radial long extensor of the carpus are lowered to the radial 
side; the radial short extensor of the carpus is lowered either in ulnar or in radial. 
A 1 cm wide dorsal capsular  fl ap with a proximal hinge is cut from the distal 
extremity of the radius to the distal side of the scaphoid (Figs.  1  and  2 ). The 
scaphoid may be reduced by volar pressure as the wrist rests in ulnar deviation. 
Reduction is maintained by scaphocapitate or scapholunate Kirchner wire. The 
dorsal bridge of the scaphoid, which separates the radiocarpal and midcarpal 
articular surfaces, is exposed. The capsular  fl ap is reintroduced under tension in 
a  fi ssure which is ploughed on the dorsal side of the distal scaphoid (this bridge 
is used as a reference point), as distally as possible. Fixing is either made by a 
clamp or by one or two mini anchors  [  2,   5  ] , with a Ticron 2/0 suture. The repair 
tension is adjusted so as to reach the minimum  fl exion or, at least, the neutral 
position.   

 The capsular repair and then the skin are fastened. The column of the thumb is 
maintained by a plaster cast during 6½ weeks. At that stage, the plaster cast and the 
wires are removed and the patient starts physiotherapy. 

 It would seem that American surgeons prefer to resort to a scapholunate and 
scaphocapitate pinning  [  4  ] .  

  Fig. 1    The dorsal capsule. The 
 arrow  shows the scaphoid: it is 
 fl exed before the capsulodesis       
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    3   Results 

 Results depend on how long patients have been followed up. Short-term results 
(1–2 years) are usually favourable  [  6  ] . However, they deteriorate at midterm 
(5 years), especially when important daily constraints are applied to the wrists  [  6  ] . 

 In Blatt’s original survey, which concerned twelve indications, most scapholunate 
instabilities are static and chronic. Long-term results were very satisfactory as extension 
was completely recovered and  fl exion loss was only 20°. Average grip strength was 
recovered to 80 %. Most patients returned to their pre-operatory level of daily activities  [  1  ] . 

 The series studied are short. Some of them mostly deal with indications of pre-
radiologic or dynamic instability  [  2,   7  ] , others with indications of chronic static 
instability  [  1,   8  ] . The most important series contains 44 patients  [  9  ] . Pain, normally 
studied by subjective analogical scale, often improves (except in Pommerance’s 
scale on which it is estimated at 3/10 before and after capsulodesis  [  1,   10  ] ). However, 
it seldom disappears  [  11  ] . 

 Clinical improvement is constant, with a decrease of the pain in all cases, at the 
expense of a loss of mobility. The de fi ciency of post-operatory  fl exion reaches 

  Fig. 2    Blatt’s capsulodesis. 
This procedure allows a 
verticalization of this 
scaphoid ( arrows )       
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11–32° depending on the series  [  2,   7,   9  ] . The de fi ciency of extension reaches 11–22° 
 [  2,   9  ] . Grip strength is not improved by the operation  [  11  ]  and reaches 66 % of the 
contralateral strength  [  9  ] . 

 Radiologic parameters do not modify  [  9  ]  or deteriorate  [  6,   11  ]  with surgery. 
Scapholunate diastasis is about 1 mm wider after capsulodesis, the scapholunate 
angle increases by 5°. In a biomechanical study in a cadaver model, Slater made a 
comparison between dorsal intercarpal ligament capsulodesis and Blatt’s capsulod-
esis. He came to the conclusion that the  fi rst method reduces the scapholunate dia-
stasis and the improvement of the scapholunate angle is better than Blatt’s  [  10  ] . 

 Sixty-six to seventy- fi ve percent of the patients can return to the same job and/or 
to heavy manual activities  [  7,   9  ] . 

 According to Lavernia, there is no signi fi cant difference between the results of 
an isolated capsulodesis and a capsulodesis combined with the repair of the 
interosseous scapholunate ligament. There is no difference either when the repair of 
the scapholunate ligament is made alone  [  8  ] .  

    4   Conclusion 

 Authors agree with the fact that Blatt’s dorsal capsulodesis remains a useful and 
ef fi cient technique to manage acute instabilities (together with a repair of the sca-
pholunate ligament), or chronic instabilities, whether they are pre-radiologic, 
dynamic or static. 

 Blatt’s capsulodesis is used in Garcia-Elias’ stages 1, 2 and 3.      
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          1   Introduction 

 The scapholunate ligament injury is the most frequent lesion that results from 
 supination and extension trauma of the wrist  [  1  ] . It engenders a chronic instability 
that may turn to arthritis. 

 This lesion can be associated with a fracture of the radial epiphysis  [  2  ] . Acute 
injuries (less than 2 months old) are dif fi cult to diagnose. Wrist arthroscopy is use-
ful to detect these injuries at an early stage and to treat them by stable  fi xing, with-
out open surgery of the wrist. The management of chronic injuries of the scapholunate 
ligament before occurrence of arthritis remains a challenge for the surgeon who 
often manages to correctly stabilize the instability but may not prevent wrist stiff-
ness. We report a new therapeutic scheme based on the classi fi cation proposed by 
Marc Garcia-Elias et al.  [  3  ] , using two new methods: an arthroscopic technique and 
an open surgery with ligamentoplasty. Both techniques enabled us to obtain encour-
aging results, even if many series showed that the result of the early treatment was 
superior to any attempt of secondary stabilization  [  1,   2,   4–  11  ] .  

    2   Anatomic Basis 

 As a full part of a sophisticated multiarticular system, the scapholunate joint is a 
critical joint, which is very ductile for man and essential for a ‘skilful hand’. The 
structural integrity of the bone and the stabilization means, static and dynamic, 
allow the scaphoid to play a key role in the dynamics of the carpal rows which are 
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in a precarious balance, considering the opposite constraints acting on the proximal 
and distal poles. The distal pole tends to  fl ex in response to the strengths applied on 
the  fi rst ray, while the proximal pole extends due to its links with the semilunate. 
This condition, which is peculiar to the scaphoid, follows the acquisition of opposi-
tion of the thumb (anteposition of the  fi rst ray, scaphoid anteversion), a fundamental 
progressive event for the man’s hand. 

 As it is related to the progressive  fl exion of the scaphoid, the trapezium comes on 
a much volar plane: the structure of the trapezio-metacarpal favours the opening of 
the  fi rst ray of the palm, which gives it the possibility to oppose the four digital other 
rays. This recent phylogenetic acquisition makes the scaphoid no longer parallel to 
the other elements of the carpus, with the application of important unbalanced 
strengths on the opposite poles (Fig.  1 ).  

    2.1   Means to Stabilize the Distal Pole of the Scaphoid 

 Devices meant to stabilize the distal pole of the scaphoid play a quite important part 
considering the constraints transmitted by the  fi rst ray due to its anteposition. The 

  Fig. 1    Fresh cadaver, frozen wrist: lateral section showing the constraints applied on the sca-
pholunate complex. We can notice the thickness of the palmar capsulo-ligamentous structures 
creating a sort of cushion positioned against the anterior translation of the carpus.  C  capitate,  L  
semilunate,  S  scaphoid,  R  radius       

 



207Management of Chronic Scapholunate Ligament Tears

 fl exor carpi radialis system (FCR) has both an active and a passive part: its 
osteo fi brous canal is a real anterior abutment which is superimposed to the distal 
ligamentous complex of the scaphoid (scapho-trapezio-trapezoidal and scapho- 
capitate ligaments) (Fig.  2 ).   

    2.2   Interosseous Scapholunate Ligament 

 The scaphoid is linked to the semilunate by an interosseous ligament which acts like 
a twisting bar as it creates a system with viscoelastic dampers. It is a nonhomoge-
neous system composed of three parts: the anterior part is  fi tted into the long and 
short radio-lunate ligament and the radioscapholunate ligament. The intermediate 
proximal part is a real avascularized  fi brocartilaginous membrane that corresponds 
to the depressed zone during arthroscopic palpation. The posterior part is strong and 

  Fig. 2    Fresh    cadaver, frozen wrist: lateral section showing the distal ligamentous complex of the 
scaphoid. The tendon of the  fl exor carpi radialis ( FCR ) can have accessory insertions on the sca-
phoid ( S ), on the trapezium ( Tp ) or on the scapho-trapezoid along its course towards the base of the 
2nd metacarpal ( IIM ); through the trapezio-trapezoid complex, it exerts constraints in  fl exion on 
the scaphoid ( red arrows ). The  black arrow  represents the active stabilizing function of the  FCR . 
In fact, this musculotendinous entity is opposed to an excessive volar dislocation of the tubercle of 
the scaphoid. The radio-scapho-capitate ligament can be clearly seen ( in red ,  empty arrow ) in its 
function of tense pivot between the radius and the capitate, around which the scaphoid makes 
movements of  fl exion and extension.  R  radius       
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securely linked to the dorsal capsule as it is adjacent to the dorsal scapho-triquetral 
ligament and the dorsal intracarpal ligament (Fig.  3 ).  

 The carpus has also a capsulo-ligamentous system (extrinsic, intracapsular and 
extra-synovial ligament) organized in different ways at the volar and dorsal level, 
which enables the adaptability to the physiological constraints of the proximal row, 
especially that of the scapholunate complex (Fig.  4 ).   

    2.3   Assessment of the Anatomic Aspects 

 From a strictly anatomic point of view, the scapholunate joint is characterized by 
the superimposition of two smooth articular facets, creating an arthrodia in the 
presence of a syndesmotic element at the level of the proximal pole between two 
bones. The clinical experiment shows smooth joints, and especially syndesmoses 
show particular sensitivity to the passage of a metallic synthesis tool as it develops 
an important secondary  fi brosis. Thus, if we want to make an ‘arthro fi brosis’ as 
close to the physiological condition as possible, it seems logical to treat an instabil-
ity resulting from the injury of a syndesmosis by stabilization using trans-articular 
synthetic means. 

 Although we noticed an anatomic division of the interosseous scapholunate liga-
ment into three parts, it would be an error to give a major role to particularly liga-
mentous parts. The mere notion of ‘interosseous ligament’ should be restricted to 
the intermediate section, that is to say, the sole  fi brocartilaginous, avascularized and 
thus unrepairable section. On the contrary, the anterior and posterior parts of the 
scapholunate ligament are perfectly integrated into the volar and dorsal extra-synovial 
ligamentous system and consequently reminiscent of the system of all extra-articular 
ligaments with many cells and well-developed vascularization. 

  Fig. 3    Fresh    cadaver, 
anatomic preparation of the 
radiocarpal: the carpus has 
been placed in exaggerated 
 fl exion to show the volar 
radiocarpal ligaments and the 
articular section only – 
intermediate section – of 
the scapholunate interosseous 
ligament ( black arrows ). The 
radioscapholunate ligament 
( RSLL ) covers the anterior 
part of the interosseous 
ligament.  S  scaphoid,  L  
semilunate,  TFC  triangular 
 fi brocartilage       
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 The proximal row is a complex system that has to present both a twisting elastic-
ity enabling the  fl exion-extension of the scaphoid and stability enough to resist 
without bending too much the constraints of compression transmitted by the distal 

  Fig. 4    Fresh    cadaver, frozen wrist: coronal section at the level of the midcarpal, after the removal of 
the proximal pole of the scaphoid ( S ) and the semilunate ( L ). ( R ) radius, ( Tr ) Trapezium. We can 
notice: The correct osseous covering that the styloid section of the radial socket gives the proximal 
pole of the scaphoid. The structural differences between the volar and dorsal capsulo- ligamentous 
complex. We can underline the orientation of the volar radiocarpal ligaments ( RSCL  radio-scapho-
capitate ligament,  LRLL  long radio-lunate ligament,  SRLL  short radio-lunate ligament) which have a 
reversed V-shape with converging arms on the capitate and lunate, making a less elastic and more 
stable  system with ‘a central symmetry’ and with shorter and stronger ligaments:  RSLL  the radio- 
scapholunate ligament or the ligament of Testut and Kuentz. On the contrary, the dorsal capsule, 
which is thinner, seems to be reinforced by the dorsal intercarpal ligament which is tensed between 
the pyramidal and the  STT  complex (scapho-trapezio-trapedoidal) and linked to the posterior and 
more dorsal parts of the scapholunate and luno-triquetral interosseous ligaments ( tips of the red 
arrows ), where the posterior scapho-triquetral ligament originates. The dorsal intercarpal ligament 
and the dorsal radio- triquetral ligament (or dorsal radiocarpal, which belongs to the carpal ulnar sling 
of Kuhlmann –  empty white arrow ) form an oblique ligamentous ‘V’ with the apex centred on the 
pyramidal: a ligamentous system with an ‘   eccentric symmetry’, longer and thinner but much more 
elastic oblique ligaments. The carpal tendinous cage created by the extra-articular slings (retinaculum 
of the  fl exors and retinaculum of the extensors; the latter is made more visible once the tendons are 
removed), insures a dynamic control system which elements are set in rays, forms a system with 
‘radial symmetry’ which allows and adjusts wrist motion in all directions:  FCR   fl exor carpi radialis, 
 ECRB  extensor carpi radialis brevis,  ECRL  extensor carpi radialis longus       
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row and more particularly by the capitate. The    far more elastic system of the volar 
carpal ligaments and the dorsal intercarpal ligaments enables the distal parts of the 
scaphoid, the semilunate and the pyramidal to execute limited movements on the 
sagittal plane and allows controlled twisting of the scaphoid-semilunate pyramidal 
chain. The correction of a rotary instability of the scaphoid at a chronicle level has 
to take into account the execution of a scapholunate ‘arthro fi brosis’ and the stabili-
zation of the scaphoid distal pole. Surgical techniques aimed at reconstructing the 
capsulo-ligamentous system and preserving the anatomic characteristics of the 
physiological stabilization means must be given priority. The reconstruction of a 
dorsal capsulo-ligamentous system, especially that of the dorsal intercarpal com-
plex, seems to guarantee limited stiffness and can be associated, if necessary, to 
scapho-trapezial stabilization at the volar level.   

    3   Garcia-Elias Classi fi cation 

 In January 2006, in an article published in the  Journal of Hand Surgery , and which 
has become an important reference as far as injuries of the scapholunate ligament 
are concerned, Marc Garcia-Elias proposed a new scoring system based on answers 
to  fi ve questions dealing with the status of the wrist in chronic injuries  [  3  ] :

    1.    Is the scapholunate ligament, and more particularly its dorsal section, intact?  
    2.    Is the injury of the scapholunate ligament partial or not?  
    3.    Is the scapholunate ligament repairable?  
    4.    Are osseous connections normal?  
    5.    Is the scaphoid reducible?  
    6.    Are cartilages normal?     

 This questionnaire results in a six-stage classi fi cation distributed as follows:

    • Stage 1 : There is a mere partial injury which is likely to be repaired thanks to a 
normal line, a reducible scaphoid and healthy cartilages.  
   • Stage 2 : The injury is complete but intact repair seems possible.  
   • Stage 3 : There is an important injury of the scapholunate ligament but the osseous 
connections are still normal.  
   • Stage 4 : There is a complete tear of the scapholunate ligament with a dislocation 
of the scaphoid, but reduction appears possible.  
   • Stage 5 : Reduction is not spontaneous as the horizontalization of the scaphoid is 
settled.  
   • Stage 6 : Cartilages are affected (SLAC 1–4).    

 On this basis, Marc Garcia-Elias proposed the following therapeutic chart:

    • Stage 1 : It should be considered scapholunate broaching under arthroscopic con-
trol for acute cases and scapholunate broaching associated with dorsal capsulod-
esis for chronic cases.  
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   • Stage 2 : Suture of the scapholunate ligament by open surgery.  
   • Stage 3:  Reconstruction either by bone-ligament-bone  fi xing or reconstruction 
by the three-ligament technique.  
   • Stage 4 : Reconstruction by ligamentoplasty.  
   • Stage 5 : Scapho-trapezio-trapezoidal arthrodesis is the most logical indication 
but in some cases after cleaning periosseous  fi brosis and eventual reduction, 
stage 5 could be turn into stage 4 with reconstruction by ligamentoplasty.  
   • Stage 6 : Potential surgery depending on the progression of arthrosis with pallia-
tive techniques such as resection of the  fi rst carpal row and arthrodesis of the 4 
internal bones.     

    4   Arthroscopic Capsuloplasty (Stages 2–4) 

 In stages 2, 3 and 4 in particular, no matter if the ligament appears repairable or 
not, when the lines are strictly normal, we suggest a new technique of dorsal 
capsuloplasty associated with scapholunate and scapho-capitate pinning associ-
ated with arthroscopic control and support. The technique is based on a suture 
between the dorsal capsule and the scapholunate ligament. The arthroscope is 
introduced between the radiocarpal joint and the midcarpal. An internal knot is 
made between the scaphoid and the semilunate, and an external knot is made at 
the level of the capsule so as to create a link between the dorsal capsule and the 
dorsal part of the scapholunate ligament to reinforce the dorsal section of this 
ligament (Figs.  5 ,  6 ,  7 ,  8 , and  9 ).      

 We used this technique to operate on 11 male patients, aged from 19 to 45 years 
(averaged age: 36 years). Most of them (nine cases) had sport accidents and three 
cases were high-level sportsmen. 

 Real effects of the procedure could not be assessed so early since the average 
period lasts 12 months (from 7 to 17 months). Pain disappeared in all cases except 
two who still suffer from moderate climatic pains. Mobility is normal in seven cases, 
as well as muscular strengths. 

 To date, no surgical failure occurred and these results are really favourable, but 
more time is necessary to analyse long-term results after the patients returned to 
sports activities (Figs.  10 ,  11 ,  12 ,  13 ,  14 , and  15 ).        

    5   ECRB Ligamentoplasty and Scapholunate Stabilization 

 In stage 5, in particular when lines are disturbed and with a reducibility of the sca-
phoid which is easy or not, we systematically suggest by an open portal to perform 
reconstructive ligamentoplasty using a strip of the extensor carpi radialis brevis 
(ECRB). This technique aims at making an arthro fi brosis through the scapholunate 
joint and stabilizing the distal pole of the scaphoid thanks to this ligamentoplasty. 
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 The therapeutic principle was to  fi x the scapholunate joint in a reduced position 
for a long period (6 months). Following our anatomic studies, a new ligamento-
plasty using a strip from the extensor carpi radialis brevis (ECRB) stabilized the 
complex of the carpal  fi rst row. 

a

b

  Fig. 5    ( a ,  b ) First 
introduction of a thread 
between the dorsal capsule 
and the scapholunate 
ligament. Under arthroscopic 
control, the thread is placed 
inside a needle and goes from 
the radiocarpal joint to the 
midcarpal joint where the 
thread is got back and 
removed by the radial 
midcarpal portal       
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 Arthroscopic assessment was always made after surgery, following the same tech-
niques, to check the presence of potential arthrosis and the importance of the dislocation. 

 The technique is based on an arciform approach. After the strip had been removed 
from the ECRB and  fi xed on the distal 2nd metacarpal, we performed dorsal arthro-
tomy and explored the scapholunate joint (Fig.  16 ). Reducing the radio-lunate joint 

a

b

  Fig. 6    ( a ,  b ) A second 
thread, parallel to the  fi rst 
one, is introduced using the 
same technique       
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  Fig. 7    A knot is done 
between the two sutures at 
the external side, at the level 
of the radial midcarpal portal. 
Then the thread is removed 
proximally so that the  fi rst 
knot is placed between the 
scaphoid and the lunate in 
intra midcarpal       

a b

  Fig. 8    ( a ,  b ) A suture is done at the radiocarpal so as to create a capsuloplasty between the dorsal 
capsule and the dorsal section of the scapholunate ligament       
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was sometimes dif fi cult (Fig.  17 ) and scapholunate pinning maintained temporarily 
this reduction (Fig.  18 ).    

 The scapholunate space is then  fi xed either with staple and K-wires or with a 
cannulated screw. 

 The strip from the ECRB was placed from the midcarpal joint to the radiocarpal 
joint inside the dorsal radio-luno-triquetral ligament (Fig.  19 ) and then  fi xed in the 
neutral position of the wrist in the distal dorsal part of the scaphoid using an 
intraosseous anchor (Fig.  20 ). Associated capsulodesis was performed by the intro-
duction of two anchors into the posterior horn of the lunate and the dorsal section of 

  Fig. 9    The reduction of the 
scapholunate interval is 
maintained by a crossed 
scapholunate double pining 
and sometimes a scapho-
capitate K-wire       

  Fig. 10    Case 1: Midcarpal arthroscopic view 
of a stage four injury showing quite an important 
gap between the scaphoid and the semilunate 
with space enough to let a 3-mm shaver being 
introduced from the radiocarpal to the midcarpal 
joint       
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the proximal pole of the scaphoid. The aim of this ligamentoplasty is double:  fi rst, 
the ligamentoplasty, by tenodesis, is expected to  fi ght naturally against the horizon-
talization of the scaphoid and when the wrist  fl exes (Fig.  21 ). Moreover, it should 
establish a narrowing between the luno-triquetral complex and the scaphoid. Its 
distal  fi xing on the dorsal side of the scaphoid distal tubercle achieves easier stabi-
lization of the distal pole of the scaphoid (Fig.  22 ).     

  Fig. 11    Case 1: A 36-year-
old man who had a 
scapholunate dislocation after 
a sport injury having occurred 
5 months earlier. Normal 
front X-ray view showing an 
important gap between the 
scaphoid and the semilunate       

  Fig. 12    Case 1: Pro fi le view showing a 
dorsal drift of the semilunate ( DISI ) and a 
80° scapholunate angle       
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  Fig. 13    Case 1: X-ray after capsuloplasty 
with two pins placed with arthroscopic 
assistance       

  Fig. 14    Case 1: Pro fi le view showing the good 
position of the K-wires and the correct reduction 
of the lunate, with disappearance of the DISI 
and a normal 45° scapholunate angle       
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  Fig. 15    Case 1: Radial frontal X-ray and ulnar deviation 2 years after the repair, with the recovery 
of normal anatomy and mobility of the scaphoid       

  Fig. 16    After arthrotomy, the 
investigation of the joint 
shows a rupture of the 
scapholunate ligament (it is a 
stage III after arthroscopy)       

  Fig. 17    The reduction of the 
scaphoid when it is well 
positioned can be made with 
a peak bone, the wrist in 
slight traction, in extension 
and in ulnar drift. A 
temporary K-wire maintains 
the reduction       
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  Fig. 18    Dorsal staple is 
placed over the scapholunate 
joint and  fi x the reduction. 
The oblique position of the 
staple allows normal mobility 
in extension       

  Fig. 19    A strip from the 
ECRB is distally placed on 
the 2nd metacarpal and goes 
from the midcarpal joint to 
the radiocarpal joint inside 
the dorsal radio-luno-
triquetral ligament       

  Fig. 20    The ligamentoplasty 
is  fi xed in the dorsal section 
of the distal tubercle by an 
intraosseous anchor, the wrist 
in a neutral position       
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  Fig. 21    By tenodesis effect, the ligamentoplasty is going to 
naturally resist the horizontalization of the scaphoid and when the 
wrist  fl exes       

  Fig. 22    The ligamentoplasty establishes a 
narrowing between the luno-triquetral 
complex and the scaphoid. Its distal  fi xing 
on the scaphoid dorsal side of the distal 
tubercle makes easier the stabilization of the 
scaphoid distal pole       
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 Then, a plastered splint was placed for a 2-month period after which patients 
could use their wrist normally. The  fi xing equipment was removed 6 months later. 

 We operated on 32 patients (23 men and 9 women). The average age was 39 
(20–55 years of age). 

 The average follow-up was 50 months (27–67 months). Twelve patients had no 
pain, 12 patients had climatic pains only. Four patients had moderate pains and four 
others had permanent moderate pains. No patient experienced invalidating pain. 
Mobility in extension was about 70° and 42° in  fl exion, the moderate but real loss 
of  fl exion was the price to pay for this type of stabilization. Strength was about 86 % 
compared to the opposite side (Figs   .  23 ,  24 ,  25 ,  26 ,  27 ,  28 , and  29 ).        

 The complications that occurred were four complete losses of  fl exion, two 
Südeck’s dystrophy which were treated and healed, and a staple which was expelled 
and necessitated the modi fi cation of our system of scapholunate  fi xing to systemati-
cally choose a cannulated screw.  

    6   Discussion 

 The analysis of the state of the scapholunate ligament with the help of wrist arthros-
copy and the analysis of the peripheral structures allow, as Marc Garcia-Elias 
pointed out, to re fi ne the classi fi cations of chronic scapholunate injuries. 

 The use of mere immobilization by pinning in acute injuries of the scapholunate 
ligament resulted in satisfactory outcome. 

  Fig. 23    Case 2: A 25-year-old tennis player 
(high level). Eight months after a tennis 
accident (smash), he had wrist pains and 
cracks at ulnar deviation. X-ray view shows 
a horizontalization of the scaphoid and a 
scapholunate gap       
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 The repair of the intermediate part of the scapholunate ligament is illusory as it is 
a  fi brocartilaginous tissue which structure is close to that of the free section of a 
meniscus or the central section of the triangular ligament. The correction of the rotary 
instability of the scaphoid must then be associated with a scapholunate arthro fi brosis 
and the stabilization of the distal pole of the scaphoid. Therefore, surgical techniques 
aimed at reconstructing the capsulo-ligamentous system should be preferred as they 
respect the anatomic characteristics of the physiological stabilization means. The 

  Fig. 24    Case 2: The arthro CT-scan con fi rms a rupture of the scapholunate ligament. The associ-
ated arthroscopy showed a stage IV       

  Fig. 25    Case 2: Radiocarpal arthroscopic view 
of a stage IV injury showing a more important 
gap with space enough to let a hook being 
introduced between the scaphoid and the lunate 
from the radiocarpal to the midcarpal joint       
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repair of the dorsal and volar systems of the scapholunate ligament but also the distal 
volar scapho-trapezial section looks logical. Brunelli suggested a technique with simi-
lar ambition, but it was often responsible for a post-operative stiffness that jeopardized 
the functional result  [  12  ] . The three-ligament tenodesis suggested by Garcia-Elias 

  Fig. 26    Case 2: Radiography 6 months after the 
surgery and before the removal of the staple. 
We can notice a correct reduction of the 
scapholunate interval       

  Fig. 27    Case 2: Pro fi le radiography 6 months after 
the surgery showing a normal scapholunate angle       
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  Fig. 28    Case 2: Full front radiography in 
radial drift 3 years after the surgery. It shows 
normal mobility with normal osseous 
connections       

  Fig. 29    Case 2: Same observation in ulnar 
deviation. The patient returned to all his 
sports activities without discomfort and at 
the same level       
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improves this problem, but it remains quite stiffening in extension  [  3  ] . Moreover, 
capsuloplasties  fi xed on the radius, as mentioned by Blatt, are also stiffening  [  13  ] . 

 Posterior arthroscopic capsulodesis prevents these complications at stages which 
keep normal carpal architecture. At more advanced stages, reconstruction of a cap-
sulo-ligamentous system of the mere dorsal intercarpal complex seems to limit the 
effects of stiffening. The results of the ligamentoplasty using ECRB associated with 
temporary  fi xing of the scapholunate interval result in good long-term stabilization 
as they maintain correct mobility despite a moderate loss of  fl exion.      
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 When a completely torn scapholunate ligament is associated with a de fi ciency of the 
distal joints of the scaphoid base, there is a scapholunate instability. A scapholunate 
diastasis, a lunate extension (DISI) and a rotary subluxation of the scaphoid appear. 
When this pathologic  fl exion of the scaphoid (radio-scaphoidal angle >45°) is still 
reducible, and before arthrosis appears, preserving treatments aiming at reconstructing 
good scapholunate congruence are indicated  [  1  ] . Among the different capsular tech-
niques, tendinous or ligamentous as proposed in literature, one of them, as described 
by R. Berger  [  2  ]  particularly called our attention and is to be explained. 

    1   Wrist Arthroscopy 

 Before ligamentoplasty as such is made, arthroscopy is systematically made on an 
unstable and painful wrist. It aims at seeing the stump of the scapholunate ligament 
and making sure it cannot heal anymore. Arthroscopy is useful to test the good 
reducibility of  fl exion of the scaphoid, which must be easy, as it slightly presses on 
the capital facet of the scaphoid thanks to the hook palpator which is introduced in 
midcarpal. Finally, it enables to examine all the cartilages, especially the proximal 
pole of the scaphoid, the scaphoidal facet of the radius and the radial styloid, since 
they are the  fi rst to be affected by arthrosis  [  3  ] . If arthroscopic data con fi rm the 
resort to a scapholunate ligamentoplasty, the technique consisting in using the inter-
carpal ligament is thus proposed.  
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    2   Surgical Technique 

 Under locoregional anaesthesia and tourniquet placed at the base of the arm, the 
portal is dorsal and transversal as it joins the radiocarpal entry points of the arthros-
copy (3–4 and 4–5 portals). This is a variant of the original technique which sole 
interest is to be more aesthetic since it is in the bend of extension of the wrist, espe-
cially when the patient is a young woman. The retinaculum of the extensors is split 
lengthwise in its distal half, between the third and fourth compartment. There is a 
systematic avulsion of the posterior interosseous nerve. 

 R. Berger  [  4  ]  insisted on the importance of the osseous landmarks before beginning 
the capsulotomy, and we follow these indications. The idea is to make a portal respect-
ing the dorsal radiocarpal (DRC) and dorsal intercarpal (DIC) ligaments (Fig.  1 ).  

 These landmarks are (Fig.  2 ): 

    1.    The middle of the section between Lister’s tubercle and the radioulnar joint, 
which gives the centre of the radial joint of the DRC ligament  

    2.    The top of the dorsal tubercle of the triquetrum, towards which the DRC and the 
DIC ligaments converge  

    3.    The scapho-trapezial joint, which gives the distal insertion zone of the DIC 
ligament     

 Thus, the capsule is lifted as if it were a  fl ange with a distal joint. The proximal 
half of the DIC ligament is also lifted on its scaphoidal joint (Fig.  3 ).  

 Two 1.2 mm diameter Joystick pins are placed in the scaphoid and the lunate 
(Fig.  4 ) and used to reduce the scapholunate diastasis, the  fl exion of the scaphoid 
and the extension of the lunate (Fig.  5 ). Two parallel pins maintain the reducing of 
the scapholunate couple, and a scaphocapitate pin cancels out the strengths which 
create the  fl exion of the scaphoid (Fig.  6 ). The DIC ligament is thus introduced on 
the posterior horn of the lunate thanks to an intraosseous anchor (Fig.  7 ).     

  Fig. 1    The dorsal radio-carpal (DRC) and 
dorsal inter-carpal (DIC) ligaments       
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  Fig. 2    The landmarks of the capsulotomy       

  Fig. 3    The drawing of the capsular  fl aps       

  Fig. 4    The two joystick pins placed in the 
scaphoid and the lunat       
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  Fig. 5    The reduction maneuver        

  Fig. 6    The scapholunate and scaphocapitate 
pinning
       

  Fig. 7    The anchoring of the DIC ligament       
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 The triquetral’s tip of the capsular  fl ap is sutured thanks to a resorbing thread. It 
seems to us that this anatomic capsular suture  a minima  minimizes the loss of  fl exion 
of the wrist. 

 The retinaculum of the extensors is closed in the proximal half of its open sec-
tion. The pins are cut under the skin so that they hamper the patient as less as pos-
sible (Fig.  8 ) and are removed 6 weeks later. An    antebrachia-palmar splint in neutral 
position of the wrist which completely frees the metacarpophalangeal joints of the 
long  fi ngers and the thumb is carried during 6 weeks.  

 When the pins are removed, a soft and progressive physiotherapy of the wrist begins.  

    3   Clinical Series 

    3.1   Material and Method 

 Our experience of this surgery rests on 40 patients among which 25 have been 
examined again about 41 months later. They were operated by the same surgeon 
between January 2002 and January 2007. They all suffered from a chronic sca-
pholunate instability with a traumatic origin dating back to more than 3 months. The 
average age was 28. The delay between the trauma and the surgery was about 
10 months (3 months to 5 years). Each patient was clinically evaluated in preopera-
tive and 3, 6, 12 and 24 months after the surgery by a same independent observer 
who uses the computer system EVAL. 

 The ranges in  fl exion-extension and in radial and ulnar inclination of the painful 
wrist and the healthy wrist were reported, as well as grip strength thanks to Jamar’s 
dynamometer. 

 The comparative static and dynamic radiographic report was systematically 
established at the same periods. The dynamic report was composed of a view in 

  Fig. 8    The pins are cut under the skin        
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radial inclination, a view in ulnar inclination and a view in supination with clenched 
 fi st. Twelve patients had a static instability (Fig.  9 ) and 13 had a dynamic instability 
(Fig.  10 ). The radio-lunate and scapholunate angles as well as the scapholunate 
interval were measured for each series of views at the different periods.   

 Each patient bene fi ted from wrist arthroscopy to quantify the degree of instabil-
ity following Dautel’s classi fi cation  [  5  ]  and to check the absence of arthrosis, the 
correct reducibility of  fl exion of the scaphoid and the absence of associated liga-
mentous injury. 

 Eighteen instabilities were stage 3 and 7 were stage 2. The surgical technique 
which was used was the one described above. 

 Three complications should be reported in this series: 2 super fi cial sepses on the 
pins which did not imply the early removal of the material. One patient had to be reop-
erated 2 years later for a curettage and to  fi ll a cyst of the lunate which appeared around 
a resorbing anchor, but without consequence on the ef fi ciency on the capsulodesis.   

  Fig. 9    Radiographic static instability       

  Fig. 10    Radiographic dynamic instability         
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    4   Results 

 The authors compared their results to the series of tenodesis to the  fl exor carpi 
radialis by Moran et al.  [  6  ] , Garcia-Elias et al.  [  1  ] , Talwalkar et al.  [  7  ] , Chabas et al. 
 [  8  ]  and the series of capsulodesis to the dorsal intercarpal ligament by Berger and 
Moran et al.  [  6  ]  for the treatment of chronic scapholunate instability (Table  1 ).   

    5   Discussion 

 The bene fi t as far as strength and pain is the same as the other series. Post-operatory 
ranges of the wrist in  fl exion and in extension are less diminished with this technique. 
Thus, it can be considered as a therapeutic option to recover a stability of the scapholu-
nate couple, since it is ef fi cient and engenders little stiffening (Figs.  11  and  12 ). The exam 

   Table 1    Compared results with other series   

 Moran 
(Brunelli) 

 Moran 
(Berger) 

 Garcia-Elias 
(tenodesis 
3LT) 

 Talwalkar 
(tenodesis 
3LT) 

 Chabas 
(modi fi ed 
Brunelli) 

 Dreant 
(Berger) 

 Moderate pain 0–3  27 %  43 %  73 %  62 %  80 %  58 % 
 Extension  43°  49°  52°  55°  50°  56° 
 Flexion  40°  44°  51°  45°  41°  48° 
 Radial inclination  16°  19°  16°  18°  24°  22° 
 Ulnar inclination  26°  26°  29°  29°  29°  30° 
 Grip strength  87 %  91 %  65 %  80 %  78 %  88 % 
 Scapholunate 

interval 
 2–6    mm  4 mm  2–4 mm  3 mm 

 Scapholunate 
angle 

 54°  66°  62°  64° 

  Fig. 11    Clinical result in 
palmar  fl exion       
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of these patients in 10 years will be very interesting, especially as far as the maintenance 
of the scapholunate interval and the possible development of arthrosis are concerned.        
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          1   Introduction 

 The existence of scapholunate instability signi fi es an association of intrinsic 
 scapholunate ligament lesion and lesions of the extrinsic carpal stabilizing liga-
ments  [  1–  8  ] . Many techniques for scapholunate stabilization have been described 
ranging from simple pinning  [  9  ]  to wrist arthrodesis  [  10–  12  ]  including ligament 
repairs  [  13  ]  and a variety of capsulodesis and tenodesis techniques  [  14  ] . 

 After studying the dorsal carpal ligaments  [  1,   15  ] , Viegas described a transverse 
dorsal capsulodesis technique  [  16  ]  using the dorsal intercarpal ligament to reinforce 
the dorsal component of the interosseous scapholunate ligament.  

    2   Technique 

 Once the diagnosis of scapholunate instability is established – arthroscopically if 
need be – the indication of performing this technique depends on the duration of the 
lesion, its irreparability and the degree of laxity of the ligament. Anaesthesia is 
locoregional or general. The patient lies supine with the hand on an arm table. The 
hand is in pronation, with slight wrist  fl exion and positioned on a rolled crepe ban-
dage. Under tourniquet, a longitudinal midline incision parallel to the  fi nger exten-
sors is used. Hemostasis is performed using bipolar diathermy and the extensor 
retinaculum is incised through the fourth extensor compartment. The radial border is 
dissected off Lister’s tubercle exposing EPL followed by the radial wrist extensors. 
The EDC tendons are retracted ulnarly, while the radial extensors and EPL are 
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retracted radially to expose the capsule (Fig.  1 ). The posterior interosseous nerve is 
identi fi ed at the dorsal border of the radius and resected about 1 cm proximally after 
coagulation. Fatty tissue covering the capsule may be resected to facilitate 
identi fi cation of the  fi bres. The dorsal intercarpal band of  fi bres of the dorsal inter-
carpal ligament (DICL) should then be identi fi ed palpating with  fi ne closed forceps 
to mark the transverse thickening of  fi bres  fi rmer than the rest of the capsule. Berger 
described speci fi c landmarks to identify the bands of the dorsal ligament  [  17  ] . The 
capsule is incised at the proximal margin of this dorsal intercarpal ligament (Fig.  2a–b ). 
The posterior aspects of the scaphoid and lunate are thus exposed and the scapholu-
nate ligament lesion is identi fi ed. The dorsal pole of the scaphoid is usually subluxed 
dorsally and may be reduced by axial traction on the hand, pushing the proximal pole 
anteriorly – possibly using a K-wire as a ‘joystick’. The lunate is likewise reduced by 
axial traction. If this is insuf fi cient, wrist  fl exion will correct the lunate position 
which is maintained using a temporary radiolunate 1.6 mm K-wire. A scapholunate 
pinning is done with a 1.2 mm K-wire, completed using a scaphocapitate K-wire.   

 The dorsal intercarpal ligament is then prepared for reinsertion. After a chronic 
lesion, it is found to be retracted lying more distal to its anatomical position over the 
lunate and the dorsal groove of the scaphoid, and usually adherent to the carpus 
 [  16  ] . It can be dissected off using the scalpel, taking care not to section it (Fig.  3 ). 
The scaphoid groove and the dorsal horn of the lunate are freshened using a rasper 
(Fig.  4 ). The dorsal intercarpal ligament can now be transferred to the dorsal sca-
pholunate interval. If the capsule is retracted and the DICL cannot be properly 
mobilized, it can be detached from the rest of the capsule by an incision parallel to 
the initial one (Fig.  5 ), along its distal border. Once it is at the scapholunate interval, 

  Fig. 1    Capsular exposure        
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it is secured by two anchors, sometimes three or four, taking care to maintain trans-
verse tension on the  fi bres of the DICL to maintain reduction and keep the scapholu-
nate junction closed (Fig.  6 ).     

 The transverse capsular incisions are left open so as not to limit postoperative 
wrist  fl exion. Once the tendons are repositioned, the retinaculum is repaired by two 
x stitches with braided absorbable 2/0 suture. The K-wire is cut but kept long enough 
so that EPL does not pass over it and rupture. The skin is sutured using simple 

a b

Dicl

Drcl

  Fig. 2    ( a ) Dorsal    capsular incision.  DRCL  dorsal radiocarpal ligament,  DICL  dorsal intercarpal 
ligament, — Capsular incision. ( b ) Dorsal capsular incision       

  Fig. 3    Detachment    of dorsal 
intercarpal ligament ( DICL ). 
(   LICD ): Dorsal Inter Carpal 
Ligament.  Sca  scaphoïd,  Lu  
lunatum       
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stitches of nonabsorbable 4/0 mono fi lament over a drain. If the patient is compliant, 
a simple enforced removable splint is placed, facilitating dressings and allowing 
forearm swelling and remission. Fingers are allowed mobilization in space with no 
grip or loading to avoid any distraction at the scapholunate interval.  

  Fig. 4    Freshening of the scaphoid groove 
using a rasper. Scapholunate pinning and 
scaphoid anchor are in place.  Sca     scaphoïd, 
 Lu  lunatum       

  Fig. 5    Proximal transfer of DICL.  Sca  
scaphoïd       
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    3   Preliminary Results of Our Series 

 We present results of our  fi rst 14 cases, with average follow-up of 21 months 
(18–31). There are 10 men of average age 31 years (19–42) and 4 women of average 
age 28 years (21–36). The average preoperative delay was 8 months (3–14). There 
were nine work-related accidents and  fi ve domestic accidents. 

 The procedure consisted of a capsulodesis with 2 anchors 8 times, 3 anchors 3 
times, 4 anchors twice and 5 anchors once (suture breakage). 

 At follow-up wrist ROM was recorded. There was 49.8°  fl exion, 53.2° extension, 
23° radial deviation and 40° ulnar deviation. The grip was 27.8 kgf; Pain using VAS 
(score 1–10) was 1.94 with preoperative pain score at 6.57. The PRWE global score 
moved from 58.2/150 preoperative to 25.4/150 postoperative. Ten patients had very 
good or good results, three satisfactory and one bad result. 

 There were four skin irritations cured by wire removal and one EPL irritation 
without rupture. Two cutaneous dysa   esthesias disappeared at 4 and 9 months post-
operative. One patient developed a stage 2 SLAC lesion at 30 months, not shown on 
X-ray but con fi rmed by scintigraphy and second look arthroscopy.  

  Fig. 6    Appearance on X-ray showing good scapho-lunate stability and motion       
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    4   Discussion 

 Scapholunate instability is the most common carpal instability  [  16  ]  due to concen-
trated loading on the carpus at this point  [  20  ] . By far, the commonest treatment is 
the Blatt capsulodesis  [  21,   22  ] . But results are disappointing. Capsulodesis does not 
suppress the pain nor the radiological misalignment and causes a clear decrease in 
wrist  fl exion  [  23,   24  ] . It seemed logical to design a capsulodesis more respectful of 
the physiological isometry of the wrist. Since it has been stated that the strongest 
component of the scapholunate ligament is the dorsal one  [  18 ,  19  ] , we have consid-
ered a ligamentoplasty that is transverse and not axial. The Viegas’ technique meets 
these requisites. The choice of the dorsal intercarpal ligament is also interesting 
since it is more resistant than the interosseous scapholunate ligament and thus more 
adapted to replacing it  [  15  ] . 

 Clinical results do not give complete recovery; however, 10 out of 14 patients 
were satis fi ed or very satis fi ed with their outcome. Bad result corresponds to the 
SLAC lesion developed. These are only preliminary results; the sample size and 
follow-up time are not suf fi cient to draw de fi nite conclusions.  

    5   Indications 

 We use this technique for cases of chronic scapholunate instability – dynamic or static – 
where the scaphoid is reducible and no arthritis is seen on arthroscopy. This corre-
sponds to stages 3 and 4 scapholunate instability according to Garcia-Elias et al.  [  25  ] .      
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 Many techniques have been described for the treatment of pre-arthrosis scapholu-
nate instabilities whether they consist in capsulodesis or tenodeses. All these tech-
niques’ aim is to correct the scaphoid rotatory subluxation, making it vertical again 
and closing the scapholunate gap. The multiplicity of the techniques is the conse-
quence of their doubtful result on the repositioning of the scaphoid. Radiocarpal 
capsulodesis has the theoretical drawback to be ef fi cient only when the wrist is 
placed in  fl exion and may limit wrist mobility in  fl exion. Scaphocapitate arthrod-
esis, which is still unknown to us, is ef fi cient to straighten the scaphoid but at the 
expense of a signi fi cant stiffening of the wrist.    The scaphocapitate arthrodesis 
probably less stiffens the wrist but the level of nonunion is close to 50 % due to the 
small size of the joint surfaces which are treated, but remains an interesting option 
to eliminate the scapholunate gap. Recent works insist on the importance of the 
dorsal intercarpal ligament (DIC) injuries associated with the scapholunate ligamen-
tous injury  [  1  ] . Intercarpal capsulodesis which has recently been described by 
Berger     [  3  ]  and Viegas  [  2  ]  takes this notion into account. As we were inspired by the 
strong points of these two techniques and convinced, it really was a carpal liga-
mentous problem (intrinsic and extrinsic) and not a radiocarpal problem; we 
recently directed towards a new technique of dorsal intercarpal capsulodesis with 
retightening of the DIC by an overcoat suture (suture en paletot   ), associated with a 
scapholunate fi brodesis. 
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 The big difference with the Viegas procedure is the longitudinal incision made 
over wrist capsule in the DIC, leaving a radial- and an ulnar-based  fl ap, which per-
mits this dishing and overcoat suture with an important retightening of the complete 
 fi rst carpal row. This capsulodesis is done after reduction of the scapholunate gap 
with a solid double osteosuture with one or more suture anchors placed in the proxi-
mal part of the scaphoïd and the lunate. These scapholunate osteosutures are tied 
after resecting the cartilage of the scapholunate joint. This is the second particular-
ity of our procedure, the so-called scapholunate  fi brodesis. 

    1   Scapholunate ‘Fibrodesis’ 

 It consists in a complete resection of the cartilage of the scaphoid articular facet of 
the lunate and the lunar articular facet of the scaphoid with several perforations 
down to the spongious bone. This accurate exposure of the articular surfaces is fol-
lowed by a trans-articular osteosuture (thanks to anchors which are placed into the 
articular facets). The aim is to at close the scapholunate gap and to maintain, in 
time, this reduction as a  fi brosis is created. This is not a bone fusion as the aim is not 
to block this joint, this would be antiphysiological, but to maintain the scapholunate 
gap closed thanks to  fi brosis and thus to keep this joint space mobile. Hence, the 
name of  fi brodesis seemed more appropriate to us. Thus, the idea is to close the 
scapholunate gap and to try and increase the chances to maintain the gap closed as 
long as possible with a  fi brosis of all the articular facets and not only with the sca-
pholunate ligament which remnants are sutured at the same time.  

    2   Horizontal First Carpal Row Retightening Capsulodesis 

 It is a horizontal retightening of the DIC ligament which will be overcoat sutured 
after a longitudinal incision at the base of the scapholunate interval at the beginning 
of the surgery during the radiocarpal capsulotomy which, in our technique, remains 
longitudinal (vertical). As  fi brodesis is prepared, the ulnar traction exerced    on the 
radial  fl ap of the dorsal intercarpal ligament enabled a satisfactory reduction of the 
scapholunate gap and to correct the horizontality of the scaphoid. This ulnar traction 
on the radial  fl ap of the DIC is perpetuated by an overcoat suture under tension in 
ulnar strip of this extrinsic ligament. The threads of the osteosuture of the  fi brodesis 
are tightened and come to lay down by two U-shape points this dorsal intercarpal 
ligament which is retightened on the scapholunate space (Figs   .  1  and  2 ).   

 Two technical details seem important to us:

    1.    The two DIC  fl aps are made at the beginning of the surgery and are high on pur-
pose (between 8 and 10 mm long): it is important to remember that at the beginning 
of a surgery, it is not always easy to see the DIC whether it is a healthy or  a fortiori  
a post-traumatic wrist. We locate the ‘ef fi cient’ section of the radial strip as we 
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isolate the strongest section which enables, by traction, to straighten the scaphoid. 
The ulnar  fl ap takes the distal one-third of the radiocarpal ligament with the proxi-
mal part of the DIC, which thus reinforces it and enables a strong overcoat suture 
of the two  fl aps and an ef fi cient retention to reposition the scaphoid.  

    2.    To correct the dorsal bascule of the lunate, we end the surgery by a ‘dorsal com-
plementary capsulodesis’ between the two carpal rows with a suture between the 
dorsal side of the lunate through the re-tensed dorsal intercarpal ligament and the 
distal capsule at the level of the capitate. Moreover, this surgery enables to close 
the articular capsule of the carpus while it is never made at the radiocarpal level. 
The wrist is immobilized in extension on a    resin cast during 6 weeks.      

    3   Conclusion 

 This recent technique has to be rati fi ed by a clinical study under way once more 
time has passed. It seems to be ef fi cient on the long term to maintain the reduction 
of the scapholunate gap and the verticalization of the scaphoid. Better results are 

  Fig. 1    Diagram demonstrating the 
horizontal retightening capsulodesis by 
dishing or suture ‘en paletot’ of the dorsal 
intercarpal ligament, with placement of the 
sutures       

  Fig. 2    Anteroposterior radiograph 
demonstrating the placement of the suture’s 
anchors and the closing of the scapholunate 
gap at 2 years after surgery       
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observed with dynamic instabilities and with a relatively poor loss of mobility of the 
wrist concerning the  fl exion. Acute or chronic injuries that have not developed 
degenerative changes are approached by this technique. The intraoperative ef fi ciency 
of the retightening of the dorsal intercarpal ligament associated with this new con-
cept of  fi brodesis which rests on a strong osteosuture encouraged us to abandon 
classic scapholunate complementary pin  fi xation in certain cases with good reduct-
ibility of the scaphoïd. We show you here the three different steps of this surgical 
technique illustrated by intraoperative views. 

 The  fi rst step is the intrinsic time:   

   Scapholunate ‘ fi brodesis’       

   Complete resection of the cartilage of the 
scapholunate joint with several 
perforations down to the spongy bone       
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 Second step is intrinsic time too:  

   Anchors    in scaphoid and 
lunate with double 
osteosuture. We can see a 
good closing of the gap in 
this case       
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  The third step is the extrinsic time:  horizontal  fi rst carpal row retightening  cap-
sulodesis.  For this capsulodesis, it is necessary to make a longitudinal capsulotomy 
at the beginning of the procedure            

   Longitudinal capsulotomy: 
section of the DIC       

   Drawing of the longitudinal 
capsulotomy just ulnar to 
Lister’s tubercle after 
resecting the terminal 
branch of the posterior 
interosseous nerve       
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   Dissection of the radial  fl ap 
of the DIC       

   Dissection of the ulnar 
extrinsic  fl ap (DIC + distal 
half of the DRC)       

   Suture “en paletot” 
(overcoat suture) of the two 
 fl aps with transversal 
retension by dishing two 
 fl aps of the DIC. With 
reinforcing and dorsal 
laying out by two U-shape 
points with the 
scapholunate anchor 
sutures       
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          1   Introduction 

 Of the many patterns of wrist osteoarthrosis, the SLAC wrist (scapholunate advanced 
collapse pattern) is one of the commonest. It was described in 1948 by Watson and 
Ballet  [  20  ]  who studied the radiological progression of chondral degeneration in 
210 patients. These authors described three stages of increasing severity, with the 
osteoarthrosis progressively affecting more joints. The term SLAC wrist is derived 
from what the authors thought to be the aetiology, namely, the rupture of the sca-
pholunate (SL) ligament, leading to dorsal  fl exion of the lunate (the so-called DISI – 
dorsal intercalated segment deformity) and, more importantly, to pathological 
palmar  fl exion and dorsal subluxation of the scaphoid. These anomalies, initially 
dynamic, become over time  fi xed (Fig.  1 ). The malposition of the scaphoid leads to 
a decrease in the joint contacts between the scaphoid and the radius. The resulting 
excessive articular stresses cause the osteoarthrosis,  fi rst involving the radiosca-
phoid joint. The lunate dorsal  fl exion seems to have little consequences at the level 
of the radiolunate joint.  

 Experimentally, the isolated section of the SL membrane in a cadaveric wrist 
does not cause any kinematic alteration  [  3  ] , except in some special radioscaphoid 
morphotypes  [  21  ] . Distal radius fractures are frequently complicated by intrinsic 
wrist ligament lesions, especially affecting the SL membrane, yet SLAC wrist is a 
rare occurrence after distal radius fractures. In fact, the SL ligament may have more 
a proprioceptive than a mechanical role  [  9  ] . As early as 1989, Jantea believed that 
the said SL dissociative instability resulted initially from insuf fi ciency of the liga-
ments stabilizing the distal pole of the scaphoid at the scaphotrapeziotrapezoid 
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(STT) level, followed by distension and ultimately secondary rupture of the SL liga-
ment (Jantea    C., Mayo Clinic, Rochester, MN, USA, 1989, Personal communica-
tion). Brunelli considered the deep part of the  fl exor carpi radialis (FCR) sheath to 
be the principle stabilizer of the STT complex  [  2  ] . Garcia-Elias believed that the 
primary stabilizer of the scaphoid was the SL ligament, especially its dorsal compo-
nent, the STT ligament complex and the scaphocapitate and radioscaphocapitate 
ligaments being secondary stabilizers  [  7  ] . Short reported that the secondary stabiliz-
ers were the scaphocapitate and scaphotrapezial ligaments  [  16,   17  ] . 

 It is worthy of note that the term instability is incorrect; in fact, the new equilibrium 
reached in a  fi xed DISI deformity is quite stable and thus dif fi cult to correct. We pro-
posed in 1996 the term ‘carpal dyskinetic syndrome’  [  14  ] . Garcia-Elias de fi ned carpal 
instability as carpal kinetic dysfunction (load transmission) and/or dyskinematic 
(osseous alignment), but proposed keeping the term instability by right of use  [  7  ] . 

 The results of repair of chronic SL lesions remain disappointing, probably owing 
to the dif fi culty of correcting scaphoid malposition by these reconstructions. We have 
abandoned our 1995 original technique of SL repair using a vascularized transfer of 
the interosseous membrane  [  13,   15  ] , when in 1995 Brunelli described his technique of 
ligamentoplasty where a band of the FCR tendon, still attached to the second metacar-
pal, is tunnelled through the distal pole of the scaphoid and anchored to the dorso-
ulnar radius, thereby reducing the pathological scaphoid  fl exion, the dorsal subluxation 
of the proximal pole as well as the SL diastasis (Fig.  2 ). The lunate dorsi fl exion tends 
to autocorrect spontaneously, following scaphoid reduction  [  2,   3  ] .   

    2   Surgical Technique 

 The surgery is usually performed under regional anaesthesia. We like the approach 
through a dorsal radio-scapho-lunate incision parallel to the distal rim of the radius 
 [  6  ] . The dorsal sensory radial nerve branches are identi fi ed and spared. The third 

  Fig. 1    SLAC    wrist with dorsal  fl exion of the lunate ( left ), palmar  fl exion and dorsal subluxation 
of the proximal pole of the scaphoid ( centre ) and SL diastasis ( right ). Note the presence of 
radioscaphoid and lunocapitate chondral lesions       
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compartment is incised and the extensor pollicis longus (EPL) tendon palmarly 
retracted. It is usually unnecessary to open the fourth compartment; it can be ‘en 
bloc’ dissected off the distal radius over several millimetres. The dissection pro-
ceeds on either side of the extensors carpi radialis, taking care not to damage dis-
tally the radial pedicle. The ligament lesions are thus exposed. There is usually an 
abnormal diastasis between the scaphoid and lunate, with extensive synovitis. There 
is often little left of the SL ligament, and any attempt at its direct suture is doomed 
to fail. There is evident dorsal subluxation of the proximal pole of the scaphoid, and 
the lunate, in DISI, is practically invisible under the capitate head which is situated 
very close to the radius glenoid. The SL synovitis is resected. Distally, the surgeon 
approaches the STT interval, which is not so easy to open due to the scaphoid mal-
position; the synovitis present at this level is as well resected. The reducibility of the 
scaphoid is now evaluated. A second 4-cm incision is then made along the FCR, 
centred over the scaphoid tubercle, easily palpable due to the malposition of that 
bone. The tendon sheath is opened, dividing some thenar muscle  fi bres. Through 
another transverse incision, 7 cm higher, a third (about one-half according to 
Brunelli  [  2  ] ) of the FCR tendon is harvested, preserving its distal attachment to the 
trapezium, trapezoid and second metacarpal. At this level, the tendon sheath is not 
opened. The STT joint is approached, and a spatula is introduced in this joint, giving 
its orientation. A 2.8- or 3.2-mm tunnel is made through the distal pole of the sca-
phoid, parallel to this joint, and the tendon band is passed through it. By pulling on 
the ligamentoplasty, one can usually observe the ‘automatic’ reduction of the sca-
phoid and lunatum with disappearance of the SL diastasis. If this is not the case, the 
surgeon can use K-wires temporarily inserted in both bones as ‘joysticks’ to assist 
the reduction. The scaphoid is  fi xed in the reduced position using one scaphocapi-
tate K-wire; in many cases, a second K-wire is used to trans fi x the SL joint. The 

  Fig. 2    The    Brunelli’s 
tenodesis using a band of the 
FCR tendon       

 



254 F. Schuind and W. El Kazzi

wires are bent and buried subcutaneously. The tendon graft is  fi xed under tension 
using an anchor in the distal radius, at the  fl oor of the third compartment. After 
meticulous capsular closure, the EPL is left subcutaneous. The wire(s) is(are) 
removed as a secondary minor procedure, after 6 weeks of immobilization in a plas-
ter cast. Physiotherapy is then instituted. Return to heavy manual work is not allowed 
before 3 months, and return to high-level sports before 6 months.  

    3   Results 

 In his original 1995 publications, Brunelli reported 11 and then 13 cases of satisfac-
tory reduction of the scaphoid and of the lunate, with restoration of the carpal height, 
the results being maintained over time (follow-up between 6 months and 2 years 
 [  2,   3  ] ). Other publications reported results using modi fi cations of the original 
Brunelli technique  [  4,   5,   8,   11,   12,   18  ] .  

    4   Discussion 

 The natural evolution of the ‘scapholunate dissociation instability’ syndrome is 
delayed radiocarpal and midcarpal osteoarthrosis. It is especially the scaphoid sub-
luxation which causes damage to the hyaline cartilage, at least in the  fi rst stages. 
The different types of SL ligamentoplasty described in the 1980s have been aban-
doned by most authors. Many patients operated during that era had to be reoperated 
by partial or total wrist arthrodesis. These failures discouraged attempting ligament 
reconstruction and favoured scaphoid reduction, followed by  fi xation of the reduced 
scaphoid by partial carpal arthrodesis, either STT or scaphocapitate fusion. However, 
these interventions caused substantial wrist stiffness. Watson proposed a technique 
for SLAC wrist reconstruction involving scaphoidectomy and ‘four-corner’ fusion 
of the capitate, lunate, hamate and triquetrum  [  20  ] . Other authors did not hesitate to 
proceed directly to  fi rst carpal row resection, especially when the lunocapitate joint 
was still normal. These different techniques were relatively aggressive, their com-
plication rate was not negligible and their long-term results not well known. This is 
why the Brunelli technique, which durably corrects the scaphoid malposition, avoid-
ing the evolution towards osteoarthrosis, is now favoured by many wrist surgeons. 
For us, it is the treatment of choice for treatment of SL dissociative instability with-
out osteoarthrosis. 

 In order to avoid postoperative reduction of palmar wrist  fl exion, several authors 
have proposed to avoid to  fi x the tendon ligamentoplasty to the distal radius. In the 
technique of Van Den Abbeele, the graft was  fi xed to the dorsal radio-triquetral liga-
ment  [  19  ] . Garcia-Elias and Stanley described the ‘3LT’ technique (3-ligament 
tenodesis : STT complex, SL and luno-triquetral ligaments) where the trans- scaphoid 
tunnel is not any more parallel to the STT joint, but rather oblique, ending dorsally 
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and proximally, adjacent to the SL joint – at the level of the strongest part of the SL 
ligament. The tendon band then follows a path transverse and dorsal to the previ-
ously reduced lunate, to which it is anchored. The tendon is  fi nally passed around 
the dorsal radio-triquetral ligament (the ligament had been preserved throughout the 
Berger approach to the carpus  [  1  ] ) and sutured to itself  [  8,   18  ] . This technique 
would have the advantage of reconstructing the most mechanically important por-
tion of the SL ligament, of better reducing the gap between the two bones, as well 
as avoiding radial insertion and therefore wrist stiffness. It does not however allow 
the same reducing moment on the scaphoid. Howlett showed that the scaphoid tun-
nel must be distal to ensure the best SL correction  [  10  ] . We have ultimately returned 
to the original Brunelli procedure.      
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     1   Introduction 

 Several treatments for patients with isolated lunotriquetral (LT) tears have been 
described previously. The choice between an LT fusion (attempts to), repair and 
(complicated) ligament reconstruction, is not yet established  [  2,   3,   5–  7,   9,   11  ] . 

 LT arthrodesis gives variable outcomes and most ligament reconstructions are 
technically demanding, requiring extensive approaches. In 1996, Sennwald and col-
laborators  [  10  ]  proposed a radially based  fl ap of the extensor retinaculum to be 
inserted on the triquetrum and in so doing reconstructing a dorsal stabilizer of the 
LT joint (capsulodesis). 

 The purpose of this chapter is to compare Sennwald’s technique with a similar 
group of patients previously treated at our department with an LT fusion.  

    2   Materials and Methods 

    2.1   Patients 

 We reviewed the patients treated for an isolated LT tear in our institution  [  12  ] . We 
considered the LT tear as the cause of the ulnar-sided wrist pain when the LT inter-
val was tender, when the Reagan test was positive and when other causes of ulnar 
wrist pain were excluded. In all patients, the diagnosis was established or con fi rmed 
on arthroscopic  fi ndings. 
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 Two groups were established. Group I underwent an LT arthrodesis. There were 
17 patients: 8 men and 9 women with a mean age of 32.6 years (SD 10). The domi-
nant side was involved in eight cases. The men follow-up was 5.6 years (SD 1.99). 
Group II consisted of 13 patients, treated with a capsulodesis according to Sennwald 
 [  10  ] . There were 5 men and 8 women with a mean age of 30 years (SD 11) with ten 
times the dominant wrist involved. The follow-up was 2 years (SD 1.5). The differ-
ences in age, gender and involved side were not signi fi cant ( p  > 0.05,  t -test). This is 
not a randomized study. The LT fusion technique was largely abandoned in 2001 
due to the high failure rate  [  12  ] . Sennwald’s capsulodesis became our  fi rst choice of 
treatment since 1999. 

 A traumatic event was recalled in 15 patients. The dominant symptom was 
ulnar-sided wrist pain in 14 and radial wrist pain in 6. The radiographs were nor-
mal in 23; a static VISI (volar intercalated segment instability) was present in 7. In 
none of the radiographs, an interruption of Gilula’s line was observed. Arthrograms 
were performed in 21 wrists with communication between the radiocarpal joint 
through the LT interval and the midcarpal joint in 17 cases. All patients underwent 
an arthroscopy. Instability of the LT joint was observed in all through the midcar-
pal portal. The patients were treated by different surgeons with different level of 
experience.  

    2.2   Surgical Technique 

 The wrist was approached through a ligament-sparing incision, and the LT was 
explored. 

 During surgery, a broad diastasis    of the LT joint was obvious in all patients, indi-
cating a complete rupture of the LT ligament. 

 In group I, the LT joint was exposed and the cartilage removed. Usually, an 
autologous cancellous bone graft was inserted in the gap, and the LT joint was  fi xed 
with K-wires (3×) or staples (2×) or a Herbert screw (12×). A forearm cast was 
applied for 6 weeks. 

 In group II, a radially based  fl ap of the retinaculum extensorum, 1 cm broad, is 
prepared and passed deep to the fourth and  fi fth compartments and  fi xed with a bone 
anchor into the triquetrum. A forearm cast was applied for 6 weeks.  

    2.3   Evaluation 

 The patients were evaluated by two independent observers (I.J. and WVDS). They 
were asked for satisfaction (very, fair, poor), pain and function on a visual analogue 
score (VAS) and if they should have the same procedure again. Range of motion and 
gripping force were measured. Complications were noted. In group I, a control 
radiograph was taken and evaluated for fusion.   
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    3   Results 

 In group I, two patients were very satis fi ed, six were satis fi ed, nine were not, and ten 
should have the procedure again. They scored 5.8 on the pain score (0 = no pain, 
10 = intolerable pain) and 3.2 (0 = no impairment, 10 = severe impairment) on the 
functional score. The grip strength was 28 kg; the key pinch was 7.3 kg. The exten-
sion was 37°,  fl exion was 40°, and forearm rotation was 141°. Complications were 
numerous: one had a re fl ex sympathetic dystrophy,  fi ve had a paresthesia in the 
dorsoulnar side of the hand, two had a pisohamatum impingement, and eight devel-
oped a pseudarthrosis of the LT fusion. 

 In group II, three were very satis fi ed,  fi ve were satis fi ed,  fi ve were not, and eight 
should have the same procedure again. The mean score on the pain score was 4.3 
(SD 2.69). On the function score, it was 6.8 (SD 1.84). The grip strength was 32 kg; 
the key pinch was 7.3 kg. The extension was 61°, the  fl exion was 55°, and forearm 
rotation was 177°. Complications were less frequent 3    (23%) and consisted in par-
esthesia in the territorium of the dorsal branch of the ulnar nerve, one case with 
tendon adhesions and one painful scar. Signi fi cancy ( p  < 0.05) was reached for func-
tion ( t -test) and reoperation ratio (Chi Square) (Table  1 ).  

 In group I, a reoperation was required in 11 patients (29 procedures including 
removal of hardware), and in group II, it was necessary in 3 patients (three proce-
dures) (Chi Square,  p  < 0.05).  

    4   Discussion 

 Based on the observation that patients with congenital lunotriquetral coalition are usu-
ally without symptoms, LT arthrodesis has been the standard treatment option for LT 
ligament ruptures. The outcome however is not uniformly favorable, and complications 

   Table 1    Summary data   

 Group I – LT fusion 
 Group II – ligament 
reconstruction   p  value 

  N   17  13 
 M/F  8/9  5/8 
 Age  32.6 years (10)  30 years (11) 
 Follow-up (years)  5.6 years (1.99)  2 years (1.5) 
 Satisfaction  8/9  8/5  0.43 
 Pain (VAS)  5.8 (1.84)  4.3 (2.69)  0.078 
 Function (VAS)  3.2 (3.83)  6.8 (1.84)  0.007* 
 Grip (in kg)  27.7 (12.37)  32.0 (16.29)  0.15 
 Extension  37 (21.3)  61 (18.5)  0.33 
 Flexion  40 (25.3)  55 (19.9)  0.44 
 Reoperation (Y/N)  11/6  3/11  0.02* 

  ( ) standard deviation, *signi fi cant  



260 L. De Smet et al.

are numerous. The rate of nonunion varies between 0 and 57 %  [  4,   9  ] .    High complica-
tion rates are mostly due to technical errors: nonunion, neurapraxia of the dorsal branch 
of the ulnar nerve and midcarpal joint discongruency. Patient satisfaction was only 
57.1 % in the series of Shin et al. The rate of complications, others than nonunion, var-
ies between 22 and 46 %  [  5  ] . The outcome is very variable, and the evaluation of results 
in the published series is not very detailed. Sennwald et al. called the LT arthrodesis a 
“controversial” procedure  [  9  ] . On the contrary, Guidera et al.  [  4  ]  in a recent survey had 
very favorable results in 24 patients. 

 Reported results on LT ligament reconstructions in literature are less numerous. 
The available techniques are complicated, but in a comparative series of Shin et al. 
 [  5  ] , the outcome for the patients with a reconstruction was better with less compli-
cations  [  11  ] . The procedure described by Sennwald et al.  [  10  ]  is technically less 
demanding and reconstructs the dorsal intercarpal ligaments by a strip of the reti-
naculum. In the sequential section experiments of Ritt et al.  [  8  ] , a VISI deformity 
can be obtained when both the LT and the dorsal extrinsic ligaments are divided; LT 
ligament section only had only partial effect on the overall carpal con fi guration: a 
full blown VISI is only seen after sectioning the extrinsic ligament. The Sennwald 
procedure is very similar to Blatt’s capsulodesis in scapholunate dissociations  [  1  ] . 

 Based on our survey, reconstruction of the LT is our  fi rst choice since it preserves 
better motion, has similar subjective outcomes compared to the LT arthrodesis and 
has, in a training hospital, a lower complication rate.      
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 Injuries of the scapholunate ligament are often underestimated. In the acute phase, 
radiographs are often misleading. Initially, patients have quite sharp pains which 
tend to decrease over a couple of weeks with rest, immobilization and painkillers. 

 Moreover, many general practitioners underestimate the long-term consequences 
of these ‘sprains’. Some stages of scapholunate dissociation result in important 
long-term functional handicaps. 

 The traumatic mechanism is generally a high-velocity trauma: the most 
known one is the hyperextension of the wrist with a variable degree of ulnar  deviation 
and/or radio-metacarpal pronation of the carpus. For instance, falls from an impor-
tant height, motorbike accidents or rotatory injuries using power tools are part of the 
possible mechanism. 

 The injury of the scapholunate ligament has several stages which depend on the 
severity of the injury. In 1980, May fi eld described the different stages of perilunate 
injury. The  fi rst stage is scapholunate dissociation. Scapholunate dissociation has 
variable degrees of severity and repercussion on the kinematics of the carpus. 

 The experimental isolated scapholunate injury causes less dissociative instability 
in vitro than the same injury in vivo. These differences are easily explained by the 
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concomitant injuries at the level of the capsula and the ligaments which link the 
scaphoid, the trapezoid, the trapezium and the capitate. Since most of these injuries 
are not always detected, even rarely diagnosed in emergency, a classi fi cation which 
takes into account the delay before the patient is seen in a specialized consultation 
for the  fi rst time is useful. Injuries are divided into three groups: an acute, a subacute 
and a chronic group. 

 In the acute group, the injury is less than a week from the original trauma: it 
allows a reinsertion suture of the ligament. The subacute group is composed of 
injuries which have been seen between one and six weeks posttraumatically where 
the potential of ligamentous recovery as far as scarring is concerned is reduced. 
Finally, the group of chronic injuries, more precisely at least 6 weeks after the 
trauma and when the recovery-healing using a simple reinsertion becomes dif fi cult, 
is even impossible. The only case for which the management of the chronic injuries 
is possible is when the injury has an osseous avulsion at the level of the lunate. It 
sometimes enables, in chronic cases, a surgical osteosynthesis reinsertion of the 
fragment with an 8 weeks’ temporary immobilization and an antebrachial plaster 
cast. Outcome is nevertheless unpredictable. 

 As far as the repair of the scapholunate ligament using a bone-tissue-bone trans-
plant is concerned, we rather indicate it at stages III and IV of Garcia-Elias, Lluch 
and Stanley classi fi cation  [  6  ]  which correspond to a complete and unrepairable rup-
ture of the scapholunate ligament with or without a reducible rotatory subluxation 
of the scaphoid. 

 This classi fi cation mostly depends on the quality of the scapholunate ligament, 
the potential of recovery of the scapholunate ligament and the quality of the radio-
carpal and midcarpal cartilage. 

 The history of bone-tissue-bone autografts started in 1995 when Svoboda  [  8  ]  
suggested a biomechanical testing of the dorsal metatarsal ligaments of the fourth 
and  fi fth metatarsals, the dorsal metatarsal ligament and the calcaneo-cuboidal liga-
ments. The  fi rst short-term result was published in 1997 by  [  1  ]  Weiss who proposed 
a series of 19 patients with a follow-up of 3.6 years with a bone-retinaculum-bone 
autograft to reconstruct the scapholunate ligament. 

 Since then, several articles have been published on the subject: Harvey  [  3 ,  4  ]  and 
Cuénod  [  7  ]  both established an in vitro biomechanical analysis of the different 
carpo-metacarpal ligaments and compared them to the scapholunate ligament. 

 In 2007, the article published by the same Harvey et al.  [  5  ]  con fi rmed the lack of 
long-term study but underlined the very interesting early results. 

 The surgical technique is rather simple and requires a dorsal longitudinal 
approach with a radiocarpal and midcarpal ligamentotomy which respects the ori-
entation of the ligamentous  fi bres, such as described by Berger and Bishop  [  2  ] . 
The reduction of the scapholunate dissociation and the correction of the rotary 
instability of the scaphoid are made by pinning of the semilunate and the scaphoid 
with a joystick. This allows an easy reduction of the intercalated instability. Then, 
we put the arthrorhisis K-wires bridging the scapholunate joint with two 1.2-mm 
K-wires, followed by a single pinning of the scaphocapitate joint. Pins can be left 
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percutaneously, but preferably buried subcutaneously (Fig.  1b ). Then we locate 
the carpo-metacarpal joint and ligament of the third ray, which corresponds to the 
ligament which has the most common characteristics and biomechanics compared 
to the scapholunate ligament. The ligament is harvested together with a piece of 
bone – a square with and edge of maximum 3 mm – on the capitate and on the 
base of the third metacarpal (Fig.  1a  1). At the level of the scaphoid and lunate, 
bone is resected suf fi ciently – no con fl ict is allowed between the graft and the 
joint of the radial epiphysis after placement – on the exact location where the 
bony attachments of the donor ligaments will be  fi tted. This is screwed by 1.3-mm 
screws or slightly bigger (Fig.  1a  2). Postoperatively a forearm cast is  fi tted. After 
8 weeks, the cast and pins are removed. 

 As far as our personal experience is concerned, it matches the reports of Weiss: 
although a result can be very satisfactory at midterm, total recovery can be very long 
(12–18 months) to get.      

a

b

  Fig. 1    ( a ) Removal of the 
CMC III bone-ligament-bone 
graft ( 1 ) and  fi xation at the 
anatomic location of the 
dorsal scapholunate ligament 
( 2 ). ( b ) Reducing correction 
of the instability by K-wire 
pinning of the scaphoid, 
lunate and capitate       
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 In 1984, Faithfull and Timothy Herbert described the use of the Herbert screw for 
small joint fusion of the hand in the  Journal of Hand Surgery   [  4  ] . It was their way to 
illustrate the quality of a wonderful headless compression screw, which would mark 
the end of the century in interfragmentary screwing of small bones. It was the  fi rst 
time that internal splinting of the small bones was described and more speci fi cally 
scapholunate synostosis – syndesmosis – with a headless compression screw. 

 In 1991, Timothy Herbert described in the  World Journal of Surgery  his new 
technique of scapho-lunate repair using a Herbert screw (Fig   .  1 )  [  6  ] .  

 RASL stands for reduction and association of the scaphoid and lunate, and the 
goal is to recreate an association between the two bones (scaphoid and lunate) with 
a bony or  fi brous link. Biomechanics are not restored but are more physiological 
than the alternative procedures (Blatt dorsal capsulodesis,    scapho-trapezoideo- 
trapezial arthrodesis, Brunelli standard or modi fi ed). 

 The indications are subacute ligamentary repair (stage III and IV as described by 
Garcia-Elias et al.  [  5  ] ). This means reducible, dissociative instability with good 
 cartilage quality. Contraindications for this operation are pre-existing arthrosis 
whether radio-carpal or between scaphoid, trapezoid and trapezium. Radio-styloid 
arthritis is not a contraindication. 
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 The technique described by Faithfull et al. is based on a dual incision dorsal and 
radial in a longitudinal way. The dorsal incision is for the actual surgical procedure; 
the radial approach is used to perform the styloidectomy and insert the headless 
compression screw (Herbert, HCS, etc.). 

 The dorsal approach is a 3–4 extensor compartment incision with a U-shaped 
distally based  fl ap of the capsule. Other approaches described by Berger and Bishop 
are also possible  [  2  ] . Inspection of the scapholunate gap and quality of the cartilage 
is performed, and placement of two 1.5-mm K-wires in the distal radial portion of 
the lunate and the distal ulnar portion of the scaphoid is performed to act as joy-
sticks. Care is taken to place the K-wire in a maximal divergent angle in order to 
correct the instability by clamping both K-wires together with a Kocher  [  7  ] . With a 
knife, we perform the sharp removal of the ligament remnants, and we remove with 
a bur and rongeur the cartilage until cancellous bone is exposed. 

 With the radial approach, the styloid is removed through the  fi rst extensor com-
partment, which is reclined in a volar way. After resection of the styloid, exposure 
of the scaphoid is realised. The removal of the styloid diminishes the impingement 
of the scaphoid, eases the insertion of the bone screw and can also enhance the 
results by removal of degenerated articular surface of the styloid of the radius. 

 Afterwards, a reduction of the scaphoid and lunate is performed with the joy-
sticks by clamping them with a Kocher; a K-wire is placed between scaphoid and 
lunate from radial to ulnar, slightly distal to the mid-waste of the scaphoid taking 
care not to penetrate the midcarpal joint space. The cannulated bone screw (Herbert) 
is inserted from radial to ulnar under image intensi fi er. 

 After placing the screw, joysticks are removed and the mobility is tested in  fl exion 
and extension. Next, closure of the capsular is performed to avoid capsulodesis. 

     Fig. 1    Immediate Postop view showing the 
Herbertscrew in place (X-Ray Courtesy of 
Dr Jean Michel Cognet, Reims, France); 
note the styloidectomy of the Radius       
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 Postoperatively, a short arm spica cast is applied for 4–6 weeks and rehabilitation 
is started. 

 The long-term results of this procedure are not well documented in the literature. 
Two articles report good results: Zubairy et al.  [  8  ]  report in 2003 a 70 % overall satisfac-
tory result; Alnot, with a slightly different procedure, reports a 90 % satisfactory  [  1  ] . 

 Overall, the RASL procedure is not very popular; publications are rare but the 
early reported results were satisfactory. The aim is not a consolidation but a tight 
 fi brous fusion, as you would expect in a hypertrophic pseudarthrosis. Recent publi-
cations by Cognet et al. report an overall bad result (Fig.  2 ) and recommend aban-
doning this technique  [  3  ] . It should be reminded as a historic option for treatment of 
a chronic non-arthritic radio-scapho-lunate dissociation.      
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          1   Introduction 

 Scapholunate instability is the most common pattern of carpal instability. Despite their 
frequency, these lesions are often missed or poorly treated, and this may lead to an 
important amount of wrist dysfunction and degeneration  [  1  ] . Treatment of chronic 
scapholunate instability remains controversial. There is no consensus between different 
stabilization procedures such as capsulodesis, tenodesis, and intercarpal fusions  [  1  ] . 

 In 1995, Brunelli and Brunelli  [  2  ]  introduced a new technique in the treatment of 
chronic scapholunate dissociation, using a  fl exor carpi radialis (FCR) tendon slip to 
reduce the rotatory subluxation of the scaphoid and to reduce the scapholunate dis-
tance. Van Den Abbeele et al.  [  3  ]  developed a three-ligament tenodesis based on 
Brunelli’s technique, reconstructing the scapholunate interosseous ligament, the 
scaphotrapeziotrapezoidal ligament and the dorsal radiotriquetral ligament. This 
study evaluates the outcome of the treatment of chronic, static scapholunate insta-
bility with a three-ligament tenodesis at our institution.  

    L.   De   Smet   (*) •   S.      Goeminne  
     Hand Surgery Unit, Department of Orthopedic Surgery ,  U.Z. Pellenberg ,
  Weligerveld, 1 ,  B-3212 ,  Lubbeek (Pellenberg) ,  Belgium    
e-mail:  luc.desmet@uz.kuleuven.ac.be ;  s.goeminne@uz.kuleuven.ac.be  

     P.   Van   Hoonacker  
     Hand and Upper Limb Unit, Department of Orthopaedics and Trauma ,
 AZ St Jan AV Brugge – Oostende ,   Campus Bruges, Ruddershove 10 ,  8000   Bruges ,  Belgium                 
                      

      Results of the Modi fi ed Brunelli Technique 
for Chronic Static Scapholunate Instability       

         L.   De   Smet      ,    P.   Van   Hoonacker   , and       S.   Goeminne       



270 L. De Smet et al.

    2   Material and Methods 

 At UZ Leuven, 46 patients with chronic static scapholunate instability underwent a 
modi fi ed Brunelli procedure between 1998 and 2010. Twelve patients were excluded 
for this review because they needed a salvage procedure (wrist arthrodesis or 
 proximal row carpectomy), and two patients were excluded because of a fall on the 
operated hand. Of the remaining 32 patients, 21 were willing to come to the hospital 
for clinical and radiological evaluation. In this group of 21 patients, mean age at the 
time of surgery was 39 years (range 26–47) and male to female ratio was 16:5. 
Mean follow-up was 33.5 months (range 8–69). In ten patients diagnosis was made 
on plain radiographs, three patients needed an MRI scan, and in eight patients, 
 diagnosis was made arthroscopically. Nineteen patients sustained a fall on the 
 outstretched hand more than 1 year before the diagnosis was made. 

 Postoperative pain, grip strength (Jamar dynamometer), and range of motion 
(hand held goniometer) were clinically evaluated. A quick DASH score was calcu-
lated. Standard radiographs were taken to measure scapholunate distance and angle 
and to evaluate carpal collapse using the Nattrass coef fi cient (carpal height divided 
by length of the capitates). 

 The modi fi ed Brunelli technique as described by Van Den Abbeele et al.  [  3  ]  and 
Garcia-Elias et al.  [  4  ]  was used. 

 A dorsal approach to the wrist joint described by Berger was made. First the 
 scapholunate interval was evaluated, and then the scaphoid was released distally 
and reduced. A tunnel was made in the distal pole of the scaphoid from dorsal to 
volar. A suture anchor was placed in the lunate. A transverse palmar incision was 
made along the  fl exor carpi radialis (FCR), proximal to the scaphoid, and the cuta-
neous nerve branch of the radial nerve is protected. A second transverse palmar 
incision was made more proximally, over the musculotendinous junction of the 

  Fig. 1    Schematic 
represenatation of the 
technique used       
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FCR, and the radial half of the tendon was retrieved to form a distally based FCR 
tendon strip. The tendon strip was then passed through the tunnel in the scaphoid, 
from volar to dorsal. The end of the tendon strip was passed under the dorsal radio-
carpal ligament slip and attached to the lunate with the suture anchor placed earlier 
(Fig.  1 ). The tendon slip does not pass the radiocarpal joint. One or two K-wires 
were placed: one from scaphoid to capitate and (occasionally) one from scaphoid to 
lunate. Wrist capsule and skin were carefully sutured. A short arm and thumb cast 
is applied for 6 weeks. After 6 weeks of immobilization, K-wires were extracted 
and mobilization was initiated (Fig.  1 ).    

    3   Results 

 Mean satisfaction was 7.5/10 (range 2–10), mean pain visual analog score was 
2.7/10, and mean quick DASH score was 15.5 (range 5–33) with a maximum pos-
sible DASH of 55. All patients would have the same surgery again and only two 
patients had not returned to work because of the wrist. Range of motion was 
signi fi cantly reduced compared to the contralateral side as illustrated in Table  1  but 
was in all case within the functional range. Grip strength was also signi fi cantly 
reduced (Table  1 ). Results of the radiographical measurements are shown in Table  2 . 
No signi fi cant differences are seen here.    

      Table 1    ROM and grip strength of the operated hand compared to the contralateral side   

 Mean (range) 

  p -value  Operated hand  Normal hand 

 Flexion  50 (20–75)  74 (40–90)  <0.001 
 Extension  51 (28–90)  71 (45–100)  <0.001 
 Ulnar deviation  33 (30–50)  42 (25–50)  <0.001 
 Radial deviation  19 (10–30)  29 (20–50)  <0.001 
 Grip strength  39 (21–61)  47 (26–71)  <0.001 

   Table 2    Preoperative radiological measurements compared to postoperative values   

 Mean (range) 

  p -value  Preoperative  Postoperative 

 SL angle  66.5 (32.9–94.4)  61.9 (30–97.2)  0.03 
 SL interval  3.3 (1.5–7.9)  2.9 (1.5–5.4)  0.15 
 Nattrass coef fi cient  1.394 (1.27–1.51)  1.385 (1.22–1.55)  0.41 
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    4   Discussion 

 Isolated rupture of the scapholunate ligament leads to dynamic scapholunate insta-
bility. If the scaphotrapeziotrapezoidal ligament and the dorsal radiotriquetral liga-
ment are also damaged, a static scapholunate instability occurs  [  3  ] . 

 In 1995, Brunelli and Brunelli  [  2  ]  designed a new technique using a FCR tendon 
slip to reduce the scaphoid, correct the scapholunate dissociation and restore carpal 
height. They report on 13 cases with a short follow-up period of maximum 2 years. 
There is a limitation in wrist  fl exion of 30–60 % compared to the contralateral wrist 
and a limitation in grip strength of mean 35 % less than the contralateral hand. All 13 
patients could return to work, 11 had no pain left and all 13 patients were satis fi ed. 

 Van Den Abbeele et al.  [  3  ]  slightly modi fi ed Brunelli’s technique by tunneling 
the FCR tendon slip under the dorsal radiolunotriquetral ligament and attaching it 
upon itself or directly to the lunate. Consequently the radiocarpal joint is not longer 
crossed in order to avoid loss of radiocarpal  fl exion. As this tendon reconstruction 
actions as the scapholunate, lunotriquetral and scaphotrapeziotrapezoid ligament, it 
is called a three-ligament tenodesis. Twenty-two patients with a mean follow-up 
period of 9 months were included in this study. Fifteen of them had predynamic 
instability, 4 dynamic instability and 3 had static scapholunate instability. 
Postoperative radiographic evaluation showed no changes in the average scapholu-
nate angle compared to the preoperative X-rays. Postoperative ROM was compared 
to preoperative ROM resulting in a loss of wrist  fl exion of 18 % and a loss of exten-
sion of 20 %. Mean grip strength was 58 % of the contralateral hand. Fourteen 
patients had returned to work at the time of follow-up and 17 told they would have 
the operation again. Two patients needed a neuroma excision and two patients 
developed a re fl ex sympathetic dystrophy. 

 Talwalkar et al.  [  5  ]  clinically reviewed 55 patients: 32 of them had static instabil-
ity, 23 had dynamic instability. An additional 62 patients answered a questionnaire. 
Thirty-one percent loss of  fl exion, 20 % loss of extension and 12 % loss of radio-
ulnar deviation was noted when compared to the contralateral wrist. Mean grip 
strength was reduced by 30 % of the contralateral side. A difference between the 
static and dynamic group was not found. Mean pain VAS was 3.7, 79 % of the 
patients were satis fi ed and 88 % would have the same procedure again after a mean 
follow-up period of 4 years. Two patients needed scaphocapitate fusion, two needed 
wrist fusion, two needed an ulnar shortening. Four patients needed a neuroma exci-
sion and one patient developed a re fl ex sympathetic dystrophy. 

 They conclude three-ligament tenodesis has a role in the treatment of scapholunate 
dissociation in patients with a reducible scaphoid and without degenerative changes. 

 In 2006, Garcia-Elias et al.  [  4  ]  reported their results of the three-ligament tenod-
esis. They reviewed 38 patients with an average age of 31 years: 21 had a dynamic 
instability and 17 had a static instability. After a mean period of 46 months, 28 
patients were completely pain free at rest, and 29 patients had returned to their nor-
mal activity level. Measurement of ROM resulted in a  fl exion of 74 % of the con-
tralateral side, an extension of 77 %, an ulnar deviation of 92 % and a radial deviation 
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of 78 %. Average grip strength was 65 % of the contralateral side. Two patients 
developed a DISI deformity and nine patients developed degenerative changes. 
Secondary surgical treatment was not necessary. 

 When comparing our results (excluding those patients who needed a salvage 
procedure) to those given in literature (Table  3 ), we can conclude similar results 
although our study only includes patients with static scapholunate instability, 
whereas other studies include patients with predynamic, dynamic, and static 
instability.   

    5   Conclusion 

 The results of our study are similar to those published in literature so far. We also 
report encouraging results on satisfaction, pain relief, ROM, and grasp strength. 
There are however two difference between our study and previously published 
works. Firstly, we report a large need for salvage procedures in our patient popula-
tion. Additional research is needed to search for an explanation for this difference. 
Secondly, our study only includes patients with a chronic, static scapholunate insta-
bility, whereas other studies include patients with predynamic, dynamic, and static 
instability. Finally, we can conclude a modi fi ed Brunelli’s tenodesis has its place in 
treating chronic, static scapholunate instability.      
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          1   Introduction 

 Chronic scapholunate instability is a serious ligamentous wrist injury. 
 Whether of traumatic or degenerative origin, these lesions cause a functional dis-

ability of the wrist with limitation of mobility, loss of force and pain with force and 
grip. 

 The progression of this instability to arthritis is due to de fi ciency of the con-
straints of the scapholunate ligaments causing rotatory and posterior dislocation of 
the scaphoid  [  1  ] . The timeline of the arthritic progression of this instability has been 
well de fi ned. The resulting articular congruence between the scaphoid fossa on the 
radius and the proximal pole of the scaphoid leads to radioscaphoid arthritis. 

 The ligament constraints for scapholunate stability are well known – these are 
the distal scaphotrapezoidal ligament complex  [  2  ]  or the scapholunate attachments 
of the dorsal intercarpal ligament  [  3,   4  ] . However, it is dif fi cult to determine the 
importance of each of these lesions in the genesis of instability and especially the 
predominance in culpability of one ligamentous structure over another. 

 In chronic scapholunate instability, ligament lesions are not reparable. The dif-
ferent surgical techniques available are destined to restore radioscaphoid congru-
ence,    decrease functional signs, alleviate pain and allow return to work or recreational 
activity. They also presume to avoid recurrence of instability and protect the carpus 
from the progression to arthritis. Soft tissue as well as bony procedures such as 
fusion have been proposed. 

 The aim of scaphocapitate arthrodesis is to permanently restore this radiosca-
phoid congruence to protect from carpal arthritis while improving wrist function.  

    F.   Delétang   
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    2   Surgical Technique 

 Scaphocapitate arthrodesis is performed under locoregional anaesthesia with an 
upper arm tourniquet after exsanguination of the upper limb to maintain a blood-
less  fi eld. A posterior approach is used, the extensor retinaculum which is 
incised between the third and fourth compartments. The EPL and  fi nger exten-
sors are retracted. Partial wrist denervation is systematically performed by 
resection of the posterior interosseous nerve. An H-shaped or Berger capsulo-
tomy with a triangular  fl ap on an ulnar hinge is used to access the joint  [  5  ]  
(Fig.  1 ).  

 The radiocarpal and midcarpal intervals are examined to exclude a cartilage 
lesion with subchondral osseous lesion, which – if present – is a contraindication to 
this arthrodesis. The scapholunate ligament remnants are excised to allow optimal 
reduction of the scaphoid. Scaphocapitate interval surfaces are freshened down to 
cancellous bone. Rotatory subluxation of the scaphoid is reduced with a 10/10-mm 
Kirschner wire introduced into the proximal pole of the scaphoid and used as a 
‘joystick’ (Figs.  2 ,  3  and  5 ). A temporary scaphocapitate arthrodesis using a 
12/10-mm Kirschner wire maintains this reduction. Good scaphocapitate congru-
ence is veri fi ed: the radioscaphoid angle should be about 45° on lateral view on 
intraoperative  fl uoroscopy.   

 A cancellous bone graft is harvested from the radius at the tubercle of Lister after 
radial corticotomy through the same approach. The graft is used to improve congru-
ence at the arthrodesis interface. The  fi xation is secured using 2–4 standard or shape 
memory scaphocapitate staples (Fig.  4 ). Intraoperative wrist mobilization is done to 
exclude dorsal con fl ict with the hardware. A radial styloidectomy may be performed 
if a styloscaphoid con fl ict is detected. The capsule and retinaculum are recon-
structed. Skin is closed in two planes with a suction drain. The preoperative forearm 
wrist splint is replaced by a  fi breglass splint until radiological consolidation as 
judged by the surgeon is achieved. This is around 10 weeks. Rehabilitation is then 
begun.   

  Fig. 1    Dorsal approach 3–4, 
capsulotomy design       
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  Fig. 2    Joystick K-wire in the 
pole of the scaphoid is used 
for reduction of rotatory 
subluxation       

  Fig. 3    Scaphocapitate 
freshening       

  Fig. 4    Scaphocapitate 
arthrodesis using bipodal 
staples       
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    3   Surgical Indications of Scaphocapitate Arthrodesis 

 In chronic scapholunate instability, a complete description of ligament lesions, car-
tilage lesions and scaphoid reducibility should be precise and documented by CT 
arthrogram and arthroscopy. A reducible scaphoid is essential for the success of soft 
issue stabilization techniques  [  6  ]  (Fig   .  5 ).  

 Scaphocapitate arthrodesis is indicated in late,  fi xed chronic scapholunate instabil-
ity with a scaphoid that is hardly reducible or irreducible. This corresponds to stage 5 
in the algorithm of Garcia-Elias et al.  [  6  ] . It is also indicated if surgical approaches at 
the dorsum of the wrist preclude soft tissue procedures. It can also be used after failure 
of stabilization or failed primary ligament repair. Radioscaphoid arthritis and more 
advanced arthritis are contraindications to scaphocapitate arthrodesis.  

    4   Clinical Series 

    4.1   Material 

 Our study is retrospective monocentric including 58 scaphocapitate arthrodesis pro-
cedures for chronic scapholunate instability performed in our unit between 1999 and 

  Fig. 5    Restoration of radioscaphoid congruence by scaphoid reduction       
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2007. Thirty-one arthrodeses in 30 patients (24 men and 6 women) were reviewed by 
an independent examiner. Mean age at operation was 43 years (20–65). Mean follow-
up was 5 years (8 months–8 years). The dominant hand was affected in 70 % of 
cases. Distribution of injury mechanisms was as follows: indirect wrist trauma 74 % 
(23/31) with associated high-energy lesions in 16 % (3 articular distal radius frac-
tures, 1 perilunate dislocation, 1 distal radius fracture with perilunate dislocation), 
without trauma in 26 % (7/31) and with one case after trapezectomy for basal thumb 
arthritis. The series included 57 % work accidents. All patients presented with symp-
tomatic chronic scapholunate instability, with 35 % after failed primary ligament 
surgery – either by attempt at reinsertion or after bone-ligament-bone procedures. 
The arthrodesis was performed at an average of 25 months after the  fi rst surgery 
(8–72). All patients had clinical and radiological evidence of scapholunate instabil-
ity. Diagnostic arthroscopy was performed in 23 wrists to exclude a possibility for 
ligament reinsertion and any contraindication to scaphocapitate arthrodesis as in 
radiocarpal or midcarpal arthritis. Scapholunate instability was of grade 3 in 61 % 
and grade 2 in 39 % according to the classi fi cation of Dréant and Dautel  [  7  ] . The 
delay between the onset of symptoms and the surgery was on average 15.8 months 
(1–48). The mean time-off work duration was on average 5.2 months (0–36).  

    4.2   Method 

 Follow-up included clinical examination, radiologic and functional assessment. 
 Bilateral wrist examination was used to compare mobility of the operated wrist 

to the contralateral one, grip strength and pinch grip using the Jamar dynamometer. 
Preoperative and follow-up X-rays were used to compare carpal height and index of 
lateral deviation in the frontal view  [  8  ]  before and after. Radioscaphoid, radiolunate 
and scapholunate angles were also compared. The duration of consolidation, the 
degree of nonunion, radiocarpal or midcarpal arthritis and styloscaphoid con fl ict 
were assessed. Complications to the procedure were documented. 

 Functional assessment was done using DASH and PRWE scores  [  9  ] . 
 The PRWE evaluates overall wrist disability more precisely, comparing it to 

healthy wrist. The patient reports on pain at rest or on activity and the ability of 
performing speci fi c activities involving the wrist. Values are reported as disability 
percentages. The time-off work was noted, as well as return to same position versus 
vocational reclassi fi cation.  

    4.3   Results 

 Scaphocapitate arthrodesis diminishes wrist mobility (Table  1 ). Flexion was at 41° 
(−37 % of contralateral) and extension 39° (−29 %). Radial inclination was limited 
to 11° (−52 %), and ulnar inclination is at 32° (−18 %). Flexion-extension range was 
at 80°, and radioulnar inclination was 43°.  
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 Mean grip strength Jamar was 35.5 kg (−19 %), and the pinch grip was mini-
mally affected at 6 kg (−10 %). 

 DASH score was 27 %. PRWE score showed global disability of 25 % compared 
to the healthy side. Pain at rest was absent in 50 % of fused wrists and scored 1.5/10 
for the other patients. It increased with increased loading or repetitive movements, 
reaching a maximum of 4/10. Ninety-four percent of patients were satis fi ed with the 
procedure and would choose to have it done again. Return to work was 71 % with 
22 % professional reclassi fi cation. The mean time-off work postoperative was 
5.8 months. 

 Radiologic analysis showed duration of consolidation to be 10.1 weeks postop-
erative  [  6–  13  ] . The carpal height and index of deviation on front view were con-
served at follow-up – they were normal preoperatively. Radioscaphoid angle went 
from 60° preoperative to 55° postoperative; the radiolunate angle showed little 
change, −6° to −9°. The mathematical resultant – the scapholunate angle – showed 
a small shift from 66° to 63° postoperative. 

 In 84 % of cases, there was no radioscaphoid arthritis. A radial styloscaphoid 
con fl ict was found in 22 % of wrists with little clinical impact. A complementary 
styloidectomy (same setting) had been performed in 32 % of operated cases to avoid 
styloscaphoid con fl ict. 

 Radiocarpal or midcarpal arthritis was found in 16 % of operated wrists; these 
had all presented with distal radius fractures +/− perilunate dislocation. Two wrists 
required an additional palliative procedure: four-corner arthrodesis in one and total 
wrist arthrodesis in the other due to symptomatic progression of arthritis. 

 The  fi xation was performed using bipodal staples with no shape memory in 86 % 
of cases. A radial cancellous bone graft was used in 81 % of fusions. 

 Nonunion was found in 13 % of cases – 8 % for the 58 scaphocapitate arthrodesis 
performed in the unit. 

 We had CRPS type I in 5 % cases and no infections. 
 Several criteria may in fl uence results analysis: arthrodesis in a patient over 40, 

preoperative time-off work of more than 12 months, the ‘work accident’ concept 
and a previous scapholunate ligament repair. There were no statistically signi fi cant 
differences for clinical, functional and radiological results in relation to these crite-
ria. However, patients with work accidents did tend to have worse functional results 
and longer time-off work (8.3 months on average).   

    5   Discussion 

    5.1   Functional Results 

 The technical description of scaphocapitate arthrodesis dates back to 1950  [  10,   13  ] , 
yet clinical series using this technique are sparse in the literature (Table  1  and 
Fig.  6 ).  
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 Arthrodesis diminishes wrist mobility in all series. Experimentally, this limita-
tion comes from blocking the scaphocapitate joint during wrist movements  [  14  ] . In 
 fl exion and radial inclination, the scaphoid has no more  fl exion pronation around 
the capitate which limits the mobility of the scaphocapitate unit. Extension and 
ulnar inclination are less affected since the default mobility of the scaphocapitate 
unit is smaller during these movements. However, clinical mobility is smaller than 
experimental mobility probably due to capsuloligamentary scarring and scarring 
from previous operations. 

 These movements allow most daily activities and work. Most of our patients 
returned to work with 78 % at the same job post despite the high rate of work acci-
dents (57 %). 

 Force restoration and pain relief also contribute. This pain relief varies in the lit-
erature, and a pain-free state for all patients is not achieved. At rest, 50 % of our 
patients are pain-free, and 50 % have bouts of seasonal pain that decreases with time 
(13–46 %)  [  11,   12,   15  ] . Pain increases with forceful activities and daily activities but 
is overall moderate (23–41 %)  [  11,   12,   15  ] . The PRWE is a good test which allows 
breakdown of pain to correlate to different activities. Experimentally, on a wrist in 

  Fig. 6    Late chronic scapholunate instability       
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neutral position, scaphocapitate arthrodesis transfers load from the radiolunate to the 
radioscaphoid joint  [  16–  18  ] . Forced movements of the scaphoid in radial inclination 
against the radial surface add to this load transfer. The load increase to cartilage on 
the proximal pole of the scaphoid may account for the residual pain.  

    5.2   The Osteosynthesis of the Scaphocapitate Arthrodesis 

 Nonunion is a dreaded complication with dire impact on functional results and progno-
sis. The rate of nonunion varies between 12 and 23 % in the literature  [  11,   12,   15,   19  ] . 

 It falls to 8 % for arthrodesis performed in our unit. The mode of osteosynthesis 
is still debated. Compression is not a guarantee for consolidation. As in any arthro-
desis, the quality of freshening of the articular surfaces is crucial. A graft usually 
taken from the radius is indispensable, and exaggerated compression should not 
arti fi cially decrease the prepared scaphocapitate space. Compression screws fre-
quently require an additional approach with risk to the radial nerve. We used two or 
three bipodal staples; this seems to be a good compromise compared to compres-
sion screws. Strict immobilization of the wrist in a below-elbow splint is routine in 
all cases until evidence of consolidation.  

    5.3   Scaphocapitate Congruence and Protection 
Against Carpal Arthritis 

 The scaphocapitate congruence and the radioscaphoid angle are the two most impor-
tant control criteria intraoperatively. The reduction of scaphoid subluxation using a 
joystick K-wire as well as the temporary scaphocapitate arthrodesis are key steps in 
this technique. Experimentally, a radioscaphoid angle between 30° and 57° allows 
the achievement of 60 % mobility of a healthy wrist compatible with most habitual 
daily activities  [  20  ] . The radioscaphoid angle should be veri fi ed by intraoperative 
 fl uoroscopy and ideally set at 45°. The aim of this arthrodesis is the restoration of 
physiological radioscaphoid congruence. The stability of this congruence protects 
the wrist from major scaphocapitate arthritis in the long run. 

 Scaphocapitate arthrodesis does not reduce the DISI deformity of the lunate 
since the constraining ligaments of the scapholunate complex are damaged. The 
postoperative scapholunate angle is thus less important than for soft tissue tech-
niques since only the radioscaphoid angle is deliberately modi fi ed. 

 A radiologic styloscaphoid con fl ict exists in 22 % of cases with little clinical 
impact. 

 The bene fi t of routine radial styloidectomy in scaphocapitate arthrodesis in terms 
of pain relief and mobility has not been shown in the literature or in this study, as for 
STT arthrodesis. We have performed complementary styloidectomy in only 7 % of 
cases (Fig.  7 ).  
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 From this study and from the literature, we can conclude that scaphocapitate 
arthrodesis protects against carpal arthritis with at least 5 years of follow-up. The few 
identi fi ed failures can be explained by severe cartilage lesions upon initial injury.  

    5.4   Other Techniques for Treatment of Chronic 
Scapholunate Instability 

 Other partial arthrodesis techniques are used for the treatment of chronic scapholu-
nate instability. 

 STT arthrodesis is used by many authors and follows the same logic of stabiliza-
tion of the horizontal ‘rocking chair’ tilt of the scaphoid. Watson et al.  [  21  ] , who 
promoted this technique, published excellent results with better mobility, less pain 
and frequent return to the same work post. These results are generally superior to 
those with scaphocapitate arthrodesis or soft tissue procedures. 

  Fig. 7    Scaphocapitate arthrodesis       
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 A meta-analysis on 258 cases by Siegel and Ruby  [  22  ]  showed different results 
than Watson. In comparison to our study, range of motion was identical; strength 
was similar with a similar nonunion rate. However, the complication rate (excluding 
nonunion) was 43 %, which included hardware-related infections, radioscaphoid 
arthritis, CRPS type I or persistent irritation of the radial nerve. In our study, the 
complication rate was 5.4 %. STT fusion is technically more dif fi cult. It is more 
dif fi cult to set the angle of the scaphoid on its base; the experimentally de fi ned 
radioscaphoid angle needed to obtain acceptable wrist range of motion is more 
acute, between 30° and 47°  [  20  ] . In the light of these results, we no longer perform 
STT fusion in scapholunate instability. 

 Scaphocapitate arthrodesis and other techniques aiming at mechanically compe-
tent  fi brous nonunion  [  23  ]  have been described. Experimentally, this fusion causes 
minimal limitation of wrist mobility. However logical, it does not compensate for all 
lesions of the scaphoid ligament constraints, especially the distal scaphoid ligament 
complex. A high rate of nonunion of 35–72 %  [  24  ]  is reported with this fusion, and 
the results are less predictable even if good clinical results have been observed, with 
better subjective than objective assessment values  [  25  ] . 

    Scaphocapitolunate arthrodesis has also been described  [  26  ]  aiming at a better 
radial load distribution on the scapholunate complex to avoid overloading of the 
radioscaphoid interval leading to degenerative arthritis. Experimental as well as 
clinical mobility is smaller than in scaphocapitate fusion. Results in terms of pain 
and return to work are inferior to those of scaphocapitate fusion. At 5-year follow-
up, the radioscaphoid compartment does not show degenerative arthritis in sca-
phocapitate fusion. In the light of these results, scaphocapitolunate arthrodesis is 
not included in our armamentarium for treatment of scapholunate instability. 

 Soft tissue procedures follow the same logic of improving function and scaphoid 
stabilization. They aim to reduce mobility limitation by not blocking the midcarpal 
joint. Capsulodesis and ligamentoplasties require a reducible scaphoid – a key pre-
requisite that must be properly assessed. These techniques are probably indicated at 
an earlier stage of scapholunate instability than scaphocapitate arthrodesis. These 
techniques and their indications will be discussed elsewhere in this work.   

    6   Conclusion 

 Scaphocapitate arthrodesis promotes better wrist function with less pain in daily 
activities at the expense of mobility. It allows many patients to return to work. It 
protects against carpal degenerative arthritis for at least 5 years’ follow-up while 
restoring radioscaphoid congruence. It is the treatment of choice in chronic late 
 fi xed scapholunate instability, with a barely reducible scaphoid. 

 It is also the treatment of choice in failed ligament repairs or other failed soft 
tissue procedures.      
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    1   Memo of Theoretical Repair of Corporal Damage 

    1.1   In Common Law 

 In common law, in case of damage due to a third party (Article 1382 of the French ‘Code 
Civil’), it is required to repair ‘all the damage, and nothing but the damage’  [  1  ] . 

 This is why an existing previous state excludes damage  [  10  ] . It then seems obvi-
ous that an adaptive carpal arthritis SLAC III seen on X-ray immediately after a 
trauma will not be accepted as damage due to a road traf fi c accident (RTA). However, 
in a wrist fracture treated by closed reduction  fi xation 15 years preceding trauma, 
the evolution of adaptive instability cannot be excluded. It is even less acceptable 
that a previously asymptomatic patient who sustains a recent wrist sprain caused by 
a third party is deprived of complete treatment and, after arthroscopic diagnosis of 
an old instability, is told that the lesion will be treated conservatively ‘until return to 
the previous state of affairs’ (Chap.   8    )  [  9  ] . 

 Corporal damage in civil code corresponds to the following criteria of Simonin  [  5  ] :

    1.    Type of the trauma  
    2.    Type of lesion  
    3.    Correspondence of site  
    4.    Anatomopathologic sequence  
    5.    Condition of time  
    6.    Previous pathology  
    7.    Exclusion of previous cause     

 Time coincidence is frequently used to exclude a lesion  [  6 ,  7 ,  8  ] . 
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 A compression fracture of L1 seen on thoracic views 6 weeks after a car acci-
dent will not be accepted by the company. In the same way, an intracarpal liga-
mentary injury which is diagnosed after arthroscan or arthroscopy 6 months 
following a fall on the hand has little chance of being accepted as chargeable dam-
age  [  7 ,  8  ] . 

 This is why immediate management and complete workup are necessary even 
for a seemingly minor hand injury. 

 And this becomes all the more important because, with accidents in common 
law, proof of the lesion is the responsibility of the victim. 

 Even if these are not the prerogatives of the treating surgeon, in common law, not 
only the physical disability is addressed but also the economical disability (the 
 fi nancial repercussions of loss of physical capacity as regards training and experi-
ence on the general work market), the inability to perform household chores and 
moral and cosmetic damage, pain and help of a third party. 

 It is also worth noting that in common law, we can declare certain reservations 
about the future. These reservations allow the reopening of the  fi le in case of devel-
opment of tardive complications. These reservations must be very carefully 
expressed. In case of interosseous ligament lesions which are known to remain 
silent very long and have a long evolution history, the wording of these reservations 
is essential  [  7 ,  8  ] . 

 In common law, the cost is undertaken by medicolegal insurance.  

    1.2   In Work Accidents (Law) 

 Contrary to common law, here, the previous condition can be covered by insur-
ance companies. However, the accident must correspond to the de fi nition ‘a 
sudden incident suffered by a contractual employee during or on the way to 
work’. 

 Scaphoid nonunion advanced collapse with de fi nite carpal arthritis that is sub-
jected to bony contusions in a work accident and remains disabling after orthopae-
dic treatment can be covered by work’s insurance company for a vascularized 
Matti-Russe    graft. Similarly, an old silent instability that becomes disabling by a 
minor trauma will be covered for a capsulodesis by company. 

 Even if the silent previous pathology is not clear, the worker gets the bene fi t of 
the doubt. 

 By law, only loss of economic capacity following loss of function is compen-
sated. In Belgium, unlike physical disability, this economic disability is not 
quanti fi ed. An estimate by the medical expert is resorted to. 

 A review of deterioration can be done 3 years following the consolidation of the 
original injury; the worker should be informed of an eventual possible clinical and 
radiological instability that must be evaluated and followed up. Whatever the dura-
tion of evolution, a SLAC will be covered if it is indisputably attributable to a work 
accident. Vibrating machine work accidents will be discussed later. 
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 Note that the employee undertakes his or her own defence costs and may be 
assisted by his syndicate.   

    2   Natural History of Ligament Lesions 

    2.1   Stable Lesions 

 Stable lesions rarely present problems. After arthroscopic identi fi cation of the stable 
character of a sprain (articular and extrinsic stability), temporary disability and 
orthopaedic treatment are modulated by pain. Usually, time-off work does not 
exceed 4 weeks. Consolidation is the state obtained 6 months following the  fi nal 
X-ray, usually without permanent disability (IP: 0 %).  

    2.2   Unstable Lesions 

 Unstable lesions can be more problematic. In the emergency setting, the treatment 
is always accepted. K-wire  fi xation of a recent lesion within 6 months should have 
a favourable outcome. Ledoux reports good results with the  fi xation of the lunotri-
quetral complex but reports a progressive horizontalization with scapholunate com-
plex which is more loaded and mobile  [  2  ] . 

 Complications aside, the disability period for manual worker rarely exceeds 
5 months (6 weeks of workup, 6–8 weeks with K-wire  fi xation in place, 4–6 weeks 
of physiotherapy). Consolidation is usually achieved within a year, with permanent 
disability of ±5 % related to stiffness, residual pain and loss of force with usually 
identical economical consequences. 

 Not all authors agree with these results. In 1998, Lucas and Stehman reported a 
series of 17 cases including 15 cases of arthroscopically unstable ligament lesions. 
The results of surgical  fi xation techniques are mediocre. The average permanent 
disability and time-off work (TOW) are 3 times greater for patients treated conser-
vatively following arthroscopy  [  3  ] . 

 Older instability cases are more problematic. Arthroscopy, which is the diagnos-
tic tool essential for instability assessment, is not accepted by the insurance body, as 
any subsequent stabilization procedure (suture, capsulodesis, ligamentoplasty)  [  4  ] . 
This makes the situation dif fi cult; clinical symptoms may disappear within 
4–6 months (even with increased radiological instability), but the physical and eco-
nomic disabilities are still evaluated using essentially clinical criteria. The clinician 
or doctor of appeal must give subtle arguments to make the insurance doctor 
acknowledge the importance of treatment. He must demonstrate that treatment (sta-
bilize and arrest the adaptative decompensation) and the  fi nancial interest of the 
insurance body (to limit the residual disability and especially the probability that the 
reserve is not effective) are related. A court decision is frequently necessary.   
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    3   View of the Medical Advisor 

 The insurance-advising doctor who evaluates and defends an insurance case has the 
tendency to minimize the adverse sequelae in his evaluation and even sometimes 
underestimate the damage. 

 In common law, he would not voluntarily accept a reservation on an unstable 
ligament lesion. The appeal doctor defending the patient or the clinician must pres-
ent irrevocable evidence to support the acceptance of these reservations. 

 In work accidents, the insurance advisor will always try to refute a preexisting 
state or to precipitate the return to it.  

    4   Expectations of the Patient and Duty of the Appeal Doctor 
or Therapist: The Traps 

    4.1   Accountability and Criteria of Simonin 

 In common law, ‘condition of time’ (i.e. the shortest time possible between trauma 
and diagnosis) and rapid management are essential. 

    4.1.1   New Lesion in Work Accident    

 This is the case of a 37-year-old prisoner escort who suffered a fall at work on 
21/10/2011. 

 He presented with pain, functional impairment and abnormal standard X-rays; 
CT arthrogram showed a passage of contrast through scapholunate, lunotriquetral 
intervals and a TFCC lesion. 

 CT arthrography at 4 weeks showed no hemarthrosis, normal synovial  fl uid tur-
bidity, mild hematic synovitis, stage 3 chondritis with exposed proximal pole of 
scaphoid, Dautel 3 instability denoting apparently very old perilunate lesions and 
instability (SLAC II). 

 No pinning was done, waiting for return to previous state. 
 In case of no improvement,  fi rst carpal row excision was offered and proposed to 

insurance.    

    5   Reopening of the Patient Case in Case of Decompensation 
(Even After 20 Years) 

 It must be possible to question the patient on causes of an old instability:
   What insured and declared sport does he perform?  
  Accident in common law: Did a reservation exist?  
  Declared work accident? Could it have been aggravated?     
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    6   Work Accident and Work-Related Diseases: Vibrating Tools 

 In anterior scapholunate instability in a young manual worker, a history of regular 
use of vibrating tools should orient the clinician or the appeal doctor to address in 
Belgium the ‘   basis of work-related disease’ or in France ‘la Commission Technique 
d’Orientation et de Reclassement Professionnel ‘COTOREP’ and  fi le a request for 
management. 

 This is readily accepted.      
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          1   Introduction 

 Scapholunate ligament injuries are a main cause of instability causing great wrist 
dysfunction, time off work and cessation or modi fi cation of activity  [  1  ] .  

    2   Material and Methods 

 It is dif fi cult to obtain precise information about wrist ligament injury patients. 
 Attempts at information retrieval from insurance companies have been unsuc-

cessful – data is guarded as secrets of state. 
 The department of statistics at the Belgian National Institute of Disease and 

Invalidity INAMI does not have precise diagnostic information about wrist pathol-
ogy. The data consists largely of costs of different services (Chap.   30    ). We can  fi nd 
the cost of fractures with and without wrist reduction and the cost of  fi xation, but no 
information is available on the cost of wrist sprains. This is the same for stabiliza-
tion of unstable intracarpal lesions. 

 We were able to collect precise data from the Belgian Database of Work 
Accidents – FAT  [  2 – 5  ] .  
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    3   Incidence of Wrist Injuries 

 Wrist injuries are quite frequent and represent an important proportion of work 
accidents. Analysis of data obtained from FAT showed that wrist injuries represent 
6.5 % of the 164,951 accidents in 2006 and 5.1 % of the 163,928 accidents in 2007. 
They occupy sixth place after  fi nger injuries (21 %), knee and leg (9 %), eyes (8 %), 
hands (7 %) and feet (6.5 %)  [  4  ] . 

 Wrist fractures represent more than 25 % of bone and joint injuries of the wrist 
(27.3 % in 2006 and 25.2 % in 2007) and more than 11 % of all wrist lesions (13.2 % 
in 2006 and 11.5 % in 2007); ligament lesions (labeled ‘dislocations’ and sprains) 
represent about three-fourth of all bone and joint wrist work-accident lesions 
(72.8 % in 2006 and 74.8 % in 2007). They represent more than one-third of all 
wrist work-accident lesions grouped together (35.17 % in 2006 and 34.1 % in 2007) 
(Table  1 ).   

    4   Wrist Trauma and Disability 

 About a fourth of wrist work trauma does not cause time off work and activity ces-
sation, irrespective of the nature of the lesion. 

 The proportion is greater for sprains (34.73%) than for fractures (20.32 %).  

    5   Proportion and Total Time of Temporary Disability 

 The total time of temporary disability TTD following a work accident involving the 
wrist is greater in sprains (55.3 % of TTD for ligament lesions and 32.5 % for frac-
tures – 2006 and 2007 together). One out of two fractures will lead to permanent 
disability (47.1 %), whereas this is true for less than 10 % of ligament lesions 
(9.94 %) (Table  2 ).  

 TTD is greater for fractures or ligament lesions than other wrist lesions. Among 
patients with wrist fractures and sprains, 71.41 % return to work within a month 
from the injury, while 89.19 % patients with other wrist lesions return to work 
within the month. 

 TTD seems shorter for sprains than for fractures. 81.5 % of wrist sprain patients 
return to work within a month from the injury, while only 33.9% fracture patients 
do so. Similarly, 16 % sprain patients return to work within 6 months, while 50 % 
fracture patients do so. 

 The proportion of ‘long duration TTD’ (>6 months) is signi fi cantly greater for 
fractures and sprains than for other lesions. 3.76% patients with bone and joint wrist 
lesion (fracture or ligament lesion) will have TTD greater than 6 months. This pro-
portion falls to 1.58 % for patients with other wrist lesions. 
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 The percentage of long duration TTD accidents (6 months to 1 year) is signi fi cantly 
greater for wrist fractures (4.8 %) than for ligament lesions (1.0 %) and other wrist 
lesions (0.62 %). 

 The percentage of work accidents with very long TTD (>1 year) is tiny for frac-
tures (0.37 %) and ligament lesions (<0.10 %) (Table  3 ).   

    6   Rate of Permanent Disability PD 

 The majority of work-related wrist sprains recover without economic disability 
( PD  = 0 %) This is not the case for wrist fractures. Thus, 90.4 % of sprains recover 
without PD, and 52.9 % fractures do so. 

 Around 5% of sprains will have a residuel permanent disability of 1 to 5 % and 
15% of wrist fracture will have the same economic disability. While 25 % of wrist 
fracture work-accident patients will have a residual permanent disability of 10 %, 
less than 4 % of sprains will have the same economic disability (Table  4 ).   

    7   Socioeconomic Pro fi le of the Trauma Patient 

    7.1   Sex Incidence 

 According to the FAT statistics for the years 2006–2007, it is clear there is male sex 
predominance (71.10 %) for all wrist lesions grouped together. 

 There is a marked prevalence of fractures (73.6 %) in men over sprains (67.1 %). 
Inversely, women have more sprains (32.9 %) than fractures (26.4 %) (Table  5 ).    

    8   Incidence According to Age of the Patient and Nature 
of the Lesion 

 The majority of work-related wrist trauma patients – all lesions included – are in 
their 30s and 40s (65.7 %). The younger age group 15–24 represents 23.23 % and 
manual workers over 50 are 11.05 %. In the 25–49 age group, the prevalence of 
fractures (62.43 %) is almost the same as ligament lesions (66.8 %). 

 In the 15–24 age group, about 1/4th of lesions are wrist sprains (23.34 %). 
 In the ‘over 50’ age group, fractures are almost as frequent (43.52 %) as carpal 

ligament lesions (56.48 %), while in the 25–39 age group, 25 % are fractures while 
75 % are sprains. In the young age group, fractures represent only 20.16 %, while 
sprains 79.84 % (Table  6 ).   
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    9   Incidence of Sprains and Type of Work 

 Expectedly, the incidence of wrist injury is higher with manual work than intellec-
tual work. This is con fi rmed by the 2006–2007 FAT data  [  4  ] . In 2006–2007, 83.56 % 
of work-accident wrist injuries occurred in manual workers. 73.20 % of bone and 
joint wrist lesions were ligament injuries. During this period, one-third of manual 
workers wrist lesions were ligamentous (34.30 % cases). 

 Intellectual workers presented with ligament injuries in 75.67 % of cases. 
 The typical socioeconomic pro fi le of a work-related wrist injury is a 25–49-year-

old manual worker. This cohort includes 594 accidents in 2006 and 437 in 2007 
(Table     7 ).   

    10   Evolution of Unstable Lesions 

 Upon data analysis, one can only be surprised by the low prevalence of economic 
permanent disability associated with ligament lesions. As mentioned above, 90.4 % 
sprains recover with no permanent disability, 5 % have a residual economic disabil-
ity of 1–5 %, and less than 4 % consolidate with a permanent disability of 5–10 % 
(Table  4 ). 

 In current practice, over 25 % of recent wrist sprains examined in a clinic are 
unstable lesions (Dautel 1–3  [  6  ] ). Even without speci fi c treatment, the majority of 
these lesions tend to become painless, and sometimes they can stay so for a very 
long time. Without treatment, evolution towards arthritis is classic  [  1  ] . So where do 
these lesions then  fi gure in the FAT database if 81.5 % of wrist sprains are back to 
work within 1 month (Table  3 ), and 90.4 % of sprains recover without permanent 
disability (Table  4 )? It seems that these lesions do not appear at all in the data or are 
grouped with those that ‘recover’ within 1 month. 

 Thorough research failed to reveal the management of progressive lesions. 
 It seems that the FAT data collection ends with return to work. This can explain 

the lack of correlation between reality and the FAT results of long-term evolution of 
wrist ligament lesions. 

 It is up to the practitioner to trace the lesion back to a work accident. 
 In case of worsening outcome of a declared work accident, it is up to the advisor 

doctor to reopen the patient  fi le.      
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