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Foreword

I met Dr. Emmanuel ‘Manos’ Apergis for the first time at a lunch

reception of the International Federation of Societies for Surgery of the

Hand (IFSSH) meeting in Australia in 2007. We had been exchanging

emails regarding common work in IFSSH Committee but had never met

each other; hence, he placed a white flower on the lapel of his jacket so

that I would recognize him. In spite of this being the first time we met,

he was frank and we get along well immediately. We enjoyed a ‘‘manic’’

discussion about the wrist.

I, who was at that time the chairman of the wrist biomechanics

committee of IFSSH, had asked him to write about the wrist dart-

throwing motion for the IFSSH Committee Report. He was enthusiastic

and prepared a wonderful contribution. Dr. Marc Garcia-Elias had

recommended nominating him as a member of the wrist biomechanics

committee of IFSSH. Dr. Garcia-Elias informed me that Manos had

written a wonderful book about wrist fracture-dislocation (Dr. Garcia-

Elias wrote a chapter on wrist biomechanics in that book). Manos

kindly sent the first edition of this book to me in 2007. Because it was

written in Greek, his native language, I could not read the text; however,

I enjoyed browsing through the many beautiful photographs and figures

included in the book.

To enlarge its readership, Dr. Garcia-Elias and I persuaded him to

translate this book into English. Finally, the English version of this

book, with additional photographs and figures, was completed. In this

book, Manos explains the fracture dislocation of a wrist joint as well as

normal anatomy and biomechanics of wrist joint using a considerable

number of photographs and figures. The difficulty in completing such a

great work almost single handedly exceeds my imagination (particularly

for those whose native language is not English). He must surely have

been encouraged by his wise wife, Alex.

Manos has very deep discernment, abundant knowledge, and great

clinical experience on the wrist joint. In the 2007 IFSSH Committee

Report, he wrote his manuscript not only from a clinical point of view

but also from anthropological and physical points of view, which added

depth to the report. On the occasion of the 2013 committee report

update, I readily asked him to write a sentence again. He accepted

willingly and provided a great contribution that once more met my
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expectations.This book is a monograph that specifically focused on wrist

fracture-dislocation and was written almost entirely by one experienced

wrist surgeon, who is well aware of anatomy and biomechanics of wrist

joint. There is probably no other book similar to this one nor there will

be one in the future. This book can undoubtedly teach many people

about the complicated wrist disorders. The medical contribution of this

book is vast. I sincerely appreciate the input of Manos and Alex.

Hisao Moritomo, MD, PhD

Professor, Department of Physical Therapy

Osaka Yukioka college of Health Science

Yukioka Hospital Hand Center, Japan

Professor, The center for Advanced Medical

Engineering and Informatics

Osaka University, Japan

viii Foreword



Preface

The wrist surgeon is expected to know the current treatment options to

address a specific wrist problem for a particular patient and often has

the ability to apply the most suitable treatment or refer the patient to

someone with more expertise. However, knowledge of and ability to

apply treatment options are not enough; we must also be able to achieve

for each patient the maximum benefit with the minimum intervention. If no
intervention is best for the patient, then let it be so. If only a K-wire or a

complex combination of materials or approaches can restore the wrist to

almost its original state, then that should be our course of action.

Achieving this goal is still a work in progress.

We may disagree on the optimal treatment, but we should all agree

that before anything else, we must identify the problem. There is an

unacceptably high percentage of cases in which fracture-dislocations of

the wrist are missed on clinical and radiographic examination. Therefore

the main purpose of this book is to facilitate recognition of the problem

and the patterns with which it emerges.

Dislocations and fracture–dislocations of the wrist are mainly

high-energy injuries; therefore the completion of this book was facilitated

by the following main factors: (a) the hospital, which for the last 20 years

has constitutedmainly a trauma center inAthens, (b) the considerable case
material, due to the high rate of road accidents in Greece and the signifi-

cant number of patients with intricate wrist complications referred to me

by colleagues. Two more factors also contributed in writing this book:

(a) the extensive documentation of the material comprising operative

photographs, x-rays, and sufficient follow-up and (b) the author’s

‘‘addiction’’ to wrist injuries, which commenced as early as his residency era.

I am greatly indebted to all my patients for their trust. I wish to thank

all those distinguished wrist surgeons worldwide who, with their writ-

ings, publications, and lectures, inspired me to focus on and care for the

enigmatic and puzzling wrist joint. I would also like to thank Dr. Marc

Garcia-Elias, whose chapter on the Biomechanics of the Wrist con-

tributed to the completion of this book and who has offered valuable

support throughout this project.

I would like to express my gratitude to John Konstantaras, the

publisher of the previous book of mine, which was released in the Greek

language and which laid the foundation for this volume. I am much
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obliged to the Springer staff, Antonella Cerri, Juliette Ruth Kleemann,

Roberto Garbero, and Sundari for their cooperation, useful advice, and

assistance in the completion of this edition. Finally, the contribution of

my daughter Marianna in bringing this project to fruition has been

extraordinary.

Emmanuel Apergis
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1Introduction

Carpal dislocations can be divided into five
separate groups: perilunate, radiocarpal, axial,
carpometacarpal, and isolated carpal bone dis-
locations. The most frequent traumatic carpal
dislocations are perilunate dislocations or frac-
ture-dislocations. Less common are the radio-
carpal, axial, and carpometacarpal dislocations,
while isolated pure carpal bone dislocations are
the most unusual of wrist injuries. They share
many common features: all are rare injuries,

most often occurring from high-energy trauma,
they are usually seen in young males between
their second and fourth decades of life, and they
could all be initially missed or underestimated.

Rarely is a wrist surgeon fortunate or unfor-
tunate enough (depends on the perspective), to
come across an injured patient who suffers from
almost all of the above dislocations or fracture-
dislocations simultaneously (Fig. 1.1a–k).

Fig. 1.1 The admitted hand (a); the initial X-rays (b, c); the distraction view (d); volar approach, the volarly
dislocated capitate and lunate (e); the proximal scaphoid remained volarly dislocated after the reduction of
lunocapitate complex (PS Proximal scaphoid) (f); dorsal approach, absence of bones (H Hamate, DS Distal scaphoid,
R Radius) (g); dorsal approach, comminution of the volar radial rim (h); dorsal approach, fracture of the dorsal part of
the lunate (asterisk) (i); postoperative X-rays (j, k)

E. Apergis, Fracture-Dislocations of the Wrist,
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Fig. 1.1 (continued)
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Fig. 1.1 (continued)
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General Aspects



2Wrist Anatomy

2.1 Ligaments of the Wrist
and their Functional
Significance

2.1.1 Overview of Carpal Ligament
Organization

The ligaments of the wrist can be categorized by
generic divisions (intrinsic vs. extrinsic), by
location (palmar versus dorsal, radiocarpal ver-
sus midcarpal), or by function (guiding, con-
straining) [1]. The differentiation of the wrist
ligaments into intrinsic (intra-articular or inter-
osseous) and extrinsic (capsular) is based on
histological criteria. Moreover, the intrinsic lig-
aments originate and insert on the carpal bones,
while extrinsic ligaments course between the
carpal bones and the radius or the metacarpals
[2]. Both intrinsic and extrinsic ligaments con-
sist of relatively parallel groups of densely
packed, highly organized collagen fibers called
fascicles. The fascicles are surrounded by
regions of poorly organized connective tissue,
called perifascicular spaces. Near the periphery
of the ligament, the perifascicular spaces coa-
lesce to form the epiligamentous sheath. The
superficial surface of a capsular ligament forms
the fibrous stratum of the epiligamentous sheath,
while on the deep, or joint surface of the liga-
ment, the epiligamentous sheath forms a con-
tinuous layer called the synovial stratum of the
epiligamentous sheath. Intrinsic (intra-articular)
ligaments are covered entirely by a synovial

stratum, whereas extrinsic (capsular) ligaments
have the synovial stratum only on their deep or
joint surface [1].

A third category of ligaments has been
described [1, 3] by the term meniscocapsular
ligaments referring to a synovial capsular
structure containing massive concentrations of
blood vessels and nerves. A typical example of
such a structure is the radioscapholunate liga-
ment (RSL).

There is some degree of function overlap
between the intrinsic and extrinsic ligaments
leading to a temporary counterbalance after an
individual ligament injury. That equilibrium may
be exceeded with cyclic loading following an
injury and this progressively leads to insuffi-
ciency of the secondary ligamentous constraints
and an initially normal radiographic image
becomes over time diagnostic of the instability.
A typical example of this progressively evolving
instability is the scapholunate and lunotriquetral
dissociation. Berger in 1997 [4] prophetically
argued what was in recent years confirmed: ‘‘We
tend to look upon the carpal ligaments as passive
bands of collagen constraining the action of the
bones that they connect. The rich innervation of
the ligaments, however, may introduce an
entirely new consideration of function for the
ligaments as end organs of mechanoreception. It
is possible that the wrist is stabilized by a mixture
of static structures such as ligaments and
dynamic structures such as muscles. As such, the
ligaments may play roles as both static support
and sensory organs’’.

E. Apergis, Fracture-Dislocations of the Wrist,
DOI: 10.1007/978-88-470-5328-1_2, � Springer-Verlag Italia 2013
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To date, the detailed carpal ligament nomen-
clature and classification by Berger is the most
commonly cited and most detailed of all [5],
therefore this is mainly used in this book.

Table 2.1 shows aggregately all the wrist lig-
aments and the acronyms described in this book.

2.1.2 Extrinsic or Capsular Ligaments:
Volar Surface

2.1.2.1 Radiocarpal Joint
The palmar radiocarpal ligaments originate from
the palmar rim of the distal radius, attaching
approximately 1–2 mm proximal to the articular

surface and coursing distally, attach to one or
more carpal bones (Figs. 2.1 and 2.2). These
ligaments constitute the main stabilizing struc-
tures of the radiocarpal joint and are best viewed
from an intra-articular perspective.

Radioscaphocapitate ligament

(RSC ligament)

The RSC ligament is the most radial of the palmar
radiocarpal ligaments that originates proximally
from a roughened area on the palmar and radial
aspects of the radial styloid process [4]. It courses
distally and ulnarly and attaches partially to the
radial surface of the waist of the scaphoid and to
the proximal cortex of the distal scaphoid pole

Table 2.1 The ligaments of the wrist and their acronyms used in the book

Extrinsic or capsular ligaments

Radiocarpal (RC) joint Palmar Radioscaphocapitate (RSC)

Long radiolunate (LRL)

Short radiolunate (SRL)

Radioscapholunate (RSL)

Dorsal Dorsal radiocarpal (Dorsal RC)

Midcarpal (MC) Joint Palmar Scapho-trapezium-trapezoid (STT)

Scaphocapitate (SC)

Capitate trapezium (CTm)

Triquetrocapitate (TC)

Triquetrohamate (TH)

Palmar scaphotriquetral (Palmar ST)

Dorsal Dorsal intercarpal (DIC)

Dorsal scaphotriquetral (Dorsal ST)

Ulnocarpal (UC) joint Ulnolunate (UL)

Ulnotriquetral (UT)

Ulnocapitate (UC)

Distal radioulnar joint (DRUJ) Triangular fibrocartilage complex (TFCC)

Dorsal radioulnar (DRU)

Palmar radioulnar (PRU)

Meniscus homologue (MH)

Intrinsic or intra-articular or interosseous ligaments

Proximal carpal row Scapholunate interosseous (SLI)

Lunotriquetral interosseous (LTI)

Distal carpal row Trapeziotrapezoid (TT)

Trapeziocapitate (TC)

Capitohamate (CH)
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together with the palmar scaphotriquetral liga-
ment (Palmar ST ligament) [6, 7]. The majority of
its fibers pass anterior to the waist of the scaphoid
to form the palmar capsule of the midcarpal joint.
The percentage of fibers that attach to the capitate
neck varies. Berger [1, 4] estimated that only
10 % of its fibers actually insert into the palmar
cortex of the capitate. The remaining fibers
course ulnarly interdigitating with fibers from the
ulnocapitate and triquetrocapitate ligaments to
form the arcuate (deltoid or V) ligament[4, 8]. In
contrast to these findings, Buijze et al. [5, 6]
found that the bulk of fibers seem to insert mostly
on the capitate and do not seem to interdigitate
predominantly with fibers arching toward the
ulna and triquetrum.

The RSC is separated from the LRL ligament
by a deep division called the interligamentous
sulcus, which is more obvious intraarticularly.
This sulcus, between lunate and capitate, con-
stitutes a weak area of the joint capsule known
as space of Poirier. The RSC ligament is
approximately 1.4 mm thick, 29.8 mm long, and
5.1 mm wide [6].

A number of functions have been attributed to
this ligament: (a) Some of its fibers form a radial
collateral ligament [9], which is a controversial
ligament as its existence is disputed. The greatest
controversy is whether it is a separate ligament or
the most radial bundle of the RSC ligament,
(b) provides resistance to passive pronation of
the radiocarpal joint [10], (c) along with the other
palmar radiocarpal ligaments provides restraint
to dorsal translation of the carpus [11], (d) con-
strains ulnar translation of the carpus [4, 12, 13],
(e) stabilizes the distal pole of the scaphoid
[4, 10], and (f) acts as a fulcrum around which the
scaphoid rotates [14].

The force required for rupture of the radial
collateral region is approximately 100 N, com-
pared with approximately 150 N for rupture of the
radiocapitate region. Strain rates at rupture aver-
age approximately 125 % and 75 %, respectively
[4, 15].

Styloidectomy, depending on the size and
morphology, affects in different degrees the
origin of the palmar radiocarpal ligaments [16].
Great care must be taken to avoid damage to this
ligament in cases of scaphoid excision (proximal
row carpectomies, SLAC wrists) [17, 18].

Fig. 2.1 Schematic
(a) and cadaveric
(b) depiction of palmar
radiocarpal ligaments:
radioscaphocapitate (1),
long radiolunate (2),
radioscapholunate (Testut)
(3), short radiolunate (4)

Fig. 2.2 Palmar radiocarpal ligaments: Radioscapho-
capitate (1), Long radiolunate (2), Radioscapholunate
(Testut) (3), short radiolunate (4). The asterisk indicates
scapholunate ligaments. Scaphoid (S), lunate (L). With
permission from [157]
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Long Radiolunate Ligament (LRL ligament)

(Palmar Radiolunotriquetral Lig., Palmar

Radiotriquetral Lig.)

The LRL is a large capsular ligament that origi-
nates proximally from the palmar rim of the
scaphoid fossa of the distal radius, just ulnar to
the RSC ligament. The length, width, and
thickness of the LRL are approximately 16, 5.8,
and 1.2 mm, respectively [19]. The proximal
attachment of the LRL is partially overlapped by
the radioscaphocapitate ligament [20, 21]
(Fig. 2.3). It courses obliquely distally and uln-
arly anterior to the proximal pole of the scaphoid
and anterior to the SL joint, overlapping com-
pletely the volar scapholunate interosseous liga-
ment (SLI Ligament), to insert widely on the
palmar horn of the lunate [3]. The degree of
attachment to the lunate may vary between
individuals. Some authors [7, 22] have suggested
that this ligament continues ulnarly inserting to
the palmar surface of the triquetrum, between the
insertion of the palmar ulnotriquetral ligament
(UT ligament) proximally and the insertion of the
Palmar ST ligament distally, forming the radio-
lunotriquetral ligament. It has been supported
that only the fibrous stratum of the joint capsule
continues toward the triquetrum and not the
fibers of the ligament, thus the designations of
the radiolunotriquetral and radiotriquetral liga-
ments are misleading [3, 4].

Functions attributed to this ligament are: (a)
along with the short radiolunate, it functions as a
primary restraint to ulnar translocation of the
lunate [4, 23], (b) participates in the formation of
the antipronation sling, which is responsible for
the control of intracarpal pronation [10, 24].

Material property testing of the LRL ligament
shows that it ruptures at approximately 110 N of
applied force, with approximately 125 % strain
at rupture [15].

Radioscapholunate ligament (RSL ligament)

(Testut or Testut and Kuenz Ligament)

It is located between the LRL and short radi-
olunate ligament (SRL) ligaments, originating
from the prominence between the scaphoid and
lunate articular facets on the distal articular
surface of the radius (Figs. 2.1, 2.2, and 2.3).

Vertically oriented, it perforates the palmar joint
capsule inserting into the proximal and palmar
aspects of the scapholunate ligament [20, 25,
26]. It is approximately 0.7–1.2 mm thick,
8.3–9 mm long, and 2.5–4.8 mm wide [6, 20].
Its arthroscopic appearance is characterized as
intra-articular fat pad [27, 28].

Various studies showed that this ligament
presents a number of particularities:
(a) The RSL is morphologically distinguished

from the other palmar radiocarpal ligaments
by its loosely organized collagen fibers and
relatively high degree of vascularity [25].
The vessels originate from the radial carpal
arch, which is an anastomotic vessel
between the anterior interosseous and radial
arteries while the nerve fibers are terminal
branches of the anterior interosseous nerve
[4]. It is probably not a true ligament but a
neurovascular conduit to the SLI Ligament
with little mechanical integrity [29].

(b) The ligament possibly constitutes a fetal
remnant of a septum that temporarily
divides the radiocarpal joint into radiosca-
phoid and radiolunate clefts [4].

(c) Biomechanical studies showed that it is a
rather weak ligament failing at approxi-
mately 40 N of applied load, but with sub-
stantial elastic behavior and higher strain at
failure—approximately 175 % [15].

(d) Although its mechanical contribution is dis-
puted, it may be important to the functional

Fig. 2.3 Palmar radiocarpal ligaments: radioscaphocap-
itate (RSC), long radiolunate (LRL), radioscapholunate
(RSL), short radiolunate (SRL). R radius. With permis-
sion from [157]
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integrity of the wrist [26]. There is increasing
evidence that it plays a role as a mechano-
receptor monitoring the SL relationship, with
afferents through the anterior interosseous
nerve [4]. It is also a likely source for
synovial filtration, producing synovial fluid
and possibly resorbing metabolic waste.

Short Radiolunate Ligament (SRL ligament)

This ligament originates from the ulnopalmar
edge of the distal radius and inserts at the
junction of the proximal articular surface and the
nonarticular palmar horn of the lunate, proximal
to the insertion of the ulnolunate ligament (UL
ligament) [3] (Fig. 2.4). The length, width, and
thickness of the SRL are approximately 7.5,
10.6, and 1.2 mm, respectively [20]. The orien-
tation of its fibers is changed from fan shaped in
palmar flexion to longitudinal in dorsiflexion of
the lunate [3, 4]. Although its functional role has
not been fully clarified, it seems that it stabilizes
the lunate (and hence the proximal carpal row)
and prevents its volar, dorsal, and ulnar trans-
lation. The deficiency of the SRL is mainly
responsible for the dorsal subluxation of the
radiocarpal joint during the dorsal stress test of
the wrist, (Fig. 2.5a, b) while the SRL has been
considered the primary soft tissue restraint
against volar translation of the carpus [9]. Con-
sequently, fracture of the volar radial rim where
the SRL ligament is attached, could destabilize
the carpus leading to volar subluxation of the
wrist (Fig. 2.6).

The SRL and LRL ligaments remain intact
during a perilunate or lunate dislocation of the
wrist, except in cases where the lunate is extir-
pated to the volar surface of the radius.

2.1.2.2 Ulnocarpal Joint
The ulnocarpal ligaments form the anterior and
ulnar aspects of the ulnocarpal joint capsule [4].
These ligaments are responsible for maintaining
the stability of the ulnocarpal joint, ensuring a
correct axial alignment between the ulna and the
ulnar side of the wrist [30] and also play an
important role in the antero–posterior stability of
the ulnar carpus [31, 32] or a significant restraint

to dorso–palmar translation of the radiocarpal
joint [11]. In addition, being part of the

Fig. 2.4 The SRL ligament has been inverted from the
volar radial rim (asterisk). Arrow indicates the LRL
ligament (R radius, L lunate). With permission from [157]

Fig. 2.5 A lax or insufficient SRL ligament could be
responsible for dorsal subluxation of the radiolunate joint
(a), while slacking of the arcuate ligament leads to
subluxation of the lunocapitate joint during dorsal stress
test (b). With permission from [157]

2.1 Ligaments of the Wrist and their Functional Significance 11



ligamentous components of the TFCC, they
contribute to the stability of the distal radioulnar
joint (DRUJ) [23, 33] (Figs. 2.7 and 2.8).

Rupture or elongation of the ulnocarpal lig-
aments may lead to supination deformity of the
ulnar carpus [34]. In perilunate dislocations, the
infrequent finding of ruptured ulnocarpal liga-
ments probably indicates a reverse path of injury
namely from ulnar to radial, while in cases of
radiocarpal dislocations the rupture of ulnocar-
pal ligaments leeds to progression of the injury
from ulnar translocation to multidirectional
instability [35].

Ulnolunate Ligament (UL ligament)

It is located in continuity with the SRL ligament
joining the formation of the volar capsule,

ulnarly of the lunate fossa. It originates from the
radial-most region of the volar radioulnar liga-
ment and coursing directly distally, attaches on
the volar edge of the lunate. This ligament
shows similar changes in shape as the SRL lig-
ament during dorsiflexion and palmarflexion of
the wrist. The precise function of the UL liga-
ment is not known, but it is reasonable to assume
that it mirrors the function of the SRL ligament,
proximally stabilizing the lunate during all
phases of wrist motion [4].

Material property studies reveal that the UL
ligament fails at approximately 175 N of applied
load at approximately 125 % strain [15]. The
length, width, and thickness of the UL ligament
are approximately 18, 2.3, and 0.7 mm, respec-
tively [20].

Fig. 2.6 Fracture of the ulnovolar radial rim, where the
SRL ligament attaches, could destabilize the wrist

Fig. 2.7 Schematic (a) and cadaveric (b) depiction of ulnocarpal ligaments: Ulnolunate (1), Ulnotriquetral (2),
Ulnocapitate (3), Volar radioulnar ligament (4) (asterisk short RL ligament)

Fig. 2.8 The ulnocarpal ligaments from the dorsal side
(wavy arrow), scapholunate ligament (black arrow),
lunotriquetral ligament (white arrow), dorsal radioulnar
ligament (asterisk) (S scaphoid, L lunate, T triquetrum,
R radius, U ulna). With permission from [157]
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Ulnotriquetral Ligament (UT ligament)

It is located ulnar to UL ligament and takes origin
from the volar radioulnar ligament. It courses
directly distally to insert into the proximal and
palmar surface of the triquetrum. Two perfora-
tions have been found to its substance: one dis-
tally, found in more than 70 % of normal adults,
leading to the pisotriquetral joint (pisotriquetral
orifice) and one proximally, called the prestyloid
recess that communicates with the ulnar styloid
process [1] (Fig. 2.9). These two perforations
constitute areas of ligamentous weakness, which
can lead to longitudinal split tears of the UT
ligament [36]. The medial border of the UT lig-
ament forms the ulnar and dorsal wall of the
ulnocarpal joint and the deep surface of the ECU
tendon sheath as it traverses the ulnocarpal joint.

There is no clear delineation between the
ulnolunate and ulnotriquetral ligaments, the
division between the two being made only by
their distal attachments [1].

Ulnocapitate Ligament (UC ligament)

The UC ligament is the only ulnocarpal ligament
that attaches directly to the fovea region of the
ulnar head. It passes distally across the ulno-
carpal joint, superficial to the UT and UL liga-
ments. It is therefore not visible from an intra-
articular perspective. Passing distally and ante-
rior to the junction between the other ulnocarpal
ligaments, at the level of lunotriquetral joint it
interdigitates with fibers from the palmar region
of the LT interosseous ligament. It courses
around the distal margin of the palmar horn of
the lunate, interdigitating with fibers from the
RSC ligament, forming an ‘‘arcuate’’ (deltoid)
ligament [4, 36]. As with the RSC ligament,
only approximately 10 % of the fibers of the UC
ligament actually attach to the body of the cap-
itate [1]. Proximal to the apex of the arcuate
ligament an area of weakness is located (space
of Poirier ), through which the midcarpal joint
dislocates in perilunate injuries. The UC liga-
ment may serve to reinforce the ulnocarpal joint
capsule and the LT joint, while disruption of the
UC ligament may have implications in the sta-
bility of the DRU joint [4].

There has been some confusion regarding the
origin of the ulnocarpal ligaments. Berger [1, 3]
argued that UL and UT ligaments take origin
from the volar radioulnar ligament, while the
UC ligament originates directly from the fovea
of the ulnar head. On the contrary, Moritomo
et al. [33] stated that all ulnocarpal ligaments
originate together at the fovea of the ulnar head
and at the base of the ulnar styloid process. He
supports that the discrepancy is due to the per-
spective view of the ligaments. Inspecting the
ligaments arthroscopically, their origin appears
to be along the volar radioulnar ligament. When
inspected from the palmar side on cadavers, the
ulnocarpal ligaments appear to converge into the
fovea. Probably arthroscopically seeing, only
part of the ligaments is visible and in fact the
fibers of these ligaments extend proximally
toward the fovea, although some fibers of the
ligaments blend with the volar radioulnar liga-
ment. However, it has been argued that the
attachment of the ulnocarpal ligaments to the
periphery of the TFC constitutes a phylogenic
modification, which is necessary in order to
increase the range of pronosupination without
impairing the ulnocarpal joint stability [1, 30].

Fig. 2.9 The radiocarpal and ulnocarpal joints from the
dorsal side. White arrows indicate the prestyloid recess
(proximally) and the pisotriquetral orifice (distally).
(DIC Dorsal intercarpal ligament, S scaphoid, L lunate,
T triquetrum, TFC triangular fibrocartilage disk). In this
specimen, rupture of the proximal LT ligament is evident.
With permission from [157]
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2.1.2.3 Midcarpal Joint

Scapho-Trapezium-Trapezoid Ligament

(STT ligament)

The STT ligament originates proximally from the
radiovolar aspect of the scaphoid tuberosity,
distal to the attachment of the RSC ligament.
Coursing distally, it fans out to form two variably
evident bands: the radial (scaphotrapezium) band
forms a V-shaped structure, which attaches to the
palmar and radial aspects of the trapezium. The
ulnar (scaphotrapezoid) band attaches to the
palmar surface of the trapezoid [1, 21, 37]
(Fig. 2.10). It is the main stabilizing structure of
the STT joint and is closely related to the sheath
of the flexor carpi radialis tendon. Many authors
[4, 38–40] studied clinically, experimentally and,
biomechanically the STT ligamentous complex
and made the following observations: (a) The
predominant role of the distal ligamentous com-
plex of the scaphoid over the SL ligament, which
is thought to be half as strong as the distal liga-
mentous complex of the scaphoid, has been
experimentally shown [38]. The existence of an
intact STT ligament explains the absence of
rotatory subluxation of the scaphoid in cases of
scapholunate dissociation. (b) Scaphoid tuberos-
ity fractures are equivalent to avulsion of the
scaphotrapezial ligament [39]. (c) The axis of

motion of the distal pole of the scaphoid passes
through the origin of the scaphotrapezial ligament
[39, 40]. (d) Although the exact function of the
STT ligament remains unclear, it is believed that
its principal function is to assist in maintaining
the scaphoid in a palmar-flexed attitude prevent-
ing it from lying horizontally (with SL complex
intact) [38], while it simultaneously minimizes
excessive scaphoid flexion [39]. (e) It has been
identified as an important secondary stabilizer of
the scaphoid [41, 42].

Material property studies demonstrate yield
strength of the STT ligament of approximately
150 N and a strain of failure at approximately
275 % [15].

Scaphocapitate Ligament (SC ligament)

The SC ligament is a strong band that obliquely
crosses the palmar midcarpal joint, coursing
immediately distal to the RSC ligament. It orig-
inates from the ulnar and volar side of the distal
pole of the scaphoid and inserts to the radial and
volar side of the capitate [4, 21] (Fig. 2.10). The
SC ligament functions as a stabilizer of the distal
pole of the scaphoid [4] and it may also con-
tribute as a constraint of midcarpal pronation
participating to the formation of the antiprona-
tion sling [24, 43]. A line connecting the origin of
the scaphotrapezium ligament and the SC liga-
ment is perpendicular to the interfacet ridge of
the distal scaphoid, indicating that they function
as collateral ligaments of a monoaxial articulation
[44], and consequently, are the only ligaments
guiding dart-throwing motion [45, 46]. The SC
ligament is approximately 2.2 mm thick, 14 mm
long, and 6.7 mm wide. It is the thickest ligament
attached to the scaphoid and has the largest
attachment surface area of all scaphoid ligaments
[6]. Material property studies have shown aver-
age yield strength of the SC ligament of
approximately 100 N and a strain of failure at
approximately 200 %.

Capitate–Trapezium Ligament

(CTm ligament)

The C–Tm ligament was found to originate from
the radiovolar aspect of the trapezium, just under
the flexor carpi radialis sheath and inserts directly

Fig. 2.10 Volar ligaments on the radial side of the
midcarpal joint. Scapho-trapezium-trapezoid ligament
(STT ligament) with its radial (1a) and ulnar band (1b);
scaphocapitate ligament (2) and capitate–trapezium
ligament (3)
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onto the volar waist of the capitate without any
attachment to the trapezoid (Fig. 2.10). The
anatomical description and its functional signif-
icance were made by Moritomo et al. [37]. This
ligament appears to deepen the socket of the STT
joint and serves as a labrum for the distal pole of
the scaphoid, reinforcing the palmar aspect of the
STT joint capsule. It was found to be highly
variable in its development. The width of the
C–Tm ligament ranges from 0 to 7.7 mm (aver-
age length, 3.3 mm). The development of C–Tm
ligament was directly correlated to the range of
scapholunate angle and the prevalence of
degenerative changes in the STT joint [37].

Triquetrocapitate Ligament (TC ligament)

The TC ligament attaches proximally to the volar
and radial edges of the triquetrum. It passes
obliquely distally and radially to contribute to the
ulnar half of the midcarpal joint capsule before
attaching to the proximal and ulnar half of the
capitate body (Figs. 2.11 and 2.12). Insufficiency
of the TC ligament contributes to the develop-
ment of ulnar or anteromedial midcarpal insta-
bility (CIND type) [47]. It may also contribute to
the constraint of midcarpal supination [4], while

it is involved in the formation of the antisupin-
ation sling [43]. The yield strength has been
estimated at approximately 110 N, with a yield
strain at approximately 60 %.

Triquetrohamate Ligament (TH ligament)

The TH ligament is the ulnar-most ligament of
the palmar midcarpal joint, originating proxi-
mally from the distal margin of the palmar
cortex of the triquetrum, just ulnar to the TC
ligament. It courses distally to attach to the
palmar cortex of the body of the hamate, just
radial to the base of the hamulus [48], with no
substantial insertion onto the proximal pole of
the hamate [3] (Figs. 2.11 and 2.12). The fibers
of the TC and TH ligaments are interdigitated
with the fibers of the UC ligament and together
form the ulnar limb of the arcuate ligament.
Nakamura et al. [49] described the anatomic
relation of the TC and the TH ligaments as
dependent on the type of lunate, whereby in type
I there is no medial hamate facet and in type II
there is a medial hamate facet. The relation
between the TC and the TH ligaments was
classified into three types. In type A, the TC
ligament is completely separate from the TH
ligament; in type B, the TC ligament overlaps
the TH ligament; and in type C, the TC ligament
has an additional ligament from the triquetrum
to the proximal pole of the hamate. Eighty-two

Fig. 2.11 Volar ligaments on the ulnar side of the
midcarpal joint: triquetrocapitate (1), triquetrohamate
(2), palmar scaphotriquetral (3)

Fig. 2.12 Anatomical specimen indicating: triquetro-
capitate ligament (arrow); triquetrohamate ligament
(asterisk); (C capitate, L lunate, T triquetrum, H
hamate, and R radius). With permission from [157]
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percent of type I lunates are associated with a
type A relation between the TC and the TH
ligaments, and 96 % of type II lunates are
associated with a type C relation between the TC
and the TH ligaments.

Palmar scaphotriquetral ligament (Palmar ST

ligament)

There were reports of the existence of this lig-
amentous structure by Gunther in 1841 and
Poirier et.al in 1908, (quoted by Sennwald [8]),
while a more accurate description was made by
Sennwald et al. [50].

Its attachment to the triquetrum is substantial
and more distinct and lies between the attach-
ments of the TC and LT interosseous ligaments.
It courses horizontally spanning the midcarpal
joint and inserts to the scaphoid with a thin and
fan-shaped attachment, with its fibers interdigi-
tating with those of the RSC ligament
(Fig. 2.11). The palmar ST ligament may be
considered an integral part of the midcarpal
arcuate ligament formed by the RSC and UC
ligaments [4]. With the wrist in dorsiflexion the
palmar ST ligament tightens, while in palmar-
flexion it slackens. Radioulnar deviation does not
alter the tension of the ligament. Although its
function needs further investigation, it is postu-
lated that it supports the head of the capitate
during dorsiflexion of the wrist, acting as volar
labrum for the lunocapitate joint [51]. It is also
speculated that widening of the SL joint during
dorsiflexion of the wrist, may only be possible
when the palmar ST ligament is torn [50].

2.1.3 Extrinsic or Capsular Ligaments:
Dorsal Surface

Until recently, emphasis was given to the
description and functional significance of the
palmar ligaments of the wrist. In addition,
the dorsal ligaments of the wrist were generally
neither preserved nor repaired during or after a
dorsal approach to the wrist joint [21]. In recent
years, much interest has been focused on ana-
tomic varieties and functional significance of
dorsal carpal ligaments. The dorsal radiocarpal
joint is reinforced by a single ligament which
bridges the ulnar half of the dorsal capsule,
while the radial half of the radiocarpal joint
capsule lacks any ligament reinforcement, thus
leaving the proximal pole of the scaphoid and
scapholunate joint uncovered. Viegas et al. [52,
53] described the ‘‘lateral V configuration’’ of
the dorsal intercarpal and dorsal radiocarpal
(DRC) ligaments. They stated that these two
ligaments together act effectively as a dorsal
radioscaphoid ligament that has the ability to
vary its effective length threefold by changing
the angle between the two arms of the V, such
that the intersection angle between them at the
triquetrum is acute in extension and becomes
almost orthogonal in wrist palmarflexion. This
ligamentous arrangement allows normal carpal
kinematics while maintaining its indirect dorsal
stabilizing effect on the scaphoid throughout the
range of motion of the wrist. (Fig. 2.13a, b).
Both dorsal ligaments, (DRC and DIC), have
also been described as the dorsal V ligament [8].

Fig. 2.13 Change in the configuration of the dorsal V
ligament (dorsal radiocarpal and midcarpal ligaments)

during wrist palmarflexion (a) and dorsiflexion (b),
provides indirect stability to the scaphoid [52] (S scaphoid)
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2.1.3.1 Radiocarpal Joint

Dorsal Radiocarpal Ligament (DRC ligament)

(Dorsal Radiotriquetral Lig., Dorsal

Radiolunotriquetral Lig.)

The DRC ligament originates from the ulnar and
dorsal portions of the distal end of the radius just
distal and ulnar to the Lister’s tubercle. It
courses obliquely distally and ulnarly and inserts
on the dorsal tubercle of the triquetrum. During
its course it was found to have an osseous
attachment onto the distal ulnar aspect of the
dorsal lunate and dorsal portion of the lunotri-
quetral interosseous ligament (LTI ligament)
[4, 20, 21]. The DRC ligament forms the floor of
the fourth, fifth, and sixth extensor tendon
compartments [3].

The DRC ligament morphology presents
itself with many anatomical varieties [5]. It has
been described as being formed by two compo-
nents: a superficial radiotriquetral band and a
deep radiolunotriquetral ligament, which inter-
mingles with fibers of the lunotriquetral liga-
ment [54]. Shaaban and Lees [55] showed that
the DRC ligament consisted of two distinct
parts. The ulnar part is more superficial and
arises from the distal part of the interosseous
border of the radius. It runs obliquely distally
and ulnarward, over the distal ulna to attach to
the lunate and triquetrum. On its course, the
DRC ligament blends with the underlying dorsal
radioulnar ligament. The radial part of the DRC
ligament is deeper and arises from the posterior
edge of the distal border of the radius and runs
nearly horizontally and ulnarwards to attach to
the lunate and triquetrum.

Mizuseki and Ikuta [56] and subsequently
Viegas et al. [52, 53] classified the DRC liga-
ment into four subtypes according to its mor-
phology, while Smith [57] using three-
dimensional Fourier transform MR imaging
techniques, differentiated the DRC ligament into
two subtypes. A common feature of all these
subtypes is that there are forms of DRC ligament
with deltoid fibers covering the dorsal aspect of
the proximal scaphoid, which may offer some
dorsal support to the scaphoid (Fig. 2.14).

The reported functions of the DRC are:
(a) The DRC ligament having an oblique

direction (like the palmar RC ligaments)
serves to constrain ulnar translocation of the
carpus [4, 13].

(b) It functions as a stabilizer and pronator of
the wrist. When the forearm pronates, the
DRC ligament draws the attached carpus
and hand passively into pronation [22].

(c) It has been stated that the DRC ligament
provides resistance to passive supination of
the radiocarpal joint [10], thus participating
in the formation of the antisupination sling.

(d) Sectioning the DRC ligament alters sca-
phoid and lunate kinematics during dynamic
wrist motion and this angular change in
carpal kinematics can vary up to 8� [58].

(e) The attenuation or disruption of the DRC
ligament have been implicated in the

Fig. 2.14 The dorsal carpal ligaments: Dorsal radiocar-
pal ligament (1). The faint ligamentous drawings on
either side of the main ligament have been described as
variations: (1a) [55] and (1b) [53, 56]. Dorsal intercarpal
ligament (2): It is consisted of a proximal thicker part
(dorsal scaphotriquetral ligament) which is attached
consistently to the dorsal lunate and scaphoid and a
thinner distal part with inconsistent osseous attachments
to the capitate, trapezoid, and trapezium [52, 57]
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development of a static VISI deformity,
either as a CIND instability [59] or as a
complex instability (combination of CID
and CIND instabilities), when associated
with rupture of the LTI ligament [59, 60].

(f) The superficial ulnar part of the dorsal radi-
ocarpal ligament may play a role in the
stabilization of DRUJ and supporting its
capsule, especially in extreme pronation [55].

2.1.3.2 Midcarpal Joint

Dorsal Intercarpal Ligament (DIC ligament)

The osseous attachments of the DIC ligament
have been described by a number of authors
using anatomical dissections [3, 4, 52, 54], 3-D
Fourier transform MRI techniques [57] or a
combination of dissection, CT imaging, and a
3-D digitization technique [20, 61]. Depending
on the size of development, osseous attach-
ments, and morphology, Viegas et al. [52]
identified three types of DIC, while Smith [57]
recognized four types which are comparable.
The fact is that the DIC ligament originates from
the dorsal surface of the triquetrum interdigi-
tating with the fibers of DRC ligament. Coursing
radially, it is constituted of a thicker portion,
which inserts on the dorsal groove of the sca-
phoid and a thinner arm, which inserts onto the
dorsal trapezium and trapezoid. The proximal
thicker branch augments the dorsal regions of the
LT and SL interosseous ligaments, also having
osseous attachments to the dorsal lunate and
scaphoid. This proximal thicker band is called
dorsal scaphotriquetral ligament [4] and proba-
bly has an important role in the transverse sta-
bilization of the proximal carpal row [3, 54]. It
may also function as a labrum for the head of the
capitate and the proximal pole of the hamate
dorsally, deepening the midcarpal joint, just as
the Palmar ST ligament does volarly [3, 4]
(Fig. 2.14). The width of this ligament is incon-
stant, causing it to be frequently confused with
the DIC ligament [62]. Recently, the osseous
attachment of the DIC ligament on the scaphoid
gained particular functional significance [63].
The most dorsal and ulnar nonarticulating part of

the scaphoid, where the dorsal SL interosseous
ligament and the proximal fibers of the DIC
ligament attach, is called scaphoid apex . It is
argued that carpal instability following scaphoid
nonunion is closely related to whether the frac-
ture line passes distal or proximal to the scaphoid
apex [64]. Moritomo et al. [19] stated that there
are two clear patterns of the interfragmentary
motions of the scaphoid, based on the fracture
location: the unstable (mobile) type scaphoid
nonunion, where the fracture is located distal to
the scaphoid apex and the stable type, where the
fracture is located proximal to the scaphoid apex
[19].

Its dimensions were calculated, using CT and
an imaging cryomicrotome, and it was found to
be approximately 1.2 mm thick, 32.6 mm long,
and 6.3 mm wide [6].

Viegas et al. [52] suggested that the mechan-
ical strength of the DIC ligament is 115.0
± 57.2 N and that the combined mechanical
properties of the DIC and the dorsal SLI Liga-
ment have mechanical strength (162.4 ± 64.7 N)
comparable with the DRC (143.3 ± 41.5 N).

Significant observations related to the DIC
ligament are the following:

(a) The utilization of the DIC ligament for
dorsal capsulodesis of the scaphoid in cases of
scapholunate dissociation, as opposed to the
traditional Blatt’s capsulodesis which tethers the
scaphoid to the distal radius and predictably
leads to limitations in wrist flexion. The DIC
ligament capsulodesis has been used by
detaching the ligament off its insertion on the
trapezoid and trapezium and tied to a bony
trough on the dorsal surface of the distal pole
of the scaphoid [65, 66]. The technique assumes
that a substantial part of the DIC ligament is
attached to the trapezio-trapezoid bones. Alter-
natively, the proximal part of the DIC ligament
could be detached from the triquetrum and
transferred to the distal radius after the reduction
of the scaphoid malalignment [67]; (b) the need
to reattach the DIC ligament to the dorsal pole of
the scaphoid and lunate as well as the dorsal
portion of the SL ligament in cases of static DISI
[52, 68, 69]; (c) the surgical approach to the
dorsum of the wrist that spares both the dorsal
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radiocarpal and intercarpal ligaments [4, 70] or
the concomitant ligament and nerve sparing
approach [71]; and (d) having an important role
in the transverse stabilization of the proximal
carpal row and being part of the ligamentous
arrangement which constitutes the antipronation
sling, there is often a need for substitution of the
DIC ligament, using tendon grafts [24].

2.1.4 Intrinsic Ligaments

2.1.4.1 Interosseous Ligaments
of the Proximal Carpal Row

The scapholunate and lunotriquetral interosseous
ligaments of the proximal carpal row are both
C-shaped spanning the dorsal, proximal, and
palmar margins of their respective joint spaces
[48]. Their integrity is essential for maintenance
of normal carpal kinematics. The thickest and
strongest region of the scapholunate ligament is
located dorsally, while that of the lunotriquetral
ligament is located palmarly [72, 73]. This con-
struction seems to support the ‘‘balanced lunate’’
concept [73], meaning that the lunate is under the
influence of two opposite moments (scaphoid
flexion and triquetral extension) which counter-
act each other (Fig. 2.15).

Scapholunate interosseous ligament

(SLI ligament)

The SLIL has been described as consisting of
three regions on the basis of macroscopic and
histological criteria: dorsal, proximal, and pal-
mar regions (Fig. 2.16). Bone insertions on both
the scaphoid and the lunate are limited to the
most proximal and superior parts of the articular
surface between the two bones [62]. The dorsal
and palmar regions have histologic organizations
consistent with true capsular ligaments, while the
proximal region is composed of fibrocartilage,
with few collagen fascicles [4]. The dorsal region
is the thickest of the three regions, it has a trap-
ezoidal shape and is composed of transversely
oriented collagen fascicles surrounded by con-
nective tissue, through which course vascular
and nervous bundles. It measures approximately

5–6 mm in proximal—distal length, 3–5 mm
long, and 2–4 mm thick. It is contiguous distally
to the dorsal scaphotriquetral ligament and mer-
ges proximally and indiscernibly with the prox-
imal region of the SL ligament. The proximal
region of the SL ligament can extend into the
scapholunate joint space with a triangular cross-
section, much like a knee meniscus. The proxi-
mal region is composed almost entirely of
fibrocartilage. It is approximately 1 mm thick,
4 mm long, and 11 mm wide [20]. The conti-
nuity of the proximal and palmar regions of the
SL ligament is interrupted by the RSL ligament
[3]. The dimensions of the palmar region vary

Fig. 2.15 The distal articular surfaces of the proximal
carpal row bones as seen from the midcarpal joint. The
distal parts of the scapholunate and lunotriquetral joint
spaces remain free from ligamentous attachments. White
arrows indicate the strongest regions of the scapholunate
(dorsal) and the lunotriquetral (volar) ligaments.
(S scaphoid, L lunate, T triquetrum). With permission
from [157]

Fig. 2.16 The scapholunate interosseous ligament as
seen from the radiocarpal joint. Dorsal region (black
arrows); Volar region (white arrows); proximal fibrocar-
tilaginous region (wavy blue arrows) (S scaphoid,
L lunate). With permission from [157]
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between 1 and 2 mm in thickness, 3–5 mm in
length, and 4–7 mm in width [20, 25, 62]. Its
fibers are obliquely oriented from the palmar rim
of the proximal scaphoid to the palmar rim of the
palmar horn of the lunate. This region of the
ligament is not visible because the LRL ligament
covers its palmar surface, while proximally and
dorsally it is covered by the RSL ligament.

The SLIL is a strong ligament often requiring
up to 300 N of distraction force to rupture. The
majority of distraction strength is found in the
dorsal region, the palmar region fails with 150 N
stress, and the proximal region can withstand
only a 25–50 N stress [4, 74]. Biomechanical
studies showed that the dorsal region is the most
critical for resistance to palmar–dorsal transla-
tion and distraction, but the palmar region is the
most important rotational constraint [62, 74].
The proximal fibrocartilage region appears
appropriate to accept compression and shear
loads (Fig. 2.17). Less than 20� of motion is
possible at the SL joint [29]. A number of bio-
mechanical studies have emphasized the
importance of the SLIL as the primary stabilizer
of the SL articulation and that its disruption
alters scaphoid and lunate kinematics, i.e., sca-
phoid flexion, scaphoid pronation, and lunate
extension [75, 76].

It is known that the dorsal and proximal
regions of the SLI ligament are the most acces-
sible regions through a dorsal wrist arthrotomy,
while it is impossible to approach the palmar
region of the scapholunate ligament without
compromising the palmar radiocarpal ligaments
through a palmar wrist arthrotomy [74].
Regardless of the above, some authors, believing
that the palmar region of the SLI ligament plays
an important role in the stability of the SL com-
plex, suggested the reconstruction of the palmar
part of the ligament alone [77] or in combination
with the dorsal part of the SLI ligament [78] or
substituted the palmar part with tendon graft in
cadavers [79]. Berger [74, 80] suggested that
for scapholunate dissociation, the operation is
unlikely to be successful with reconstruction of
the dorsal SLIL alone. In addition, there are
reports upgrading the mechanical [81] and sen-
sory [82] importance of the palmar SLI ligament.

Lunotriquetral interosseous ligament

(LTI ligament)

The LT ligament is divided histologically into
three regions, in a manner similar to the SL lig-
ament (Figs. 2.15 and 2.18). The dorsal and pal-
mar regions are composed of true ligaments, with
collagen fascicles, perifascicular spaces, small
blood vessels, and nerves. The proximal region
is composed of avascular fibrocartilage [4].
The palmar subregion of the LT ligament is the
thickest subregion (2.3 ± 0.3 mm) and the prox-
imal region is the thinnest (1.0 ± 0.2 mm); the

Fig. 2.17 Surgical finding of a patient, who reported
pain during loading of the wrist in dorsiflexion. Watson
test was negative. The dorsal SL ligament was intact
(arrow), while the proximal region was absent due to
chronic rupture (asterisk). (S scaphoid, L lunate). With
permission from [157]

Fig. 2.18 The lunate and triquetral bones from the
dorsal side. Lunotriquetral ligament (asterisk). With
permission from [157]
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dorsal subregion is intermediate (1.4 ± 0.2 mm)
[73]. The dorsal region is often reinforced with
fibers of the DRC and dorsal scaphotriquetral
ligaments.

The palmar region is strongly reinforced and
interdigitating with fibers from the UC ligament.
The proximal region, like the SLIL, resembles a
knee meniscus, often with a distally directed
apex extending into the LT joint space.

The material and constraint properties have
shown that the palmar component failure force
was 301 ± 36 N; the dorsal, 121 ± 4 2 N; and
the proximal, 64 ± 14 N [73].

Contrary to the SLIL, the palmar region of
the LTI is the most critical in constraining
mutual translation of the lunate and triquetrum,
whereas the dorsal region is the most important
rotational constraint.

Published reports have shown that isolated
complete sectioning of the LT ligament alters
the kinematics of the LT complex, but the
classic VISI deformity does not occur until both
the dorsal radiotriquetral (RT) and scaphotri-
quetral (ST) ligaments are compromised [4, 83].

2.1.4.2 Interosseous Ligaments
of the Distal Carpal Row

The four bones of the distal carpal row form three
interposed joints: trapezium-trapezoid, trapezo-
capitate, and capito-hamate joints. These joints
are principally constrained by ligaments that
simply span the joint space of two adjacent

bones. These joints are bridged by interosseous
ligaments and adjoin each other especially on the
palmar side (Fig. 2.19). These ligaments do not
span the entire proximal–distal dimension of the
joint, having only dorsal and palmar portions,
which tend to interdigitate with fibers from the
adjacent carpometacarpal joints [4].

It has been stated that the interosseous liga-
ments (especially their palmar regions) con-
necting the bones of the distal carpal row, are
crucial in providing transverse carpal stability
and that the flexor retinaculum has small con-
tribution to the transverse carpal stability [84].

Trapeziotrapezoid ligament (TT ligament)

The TT ligament is composed of dorsal and
palmar regions transversely spanning the dorsal
and palmar edges of the trapezium-trapezoid
joint space. Both regions are 1–2 mm thick and
up to 5 mm wide in the proximal–distal direc-
tion. The dorsal region forms the floor for the
ECRL tendon. The material properties of the
dorsal and palmar regions have been studied,
revealing yield strengths of 150 and 125 N,
respectively [15].

Trapeziocapitate Ligament (TC ligament)

The TC ligament is composed of dorsal, palmar,
and deep regions. The dorsal and palmar regions
are composed of flat sheets of true capsular lig-
ament (1–2 mm thick, 3–5 mm wide), spanning
the space between the two bones.

The deep region is situated entirely within the
joint space; it is cylindrical in shape and covers
the ‘‘notch’’ created in the articular surface of
the trapezoid and capitate. The deep component
substantially enhances the structural integrity of
the joint. Material property testing of the dorsal
and palmar regions of the TC ligament reveal
failure occurring at approximately 125 N indi-
vidually [15, 84].

Capitohamate Ligament (CH ligament)

The CH ligament, like the TC ligament, can be
divided into three regions—dorsal, palmar, and
deep. The dorsal region is thick (1–2 mm) and
broad and is transversely oriented, spanning the

Fig. 2.19 The proximal articular surfaces of the distal
carpal row. Arrows indicates the volar interosseous
ligaments of the distal carpal row. (H hamate, C
capitate, Td trapezoid, Tm trapezium). With permission
from [157]
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distal part of the capitohamate joint. The prox-
imal part of the joint is devoid of ligamentous
connections. The dorsal region was found to be
the principal stabilizing structure for palmar
rotation and palmar translation, as well as for
proximal and distal translation of the capitate
relative to the hamate. The palmar region is
similar to the dorsal, but is more continuous with
the other palmar interosseous ligaments. The
deep region was found to be short and very
strong while, because of its central location to
the joint, it acts as a pivot point for rotation at
the CH joint. It is most important in constraining
dorsal rotation and dorsal translation of the
capitate relative to the hamate. The coherence
between capitate and hamate was investigated
by Ritt [83], who found that the dorso–palmar
translational displacement averaged 0.9 and
0.5 mm, respectively, proximal–distal transla-
tional displacement averaged 0.8 and 0.4 mm,
respectively, and distractional displacement
averaged 0.3 mm. Material property studies
reveal that the deep ligament was strongest at
289 N, followed by the palmar at 171 M and the
dorsal at 133 N [83].

Therefore, the CH ligament and especially
the combined palmar and deep regions exhibit
the greatest strength contributing substantially
to the transverse stability of the distal row.

2.1.5 Ligaments of the Distal
Radioulnar Joint

2.1.5.1 Triangular Fibrocartilage Complex
The triangular fibrocartilage complex (TFCC)
separates DRUJ from the radiocarpal joint. The
term ‘‘TFCC’’ was invented by Palmer and
Werner [85]. The complex includes: the articular
disk (discus articularis) (Fig. 2.20), the dorsal
and palmar radioulnar ligaments, the meniscus
homologue (MH), and the extensor carpi ulnaris
sheath (the floor of which is often called the ulnar
collateral ligament) (Fig. 2.21). The TFCC orig-
inates from the distal rim of the radial sigmoid
notch and inserts on the fovea of the ulnar head
and the base of the ulnar styloid. The articular

Fig. 2.20 The distal radioulnar joint. The arrow indi-
cates the articular disk, which has been cut from the
sigmoid notch and lifted up. U ulnar head, T triquetrum.
With permission from [157]

Fig. 2.21 DRUJ from the dorsal side. The picture
indicates the close relationship of the ECU sheath with
the TFCC. The ECU tendon has been dislocated from its
sheath (curved arrow). The asterisk indicates the TFC
that has been lifted off its radius attachment. T trique-
trum, L lunate, U ulnar head, R radius. With permission
from [157]
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disk is a fibrocartilaginous biconcave structure,
interposed between the ulnar dome and the ulnar
aspect of the carpus. Although it has been deter-
mined that the thickness of the articular disk
proper is generally 1–2 mm, the thickness varies
inversely with positive ulnar variance [86].

The dorsal (DRU) and palmar (PRU) radio-
ulnar ligaments are composed of longitudinally
oriented bundles of collagen fibers that originate
and insert directly into the bone, while the cen-
tral articular disk is composed of fibrocartilage
that originates from the hyaline cartilage of the
distal radiolunate fossa [87, 88].

The DRU and PRU ligaments, contribute to
the formation of the extensor carpi ulnaris sub-
sheath and the ulnocarpal ligament complex,
respectively [3]. The DRU ligament is also
reinforced with ligamentous fibers originating
from the ulnar aspect of the distal radius. These
ligamentous fibers have been described as a
separate ligament (dorsal radial metaphyseal
arcuate ligament [48]), a component of the
dorsal radiocarpal ligament [55], or part of the
interosseous ligament of the forearm [89].

The DRU and PRU ligaments consist of
superficial components inserting directly onto
the ulna styloid and deep components inserting
more lateral, into the fovea adjacent to the
articular surface of the pole of the distal ulna
[90] (Fig. 2.22). The fibers of the superficial
component form an acute angle as they converge
on the ulna styloid from the medial radius. This
acute angle of attachment gives the superficial
TFC a poor mechanical advantage for guiding
the radio-carpal unit through an arc of prono-
supination. The deep components of the TFC
form an obtuse angle of attachment, much more
mechanically advantageous in stabilizing rota-
tion of the radius around the fixed ulna. The
deep components of the TFC have been referred
to by wrist investigators as the Ligamentum
subcruentum [30, 90, 91].

Two independent studies, that of Af Ekenstam
and Hagert [92], Schuind et al. [93], have created
confusion in the scientific community as to which
fibers (those of DRU or PRU ligament) tighten in
pronation and which tighten in supination,
because the results of their study were exactly the

opposite. The conflict ended in 1994 when Hagert
[94] recognized that both research groups were
correct but that each was examining a different
piece of the puzzle. Af Ekenstam and Hagert [92]
examined the deep fibers, while Schuind [93]
examined the superficial fibers of the ligaments.
Hagert [94] clearly stated that in forearm prona-
tion, the dorsal superficial fibers of the TFC must
tighten for stability, as do the deep palmar fibers
of the Ligamentum subcruentum. Conversely, in
supination, the palmar superficial TFC radioulnar
fibers (to the ulna styloid) tighten, as do the deep
dorsal fibers of the Ligamentum subcruentum,
making both theories correct.

The radius of curvature of the sigmoid notch
is 15 mm and its center correlates to the ulnar
styloid, while the radius of curvature of the ulnar
head is 10 mm and its center correlates to the
region of the fovea. This difference in the radius
of curvatures leads to both rotational and sliding
motions in the normal joint.

Hagert and Hagert [95] recently presented a
new perspective on the stability of the joint which
is correlated to the structural principle named
Tensegrity (A term derived from combining the
words tension and integrity; means that the
integrity of a structure depends on the balance of
tension and compression within it). The analogue
of this principle to the stability of DRUJ is that
‘‘the radioulnar ligaments have a spiral configu-
ration as they insert into a surface area, not one
single point, on the ulnar head. The helicoidal

Fig. 2.22 The superficial components of the dorsal (1a)
and volar (1b) radioulnar ligaments that are inserted to the
ulnar styloid; the deep components of the dorsal (2a) and
volar (2b) radioulnar ligaments, which are inserted to the
fovea of the ulnar head. Both components (1a and 2a)
constitute the dorsal radioulnar ligament, while both (2a and
2b) components constitute the volar radioulnar ligament
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bundles, in conjunction with the combined cen-
tric and epicentric insertions of the deep and
superficial radioulnar portions respectively, lead
to a continuous shift in the tension of various
portions of the ligaments. This continuous shift in
tension and compression constitutes the core of
DRUJ stability and is the essence of tensegrity’’.

The Meniscus Homologue (MH) is the soft-
tissue structure that emerged after the recession
of the ulnar styloid in hominoids [30]. The MH
has been described as a triangular soft tissue
structure located in the space between the me-
dioproximal aspect of the triquetrum and the
ulnar styloid process and the articular disk. It is
formed by well vascularized, loose connective
tissue, the inner surface of which is lined by
synovial cells. Although it has been considered
as an extension of the TFC [96] or as a true
collateral ligament [97], Berger [3] stated that the
impression of a ‘‘meniscus’’ is derived from
paracoronal sections of cadaver wrists, where the
section cuts were through the prestyloid recess,
where the UT ligament appears to form a distal
‘‘lip’’ covering the recess and that in any case it
does not denote any functional significance or
anatomic difference from surrounding tissue.

According to Ishii et al. [91]. the MH and the
prestyloid recess (the cavity adjacent to the ulnar
styloid) can be seen in three anatomic variations:
the narrow opening type in 74 % of specimens,
the wide opening type in 11 %, and the no
opening type in 15 %.

The TFC receives its blood supply from: (1)
the ulnar artery through its palmar and dorsal
radiocarpal branches and (2) the dorsal and
palmar branch of the anterior interosseous artery
[87, 98]. Interosseous vessels from the ulnar
head also enter the TFCC through the foveal
area. Small vessels penetrate the TFCC in a
radial fashion from the palmar, ulnar, and dorsal
attachments of the joint capsule and supply the
peripheral 10–20 % of the TFC. The central
80–85 % is avascular, with no vessels entering
the articular disk from the radius [87, 99].
Therefore, tears that occur in the center and
along the radial attachment of the disk, are not
likely to heal [98, 99].

The TFCC has been shown to have three
major functions:
1. The central part (articular disk) functions as a

cushion for the ulnar carpus carrying
approximately 20 % of the axial load of the
forearm.

2. The peripheral part (ligamentous) is the
major stabilizer of the DRUJ.

3. The ulnocarpal ligaments and the sheath of
the ECU contribute to the stability between
the ulnar head and the ulnar carpus.

2.1.6 Morphology and Ligamentous
Restraints of the Scaphoid

Many authors clearly demonstrated the varia-
tions in morphology of the carpal bones and
their articulations [100–102]. Normal carpal
kinematics relies on the complex interplay
between the arrangement of carpal ligaments
and carpal bone morphology [103], while the
ligamentous attachments of the scaphoid and the
shape of the bones with which it articulates, play
an important role [104, 105].

The morphological and morphometric fea-
tures of the scaphoid have been described in
radiographs [106], and in cadavers [107, 108].
Although the ligament attachments cover
9 ± 0.9 % of the total scaphoid surface area,
there is a lack of consensus on the anatomy of
the ligaments attaching to the scaphoid, while
interindividual variability of ligament insertions
and morphology, exists [5].

In vivo kinematic studies had previously
identified two distinct types of scaphoid motion
[109–111], which constitute two major theories
of carpal mechanics (row and column). In both
theories, the scaphoid is considered an essential
structure [104, 112], but the patterns observed
have not been related to anatomical variations in
the reviewed literature [113]. Fogg [113] in his
thesis correlated the anatomic variation in mor-
phology of the scaphoid and of the ligaments
attached to it, with the kinematic behavior of the
scaphoid. The two types of scaphoid are sum-
marized in Table 2.2.

24 2 Wrist Anatomy



It is widely accepted that the ligamentous
restraints stabilizing the scaphoid are classified
into primary and secondary [41, 42, 58, 114–
116]. There is no consensus as to which liga-
ments are the primary and which are the sec-
ondary stabilizers. SLIL is considered as the
primary stabilizer of the SL joint and is sur-
rounded by several secondary stabilizers, each
insufficient to cause instability after isolated
disruption, but each is important in the mainte-
nance of normal SL kinematics and vulnerable
to attritional wear after complete disruption of
the SLIL [116]; this is thought to be the etiology
for delayed development of dorsal intercalated
segment instability (DISI) after isolated disrup-
tion of the SLIL. The relative importance of
each of these ligaments to SL stability has not
conclusively been established; however, the
status of the secondary stabilizers is particularly
important in choosing the method to treat the SL
instability.

As Scaphoid secondary stabilizers or the
second line of defense, the following have been
reported: the STT, RSC, SC, and the unique

V-arrangement of the DIC and DRC ligaments.
Probably the insertions of the DIC (dorsal
scaphotriquetral ligament) to the dorsal SLIL
and its osseous attachments to the dorsal lunate
and scaphoid should also be considered as pri-
mary stabilizers of the scaphoid.

In clinical settings, there are cases of rupture or
insufficiency of the primary ligamentous
restraints, while the secondary restraints are intact.
Such cases manifest with SL dissociation without
rotary subluxation of the scaphoid (RSS) (widen-
ing of the SL space, rupture of the dorsal SL lig-
ament, and normal SL angle) (Fig. 2.23a, b, c).
At the other end of the spectrum, there are cases
with insufficiency mainly of the secondary stabi-
lizers, while the primary stabilizers remain rela-
tively intact. Such cases manifest with RSS
without SL dissociation (foreshortened scaphoid
on posteroanterior radiographs with a positive ring
sign, increased SL angle, and the dorsal SL liga-
ment macroscopically intact) (Fig. 2.24a, b, c).
Finally, there are cases of concurrent injury of the
primary and secondary stabilizers which is man-
ifested with SL dissociation and RSS resulting

Table 2.2 Osseous and ligamentous characteristics of the two types of scaphoid

Type 1 scaphoid rotating/translating.
Row theory

Type 2 scaphoid flexing/extending. Column theory

Osseous morphology

Dorsal crest Single dorsal high crest Three dorsal low crests

Distal articular
surface

Large and elongated Small

Ulnar surface to
capitate

Large, elongated, and shallow Short and deep; Acts as fulcrum about which the
scaphoid is moved

Ulnar surface to
lunate

Smaller Larger

Length of scaphoid Longer Shorter

Tuberosity Prominent tuberosity Less distinct tuberosity

Ligamentous patterns

STT ligament V-shape with proximal apex V-shape with distal apex

Scaphocapitate lig Long and thin; radial scaphoid
attachment

Short and wide; ulnar scaphoid attachment

Dorsal intercarpal
lig

Trapeziotrapezoid radial attachment Scaphoid radial attachment

Radiocapitate lig. No scaphoid attachment
(Radiocapitate lig.)

Scaphoid attachment (Radioscaphocapitate lig.)
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Fig. 2.23 An example of injury of the primary liga-
mentous restraints of the scaphoid, while secondary
restraints are intact. Widening of the SL space (a),
normal SL angle (b), complete rupture of the dorsal SL
ligament (c)

Fig. 2.24 A case with insufficiency of the secondary
stabilizers while the primary stabilizers remain relatively
intact. Foreshortened scaphoid on P-A radiographs with a
positive ring sign (a), increased SL angle (b) and a
macroscopically intact dorsal SL ligament (c)

26 2 Wrist Anatomy



either because the initial injury is extensive or
because to the initial limited ligamentous injury,
attritional wear or slackening of the remaining
ligaments is added (Fig. 2.25a, b, c).

2.2 Anatomy of the Joints

2.2.1 Radiocarpal Joint

The radiocarpal joint is a glenoid type of artic-
ulation consisting of two elements: (a) the
antebrachial glenoid, formed by the distal
articular surface of the radius in conjunction
with the TFC (Fig. 2.26) and (b) the carpal
condyle, formed by the convex proximal artic-
ular surfaces of the proximal carpal row bones.

The articular surface of the distal radius is
grossly triangular in shape with its apex toward
the radial styloid and its base next to the articular
cavity for the head of the ulna (sigmoid notch).
The radius has two articular facets (the scaphoid
and lunate fossae), separated by a cartilaginous
saggital ridge (the interfacet prominence). The
biconcave scaphoid fossa is triangular or oval
shaped and has a smaller radius of curvature than
that of the lunate fossa. The orientation of the
scaphoid fossa is 11� volar and 21� ulnar relative
to the long axis of the radius [14]. The lunate
fossa is quadrangular in shape, biconcave
although shallower, and less inclined toward the
ulnar side (15� average) than the scaphoid fossa
(30�). The volar lunate facet projects approxi-
mately 3 mm anterior to the flat volar surface of
the distal radius with narrow width (on average
\5 mm) [48]. The fracture of this bone protru-
sion (to which the SRL ligament attaches)

Fig. 2.25 A case of concurrent injury of the primary
and secondary stabilizers of the scaphoid. SL dissociation
(a), rotatory subluxation of the scaphoid (b) and com-
plete rupture of the SL ligament (c)

Fig. 2.26 The proximal part of the radiocarpal joint.
Scaphoid fossa (SF), lunate fossa (LF), triangular fibro-
cartilage disk (TFC), interfacet prominence (asterisk).
With permission from [157]
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destabilizes the wrist, while its fixation is difficult
with the usual volar plates (Fig. 2.27). The ra-
dioulnar and the dorso–palmar diameters of the
two articular surfaces are 4–5 and 1.5–2 cm,
respectively. The distal articular surface of the
distal radius is tilted in two planes. In the saggital
plane, there is an average 10� of tilt and in the
frontal plane there is an ulnar inclination aver-
aging 24� (19�–29�) [117] (Fig. 2.28).

The bones of the proximal row are joined at
their proximal edges by the interosseous liga-
ments forming a smooth biconvex surface.
Communication through these ligaments
becomes a normal feature at advanced ages [96].

The thickness of the articular cartilage of the
distal articular surface of the radius ranges
between 0.7 and 1.2 mm. There is a significant
difference in the size of the articular surfaces and
the degree of curvature between the opposing
articular surfaces of the radiocarpal joint. The
proximal articular surfaces of the scaphoid and

lunate are 60 % larger than the distal articular
surface of the radius. The curvature of the
proximal carpal row is 1.5 times greater than
that of the distal articular surface of the radius.

It has been postulated that differences in bony
anatomy of the radioscaphoid articulation may
affect the scaphoid stability after soft-tissue
injury. Larger curvatures of the scaphoid fossa
and proximal scaphoid as well as a deeper sca-
phoid fossa and a greater volar tilt of the radius,
are factors preventing instability despite any
ligamentous tears [118].

The joint capsule is reinforced by palmar and
dorsal capsular ligaments the inner side of which
appears resurfaced by synovial tissue. A number
of recesses, varying in size and shape, have been
described: (a) recessus prestyloideus, located
just palmar to the ulnar styloid process, (b)
recessus prescaphoideus, located proximal and
palmar to the scaphoid, (c) recessus preradialis,
located in front of the RSL ligament, and (d)
recessus pretriquetralis which acts as commu-
nication with the pisotriquetral joint.

2.2.2 Midcarpal Joint

From an anatomic point of view the midcarpal
joint may have the most complicated joint shape
in the human body. In a broad sense there are
three articulations: (a) the STT joint, (b) the
scapholuno-capitate joint, and (c) the triquetro-
hamate joint. The former is convex proximally
whereas the latter two are concave.

2.2.2.1 Scapho-Trapezium-Trapezoid
Joint

It is a glenoid type of joint that is formed from the
convex articular surface of the scaphoid and the
concave joints of trapezium-trapezoid. Moritomo
et.al [37] depending on the shape, recognized
three types of joint surfaces of the distal scaphoid
and in most cases (81 %) they found an interfacet
ridge on the joint surface of the distal scaphoid,
which is oriented in line with the trapezio-trap-
ezoid articulation (Fig. 2.29). This ridge was
classified into three categories according to its

Fig. 2.27 The projection of the volar lunate facet

Fig. 2.28 The ulnovolar inclination of the distal radius.
With permission from [157]
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development or lack of development and runs
obliquely from radiodorsal to ulnopalmar divid-
ing the distal surface of the scaphoid into two
facets [37]. They suggested that the orientation
of this obliquely oriented ridge guides STT joint
motion and coincides with the plane of dart-
throwing motion. On the contrary, it has been
suggested that the ridge is merely cartilaginous,
and therefore cannot resist such forces and they
considered the ridge as a result of wrist motion,
not a factor influencing motion [113].

2.2.2.2 Scapholunocapitate Joint
It is a ball and socket joint, formed by the con-
cave articular surfaces of the lunate and scaphoid
proximally and the convex articular surface of
the capitate and sometimes the proximal pole of
the hamate, distally. Two types of articular sur-
faces of the scaphoid that articulate with the
lunate and capitate have been identified. A large
lunate facet is coupled with a small, distal capi-
tate facet, while a small lunate facet is coupled
with a large, proximal capitate facet [106, 113].

In the MC joint, two types of lunates have
been identified based on their distal articular
surface: In type I lunates there is no medial
facet, while type II lunates have a medial facet
that articulates with the hamate. This is a dis-
tinctive facet with a ridge on the hamate

separating it from the triquetrohamate joint and
a ridge on the lunate separating it from the
capitolunate joint [100]. The lunate type was
determined using capitate–triquetrum (C-T)
distance. A type I lunate was defined as a C-T
distance B2 mm. A type II lunate was defined as
a C-T distance C4 mm [119].The size of the
medial facets in type II lunates ranges from 1 to
6 mm [120] and its incidence has been reported
to range from 46 to 73 % [100, 102, 120].

The clinical significance of the wrists with
type II lunates has been described by many
authors: (a) the kinematics of a type II lunate are
different from those of a type I lunate during
radial-ulnar deviation of the wrist [110, 121] and
the condylar double-facet midcarpal articulation
permits only flexion and extension of the prox-
imal carpal row, restricting radial translation
[151]; (b) arthritic changes at the proximal pole
of the hamate were more commonly associated
with the type II lunates (49 %) [49], while these
arthritic changes were also associated with LTI
ligament tears [100] (Fig. 2.30); (c) variations in
scaphoid motion of the wrists with lunate type II
may contribute to the development of STT
arthritis [119]; (d) type II lunates constitute an
anatomical factor predisposing to Kienbock’s
disease, because the loads applied to the

Fig. 2.29 The radial side of the midcarpal joint. The
STT ligament (red arrow); The interfacet ridge of the
distal scaphoid (double black arrows); (C capitate,
S scaphoid, Tm trapezium, Td trapezoid). With permis-
sion from [157]

Fig. 2.30 The midcarpal joint. A lunate type II is
apparent (double arrows) with arthritic changes of the
proximal hamate (white arrow) (S triquetrum, L lunate,
S scaphoid, H hamate, C capitate, Sm trapezium, Td
trapezoid). With permission from [157]
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radiolunate joint are supposed to be greater in
type II lunates than in type I [123], and (e) type
II lunate morphology is associated with signifi-
cantly decreased incidence of DISI deformity in
cases of established scaphoid nonunion [122].

2.2.2.3 Triquetrohamate Joint
It is a helicoid or screw shape joint, formed by
the distal surface of the triquetrum and the
proximal surface of the hamate (Fig. 2.31).
McLean et.al [124] suggested the existence of
two distinct TqH joint patterns, which have been
termed TqH-1 and TqH-2. A TqH-1 joint is a
helicoidal configuration. It is double faceted,
with the hamate and the triquetrum articular
surfaces possessing complementary concave and
convex parts. A TqH-2 joint has a predominantly
oval convex shape, whereas the primarily con-
cave triquetrum is better described as a dish for
the flatter hamate. It has no hamate groove or
distal ridge. There appears to be a spectrum of
variation between these two identifiable types.

2.2.3 Distal radioulnar joint (DRUJ)

DRUJ is a trochoid articulation, formed by the
ulnar head and the sigmoid notch of the distal
radius. The articular surface of the radius that

articulates with the ulna is called the sigmoid
notch. The sigmoid notch has a triangular shape
with a distal, a dorsal, and a palmar rim. The distal
rim separates the lunate fossa from the sigmoid
notch and is the site of insertion of the triangular
fibrocartilage disk. The portion of the ulnar head
that articulates with the sigmoid notch is referred
to as the ‘‘seat’’ and the articular surface in jux-
taposition to the proximal (undersurface) of the
TFCC is the ‘‘pole’’ (Fig. 2.32).

The arc of curvature of the sigmoid notch
ranges from 47� to 80�. Articular cartilage cov-
ers a much greater arc of the ulnar head, ranging
from 90� to 135�. The radius of curvature of the
sigmoid notch is 15 mm, compared to 10 mm
for the seat of the ulna. Thus, the ulnar head and
the sigmoid notch are obviously not congruent.
This incongruity between the radius of curvature
of the sigmoid notch and the ulnar head results
in: (a) Reduced articular contact between the
articular surfaces. At the neutral position,
approximately 60 % of the cartilage surfaces are
in contact, whereas at the extremes of prono-
supination only about 10 %, corresponding to an
area of 1–2 mm, are in contact [95]; (b) The
inherent instability of the joint necessitating the
existence of different stabilizing mechanisms
through intrinsic (intracapsular) as well as
extrinsic (extracapsular) structures. The intrinsic

Fig. 2.31 The ulnar side of the midcarpal joint. The
helicoidal shape of the articular surface of the hamate is
apparent. The volar triquetrocapitate ligament (red
arrow) (C capitate, H hamate, T triquetrum). With
permission from [157]

Fig. 2.32 The DRUJ from the dorsal side. (U ulnar
head, R radius). Sigmoid notch (asterisk). With permis-
sion from [157]
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stability is provided by the dorsal and palmar
radioulnar ligaments. Extrinsic stability is pro-
vided principally by the ECU tendon and sheath,
the superficial and deep heads of the pronator
quadratus and the interosseous ligament of the
mid-forearm [90]. The distal interosseous liga-
ment has variable thickness, ranging from 0.4 to
1.2 mm and when fully developed, constitutes
the distal oblique band (DOB), which has a
significant impact on DRUJ stability. Moritomo
[125] in a recent anatomical study found that the
DOB existed in 40 % of specimens and when
present, it originates from the distal one-sixth of
the ulnar shaft and runs distally to insert on the
inferior rim of the sigmoid notch of the radius;
(c) The combined motion of rotation and trans-
lation at the DRUJ, the articulating surfaces of
which allow 150� of motion in pronation and
supination of the forearm [87, 126, 127]. Bowers
[128] and Pirela-Cruz [129] documented a mean
palmar and dorsal translational motion of
2.2 mm, while the passive motion of the joint in
a dorso–palmar direction causes a translational
motion of 5.4 mm for palmar direction and
2.8 mm for dorsal direction. The translational
motion is dorsal in pronation and palmar in
supination [127], while according to Adams and
Holley [130], the translation occurs mostly at the
extremes of pronosupination.

In addition to the motions described, there
also exists an abduction–adduction movement
referred to, by Pirela-Cruz et al. [129], as dia-
static motion. This motion occurs because of the
cam-effect of the elliptical nature of the ulnar
head as rotation takes place. Finally, one other
motion of the DRUJ is the pistoning-type effect
that is observed during rotation of the forearm
and loading of the joint. Relative to the radius,
the ulna moves distally with pronation and
proximally with supination. With stress loading
of the wrist the ulna moves distally relative to
the radius [127].

The orientation of the articular surfaces of the
ulnar head and the sigmoid notch is also of
major clinical importance. Sagerman et al. [131]
have radiographically shown that the inclination
of these opposing articular surfaces is almost

never parallel, and is usually much different.
Relative to the long axis to the ulna, the ulnar
seat inclination averages 21� (range, -13.8� to
40.5�), while the sigmoid notch inclination
averages 7.7� (range, -24.3� to 26.8�). Conse-
quences of this observation are: (a) The com-
ponent of translation movement that
accompanies the rotation of the forearm can be
attributed, to some degree, to a difference in the
degree of inclination, apart from the difference
in the radii of curvature of the opposing articular
surfaces; (b) Because of the wide variation
between the inclination of the sigmoid notch and
ulnar seat, symptomatic articular incongruity
can occur following joint leveling procedures.
Tolat [132] reports three basic configurations of
the DRUJ, depending on the orientation of the
articular surfaces: The vertical type (I) (38 %),
the oblique type (II) (50 %), and the reverse type
(III) (12 %) (Fig. 2.33a, b, c).

The role of the DRUJ capsule has been
clarified by Kleinman and Graham [133]. They
observed that the inferior capsule is strong and
durable and may be involved in the stability of
the joint. The volar and dorsal aspects of the
capsule are compliant and accept the ulna head
as the radiocarpal unit rotates and translates
through the pronosupination arc. The contraction
of this part of the capsule plays an important role
in limiting the rotation of the forearm.

Ishii et al. [134] measured the pressure dis-
tribution within the DRUJ with axial loads
applied to the wrist in varying degrees of fore-
arm rotation. They found that: (a) by increasing
application of an axial load across the wrist, the
average area of the sigmoid notch in contact
with the ulnar head also increased, and (b) In
pronation, there is compressive loading between
the dorsal sigmoid notch and the ulnar head; in
supination there is compressive loading between
the palmar sigmoid notch and the ulnar head.
This was confirmed by Bowers [135] who
claimed that on the extreme positions of prona-
tion-supination, part of the stability of the joint
can be attributed to the compression of the
dorsal or volar rim of the sigmoid notch and the
ulnar head.
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2.3 Vascularity of the Wrist

The blood supply to the wrist is provided by an
extrinsic and an intrinsic vascular system. The
extrinsic blood supply is developed through
branches of the radial, ulnar, and anterior inter-
osseous arteries, which form an arcade of anas-
tomosing branches that produce three dorsal and
three palmar arches:

(a) The dorsal and palmar radiocarpal arches;
(b) The dorsal and palmar intercarpal arches;

and
(c) The dorsal basal metacarpal and the deep

palmar arches (Figs. 2.34 and 2.35).
Gelberman et al. [136–138] found that on the

dorsal surface, the largest and most consistent
arch is the intercarpal arch, which provides the
major blood supply to the distal carpal row and
contributes to the vascularity of the lunate and
the triquetrum. The next largest arch, the radi-
ocarpal arch, was present in 75–80 % of the
specimens. It supplies the distal radial meta-
physic, as well as the lunate and the triquetrum
from the dorsum. The basal metacarpal arch was
often tenuous and was present in only 27 % of
the specimens.

On the palmar surface, both the palmar radi-
ocarpal arch and the deep palmar arch were
present in 100 % of all specimens while the
intercarpal arch was present in only 53 %. The

Fig. 2.34 Schematic drawing of the dorsal arterial
network. With permission from [157]

Fig. 2.33 The three basic configurations of the DRUJ
depending on the orientation of the articular surfaces,
according to Tolat [132] (a, b, c). With permission from
[157]
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palmar radiocarpal arch provides the major blood
supply both to the lunate and to the triquetrum
from the palmar surface. The deep palmar arch
supplies the distal carpal row by way of radial
and ulnar recurrent arteries (present in 100 %)
and via the accessory ulnar recurrent artery (in
27 %). The intercarpal arch is small and incon-
sistent, and in no case does it make a significant
contribution to the carpal bones.

The superficial palmar arch and the posterior
interosseous artery do not appear to provide any
substantial contribution to the vascular supply of
the wrist. However, with their multiple vascular
anastomoses, they provide significant collateral
circulation to the wrist [136, 137].

The radial artery forms the lateral border and
the ulnar artery forms the medial border of this
system. The anterior interosseous artery has a
palmar and dorsal division that form at the
proximal border of the pronator quadrates. The
dorsal division extends distally on the interos-
seous membrane to the carpus, where it joins the

dorsal carpal arch that provides vascular supply
to the proximal carpal row. The palmar division
continues deep into the pronator quadrates and
bifurcates into branches that communicate with
the palmar radiocarpal arch supplying the lunate
and the triquetrum, and finally enters the RSL
ligament [139].

All but three carpal bones receive blood
vessels directly from the dorsal and palmar
arches: the scaphoid, pisiform, and trapezium
have direct blood supply from the radial and
ulnar arteries.

Panagis et al. [140] and Gelberman and Gross
[137] classified the carpal bones into three
groups on the basis of the number and location
of nutrient vessels, the presence or absence of
intraosseous anastomoses, and the dependence
of large areas of bone on a single vessel. The
clinical significance of the various groups is
based on the risk of posttraumatic avascular
necrosis for the bones in each group:

Group I (Scaphoid, Capitate, and 8 % [137]
or 20 % [139] of the lunates). Includes carpal
bones which either have vessels entering from
only one surface, or large areas of bone that are
dependent on a single vessel. This group is the
most vulnerable to posttraumatic avascular
necrosis.

Group II (Hamate, Trapezoid). Includes
carpal bones, which have two or more areas of
vessel entry but lack significant anastomoses
within the entire or a major part of the bones.
Specific injuries can compromise their blood
supply.

Group III (Trapezium, triquetrum, pisiform,
and 80 % [139] or 92 % [137] of the lunates).
Includes carpal bones, which have two or more
areas of vessel entry and consistent intraosseous
anastomoses.

Vascularity of the scaphoid [136, 141]: The
scaphoid receives its vascular supply mainly
from the radial artery. Vessels enter dorsally and
palmarly in the limited areas that are nonartic-
ular of ligamentous attachment.

The palmar vascular supply is responsible for
20–30 % of the internal vascularity, all in the
region of the distal pole. The palmar vascular
supply is provided by: (a) the superficial palmar

Fig. 2.35 Schematic drawing of the volar arterial net-
work. With permission from [157]
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branch, which at the level of the radioscaphoid
joint is giving off the radial artery and (b) sev-
eral smaller branches that are coursing distal to
the origin of the superficial palmar branch to
enter through the region of the tubercle. In 75 %
of specimens, these arteries arise directly from
the radial artery and in the remainder, they arise
from the superficial palmar branch of the radial
artery.

The dorsal vascular supply to the scaphoid
accounts for 70–80 % of the internal vascularity
of the bone, and supplies the waist and the
proximal pole of the bone. The major dorsal
vessels to the scaphoid enter the bone through
small foramina located on the dorsal ridge. At
the level of the intercarpal joint, the radial artery
gives off the intercarpal artery, which partici-
pates in the formation of the dorsal intercarpal
arch. Just proximal to the origin of the inter-
carpal artery, at the level of the styloid process
of the radius, a vessel is given off to enter the
scaphoid through its waist along the dorsal ridge.
In 70 % of specimens, the dorsal vessel arises
directly from the radial artery. In 23 %, the
dorsal branch has its origin from the common
stem of the intercarpal artery. In 7 %, the sca-
phoid receives its dorsal blood supply directly
from the branches of the intercarpal artery and
the radial artery. In all specimens, there are
consistent major communications between the
dorsal scaphoid branch of the radial artery and
the dorsal branch of the anterior interosseous
artery. It has been stated [38] that the vessels
enter through the dorsal ridge in 79 %, distal to
the waist in 14 %, and proximal to the waist in
7 % of specimens. The fact that in 14 % of
specimens the blood supply enters distal to the
waist means that approximately one out of seven
specimens would have shown a significant loss
of blood supply to the proximal pole following a
fracture through the waist [2, 142].

Vascularity of capitate [139, 141]: The
capitate receives its vascularity from dorsal and
palmar sources. Most arteries enter the capitate
distally and follow a retrograde proximal course
to supply the rest of the bone. The main (dorsal)
vascularity originates from vessels of the dorsal

intercarpal and dorsal basal metacarpal arches.
The palmar vascular supply arises from anasto-
mosing branches of the recurrent ulnar artery,
palmar radiocarpal arch, and deep palmar arch.
In the majority of specimens (67 %) the dorsal
vessels supply the major part of the capitate. In
33 % of specimens, the vascularity to the capi-
tate head originates entirely from the palmar
surface. There are notable anastomoses between
the dorsal and the palmar blood supplies in 30 %
of specimens. In the remainder there are no
anastomoses seen.

Vascularity of the lunate [141, 143]: The
lunate receives its blood supply from both pal-
mar and dorsal sources or from the palmar
aspect alone. The vessels entering the dorsal
surface are from branches of the dorsal radio-
carpal arch, the dorsal intercarpal arch, and
occasionally from smaller branches of the dorsal
branch of the anterior interosseous artery. In
80 % of specimens, the lunate receives nutrient
vessels from the palmar and dorsal surfaces. In
20 % of specimens, it receives nutrient vessels
from the palmar surface alone. There are three
major intraosseous patterns, which are formed in
the shape of the letters Y, I, or X. (Fig. 2.36).

The Y pattern is the most common, occuring
in 59 % of specimens studied. The stem of the Y
occurs dorsally or palmarly, with equal
frequency.

Fig. 2.36 Patterns of intraosseous vascularity of the
lunate and the frequency of their appearance according to
Gelberman et al. [143]. With permission from [157]
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The I pattern occurs in 31 % of specimens,
and consists of one dorsal and one palmar vessel
that anastomose in a straight line.

The X pattern occurs in 10 % of specimens,
consisting of two dorsal and two palmar vessels
that anastomose in the center of the lunate.

Vascularity of the trapezoid [140]: The tra-
pezoid is supplied by branches of the dorsal
intercarpal, the basal metacarpal, and the radial
recurrent artery. The nutrient vessels enter the
trapezoid through its two nonarticular surfaces
on the dorsal and palmar surfaces. Three or four
small vessels enter the dorsal surface to supply
the dorsal 70 % of the bone. These dorsal ves-
sels provide the primary vascularity of the
trapezoid. From the palmar surface one or two
small vessels supply the palmar 30 % of the
bone. The palmar vessels do not anastomose
with the dorsal vessels.

Vascularity of the hamate [2, 141]: The vas-
cularity of the hamate is supplied by the dorsal
intercarpal arch, the ulnar recurrent artery of the
deep palmar arch, and the ulnar artery. The vessels
enter through the three nonarticular surfaces of the
hamate, which include the dorsal, the palmar, and
the medial surface through the hook of the hamate.
The dorsal surface receives three to five vessels
from the dorsal intercarpal arch which supply the
dorsal 30–40 % of the bone. The palmar surface
usually receives one large vessel that enters
through the radial base of the hook. It then branches
and anastomoses with the dorsal vessels in 50 % of
the specimens studied. The hook of the hamate
receives one or two small vessels that enter through
the medial base and tip of the hook. These vessels
anastomose with each other but usually not with
the vessels to the body of the hamate.

Vascularity of the trapezium: The vascu-
larity of the trapezium is by vessels from the
distal branches of the radial artery. Nutrient
vessels enter the trapezium through its three
nonarticular surfaces: dorsal, radial, and palmar.
Dorsally, the vascular supply predominates and
one to three vessels enter and supply the entire
dorsal aspect of the bone. Palmarly, one to three
vessels enter and anastomose with the vessels
entering through the dorsal surface. Radially,
three to six small vessels penetrate the lateral

surface and anastomose with the dorsal and
palmar vessels.

Vascularity of the triquetrum: The trique-
trum receives its blood supply from branches
from the ulnar artery, the dorsal intercarpal arch,
and the palmar intercarpal arch. Nutrient vessels
enter through its two nonarticular surfaces on the
dorsal and palmar aspects. Two to four vessels
enter the dorsal ridge of the bone and supply the
dorsal 60 % of the triquetrum. From the volar
surface, one or two vessels enter proximal and
distal to the facet that articulates with the pisi-
form and supply the palmar 40 % of the bone.
The dorsal vessels provide the primary vascu-
larity for the triquetrum in 60 % of the speci-
mens while the palmar vessels constitute the
main vascularity in 20 % of specimens. Signif-
icant anastomoses between the dorsal and pal-
mar vascular networks have been found to be
present in 86 % of specimens studied.

Vascularity of the pisiform: The pisiform
receives one to three small vessels directly from
the ulnar artery entering the bone at the proximal
and distal poles. Vessels anastomose with each
other just beneath the articular surface of the
pisiform, assuming a vascular ring pattern that is
consistently seen in all specimens.

2.4 Innervation of Wrist Ligaments

The innervation of the wrist joint capsule has
been identified largely by reports associated with
surgical denervation of the wrist for chronic pain
[144–147].

The main innervation to the wrist capsule
derives from the anterior interosseous nerve,
lateral antebrachial cutaneous nerve, and pos-
terior interosseous nerve. Other minor sources of
capsular innervation include: The palmar cuta-
neous branch of the median nerve, the deep
branch of the ulnar nerve, the superficial branch
of the radial nerve, and the dorsal branch of the
ulnar nerve [148].

The terminal branch of the posterior inter-
osseous nerve innervates the dorsal capsules of
the radiocarpal and midcarpal joints as well as
the dorsal wrist ligaments. It also innervates the
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dorsal capsules of the second, third, and fourth
CMC joints [149]. It is considered to be the
major dorsal source of innervation of the wrist.
Minor contributions are also provided by the
terminal branches of the dorsal sensory radial
and ulnar nerves [71].

The terminal branch of the anterior interos-
seous nerve innervates the central two-thirds of
the volar wrist capsule. Buck-Gramcko [149],
however, defined this zone of innervation
extending distally to include the palmar mid-
carpal joint and the central CMC joints.

The lateral antebrachial cutaneous nerve
innervates the radial aspects of the radiocarpal
and midcarpal joints and the first CMC joint
[148, 150]. Other branches contributing less to
the volar capsular innervation include the volar
cutaneous branch of the median nerve and the
deep branches from the ulnar nerve [71, 148].

The innervation to DRUJ and TFCC appears to
be threefold, with the dorsal region (dorsal DRUJ
capsule, DRU ligament, and dorsal ulnocarpal
capsule) primarily innervated by branches of the
posterior interosseous nerve, the ulnar region
(MH, foveal attachment of the TFC, prestyloid
recess, and UT ligament) primarily by articular
extensions of the dorsal sensory branches of the
ulnar nerve, and the volar region (volar DRUJ
capsule, PRU ligament, and UL ligaments) by
branches from the ulnar nerve [151, 152].

Recent investigations disputed the role of
carpal ligaments as simple passive restraints.
The microscopic innervation of the extrinsic and
intrinsic wrist ligaments has been studied, to
reveal a variable degree of sensory innervation
by highly specialized nerve endings, called me-
chanoreceptors. The mechanoreceptors embed-
ded into the ligaments, receive the mechanical
signals and transform them into afferent nerve
stimuli to influence periarticular muscles. In a
recent study, Hagert et al. [153] made clear for
the first time the existence of ligamento–mus-
cular reflexes initiating in the carpal ligaments.

The innervation pattern of the wrist ligaments
reflects in structural differences between the
ligaments. Ligaments with limited innervation

consisted mostly of densely packed collagen
fibers. In the ligaments with abundant innerva-
tion, mechanoreceptors and nerve fascicles were
consistently found in the loose connective tissue
of the superficial region of the ligaments (epi-
fascicular region), while the density of innerva-
tion was greatest close to the ligament insertions
into bone [71]. Hagert et al. [154] found a pro-
nounced innervation in the dorsal wrist liga-
ments (dorsal radiocarpal, dorsal intercarpal,
scaphotriquetral, dorsal scapholunate interosse-
ous), an intermediate innervation in the volar
triquetral ligaments (palmar lunotriquetral
interosseous, triquetrocapitate, triquetrohamate),
and only limited/occasional innervation in the
remaining volar wrist ligaments. They state that
wrist ligaments are regarded as either mechani-
cally or sensory important ligaments. The
mechanically important ligaments are ligaments
with densely packed collagen bundles, limited
innervation, and are located primarily in the
radial, force-bearing column of the wrist. The
sensory important ligaments, by contrast, are
richly innervated although less dense in con-
nective tissue composition and are related to the
triquetrum, which is the key element in the
generation of the proprioceptive information.

Mataliotakis et al. [82] in a cadaver study
investigated the sensory innervation of the
subregions of the SLI ligament and found that
the palmar subregion, apart from its major
mechanical role, contains the greatest amount
of neural structures and mechanoreceptors. The
dorsal subregion, with densely packed collagen
fibers and limited innervation, functions mainly
to constrain the scaphoid-lunate relative
motion.

Other studies evaluated the distribution of
mechanoreceptors on the dorsal radiocarpal lig-
ament [155], where the nerve endings predomi-
nate the superficial layer and the ligament
insertions to the bone, or on the TFCC [156],
where the nerve endings were distributed at the
periphery of TFC and showed different concen-
trations of each type of mechanoreceptors per
topographic area.
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3Wrist Biomechanics

Marc Garcia-Elias

3.1 Introduction

In order to facilitate hand function, the upper
limb must be mobile, but also stable. If the
proximal articulations of the upper extremity
lack mobility, the hand will not be properly
positioned where it is needed. If those joints are
unstable, the hand will not be able to carry heavy
objects. To understand wrist biomechanics,
therefore, one needs to learn kinematics (how
joints move) and kinetics (how do they resist
loads without yielding or suffering injury) [1, 2].

The wrist is often described as the least
important articulation of the upper limb; a joint
that can be fused without generating great distress
to the patient. This is only partly true. Unques-
tionably, patients with a fused wrist may cope
effectively with stressful activities, but they have
substantial limitations in daily activities such as
washing one’s back, turning a door knob, or
rotating the steering wheel [3, 4]. Without a
mobile wrist, there is no precision in placing the
hand where is required to manipulate an object.
Without the wrist, the hand is less effective [5].
The wrist, indeed, is an important articulation.

Several mechanical models have been
hypothesized to explain wrist function: the wrist
as two interconnected rows (proximal and distal),

as three interdependent columns (lateral, central,
and medial), or as a ring offour linked units (distal
row, scaphoid, lunate and triquetrum) [6, 7].
Although certainly useful for teaching purposes,
none of these models can fully explain how the
wrist is allowed to move and yet be able to transfer
substantial amount of loads. Wrist function is not
only the result of a perfect mechanical interaction
between moving bones and soft tissue constraints
(Fig. 3.1), but also the consequence of a complex
system of ligament-muscle reflexes mediating its
dynamic muscle stabilization [8, 9]. Most of these
factors have been largely ignored or underesti-
mated in the past. Furthermore, most descriptions
of carpal bone kinematics have been based on
observations made on a limited number of speci-
mens or in vivo determinations using 3-D recon-
structions of CT scans [10–14]. Being the number
of observations small, some perspective may have
been lost in terms of individual variations of
normality, both in terms of anatomy as in
mechanics [15–17]. In short, carpal kinematics is
not yet a fully understood issue, and needs more
thorough investigations for us to be efficient in
coping with its dysfunctions.

The wrist is not only a complicated com-
posite joint allowing large range of motion; the
wrist is also a load bearing articulation [18]. The
carpus has a self-locking mechanism allowing
transmission of large amount of forces [18–20].
Albeit certain wrist positions are better prepared
than others to bear loads [21, 22], the normal
wrist does not need to be placed in one particular
position to grasp, push, or pull an object.
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Aside from its role as a mobile self-stabiliz-
ing load bearing articulation, the wrist is also an
important pulley to enhance finger function [5,
23, 24]. The so called ‘‘carpal pulley’’, which is
basically composed of the distal carpal row and
their transverse ligament interconnections, can
be oriented at will for an optimal finger function.
This chapter will analyze the wrist joint and the
carpal pulley from a kinematic and a kinetic
perspective.

3.2 Carpal Kinematics

Carpal bone motion has been traditionally
described as a combination of three rotations
(Eulerian angles) and three translations (antero-
posterior, mediolateral and proximodistal)

around and along three orthogonal axes, taking
the distal radius as a reference (Table 3.1). Wrist
rotation along the sagittal plane (Y axis) corre-
sponds to flexion–extension, rotation along the
coronal plane (X axis) determines abduction
(radial deviation) or adduction (ulnar deviation),
and rotation along the axial or transverse plane
(Z axis) corresponds to pronation-supination.
The first and second types of rotation (flexion–
extension and radial-ulnar deviation) may be
either the result of a passive external force, or be
actively contracting the muscles which tendons
cross the wrist. Active rotation along the axial
plane of pronosupination only happens if the two
other rotations (flexion–extension and radio-
ulnar deviation) are constrained in neutral posi-
tion (isometric type of loading); a typical
example of this type of rotation is when the hand
makes a closed fist: it does not move from a
slightly extended position, but it rotates an
average 1.9� supination [25].

The unconstrained wrist seldom rotates in a
pure flexion–extension or radial-ulnar deviation
mode. Most activities of daily living require the
wrist to move along an oblique plane, from
extension-radial deviation to flexion-ulnar devi-
ation. It is one of the most utilized planes of
wrist motion (using a hammer, fly fishing,
throwing, pushing or holding a heavy object).
Although known by Corson [26] in 1897, the so-
called ‘‘physiologic flexion–extension’’ motion
was not properly addressed until recently. Fisk
[27], in 1980, was the first to use the term ‘‘dart
throwing ’’ to refer to this type of rotation, and
Saffar and Seumaan [28], in 1994, were the first
to investigate it from a biomechanical perspec-
tive. Since then, multiple studies have empha-
sized its peculiar kinematics [12, 14, 29].

3.2.1 Flexion–Extension

Wrist flexion is a rotation around the Y axis,
located proximal to the head of the capitate, near
the lunate, and parallel to the palmar surface of
the distal radial metaphysis. Flexion brings the
palm towards the volar aspect of the forearm.
Extension of the wrist is also a rotation about

Fig. 3.1 The wrist is a very mobile, load bearing
articulation, which stability is based upon an adequate
interaction between the different articular surfaces and
soft tissue constraints. With permission from [64]
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this axis, but in the reverse direction: the back of
the hand approximates the dorsal aspect of the
forearm. All tendons located palmar to the
Y-axis contribute to wrist flexion, while exten-
sion results from contraction of muscles located
dorsal to this axis [30]. The most active wrist
flexors are the flexor carpi radialis (FCR), the
flexor carpi ulnaris (FCU) and palmaris longus,
while the extensor carpi radialis brevis and
longus (ECRB-L), and extensor carpi ulnaris
(ECU) are active extensors. Aside from those,
any tendon crossing the wrist to mobilize the
fingers also has an influence on the wrist. The
mean range of active flexion–extension of nor-
mal wrists is 59� and 79� respectively [31].

Regardless the direction of wrist motion, the
trapezoid, capitate and hamate bones move
synchronously (in about the same direction) as if
they were connected by synostoses. In fact, only
the trapezium-trapezoid joint exhibits some
minor, but detectable mobility [10]. Conse-
quently, the internal dimensions of the carpal
tunnel change little during wrist motion [32].
The bones of the proximal carpal row, by con-
trast, appear less strongly connected to each
other. Substantial differences in sagittal rotation
exist between the three row bones. For a total
120� of wrist flexion–extension, the average
rotation of the scaphoid, lunate and triquetrum
are 92�, 53�, and 69� respectively (Table 3.1)
[10]. The different radii of curvatures of their
proximal convexities explains why the three
bones move differently. To coordinate such
complex mobility, a complex arrangement of

scapholunate (SL) and lunotriquetral (LTq) lig-
aments is necessary. In the SL joint, there is a
‘‘scissor-like’’ type of rotation around a trans-
verse axis which coincides quite well with the
dorsal SL ligament. (Fig. 3.2) [33]. By contrast,
the LTq joint axis of flexion–extension coincides
with the palmar LTq interosseous ligament [34].

The relative contribution of the radiocarpal
and midcarpal joints to the total wrist flexion–
extension is controversial. It varies substantially
from one column to another. In the central
column (radius-lunate-capitate) about a 50 % of
the overall flexion–extension occurs at the

Table 3.1 Individual carpal bone rotation (average Eulerian angles) relative to the radius during wrist movements,
according to the kinematic study by Kobayashi et al. [10]

Wrist flexion 60� Wrist extension 60� Wrist radial
deviation 15�

Wrist ulnar
deviation 30�

Scaphoid (n: 22) Flx 40�, UD 8� Ext 52�, UD 4� RD 4�, Flex 8� Ext 17�, UD 14�, Pron 7�

Lunate (n: 22) Flx 23�, UD 11� Ext 30�, UD 4� RD 2�, Flex 7� Ext 22�, UD 15�, Pron 4�

Triquetrum
(n: 22)

Flx 30�, UD 10� Ext 39� RD 5�, Flex 4� Ext 17�, UD 18�

Trapezium
(n: 13)

Flx 54�, UD 3� Ext 59� RD 14�, Sup 5� UD 32�, Flx 10�, Pron 16�

Capitate (n: 22) Flx 63�, UD 3� Ext 60� RD 15�, Sup 4� UD 31�, Flx 6�, Pron 12�

Flx Flexion, Ext Extension, RD Radial deviation, UD Ulnar deviation, Pron Pronation, Sup Supination

Fig. 3.2 Outlines of the scaphoid and lunate bones
obtained from radiographs of a wrist in flexion (left) and
extension (right). The scapholunate angle shows substan-
tial variation from one position to another. This demon-
strates that, unlike the distal row bones, there is substantial
rotational motion between the bones of the proximal row.
In particular, at the scapholunate joint, this rotation occurs
around a dorsally located axis represented by the dorsal
scapholunate ligament. With permission from [64]
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proximal radiolunate joint, while the other half
occurs at the lunocapitate interval. In the sca-
phoid column (radius-scaphoid-trapezoid), by
contrast, 75 % of flexion and 92 % of extension
occurs at the radioscaphoid joint, the scaphoid-
trapezium-trapezoid (STT) joint being much less
mobile [10, 35, 36].

3.2.2 Radial-Ulnar Deviation

Ulnar deviation (adduction) of the wrist may be
described as a rotation that approximates the
ulnar aspect of the hand to the medial border of
the forearm. The X axis around which this occurs
is located at the centre of the head of the capitate,
and it is perpendicular to the Y axis of flexion–
extension. Radial deviation (abduction) is also a
rotation about this axis, but in the reverse direc-
tion: the thumb gets closer to the radial aspect of
the forearm. All tendons crossing the wrist radial
to the X axis bring about a radial deviation, while
the tendons located ulnarly are ulnar deviators
[30]. The average range of active abduction–
adduction is 21� and 38� respectively [31].

As stated for flexion–extension, during wrist
radial-ulnar deviation there is almost no rotation
between trapezoid, capitate and hamate. The
trapezium-trapezoid joint is slightly more

mobile, but only in a proximodistal direction:
the trapezium tilts proximally when axially
loaded by the first metacarpal [37]. This, how-
ever does not preclude the distal row to maintain
its internal dimensions during motion.

At the level of the proximal row, there is
substantial rotation between the three proximal
carpal bones during abduction–adduction. From
radial deviation to ulnar deviation there is a
mean of 10� of SL rotation and 14� of LTq
rotation [10] (Table 3.1). Despite differences in
rotation, the direction of motion is similar for the
three bones: they move synergistically from a
flexed position in radial deviation to an extended
position in ulnar deviation (Fig. 3.3).

The magnitudes of flexion–extension of the
proximal row bones during radioulnar deviation
vary between individuals: there is a spectrum of
behaviours, all being normal. From wrists with a
scaphoid exhibiting almost exclusively flexion–
extension, to wrists in which the scaphoid only
translates lateromedially, all combinations are
possible (Fig. 3.4) [11]. The wrists with a pre-
dominant scaphoid flexion–extension compo-
nent are called ‘‘column-type’’ while the ones
with predominant mediolateral translation are
‘‘row-type’’ wrists [16]. The ‘‘column-type’’
wrist appears to be more lax, with a more
prominent interfacet ridge than the ‘‘row-type’’

Fig. 3.3 Dorsal view of a dissected specimen demon-
strating the two major components of motion exhibited
by the proximal carpal bones during radio-ulnar devia-
tion. Radial deviation involves flexion and medial

translation of the three bones of the proximal row.
Contrarily, during wrist ulnar deviation the bones of the
proximal row rotate into extension while displacing
towards the radius. With permission from [64]
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[38]. Such a complex kinematics is necessary to
ensure joint congruency throughout the entire
range of wrist motion.

3.2.3 ‘‘Dart-Throwing’’ Motion

It has long been known that the unconstrained
wrist seldom rotates along the sagittal or coronal

planes [26]. Most actions require a rotation from
an extended-radial deviated position to a flexed-
ulnar deviated position (Fig. 3.5) [27–29]. It is
an oblique plane of motion commonly referred
to as the ‘‘physiologic’’ plane of flexion–exten-
sion or ‘‘dart throwing’’ plane of rotation [27].
There are several reasons to explain why this
oblique plane is so commonly utilized. First,
because this rotation is produced by the most

Fig. 3.4 There are
different patterns of wrist
kinematics. The so-called
‘‘row wrists’’ exhibit little
flexion–extension of the
scaphoid during radioulnar
deviation, while the
‘‘column wrists’’ have
substantial out-of-plane
motion. With permission
from [64]

Fig. 3.5 The so-called ‘‘physiologic flexion–exten-
sion’’, also known as ‘‘dart-throwing’’ motion, is one
of the most usual planes of rotation of the wrist: from

extension-radial deviation to flexion-ulnar deviation.
This motion mostly involves a rotation of the midcarpal
joint. With permission from [64]
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powerful muscles of the forearm, the ones with
the highest tension fraction: the extensor carpi
radialis (longus and brevis) and the FCU [28].
Second, because the midcarpal ball-and-socket
articulation is not spherical but ovoid, with an
oblique axis oriented towards the anteromedial
corner of the wrist. And third, because the distal
articular surface of the scaphoid has a ridge
which is parallel to the plane of ‘‘dart throwing’’
[33], and guides the distal row towards the
anteromedial corner of the wrist.

When the wrist rotates along the ‘‘dart
throwing’’ plane, the radiocarpal joint does not
move much [12, 14, 29]. When the wrist rotates
from radial-extension to ulnar-flexion, the
proximal row does not extend, but only trans-
lates laterally. The scaphoid does not flex in
radial deviation because the concomitant wrist
extension prevents that. During ulnar deviation,
the proximal row does not extend because is
constrained by the flexing distal row. In short:
when the wrist rotates along the ‘‘dart throwing’’
plane [39], most motion occurs at the midcarpal
level. One of the keys to understand why the
proximal row does not move much during this
type of motion is the STT ligamentous complex.
During radial deviation, the scaphoid tends to
rotate into flexion in order to allow the trape-
zium to approximate to the radial styloid. The
STT ligament allows that because is not taut.
However, in radial-extension, the trapezium
slides down the dorsal slope of the scaphoid,
thus pulling the scaphoid into extension by
means of the STT ligaments. The equilibrium
between the scaphoid flexion tendency and the
tensile forces exerted by the STT ligaments
explains why the scaphoid remains still during
dart-throwing rotations. Likewise, when the
wrist ulnarly deviates, the STT ligament
becomes taut, thus inducing scaphoid extension.
Such scaphoid extension will not happen if the
wrist rotates into flexion, in which case the STT
ligaments become loose. This may explain why
radio-scaphoid-lunate stiffness is so well

tolerated. Truly, radiocarpal arthrodeses tend to
do better than midcarpal fusions.

3.2.4 Intracarpal Pronosupination
Motion

When subjected to a torque along the axial
plane, the wrist may be passively displaced in
both directions of pronosupination [40]. When
unloaded, the mean total rotational laxity of the
wrist is 42� [41]. Under load, such displacea-
bility is reduced proportionally to the amount of
load being exerted across the wrist. Until
recently, it was believed that the wrist could not
be actively pronated or supinated, that the
muscles with tendons across the wrist could only
generate axial compressive forces to the distal
row, which eccentricity explained wrist devia-
tions along the coronal or sagittal plane. Recent
investigations, however, have demonstrated in
the cadaver that the wrist may be actively pro-
nated or supinated depending upon the obliquity
of the tendon at the level of the carpus [25].
Certainly, at the level of the carpus, some ten-
dons have an oblique course towards their distal
insertion. The abductor pollicis longus (APL),
for instance, is located dorsally in the first
extensor compartment, but inserts anterolaterally
at the base of the first metacarpal. The ECU, by
contrast, has an opposite obliqueness from the
dorsum of the ulna to the anteromedial corner of
the fifth metacarpal. They both are dorsal at the
level of the radiocarpal joint, to diverge distally
towards either the medial or lateral aspects of
the wrist. When these muscles contract, its ten-
don obliquity is likely to generate pronation or
supination moments to the distal row: the
medially inserted tendons will induce pronation,
while the laterally inserted tendons will induce
supination to the distal row. The APL, the
extensor carpi radialis longus (ECRL) and the
FCU are intracarpal supinators, while the FCR
and the ECU are distal row pronators. As it will
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be stated below, this active pronosupination
capability may partly explain how the wrist
achieves stability under load.

3.3 Carpal Kinetics

Kinetics is the branch of mechanics that deals
with the effects of forces in producing or con-
straining motion of a mass. Carpal kinetics
describes the mechanisms by which the wrist
may sustain load without yielding; that is, the
mechanisms of carpal stabilization. Unques-
tionably, most hand activities generate forces
and torques that will be transferred proximally
across the carpus. Stability is defined as the
ability of carry on with such centripetal forces
without suffering injury. Although some wrist
positions are better prepared to bear loads than
others (extension better than flexion) [20], the
stable wrist is able to bear load in any given
position. A stable wrist is prepared to develop
self-locking strategies to facilitate proper trans-
fer of loads. To better understand those strate-
gies, it is important to discuss: (1) what is the
magnitude of forces crossing the wrist, (2) how
are they distributed among the different carpal
articulations, (3) what is the role of ligaments as
primary stabilizers, (4) what is the role of me-
chanoreceptors in the detection of ligaments at
risk of being injured, and (5) what is the role of
muscles as the ultimate wrist stabilizers.

3.3.1 Magnitude of Forces
Transmitted Across the Wrist

The wrist is a load bearing articulation that
sustains considerable compressive and shear
forces [18]. Wrist loading not only derives from
external forces being applied to the hand and
transmitted across the wrist onto the forearm,
but also from contraction of the muscles that
control finger and carpal function. Reaction
forces generated in the different stabilizing lig-
aments also contribute to this (Fig. 3.1).
According to a series of mathematical and
experimental laboratory studies, the amount of

compressive forces that cross each carpometa-
carpal joint may be as high as 1.5–4.2 times the
applied force at the tip of the corresponding
fingers. These calculations have been recently
validated by Rikli et al. [20] who inserted a
pressure-sensor device in the radiocarpal joint
space of volunteers. According to these experi-
ments, during motion the pressure sustained by
the distal articular surface of the radius varies
from 54 N/cm2 (Newtons per centimetre square)
in maximal active extension to 26 N/cm2 in
maximum flexion.

3.3.2 Force Distribution Across
the Wrist

Once in the distal row, the axial forces distribute
among the different joints following specific
patterns. These depend upon direction and point
of application of the external loads, position of
the wrist, and orientation and shape of the
articular surfaces [6]. Most forces concentrate on
the SL interval and from there into the radius.
Viegas and Patterson [42] found that about 50 %
of the load is transferred from the capitate into
the scaphoid and lunate, while a 35 % goes
across the STT joint. At the radiocarpal level,
forces distribute as follows: radio-scaphoid joint,
50–56 %; radio-lunate joint, 29–35 %; and ulno-
lunate joint 10–21 % [22, 42–44]. These per-
centages vary with wrist position, the radiolu-
nate fossa being more loaded with ulnar
deviation, while the scaphoid resisting more
load with radial deviation [20].

3.3.3 Role of Ligaments
in the Stabilization
of the Carpus

For the wrist to be stable there is a need for a
perfect interaction between articular surface
geometries and soft-tissue constraints. Not only
the ligaments are of importance for a stable
function, but also tendons, muscles, capsule, and
tendons sheaths contribute to stability. Indeed,
carpal stability is a multifactor phenomenon. Of
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all structures involved, however, the ligaments
are the first to react when a load is about to
displace bones beyond normal limits. Undeni-
ably, ligaments are the primary stabilizers, the
first line of defence against any disturbing force.
For the neutrally positioned wrist there are four
groups of ligaments that are especially important
in stabilizing the different levels of the joint
[19]. What follows is a short description of the
mechanisms by which these ligaments achieve
primary stability:

3.3.3.1 Stabilizing Mechanism
of the Distal Row

Once distally emerged from the carpal tunnel,
the flexor digitorum tendons have divergent
directions. When their corresponding muscles
contract, the flexors of the little finger generate a
tangential compressive force in an ulnar direc-
tion to the hook of the hamate. This force is
opposite in direction to the force that generates
the FCR to the inner surface of the trapezium.
Such opposite forces would tend to open the
palmar carpal concavity (the trapezium towards
the radial side, the hamate towards the ulnar
side) was if not for both the flexor retinaculum
and the strong and taut transverse intercarpal
ligaments [45]. Their annular disposition
appears essential to maintain adequate trans-
verse stability to the carpal pulley. Failure of any
one of these structures is likely to create a par-
ticular type of instability, called ‘‘axial’’ or
‘‘longitudinal’’, with the tunnel splitting into two
or more unstable columns, displacing in diver-
gent directions [46].

3.3.3.2 Midcarpal Stabilizing Mechanism
Under axial load, the distal carpal row exerts an
axial compressive force onto the proximal row
bones. Because of its oblique orientation relative
to the long axis of the forearm, the axially loa-
ded scaphoid tends to rotate into flexion and
pronation [10, 19]. If the ligaments connecting
the scaphoid to the distal row, namely the
anterolateral STT and the volar scaphocapitate
(SC) ligaments [47], are intact, the flexion and

pronation moment by the scaphoid will be
transmitted to the distal row. The more the tra-
pezium is pulled forward by the STT-SC liga-
ments, the more the distal row pronates.
Excessive distal row pronation, however, could
be dangerous for the triquetrum-hamate (TqH)
joint. Indeed, being the distal row a rigid struc-
ture, the more the capitate pronates, the more the
hamate is displaced dorsally. Fortunately, the
palmar TqH fascicle of the medial arcuate liga-
ment is strong enough as to prevent such medial
midcarpal subluxation. Indeed, the midcarpal
crossing ligaments have opposite functions in
this regard: the STT-SC ligaments induce pro-
nation to the distal row; the TqH ligament
counteracts such pronation vector. Should the
latter be insufficient or torn, the distal row would
be dragged by the scaphoid into an abnormal
flexion-pronation pattern of carpal malalign-
ment, known as ‘‘volar intercalated segment
instability’’ (VISI) [7, 48].

3.3.3.3 Stabilizing Mechanism
of the Proximal Row

If both the medial and lateral midcarpal crossing
ligaments are intact, the proximal carpal row
would be subjected to two opposite moments:
the scaphoid flexion and pronation moment, and
the extension-supination moment induced by the
TqH ligament. On theory, if the two moments
had equal magnitudes, and if the SL and LTq
interosseous ligaments were intact, the scaphoid
would rotate into flexion and the triquetrum into
extension until a neutral equilibrium would be
achieved. In reality, the scaphoid moment pre-
dominates over the extension moment of the
triquetrum, for not only the scaphoid rotates into
flexion and pronation, but also the lunate and
triquetrum rotate into flexion and pronation [25,
49]. The scaphoid and triquetrum, however, are
not equally constrained by the palmar crossing
midcarpal ligaments: the scaphoid is allowed
substantial rotation into flexion and pronation,
while the triquetrum is tightly controlled by the
TqH ligament. Consequently, there are
decreasing magnitudes of rotation from lateral to
medial. According to Kobayashi et al. [49],
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when the carpus is isometrically loaded, the
scaphoid rotates into flexion an average 5.1�
relative to the radius, while the lunate rotates
4.2� and the triquetrum 3.8� [25, 49].

In short, the proximal row is subjected to two
opposite moments: a flexion moment generated
by the scaphoid and an extension moment
transmitted to the triquetrum by the TqH fascicle
of the ulnar arcuate ligament (Fig. 3.6). If both
the palmar and dorsal SL and LTq ligaments are
intact (Fig. 3.7), such opposite moments gener-
ate increasing torques at both intercarpal levels
resulting in a stable cooptation of the two SL
and LTq joints. Such an increased cooptation
further contributes to the proximal carpal row
stability. Based on this, if the SL ligaments are
completely torn, the scaphoid no longer is
constrained by the rest of the proximal row, and
tends to collapse into an abnormally flexed and
pronated posture (the so called ‘‘rotatory
subluxation of the scaphoid’’) [6] (Fig. 3.8),
while the lunate and triquetrum, under the

influence of the ulnar part of the arcuate liga-
ment, are pulled into an abnormal extension,
known as a ‘‘dorsal intercalated segment insta-
bility’’ (DISI) [47]. The consequence of all these
changes is an alteration of the moment arms of
all wrist motor tendons, and muscle imbalance
[50]. By contrast, if it is not the SL ligaments,

Fig. 3.6 Under axial load (white arrow) the proximal row
has to cope with two opposite forces (grey arrows): one is
caused by the scaphoid which tends to draw the entire
proximal row into flexion; another is produced by the distal
row which extension is transmitted to the triquetrum via the
TqH portion of the arcuate ligament. The two opposite
moments reach equilibrium provided the transverse inter-
carpal scapholunate and lunotriquetral interosseous liga-
ments are intact. With permission from [64]

Fig. 3.7 Dorsal view of a dissected wrist demonstrating
the obliquely oriented fibres of the dorsal scapholunate
interosseous ligament, one important stabilizer of the
scaphoid. Its oblique orientation is particularly well
adapted to constrain the scaphoid tendency towards
collapsing into flexion under load. S Scaphoid; L Lunate.
With permission from [64]

Fig. 3.8 Scapholunate instability resulting from com-
plete rupture of the scapholunate interosseous ligaments.
The scaphoid shows the typical rotary subluxation
(curved red arrow) with increased scapholunate gap
formation and slight ulnar translocation of the lunate
(white arrow). With permission from [64]
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but the LTq ligaments the ones that have com-
pletely failed, the scaphoid and lunate tend to
adopt an abnormal flexed posture VISI, while
the triquetrum remains solidly linked to the
distal row [34, 51].

3.3.3.4 Radiocarpal Stabilizing
Mechanism

The proximal convexities of the scaphoid, lunate
and triquetrum are proximally interconnected by
fibrocartilaginous membranes, forming what has
been called the carpal condyle. Such a biconvex
structure does not articulate to a horizontal flat
surface but to an ulnarly and palmarly inclined
antebrachial glenoid, formed by the distal
articular surface of the radius and the distal
surface of the triangular fibrocartilage. In such
circumstances, the loaded carpal condyle has an
inherent tendency to slide down ulnarly and
palmarly. This tendency is effectively con-
strained by both palmar and dorsal radiocarpal
ligaments which oblique orientation appears
ideal to resist such an ulnar and palmar trans-
lation tendency. Failure of these obliquely ori-
ented ligaments is likely to result in a very
dysfunctional ulnar and palmar translocation of
the carpus relative to the radius [52].

3.3.4 Role of Mechanoreceptors
in Carpal Stability

Until recently, all the above mechanisms of liga-
ment stabilization were thought to be the essence
of wrist stabilization [6]. Ligaments are the first to
detect and react against excessive bone displace-
ment; however, they cannot be the only stabiliz-
ers. If they were, they would disrupt easily.
Indeed, ligaments are not strong enough to resist
the magnitude of strains involved in carpal sta-
bilization. The dorsal SL ligament, for instance,
considered by many as one of the most resistant
components of the SL ligamentous complex,
yields at about 260 N of distraction. The palmar
SL ligament fails at 118 N, and the proximal
membrane at 63 N [53]. The palmar LTq ligament

is thicker and stronger than the dorsal ligament,
but still it fails at a mean 301 N while the dorsal
LTq ligament disrupts at 121 N [34].

If ligaments were the only means of keeping
bones reduced, we would see ligament ruptures
very frequently, particularly in certain sports, like
gymnastics, where gymnasts land on their wrists
after pirouetting in the air. In reality, ligament
ruptures are nor that frequent because gymnast’s
wrists have adequate proprioception, and their
sensorimotor system is warned well ahead of time
when unusual ligament strains develop. When
there is a risk for a ligament to disrupt, the system
activates specific muscles that shelter the liga-
ments against rupture (Fig. 3.9). Indeed, liga-
ments are protected by muscles, but only if wrist
proprioception is fully functional.

Wrist proprioception is more than just con-
scious perception of joint position. Wrist propri-
oception is both conscious and unconscious
awareness of what occurs within the wrist capsule
[8, 9]. Most carpal ligament contain mechanore-
ceptors able to detect unusually growing strains in
the ligaments, and react by sending afferent
stimuli to the spinal cord. One of the most active
mechanoreceptors in the SL interosseous liga-
ment is the Ruffini corpuscle, a slowly-adapting,
low-threshold receptor, constantly active during
joint motion, and particularly reactive to axial
loading and tensile strain in the ligament, but not
to perpendicular compressive load. The afferent
stimuli sent by the Ruffini receptor is analyzed at
different levels (local, spinal and supraspinal),
this triggering the release of efferent (motor)
stimuli to specific muscles which contraction will
prevent ligament damage. There are different
categories of response: from fast joint protective
reflexes through monosynaptic spinal control, to
more complex plurisynaptic supraspinal respon-
ses. In all cases, the faster the muscle response, the
better. If the latency time, between ligament
aggression and muscle response, is abnormally
long, the ligament will suffer more extensive
damage than if it is short. Thus, it is important to
plan an adequate proprioception training of
sportsmen and musicians: by reducing their
latency time, injuries are prevented.
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Until 1997, it was thought that there were no
mechanoreceptors within the carpal capsule.
Petrie and associates were the first to demon-
strate Golgi organs, Pacinian and Ruffini cor-
puscles within three palmar wrist ligaments [54].
Since then, several immuno-histo-chemical
investigations have been published identifying,
qualifying and quantifying sensory receptors in
the carpal ligaments [55–57]. The distribution of
receptor in the ligaments was not homogeneous:
some ligaments are densely innervated while
others have almost no innervation [55]. Inter-
estingly enough, with the exception of the dorsal
SL ligament, the most poorly innervated liga-
ments were the ones with the highest yield
strength, while the richly innervated ligaments

had poorly arranged collagen fibers [55]. In a
way, it is reasonable to say that there are
mechanically important ligaments, like cables
holding bones reduced, and sensorially impor-
tant ligaments with a predominant propriocep-
tive role. In general, most ligaments inserted into
the triquetrum are richly innervated, while the
ones about the scaphoid are mechanically
important ligaments. Based on this, it has
hypothesized that the triquetrum plays a special
role in the detection of abnormal carpal bone
displacements, that the triquetrum is the key
element in wrist proprioception [55].

In order to prove the existence of ligament-
muscle reflexes emanating from inside of the
carpal joint, Hagert et al. [58] performed an

Fig. 3.9 Schematic representation of a ligament-muscle
reflex. Under axial load (white arrow) the receptors
within the dorsal SL ligament send an afferent stimulus
(red arrows) to the spinal cord. The information is

forwarded to the supraspinal levels; once analyzed, an
efferent (motor) stimuli is sent to specific muscles which
contraction will prevent ligament damage. With permis-
sion from [64]
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interesting experiment. Under ultrasound con-
trol, they inserted fine wire electrodes into the
depth of the dorsal SL ligament of normal vol-
unteers. The ligament was then electrically
stimulated, while surface electromyography
sensors documented activity changes in some
forearm muscles. The results of that study were
conclusive: ligament stimulation was always
followed by a muscle response (Fig. 3.10) [58].
In the normal situation, the response was almost
immediate (in less than 50 ms after the stimulus)
and lasted for 500 ms or sometimes more. The
early muscle reaction was interpreted as an
attempt to protect the ligaments from suffering
injury; while late muscle activity was thought to
represent a more elaborated supraspinal
response to carpal instability. In all circum-
stances, the muscle response was not restricted
to one muscle, but to several: usually more than
three muscles reacted positively for each wrist
position. Most often, the response was in the
form contraction, except when the muscle could
have a destabilizing effect to the joint. In other
words, the sensorimotor system is able to dis-
criminate between potential muscle stabilizers
and destabilizers; to the first, the system sends
an order to contract; to the second, an inhibition

order. When a disturbing load risks rupture of
the SL ligament, only the muscles able to pre-
vent that injury are asked to contract, while the
potential destabilizers are inhibited.

Needless to say, for this to be possible, the
nerves carrying afferent stimuli need to be intact.
As demonstrated in vivo by Hagert et al. [58, 59]
when the posterior interosseous nerve was

Fig. 3.10 Typical graph demonstrating the changes in
muscle activity that occurs in the FCR muscle, 150 ms
after the SL ligament was stimulated. Courtesy of

Elisabet Hagert, Karolinska Institutet, Stockholm, Swe-
den. With permission from [64]

Fig. 3.11 Schematic representation of the experimental
setup used by Salvà-Coll to investigate the effects of
isometric contraction of muscles on carpal alignment [25,
62, 63]. With permission from [64]
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anesthetized, stimulation of the SL ligament did
not triggered any muscle response. Wrist
denervation, therefore, may not influence con-
scious proprioception (joint position sense) [60,
61], but it may seriously impair unconscious
neuromuscle control of carpal stability.

3.3.5 Role of Muscles in Carpal
Stability

Until recently, muscles were assumed to have a
negative effect on carpal stability [6]. The axial
compressive forces generated by their contrac-
tion was said to contribute to carpal collapse.
Now we know that, in the presence of adequate
ligament-muscle reflexes, patients with sub-
stantial ligament disruptions may learn to acti-
vate unconsciously the beneficial muscles while
inhibiting the ones that could destabilize the
joint. Indeed, it is not rare to find asymptomatic
ligament disruptions.

In order to clarify what muscles are potential
stabilizers, in what circumstances and through
what mechanism, a number of experiments were
conducted by Salvá-Coll et al. [25, 62, 63].
Using a 3D motion tracking device in a cadaver
model, the effects of isometric loading of spe-
cific wrist motor tendons on carpal bone align-
ment were analyzed (Fig. 3.11). Despite radius
and ulna had been blocked in neutral forearm
rotation, some muscles induced pronation to the
distal row, while others induced supination. The
mechanism by which some muscles are able to
supinate or pronate the distal row has been
explained above (see Sect. 3.2.4). Interestingly
enough, when all forearm muscles contract at
once, the distal row always supinates, a dis-
placement that counteracts the natural tendency
of the distal carpal row towards pronation (see
Sect. 3.3.3.2) [25]. Certainly, if muscles are able
to stabilize the carpus is because they are
capable of resisting the pronation torque sus-
tained by the carpus under axial load.

Fig. 3.12 Typical behaviour of the carpus when the SL
ligament has been cut and the wrist is subjected to
supination (left) or pronation (right) torques (purple
curved arrows). The rotation is produced by pulling
tendons with an oblique direction (white arrows). When

the distal row is torque in supination (left), the SL joint
becomes reduced (yellow arrows). By contrast, when the
wrist is pronated, the SL gap increases. From the
Department of Anatomy. University of Barcelona. With
permission from [64]
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According to Salvá-Coll et al. [25] supinator
muscles are particularly effective in controlling
the symptoms in cases of a dynamic SL disso-
ciation. Indeed, supination constrains the pro-
nation tendency of the scaphoid, and closes the
SL gap (Fig. 3.12). Pronator muscles, by con-
trast, are deleterious in those cases, because they
pull the scaphoid away from the lunate, thus
widening the SL gap. Certainly, after a dorsal SL
ligament repair, contraction of the ECU, a strong
pronator, may affect negatively the results by
pulling the sutures apart. It is not surprising,
therefore, that after stimulation of the SL liga-
ment, the ECU muscle gets an efferent order to
relax, to do not contract. Indeed, the ECU is a
SL destabilizing muscle, a muscle that can make
worse the symptoms of a SL deficient wrist.

As said above (Sect. 3.2.4), there are three
muscles that consistently induce supination to
the distal row: the ECRL, the APL, and the
FCU, and two muscles that generate pronation:
the ECU and the FCR. Interestingly enough, the
supinator muscles are the ones that generate the
‘‘dart-throwing’’ type of rotation. This explains
why patients with dynamic SL dissociation
benefit from dart throwing exercises.

The FCR has long been assumed to be a
dynamic scaphoid stabilizer [6]. Because the
tendon angles around the scaphoid tuberosity, its
contraction has been long believed to generate a
dorsally directed force that would extend the
scaphoid. Recent studies, however, have dem-
onstrated that the FCR muscle does not induce
extension to the scaphoid, but flexion and supi-
nation, the latter being what makes this muscle
beneficial in SL deficient wrists [62]. Indeed, as
said above, by supinating the scaphoid, the SL
gap is closed.

3.4 The Carpal Pulley

Stiffness of the distal carpal row against dors-
opalmar compression is quite high provided that
the short and stout transverse intercarpal liga-
ments are intact. In normal conditions, the flexor
retinaculum contributes little to the overall

structural stiffness of the carpal arch. As dem-
onstrated by Garcia-Elias et al. [45], when the
transverse carpal ligament (the deepest layer of
the flexor retinaculum) is experimentally sec-
tioned, the transverse diameter of the carpal arch
increases an average 6 mm, whereas the resul-
tant structural stiffness appears to decrease to no
more than a 10 %. The role of the flexor reti-
naculum as a carpal arch stabilizer is minimal as
compared to its function as a pulley, and par-
ticularly during wrist flexion.

As demonstrated by Kang et al. [23], and later
confirmed by Netscher et al. [24], 30� extension
of the wrist improves an average 16 % the work
efficiency of the flexor tendons, whereas flexing
the wrist produces the opposite effect. This is in
accordance with the work by O’Driscoll and
associates [21] and Li [5], who demonstrated that
the most effective wrist position as far as grip
strength is concerned involves about 20�–30� of
extension and 5�–10� of ulnar deviation.

Section of the transverse carpal ligament tends
not to modify the effectiveness of the finger flexor
tendons if the wrist is in extension. By contrast, if
the wrist is flexed, and the transverse carpal
ligament has been removed, greater tendon
excursion is required for the same amount of fin-
ger flexion to be obtained, mostly due to the
bowstringing effect. Since the flexor digitorum
muscles have scarce possibilities to increase their
tendon excursion, their work efficiency is likely to
decrease, as it has been both clinically and
experimentally demonstrated. Indeed, section of
the transverse carpal ligament results in an aver-
age 16 % weakening effect on finger flexion when
the wrist is in flexion. The biomechanical
importance of the transverse carpal ligament as a
true pulley, therefore, cannot be neglected.
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Part II

Perilunate Fracture-Dislocations



4Acute Perilunate Dislocations
and Fracture-Dislocations

The first case of perilunate fracture-dislocation
that appeared in the literature was from Malgaigne
in 1855 and later from DeQuervain before the
introduction of radiography. The first detailed
description of these injuries was published
10 years after the discovery of X-rays, by Etienne
Destot in 1905. The first series reporting perilunate
fracture-dislocations was from Tavernier in 1906,
who described in detail 22 cases [1]. The majority
of these patients were victims of high-energy
injuries of that era, caused by falls from horses.

Perilunate injuries affect both soft tissues and
bony elements around the lunate and rarely the
lunate itself. There is an almost endless array of
injury patterns, which mainly concerns the frac-
ture-dislocation group. The vast majority involves
specific types of injuries, but in the literature iso-
lated cases have been described in the most unli-
kely combination of fracture-dislocations.

Although perilunate injuries could be mani-
fested in a multitude of radiographic images, the
constant and defining feature of the perilunate
dislocations is the dislocation of the capitate
head from the concavity of the distal lunate
(Fig. 4.1), while fracture-dislocations have
additionally in common the fracture of one or
more bones surrounding the lunate [2–4].

4.1 Incidence

Carpal dislocations and fracture-dislocations are
uncommon injuries and represent approximately
5–7 % of all wrist injuries [5–8], or about 10 %

of all carpal injuries according to others [1, 9].
The true incidence and prevalence of these
injuries are difficult to define precisely because
there is a belief that perilunate injuries in general
are under-diagnosed or because high-energy
injuries are increasing the last decades.

The population that is most frequently
involved is young male individuals, in the second
or third decade of life, who have sustained a sport,
traffic, or work accident [5, 10]. However, the
injury has also been described in children [11, 12].

Perilunate fracture-dislocations are twice as
frequent as the pure ligamentous perilunate
dislocations [2, 3]. Herzberg et al. [13] in a
multicenter study of 166 perilunate injuries
found that four types covered 94 % of cases: (a)
the dorsal trans-scaphoid perilunate fracture-
dislocations (Stage I) (49 %), (b) the dorsal
trans-scaphoid perilunate fracture-dislocations
(Stage II) (12 %), (c) the dorsal perilunate dis-
locations (Stage I) (17 %), and (d) the dorsal
perilunate dislocations (Stage II) (palmar lunate
dislocations) (16 %).

The increased incidence of trans-scaphoid
perilunate fracture-dislocations (50–96 %)
compared to all other perilunate fracture-dislo-
cations, has been confirmed by several authors
[3, 14, 15].

Dorsal displacement of the distal carpal row
occurs in 97 % of cases, while palmar disloca-
tions or fracture-dislocations are the less fre-
quent types of perilunate injuries (2–3 %) with
the greater arc variety being the most common
[3, 5, 13].

E. Apergis, Fracture-Dislocations of the Wrist,
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The vast majority are closed injuries while
open cases represent less than 10 % [3]. Because
they most frequently occur from high-energy
trauma, the percentage of associated injuries
reaches 61 % [16]. One out of four patients were
polytraumas [13], while visceral or other
extremity injuries were present in 65 % of
patients [17]. In 11 % of the patients, an asso-
ciated injury of the ipsilateral upper limb
occurred [18–20].

These injuries are rarely seen in the older
population, since without good bone quality the
distal radius is most likely to fail before the carpal
bones or ligaments. In the pediatric population,
the hyperextension forces required to cause
these injuries usually injure the weaker radial
physis rather than the carpal ligaments [21].

4.2 Nomenclature

In order to name these complex injuries and to
communicate with each other, it is usually suffi-
cient to study the two classical X-ray projections,
i.e., posteroanterior (PA) and lateral (L) view. In
the L view, it is necessary to be acquainted with
the radiological outline of the radius, lunate, and
the head of the capitate, which should be in
almost coaxial alignment (Fig. 4.2). Since a
constant and defining feature of all perilunate
dislocations and fracture-dislocations is the

dislocation of the capitate head from the con-
cavity of the distal lunate, we are interested in
clarifying: (a) Which of these two bones has lost
its coaxial alignment and (b) In which direction it
is displaced. If the capitate, which is an indicator
of the distal carpal row, loses its alignment and is
displaced, while the lunate remains in alignment
with the radius, then this injury is called ‘‘per-
ilunate dislocation’’. Depending on the direction
of the displacement, the perilunate dislocation
could be ‘‘dorsal’’ or ‘‘volar’’. Conversely, if the
head of the capitate remains in alignment with the
radius and the lunate is the displaced bone, then
this injury is called ‘‘dislocation of lunate, dorsal
or volar’’, depending on the direction of the
displacement. In every case, the prefix ‘‘trans-’’
is applied to describe a fracture while the prefix
‘‘peri-’’ is applied to describe dislocations.

For the nomenclature of these injuries, three
essential components are utilized.

The first component stems from the PA X-ray
view and is used if the presence of a fracture is
determined. The first component is formed by
the prefix trans- followed by the name of the
fractured bone(s). If no fracture is observed, the
first component is omitted.

The lateral X-ray provides us with the other two
components after, however, we have determined
which bone has lost its axial alignment and toward
which direction. Thus, the second component
indicates the direction of the dislocated bones

Fig. 4.2 In the L view, the longitudinal axis of the
radius, lunate, and capitate should be in almost coaxial
alignment. With permission from [231]

Fig. 4.1 Common characteristic of all perilunate inju-
ries is the loss of articular contact between the lunate and
capitate. With permission from [231]
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(dorsal or volar) and the third component describes
the type of dislocation, i.e., if the dislocation
is perilunate or lunate depending on the bone that
has been misaligned (Figs. 4.3, 4.4, 4.5).

4.3 Classification

The classification of lunate and perilunate injuries
is a difficult task. A classification no matter how
comprehensive and detailed it is, there will always
be unclassified cases since the spectrum of these
injuries is unlimited. The good news is that
unclassified cases are the vast minority, so even
dedicated wrist surgeons may encounter few such
cases in their careers. Moreover, despite their
rarity, their treatment follows the general princi-
ples of the perilunate injuries treatment.

The close relationship between carpal insta-
bilities and perilunate injuries is well known.
Existing ligamentous instabilities could be con-
sidered as incomplete dislocations or as residual
of a closed reduced dislocation [22]. This close
relationship is shown in a number of classifica-
tions [23–25].
In terms of instability, since the derangement, in
perilunate injuries, is both within and between
carpal rows, these injuries are considered as
carpal instabilities complex (CIC), which is a
combination of dissociative (CID) and non-dis-
sociative (CIND) instabilities.

Using the terminology that was popularized by
Johnson [26], perilunate injuries could be classi-
fied as lesser and greater arc injuries depending
on the path of injury around the lunate. Equally
important is the separation of these injuries into

Fig. 4.3 For the
nomenclature, the first
component is derived from
the PA view and at the
presence of a fracture, by
applying the prefix
‘‘trans’’. With permission
from [231]

Fig. 4.4 The second component is derived from the L
view and describes the direction of the dislocated bones
(dorsal or volar). With permission from [231]

Fig. 4.5 The third component is also based on the L
view and depends on the type of the dislocation
(perilunate or lunate). With permission from [231]
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those with dorsal (most frequent) or volar dis-
placement of the head of the capitate from the
distal articular surface of the lunate.

Herzberg [2] and Herzberg and Forissier [27]
proposed a radiologic classification of these
injuries, which was obtained from the two
standard PA and L views taken at the time of
diagnosis (Figs. 4.6, 4.7).

The PA view demonstrates the path of trauma
and defines two categories: the perilunate dis-
locations (PLD) , where the injury is primarily
ligamentous and perilunate fracture-dislocations
(PLFD) , where there is a combination of liga-
mentous and osseous injuries. The latter group
includes fracture-dislocations with an intact
(PLFD2S) or fractured scaphoid (PLFD+S).

Fig. 4.6 The modified radiologic classification by Herzberg [2] and Herzberg and Forissier [27] based on the PA
(according to the path of injury) view (see text for details). With permission from [231]

Fig. 4.7 The modified
radiologic classification by
Herzberg [2] and Herzberg
and Forissier [27] based on
the L view (according to
the displacement of
capitate) (see text for
details). With permission
from [231]
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In the PLD group, Herzberg et al. [13] recog-
nized that instead of the classical path of trauma
around the lunate, there could be variants: scap-
hotrapeziotrapezoid dislocation instead of
scapholunate dislocation (periscaphoid perilunate
dislocation) and/or a triquetrohamate instead of a
triquetrolunate dislocation (peritriquetral perilu-
nate dislocation).

In the PLFD group, the typical PLFD-S type
involves the radial styloid or variants (trans-
capitate, trans-triquetrum, or combinations),
while the PLFD+S type involves the scaphoid or
variants (trans-styloid, trans-capitate, trans-tri-
quetral, or combinations).

The L view demonstrates the alignment of the
radius, lunate, and capitate and clarifies the dis-
placement of the capitate with respect to the
lunate. Based on this projection, two types of
injuries are distinguished: In the Dorsal type,
there is dorsal displacement and in the Palmar
type there is palmar displacement of the capitate
with respect to the lunate. In both types, the lunate
may remain normally aligned relative to the
radius (Stage I) or may appear partially (rotated
palmarly less than 90o-Stage II) or totally dis-
placed (rotated palmarly 90o-Stage III), invading
the carpal canal. In stage III, the lunate is still
attached by the palmar ligaments to the radius
(mainly with the short radiolunate ligament),
a fact which is certainly related to its viability.
Witvoet and Allieu [28] described a stage IV of

lunate displacement, which is totally enucleated
without any soft tissue connections, lying at the
level of the distal forearm (Figs. 4.8, 4.9, 4.10,
4.11). (From Herzberg’s original description
[2, 27], we have modified the stages IIA and IIB as
stages II and III, for educational purposes).

The presence of associated chip fractures is
not sufficient to place the injury in the fracture-
dislocation group [13]. Such fractures are the tip
of the radial styloid, the osteochondral fragment
from the head of the capitate, or an avulsion
fragment from the proximal volar surface of the
triquetrum [13, 25].

Avulsion fractures of carpal bones may be a
subtle sign of carpal ligament injury that is
manifested belatedly with carpal derangement or
malalignment. Examples are the volar aspect of

Fig. 4.8 A type I dorsal perilunate dislocation. With
permission from [231]

Fig. 4.9 A type II dorsal perilunate dislocation. With
permission from [231]

Fig. 4.10 A type III dorsal perilunate dislocation. With
permission from [231]

4.3 Classification 65



triquetrum [29], volar horn of the lunate [30],
and dorsal triquetrum (Fig. 4.12).

Assuming that the rotation of the lunate is an
indicator of the severity of the injury, two obser-
vations are important: (a) The distinction between
stages II and III is often a matter of radiological
interpretation and of the muscle spasm that is
eliminated during anesthesia. In several cases in
which the lunate was radiologically considered to
be rotated less than 90� (Stage II), during the
operation it was found to be palmarly dislocated and
in direct contact with the median nerve (Stage III)
(Figs. 4.13, 4.14), (b) Same type of injuries, based
on the stage of the lunate rotation, may have totally
different severity, if instead of the lunate, the dis-
placement of the capitate (and therefore the distal
carpal row) is taken into account (Figs. 4.15, 4.16).

Consequently, with the PA and L views, lunate and
perilunate injuries could be classified into three
stages of severity (concerning soft tissue injuries),
according to the displacement of the capitate:
In stage I, the capitate remains in approximately
normal position; in stage II, it is displaced but still
remains within the limits of the distal radius; and
in stage III, it is displaced outside the limits of
the distal radius (Figs. 4.17a, b, 4.18a, b).

Excessive displacements of perilunate inju-
ries persuaded some authors to describe such
injuries using informal nomenclature as for
example ‘‘radial perilunar dislocation’’ [31].

A retrospective review of the medical records
and roentgenograms of all patients treated for
radiographically proven lunate and perilunate
injuries was carried out during the period from

Fig. 4.11 A type IV dorsal perilunate dislocation. With
permission from [231]

Fig. 4.12 The arrows indicate an avulsion fracture from
the dorsal triquetrum, which could be responsible for
VISI malalignment of the wrist

Fig. 4.13 A seemingly stage II dorsal perilunate dislo-
cation. (continued)

Fig. 4.14 After anesthesia, what seemed to be a stage II,
becomes a stage III injury, with the lunate (arrow)
compressing the median nerve
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1985 to 2010 at the Red Cross Hospital of
Athens. A total of 128 injuries in 126 patients
were reviewed. There were 36 patients (38
cases) with PLD and 90 patients with PLFD,
while 71 patients of the latter group had frac-
tured scaphoids. Thirty patients (31 cases) were
excluded, either because they were treated
operatively at other institutions or because they

were treated conservatively after closed reduc-
tion. Thus, 97 patients (98 cases) with lunate and
perilunate injuries were operatively treated. The
distribution by type of perilunate dislocations or
fracture-dislocations is shown in Table 4.1.

4.4 Disruption Mechanisms
of the Wrist

It is clear that the understanding of wrist injuries
based on different classifications which are often
complex and difficult to remember, is not fea-
sible. If the (seemingly) individual lesions are
not a problem, it is not the same for complex
injuries with limitless spectrum. The effort to
integrate every wrist injury in a classification
scheme and to deal accordingly depends essen-
tially on our ability to correctly interpret the
radiographic images. Thus, injury patterns have
largely been characterized by the osseous injury
profile and the consequential injuries of the soft
tissues. There is a tendency to try to ‘‘fit’’ the
apparent findings into the established category
with which they best agree. This approach can
underestimate the injury and potentially lead to
under-treatment [32].

A different approach that will help us under-
stand and deal more effectively with these complex
injuries has to do with the knowledge of the path of
injury and of the extent of tissue derangement, until
the applied force is exhausted. Graham [32] sup-
ported that carpal instability is best considered
either as compressive or transverse.

Thus, the wrist could be disrupted after: (a)
Compressive or axial force transmission, which
is responsible for axial dislocations or fracture-

Fig. 4.15 Classification of wrist displacement into three
stages (PA view), with the capitate as index, instead of
the lunate

Fig. 4.16 Classification
of wrist displacement into
three stages (L view), with
the capitate as index,
instead of the lunate
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dislocations, but more commonly, after (b)
Transverse force transmission that causes trans-
verse instability responsible for perilunate or
radiocarpal injuries.

4.4.1 Disruption Started
from the Radial Side of the Wrist

The fractured scaphoid and the scapholunate
dissociation are certainly injuries located in the

radial side of the wrist. If the force that caused these
injuries is not exhausted in these anatomical areas
but is evolved, it may lead to more complex injuries
such as perilunate or lunate injuries. The above
injuries are the result of transverse force trans-
mission and it is assumed that the disruptive force
started from the radial side and propagated to the
ulnar side of the wrist. It is known that the scaphoid
acts as a stabilizing link between the proximal and
distal carpal rows. In case of scaphoid nonunion,
the wrist is particularly susceptible to injury
[33, 34] (Fig. 4.19).

Fig. 4.17 a, b Based on the lunate displacement, this
excessive wrist dislocation is deceptively characterized
as stage I injury. When considering the displacement of

capitate, it is characterized as stage III injury, where the
capitate is displaced outside the limits of the distal radius

Fig. 4.18 a, b A stage I
PLFD+S injury (based on
lunate displacement),
becoming a more serious
stage II injury when
considering the
displacement of capitate
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The concept of a sequential pattern of intercar-
pal wrist instability was supported by the work of
Mayfield [35] and Mayfield et al. [36] and resulted
in the understanding of perilunate instability as a

spectrum of injury termed ‘‘progressive perilunar
instability’’, propagating from the radial to the
ulnar side of the wrist, with the lunate dislocation
representing the final stage of the injury.

Based on this fundamental work, four stages
of perilunate instability have been described
(Fig. 4. 20a–d) [5, 7, 10, 21, 35, 37, 38]:
Stage I. The failure is transmitted either through

the body of the scaphoid or through the
scapholunate ligament which ruptured volarly
to dorsally, eventually resulting in a complete
scapholunate dissociation. At this stage,
rupture of the radioscaphocapitate ligament
has been reported [8, 39], although others
dispute it [40].

Stage II. The force continues on to the space of
Poirier which is lying between the RSC and
LRL ligaments and disrupts the lunocapitate
joint. The dislocation of the capitate is fol-
lowed by the rest of the distal carpal row and
the entire (or the distal part in cases of frac-
ture) scaphoid. If the violence is exhausted at

Fig. 4.19 Fracture of the head of the capitate with 180�
rotation (arrows), following a preexisting scaphoid
nonunion. With permission from [231]

Fig. 4.20 a, b, c, and
d The four stages of
progressive perilunate
instability (see text for
description). With
permission from [231]
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this stage, only the lunate and the triquetrum
maintain their relations (Fig. 4.21a–c).

Stage III. The continuation of the force ulnarly
usually disrupts the lunotriquetral ligament
from palmar to dorsal (lunotriquetral disso-
ciation) including the medial expansion of
the long RL ligament, or rarely the TH and
TC ligaments (triquetrohamate dislocation)
[41] or both (Fig. 4.22a, b). At that stage,
rupture of the ulnotriquetral ligament has
been mentioned [39]. Alternatively, a tri-
quetral avulsion fracture may result. The
depletion of the force at this stage results in
dorsal perilunate dislocation.

Stage IV. The dorsally displaced capitate is
pulled proximally and volarly by muscle
contraction, by an external force or by the
intact RSC ligament and exerting pressure on
the dorsum of the lunate forcing it to dislo-
cate. At that stage, it is argued that the DRC
ligament is torn [21, 37–39, 42, 43] allowing
the lunate to dislocate into the carpal tunnel,
using the intact palmar ligaments (SRL, UL)
as a hinge. Lunate dislocation, therefore, is
the end stage of a dorsal perilunate disloca-
tion representing the most severe form and
highest degree of instability.
According to Mayfield et al. [36], the trans-

scaphoid fracture-dislocation constitutes Stage I
injury, the trans-scaphoid, trans-capitate Stage
II, and the trans-scaphoid, trans-capitate, and
trans-triquetral Stage III injury, while the trans-
styloid fracture-dislocation is considered as
variant of the trans-scaphoid as both these
fractures only rarely coexist.

It is generally accepted, that dorsal perilunate
dislocations precede palmar lunate dislocations,
and both are manifestations of the same injury and
are produced by the same mechanism of injury.

Johnson [26] supported that most of the carpal
fractures and dislocations, are confined to a
‘‘vulnerable zone ’’, which is largely contained
within a more proximal lesser arc and a more
distal greater arc. A path of injury progressing
around the lunate is purely ligamentous, leading
to a perilunate or lunate dislocation and is called
‘‘lesser arc injury ’’, while a path across the
osseous structures around the lunate constitutes a
‘‘Greater arc injury’’ (Fig. 4.23). This separation

Fig. 4.21 a, b, and c A patient with incomplete
perilunar instability with fractured scaphoid (stage I),
dislocation of the capitate (stage II) and normal LT joint,
who was undiagnosed and had been treated conserva-
tively for 4 months
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into lesser and greater arc injuries, could be a
rough classification of these injuries [44].

Usually, clinically seen lesser arc injuries are
indeed purely ligamentous injuries and only in
rare cases can be associated with fracture of the
triquetrum [45] (Fig. 4.24). On the contrary,
there is no consensus on the definition of greater
arc injuries, because it is extremely rare to find a

case with all the bones fractured around the
lunate. Some authors [46] consider a greater arc
injury to be any fracture-dislocation involving
the perilunar carpal bones; others [47] would
require the presence of at least both the scaphoid
and the capitate as the discerning feature of a
greater arc lesion. Most common are osseoliga-
mentous injuries, with one or two bones frac-
tured around the lunate [48, 49], which only
constitutes a partial greater arc injury
(Fig. 4.25). Rarely, three bones around the
lunate are involved [50–52]. The simplest and
perhaps most common form of perilunate frac-
ture-dislocation is the trans-scaphoid dorsal
perilunate dislocation, which could be an
‘‘intermediate arc injury’’ (Fig. 4.26).

A pattern of injury in which the intercarpal
region is spared and the lesion extends from
radial to ulnar and through the radiocarpal joint,
has been recently designated as an ‘‘inferior arc
injury’’ [32, 53]. This path of injury is respon-
sible for radiocarpal dislocations or fracture-
dislocations (Fig. 4.27).

Graham [32] rationalized the reason why a
transverse force propagating from the radial to
the ulnar side of the wrist follows a prescribed
path. He speculated that the force entering the

Fig. 4.22 A case of trans-styloid, trans-scaphoid, dorsal
perilunate dislocation with disruption of both the LT and
TH joints. Oblique view (a) and operative picture (b).

(RS Radial styloid, DS Distal scaphoid, T Triquetrum, PS
Proximal scaphoid, L Lunate, P Pisiform, C Capitate, and
H Hamate)

Fig. 4.23 The ‘‘vulnerable zone’’ [26], confined between
the greater and lesser arc
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radial aspect of the carpus encounters a ‘‘stout
deflector of forces’’, which is the LRL and is
directed through the SL ligament.

The term ‘‘translunate’’ had been used early
enough [54–57], to describe the rare, usually
high-energy injury in which a lunate fracture
was found in association with fractures of the

Fig. 4.24 A lesser arc injury, associated with scaphoid
dislocation and fracture of the triquetrum. With permis-
sion from [231]

Fig. 4.25 Concomitant incomplete fractures of the sca-
phoid and triquetrum (arrows) probably constitute an
incomplete greater arc injury. With permission from [231]

Fig. 4.26 The most common form of a perilunate
fracture-dislocation is the trans-scaphoid perilunate frac-
ture-dislocation. Although it is classified as greater arc
injury, it represents an intermediate arc injury. With
permission from [231]

Fig. 4.27 The inferior arc injury according to Graham
[32] and Graham et al. [53]
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surrounding bones. Recently, Bain et al. [42]
proposed the term ‘‘translunate arc injuries’’ to
include all trans-lunate fractures with perilunate
injuries (Fig. 4.28a, b). He supported that the
mechanism of injury in these cases did not fit
Mayfield’s classification system, and empha-
sized the destabilizing effect of all the ligaments
attached to the fractured lunate (Fig. 4.29a–c). It
has been reported, that a trans-lunate arc injury,
could be dispersed from the radial to the ulnar
side of the wrist [58, 59] or reverse from ulnar to
radial side of the wrist [60]. It could also be
complete but reduced [61], complete and dislo-
cated [42, 56], or incomplete [62, 63].
To confirm the magnitude of these complex
injuries, case reports have described uniquely
followed paths, that show the unpredictable way
that a high-energy trauma can break the wrist
[64–74] (Fig. 4.30a–h).

4.4.2 Disruption Started from
the Ulnar Side of the Wrist

One of the components of the three-dimensional
mechanism of injury, proposed by Mayfield
[35], is the intercarpal supination which implies
loading on the thenar eminence. It is reasonable

to assume that if the load is applied to the
hypothenar area, an intercarpal pronation com-
ponent is produced, which in combination with
extension and radial deviation, can cause a
gradually progressive instability; the first stage
of which is located to the ulnar side of the wrist
(probably the LT joint). One such possible
mechanism is when falling backward on the
outstretched internally rotated hand [5].

Different authors [44, 75, 76] have speculated
that a progressive sequence of ligament disrup-
tion can occur on the ulnar side of the carpus,
similar to what Mayfield [35] and Mayfield et al.
[36] had described on the radial side. This would
be the beginning of ‘‘reverse perilunate insta-
bility’’, which was first hypothesized by Reagan
et al. [75] and was later confirmed in the labo-
ratory by Viegas et al. [77]. However, instabil-
ities starting from the ulnar side are less known,
less understood, and probably less common. In
such cases, the LT dissociation would be the first
stage, the lunocapitate dislocation would be the
second, and the SL dissociation would be the
third stage of the reverse perilunar instability.

Viegas et al. [77] and Viegas [78], developed
a staging system for ulnar-sided perilunate
instability based on a series of cadaver dissec-
tions and load studies. The stages are as follows:

Fig. 4.28 A trans-lunate volar lunate dislocation. Arrows indicate the fractured lunate fragment in both PA (a) and L
view (b)
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Stage I. Partial or complete disruption of the
dorsal and central portion of the LT interos-
seous ligament (No clinical and/or radiolog-
ical evidence of dynamic or static VISI
deformity).

Stage II. Complete tear of the LT interosseous
ligament including its palmar region (and the
extension of LRL ligament to the triquetrum)
(Clinical and/or radiographic evidence of
dynamic VISI deformity).

Stage III. The above ligamentous disruption plus
the attenuation or disruption of the DRC
ligament (Clinical and/or radiographic evi-
dence of static VISI deformity) (Fig. 4.31).

Melone and Nathan [79] described the sur-
gical pathology in 42 cases with traumatic TFCC
disruption as the initial injury and comprised a
spectrum of injury resulting in five basic stages
of increasingly severe ulnar wrist instability
(Fig. 4.32).
Stage 1. Detachment of the articular disk from

its insertion at the base of the ulnar styloid
with associated partial peripheral detachment
of the dorsal or volar radioulnar ligaments.

Stage 2. Disruption of the adjacent infrareti-
nacular ECU sheath, resulting in subluxation
of the unrestrained tendon.

Stage 3. Disruption of the UC ligaments.

Fig. 4.29 A trans-styloid dorsal perilunate dislocation with an osseous fragment appearing in the PA (a) and L view
(b) (arrows). Operatively, it is shown to derive from the dorsal pole of the lunate (arrows) (c) (C Capitate, L Lunate)
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Fig. 4.30 Examples of
unique path of injuries:
Capo et al. [65] (a); Mullan
and Lloyd [230] (b);
Healey et al. [69], Sarrafian
and Breihan [73], Chalidis
and Dimitriou [66] (c);
Brown and Muddu [64],
Komura et al. [70], Lee
et al. [71], Yamabe et al.
[74] (d); Fowler [68],
Lundkvist et al. [72] (e);
Christodoulou et al. [61]
(f); Sabat et al. [50] (g);
Amaravati et al. [58] (1 h),
Noble and Lamb [54] (2 h)
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Stage 4. Partial or complete rupture of the LT
interosseous ligament.

Stage 5. Disruption of the triquetral-capitate and
triquetral-hamate ligaments, which compro-
mise the ulnar midcarpal joint.
Recently, Murray et al. [80] based on a

cadaver loading model and six clinical cases,
proposed a three-stage mechanism for ulnar-

sided perilunate instability of the wrist: Stage 1:
Disruption of the LTIL; Stage 2: Stage 1 plus
disruption of the ulnolunate, ulnotriquetral, and
ulnocapitate ligaments as well as disruption of
the dorsal scaphotriquetral and radiotriquetral
ligaments; and Stage 3: Stage 2 with progression
of the injury through the midcarpal joint plus
disruption of the scapholunate and radioscaph-
olunate ligaments potentially resulting in a dor-
sal perilunate dislocation.

It has been reported [29, 80] that the volar
triquetral avulsion fracture represents a subtle
radiographic sign for ulnar-sided ligamentous
injury, while rupture of the dorsal ligaments
attached to the triquetrum [81, 82] and of the
ulnocarpal ligaments which are in tension during
extension and radial deviation of the wrist [83]
are essential components of the reverse perilunar
instability.

Cases of presumed ulnar-sided perilunate
injury have been previously reported [41, 45, 60,
84] while the case reported by Nunn [85], where
a fracture of the triquetrum was associated with
dorsal perilunate dislocation without radial side
injury, could represent an incomplete (Stage II)
reverse perilunar instability.

It is known that in both PLD and PLFD a
volarly constant finding is a transverse capsular
derangement at the space of Poirier, in different
degrees. This capsular rent typically curves
proximally across the palmar LT ligament,
where it is usually completed. From 96 patients
(97 cases) with lunate and perilunate injuries
that were operatively treated by the author, with
combined (72 cases) or volar (4 cases) approach,
we found that in 10 cases the capsular rent
continues ulnarly proximal to the triquetrum
causing rupture of the ulnocarpal ligaments. All
the above cases belonged to the PLFD group, (8
cases of the PLFD+S and 2 cases of the PLFD–S
group). From the mechanism of injury and the
X-rays, a radial displacement of the wrist was
proven, we thus considered them as cases of
reverse perilunar instability (Fig. 4.33a–g). The
presence of rupture of the ulnocarpal ligaments
in perilunate injuries, has been mentioned before

Fig. 4.31 A three-stage perilunar instability according
to Viegas et al. [77] and, Viegas [78] (see text for
details). With permission from [231]

Fig. 4.32 The five stages of progressive ulnar wrist
instability according to Melone and Nathan [79] (see text
for details). With permission from [231]
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[6, 84, 86]. However, the importance of recog-
nizing the rupture of the ulnocarpal ligaments
and the necessity for restoration of this rupture
will be discussed later in this chapter.

The presence of skin abrasions, contusions, or
ecchymosis at the hypothenar area and a radially
deformed wrist, may indicate such a reversed
perilunar instability type of injury (Fig. 4.34a, b).

4.5 Mechanism of Injuries

The exact mechanism of injury is not entirely
clear, because the position of the hand and wrist
at the moment of injury is seldom recalled by the
patient. Seemingly similar mechanisms (hyper-
extension) generate different types of injuries

Fig. 4.33 A case of trans-styloid dorsal perilunate dislo-
cation with the wrist radially displaced (a, b); The volar
approach reveals the dislocated lunate (c); After reduction,
arrows indicate the ruptured capsuloligamentous

structures at the space of Poirier and LT joint (d); The
rupture continues ulnarly to disrupt the ulnocarpal liga-
ments (arrows) (e); and The final X-rays 6 years postop-
eratively (f, g). With permission from [231]
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(distal radius or scaphoid fractures, perilunate
injuries) because the injury that will occur
depends on a number of factors: (a) magnitude,
direction, and site of torque application, (b) wrist
position at the time of impact, (c) bone quality,
(d) condition of the different ligaments, and (e)
muscle protection reactivity [5, 58]. Some
authors believe that the rate of loading deter-
mines the pattern of injury, with slower loading
resulting in carpal fractures, and faster loading
resulting in ligamentous injury [87]. The possi-
bility of an indirect mechanism has also been
mentioned where tensile forces are transmitted
by ligaments, whereas compressive forces are
transferred across the joint surfaces [5].

The amount offorce required for these injuries to
occur, most frequently results from motor vehicle
accidents, sports injuries, and falls from substantial
heights. However, no single mechanism, no matter

how complex it is, is able to explain the entire
spectrum of these injuries.

Based on fresh cadaver specimens, Mayfield
[35] and Mayfield et al. [36] demonstrated
these injuries to result from a three-dimen-
sional mechanical concept consisting of a
combination of extension, ulnar deviation, and
intercarpal supination. The intercarpal supina-
tion is the rotational component of this injury,
produced by loading the thenar of wrist
cadavers with the forearm stabilized in pro-
nation (equivalent to pronation of the forearm
on the carpus as observed in actual clinical
injuries). In that case, the axis of intercarpal
supination passed through the triquetrum. The
rotational component has been emphasized by
Tanz since 1968 [88]. Nowadays, it is believed
that axial and torsional forces are applied with
the wrist in any combination of hyperexten-
sion, hyperflexion, and radial or ulnar devia-
tion [5, 6, 26] (Fig. 4.35).

The described mechanism of injury has been
implicated to explain the most common injuries,
which are propagating from the radial to the
ulnar side of the wrist. As mentioned before, the
combination of dorsiflexion, radial deviation,
and intercarpal pronation has been held respon-
sible for injuries with reverse perilunar disrup-
tion (Fig. 4.36) (see Sect. 4.4).

Fig. 4.34 Skin abrasions at the hypothenar area (a) and
radial displacement of the wrist in the PA view (b), are
indicative findings of a reversed perilunar instability type
of injury. With permission from [231]

Fig. 4.35 Application of force at the thenar area
produces a three-dimensional mechanism of injury:
hyperextension, midcarpal supination, and ulnar devia-
tion. With permission from [231]

4.5 Mechanism of Injuries 79



Special mechanisms have been described to
explain perilunate injuries associated with frac-
ture of the neck of the capitate (see Chap. 5) or
fracture of the proximal pole of the scaphoid
[89].

However, regardless of the mechanism of
injury, which has academic interest, it is par-
ticularly important to determine the path that the
disruption has followed in order to recognize,
name, and treat the injury appropriately.

4.6 Diagnosis

4.6.1 Clinical Evaluation

A thorough investigation of the patient’s history
with special emphasis on the mechanism of
injury is advisable. Due to the wide spectrum of
injuries, we regularly face two extreme situa-
tions: at one end of the spectrum is a polytrauma
patient, who is likely to have an obviously
deformed wrist and at the other end is the patient
with a painful wrist, who may not even recall a
specific traumatic event [90]. Frequently, there
is a striking paradox between the significance of
the traumatic injury to the wrist and the paucity
of clinical signs to suggest a serious injury [3,
91]. The patients complain of wrist pain and
limited range of motion. Examination shows
swelling and tenderness around the wrist and
any attempt at a passive or active range of
motion is painful. Crepitation may be appreci-
ated in greater arc injuries during palpation.
Inspection usually reveals a less obvious defor-
mity of the wrist that is located slightly more
distal than expected for a distal radial fracture
(Fig. 4.37a, b). When present, skin abrasions,
contusions, or ecchymosed areas may be helpful
in determining the mechanism of injury.

The impressively high percentage of patients
with missed diagnosis (even when they have
been submitted to radiological control) has been

Fig. 4.36 Loading at the hypothenar area with the wrist
in hyperextension could also produce midcarpal prona-
tion and ulnar deviation, a mechanism which has been
implicated to the development of reverse perilunar
disruption. With permission from [231]

Fig. 4.37 a, b Frequently and despite the severity of the injury, the deformity of the wrist in perilunate injuries, is
less obvious than in distal radius fractures. With permission from [231]
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pointed out by many authors [5, 13, 92, 93].
The frequency with which this occurs in repor-
ted case series, varies from 25 to 43 % [5, 13,
94–96].

Misdiagnosis can be attributed to the severity
of associated injuries, inadequate radiographs,
inexperienced doctors, or underestimation
because of spontaneous reduction. According to
Herzberg et al. [13], 26 % of his patients were
polytraumas. However, the lack of acquaintance
with the radiologic images of an injured wrist is
considered as probably the most important factor
for the delayed or missed diagnosis. There were
patients who were operated with fracture in their
forearm, while the ipsilateral perilunate injury
was missed or patients who were treated with
injury of a finger, while at the same X-ray an
obvious lunate dislocation was missed [97].

Herzberg et al. [13] supported that PLD and
PLFD injuries are overlooked with the same
frequency, while Garcia-Elias [5] stated that
PLD injuries are more prone to be overlooked
than PLFD, owing to the lack of an obvious
pathology, such as a scaphoid fracture, which
can rarely be left undiagnosed. The radiological
diagnosis is difficult to escape if we follow Hill’s
[98] encouragement: ‘‘look for the lunate’’.

A vascular injury is not usual, while the vast
majority are closed injuries. Open injuries rep-
resent less than 10 % [6, 13]. Median nerve
compression is common and acute carpal tunnel
syndrome is present in approximately 25 % of

patients (range 16–46 %) [13, 16, 38, 42, 93, 99]
therefore, a thorough neurologic examination of
the median and ulnar nerves is important. Dur-
ing the palmar approach it is common to find the
median nerve being compressed by the dislo-
cated lunate or by the proximal carpal row, when
the distal row is dorsally displaced. In most
cases, recovery of the nerve function is expected
after the reduction of the dislocation [93, 100].

In volar lunate dislocation fingers are flexed,
while their active or passive extension causes
severe pain [44].

Author’s Personal Series (View)
By reviewing the medical records of our

patients who were treated operatively (97
patients-98 cases), we found that the delay of the
operative treatment does not coincide with the
delay or missed diagnosis (Tables 4.2, 4.3). We
found that timely diagnosis (same day as the
accident) was done in 78.8, 53.3, and 50 % of
PLFD+S, PLFD-S, and PLD cases, respec-
tively. On the contrary, 21, 46.5, and 49.9 % of
PLFD+S, PLFD-S, and PLD cases, respec-
tively, were diagnosed with some delay. We
concluded that lesser arc injuries (PLD) were
more frequently missed in diagnosis because
39.9 % of the cases were diagnosed after the first
week of the accident. It is also obvious, that if in
an injured wrist there is no scaphoid or radial
styloid fracture, any wrist derangement is very
likely to escape.

Table 4.2 Number of patients (percentage) with delay in operative treatment for each type of injury

Operated on the same
day

Operated between
2–7 days

Operated between
8–45 days

Operated after
45 days

PLFD+S 30 (57.6 %) 13 (25 %) 6 (11.5 %) 3 (5.7 %)

PLFD-S 3 (20 %) 5 (33.3 %) 5 (33.3 %) 2 (13.3 %)

PLD 9 (30 %) 5 (16.6 %) 12 (40 %) 4 (13.3 %)

Table 4.3 Number of patients (percentage) with delayed or missed diagnosis for each type of injury

’ Diagnosed the same
day

Diagnosed between
2–7 days

Diagnosed between
8–45 days

Diagnosed after
45 days

PLFD+S 41 (78.8 %) 5 (9.6 %) 4 (7.6 %) 2 (3.8 %)

PLFD-S 8 (53.3 %) 1 (6.6 %) 5 (33.3 %) 1 (6.6 %)

PLD 15 (50 %) 3 (10 %) 8 (26.6 %) 4 (13.3 %)
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4.6.2 Imaging Studies

Despite the fact that the radiographic evaluation
is the cornerstone of diagnosis, it should be
noted that approximately 20 % of perilunate
injuries are misinterpreted on the initial radio-
graphic evaluation [24]. Initial radiographs must
include a neutral PA and a true L view.

The PA radiological view must be examined
for disclosure of one or more of the following
findings:
1. The existence of fractures indicative of dis-

turbance of wrist architecture: fractures of
radial and ulnar styloid, displaced or angu-
lated fracture of the scaphoid, fracture of the
lunate, or fractures of the bones of the distal
carpal row. The detection of these fractures
requires, prior to being recognized as indi-
vidual, to first exclude the possibility of a
perilunate injury (Fig. 4.38a–c).

2. The overriding of proximal and distal carpal
row giving rise to the ‘‘crowded carpal sign’’
[101] (Fig. 4.39a, b).

3. Loss of carpal height and disruption of
Gilula’s arcs. Gilula [102] and Gilula et al.
[103] defined three smooth carpal arcs that
indicate intact carpal connections. The prox-
imal (Arc I) and distal (Arc II) outlines of the
proximal carpal row and the proximal outline
(Arc III) of the distal carpal row, must be
smooth and uninterrupted. If a discontinuity
is detected, a grossly altered intercarpal
relationship is indicated (Fig. 4.40a, b).

4. The relation and symmetry of the opposing
articular surfaces. Loss of parallel alignment
and overlapping or increased distance between
adjacent bones must be assessed. We used in
comparison the opposing articular surfaces of

Fig. 4.38 Fractures indicative of perilunate injuries are:
the fracture of the neck of the capitate (a), the fractures
of the styloids (radial and ulnar) or the proximal
triquetrum (b), and the displaced fracture of the scaphoid
(c). With permission from [231]
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the distal carpal row that were usually normal
(i.e., the capitohamate joint) (Fig. 4.41).

5. The shape of the carpal bones (especially of the
scaphoid and lunate). A correctly aligned
lunate appears trapezoidal on the PA view. If
the lunate rotates dorsally or palmarly, its
configuration changes to appear triangular or
wedge-shaped [102]. The shape of the lunate is
changed repeatedly during radial or ulnar
deviation of the wrist, so it can easily lead to
misunderstandings. In perilunate injuries, the
lunate gets an abnormal or wedged shape as a
result of its palmar rotation. The scaphoid
shape and configuration should be inspected for
evidence of abnormal posture. When the sca-
phoid is palmarly flexed, it appears foreshort-
ened and is projected in cross section on the PA
projection. This ‘‘ring sign’’ may indicate per-
ilunate instability or can be a normal finding in
a radially deviated wrist [104] (Fig. 4.42a–c).

Fig. 4.39 a,
b Overlapping of the distal
and proximal carpal rows
in the PA view (arrows) is
indicative of perilunate
injury. With permission
from [231]

Fig. 4.40 Gilula’s arcs in
a normal wrist must be
smooth and uninterrupted
(a). Arcs I and II are
disrupted in perilunate
injuries (b). With
permission from [231]

Fig. 4.41 Overlapping of the lunate with the adjacent
scaphoid and triquetrum is indicative of perilunar insta-
bility. With permission from [231]
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The L radiological view, must be truly lat-
eral, with the wrist in neutral position. Since in
this view the carpal bones are overlapped, there
is a relative difficulty in interpreting, especially
when the projection is oblique or when the wrist
is radially or ulnarly deviated. In the L view, the
following are confirmed:
1. The radius, lunate, and capitate axes must be in

almost coaxial alignment and any deviation
from this configuration needs further investi-
gation. The normal coaxial alignment of the
radius, lunate, and capitate is disrupted in
perilunate dislocations. In dorsal perilunar
dislocations, the distal concavity of the lunate
no longer contains the proximal convexity of
the capitate, the axis of which is dorsally dis-
placed. In palmar lunate dislocations, the dis-
tal concavity of the lunate is facing palmarly
(« spilled teacup sign») [105] and the axis of
the radius and capitate are almost collinear
(Fig. 4.43a–d). In rare palmar perilunate dis-
locations, the axis of the capitate is palmarly
displaced, while the lunate still articulates with
the radius. On the contrary, in dorsal lunate
dislocations, the radius and capitate remain
almost coaxial while the axis of the lunate is
dorsally displaced (Fig. 4.44a, b).

2. The displacement of the head of the capitate
in cases of greater arc injuries (Fig. 4.45).

3. The measurement of the angles between bone
axes is not useful in fresh injuries. They are
particularly useful to monitor the adequacy of
reduction (closed or open), to observe if the
initial reduction is maintained and also to
evaluate the long-term outcome. The radi-
olunate, lunocapitate, and scapholunate are
the angles we are mainly interested in.
Although there has been skepticism for the

method [26], when uncertainty exists, a PA
traction radiograph helps us describe with some
accuracy the extent and clarify the path of
injury. It also uncovers the full extent of the
intraarticular damage that was not obvious in
plain X-rays owing to bone overlapping
(Fig. 4.46a–c).

Further investigation methods (tomography,
cineradiography, bone scan, arthrogram, CT,
and MRI) are usually not necessary in the acute

Fig. 4.42 Palmar flexed scaphoid produced the so-
called ‘‘ring sign’’, while the lunate has a triangular
shape overlapping the capitate (a). Abnormal shapes of
the lunate (b, c). With permission from [231]
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setting. These modalities may be useful in
chronic or neglected cases.

4.7 Management

Because of the rarity and great diversity of these
injuries, there is limited clinical experience for
the assessment of the outcome of a particular
therapeutic method. Most clinical studies refer-
red to a small number of patients, with various
types of injuries, treated in different modes, and
at different periods of time. Only in recent years
have appeared in the literature series of patients
with specific type of injuries or specific treat-
ment modalities [106–109], which makes it
possible to draw conclusions regarding the
treatment and prognosis [2, 18, 110].

The plan of treatment necessarily relies on
the evaluation of the initial X-rays but no par-
allelism can be drawn between bone displace-
ment and the magnitude of ligamentous injuries,
since there is a possibility of partial or full
spontaneous reduction. For this reason, the true
extent of ligaments injury can only be assessed
intraoperatively, while it is inappropriate to
assume the ligament injury by the initial radio-
graphs alone [24].

The time elapsed from injury is an important
guiding factor to treatment options [111].

Early diagnosis and appropriate treatment,
are prerequisites to prevent the development of
instabilities, bone nonunion, and arthritis. Early
treatment is definitely more effective than
delayed treatment, which often requires salvage
operations.

Fig. 4.43 In a normal wrist the radius, lunate, and
capitate axes must be in almost coaxial alignment (a).
Different stages of dorsal perilunar dislocation where the

distal concavity of the lunate no longer contains the
proximal convexity of the capitate (b–d). With permis-
sion from [231]
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The lesser and greater arc injuries have a
different philosophy to deal with. In lesser arc
injuries, where ligamentous injuries predomi-
nate, the management principles are mainly
directed in repairing and maintaining the liga-
mentous stability, while in greater arc injuries
the management principles are mainly directed
in the reduction, fixation, and union of the
fractures. In the quite common combined inju-
ries, we are interested in all of the above.

There is a trend for these injuries to be treated
with open reduction and internal fixation
because, although it is usually possible to
grossly reduce the dislocation by closed
manipulation, restoration of anatomic alignment
of all injured structures cannot be achieved by
closed means [112]. We endorse the view
expressed by Moneim [46] according to whom:
‘‘if for some reason open reduction cannot be

carried out immediately, closed reduction should
be carried out only to reduce the perilunate
dislocation. It should be followed by open
reduction and internal fixation as soon as the
patient’s condition allows’’.

Regardless of the way we choose to treat a
perilunate injury, closed reduction must be made
as soon as possible in all cases, unless we plan to
treat operatively the patient, immediately after
his/her admission to the hospital [112]. The
reasons for the closed reduction to be done as
soon as possible, are:
1. To relieve pressure on the median nerve and

other soft tissue structures.
2. To diminish the time of increased tension of

the capsule and therefore, of vascular deficit
to the displaced bones [5].
In cases where early definitive surgical

management is contraindicated (polytrauma or
other medical conditions), we prefer to closely
reduce the injury, splint the wrist, elevate the
extremity to allow the edema to subside, and
perform an open reduction during the first week
postinjury.

Until the 1950s, most recommended methods
for closed reduction of perilunar dislocations
were based on Gunn’s law (formulated in 1923
by Davis [113]), which states that ‘‘by posi-
tioning the dislocated joint in the position it was
at the time of injury and then reversing the force,
any dislocation should be easily reduced’’. In

Fig. 4.44 In volar perilunate injuries, the lunate axis is
displaced dorsal to the capitate axis (a), while in dorsal
lunate dislocation the capitate is coaxial with the radius
(b). With permission from [231]

Fig. 4.45 In L view, the integrity of the head of the
capitate is inspected. In this case, the head of the capitate
was fractured, dorsally displaced, and rotated 180�
(arrows). With permission from [231]
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other words, to reduce a dislocation, the mech-
anism of injury must be recreated. Initially, for
the manipulation of reduction a broomstick was
used as a lever, to press the lunate from the volar
surface [113, 114]. Adams [115] stressed the
harmful consequence that may result from hard
objects used as a lever of reduction and recom-
mended the use of thumb to press the lunate.
Bohler [116] attributed irreducibility to muscle
spasm and emphasized long (more than 20 min)
application of continuous traction without
manipulation, aimed at automatic reduction of
the lunate. The method of continuous (skeletal)
traction (up to 3 days) was applied in neglected
cases, where the attempt for closed reduction
had failed [117]. The most commonly used
manipulation for closed reduction of perilunate
dislocations are the guidelines proposed by
Codman and Chase in 1905 [118] and by
Tavernier in 1906, that were later modified
by Watson-Jones [119]. The closed reduction
must be atraumatic with complete muscle
relaxation, either through general anesthesia or
Bier’s or axillary block. Forceful manipulation
(as with local anesthesia) should be avoided
because of the risk of further injury to ligaments
or cartilage, while multiple attempts to reduce
the lunate should be limited, as they may cause
iatrogenic median nerve palsy [120].

Herzberg and Forissier [27], indeed, believe
that closed reduction should not be attempted
when the lunate is palmarly dislocated and
rotated more than 90�, because closed reduction
will inevitably fail and may even be harmful to
the palmar radiolunate ligamentous remnants, if
present.

The patient is placed supine and the elbow is
flexed to 90�. A finger-trap suspension with
10–15 pounds of counterweight across the arm is
used. A period of 5–10 min of uninterrupted
traction is helpful to increase the joint spaces and
makes the manipulations of reduction milder. At
that time and during traction, PA and L radio-
graphs are obtained, with the carpus distracted, to
better evaluate the path of injury and the extent
of the damage. The patient’s wrist is extended
while counter pressure is applied over the palmar

Fig. 4.46 Initial X-rays (a, b) may cause confusion on
the definition of the type of injury, while the PA traction
view easily clarifies its identity (c). With permission from
[231]
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lunate with the surgeon’s thumb. Gradual wrist
flexion follows with direct pressure over the
capitate until a snap occurs. This indicates that
the proximal pole of the capitate has overcome
the dorsal lip of the lunate and the dislocation is
reduced. Pronation of the hand on the forearm
may be required for this maneuver to succeed [2,
39, 44, 88] (Fig. 4.47a–d). The manipulation of
closed reduction is the same, whether the injuries
are of PLD or PLFD type.

Failure of closed reduction with gentle
manipulations, necessitates open reduction in
order to remove any obstacle, which is usually
the interpolated capsule [24]. Of course, there

are cases of irreducible perilunate injuries, usu-
ally referred to as greater arc injuries [121–123].

After a successful closed reduction we are
faced with three options:
1. The closed reduction and cast immobilization

will be the definitive treatment.
2. The closed reduction will be augmented with

percutaneous pin fixation and cast
immobilization.

3. A splint is applied and an open reduction is
arranged when the conditions allow for it
(the swelling subsides, the overall health of
the patient improves, or when planning the
referral to a specialized center).

Fig. 4.47 a–d The steps
taken for closed reduction
of a dorsal perilunate
injury (see text for details).
With permission from
[231]
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4.7.1 Closed Reduction and Cast
Immobilization as Definitive
Treatment

In the past, many authors suggested that closed
reduction should be the primary treatment for
perilunate dislocations and fracture-dislocations
and open reduction should be reserved for irre-
ducible cases [94, 98, 124, 125]. The problem is
that these injuries are inherently unstable, so that
closed reduction and cast immobilization carry
an unpredictable prognosis [15, 16, 25, 126].
Cooney et al. [17] noted that carpal instability
was a problem after conservative treatment
despite maintaining reduction in a cast for an
average of 17 weeks. The reduction of the
midcarpal joint by closed methods is not enough
to ensure the maintenance of an anatomic
alignment for the next 6 weeks. Because there is
a serious potential for long-term complications
(nonunion, instabilities, arthritis), we should be
very reluctant to consider closed reduction and
cast application as definitive treatment.

Adkison and Chapman [16] reviewed 55
patients with perilunate injuries who were all
treated by closed reduction. They found that
after anatomic reduction, 59 % of the wrists lost
anatomic position during the first 6 weeks of
treatment despite adequate external immobili-
zation. The closed treatment alone was suc-
cessful in achieving and maintaining an
anatomic reduction in only 27 % of cases. The
authors stated that failure of treatment is usually
due to loss of the initial reduction during
immobilization in a cast, as the carpus is inher-
ently unstable in compression. Compression
forces often cannot be controlled adequately
with a cast alone.

Panting et al. [100] reported late displace-
ment of an anatomic reduction and cast immo-
bilization in 21 % of their patients.

Apergis et al. [127] performed a study, where
20 patients were treated by open reduction
internal fixation (ORIF) and 8 patients by closed
reduction and casting. All patients treated by
casting had poor to fair results, while 65 % of

ORIF patients had good and excellent results.
The authors also concluded that these injuries
are too unstable to be treated without fixation.

After reduction, if definitive closed treatment
is contemplated, careful scrutiny of the pre- and
post-reduction radiographs is necessary. The
adequacy of reduction must be critically asses-
sed and only perfect alignment accepted.

In greater arc injuries, difficulties to achieve
anatomic reduction may be greater due to com-
minution of the fracture fragments or because of
interference of ligamentous or capsular struc-
tures [121]. Even after a perfect reduction, the
wrist could collapse in DISI deformity, where
the proximal scaphoid and proximal carpal row
rotate dorsally, while the distal scaphoid with
the distal carpal row rotate volarly. Proper cast
application requires a three-point support system
with reduction pressure applied at specific areas
both for lesser and greater arc injuries [5, 17, 24,
128]. Pressure is exerted dorsally over the cap-
itate and the distal radius, while it is palmarly
applied over the scaphoid tuberosity and pisi-
form. Pads are placed at the reduction points and
careful cast molding is critical [7].

Concerning the extent of immobilization ,
despite the fact that some authors recommend
the application of a long-arm cast [44], the
maintenance of reduction does not seem to
depend on the level of the cast applied [16].
However, in greater arc injuries, the immobili-
zation must probably be more rigorous: a long-
arm plaster that includes the thumb in opposition
and the index and long fingers in an intrinsic-
plus position [5, 44].

The recommended position of immobiliza-
tion is not unanimously accepted. Despite the
fact that occasionally all possible wrist positions
of immobilization have been suggested (slight or
full wrist flexion, neutral or slight dorsiflexion),
which demonstrates that this method does not
produce consistently reliable results, it seems
that the prevailing view is with the wrist in
neutral or slight palmar flexion [5, 15, 44, 105,
129]; for TS-PLFD injuries slight palmar flexion
and radial deviation are recommended [5].
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Regarding the period of immobilization ,
although in the past there was a tendency of
immobilization for even less than a week [114,
115, 130], immobilization for 8–12 weeks, pro-
vided that the reduction is maintained anatomi-
cally, is most appropriate [23, 44, 111]. Possibly
in greater arc injuries, the time is usually greater
than the time for lesser arc injuries and can reach
up to 17 weeks [17].

The unstable nature of these injuries requires
the reduction to be weekly reassessed radio-
graphically for at least the first 3 weeks, as
gradual loss of reduction frequently occurs.

The acceptance criteria of reduction should
be strict. Every residual malalignment of the
bones, any dorsal or volar rotation of the inter-
calated proximal carpal row or any scapholunate
dissociation, require operative intervention. We
would not accept a lunocapitate angle greater
than 15�, a scapholunate angle greater than 60�,
or scapholunate dissociation greater than 4 mm.
Scaphoid fractures with postreduction displace-
ment greater than 1 mm or lateral intrascaphoid

angulation greater than 45� (normal values 15o–
35o), should not be accepted [131–134].

Bibliographic data suggest that closed
reduction and cast immobilization are often
accompanied by
(a) A high incidence of scaphoid nonunion,

reaching 50–75 % [16, 17, 135].
(b) Complications of ligamentous origin (SL

dissociation, LT dissociation, rotatory sub-
luxation of scaphoid, ulnar translocation)
(Fig. 4.48a, b). Besides, it is known that
ligamentous instability predisposes to sca-
phoid nonunion [136, 137].

(c) High incidence of post-traumatic arthritis
[3].

(d) Potential perturbation of the kinematic
behavior of the proximal carpal row, com-
pared with patients treated with open
reduction for the same type of injury [93]
(Fig. 4.49a1–a3, b1–b3).

4.7.2 Closed Reduction
and Percutaneous Fixation

If the reduction achieved by closed manipulation
is completely anatomic and no further surgery is
considered, we can try to maintain the reduction
achieved using percutaneous Kirschner wires
(K-wires). In addition, by retaining the bones in
their anatomical position with K-wires, the
healing capability of the intrinsic ligaments is
enhanced [5]. However, the possibility of
obtaining anatomic reduction with the closed
method is strongly disputed and the method is
indicated only in cases, where open reduction is
contraindicated (polytrauma patients who may
not be able to tolerate surgery) [40, 163]. The
percutaneous fixation should be done fluoro-
scopically [106] or when possible, under
arthroscopic direct vision [107, 138–141].

The percutaneous fixation with K-wires is
made with the wrist reduced but still suspended
by finger trap, with the traction released. The
placement of the K-wires conforms to a specific
technique, the stages of which are described
below [5, 111, 138] (Fig. 4.50a–c):

Fig. 4.48 Late presentation of a volar lunate dislocation
(a), treated with closed reduction: DISI deformity and
rotary subluxation of scaphoid (b)
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1. In cases of scapholunate dissociation
(perilunate or lunate dislocations), the pro-
cedure starts by inserting from the dorsum
2 K-wires at right angles, one into the lunate
and the other into the scaphoid, which are
used as ‘‘joysticks’’ to hold them in the
reduced position by the assistant. The
manipulation reduction of the scapholunate
complex without using joysticks is difficult,
since we are dealing with what Mayfield et al.
[36] called: paradox of closed reduction.1

Ruby and Cassidy [15], prefer to stabilize
first the capitolunate relationship. While
exerting a volar translation force on the cap-
itate, a single smooth K-wire is driven prox-
imally from the capitate into the lunate.

2. The lunate is then retained in a neutral lateral
position by a percutaneous pin placed
through the radial aspect of the radial
metaphysis across the radiolunate joint.

3. Two more K-wires are inserted from the
medial aspect of the wrist across the LT joint
to stabilize the ulnar side of the perilunate
injury.

4. Fixation of the SL joint with two more pins
that are transversely inserted from the ana-
tomic snuffbox.

5. At this point, midcarpal joint mobility and
congruity are inspected under fluoroscopy. If
there is a tendency for capitate subluxation, a
further K-wire is passed across the scaphoid
to stabilize the scaphocapitate joint.

Fig. 4.49 Comparison of the L X-ray views through
dorsiflexion, neutral, and palmarflexion of two patients
with identical injuries (trans-styloid trans-triquetral dor-
sal perilunate), who were treated: the first patient with
closed reduction (a1–a3) and the second patient with
open reduction, ligamentous suturing, and osseous

fixation (b1–b3). It is noted that the lunate of the patient
treated with closed reduction, remains in dorsiflexion
throughout the range of motion. Conversely the lunate of
the second patient follows accordingly the range of wrist
motion

1 Both Mayfield et al. [36] in experimental studies and
Taleisnik [44] in the clinical practice observed the so-
called paradox of closed reduction, namely, when the
wrist is palmarflexed in order to relax the torn palmar
radiocarpal ligaments and facilitate their approximation
and healing, the scaphoid is placed in the undesirable,
unstable palmarflexed position of presubluxaton. If the
scaphoid is reduced with the wrist in dorsiflexion, a gap
is produced between the torn palmar ligaments, and their
healing is either prevented or delayed.
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In all cases, a subcutaneous neurovascular
injury should be prevented by means of small
skin incisions, followed by blunt dissection to
identify and protect structures such as the radial
artery and the superficial branches of the radial
or ulnar nerves [142]. A drill guide may be
helpful to introduce K-wires with safety.

The K-wires are left protruding through the
skin, bent at right angles, or cut just under the
skin to facilitate later removal. A padded splint
is applied immediately after the final radio-
graphs have been obtained. This is converted to
a below elbow plaster cast, after swelling has
subsided. Alternatively, an external fixator could
be used, which permits cast-free after-treatment
and neutralizes the applied loads, while main-
taining normal carpal alignment during ligament
healing [143].

Although percutaneous pinning under fluo-
roscopic guidance, can minimize the surgical
trauma, the main disadvantage of this technique
is that the assessment of an accurate reduction of
the intercarpal alignment is always insufficient,
when depending on a radiological aid [144].

The percutaneous fixation method is applied
mainly for lesser arc injuries. Despite the fact
that cases with percutaneous fixation of the
scaphoid with K-wires [100, 126] or cannulated
screws [106, 145, 146] have been reported in the
literature, they usually referred to cases with
isolated fracture of the scaphoid. Using this
technique in complex perilunate injuries is a
difficult task [111].

The cast or the external fixator and pins are
removed at 8 weeks and therapy is started.
However, most authors [7, 15, 142], recommend
that after removal of the hardware, immobili-
zation in a dorsal splint is continued for an
additional 4 weeks, adding up to a total of
10–12 weeks.

4.7.3 Arthroscopic Reduction
and Percutaneous Fixation

Arthroscopic reduction with percutaneous fixa-
tion, has been suggested by several authors as a
useful alternative for the treatment of acute
perilunate injuries [107, 140, 144, 147, 148]. As
it is a minimally invasive surgical technique, it
certainly decreases the extent of soft tissue dis-
section, preserving the blood supply to carpal
bones, while the risk of joint stiffness resulting
from capsular fibrosis is less than with open
surgery.

Most cases reported in the literature involved
exclusively TS-PLFD cases [107, 148] and only
few series included PLD cases [144, 147].

It can be used for debridement, evaluation of
damage, assessment of reduction and percuta-
neous fixation with K-wires of the reduced
joints, percutaneous screw fixation for scaphoid
fractures and even percutaneous bone grafting
[107].

Main limitations are: (a) The method is only
indicated for acute injuries and is currently
limited to relatively simple cases, (b) The rela-
tively high risk of extravasation due to the
massive disruption of capsular structures, which
is always present in perilunate injuries, can
cause problems such as compartment syndrome

Fig. 4.50 Schematic depiction of the K-wires, by order
of insertion, in cases of closed reduction and percutane-
ous fixation (a–c) (see text for details). With permission
from [231]
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[40, 107], (c) Direct repair of the torn capsule or
ligaments is not possible by this method [107,
144, 147]. Proponents of the method claim that
the capsular structures can heal adequately with
a good vascularity when they are properly
approximated and protected for some period,
and that open repair of interosseous ligaments is
not necessary [144, 147].

Arthroscopic reduction and percutaneous
fixation in perilunate injuries, is certainly a
useful ancillary method although it is a techni-
cally demanding procedure. In the hands of
experienced wrist arthroscopists, it is a promis-
ing method that may be considered in selected
cases.

4.7.4 Open Reduction

Open reduction, which is considered today the
method of choice, is performed either immedi-
ately after the injury or delayed 5–7 days to
allow for the swelling to decrease. If delayed
open reduction is selected, closed reduction of
the dislocation must be preceded [24]. However,
for anatomic reduction and appropriate fixation
of the injured structures, there is a time limit as
to when it can be done successfully.

The prevalence of open over closed reduction
as definitive treatment with respect to long-term
results, is based on the fact that we have more
chances to achieve and maintain the anatomical
reduction in the open rather than in the closed
method [5, 17, 24, 86]. Additional reasons in
favor of open reduction are that the existing
extensive ligamentous lesions both dorsally and
volarly, render these injuries unstable by defi-
nition, while the frequent presence of chondral
lesions, especially from the head of the capitate
(Fig. 4.51a–c) and comminution of scaphoid
fracture, necessitate joint irrigation and removal
or reattachment of the free osteochondral frag-
ments [5, 10, 15, 16] (Fig. 4.52). During open
reduction, there is a tendency for direct liga-
mentous repair in an attempt to improve long-
term stability. Several studies have shown the
superiority of this method, but it is not clear
whether this is due to a greater accuracy of

reduction or due to the repair of the ligaments
[10]. It continues to be unclear, which intercar-
pal or radiocarpal ligaments require direct repair
and which heal by restoration of the osseous
relationships [39].

Since perilunate and lunate dislocations are
different stages of the same injury, their treat-
ment is practically the same. Certainly, there is a

Fig. 4.51 A case of dorsal PLD (a) with an extensive
chondral defect of the head of the capitate (arrows) (b).
The chondral fragment was found with the palmar
approach lying deep in the carpal tunnel and adjacent
to the midcarpal rent (wavy arrow), through which it
migrated from the dorsal to the palmar surface
(c) (R Radius, C Capitate). With permission from [231]
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large number of combined lesser and greater arc
injuries published as case reports, but their
treatment follows the same basic principles that
will be described below.

Such rare cases of perilunate fracture-dislo-
cations, are: Trans-scaphoid, trans-capitate,
trans-triquetral, dorsal perilunate, fracture-dis-
location [51, 52, 149]; trans-scaphoid dorsal
perilunate fracture-dislocation with dorsal [150]
or volar [151] dislocation of the proximal sca-
phoid pole; trans-triquetral, dorsal [45, 85, 152],
or palmar [153] perilunate dislocation; trans-
scaphoid, trans-triquetral, dorsal perilunate,
fracture-dislocation [49, 154], or palmar lunate
dislocation [48, 155]; trans-styloid, trans-sca-
phoid, trans-triquetral dorsal perilunate fracture-
dislocation [156]; trans-styloid, trans-triquetral
dorsal perilunate fracture-dislocation with frac-
ture of the ulnar border of the distal radius [157];
trans-styloid, trans-scaphoid, trans-lunate dorsal
perilunate fracture-dislocation [54, 56, 57];

dorsal perilunate dislocation with distal radius
fracture [158]; palmar lunate dislocation with
type Salter–Harris III distal radius fracture
[159]; trans-triquetral (with nonunion scaphoid)
dorsal perilunate fracture-dislocation [131];
trans-styloid, trans-scaphoid, trans-lunate, trans-
triquetral fracture (reduced) [58]; trans-sca-
phoid, trans-lunate, trans-triquetral fracture
(reduced) [61]; trans-scaphoid, trans-lunate
fracture (reduced) [63]; trans-scaphoid, trans-
capitate, trans-triquetral fracture (reduced) [50];
and trans-lunate, trans-triquetral (reduced) [60].

Rare cases of perilunate or lunate dislocations
are: Peri-triquetral dorsal perilunate dislocation
[41]; periscaphoid and lunate dorsal perilunate
dislocation [74]; peri-scaphoid and lunate pal-
mar lunate dislocation [64, 66, 69–71]; peri-
scaphoid and lunate palmar lunate dislocation
with complete scaphoid extrusion [67]; perilu-
nate, peritriquetral palmar lunate dislocation
[68]; and dorsal perilunate and dorsal radiocar-
pal dislocation [160].

We examine the issue of open reduction of
these complex injuries, in three steps: (a) The
approach, (b) The assessment of injuries (dor-
sally and palmarly), and (c) The reconstruction
(dorsally and palmarly). When necessary, a
differentiation is made depending on whether the
injury is of dislocation or fracture-dislocation
type.

Ninety seven patients (98 wrists) were oper-
ated at our institution for perilunate injuries.
Table 4.4 indicates the operative approaches we
used, according to the type of injury.

4.7.4.1 The Approach
Despite the overall consensus that open reduc-
tion and internal fixation is the treatment of
choice for these complex injuries, the best

Table 4.4 The operative approaches used, according to the type of injury

PLD No PLFD+S No PLFD-S No

Combined (Dorsal, Palmar) 28 Combined (Dorsal, palmar) 35 Combined (Dorsal, Palmar) 11

Dorsal 2 Dorsal 15 Dorsal 3

Palmar 1 Triple (Dorsal, Palmar, Ulnar) 2 Triple (Dorsal, Palmar, Ulnar) 1

Fig. 4.52 The dorsal approach frequently reveals com-
minuted fracture or osteochondral fragments (arrows)
necessitating joint irrigation. (R Radius, C Capitate,
T Triquetrum, L Lunate, and S Scaphoid). With permis-
sion from [231]
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surgical approach is less clear and remains
controversial. Surgical approaches that have
been used are the dorsal, volar, and combined
dorsal-volar techniques. The fear had always
been that combined approach would lead to
lunate and scaphoid avascular necrosis due to
interference with their blood supply, but this has
so far remained a theoretical rather than a real
complication [10]. In addition, the choice of the
most suitable approach is influenced by the fact
that it has not yet been established, which
intercarpal or radiocarpal ligaments require
direct repair and which heal just by restoring the
osseous relationships [86].

Proponents of the combined dorsal and volar
approaches feel that they provide the benefits of
improved exposure, better assessment of injured
structures, ease of reduction, access to distal sca-
phoid fractures, the ability to repair volar liga-
ments, and carpal tunnel decompression [38, 112].

Proponents of the isolated dorsal approach
[15, 16, 23, 46, 86, 125, 161–164] believe that
suture repair of the volar ligaments is not
absolutely necessary, as the volar capsule will
heal when anatomic reduction is achieved after
dorsal fixation. In addition, a second volar
incision in a swollen wrist may impart further
swelling, wound problems, carpal devasculari-
zation, and a slower recovery of digital flexion
and grip strength [18, 38, 86]. They would use
an additional volar approach, if a carpal tunnel
release were to be performed or if a volarly
dislocated lunate required open reduction.
Herzberg [2] suggested that a single dorsal
approach may be used when the rotation of the
proximal scaphoid-lunate unit is less than 90�
with respect to the radius. However, when the
dislocated unit is rotated more than 90�, a volar
carpal tunnel approach should be used first,
because attempts at closed reduction are likely
to fail due to volar capsule interposition and
these attempts may moreover be harmful to the
remaining ligamentous connections between the
radius and lunate (Fig. 4.53).

Proponents of isolated palmar approach [86,
98, 116, 165–167], mainly refer to trans-caphoid
perilunate fracture-dislocation injuries and they

recommend to use a Russe approach to free the
scaphoid fracture from interposed soft tissue,
apply bone graft if indicated, and repair the
anterior capsular rent.

Since 1973, when Dobyns and Swanson [168]
first advocated combining dorsal and palmar
approaches for these injuries, this option has
gained wide recognition [3, 5, 8, 9, 14, 22, 24,
43, 90, 91, 120, 138, 164, 169, 170].

The main idea is that the volar approach
allows the release of the carpal tunnel, suturing
of the capsular rent at the level of the midcarpal
joint and repairing the important volar liga-
ments. The dorsal approach allows us to control
the adequacy of reduction, to repair the inter-
osseous ligaments of the proximal carpal row, to
stabilize the joints, and to reduce and fixate the
fractures of carpal bones. It should be noted that
the volar approach is not necessary in order to
reduce the dislocation, but to repair the impor-
tant palmar ligaments. Only in rare cases is the
volar approach indispensable for the reduction
of the dislocation, e.g., complete dislocation of
the lunate (Stage IV) [3] or in chronic cases.

With the patient supine on the operating
table, a general or regional anesthetic is
administered. A tourniquet is placed on the arm
to afford good visibility of the neurovascular and
ligamentous structures.

Fig. 4.53 In a case of trans-scaphoid volar lunate
dislocation, the lunate (L) with the proximal scaphoid
fragment (S) were volarly dislocated. In this case, the
RSL ligament (arrows) seems to be intact. Any attempt
for vigorous closed reduction could jeopardize its
integrity. With permission from [231]
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Regardless of the type of injury (PLD or
PLFD type), both dorsal and palmar approaches
are the same. Usually, we prefer to start with the
palmar and then to proceed with the dorsal
approach.

The Palmar Approach

An extended carpal tunnel incision is used,
starting 3–4 cm proximal to the wrist crease, in
line with the palmaris longus tendon. The inci-
sion is curved ulnarly at the proximal wrist
crease to avoid injuring the palmar sensory
branch of the median nerve, then parallel to the
longitudinal thenar crease and ends at the distal
region of the transverse carpal ligament in the

midpalm (Fig. 4.54). The transverse carpal lig-
ament and the antebrachial fascia are incised
longitudinally. In every case, great care must be
taken when dividing the transverse carpal liga-
ment, so as not to injure the median nerve that is
located more superficial than normal, com-
pressed by the underlying lunate (in lunate dis-
location) or proximal carpal row (in perilunate
dislocation) (Fig. 4.55). At that stage, the med-
ian nerve should be carefully inspected for
hematomas that suggest direct trauma to the
nerve (Fig. 4.56). The palmar wrist capsule is
exposed by manipulating the contents of the
carpal canal. We usually retract the median
nerve and the FPL tendon radially, and the rest
of the flexor tendons, ulnarly (Fig. 4.57). In
order to evaluate and reconstruct the ulnar
capsuloligamentous structures, all flexor tendons
and the median nerve are radially retracted. With
the volar approach, great care must be taken not
to disrupt the proximal ligamentous attachments
of the lunate, since probably these are now the
only vascular supplier (Fig. 4.58).

In PLFD+S type of injuries, instead of a
carpal tunnel incision, a distally extended Henry
exposure has been recommended by some
authors [5, 135], as used for grafting scaphoid
nonunions, while Inoue et al. [14] used an
approach that combines Herbert’s approach with
a carpal tunnel release with an incision of ‘‘Y’’
fashion. Szabo and Newland [86], in cases of

Fig. 4.54 The extended carpal tunnel approach

Fig. 4.55 In dorsal perilunate or volar lunate disloca-
tions frequently the median nerve is lying immediately
under the transverse ligament, somewhat flattened by the
underlying dislocated bone (arrows). With permission
from [231]

Fig. 4.56 A case in which the volarly dislocated and
rotated by 90o lunate, compresses with its dorsal horn
(arrow) the median nerve (asterisk). Nerve dysfunction is
obvious. With permission from [231]
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trans-scaphoid PLFD and if the carpal tunnel
needs to be released, recommends an ‘‘S’’ type
incision which necessitates identification of the
palmar cutaneous branch of the median nerve.
Herzberg [6] suggested a combined palmar
approach: a radial incision for internal fixation
of the scaphoid and a midline carpal tunnel
approach to repair palmar carpal ligaments.

The Dorsal Approach

The dorsal approach consists of an 8 cm longi-
tudinal midline incision or in line with the Lis-
ter’s tubercle. The incision is carried down to the
extensor retinaculum, raising skin flaps radially
and ulnarly. The retinaculum is divided in line
with the third dorsal compartment and the
extensor pollicis longus (EPL) tendon is retrac-
ted radially. Dividing this compartment, atten-
tion is required not to injure the superficial radial
nerve, the branches of which are crossing the
third compartment radially. The second and
fourth dorsal compartments are mobilized by
subperiosteal dissection, without exposing the
encompassing tendons, until the dorsal wrist
capsule becomes visible (Fig. 4.59a–c).

At that stage, we need to think if the terminal
branch of the posterior interosseous nerve,
which is identified on the radial floor of the
fourth compartment, should be resected for pain
reduction [40], or if the nerve resection alters
wrist propioception reflexes [171]. Recent

publications are trying to resolve this issue
[172–175].

The capsule could be distended and filled with
blood, it may have already been disrupted in
various ways or it could be intact. If the dorsal
capsule is intact, we prefer to perform a ligament
splitting capsulotomy as originally described by
Berger and Bishop [176]. In this technique, the
dorsal capsular incision is started ulnar to Lister’s
tubercle, splitting the dorsal radiocarpal ligament
longitudinally to the triquetrum. The capsular
incision is then continued in the radial direction,
splitting the dorsal intercarpal ligament and
making a radially based V-shaped flap. Further
exposure can be achieved by extending the
proximal limb of the capsulotomy along the dor-
sal rim of the distal radius (Fig. 4.60). The last
step, inevitably results in a complete denervation
of the dorsal wrist capsule. Alternatively, a dorsal
nerve-sparing approach has been described [175].

If the dorsal capsule is torn, the arthrotomy
can be extended, either longitudinally to create
and elevate a radial and an ulnar capsular flap to
expose the scapholunate, capitolunate, and
lunotriquetral articulations, or incorporating the
original capsular injury with a ligament-sparing
dorsal capsulotomy.

Transverse arthrotomies [7], an inverted ‘‘T’’
–shaped capsulotomy [9] or a ‘‘Z’’ fashion cap-
sulotomy [2] have also been in some instances
described.

Fig. 4.58 Usually, in a volarly dislocated lunate its
proximal ligamentous attachments (SRL ligament)
remain intact and should be preserved. With permission
from [231]

Fig. 4.57 Deep palmar approach by retracting the
median nerve and the FPL tendon radially and the mass
of flexor tendons ulnarly. With permission from [231]

4.7 Management 97



4.7.5 The Assessment of the Injury

When we use combined approaches, it is useful
to record the integrity of specific anatomic
structures, following a prescribed order. The
injury is first examined palmarly, then dorsally,
and subsequently definitive repair is planned.

4.7.5.1 Palmar Findings

Lesser arc Injuries

With the nerve and flexor tendons retracted, the
volar capsule is inspected. In unreduced dislo-
cations, the distal articular surface of the lunate is
immediately apparent protruding through the
disrupted volar wrist capsule and rotated pal-
marward in different degrees. If closed reduction
is preceded, a transverse rent of capsuloliga-
mentous structures is consistently found. This
rent is located at the level of the midcarpal joint,
it has even or rugged torn edges and occurs in
both perilunate and lunate dislocations
(Fig. 4.61a, b). The rent is transverse or arc-
shaped with its convex side facing distally. Its
length is variable and comprises radial, distal or
central and ulnar parts. The radial part usually
involves the sulcus between the RSC and long
RL ligaments. The integrity of the RSC ligament
is a matter of controversy. We, as others
[21, 40], believe that most often the RSC liga-
ment is intact (Fig. 4.62a–c) and only rarely is it
found ruptured or avulsed from radius
(Fig. 4.63). Others believe that rupture of the
RSC ligament is a frequent intraoperative [5, 6,
8, 26], or arthroscopic finding [144, 147]. Since
the RSC and long RL are intraarticular ligaments
covered with the joint capsule, the control of
their integrity necessitates the removal of the
superimposed synovial layer. In every case, the

Fig. 4.59 Stepwise dorsal approach: Division of the
third compartment (arrow), Lister’s tubercle (asterisk)
(a); the superficial radial nerve (arrows) is in danger
when dividing the third compartment (b); and mobiliza-
tion of the second and fourth dorsal compartments (c).
With permission from [231]

Fig. 4.60 The ligament splitting capsulotomy [176].
Splitting the DIC ligament (wavy arrow) and the DRC
ligament (straight arrow). Lister’s tubercle (asterisk).
With permission from [231]
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integrity of the RSC ligament must be recorded
and treated accordingly. The distal or central part
of the rent involves the capsule of the lunocapi-
tate joint (space of Poirier), while the ulnar part is
located at the lunotriquetral region, rupturing the
palmar lunotriquetral, and the continuation of the
long RL ligament to the triquetrum (Fig. 4.62c).
In some cases, the volar LT ligament can be
avulsed with osseous articular fragment from the
volar surface of the triquetrum. This was found in
5 out of 26 (19 %) of our acute or delayed cases
treated before the 45th day.

The rupture of the SL and LT ligaments is
given, in both perilunate and lunate dislocations,
while the long and short RL ligaments are usu-
ally intact (Fig. 4.58), with the exception of
cases with complete dislocation of the lunate,
which is free of any ligamentous attachments
(stage IV) (Fig. 4.64).

Greater Arc Injuries

The capsuloligamentous injuries are similar to
those already described in lesser arc injuries,
except that in some cases (mostly of greater arc),
the ulnar part of the capsular rent continues
proximal and ulnar to the triquetrum, affecting
the ulnocarpal ligaments, the integrity of which
must be verified (Fig. 4.33e in the Sect. 4.4.2).
This was observed in 10 out of 97 cases
(10.3 %) of perilunate injuries that were opera-
tively treated by the author; all 10 cases were
greater arc injuries.

Often through the capsular rent, the proximal
scaphoid stays linked to the protruding lunate
with the scapholunate ligament, if the latter
maintains its integrity (Fig. 4.65). A fragment of
the fractured triquetrum can also be linked to the
dislocated lunate (Fig. 4.66). However, there are
cases in the literature, where through this cap-
sular rent, the lunate with the proximal scaphoid
[73, 177, 178], or with the proximal capitate
[179] are palmarly displaced even up to the
distal forearm [162, 180]. At this stage, we have
the opportunity to control the integrity of the
dislocated lunate. It is not unusual to find frac-
tures of the body [42, 63] or the horns of the
lunate. The fracture of the palmar lunate horn
is probably equivalent with rupture of the long
RL ligament and needs to be addressed
(Fig. 4.67).

4.7.5.2 Dorsal Findings

Lesser Arc Injuries

Rupture of the dorsal capsuloligamentous
structures is not a usual finding. Rarely, the
dorsal capsule and especially its radial part can
be avulsed from the dorsal radial rim. Some
authors [21, 37, 38, 42] support that in May-
field’s staged perilunar instability, lunate dislo-
cation (Stage VI) presupposes rupture of the
dorsal radiocarpal ligament. This involves the
attachment of the ligament to the dorsal horn of

Fig. 4.61 The midcarpal rent could have even (a) or rugged (b) torn edges. With permission from [231]
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the lunate, but the main ligament which is
attached to the triquetrum, is usually intact.

After capsule elevation, the head of the cap-
itate and the proximal pole of the scaphoid,
which is dorsally subluxated, become visible.
The lunate is covered partially or completely by

Fig. 4.62 In a volar lunate dislocation the arrow
indicates the remnants of the LT ligament (a); Postre-
duction, both LRL and RSC ligaments are intact (b); and
Rupture of the volar LT ligament (c). (SRL Short
radiolunate ligament, L Lunate, T Triquetrum) [231]

Fig. 4.63 The arrow indicates the ruptured RSC liga-
ment in a volar lunate dislocation, while the asterisk
indicates the intact LRL ligament

Fig. 4.64 Complete dislocation of the lunate (Stage IV)
(arrows) predisposes to complete rupture of its ligamen-
tous attachments

Fig. 4.65 The volarly dislocated lunate attached with an
intact SL ligament to the proximal fragment of the
scaphoid. (S Scaphoid, L Lunate)
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the head of the capitate (Fig. 4.68). After the
carpal bones are exposed, cartilage damage is
assessed. It is important to inspect all the carpal
bones for damage, since chondral defects will be
prognostic in long-term recovery [40]. The head
of the capitate is a common area where cartilage
defects of varying size are identified. It is usu-
ally indicative of the violence applied to the
head of the capitate from the dorsal lip impac-
tion of the lunate during dislocation. The pres-
ence of free osteochondral fragments needs to be
addressed either by excision or reattachment. In
addition, by inspecting the head of the capitate
for cartilage erosion or chondral defects, we
could roughly predict the development of mid-
carpal arthritis [6, 40].

The literature suggests that the SL interosse-
ous ligament usually detaches from the scaphoid
and remains connected to the lunate [1, 7, 22,

37, 38, 40, 111, 140], while others suggest that it
is most often avulsed from the lunate [21, 43]. In
fact, the SL ligament shows a much wider range
of failures. Specifically, from 26 acute PLD
cases treated operatively, we found the SL lig-
ament: avulsed from the scaphoid (5 cases) or
from the lunate (15 cases), ruptured in its mid-
substance (1 case), and with peculiar types of
disruption (5 cases). The latter types of disrup-
tion usually include cases where the dorsal SL
ligament was avulsed from the lunate, while the
proximal SL ligament was avulsed from the
scaphoid (Fig. 4.69a–d). The good news is that
in the vast majority of cases, the SL ligament is
avulsed from its attachments (with or without
bony fragment), rather than ruptured in its
midsubstance.

Normally, the dorsal intercarpal ligament is
intact, but its proximal part, i.e., the dorsal
scaphotriquetral ligament, is often avulsed toge-
ther with the dorsal SL ligament (Fig. 4.70a, b).

The lunotriquetral ligament is either torn or
avulsed, with the same rate from the lunate or
the triquetrum, with or without an osseous
fragment. Some authors believe that the luno-
triquetral ligament is avulsed more often from
the triquetrum [21, 43] and others from the
lunate [108], but frequently, there is no dorsal
lunotriquetral ligament remaining for direct
repair [7, 9].

Fig. 4.66 The volarly dislocated lunate attached with an
intact proximal LT ligament to the proximal fragment of
the triquetrum. (L Lunate, T Triquetrum). With permis-
sion from [231]

Fig. 4.67 A volarly dislocated lunate with fractured
palmar horn (arrows), exerting pressure on the median
nerve. (L Lunate). With permission from [231]

Fig. 4.68 With dorsal approach, after capsulotomy, the
unreduced lunate is found embedded and partially
covered by the capitate head. (S Scaphoid, L Lunate,
T Triquetrum, H Hamate, C Capitate)
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Greater Arc Injuries

Depending on the mechanism and the violence
applied, an irregular rupture could be found, not
only of the capsule but also of the dorsal reti-
naculum. Greater arc, in contrast with lesser arc
injuries, show a high frequency of injuries of the
dorsal capsuloligamentous structures manifested
as: avulsion of the dorsal capsule from the radius
with the DRC ligament intact, rupture of both
capsule and DRC ligament, or avulsion fracture
fragments from the dorsal radial rim (Fig. 4.71a–
c). Excluding chronic cases, we found 26 cases
(52 %) from 50 PLFD+S and 8 cases (61 %)
from 13 PLFD-S, with injuries of these dorsal
structures. The dorsal radiocarpal ligament can
rupture anywhere in its course (avulsed from
radius, ruptured in its midsubstance, or avulsed

with an osseous fragment from the dorsal
triquetrum).

After capsule elevation, the head of the cap-
itate and the fractured distal scaphoid become
visible. The proximal scaphoid remains linked
with the lunate through the ‘‘intact’’ scapholu-
nate ligament.

In the past, there was the perception that
scapholunate dissociation and scaphoid fracture
are mutually exclusive, because the energy
causing the injury will either tear the scapholu-
nate ligament or fracture the scaphoid [16, 23,
26, 40, 100, 178, 181]. Even nowadays it has
been suggested that, when the capitate displaces,
the scaphoid must either fracture or rotate [86].
Mayfield [35] and Mayfield et al. [36] found that
almost all TS-PLFD had some degree of

Fig. 4.69 Different types of SL ligament ruptures: The
dorsal SL ligament (arrows) is detached from the
scaphoid (a) or the lunate (b). The dorsal SL ligament
appears detached from the lunate with an osseous
fragment (asterisk), while the proximal portion of the

ligament is detached from the scaphoid (arrow) (c). Same
type of rupture without an osseous fragment (arrows)
(d) (S Scaphoid, C Capitate, L Lunate, R Radius)

102 4 Acute Perilunate Dislocations and Fracture-Dislocations



scapholunate ligament failure, ranging from
small palmar tear to complete disruption. Con-
comitant scaphoid fracture and scapholunate
dissociation, were confirmed in many clinical
cases reported later [6, 89, 104, 138, 147, 150,
182–185] (Fig. 4.72), while Herzberg et al. [13]
found this combination in 3.8 % of their patients
and considered it as a factor of poorer prognosis.
In some cases, the scapholunate ligament has a
partial tear of its volar and proximal part, con-
firming the perception that the rupture of the
ligament has started from the volar side [35]. In
addition, the macroscopically intact scapholu-
nate ligament does not necessarily ensure its
biomechanical integrity. The coexistence of
these two injuries renders the scapholunate
complex particularly unstable, increasing the
incidence of scaphoid nonunion [136, 182, 186].
In rare cases, the proximal scaphoid is dorsally
displaced protruding through the dorsal capsule
[89] or even more rarely rotated by 180� [122,
150] (Fig. 4.73a–c). In our series, 9 out of 50
cases (18 %) with acute or delayed injuries,
exhibited concurrent scaphoid fracture and
scapholunate dissociation. Seven of the above
cases had complete rupture, while two of them
had ruptured the volar and proximal part of the
ligament.

The scaphoid fractures are usually located in
its middle third and are frequently comminuted.
According to Herzberg et al. [13], from 83

dorsal TS-PLFD, the scaphoid fractures were
located in the middle third in 95 % (transverse in
72 %, comminuted in 22 %, and with a large
intermediate fragment in 6 %) and in only 5 %
they were located in the proximal third. In our
series, from 51 TS-PLFD, 47 scaphoid fractures
(92 %) were located at its waist. Sixteen of them
were transverse (34 %) and 31 (65.9 %) were
comminuted. Two fractures (3.9 %) were loca-
ted at its proximal third and 2 fractures (3.9 %)
were comminuted involving its distal third
(Fig. 4.74a, b).

Fractures of the radial styloid are usually
associated with rupture of the scapholunate lig-
ament, regarded as TS-PLFD variance [3]
(Fig. 4.49a1, b1). However, the combination of
fractures of the radial styloid and the scaphoid is
not unusual. The concomitant fractures of the
radial styloid and the scaphoid associated with
rupture of the scapholunate ligament, is a really
rare injury (Fig. 4.75).

A relatively frequent variation of a greater arc
type of injury is the scaphocapitate syndrome,
which implies a perilunar dislocation with frac-
tures of the scaphoid and the capitate, the latter
being displaced with the proximal pole rotating
by up to 180� (The scaphocapitate syndrome is
analyzed in a separate chapter).

The fracture of the triquetrum may concern
its body, an avulsion fracture fragment from its
proximal surface or a volar articular fragment

Fig. 4.70 Besides the rupture of the proximal SL ligament, the dorsal scaphotriquetral ligament appears to be intact
(a), but it is actually avulsed from the dorsal horn of the lunate (asterisk) (b)
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avulsed with the volar LT ligament, which
remains linked with the lunate, while the main
body is dislocated with the distal carpal row
(Fig. 4.76). In some cases, an osseous fragment
is identified at the dorsal surface of the trique-
trum, either as an avulsion fracture from liga-
mentous attachments or after a chiseling action
of the ulnar styloid process on the dorsum of the
triquetrum [187] (Fig. 4.77a, b). Garcia-Elias
et al. [95] supported that 1 out of 4 patients,
instead of dislocation of the LT joint, presented
with fracture of the body of the triquetrum or
avulsion fracture from its proximal pole.

Inspection of the integrity of the capitate-
hamate joint is recommended, since from 67
greater arc injuries treated operatively, we found
3 cases with capitate-hamate dissociation, which
were not radiographically visible. This finding
probably implies a complex mechanism of
injury comprising an anterior-posterior crush
type force [10] (Fig. 4.78).

Fig. 4.71 Different types of injury of the dorsal caps-
uloligamentous structures in greater arc injuries: avulsion
of the dorsal capsule from the radius (arrows) with the
DRC ligament intact (a); rupture of the DRC ligament
(arrows) (b); avulsion fracture fragments from the dorsal
radial rim (arrows) (c)

Fig. 4.72 The concomitant fracture of the scaphoid and
SL ligament rupture in trans-scaphoid perilunate injuries,
were found in 18 % of our patients. With permission
from [231]
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Regardless of the type of injury (probably
more frequently with greater arc injuries), the
fracture of the ulnar styloid, is quite a common
finding and it must be evaluated in relation to the
integrity of the ulnocarpal ligaments and the
stability of the DRU joint.

4.7.6 The Reconstruction

An important part of any open reduction is
removing bone, cartilage, and soft tissue debris,
by thoroughly irrigating the joint [9, 21].

4.7.6.1 Lesser Arc Injuries

Palmar Repair

In unreduced PLD cases, the lunate is reduced
under direct vision, by manually pushing it in a
dorsal direction while longitudinal traction on
the hand is applied. With the lunate reduced, the
constant finding of the transverse rent in the
volar capsule is easily visualized. Suturing of
the palmar rent precedes any dorsal reconstruc-
tion to prevent redislocation during the remain-
der of the operative procedure. Nonabsorbable
suture (3-0) is used to repair this rent in the

Fig. 4.73 A case with trans-scaphoid perilunate dis-
location with the proximal pole of the scaphoid displaced
dorsally (arrows) (a, b); it was lying on the dorsal surface

of the radius and was detached from the lunate (c);
(PS Proximal pole of the scaphoid, R Radius, C Capitate)

Fig. 4.74 A trans-scaphoid perilunate dislocation with comminution distal to the scaphoid waist (arrows) (a);
an extensive osteochondral defect is detected at the capitate head (b) (C Capitate, L Lunate, S Proximal scaphoid)
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capsule. Care must be taken to place the sutures
deep enough to include the deep ligamentous
structures in the repair, since they are covered
with a synovial layer that renders them indis-
cernible. It is usual practice to suture the whole
length of the capsular rent, including the space
of Poirier. However, we agree with Garcia-Elias
[5] who stated that suturing should not include
the space of Poirier (which is by nature a free
space), since by closing this anatomically
defined space with sutures, a palmar midcarpal
stiffness may follow. Thus, our concern is
focused on the radial and ulnar limb of the rent
(Fig. 4.79a, b).
Suturing of the radial limb usually involves the
sulcus between the RSC and long RL ligaments,
while in cases where the RSC ligament is found
disrupted or avulsed from the radius, it is also
repaired using nonabsorbable sutures or with
bone anchor to the radius. At present, the palmar
SL ligament cannot be repaired, as it is covered
by the intact long RL ligament. However, this
seems to be of no concern, since the dorsal SL
ligament is repaired and the SL joint is stabilized
with K-wires; probably in the future, repairing
the palmar SL ligament will become a matter of
interest.

Attention is then turned to the ulnar limb of
the rent, which is one of the main reasons for the
palmar approach. It is essential to suture the
palmar LT ligament, which is the strongest and
most important part of the LT ligament. In cases
where the volar LT ligament is avulsed with
osseous articular fragment from the volar sur-
face of the triquetrum, repair could be performed
by inserting a bone anchor to the triquetrum. In
rare, for lesser arc injury, cases where the cap-
sular rent continues ulnarly to include the
ulnocarpal ligaments, their suturing is equally
important.

Once the volar rent has been repaired, atten-
tion is drawn dorsally, while the palmar wound
is closed only at the skin level and at the end of
the procedure.

Dorsal Repair

As during assessment of injuries, similarly dur-
ing reconstruction, it is advisable to follow a
specific sequence of steps. Different surgeons
show a preference to a different sequence of
reconstruction [111]. We, however, recommend
the following order for dorsal repair:

As a preliminary step, it is often helpful to
place 1.6 mm K-wires transversely into the
scaphoid and the triquetrum using an inside-out
technique, while the lunate is still free of liga-
mentous support. These K-wires are advanced
until they reach the articular surfaces of the
bones adjacent to the lunate, exiting radially and

Fig. 4.75 A trans-styloid, trans-scaphoid dorsal perilu-
nate dislocation associated with rupture of the SL
ligament (arrows) (DS Distal scaphoid, PS Proximal
scaphoid, T Triquetrum, L Lunate)

Fig. 4.76 Fracture of the radiovolar surface of the
triquetrum (arrows) after the reduction of the dislocation
(L Lunate, C Capitate, T Triquetrum). With permission
from [231]

106 4 Acute Perilunate Dislocations and Fracture-Dislocations



ulnarly [37], and will be used later to stabilize
the SL and LT joints.

Preparation of SL ligament repair. Before
reducing the scapholunate interosseous interval,
it is desirable to first place the sutures for repair
depending on the type of SL injury. Direct repair
of the ligament is preferred, provided that the
ligament is of sufficient quality. This ligament is
usually avulsed off bone, either the scaphoid or
the lunate and is only rarely ruptured at its mid-
substance. The bony bed is prepared by remov-
ing any interposed soft tissue. Creating a

bleeding surface is not necessary in acute cases.
One or two suture anchors are placed into the
bed and used to repair the dorsal portion of the
ligament later on. Any osteochondral fragment
that may still be attached to the ligament is
preserved and incorporated into the repair for
better suture retention and healing potential [8].
Alternatively [188], drill holes are placed in the
scaphoid pole or the lunate, exiting along the
radial ridge of the scaphoid or the dorsal pole of
the lunate. In this technique, the sutures are
passed though the SLIL and then through the
scaphoid or the lunate, to reapproximate and
suture the SLIL later on. The sutures are not
secured and tightened, until after scapholunate
reduction and pinning have been performed.
Skoff et al. [189] compared the classic Bunnell
technique with that of bone anchors and found
that both are equally strong with loads up to
40 N. However, the transosseous sutures tech-
nique is more demanding technically, lengthens
the operative time, and there is always the risk of
bone fracture (Fig. 4.80a–f). Conversely, bone
anchors are easily applied and reduce the oper-
ative time, although there is concern over their
fatigue strength (Fig. 4.70b).

Reduction of the SL joint. We prefer the
joystick method by placing one 1.6 mm K-wire
into the lunate and another one into the proximal
scaphoid in a dorsal to palmar direction. The K-
wires are advanced until they reach the palmar

Fig. 4.78 In 4.4 % of our patients with greater arc
injuries, a capito-hamate dissociation (arrows) was found
(H Hamate, C Capitate, R Radius)

Fig. 4.77 A trans-scaphoid dorsal perilunate dislocation
associated with an avulsion fracture fragment from the
dorsal triquetrum (arrow) (a); the avulsed fragment

originates from an area in which the DRC and DIC
ligaments are attached (asterisk) (b)
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cortex of the bones, so they can be used as levers
to reduce the scapholunate joint. The K-wires
are introduced divergently in a way that after

becoming parallel, they reduce the palmar flex-
ion of the scaphoid and the dorsiflexion of the
lunate. The compression of the SL joint is

Fig. 4.79 The midcarpal
rent (a) probably needs to
be sutured only to its radial
and ulnar limb, in order to
avoid postoperative
stiffness

Fig. 4.80 A case of dorsal
perilunate dislocation (a,
b); the SL ligament was
repaired with transosseous
sutures (c, d) and stabilized
using K-wires (e,
f) (S Scaphoid, L Lunate).
With permission from
[231]
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accomplished by using a strong plier, which
compresses both K-wires at their insertions to
the bone, while at the same time an assistant is
keeping apart the top of the wires (Fig. 4.81a, b).
At that stage, it is important to control the
proximal contour of the SL joint for proximal–
distal displacement, by using a blunt Freer ele-
vator to support the radioscapholunate joint.
Alternatively, a towel clip can be used to com-
press the two bones together [40, 161].

Pinning of the SL interval is usually
accomplished with two K-wires placed through
the anatomic snuffbox, from the scaphoid to the
lunate bone or by using the inside-out technique
described earlier. An additional K-wire is
advanced from the scaphoid waist region into
the body of the capitate to prevent scaphoid
flexion (Fig. 4.82a–d).

Thescapholunate ligament repair is com-
pleted by tying the previously placed sutures
through the bone anchors or the drill holes. The
endings of the sutures are kept in order to be
used later to repair the proximal part of the DIC
ligament and the capsule.

Preparation of LT ligament repair. Fre-
quently, there is no sufficient dorsal lunotrique-
tral ligament remaining for direct repair and we
do not consider it an issue, since its biome-
chanically important palmar part has been

repaired. However, in cases of avulsion of LT
ligament from bone, with or without an osseous
fragment, it is advisable to repair it with a bone
anchor, which we usually use either way, to
repair the dorsal capsuloligamentous structures.
However, to repair [108] or not [106, 190] the
dorsal LT ligament is a matter of controversy.

Reduction of the LT joint. The triquetrum will
typically assume an extended position and needs
to be flexed relative to the lunate. The reduction is
accomplished by using the joystick method and is
judged by visualizing the distal contour of the
lunate and triquetrum at the midcarpal joint. Two
K-wires are inserted percutaneously from the
ulnar side across the lunotriquetral joint, from the
triquetrum into the lunate or by advancing into
the lunate the K-wires that had been placed with
the inside-out technique. Sometimes it is more
convenient to introduce the K-wires in reverse,
from lunate to triquetrum after palmarflexion of
the wrist (Fig. 4.83a–i).

The adequacy of reduction of the proximal
carpal row is best assessed by visualizing the
midcarpal joint, after applying traction to the hand.
There should be no step-off or rotation between the
distal contours of the proximal carpal bones. Their
flat dorsal surfaces should be smoothly aligned
[161], while any exposed articular surface indi-
cates incomplete reduction [7].

Fig. 4.81 The reduction of the SL joint using K-wires
inserted to the scaphoid and the lunate (arrows) as joysticks.
Asterisk indicates the ruptured dorsal scapholunate ligament

(a). Its reconstruction was accomplished using two bone
anchors inserted to the lunate (b) (S Scaphoid, L Lunate,
C Capitate, R Radius)
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Repair of the DRC ligament. The repair
technique depends on the type of ligament
injury. If the DRC ligament has avulsed from the
distal radius or the triquetrum, it is repaired with
suture anchor(s) placed along the dorsal lip of
the radius or the dorsal surface of the triquetrum.
Midsubstance tears are repaired, using nonab-
sorbable sutures.

Repair of the dorsal capsuloligamentous
structures. Repairing of these structures depends
on the type of capsular approach. With longitu-
dinal arthrotomy, the dorsal capsule should be
repaired anatomically whenever possible. If a
ligament splitting capsulotomy has been used,
the radially based flap is brought down, suturing
its apex to the triquetrum. Equally important is
to reattach the proximal part of the DIC liga-
ment, using the sutures of the previously inserted
anchors to the scaphoid or the lunate [191]
(Fig. 4.84a–g). The borders of the flap are
sutured next, followed by retinacular repair in an
effort to relocate the EPL to its original position.
Finally, the palmar and dorsal wounds are closed
only at the skin level.

Fluoroscopy or X-rays are used to confirm
reduction and adequate placement of K-wires,
which may be left percutaneous or buried beneath
the skin. At the end of the procedure, we usually
stabilize the wrist with an external fixator, mainly
as a stress-shield, as it reduces strain on fractured
bones and torn/stretched ligaments during healing
[47, 192, 193] and also, to block the axial load of
the cartilage on the injured proximal carpal row
and maintain normal carpal alignment during the
initial stages of ligament healing [143]. The
external fixator and the trans-articular K-wires are
removed 6 weeks postoperatively.

Several authors prefer to start the recon-
struction by rebuilding the dislocated wrist
around the lunate [1]. This is accomplished by
securing the relationship of the lunate to the
lunate fossa of the radius by inserting a K-wire
temporarily, between the radial metaphysis and
the reduced lunate [9, 21, 43, 86, 194]. Others,
prefer to use this technique when there are dif-
ficulties in restoring carpal alignment despite the
joystick method [7, 8], while some [15, 22],
prefer to transfix the lunate to the capitate with a

Fig. 4.82 A dorsal
perilunate dislocation
(a, b) where after
ligamentous
reconstruction, the LT
and SL joints were
stabilized using K-wires.
An additional K-wire was
inserted to the capitate to
prevent scaphoid rotation.
At the end of the
procedure, an external
fixator was applied (c, d)
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K-wire, followed by the reduction and transfix-
ion of the scaphoid to the lunocapitate complex.

Much perturbation exists in the literature
when, after anatomical reduction and pinning of
the SL joint, the dorsal SLIL is torn in such a
way that it cannot be securely repaired. When
encountered with this situation, we believe that
it is of the outmost importance to fix the proxi-
mal DIC ligament and the dorsal capsule to the
remnants of the dorsal SLIL, in order to rein-
force the sutured ligament and provide a colla-
gen substance to the repaired ligament [3]. In
addition it has been suggested that direct sutur-
ing of the ligaments themselves is not always
necessary, provided that there is no other tissue

interposition [2, 47] and that even suboptimal
ligamentous suturing may lead to an acceptable
functional result, on the premise that free
osteochondral fragments have been removed and
the scapholunate joint has been anatomically
reduced [138]. Various types of capsulodesis
[1, 8, 21, 22, 40, 86, 195] or tenodesis [196–198]
have also been proposed in such circumstances,
but we never had to use them in acute cases.

A number of authors [2, 106, 110, 138], has
been using K-wires to bridge the radiocarpal
and/or midcarpal joints in order to ensure the
axial alignment of the lunate. With the exception
of the K-wire used to stabilize the scaphocapi-
tate joint and rarely the triquetrohamate joint, we

Fig. 4.83 A dorsal perilunate dislocation (Stage II) (a,
b); the SL ligament was detached from the scaphoid
(arrows) (c); after repairing the SL ligament using bone
anchors and stabilizing the SL complex with K-wires, the
dorsal LT ligament was detached from the triquetrum
(arrows) (d); the dorsal LT ligament was inverted

(curved arrow) while a step-off between lunate and
triquetrum is illustrated (double arrows) (e); using a bone
anchor inserted to the triquetrum, reconstruction of the
dorsal LT and the DIC ligament was accomplished, while
the LT joint was stabilized using a K-wire (arrow) (f, g);
postoperative x-rays (h, i). With permission from [231]
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usually avoid bridging radiocarpal or midcarpal
joints with K-wires, when we are dealing with
injuries treated in the acute phase. The avoid-
ance of bridging K-wires is due to the increased
risk of pin loosening, chondrolysis, and broken
hardware [8].

Many surgeons feel that the most critical
issue in lesser arc injury is the repair of the
SLIL. K-wires were traditionally used to protect
the SLIL repair. However, concerns over pin
tract infection and inability to provide adequate

compression, have led some to advocate more
rigid fixation of the scapholunate joint [7, 38].
Temporary headed or headless screws fixation
[109, 161] or intraosseous cerclage [99, 140]
between the scaphoid and lunate, have been
described as methods for providing stronger
fixation to preserve alignment during the critical
period of ligamentous healing. Advantages of
these techniques include subdermal location,
decreased infection risk, increased stability, and
the ability to apply compression. Furthermore,

Fig. 4.84 A dorsal
perilunate dislocation
(a, b); the dorsal portion of
the SL ligament was
detached from the lunate
and its proximal portion
from the scaphoid (arrows)
(c); two bone anchors
inserted to the scaphoid
and lunate, were used for
reconstruction (d); after
reattachment of the dorsal
capsular flap, sutures from
the bone anchor
immobilized the DIC
ligament (arrows) (e);
postoperative X-rays (f, g).
With permission from
[231]

112 4 Acute Perilunate Dislocations and Fracture-Dislocations



theoretically these patients may be started at an
earlier ROM protocol [120]. Potential draw-
backs include the need for a secondary surgical
procedure usually at 5–6 months [40] to remove
the implants, which are often broken with return
of ROM [140]. However, in a comparison study
of the two methods of fixation (temporary
screws vs K-wires) on 18 patients (nine wrists in
each group), the results were comparable in
radiographic or clinical outcomes [109].

Excision of the lunate is not accepted in any
acute case (Fig. 4.85a, b).

4.7.6.2 Greater Arc Injuries

Palmar Repair

Repairing of the transverse palmar rent is per-
formed as has been previously described for
lesser arc injuries. As already mentioned, rup-
ture of the ulnocarpal ligaments is more frequent
in greater arc injuries and we believe their
reconstruction with nonabsorbable sutures is of
paramount importance. Probably one of the
reasons for the high frequency of ulnocarpal
translation in perilunate injuries, as mentioned
by Song et.al [199], is the unrecognized and
unrepaired ruptures of the ulnocarpal and DRC
ligaments. A number of authors [1, 6, 22], have
occasionally fixed the midwaist fractures of the

scaphoid with a cannulated screw, by advancing
it from distal to proximal, using a modification
of the palmar approach [5, 14, 200] (Fig. 4.86).
However, we believe that additional capsular
incision (with division of RSC and even STT

Fig. 4.85 Excision of the
lunate in a case with volar
lunate dislocation (a),
resulted in wrist collapse.
Four months
postoperatively, the
scaphoid is palmarly flexed
(curved arrow), the
triquetrum translates
distally and medially along
the helicoidally shaped
articular surface of the
hamate (straight arrow)
and the capitate migrates
proximally (b). With
permission from [231]

Fig. 4.86 The extended carpal tunnel approach (1), the
Henry’s approach (2), and the modification of the palmar
approach (3) [14]
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Fig. 4.87 A trans-scaphoid dorsal perilunate dislocation
(a, b); after the reduction of the dislocation, the dorsal
approach reveals the fractured scaphoid (arrows) (c);
compression with a towel clip, temporary fixation with a
K-wire, and cannulated screw application using the jig

(d); anatomical reduction and fixation of the scaphoid
(e); postoperative x-rays (f, g); 3 years postop the
development of midcarpal joint stenosis is noted (arrows)
(h). With permission from [231]
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ligaments), which is necessary to insert the
cannulated screw, could destabilize further an
already unstable wrist. Consequently, we have
not used a palmar incision to internally fix the
fractures of the proximal pole or the waist of the
scaphoid. The distal pole fractures possibly
constitute an exception and are better treated
with K-wires, using the palmar approach.

Dorsal Repair

In addition to the dorsal capsuloligamentous
repair that has already been described in lesser
arc injuries, the main fracture that must be dealt
with, is the scaphoid fracture. The combined
fractures of the scaphoid and capitate are ana-
lyzed in Chap. 5. Anatomic reduction and
compressive fixation of the scaphoid fracture are
necessary. Use of K-wires or screw fixation is
equally acceptable and is based on surgeon
preference. If there is no comminution, the
scaphoid fracture fragments are anatomically
reduced and provisionally stabilized with an
eccentrically placed K-wire. Next, a guide wire
is inserted along the long axis of the scaphoid on
both the anteroposterior and L views [43, 201].
A cannulated screw is inserted anterogradely
(from the dorsal edge of the proximal pole
aiming the palmar-distal scaphoid tuberosity)
[5, 14, 17, 200, 202] (Figs. 4.87a–h, 4.88a–i).

The presence of comminution favors the fixation
of the scaphoid with K-wires rather than a
compressive screw. The scaphoid is reduced
(often with the use of 2 K-wires as joysticks),
compressed (with the use of a towel clip), and
stabilized with 2 K-wires, which are inserted
from proximal to distal direction, exiting
through the base of thenar. Alternatively, the
K-wires are placed through the fracture surface
to the distal fragment, before the reduction; after
the fragments are anatomically reduced, the
K-wires are advanced proximally to engage the
proximal pole of the scaphoid (Fig. 4.89a–g).
The comminution of the scaphoid fracture usu-
ally involves its dorsoradial surface and in this
case autologous bone grafting from the distal
radius could be used. When concomitant sca-
phoid fracture and SLIL injury are present, both
injuries should be treated surgically. However,
cross-fixation of the scaphoid to the lunate is
recommended in any case, since the macro-
scopically intact SLIL does not necessarily
ensure its biomechanical integrity (Fig. 4.90a–l).

Treatment of the LT interval follows. The
triquetrum is reduced to the lunate, compressed,
and pinned percutaneously with 2 K-wires. Any
fracture of these bones must be identified,
reduced, and fixed using any convenient method
(K-wires, mini-screws, and bone anchor).

Fig. 4.87 (continued)
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Fig. 4.88 A case with trans-scaphoid dorsal perilunate
dislocation with displaced ulnar styloid fracture (a, b); It
was treated with combined approach. The dorsal approach
revealed avulsion of the SL ligament from the lunate
(arrow) and a comminuted fracture of the scaphoid waist
(c); Reduction and fixation of the scaphoid using a
cannulated screw and autologous bone grafting from

distal radius (wavy arrow). Double arrows indicate
iatrogenic chondral injury produced during the insertion
of the cannulated screw. The SL and LT ligaments were
avulsed from the lunate (asterisks) (d); Capsuloligamen-
tous reconstruction using absorbable bone anchors (e, f);
postoperative (g) and final X-rays 6 months postinjury
(h, i). With permission from [231]
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Fractures of the radial styloid and dorsal
radial rim should be managed with a method
depending on the size or comminution of the
fracture. Headless screws, K-wires, bone
anchors, and even low-profile plates could be
used. Excision of fragments or part of the radial
styloid is not an option [5, 161], since it could
destabilize the radiocarpal joint (Fig. 4.91a–i).

It has been stated [3, 6] that in trans-radial
styloid PLFD, it is not necessary to perform a
palmar incision because the main palmar liga-
ments should be intact and displaced with the
radial styloid. Nevertheless, in 12 out of 15 of
our patients treated with combined approach,
apart from the wide rupture of the palmar cap-
sule, we found 2 cases with rupture of the

ulnocarpal ligaments and 3 cases with fractured
palmar lunate horn (Teisen type 1) [203], that
required palmar reconstruction (Fig. 4.92a–e).

Cases with displaced fractures of the base of
the ulnar styloid are approached through a sep-
arate longitudinal incision placed just palmar to
the sixth dorsal compartment. A tension band
technique is usually sufficient for stabilization of
the ulnar styloid (Figs. 4.33f, 4.88g).

As in cases of lesser arc injuries, we usually
stabilize the wrist, at the end of the procedure,
with an external fixator maintaining the wrist in
slight dorsiflexion, which is removed together
with the trans-articular K-wires 6 weeks post-
operatively. Alternatively, a short-arm splint
could be used until stitches removal, which is

Fig. 4.88 (continued)
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then converted to short-arm cast for an average
of 6 weeks.

Gunal et al. [204] contrary to the conven-
tional methods, applied for a 10 weeks period a
mini-external fixator between trapezium and
lunate in two cases of TS-PLFD. One of them
was treated with closed and the other with open
reduction. As opposed to prevalent belief, they
neither performed any ligamentous repair nor
did they immobilize the wrist. Instead, they
encouraged the patients to use their wrists freely,
starting the day after operation. After 3.5 years
follow-up, the clinical and radiological outcome
was excellent.

4.8 Results

Evaluation of these injuries (treatment guide-
lines, long-term results) is difficult, since the
literature does not always address a homoge-
neous group of patients. They were usually
treated in different ways, at different chronic
stages, and had different rehabilitation protocols
applied. Below are some factors which are dif-
ferentiating the result and are thus not
comparable:
• Open or closed injuries?
• Which type of treatment (Closed, arthroscop-

ically, or open reduction)?
• Diversity of surgical methods of reconstruc-

tion (K-wires or screws, repairing the liga-
ments or not).

• PLD or PLFD injuries?
• PLFD with fractured or intact scaphoid?
• Stage of displacement?
• Dorsal or volar perilunate injuries?
• Early or late management?
• Single (volar or dorsal) or combined

approach?
• Duration and type of immobilization?
• Mid-term or long-term evaluation of the

results?
Frequently, the literature reports refer to

patients with different types of injuries and
treatments [93, 100, 110, 170, 190], hence it is
hard for the results to be credible. However,

there are reports which, by referring to homo-
geneous groups of patients, allow drawing safer
conclusions. As an example, there are reports
concerning only patients with PLFD+S, who
were treated operatively within 7–15 days post
injury with either open reduction [18, 27, 108,
164, 167] or percutaneous fixation [106]. Others
referred only to patients with acute PLD without
scaphoid fracture [163, 205], to patients with
chronic perilunate injuries (both PLD and
PLFD) [206, 207], or to patients with chronic
PLD [208].

Several authors [3, 209] have defended the
superiority of open reduction and internal fixa-
tion over closed reduction and cast immobili-
zation, concerning the functional result, while it
is generally accepted that open injuries and
delayed treatment are the most unfavorable
factors affecting the long-term result.

It has been supported that greater arc have
poorer prognosis than lesser arc injuries [100,
210]. Conversely, it has also been stated that the
results of treatment for trans-scaphoid fracture-
dislocations are generally better than for per-
ilunate dislocations, because the fracture can
heal to restore normal wrist kinematics, whereas
in perilunate injuries the SLIL repair never
results in normal function [181]. To complete
the circle of conflicting reports, it has been
argued that there are no significant differences
between PLD and PLFD groups [13, 37, 169,
190] and that the only significant difference
between these 2 groups is in the revised carpal
height ratio, which in the PLD group had a lar-
ger value compared to the PLFD group [169].

The correlation between poor clinical result
and radiological instability findings has been
emphasized in patients with perilunate injuries
(increased scapholunate interval and DISI
alignment of the wrist) [2, 93, 210].

Despite optimal management, most patients
experience loss of grip strength and motion and
also develop radiographic signs of arthritis.
However, these clinical measurements and
radiographic changes do not correlate with
patient satisfaction or their ability to return to
work [13, 100, 110, 161].
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Fig. 4.89 A trans-
scaphoid volar dislocation
of the lunate (Stage IV) to
which an osseous fragment
from the triquetrum
(arrow) is attached through
intact volar lunotriquetral
ligament (a, b); dorsal
approach reveals the
fracture of the triquetrum
(arrows), while absorbable
bone anchors were
introduced into the lunate
for the reconstruction of
the SL and LT ligaments
(c); fixation of the
fractured scaphoid and
stabilization of the SL and
LT joints with K-wires,
while an external fixator
was applied at the end to
neutralize the applied loads
(d, e); final X-rays 2 years
postinjury (f, g). With
permission from [231]
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Fig. 4.90 Male 28-years
old, with trans-scaphoid
dorsal perilunate
dislocation (a, b); He was
treated with open reduction
using only dorsal approach.
The SL ligament
macroscopically seems to
be intact (arrows) (c); The
scaphoid and the LT joint
were stabilized using K-
wires (d, e); 2 months
later, there were no signs
of scaphoid union the
proximal pole of which
showed signs of avascular
necrosis, while the SL joint
was widened (f); 5 months
postoperatively, a SNAC
wrist appearance was
obvious (g); 16 months
postinjury and after
arthroscopic evaluation of
the articular cartilage of
the radioscaphoid joint, a
scapholunocapitate fusion
combined with lateral
closing distal radial
osteotomy for load
redistribution was decided
(h, i); 11 years postinjury,
the X-ray and ROM were
satisfactory (j–l), while the
patient was symptoms free.
With permission from
[231]
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Hildebrand et al. [169] studied 22 patients
(23 wrists) with some homogeneity: acute dorsal
PLD or PLFD were treated in a similar fashion
with combined operative approaches, fixation
within the proximal carpal row, and postopera-
tive immobilization for an average of 10 weeks.
Results were estimated after mean follow-up of
37 months. Clinical examination revealed that
flexion–extension, radioulnar deviation, and grip
strength were 57, 58, and 73 %, respectively, in
relation to the contralateral wrist. Radiographic
measures showed an increase in the SL angle, a

decrease in the revised carpal height ratio (which
is contributed mainly to the loss of articular
cartilage in the midcarpal joint), and develop-
ment of arthritis in approximately 50 % of the
cases. The Mayo wrist score was 66 and 73 % of
the patients returned to full regular duties. The
authors being worried over the results, which in
spite of favorable conditions were suboptimal,
pose the question whether operative or postop-
erative methods need to be modified; for
instance, if earlier controlled motion can actu-
ally allow for improved ligament healing.

Fig. 4.90 (continued)
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Fig. 4.91 A trans-styloid dorsal perilunate dislocation
(a, b), was treated with open reduction with combined
approaches; The dorsal approach revealed also a fracture
of the dorsal radial rim (curved arrow), with the DRC
ligament incorporated to the fracture fragment (black
arrow), while the SL ligament was avulsed from the

scaphoid (asterisk) (c); the reconstruction is accom-
plished using bone anchors and a cannulated screw for
the radial styloid (arrows) (d, e); postoperative X-rays
(f, g) and final X-rays 1 year later (h, i). With permission
from [231]
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Komurcu et al. [211] compared six patients
with PLFD treated acutely, with six patients
whose treatment was delayed by an average of
26 days (range, 10–40 days). At an average
follow-up of 45 months, patients in the early
treatment group had better wrist ROM (129.5�
vs. 95.5� flexion–extension arc), grip strength
(34.0 vs. 26.3 kg), and clinical scores (89.2 vs.
72.5), while two of six patients in the delayed
treatment group had radiographic evidence of
midcarpal arthritis at final follow-up, compared
to none in the early treatment group.

Inoue and Imaeda [167] studied 28 cases with
TS-PLFD, which were divided into two groups
depending on the postoperatively cast immobi-
lization time (4 weeks and longer than 5 weeks
of immobilization). They found that the postop-
erative cast immobilization time, seems to
influence limitations in the range of wrist motion.

Inoue and Kuwahata [163], in a group of
patients with perilunate dislocations without
scaphoid fracture, found that patients who had
scapholunate ligamentous repair and those who
did not, had comparable clinical results. In the
former group, however, the scapholunate rela-
tionship was maintained more consistently.

Minami and Kaneda [92] weighed the value
of suturing the scapholunate ligament, by com-
paratively studying 32 patients with perilunate
dislocations. Twelve of those patients had the
scapholunate ligament sutured, whereas the
remaining 20 did not. After a mean follow-up of
5 years, they concluded that the reconstruction
of the SL ligament has better clinical and
radiological results, compared to the patients
who did not receive ligament reconstruction and
that its suturing averts the development of wrist
instability.

Fig. 4.91 (continued)
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Kremer et al. [190], in a study with 39 patients
(9 PLD and 30 PLFD) found better outcome
scores, in patients with partial denervation from
anterior and posterior interosseous nerve resec-
tion, with normal SL angles, in white-collar
workers, and in patients for whom a single dorsal
or volar approach was sufficient for reduction.

Significant differences were also noted in the
percentage of patients who returned to their
previous employment following a perilunate

injury. This percentage fluctuated between 45
[170] and 100 % [212].

As suggested by Garcia-Elias [5], patients with
perilunate injuries required a long period of
rehabilitation, which on average went up to
6 months, while they eventually gained 70 %
range of motion and 75 % grip strength in com-
parison to their contralateral wrist. On the other
hand, only one in three heavy manual workers
returned to their previous employment. Dobyns

Fig. 4.92 A trans-styloid dorsal perilunate dislocation (a, b); the volar approach revealed a fracture of the palmar
lunate horn (arrows) (c); which was held with a K-wire. Postoperative x-rays (d, e). With permission from [231]
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and Linscheid [104] supported that, following the
conventional methods of ligament reconstruction,
grip strength and range of motion were restored by
2/3 of the normal, while Ruby and Cassidy [15]
stated that most patients will approximately
regain 50 % normal range of motion. Kozin [111]
mentioned that in the long-term the percentage of
range motion reduction was 50 % and that of grip

strength was 60 %. Additionally, Webber et al.
[91] reported the requirement of several months
for rehabilitation and regaining of range of motion
and grip strength, although almost all patients
were expected to exhibit some restriction in their
range of motion. Heavy manual workers usually
required 1 year to return to their previous
employment.

Fig. 4.93 a, b Undiagnosed case of trans-scaphoid dorsal perilunate dislocation with a remote history of injury. With
permission from [231]

Fig. 4.94 A trans-scaphoid dorsal perilunate dislocation which was treated with closed reduction and cast application
(a, b); 15 years later, a SNAC wrist with DISI malalignment was apparent. With permission from [231]
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Fig. 4.95 An operatively treated trans-styloid, trans-
scaphoid dorsal perilunate dislocation (a–d); 2 years
later, the scaphoid failed to unite and its proximal pole

showed signs of avascular necrosis (e–g); 7 years later,
the patient refused any further treatment since he was
symptoms free in spite of scaphoid nonunion (h–j)
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The overall good results referred after mini-
mally invasive surgical methods with arthro-
scopic reduction and percutaneous fixation, still
remain to be verified after a longer follow-up
and a greater number of patients [107, 147].

Mayo wrist score [17], Krimmer wrist score
[213], DASH questionnaire [214], PRWE score
[215], and Herzberg’s clinical and radiological
outcome scores [13] have all been used to
evaluate the outcome of patients with perilunate
injuries.

4.9 Complications

Complications of these injuries are common and
usually related to the original trauma.

Failure of diagnosis . Patients who have
perilunate injuries often go undiagnosed. The
frequency of missed diagnosis, as has already
been written, varies from 25 to 43 % [5, 13,
94–96]. Delayed diagnosis constitutes the most
serious early complication, since belated

Fig. 4.95 (continued)
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treatment is more difficult with unpredictable
results [2, 25, 111]. In general, with injuries less
than 2-months old, patients have good outcomes
after open reduction and internal fixation. On the
contrary, a salvage operation is frequently nec-
essary for patients who are treated after
2 months [37] (Fig. 4.93a, b).

Median nerve neuropathy. Is a usual finding
in acute injuries and an acute carpal tunnel
syndrome is present in approximately 25 % of
patients (range, 16–46 %) [13, 16, 38, 42, 93,
99]. Initial evaluation frequently reveals pares-
thesia in the median nerve distribution, because
of the pressure exerted to the nerve by the

dislocated lunate or the palmar lunate horn in
cases of perilunate dislocations, where the distal
carpal row is dorsally displaced. Rarely, an
extensive hematoma contributes to the nerve
pressure. Reduction of the dislocation usually
results in good prognosis [111, 164]. Delayed
treatment may lead to persistent median neu-
ropathy [120], while late presentation of median
nerve paresthesias may result in carpal tunnel
release, with a volarly dislocated lunate being
undiagnosed. Rarely has ulnar nerve paresis
been reported, resulting from pressure exerted
by the dislocated lunate [216].

Fig. 4.96 A conservatively treated dorsal perilunate dislocation (stage III) (a, b); 5 years later, he presented with
signs of LT instability with disruption of Gilula’s arc during ulnar deviation (c–e). With permission from [231]
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Vascular derangement of carpal bones.
A vascular necrosis of the scaphoid, lunate, or
proximal capitate constitute potential compli-
cations regardless of the severity of the injury.
This complication may occur after significant
displacement of the bones, which implies
denudation from ligamentous attachments,
leading to necrosis and fragmentation [155,
179, 180]. Conversely, there have been reports
where, despite the considerable displacement of
the lunate along with the proximal scaphoid
pole, early management resulted in a good
functional outcome without vascular changes of
the displaced bones [177]. Vascular changes of
the scaphoid usually refer to its proximal pole,
are followed by greater arc injuries and are
basically transient [164]. Avascular necrosis of
the lunate is extremely uncommon, since its
vascularity is maintained by the short radiolu-
nate ligament. However, transient ischemia of

the lunate is frequently observed and lasts for
months. The lunate appears radiodense com-
pared to the surrounding osteopenic carpal
bones during immobilization, but progressively
vascularity is restored [5, 7, 24, 100, 217].
Lunate fragmentation and collapse have rarely
been reported [217, 218]. White and Omer
[219] studied 24 cases of perilunate injuries
(PLD and PLFD); in 3 patients (12.5 %) they
observed transient vascular compromise of the
lunate that was restored. Panting et al. [100]
reported that 12 out of 61 patients (19.6 %)
with lunate dislocation (with or without sca-
phoid fracture) presented vascular changes and
3 of them finally developed avascular necrosis
and collapse. They further supported that early
reduction has less influence on vascularity than
does the violence of injury and that vascular
changes (although frequently transient) are
more common in greater arc injuries.

Fig. 4.97 A trans-scaphoid dorsal perilunate dislocation
(a); it was treated with open reduction and internal
fixation (b); postoperatively, the scapholunate distance

seems to be normal in neutral position (c) and during
radial (d) and ulnar deviation (e); the SL distance widens
in AP fist view (f)
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Scaphoid nonunion. Incomplete fracture
reduction, delayed operative treatment, and
suboptimal fixation of the scaphoid fracture,
increase the incidence of nonunion and of vas-
cular changes of the scaphoid [202]. Green [220]
had demonstrated the association between
reduced bone vascularity and compromised
callus formation in scaphoid nonunion. Scaphoid
nonunion in nonoperatively treated patients is
extremely high [127], while in the surgically
treated patients the union rate of the scaphoid
ranges between 75 and 100 % [2, 106, 108–110,
148, 170, 190, 211] (Figs. 4.94a–e, 4.95a–j).

Wrist instability. (CID or CIND) is a frequent
complication when perilunate injuries are treated
with closed reduction and cast immobilization
[3, 96], but also in cases of insufficient repair
after open reduction [24]. Failure to repair the
volar LT ligament and the DRC ligament are
responsible for long-term development of VISI
alignment of the wrist [202]. Ulnar translation of
the wrist has been reported by several authors
[7, 10, 190, 199, 221]. According to Song et al.
[199], ulnar translation is often overlooked and
frequently associated with operatively treated
perilunate injuries. They recognized that ulnar
translation may be of varying degrees and may
not always be significant. They proposed that
pinning the lunate to the radius reduces the risk
of ulnar translation of the wrist. Wollstein et al.
[222] using Gilula and Weeks’ [223] method of
measuring lunate uncovering, concluded that
neutral PA or radial deviation radiographs
should be used and compared with the normal
values (40 and 49 %, respectively) when
assessing ulnocarpal translation. We believe that
unrecognized and unrepaired ruptures of the
ulnocarpal and DRC ligaments are mainly
responsible for ulnar translocation. Wrist insta-
bility is hard to manage when treated belatedly;
frequently, salvage operations must be recruited
(partial fusions, proximal row carpectomy, wrist
arthrodesis) (Fig. 4.96a–e). Many authors con-
sider the SL interval and the SL angle as factors
indicative of instability. In our series, an inter-
esting and frequent finding even in TS-PLFD
cases was the widening of the SL joint in the AP
fist view; while in PA view during radial and

ulnar deviation, it seemed to be normal. This is
probably due to the unrepaired palmar SL liga-
ment (Fig. 4.97a–f).

Chondrolysis and arthritis. According to the
literature, perilunate injuries are associated with
an incidence of posttraumatic arthritis, ranging
between 50 and 56 %, after 3–6 years post-
injury [13, 17, 23, 109, 111, 169, 190]. Forli
et al. [110] postulated that degenerative changes
are likely to increase with time, since they found
67 % of arthritic changes after a follow-up of
13 years, while functional outcome may be
independent of these changes.

Although arthritis develops more frequently
following closed reduction compared to open
reduction [3], it is quite common even in cases
treated with open reduction, joint irrigation, and
optimal reconstruction. It makes sense for the
arthritis to develop mainly at the midcarpal joint,
since the lunocapitate joint is the one subjected
to the greatest force, as is indicated by the
increased frequency of osteochondral defects at
the head of the capitate. Degenerative changes
could also be observed at the radiocarpal level.
However, early development of midcarpal
arthritis in certain cases is quite impressive,
despite the adequate treatment performed. This
complication is considered by many as chon-
drolysis resulting in osteoarthritis [24]. Early
arthritis is quite different to the late degenerative
arthritis developed due to articular incongruity.
It is manifested in the form of stenosis or
obliteration of the adjacent articular surfaces,
with or without the formation of subchondral
cysts, and in a period of less than 6 months
postinjury (Fig. 4.98a–c).

The rapid development of degenerative
changes is related to:
(a) The destruction of the articular cartilage at

the initial injury. Borrelli et al. [224]
reported that a significant and possibly
nonreversible damage of the articular carti-
lage, leading to the development of osteo-
arthritis, was observed after a single high-
energy impact load on the cartilage. Fre-
quent chondral defects at the head of the
capitate are indicative of the force applied
on the articular cartilage at the time of
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injury. In addition, repeated passage of K-
wires through the joint surfaces and forced
vigorous reduction maneuvers have been
considered as iatrogenic injury of the carti-
lage [86].

(b) The disruption of the blood supply of the
midcarpal joint, either from injury itself or
the surgical approach. Simank et al. [225]
experimentally produced cartilage injury
with vessels ligation, as early as 6 weeks of
ischemia. The cartilage destruction was
maximal after an ischemic period of
24 weeks. It is known [226] that dorsally,
the largest and most consistent is the inter-
carpal arch, which provides the major blood
supply to the distal carpal row and contrib-
utes to the vascularity of the lunate and tri-
quetrum. Coursing over the neck of the
capitate, the intercarpal arch is at risk
through the dorsal exposure.

Considering that the above are effective, we
may not have many choices over the initial
cartilage damage, we can, however, remove the
chondral debris with sufficient irrigation of the
joint and most significantly avoid extending
the deep dorsal approach beyond the neck of
the capitate.

In our series, we followed-up 67 patients
(68 wrists) for 3.8 years on average (12–176
months). The distribution was: 45 greater arc
and 23 lesser arc injuries. There were 41 acute,
18 delayed, and 7 chronic cases. Arthritis of all
grades [227] was found in 50 % of greater arc
and in 41.1 % of lesser arc injuries. However,
advanced grades of arthritis (Grade II and III)
were found in 14.2 % of greater and 17.6 % of
lesser arc injuries.

Pin tract infection. Pins that are cut beneath
the skin lessen the risk of infection, but if the
pins are left outside the skin, the patients are
advised to clean the site of insertion every day
with an antiseptic solution. If pin tract infection
occurs and it is diagnosed early, a short course
of antibiotics is usually effective. If diagnosis is
delayed, there is a potential risk for septic
arthritis and osteomyelitis, in which case the

Fig. 4.98 Chondrolysis or midcarpal arthritis are of
different degrees and developed at various chronic stages
(a–c)
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pin(s) has/have to be prematurely removed and a
3–6 week course of antibiotics is required. Early
removal of the pin may compromise ligamen-
tous repair [8, 86].

Wrist stiffness. The majority of patients with
perilunate injuries will exhibit wrist stiffness to a
smaller or greater degree, which may reach
50 % of the normal range of motion [15, 111].
Szabo and Newland [86] stated that some loss of
motion is unavoidable, since ligaments heal with
scar, which has different mechanical properties
from the original ligaments. Prevention of stiff-
ness may require improvements in fixation that
allow early motion, while maintaining carpal
relationships. In relatively simple cases, fixation
within proximal carpal row and stabilization of
the radiocarpal joint (probably with a mini-
external fixator between scaphoid and distal
radius) will allow to start early an oblique plane
of motion from radial extension to ulnar flexion,
termed the ‘‘dart throwers’’ motion, in which
midcarpal motion is maximized while radiocar-
pal motion is limited.

Ruptured tendons . Are usually observed in
chronic and neglected cases [228, 229].
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5Scaphocapitate Syndrome

5.1 Introduction

The term ‘‘scaphocapitate syndrome’’ refers to the
combination of a fracture through the waist of the
scaphoid and a fracture of the neck of the capitate,
the head of which rotates by 90o–180o [1–3].

The first references about a ‘‘scaphocapitate
syndrome’’ were made by Lorie [4] and Perves
et al. in 1937 [5], who were the first to describe a
trans-scaphoid trans-capitate perilunate fracture-
dislocation. In the English literature the first
reference was in 1940 from Nicholson [6].
However, the term ‘‘scaphocapitate syndrome’’
was introduced by Fenton [7] in 1956 who
described two patients with a proximal capitate
fracture that was rotated 180o, but neither of
them was reported to have an associated per-
ilunate dislocation. Since then, about 43 cases
have been published, involving adults. In chil-
dren only 4 cases have been published [8–11],
the youngest being 11-years old [12] with
simultaneous fractures of the scaphoid and
capitate, but these fractures were undisplaced.

Kaulesar Sukul and Johannes [13] made a
literature review of 13 cases of scaphocapitate
syndrome from 1955 to 1987, while Milliez
et al. [14] of 25 cases from 1937 to 1992.

5.2 Incidence

The frequency of the scaphocapitate syndrome is
not clearly known. Rand et al. [15] reported that
capitate fractures accounted for 1.3 % of all

carpal fractures; 0.3 % were isolated capitate
fractures, 0.6 % were of scaphocapitate syn-
drome type and 0.4 % were fractures of the
capitate in association with PLFD type of inju-
ries. Geissler and Slade [16] stated that fractures
of the capitate account for 1–2 % of all carpal
fractures.

In our series, from 67 greater arc injuries (52
PLFD+S and 15 PLFD-S) we found 10 fractures
of the capitate (14.9 %), which were manifested
in various ways (Table 5.1 and Fig. 5.1).

Herzberg et al. [17] reported that in the trans-
scaphoid-PLFD group, the most frequent variant
was the trans-scaphoid, trans-capitate type and
constituted 8 % of all PLFD injuries.

Adler and Shaftan [18] stated that the repor-
ted incidence of this injury may be unduly low,
owing to failure of diagnosis and that a higher
index of suspicion would lead to the recognition
and treatment of more such injuries.

5.3 Mechanism of Injury

Fenton [7] assumed that during a fall, with the
hand in dorsiflexion and radial deviation, the
pointed radial styloid process (the chisel)
impinges on the waist of the scaphoid, which is
supported by the sturdy capitate (the anvil).
When the force is moderately strong, the sca-
phoid alone will fracture, but when the blow is
particularly sharp and violent, the capitate will
also fracture [19].

E. Apergis, Fracture-Dislocations of the Wrist,
DOI: 10.1007/978-88-470-5328-1_5, � Springer-Verlag Italia 2013
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Adler and Shaftan [18] in their review of 91
capitate fractures, suggested that indirect trauma
was the most common mechanism of fractures of
the capitate.

Although, a direct blow to the dorsum of the
volar-flexed wrist has been implicated [3, 20],
most authors [9, 20], agree with the mechanism
proposed by Stein and Siegel [21] based on
anatomical studies on cadaver wrists, according
to which the patient falls on the outstretched
hand and the wrist goes into marked dorsiflexion.
The capitate fracture is caused by the impaction
of the capitate neck to the dorsal lip of the radius,
while the scaphoid fracture is caused by the
tension created at the midcarpal joint level by the
forced extension. We can reasonably assume that
capitate fracture precedes chronically the sca-
phoid fracture. Rotation of the proximal frag-
ment appears to occur secondarily, forced by the
distal fragment, as this returns to neutral position
[2, 22] (Figs. 5.2 and 5.3a–h).

However, none of the above-mentioned
mechanisms seems to apply in several of the
reported cases [3, 23].

5.4 Pathologic Anatomy
of the Injury

According to the prevailing view, the scapho-
capitate syndrome constitutes the final stage of a
greater arc injury, starting from the radial side of

Fig. 5.1 Our cases with the corresponding drawings of
the capitate fractures and their different types of
displacement

Fig. 5.2 Schematic
depiction of the
mechanism of injury: With
the wrist in dorsiflexion the
capitate fractures
impacting to the dorsal lip
of the radius (a); the
scaphoid fractures after
tension at the midcarpal
joint level (b); the capitate
head is forced to rotate by
the distal fragment, as this
returns to neutral position
(c, d). With permission
from [76]
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the wrist and progressing through osseous
structures around the lunate [24]. The injury
essentially constitutes a trans-scaphoid, trans-
capitate perilunate injury, which appears with the
wrist being dislocated or reduced, spontaneously
[25] or with closed reduction after manipulation
[9, 26–29]. The wrist can be reduced but the
capitate head remains displaced, with its proxi-
mal pole rotated by 90�–180� [2, 9, 14,
26–33] (Fig. 5.4a, b), while a case of scapho-
capitate syndrome has been described with the
head of the capitate palmarly displaced deep to
the median nerve, which was tended over it [34].

It has also been stated that the scaphocapitate
syndrome represents an incomplete form of the
perilunate pattern of injury [20].

Kaulesar Sukul and Johannes [13] distin-
guished two types of trans-scaphoid, trans-cap-
itate fracture dislocation, one in which rotation
of the capitate is limited or does not occur at all,
and the other where there is a 180o rotation of

the capitate fragment; this implies that a per-
ilunate dislocation was originally present.

Vance et al. [3] stated that there are two com-
mon and three uncommon patterns of injury. The
first two appeared with the same incidence: In the
first one, transverse fractures of the scaphoid and
capitate occurred without dislocation, while the
inverted capitate fragment remained in articulation
with the lunate. The other presentation was a dorsal
perilunate dislocation. The three other uncommon
patterns that have been noted are: volar perilunate
dislocation of the wrist and proximal part of the
capitate, the isolated volar dislocation of the
proximal part of the capitate and the isolated dorsal
dislocation of the proximal part of the capitate.

Rand et al. [15] maintained that the term
‘‘scaphocapitate fracture syndrome’’ adds confu-
sion to the terminology and they suggested that this
term must be abandoned in favor of considering
this as a special case of ‘‘trans-scaphoid, trans-
capitate, perilunar fracture dislocation’’.

Fig. 5.4 The fractured surface of the neck of the
capitate (black arrows) is in contact with the articular
surface of its head (asterisk) (a); the appearance after

reduction of the capitate head (b) (H Hamate, C
Capitate). With permission from [76]

Fig. 5.3 Case 7. Male, 27-years old. Preoperative PA view in which the proximal capitate fragment is rotated by 180�
(small arrows), the fracture of the distal pole of the scaphoid (white arrow) and the fracture of the distal radial rim
(black arrow) (a); in L view, the head of the capitate is dorsally displaced and rotated by 180� (asterisk), while white
arrows indicate the fractured dorsal radial rim (b); appearance at surgery, dorsal approach; the head of the capitate
(asterisk) and the displaced dorsal radial fragment (curved arrow) (S Scaphoid) (c); after reduction and fixation of the
capitate head with a headless screw, while the scaphoid with the dorsal approach, looks intact (d); with a separate
volar approach, the fractured distal scaphoid was reduced and fixated using a bone anchor and a K-wire while the
dorsal radial rim was fixed with a bone anchor; postoperative X-rays (e, f); 6 years postoperatively (g, h). With
permission from [76]

b
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Fig. 5.5 Case 10. Male, 19-years old, with a 3-month
old reported injury, treated with a splint for 2 weeks. The
P-A view indicated an oblique fracture of the capitate
(arrows) (a); the lateral and oblique views, showed an
avulsed osseous fragment from the trapezium (probably
the attachment of the STT ligament) (white arrows) (b,
c); in ulnar deviation, disruption of Gilula’s arc is
apparent (d); the presumptive path of injury (e); appear-
ance at surgery, dorsal approach. The fractured capitate

(white arrows), a mild dissociation between capitate and
hamate (arrow), while the probe shows the disruption of
the LT ligament (H Hamate, C Capitate, L Lunate, T
Triquetrum) (f); postoperative appearance (g, h); 6
months later the midcarpal joint had been obliterated,
while the capitate showed signs of AVN (i); a midcarpal
fusion was performed (j); the radiographic appearance
and the ROM 7 years postoperatively (k-n). With
permission from [76]

There is some confusion in the literature
regarding the terminology and diversity in the
appearance of these injuries [13, 15]. Any misun-
derstanding would be addressed, if we accepted
that the term ‘‘scaphocapitate syndrome’’ should

only be used in cases of a reduced wrist, with
concomitant fractures of the scaphoid and the neck
of the capitate, with its proximal pole rotated by
90�–180�.
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Fig. 5.5 (continued)

Fig. 5.6 Every displaced, angulated, or rotated fracture
of the capitate constitutes a greater arc injury (confined to
shadowed area), which is associated with a radial and an
ulnar component. Both components could be related with
injuries that are not detectable in X-rays, e.g., STT or LT
ligament injury

Fig. 5.7 The combined undisplaced or minimally dis-
placed fractures of the radius, scaphoid, and capitate
probably indicate the first stage of a progressively
developing greater arc injury
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Compared to the simple, isolated, and undis-
placed fractures of the capitate, there are reports
of isolated fractures of the capitate neck with
palmar dislocation of the proximal pole [35, 36]
or with the proximal pole rotated by 180�, with-
out an apparent associated scaphoid fracture [22,
37, 38]. There are doubts however, as to whether
these are really isolated fractures of the capitate.
When one considers the central position of the
capitate, surrounded by the other carpal bones
and the base of the third metacarpal, it is difficult
to accept that such displacement and rotation of
the proximal capitate can occur in isolation.

Two of our cases had displaced fractures of the
capitate neck, combined with injuries distal to the
waist of the scaphoid. One of these was a com-
minuted fracture of the distal pole of the scaphoid,
which was hardly shown on the X-rays
(Fig. 5.3a–h) and the other was an avulsion frac-
ture from the radiovolar surface of the trapezium
(Fig. 5.5a–n), corresponding to the attachment of
the STT ligament. Both injuries had an associated
rupture of the LT ligament and both could easily
be overlooked. A similar case with fracture of
the capitate associated with STT and LT liga-
ments rupture, has already been reported [39].

Fig. 5.8 Case 9. Male, 39-years old. He was referred as
having a displaced fracture of the scaphoid. A fracture of
the capitate neck with rotation and volar displacement of
the capitate head were apparent (a, b); oblique view
indicated an avulsion fragment from the dorsal surface of
the hamate (c); appearance at surgery with dorsal
approach; the displacement of the capitate fracture

(arrows) (d); reduction and fixation of the capitate using
a headless screw and temporary fixation with 2 K-wires
(e); the reduced and fixated with a headless screw
scaphoid using bone grafts; the tail of the hamate showed
a compression fracture (arrow) (f); final X-rays 1 year
postoperatively (g, h). With permission from [76]
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We consider that every displaced, angulated,
and/or rotated fracture of the neck of the capitate
indicates indeed a greater arc injury and that
they are always associated with a radial and an
ulnar component. The radial component could
be located between the waist of the scaphoid and
the trapezium-trapezoid bones (including rup-
ture of the STT ligament, which is not detectable
by X-rays). The ulnar component is usually a
lunotriquetral ligament injury, but may be a
fracture of either the triquetrum or the hamate
bones (Fig. 5.6). Reported cases of combined
fractures of the scaphoid and capitate neck with
no or little displacement [12], probably represent
the first stage of this progressively developing
injury (Fig. 5.7).

Possibly, in cases of displaced fractures of the
capitate neck with otherwise normal X-rays, a
midcarpal arthrogram or arthroscopy is indicated

to identify possible coexisting ligamentous
injuries, indicating a path of injury, other than
the path through the scaphoid.

The final delineation of the injury depends on
two factors: (a) the direction of the force of the
injury (usually radial to ulnar, although pure
dorsopalmar application of force is possible) and
(b) the magnitude of the applied force, which
determines how many of the three columns of
the wrist are injured.

Therefore, the term ‘‘scaphocapitate syndrome

’’ constitutes only one subtype of a group of inju-

ries and it may be better to use the term ‘‘capitate
syndrome’’ instead of ‘‘scaphocapitate syn-
drome’’. The former can be defined as a displaced
fracture through the neck of the capitate, with
associated bony and/or ligamentous injuries on the
radial and/or ulnar sides of the wrist [40].

Fig. 5.8 (continued)
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5.5 Diagnosis

Diagnosis is based on careful radiographic
evaluation but the true extent of injury can easily
be missed. The injury may be labeled as an
isolated fracture of the scaphoid or a typical
trans-scaphoid perilunate fracture-dislocation,
while the lesion to the capitate may be over-
looked [20]. A posteroanterior traction radio-
graph (with the hand suspended in finger-traps)
is useful, since the squared-off end of the prox-
imal capitate is easily seen in this view [2]. This
radiographic appearance has also been charac-
terized as «cut-off-top-of-an-egg» [41]
(Fig. 5.3a). Sometimes in questionable cases the
diagnosis is made with the aid of computed
tomography [42] or MRI [43, 44].

Delayed, deficient, or even complete lack of
diagnosis of these injuries, are unfortunately
quite common occurrences [14, 19, 45, 46]. In
1/3 out of 26 cases mentioned in the literature
from 1937 until 1994, there was a delay in
diagnosis of more than 15 days [14], some even
2 years later [46]. Boisgard et al. [47] reported
that 8 out of 26 cases, evaded diagnosis during
the initial assessment, in spite of the adequate
radiological control performed.

The injurycould be manifested with three basic
radiographic patterns: (a) As incomplete injury
with fractures of both the scaphoid and capitate,
which are undisplaced or with minimal displace-
ment (Figs. 5.7, 5.8a–h), (b) As a classic scapho-
capitate syndrome, with fractures through the
waist of the scaphoid and the capitate neck, with
the wrist reduced and the head of the capitate dis-
placed or rotated in varying degrees (Fig. 5.9a–k)
and (c) As a trans-scaphoid, trans-capitate peril-
unar fracture dislocation (Fig. 5.10a–h).

The capitate fracture is usually located to its
proximal or middle third and rarely to its distal
third [15]. Geissler and Slade [16] recognized
four major patterns of fractures in the capitate.
These include: transverse fracture of the proxi-
mal pole of the capitate, transverse fracture of
the body of the capitate, verticofrontal fracture
and a parasagittal fracture pattern.

Associated fractures with this type of injury
have also been described: fractured triquetrum
[48–50], lunate [14] and radial styloid [21, 51],
while more frequently reported, is an associated
fracture of the distal radius [3, 9, 15, 18, 21,
52, 53].

Patients with preexisting nonunion of the
scaphoid are vulnerable to dorsiflexion injuries,
since the protective role of the scaphoid is
omitted and the force is applied directly to the
neck of the capitate from the dorsal radial rim
[54] (Fig. 19 in chapter of acute PLI).

5.6 Management

Early reports recommended the excision of the
head of the capitate and its replacement with an
anchovy-type fascial graft, since avascular
necrosis and nonunion were considered inevita-
ble [6, 7, 21, 55].

Conservative treatment may lead to good
results in undisplaced concomitant fractures of
the scaphoid and capitate [12]. Jones [25] reported
an excellent result in a patient treated only with
immobilization, while the capitate was allowed to
heal with its proximal portion rotated by 180�.
Adler and Shaftan [18] reported that one of their
patients, who sustained a trans-scaphoid, trans-
capitate, dorsal perilunate fracture-dislocation
with the head of the capitate rotated by 180o, was
treated with closed reduction. After 5 months of
immobilization he had a painless wrist with full
flexion–extension arc and good strength, although
he developed osteonecrosis of both proximal
scaphoid and capitate.

It is understood that if closed reduction is
attempted, any displacement of the capitate or
scaphoid fractures is an indication for open
reduction, but generally the result after conser-
vative treatment is far from satisfactory [56].

Most authors [9, 12, 22, 23, 47, 57–60] agree
that regardless of the radiographic appearance of
the injury, open reduction and internal fixation is
the treatment of choice. In cases of trans-
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scaphoid, trans-capitate PLFD, the combined
approach is recommended, while in pure scaph-
ocapitate syndrome the dorsal approach is usually
sufficient. The capitate fragment is usually devoid
of any soft tissues and is reduced relatively easy to
the neck with manual pressure, by applying trac-
tion to the hand. K-wires or headless screws may
be placed from the proximal to the distal side and
have been equally successful for the fixation of the
scaphoid and capitate. Reduction and fixation of
the capitate must precede that of the scaphoid,
otherwise the reduction of the latter is extremely
difficult [3, 59] (Fig. 5.11a–h).

Transient avascular changes of the proximal
capitate are usually seen, but the union of the
fracture generally remains unaffected [20], while
the possible objection that operative intervention
might lead to necrosis seems unjustified [13].
Kohut et al. [61] reported that in three out of six
patients with trans-scaphoid, trans-capitate
PLFD, the first dorsal intermetacarpal artery and
vein were implanted into the fractured proximal
pole of the capitate to assist revascularization;
other than that, all of them were treated during
the first 12 days from injury. The fractured
capitate united in all six cases and in one case
the density of the proximal pole of the capitate
increased temporarily.

When the capitate fracture is comminuted or
if the treatment is applied belatedly, primary
bone grafting is indicated [49, 59].

In cases of symptomatic osteonecrosis of the
capitate head or severe damage of the articular
cartilage, the excision of the fragment and a
partial fusion (LC or SLC) with autologous bone
grafting are indicated.

For injuries diagnosed late, i.e., after 2 months,
the management depends on the patients’ symp-
toms. As long as the scaphoid fracture has already
or is about to unite, probably the best solution is
patient monitoring, since some of them remain
asymptomatic or with well tolerated symptoms
for many years, despite the malposition of the
capitate head. On the contrary, symptomatic
patients with bone malalignment probably
require some type of midcarpal fusion [20, 46].

We treated ten patients with capitate fracture
(two cases with isolated fracture of the capitate
were excluded). Five cases were considered as
scaphocapitate syndrome and were treated with
an average delay of 6 weeks (range,
1–18 weeks), while five cases belonged to the
PLFD type of injuries and were treated the same
day of the injury. They were all treated with
open reduction and internal fixation. One patient
was uncontactable for follow-up. The average
follow-up of the remaining patients was
4.8 years (range, 1–15 years). Eight out of nine
scaphoid fractures and nine out of ten capitate
fractures were united successfully. Three out of
ten cases developed signs of arthritis (two at the
midcarpal and one at the radiocarpal level) and
two patients developed signs of avascular
necrosis, while one of them was subjected to
scapholunocapitate fusion (Table 5.1).

5.7 Complications

Nonunion, osteonecrosis and the development of
arthritis in the long-term, are potential compli-
cations regardless of the applied method of
treatment [12, 15, 20]. Early open, anatomical
reduction, and stable fixation are prerequisites to
minimize the above complications.

The capitate is at particular risk for avascular
necrosis, because its proximal pole is entirely
intra-articular and also has peculiar vascularity.
According to experimental studies [43, 47, 62–
64], the capitate receives its vascularity from
dorsal and palmar sources. In the majority of
specimens (67 %) the dorsal vessels supply the
major part of the capitate. In 33 % of specimens,
the vascularity to the capitate head originates
entirely from the palmar surface. Regardless of
pattern, the proximal pole is supplied in a retro-
grade fashion in all specimens and is dependent
on distal–to-proximal flow across the capitate
waist analogous to the blood supply of the
proximal scaphoid. The more proximal the
fracture of the capitate is, the greater is the risk of
aseptic necrosis [63]. Milliez et al. [65] classified
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Fig. 5.9 Case 8. Male, 24-years old, with a 4.5 month-
old reported injury. He was treated for a fractured
scaphoid with a below-elbow cast for 3 months. The
fracture and rotation of the capitate head were apparent
in the X-rays (a, b); with the dorsal approach abundant
scar tissue was located to the dorsal surface of the
capitate (asterisks) (c); removal of the scar tissue and

relocation of the capitate head which was proved to be
particularly friable, using 2 screws and a lamina spreader
for reduction (d); the capitate was reduced, the bone was
grafted and fixated with 2 K-wires, while the scaphoid
was fixated with a cannulated screw (e); postoperative
X-rays (f, g); radiographic appearance and ROM after
12 months (h–k)
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the avascular necrosis of the capitate into three
types. In type I (which is the most common) the
necrosis involves only the proximal pole, in Type
II it involves the distal portion of the capitate,
while in type III it involves the entire capitate.
Avascular necrosis has been reported infre-
quently in isolated capitate fractures but is more

common in higher-energy fractures, particularly
when the capitate is rotated [16, 66].

The true incidence of capitate nonunion in
cases with scaphocapitate syndrome is not
known, but it is known that the most substantial
and under-recognized complication of isolated
capitate fractures is that of nonunion, the

Fig. 5.9 (continued)
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Fig. 5.10 Case 2. Male, 31-years old. Trans-scaphoid,
trans-capitate, trans-triquetral dorsal perilunate fracture
dislocation with the head of the capitate dorsally
displaced, rotated by 180� and facing distally (a, b);
with the dorsal approach, rotation of the capitate head

was apparent (curved arrow) (C Capitate, H Hamate,
R Radius) (c); double arrows indicate the comminution
of the fractured capitate (S Scaphoid) (d); postopera-
tive X-rays (e, f); final follow-up X-rays after 2 years
(g, h)
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incidence of which ranges between 19.6 and
56 % [67, 68] (Fig. 5.12a–l).

Nonunion of the capitate may be related to
both vascular and mechanical factors and is
usually associated with absorption of the frac-
ture surfaces and shortening of the capitate [15,
69–71]. This shortening induces carpal collapse
and overloading to the scaphotrapezial-trape-
zoidal and triquetral hamate joints, on either
side. In cases of capitate shortening, the frag-
ments should be distracted to accept an inter-
calary graft, regain the lost length and restore
carpal stability [15, 16, 70, 72].

Rand et al. [15], reported 13 cases of frac-
tures, three of which were isolated and two of
which progressed to nonunion after non-opera-
tive treatment. Freeman and Hay [69] introduced

a case with nonunion of the capitate presented
with a painful snapping wrist, while Rayan [73]
reported a case with occult wrist pain due to
capitate nonunion. Both were cases with isolated
injury to the capitate.

Kammermeier et al. [74] considered the
uninjured palmar V ligament responsible for the
development of capitate nonunion.

Rico et al. [75] presented a case with non-
union of an isolated fracture of the capitate,
which was successfully treated with iliac bone
graft and K-wires fixation. They stated that
although isolated capitate fractures were less
frequent, the incidence of pseudarthrosis was
greater than in fractures of the capitate associated
with other injuries. Reviewing the literature they
found 10 cases of capitate nonunion.

Fig. 5.10 (continued)
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Fig. 5.11 Case 1. Male, 16-years old. Trans-scaphoid,
trans-capitate dorsal perilunate fracture dislocation with
the proximal head of the capitate located at the dorsal
surface of the distal radius and rotated by 90� (a, b);
fracture of the neck of the capitate (white arrows) and
the head of the capitate (asterisk) located on the dorsal

surface of the radius (c); reduction and fixation with 2 K-
wires of the capitate while comminution of the dorsal
scaphoid was obvious (arrows) (C Capitate, S Scaphoid,
L Lunate, R Radius) (d); postoperative X-rays (e, f); 15
years postoperatively (g, h). With permission from [76]
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Fig. 5.11 (continued)
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Fig. 5.12 Case 3. Male,
33-years old, polytrauma
patient. Wrist bones were
ejected through the volar
wound without
neurovascular injury
(S Scaphoid, L Lunate,
C capitate) (a, b); initial
radiographs (c, d);
reduction and fixation with
combined approach (e, f);
2 years later a nonunion of
the capitate was apparent
(g); the patient refused the
suggested operation since
he had only mild
discomfort. The
radiological and clinical
course vindicated the
patient, as 15 years later he
remains symptoms free
with only minor restriction
of ROM (h–l). With
permission from [76]
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Rand et al. [15] reported that the incidence of
post-traumatic arthritis in patients with scapho-
capitate syndrome reached 66 %.

Marsh and Lampros [48] demonstrated that
the proximal capitate fragment may undergo
necrosis if left unreduced, a view also supported
by others [59].

Kohut et al. [61] treated six patients with
greater arc injuries and capitate fractures, with
open reduction and K-wires fixation. After a
follow-up of 6.4 years all wrists showed mild or
moderate (one patient) arthritic changes. Only
one patient was entirely free of pain, whereas the
others experienced some discomfort or pain at
various activity levels.
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6Palmar Perilunate Dislocations
or Fracture-Dislocations

6.1 Introduction

The first case of palmar trans-scaphoid perilu-
nate dislocation was probably published by
Goulioud and Arcelin in 1908 [1].The palmar
perilunate dislocations constitutes about 3 % of
all perilunate injuries [2–4]. Witvoet and Allieu
[5] in a retrospective study among 85 cases of
perilunate injuries, found five palmar perilunate
dislocations (6 %). Saunier and Chamay [6] in a
review of the literature, reported only 12 cases
of palmar perilunate dislocations, 50 % of which
had an associated fracture of the scaphoid.
Finally, in a multicenter study, Herzberg et al.
[2] found that from 166 cases of perilunate
injuries, 5 (3 %) were of palmar type.

Our knowledge about these injuries derives
only from a few isolated cases that have been
reported in the literature. The earliest report of a
dorsal dislocation of the lunate proven by
radiographic examination was published in
1906, by Thebault (quoted by Taleisnik [1]).

6.2 Mechanism of Injury

There is ambiguity in the literature regarding the
mechanism of injury, since these injuries have
not been experimentally reproduced and the
patients can rarely recall the mechanism of
injury.

The mechanisms that have been described so
far are listed below:

• Forced hyperflexion after falling on the dorsum
of the wrist [7–9], or hyperflexion with the wrist
being trapped in machinery [10].

• Forced hyperflexion and supination of the
wrist relative to the radius [3].

• Hyperflexion of the wrist associated with
ulnar deviation [6, 11].

• Hyperflexion, ulnar deviation and pronation of
the wrist [12].

• Wrist hyperflexion with a longitudinal loading
force transmitted through the capitate [13].

• Axial force on a volarly flexed and radially
deviated wrist, with the forearm in pronation
[14].

• Fall on a hyperextended wrist with supination
of the forearm and proximal row on the fixed
hand and distal row [15, 16].

• The midcarpal displacement could be recre-
ated by supination of the proximal segment on
the extended distal segment, with the rotation
occurring around the triquetrum. (Based on a
postmortem study of a wrist with a volar
perilunate dislocation of a patient who died
2 weeks later from associated injuries) [17].
From the above we assume that two main

force components are implicated: (a) Hyper-
flexion (combined with palmar translation of
metacarpals) which is often produced after a
direct blow to the dorsum of the wrist and (b)
The rotational component, where the distal car-
pal row and metacarpals are forced to pronation,
while the proximal carpal row together with the
forearm are forced to supination. This rotational
dissociation is the same mechanism of injury
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responsible for the palmar radiocarpal disloca-
tions, except that the level of the disruption is
located at the radiocarpal rather than the mid-
carpal joint.

Pournaras and Kappas [18] suggested that a
predisposing anatomical factor may contribute to
this injury pattern since the contralateral healthy
wrist of the patient they presented with volar
perilunar dislocation, showed a VISI alignment
of the wrist. A preexisting abnormal radio-luno-
capitate alignment has also been mentioned by
Roman et al. [19]. Park and Steinberg [20] stated
that prior wrist injuries, may contribute to subtle
wrist instability, thus predisposing to an acute
volar perilunate dislocation while Niazi [16]
considered that laxity of the ligaments makes a
wrist susceptible to dislocations.

6.3 Pathologic Anatomy
of the Injury

Like the more frequent dorsal perilunate dislo-
cations these extremely rare injuries are pro-
duced after a progressively increasing
ligamentous injury in which the head of the
capitate is dislocated volar to the lunate. At a
more advanced stage, the lunate dislocates dor-
sally and the rest of the wrist returns to its ori-
ginal position. This constitutes the purely
ligamentous form of the injury [16, 21], where
the ligamentous attachments of the lunate to the
scaphoid initially and to the triquetrum subse-
quently, rupture, while at the final stage of this
perilunar instability, the SRL and the ulnolunate
ligaments rupture and the lunate dislocates dor-
sally. It seems that this perilunar instability
progresses with the axis of rotation located at the
triquetrum.

Following the above, we assume that the
progressive stages of this injury evolve as fol-
lows: Stage I: Fracture of the scaphoid or SL
dissociation; Stage II: The capitate head (i.e.,
distal carpal row) dislocates volarly with or
without the palmar fragment of a fractured
lunate; Stage III: LT dissociation; and Stage IV:
The lunate, deprived of soft tissues dislocates
dorsally.

As an example, the cases presented by Minami
et al. [22] and by Youssef and Deshmukh [4]
represented a Stage II injury, where the lunate and
triquetrum remained in their normal position with
the radius, while the scaphoid and distal carpal
row had migrated volarly.

In trans-scaphoid volar perilunate disloca-
tions (like their dorsal equivalent) concomitant
scaphoid fracture and scapholunate dissociation
have been described in a case presented by
Nishiyama et al. [14].

Like their dorsal counterpart, the volar per-
ilunate injuries exhibit a transverse disruption of
the volar carpal ligaments [8, 20, 23].

Often, the volar perilunate injuries are man-
ifested as a fracture-dislocation injury, like their
corresponding dorsal variants are evidenced as
greater arc injuries. The most frequent con-
comitant fracture is that of the scaphoid, but of
particular interest is the next most common
fracture which is the fracture of the lunate.
Equally interesting is that the fracture of the
lunate is oriented at the frontal plane, usually
involves its central part and less frequently its
palmar pole. This means that the frequently
referred mechanism of palmar hyperflexion,
must be associated with a longitudinal loading
force transmitted through the capitate, where its
head impinges to the distal articular surface of
lunate separating it into two fragments. In that
case, the capitate and consequently the entire
distal carpal row, in association with the palmar
fragment of the lunate are palmarly subluxated
in different degrees, while the dorsal part of the
lunate is displaced dorsally. Probably, in cases
of volar perilunate fracture-dislocations with the
lunate fractured and the scaphoid intact, the
existence of a radial component of the injury,
e.g., rupture of STT ligaments must be
speculated.

According to the classification of Teisen and
Hjarbaek [24], the transverse fracture through
the body of the lunate constitutes a type V
fracture, which is highly unstable since the head
of the capitate maintains the two fragments
apart. Treated conservatively these fractures
usually end up with a nonunion as the case
mentioned by Ruijters and Kortmann [25].
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In trans-scaphoid volar perilunate injury the
fractured surface of the scaphoid lies on the
frontal plane which means that during hyper-
flexion of the wrist, the scaphoid fractures after
impaction to the volar rim of the radius. In such
cases, the proximal scaphoid fragment remains
with the lunate [26] (Fig. 6.1a–e).

Usually, the volar perilunate fracture-dislo-
cation is associated with fracture of the scaphoid
[2, 6, 7, 9, 10, 27, 28], the lunate [25, 29, 30], or
both [11, 13, 31]. The impaction of the scaphoid
to the radial styloid can cause fracture of the
latter without fracture of the scaphoid [8, 12] or
fractures of both the scaphoid and radial styloid
[6, 32].

Irregular forms of volar perilunate injury,
resembling greater arc injuries, have also been
mentioned in the literature [11, 19, 23, 33], while
Mueller [34] reported a case of volar perilunate
dislocation leading to avascular necrosis and
fragmentation of the lunate.

6.3.1 Dorsal Dislocation of the Lunate

The dorsal dislocation of the lunate represents
the end stage of the volar perilunate dislocation
(just as a volar lunate dislocation represents the
end stage of the more common dorsal perilunate
dislocation injury pattern) [20].

Bilos and Hui [8] reported two cases with
dorsal dislocation of the lunate, both of which
were treated with open reduction, ligaments
suturing, and pin fixation, since after the initially
closed reduction the dislocation recurred easily.
After 12 and 15 months follow-up the results
were good, despite the fact that in one of the
patients, increased density of the lunate without
collapse was noted at 1 year.

Schwartz et al. [35] reported a patient with a
2 months old dorsal lunate dislocation and car-
pal collapse, who presented pain, limited wrist
motion, and inability to extend the long, ring and
small finger metacarpophalangeal joints. Closed
reduction was impossible and the patient was
treated operatively with proximal row carpec-
tomy and tendon reconstruction. The lunate was

deprived of soft tissues and subsequent histo-
logic examination showed complete avascular
necrosis. Rupture of extensor tendons, which
were trapped between the midcarpal joint pre-
venting closed reduction of a volar perilunate
dislocation, have also been mentioned by Mi-
nami et al. [22]. The authors were not aware if
the tendons were torn or subsequently ruptured
because of vascular compromise.

Bjerregaard and Holst-Nielsen [12], also report
a case of dorsal dislocation of the lunate where
through a transverse rent of the dorsal capsule the
lunate was found beneath the fourth extensor
compartment. The patient was treated 2 months
postinjury with scapholunocapitate fusion.

One of two patients presented by Park and
Steinberg [20] had dorsal lunate dislocation
caused by an acute on chronic injury which was
rupture of the lunotriquetral ligament. Probably
the patient previously had a complex type of
instability (CIC) due to insufficiency of both
lunotriquetral and radiotriquetral ligaments that
resulted in VISI alignment which was the pre-
disposing factor to dislocate the lunate dorsally
after the new trauma episode.

Markiewitz et al. [36] supported that dorsal
dislocation of the lunate may be associated with
rupture of the long and short radiolunate liga-
ments, which must be repaired through a palmar
approach, since their deficiency may allow ulnar
translation of the wrist.

Patients with dorsal lunate dislocation usually
present with prominence of the lunate on the
dorsum of the hand [4].

Certainly there are cases of neglected dorsal
lunate dislocation which were accidentally
found during a routine X-ray for another reason
(Fig. 6.2a, b). In such cases the treatment is
dictated by the symptoms [4].

6.4 Diagnosis

In acute cases physical findings consist of a
swollen painful wrist and a silver fork deformity,
which is more distal than in the fracture of the
distal radius with volar displacement (Smith’s
fracture) [6]. Because of the rarity of this injury,
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Fig. 6.1 Electronical depiction of the presumed mech-
anism of injury: The rotational dissociation of the wrist at
the midcarpal level (arrows) could produce a palmar
perilunate dislocation. The axis of rotation is located at
the triquetrum, the metacarpals and distal carpal row are
rotated in pronation, while the proximal carpal row
together with the forearm are forced in supination. At an
initial stage the SL ligament ruptures and all carpal bones
apart from the LT complex, subluxate volarly (a); at a
next stage, the LT ligament also ruptures and all carpal
bones except the lunate, are volarly dislocated, while the
head of the capitate forces the lunate to displace dorsally

and at the same time rotate volarly (b); at a final stage,
the wrist relocates to its normal position, while the lunate
is ejected dorsally with simultaneous rupture of the short
and long RL ligaments (white arrow) (c); in volar
perilunate fracture-dislocations the most frequently
involved fractures are those of the scaphoid and/or
lunate, with their fractured surfaces oriented at the frontal
plane. This finding correlates with a mechanism of
hyperflexion injury, where the scaphoid fractures after
impaction to the volar radial rim and the lunate after
impaction from the head of the capitate (d, e). With
permission from [42]
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the proper diagnosis is likely to be missed. The
two classic X-ray views are usually diagnostic.
Because any coexisting fractures of the scaphoid
or the lunate are oriented in the frontal plane,
their recognition is difficult on the standard PA
view. The diagnosis is most easily made on the
lateral view [36, 37].

Klein and Webb [38] described the
« crowded carpal sign» which is due to the
overlapping of the proximal and distal carpal
rows (however, it can also be found in the more
frequent dorsal variant). Plain X-rays with the
wrist distracted under anesthesia or a CT-scan in
selected cases may add to diagnosis [23].

Fractures of the palmar pole of the lunate
could be an ominous sign, hiding an incomplete
or reduced volar perilunate dislocation [13, 39].

Numbness in the median nerve distribution
has also been reported, early [22] or late in a
missed volar perilunate dislocation [4].

6.5 Management

The rare volar perilunate injuries are exceed-
ingly unstable injuries and should be managed
like the more frequent dorsal perilunate dislo-
cations, with open reduction using both palmar
and dorsal approaches and internal fixation [3,
15, 37]. Closed reduction should be the initial
step in management when open reduction is not
possible immediately after injury.

Taleisnik [1] described the manipulation of
closed reduction as follows: Under satisfactory
anesthesia and muscle relaxation, a finger trap
traction is applied and continued for several
minutes before manipulation is tried. The
reduction of the dorsally shifted lunate is
attempted by direct pressure from the dorsum
(the lunate is more readily palpable than in volar
dislocations), while at the same time the hand is
palmarflexed and rotated into supination around
an imaginary pivot point passing through the
triquetrum. The author claimed that volar per-
ilunate dislocations are more difficult to reduce
than the dorsal variety, and when reduced they
are more likely to recur. He recommended that
immobilization is more effective with the wrist
in neutral or slight dorsiflexion. Green and
O’Brien [17] also suggested that the manipula-
tion of closed reduction could be accomplished
with supination of the hand and distal row on the
fixed forearm and proximal row.

Fernandes et al. [9] supported that closed
reduction achieved in a case of trans-scaphoid
volar perilunate fracture dislocation was very
unstable except in position of extreme dorsi-
flexion, while Niazi [16] claimed that the closed
reduction achieved of a perilunate dislocation,
was found to be unstable in neutral or extension
positions.

Although successful treatment has been
reported with closed reduction alone [9, 16], in
trans-scaphoid volar perilunate fracture-disloca-
tions, closed reduction has been applied as initial

Fig. 6.2 a, b Female, 70-years old. A case of neglected
dorsal lunate dislocation, which was found accidentally
after a minor wrist injury. With permission from [42]
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treatment, but it was soon followed by open
reduction and fixation of the scaphoid due to the
unstable character of the injury [6, 10, 13, 26,
32, 37].

Whenever closed reduction was the definitive
treatment, it resulted in malunion [2, 9] or
nonunion of the scaphoid. Conversely, open
reduction and stable fixation of the fractured

scaphoid usually rendered good results [2, 27,
28, 40], even in delayed treatment [14].

Several authors [6, 17, 23, 26, 32] prefer to
internally fix the scaphoid through a volar inci-
sion, and percutaneously pinning the reduced
joints. Others [36], prefer to use a dorsal
approach for its versatility and better exposure
(Fig. 6.3a–k).

Fig. 6.3 Male, 28-years old. A polytrauma patient
(fracture of left femur and left forearm, dislocation of
the right elbow, ligamentous injuries at both knees).
Same day, the fractures of the femur and forearm were
operatively treated. Initial X-rays of the fractured fore-
arm, where the wrist joint is also indicated (a, b); next
day, changing the forearm wound, wrist deformity and
crepitation were discovered (c); wrist X-rays revealed a
trans-scaphoid volar perilunate fracture-dislocation (d,
e); with a dorsal approach, except for the fractured

scaphoid, an oblique fracture of the capitate head was
found (arrows), while the SL and LT ligaments were
intact (f, g); Postoperative X-rays (h, i); final appearance
3 months postinjury. (R Radius, S Scaphoid, L Lunate,
C Capitate). (Comments: a) although careful evaluation
of the initial forearm X-rays reveal the fractured
scaphoid, obviously a spontaneous reduction concealed
the magnitude of the injury, b) since the LT joint was
intact, probably the case constitutes an incomplete type
of injury). With permission from [42]
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Fig. 6.3 (continued)
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Green and O’Brien [17] in cases of volar
perilunate dislocations, recommended closed
reduction and percutaneous K-wires for
8 weeks, whereas any residual scaphoid sub-
luxation should be corrected via a dorsal
approach.

Similarly, in cases of lunate fracture stable
fixation with a headless screw or K-wires is
mandatory [13].

Various authors [6, 10, 18, 32, 36], have sug-
gested that purely ligamentous volar perilunate
dislocations when treated with closed reduction
and cast immobilization are more likely to give
satisfactory results than does the fracture dislo-
cation counterpart.

Proximal row carpectomy has been applied in
an acute trans-scaphoid, translunate volar per-
ilunate fracture-dislocation, with the distal sca-
phoid pole free of any tissue attachment located
just under the extensor retinaculum [11].

The outcome was considered significantly
worse for those patients who underwent surgical
treatment much later after the initial injury [4].

Post-traumatic instability of the wrist, avas-
cular necrosis of the proximal pole of the sca-
phoid, and intracarpal osteoarthritis are possible
complications when the progression of such an
injury is not satisfactory [6, 41].
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7Delayed and Chronic Perilunate
Dislocations

7.1 Definition

The time limits used to characterize perilunate
injuries into acute, delayed, and chronic, could
neither be strict nor specific. However, time
restrictions must be set for therapeutic and
prognostic reasons and also for the purpose of
understanding each other. Thus, Herzberg [1]
suggested that acute injuries should be consid-
ered as those injuries diagnosed within the first
week, delayed should be those diagnosed
7–45 days after the injury and chronic as those
diagnosed after the 45th day.

7.2 Diagnosis

The percentage of patients with perilunate inju-
ries escaping diagnosis fluctuates between 16
and 25 % [2–4]. The majority of patients with
neglected perilunate injuries present with dis-
tinct wrist dysfunction. Wrist pain, paresthesia,
or even anesthesia of the median nerve distri-
bution, significant reduction of grip strength, and
range of motion, were usually the clinical pic-
ture of patients [5–7]. At a later stage, they may
present with arthritis of the radiocarpal or mid-
carpal joints with different degrees of functional
deficit and articular remodeling [8]. Patients
examined several years after the accident, pres-
ent symptoms of either carpal tunnel syndrome
or rupture due to attrition of the flexor tendons
[6, 9, 10] (Fig. 7.1a–k).

However, the symptoms are not always as
obvious. There are patients with isolated wrist
injury, who underestimated its importance and
requested medical assistance later, usually
complaining for carpal tunnel symptoms [11]
(Fig. 7.2a–n). There are also patients who had
experienced in the past a high-energy injury
involving the wrist, which was missed. The
following years they experienced mild or even
no symptoms at the wrist, to which they had
adapted and the wrist injury was radiologically
diagnosed by chance, much later.

7.3 Treatment Options

In any case, delay in diagnosis constitutes an
important factor affecting the long-term result
[2, 11]. Herzberg et al. [4] reported that patients
treated after a delay of more than 45 days had
significantly worse clinical outcomes. Inoue and
Shionoya [6] reported that cases treated after
2 months post-injury, had unsatisfactory results
compared to patients treated within the first
2 months (average clinical score was 58 and 82
points, respectively).

Howard and Dell [12] suggested that closed
reduction may be attempted up to 2 weeks fol-
lowing injury, they considered the time period
between the second–sixth week the ‘‘gray area’’,
while after the 6th week they supported that
open reduction with combined approach is nec-
essary. The question remains, what further
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Fig. 7.1 Male, 63-years old. Reported finger hypesthe-
sia at median nerve distribution and inability to flex the
index and middle fingers (a, b), due to neglected palmar
dislocation of the lunate, following a 20-year-old injury
he vaguely remembered (c–d); excision of the lunate and
reconstruction of the flexor tendons were performed.

Palmar approach revealed the palmarly dislocated lunate
(arrows) and attritional rupture of the deep and super-
ficial flexors of the affected fingers (asterisks) (e);
comparing the X-rays 1 and 4 years postoperatively, no
carpal collapse was noticed (f–h); ROM 4 years postop-
eratively (i–k)
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damage may be caused by our effort to perform
close reduction to a month-old injury.

The upper time limit considered consistent
with an acceptable result has been reported to be
6 weeks [13, 14], 8 weeks [6], 12 weeks [7, 15,
16], 18 weeks [17], and 5 months [5]. Others

support the attempt of open reduction, regardless
of the time that has intervened [12, 18, 19].

In literature, the most delayed open reduc-
tions attempted, were of a trans-scaphoid per-
ilunate dislocation 8 months post-injury, where
the condition of the cartilage of the lunate and

Fig. 7.1 (continued)
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Fig. 7.2 Male, 52-years old, right-handed, with a 4-
month old reported injury. It was initially considered a
simple injury and a cast was applied. Fifteen days later he
was subjected to carpal tunnel release due to numbness of
the index and middle fingers. Three months later, pain
and numbness continued, he therefore requested medical
assistance and a palmar dislocation of the lunate was
diagnosed. Initial X-rays (a, b); X-rays after 4 months
indicated substantial osteopenia and the displacement of
the lunate was upgraded from stage II to stage III (c, d);
based on the arteriogram, vascularization of the lunate by
a radial artery branch was presumed (e); palmar access
exposed the palmar pole of the lunate (asterisk), while
the distal articular surface was occupied by fibrous tissue

(arrows) (f); its removal revealed cartilage denudation of
the articular surface (g); dorsal access, following the raise
of the capsular flap, revealed the presence of abundant
scar tissue (asterisk) at the location of the lunate (h);
following the removal of scar tissue, the lunate was
reduced with difficulty and was particularly friable.
Lunocapitate fusion with cancellous bone grafts from
the distal radius was performed. Post-operative X-rays (i,
j); the radiological result 3 years later, showing lunate
fragmentation (k, l); the range of motion was satisfactory
and the patient reported pain only after heavy manual
work (m, n) (S Scaphoid, C Capitate, H Hamate, T Tri-
quetrum, R Radius). With permission from [44]
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the scaphoid was found to be good and which
presented with an excellent result after a 5 year
follow-up [20]; also, a case with perilunate dis-
location, treated with open reduction and inter-
nal fixation 35 weeks post injury, showed an

excellent functional result after a follow-up of
19 months [7].

The treatment methods of chronic perilunate
injuries vary in literature and involve open
reduction and internal fixation [17], proximal

Fig. 7.2 (continued)
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row carpectomy [21–26], partial wrist fusions
[11, 16, 27], wrist arthrodesis [28], and lunate
excision [14, 29].

Siegert et al. [7] treated 15 patients with 16
chronic perilunate dislocations or fracture-dis-
locations with various methods and they noted
that the level of improvement of patients who
had wrist arthrodesis or proximal row carpec-
tomy did not exceed that of ORIF. Unanimously,
the results of isolated excision of a carpal bone
(usually of the lunate) are not satisfactory [6, 7,
11, 15, 16, 23].

According to Inoue and Shionoya [6], when
diagnosis is performed earlier than 2 months, an
attempt for open reduction and fixation must be
made. When however it is performed after
2 months post injury, the best results are achieved
with proximal row carpectomy. Yao and Jagadish
[30] and Jones and Kakar [31] advocated that any
injury that has persisted for more than 4–6 weeks
should not be primarily repaired and a salvage
procedure should be performed, because con-
tracture of the volar ligaments and irreversible
carpal bone ischemia may preclude successful
open reduction and ligament repair.

The longest period that a chronic perilunate
injury must be treated with open reduction, is
unknown. The word ‘‘must’’ instead of ‘‘may’’ is
deliberately used, since any chronic dislocation
can be reduced, regardless of the time that has
intervened, but the result will not be a functional
one. Hence the question that arises is: what is the
time period that can intervene, in order for an

open reduction to be attempted on a chronic
perilunate dislocation, so that the result is
functional in the long term?

It should also be considered, that none of the
cases of neglected perilunate dislocations men-
tioned in the literature presents disruption in the
vascularity of the lunate at the time of diagnosis,
regardless of the time intervened. Disruption in
vascularity develops only after attempting open
reduction and is not usually transient, but leads
to fragmentation of the bone (Fig. 7.2a–n).
Transient vascular compromise was noted post-
operatively, in three out of four patients with
chronic lunate and perilunate dislocations pre-
sented by Takami et al. [17]. Three cases (out of
14) presented by Dhillon et al. [5] with neglec-
ted volar lunate dislocations with 21–22 weeks
of delay, developed avascular necrosis of the
lunate after open reduction. A similar case of
chronic lunate dislocation, which was opera-
tively treated after 6 months of delay, was pre-
sented by Weir [32]. After a follow-up of 1 year,
X-ray showed complete collapse and fragmen-
tation of the lunate. A reported exception is the
case by Gellman et al. [13], where a trans-sca-
phoid dorsal perilunate dislocation, neglected for
3 months, presented avascular changes of the
lunate preoperatively. However, after open
reduction and internal fixation, the patient
regained a full, pain-free wrist motion with
complete resolution of the roentgenographic
changes of the lunate after a follow-up of
4 years.

Table 7.1 Operative options depending on the condition of the articular cartilage of specific anatomical areas

Articular cartilage Arthritis Operative options

Head of capitate No Proximal row carpectomy

Distal lunate No/Yes

Radial fossae No

Head of capitate Yes No No Partial fusion

Distal lunate No Yes No

Radial fossae No No Yes

Head of capitate Yes Wrist fusion

Distal lunate Yes

Radial fossae Yes
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Hence, the atraumatic technique required for
maintaining the precarious vascularity of dislo-
cated bones, comes frequently in contrast with
the manipulations required for the reduction of
the chronically dislocated wrist.

Both patient-related and injury-related vari-
ables influence decision making [11]. As for the
latter, mainly three factors must be taken into
consideration during the reduction of a neglected
perilunate dislocation:
1. The contraction of the capsuloligamentous

structures and the development of scar tissue.
2. The condition of the articular cartilage

(especially of the distal lunate) that has ero-
ded during time.

3. The friability of the dislocated lunate, which
has become osteopenic as it does not with-
stand physiologic loads for a long time.

Evidently, the severity of each of the above
factors varies among patients and among inju-
ries. The contraction of the capsuloligamentous
structures can most likely be dealt with by
applying gradual distraction to the wrist with an
external fixator, through a one, or more com-
monly, two-stage operation [33–37]. The second
operation after the application of the external
fixator is usually performed 7–10 days after
gradual application of distraction. As far as the
other two factors are concerned though, our
options are limited. However, these are the
factors that will determine the surgical methods
applied and which by order of preference are the
following:

1. Open reduction, ligamentous reconstruction
or substitution, and internal fixation.

Fig. 7.3 A 4 months old lunate dislocation after volar
approach (a); abundant scar tissue occupied the space
previously located by the lunate (dorsal approach) (b);
removal of the scar tissue and distraction of the joint with

a lamina spreader using screws located at the radius and
capitate (c); with the lunate reduced, insertion of bone
anchors for capsuloligamentous reconstruction
(d) (L Lunate, S Scaphoid, C Capitate, R Radius)
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2. Partial wrist fusion (scapholunocapitate or
lunocapitate or four-corner fusion with sca-
phoid excision [11, 16] or scaphocapitate
with lunate excision [16, 27]).

3. Proximal row carpectomy and
4. Wrist fusion.

Which method will be chosen among the last
three (2, 3 or 4), will depend upon the condition of
the joint cartilage of the head of the capitate, the
distal lunate, and the radial fossae (Table 7.1).

Consequently, how a neglected injury will
be treated, does not depend as much upon the
time limits set by the literature, but upon sur-
geon’s experience and the anatomical condi-
tions encountered. In any case, successful
delayed open reduction produces better func-
tional results than any salvage operation [2, 7,
13, 17, 32, 38] and functional and radiological
results are better in delayed than in chronic
injuries [5, 39].

Fig. 7.4 Male, 27-years old, dorsal perilunate disloca-
tion with a 6 weeks old injury, which escaped diagnosis
(a, b); palmar access exposed scar tissue (white arrow) at
the distal articular surface of the lunate (black arrow) (c);
following the removal of the scar tissue the articular
cartilage appeared to be in good condition (white arrows
show the midcarpal rent) (d); dorsal access revealed the
scar tissue proximal of the capitate (asterisk), which

presented with a chondral defect (arrow) (e); after
dislocation reduction, ligamentous reconstruction was
performed using bone anchors (f); fixation was limited at
the proximal carpal row and external fixation was applied
(g, h); 3 months later, omission to place a transfixing pin,
bridging the two rows, led to dorsal subluxation of the
capitate head (i, j). With permission from [44]

178 7 Delayed and Chronic Perilunate Dislocations



Fig. 7.4 (continued)
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It is properly supported [11, 39] that the
decision on the type of operation, should be
taken intraoperatively, according to the condi-
tion of the articular cartilage of the midcarpal
and radiocarpal joints.

Kailu et al. [39] proposed to use the Inter-
national Cartilage Repair Society grading sys-
tem (ICRS) to grade the severity of the cartilage
damage as follows: ICRS 0 (normal): Macro-
scopically normal cartilage without notable
defects; ICRS 1 (nearly normal): The cartilage

has superficial lesions (fibrillation, softening,
fissures); ICRS 2 (abnormal): Defects that
extend deeper but involve \50 % of the carti-
lage thickness; ICRS 3(severely abnormal):
Lesions that extend through [50 % of the car-
tilage thickness but not through the subchondral
bone plate; and ICRS 4 (severely abnormal):
Cartilage defects that extend into the subchon-
dral bone. The authors suggested that in delayed
or chronic cases with low-grade cartilage dam-
age (ICRS I and ICRS II), open reduction and

Fig. 7.5 Male, 58-years old, a 2.5 months old lunate
dislocation (a, b); arrow shows the only vascular supply
to the volarly dislocated lunate (c); postop X-rays (d, e);

2 months later, transient ischemia of the lunate was
apparent (f); final X-rays 1 year postop (g, h)
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internal fixation should be attempted, while in
high-grade damage (ICRS III and ICRS IV), a
salvage procedure should be considered.

The basic principles for reduction of neglec-
ted perilunate dislocations are identical with
those for acute injuries. We believe that, up to 2
or 3 months post-injury, an open reduction and
internal fixation should be attempted with the
following essential steps:
1. Combined (dorsal and palmar) approach, as

this diminishes the amount of force necessary
for the reduction.

2. Removing of the scar tissue occupying the
space opposite the lunate fossa (dorsally) and
the distal articular surface of the lunate
(palmarly).

3. Assessment of the articular cartilage i.e.,
distal lunate, head of the capitate.

4. Distraction of the joint, with an external fix-
ator or other distraction device like lamina
spreader (Fig. 7.3a–d)

5. Reduction of the dislocation, by using the
most atraumatic technique possible and by
maintaining the soft tissues of the proximal
lunate intact. Using sharp or blunt instru-
ments to help the reduction of the lunocapi-
tate joint, as has been suggested [5, 16, 37],
threatens the integrity of the friable lunate.

6. Fixation of the lunate with K wires with the
adjacent bones. While transfixing pins
(bridging rows or radius) are not necessary in
acute injuries, they are essential in delayed
cases in order to avoid recurrence of sub-
luxation (Fig. 7.4a–j).

7. Retaining external fixator in slight distraction
postoperatively to preserve the carpal height
(Fig. 7.5a–h).
Capsular or ligamentous flaps (Blatt or DIC

ligament flaps) may be needed to supplement the
deficient SL interosseous ligament [15]. Rein-
forcement with tendon grafts of the SL ligament
in neglected perilunate dislocations is most
likely referred to in literature as a theoretical
possibility, since only Howard and Dell [12]
applied it in practice, emphasizing the technical
difficulties of this method. Probably, the con-
traction of the capsuloligamentous structures
and the scar tissue developed in cases older than

2–3 months, contribute to adequate stability and
wrist stiffness, so that capsulodesis or tendon
grafts are not necessary measures, a view also
supported by Massoud and Naam [16] and
Dhillon et al. [5]. If it’s feasible, we insert one or
two bone anchors to the proximal scaphoid or
lunate to augment the remnants (if any) of the
SL ligament with the proximal DIC ligament
and the dorsal capsule.

In cases of neglected trans-scaphoid fracture-
dislocations, where comminution, bone resorp-
tion or ischemic changes of the scaphoid may be
encountered, simple bone grafts or vascularized
bone grafts may be needed.

In the case of open reduction, as well as the
case of partial fusion, chronic contracture of the
capsuloligamentous structures, renders difficult
the accurate alignment of the joint between the
lunate and the capitate. If the lunocapitate joint
is fixed with a K-wire (during open reduction) or
fused (in partial fusion) with dorsal angulation,
then dorsal impingement of the capitate to the
dorsal radial rim will produce a painful restric-
tion of dorsiflexion of the wrist.

Kailu et al. [39] supported that loss of the
articular cartilage at the midcarpal joint, leads to
the decrease of carpal height ratio postopera-
tively, which has adverse effects on wrist func-
tion. They are considered important to protect
the articular cartilage postoperatively, especially
in chronic cases in which the joint capsule is
contracted and the articular cartilage is inevita-
bly under compression after reduction. This was
accomplished by using an external fixator in a
neutralizing mode, to block the axial load on the
cartilage of the proximal carpal row and to
maintain normal carpal alignment during the
initial stages of ligament healing. Concerning
the distraction, Bathala and Murray [8] high-
lighted that when attempting to reduce a
chronically dislocated carpus, the surgeon must
take into account that shortening of the median
nerve and the radial and ulnar arteries will have
occurred.

For injuries dated more than 3 months, usu-
ally our options are confined to a salvage pro-
cedure (proximal row carpectomy, partial or
total wrist fusion), depending on the condition of
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the articular cartilage of the head of the capitate,
distal lunate, and of radial fossae.

Massoud and Naam [16] retrospectively
reviewed 19 patients for chronic perilunate
injuries with a mean delay of 29 weeks (range,
13–35), who were treated with open reduction
and internal fixation. They divided the patients
into two groups based on the type of injury: 13
patients with greater arc and 6 patients with
lesser arc injuries and they attempted to compare
the functional outcome. They found no signifi-
cant differences between the two groups con-
cerning pain (VAS), active ROM and grip
strength. Statistically, significant difference was
found concerning the Mayo wrist scoring system
according to which, good to excellent result was
achieved in 69 % of patients with greater arc
injuries compared with 33 % of patients with
lesser arc injuries. They concluded that patients
with lesser arc injuries have a less successful
outcome. In addition, they commented that the
reduction of greater arc was technically easier
than that of lesser arc injuries.

Rettig and Raskin [40] treated with proximal
row carpectomy 12 patients with stage III and IV
perilunate dislocations, which had remained
undiagnosed for a period of 8 weeks until
6 months. In seven of the patients, they discov-
ered small cartilaginous defects at the head of
the capitate. After a follow-up of 40 months on
average, the patients demonstrated significant
pain relief, functional range of motion, and sat-
isfactory grip strength (arc of flexion–extension
80o and grip strength 80 % of the contralateral
wrist). Three heavy manual workers were unable
to return to their former occupation, while one
patient developed asymptomatic radiocapitate
arthritis.

For patients of this category, who frequently
present cartilage defects at the head of the cap-
itate and who are usually treated with proximal
row carpectomy, the interposition of the dorsal
capsule is possibly effective [41, 42].

Wrist arthrodesis is indicated in cases of
generalized arthritis of the wrist, while in cases
of neglected perilunate dislocations, the sug-
gestion made by Richards and Roth [43] to
perform a fusion of the distal carpal row to the

radius, preceded by proximal row carpectomy, is
interesting. Advantages of this method are: the
simultaneous decompression of the carpal tun-
nel, the removal of sclerotic, and avascular bone
that may delay union, the fact that arthrodesis is
performed on less articular surfaces and thus
reduces the risk of nonunion, that wrist mala-
lignment (ulnar displacement and radial sub-
luxation) is easier fixed and that the risk of
ulnocarpal impaction is reduced.

For patients who appear many years after the
injury (frequently for another reason) with
symptoms of carpal tunnel syndrome or with
flexor-tendon rupture, we usually tackle the
problem alone (carpal tunnel release, tendon
reconstruction), since these patients may not be
candidates for surgical correction of the bony
deformity [6, 9]. Although the few reports of
isolated carpal bone excision agree on its lack of
success, in cases where the lunate has been
dislocated for years and the wrist has been
adapted to its absence, excision of the lunate
(because of tendon or median nerve problems)
probably makes no difference (Fig. 7.1a–k).
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8Radiocarpal Dislocations
or Fracture-Dislocations

Emmanuel Apergis and Anna Palamidi

8.1 Introduction

Until the description of the fractures of the distal
radius by Claude Pouteau in 1783, the radio-
carpal (RC) dislocations were the only known
carpal injuries. Dupuytren was the first, who in
1834 recognized their rarity. The RC dislocation
injury was first recognized and described by
Malle in 1838, when he identified a volar RC
fracture-dislocation. Shortly thereafter, Marjolin
and Voillemier identified and reported dorsal RC
fracture-dislocations. All these observations
were made from examination of postmortem
specimens [1, 2]. Destot [3] reported the first
radiographically documented case of a RC
fracture-dislocation in 1926.

RC fracture-dislocations are relatively rare
injuries, whose exact frequency is unknown. Gui
[4] reported that these dislocations represent 0.2 %
of all dislocations (quoted by Rosado [5]), while
Dunn [6], from 112 fracture-dislocations of the
wrist, reported 6 RC dislocations, i.e., a percentage
of 5.3 (quoted by Bilos et al. [7]). However, it was
later disputed, whether three of those cases actually
belonged to the category of RC dislocations [8].
Moneim et al. [9] reported that within a 13-year
period, he treated 7 cases of RC dislocations and
that this number represented 20 % of all carpal

dislocations, encountered during that period.
Between these two extremes (0.2–20 %), Ilyas’
et al. [10] estimation of 2.7 % (12 out of 438
patients with distal radius fracture or wrist dislo-
cation) and 0.46 % with pure ligamentous dislo-
cations, seems to be more realistic. We will
probably never find out the true incidence of these
injuries, since there is no consensus as to which
injuries should be named RC fracture-dislocations.

Due to the rarity of the injury of most refer-
ences, describe a relatively small number [7, 9,
11–15] or isolated cases [16–34]. At present only
a few reports involve more than 10 patients: the
report by Nyquist and Stern [35] with 10 cases, by
Mudgal et al. [36] with 12 cases, by Girard
et al. [37] with 12 cases, and by Dumontier et al.
[38] with 27 cases throughout a 23-year period.

The literature reveals that pure RC disloca-
tions are rare injuries, while the RC fracture-
dislocations involving radial styloid fractures are
the most frequent. In addition, the dorsal RC
fracture-dislocations are much more common
than their palmar counterpart [36, 38, 39],
although it seems the opposite is true for pure
RC dislocations. By reviewing the literature,
Table 8.1 shows the number of cases of pure
dislocations (dorsal, volar, and multidirectional)
that have been reported so far and the subtype of
volar dislocations associated with the ulnovolar
fragment of the distal radius.

As for more violent traumas, these injuries
have been reported mainly in males and usually
of young age. In our series of 26 patients, the
average age was 33.7 (range, 19–60) and only
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one was a woman, while in Dumontier’s [38]
series the percentage male/female was 4/1.

8.2 Restraints of the Radiocarpal
Joint

We know that wrist motion along the transverse
plane (pronation-supination) is only possible if
the wrist is not loaded. The range of passive
rotational motion between radius and carpus
varies from 40� to 45� [40–43] and extrinsic

tendon loading affects significantly the rotational
stability of the wrist: the passive pronosupination
laxity of the RC and midcarpal joint decreases
from 45� to 10� by clenching the fist [40].

Many daily manual tasks are performed by
rotation of the forearm. To perform these rota-
tional tasks adequately, the relative motion
between the radius and the carpus must be
constrained within a limited amount of laxity.
These constraints to rotation (which at the same
time provide stability to the RC joint) consist of
the concavity of the radial fossas,the dorsal and
palmar capsuloligamentous structures that link
the forearm to the carpus, and the extrinsic
tendons that cross the RC joint.

8.2.1 Ligamentous Structures

Ligamentous structures provide constraints in
both rotational (pronosupination between radius
and carpus) and translational (dorsopalmar and
ulnar) displacement of the wrist.

8.2.1.1 Rotational Constraints
Ritt et al. [41] stated that ligamentous structures,
having a proximal-radial to distal-ulnar course on
the dorsal side (DRC ligament) and a proximal-
ulnar to distal-radial course on the palmar side
(UL, UT ligaments), provide resistance to passive
supination of the radiocarpal joint. On the con-
trary, ligamentous structures having a proximal-
radial to distal-ulnar course on the volar side
(RSC, LRL, and SRL ligaments) provide resis-
tance to passive pronation of the RC joint with the
RSC ligament being the primary pronation con-
straint. The author supported that ulnarly located
structures changed their major constraint contri-
bution with forearm orientation, whereas those
with a radial origin had a constant contribution
independent of forearm rotation.

Rotational motion between radius and carpus
is obviously not restricted to the RC joint alone.
The midcarpal joint contributes as well. Gupta
and Moosawi [44] stated that active RC prono-
supination occurs predominantly at the midcar-
pal joint with the RC joint contributing only

Table 8.1 Pure dorsal, pure volar, pure volar with
associated ulnovolar fragment and multidirectional RC
dislocations, as reported in the literature

Author Years Cases

Pure dorsal RC
dislocations

Hardy [54] 1999 1

Varodompun
[119]

1985 1

Dumontier [32] 2001 1

Berschback [14] 2012 1

Bohler [16] 1930 2

Rosado [101] 1966 1

Dunn [33] 1972 2

Fehring [34] 1984 1

Pure volar RC
dislocations

Moneim [83] 1985 1

Moore [84] 1988 1

Howard [59] 1997 1

Naranja [91] 1998 1

Mudgal [87] 1999 1

Dumontier [32] 2001 1

Mourikis [86] 2008 2

Bellinghausen[9] 1983 2

Penny [96] 1988 1

Thomsen [118] 1989 1

Volar RC
dislocations ?

Ulnovolar
fragment

Apergis [6] 1996 1

Dumontier [32] 2001 1

Takase [114] 2004 1

Freeland [40] 2006 1

Hofmeister [58] 2008 1

Obafemi [93] 2012 1

Multidirectional
pure
ligamentous RC
dislocations

Fennel [35] 1992 1

Our series 2012 2
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18 % to supination and 31 % to pronation. In
that case, the stabilizing ligaments of the mid-
carpal joint (SC, TH, TC ligaments) must also
contribute significantly to the rotational motion
between radius and carpus. Hence, the concept
of anti-pronation and anti-supination slings [45]
running in opposite directions, could be the main
restraining ligamentous construction stabilizing
the RC unit during rotational motion (Fig. 8.1).

8.2.1.2 Dorsopalmar Translation
Constraints

The integrity of the palmar RC capsuloliga-
mentous structures seems crucial to RC stability.
Katz et al. [46] using fresh-frozen cadaver
specimens, found that palmar structures (RSC,
LRL, and SRL ligaments) provided greater
restraint (61 %) to dorsal translation of the car-
pus than did dorsal structures (DRC ligament)
(2 %). The palmar structures also provided a
greater restraint (48 %) to palmar translation of
the carpus than did the dorsal structures (6 %).
In particular, the SRL ligament is considered by
some [11, 47] as the primary soft-tissue restraint
against volar translation of the carpus.

Interestingly, the remaining structures (radial
and dorsal capsule and UC ligaments) provided
37 % restraint to dorsal translation and 46 %
restraint to palmar translation.

8.2.1.3 Ulnar Translation Constraints
The RC ligaments, both volar (RSC, LRL, SRL
ligaments) and dorsal (DRC), having an oblique
direction (lateral to medial), constrain the natu-
ral tendency of the carpus to slide down the
ulnopalmarly inclined distal articular surface of
the radius [46, 48, 49]. The extent of ligament
injury necessary for an ulnar translation to
occur, although not exactly known, is quite
substantial [50, 51] and certainly greater than
previously reported [52]. In partial injuries, the
carpus may translate palmarly rather than uln-
arly [50]. Viegas et al. [50] found experimen-
tally that, while the RSC ligament alone was not
adequate to stabilize the wrist against ulnar
translation, the UC ligaments alone, were. Ilyas
and Mudgal [2] stated that ulnar translation in
conjunction with loss of the ulnolunate liga-
ments led to progression of the injury from ulnar
translocation to multidirectional instability of
the wrist.

The importance of the volar ulnocarpal liga-
ments (UL, LT, UC) on ulnocarpal stability, has
been emphasized in the literature. Munk et al.
[53] noted that the rupture of these ligaments
produced significant instability not only in
deviation but also in rotation of the wrist, while
Wiesner et al. [54] stated that sectioning of these
ligaments increased significantly the displace-
ment of the carpus in the palmar direction. It has
also been reported that the ulnocarpal ligaments
can prevent abnormal radioulnar translation of
the carpus [55, 56]. Moritomo et al. [57] found
that ulnocarpal ligaments are at risk with the
wrist in radial extension or hyperextension when
associated with axial loading or forearm rotation
(or both), a mechanism which has been impli-
cated in RC dislocations.

8.2.2 Extensor Compartments

Extensor compartments contribute markedly to
resisting both pronation and supination at the RC
joint [41]. Iwamoto et al. [58] investigated the
mechanical strength of each septal attachment
on the radius and each of the 6 compartments of

Fig. 8.1 Supination and pronation constraining
ligaments
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the extensor retinaculum. He found that septa 1/
2 and 2/3 had the highest stiffness and failure
forces, while compartment 3 had the highest
stiffness and compartment 2 had the highest
failure force. He concluded that large bony
attachment sites and a wide breadth of retinac-
ulum fibers may attest to the high stiffness and
failure loads of the first 3 compartments.

8.2.3 Extrinsic Tendons

Capsuloligamentous structures are considered as
passive, while extrinsic tendons as dynamic
constraints of joints. The interaction between
passive and dynamic constraints is now well
documented in recent publications that have
identified the presence of mechanoreceptors in
the joint capsule and carpal ligaments [59]. The
neurophysiological mechanisms triggering con-
traction of certain muscles in order to protect the
joint against external forces, have also been
defined [60–62]. When a ligament is about to fail,
a neuromuscular reflex is triggered that hampers
further injury, either by direct contraction of
some muscles or by inhibition of some other.

Salva-Coll et al. [63] categorized muscles
into two groups: the muscles that pronate the
midcarpal joint, (mainly the ECU and in a lesser
extent the FCR) and those that supinate the
midcarpal joint (the FCU, the ECRL and APL).

8.3 Correlation Between Articular
Fracture Fragments
and Ligamentous Attachments

Only few reports are dealing with the association
between articular fracture fragments and the
attachments of the RC ligaments to the radius
[64–66]. Siegel and Gelberman [65] studied the
damage that can be caused to the palmar RC
ligaments during radial styloidectomy, but they
described the regions of ligament origin in
absolute dimensions, without taking into account

that the areas of origin of the RC ligaments vary
in their width when comparing wrists of differ-
ent sizes. They performed three types of styloi-
dectomies: the short oblique (equated to a
fracture of the tip of the radial styloid) corre-
sponds to the interruption of the radial collateral
ligament; the vertical oblique (compared to a
fracture through the middle of the scaphoid
fossa) corresponds to disruption of the RSC
ligament origin; and the horizontal styloidecto-
my (representing a fracture line exiting at the
interfacet prominence, proximal to the SL joint)
corresponds in addition, to interruption of a
major portion (av. 46 %) of the long radiolunate
ligament. Hence, in RC dislocations associated
with a fracture of only the tip of the radial sty-
loid, the reconstruction of the palmar RC liga-
ments is mandatory [38]; in RC fracture-
dislocations with a fracture of the radial styloid
exiting at the level of the SL joint, fixation of the
fragment, which contains a major part of the
palmar RC ligaments, could probably restore the
stability of the wrist.

Berger and Amadio [64] attempted to corre-
late the size and location of the intraarticular
fracture fragments of the distal radius with the
palmar RC ligament injuries, while Mandziak
et al. [66] by reviewing CT scans of intraartic-
ular distal radius fractures, analyzed the rela-
tionship of fracture line locations to known
ligament attachments. They found that fracture
lines were significantly more likely to occur at
the intervals between the ligament attachments
than at the ligament attachments themselves and
concluded that the ligaments can contribute to
the fracture pattern in at least 2 ways: either the
intact ligaments avulse the bone fragments or
ligaments are shielding the underlying bone.
They also noted that the mode of failure depends
on patient age. As age increases, so does the
modulus of elasticity, stiffness, ultimate tensile
strength, and ultimate load, making avulsion-
type injuries potentially more common in
younger groups and mid-substance tears more
likely in older groups.
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8.4 Association Between
the Location
of an Intraarticular Fracture
Fragment and the Stability
of the Radiocarpal Joint

The intraarticular fractures of the distal radius,
do not equally destabilize the RC joint. Giunta
et al. [67] analyzed the subchondral minerali-
zation of the RC joint, by using CT-osteo-
absorptiometry. In most cases, two density
maxima were found on the articular radial sur-
face, one corresponding to the scaphoid and one
to the lunate. These matched the positions of
pressure peaks described in reports of research
on mechanical models. The density maximum
on the articular surface of the radius opposing
the scaphoid is, however, rather more dorsally
placed, whereas that opposing the lunate lies
palmar to the radioulnar midline. This practi-
cally means that the volar half of the lunate fossa
receives a considerable amount of loads applied
to the RC joint and its absence (e.g., after a
fracture) would greatly destabilize the RC joint.
It is also possible that different anatomical ele-
ments contribute to the stability of the RC
articulation, in each quarter of the distal articular
surface of the radius. At the volar half of the
lunate fossa and the dorsal half of the scaphoid
fossa, stability is mainly of bone origin, while in
the dorsal half of the lunate fossa and the volar
half of the scaphoid fossa stability is mainly
ligamentous (Fig. 8.2).

It is known that the short radiolunate liga-
ment inserts at the palmar rim of the radius
correspondingly to the lunate fossa. The exact

functional significance of this ligament is not
well known, although it is believed to contribute
to the stability of the radiolunate joint [47].
Indirectly, however, its importance is high-
lighted in fractures of the ulnovolar radial rim
where this ligament inserts and which, if not
treated, results progressively in volar wrist sub-
luxation (Fig. 8.3a–b).

8.5 Mechanism of Injury

RC dislocations are high-energy injuries (fall
from a height, traffic or industrial accidents) and
therefore the patients rarely remember the exact
mechanism of injury.

This injury is a product of several factors: the
anatomy of the articulating units, the strength and
elasticity of the RC ligaments, the strength of the

Fig. 8.2 (Electronically processed image) The stability
of the RC joint at the volar half of the lunate fossa and the
dorsal half of the scaphoid fossa is mainly of bone origin
(asterisks), while in the dorsal half of the lunate fossa and
the volar half of the scaphoid fossa the stability is mainly
ligamentous (arrows). With permission from [127]

Fig. 8.3 Fractures of the
ulnovolar radial rim
destabize the RC joint in
volar direction (a, b)
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bony structures, the magnitude, rate of loading,
and position of the RC joint at impact [68, 69].

Bohler [70] in 1930, who originally postulated
the mechanism of injury for dorsal RC fracture-
dislocations, stated that a compressive and rota-
tional force occurs against a hyperextended and
pronated wrist. This mechanism was subse-
quently confirmed by Weiss et al. [71] in a
cadaveric study. They found that a torsional ele-
ment is essential, since an axial load alone causes
fractures of the scaphoid with or without mid-
carpal dislocations or fractures of the distal radius.

Freeland et al. [23] supported that shear for-
ces at the palmar or dorsal edges of the RC joint,
often accompanied by excessive reciprocal
rotation force combined between the wrist and
forearm, have been implicated as the principal
mechanisms causing RC dislocation and insta-
bility. The ulnar head appears to act as a fulcrum
for the rotational forces. The wrist is typically
hyperextended on impact, although hyperflexion
[19, 25] or distraction [26] has been cited.

Dorsal dislocation of the RC joint occurs
when a torsional force is applied to a hyperex-
tended and ulnarly deviated wrist, while the
forearm is fixed in hyperpronation [1, 71, 72].

Dumontier et al. [8] supported that the high
frequency of an associated fracture of the ulnar
styloid, may indicate that these injuries start to
develop from the ulnar side of the wrist, but
most authors believe that failure begins on the
radial side and progresses to the ulnar side of the
wrist [28, 73].

Possibly the magnitude and direction of the
rotational force and the axial compression will
determine the variable amount of bony and soft-
tissue injuries encountered in different forms of
dislocations or fracture-dislocations. The com-
pressive and torsional component appears in
many cases, where the proximal chondral sur-
faces of the proximal carpal row bones were
stripped-off of the cartilage and the osteochon-
dral fragments were found in various positions
intra- or extraarticularly (Figs. 8.4a–c, 8.5a–c).

Fig. 8.4 The compressive and torsional component
needed to produce a RC fracture-dislocation is evident
in this dorsal RC fracture-dislocation, where the arrow
indicates an osteochondral defect from the dorsal surface
of the lunate (a); by elevating the fractured dorsal radius
fragment, an impacted articular fragment of the distal
radius is seen (asterisk), while the arrow indicates the
missing osteochondral fragment originating from the
dorsal lunate (b); the osteochondral fragment is relocated
to its original position (c). With permission from [127]
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It is very possible, that independently of their
direction, the pivotal separation of the wrist-
forearm toward opposite directions is responsi-
ble. Specifically, when at the time of injury the
forearm is fixed in pronation and the wrist is
violently supinated, a dorsal RC dislocation may
develop. Conversely, with the hand being fixed
in pronation and the forearm violently supinated,
a palmar RC dislocation may develop.

Apart from the rotation and the axial com-
pression which are major components of the
mechanism of injury, dorsiflexion and ulnar
deviation [29, 31, 68], dorsiflexion and radial
deviation [38, 74], or volarflexion and radial
deviation [25] of the wrist, have all been
implicated in the formation of injury. However,
in many cases the mechanism of injury is
extremely complex and hard to explain.

Anatomical characters of the wrist joint, such
as the negative ulnar variance [52], the degree of
inclination of the distal articular surface of the
radius [55] or DISI deformity [34], could play an
important role in the development of RC
instability.

8.6 Terminology

RC fracture-dislocations are the most debatable
of carpal dislocations. The term RC fracture-
dislocation has been incorrectly used in a con-
siderable number of cases previously reported
[75]. Thus, many questions arise concerning
their incidence, terminology, and classification.
In a strict manner of speaking, dislocations of
the RC joint should be either pure ligamentous
injuries or dislocations associated with bony
avulsions of ligamentous attachments.

There is agreement on terminology, only for
pure ligamentous RC dislocations. Confusion
exists concerning the various types of fractures
of the distal radius associated with dislocation of
the RC joint. Thomsen and Falstie-Jensen [33]

Fig. 8.5 During palmar approach for open reduction of
a dorsoulnar RC dislocation, an osteochondral fragment
was found (arrow) (a); the dorsal approach revealed an
osteochondral defect mainly of the dorsal scaphoid,
comprising also the dorsal SL ligament and a small
chondral piece of the dorsal lunate (b); relocation of the
osteochondral fragment (c) (asterisk dorsal SL ligament,
S scaphoid, R radius) (The case is continued in
Figs. 8.11, 8.33). With permission from [127]
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critically reviewed past reports of 35 cases with
RC dislocations or fracture-dislocations and
gave credit to only 13 cases. Similarly, Watan-
abe and Nishikimi [75] considered reliable only
45 of 124 cases that had been reported in the
literature.

Dumontier et al. [38] stated that most of the
seventy cases reported in the nineteenth century,
were not RC dislocations but intracarpal dislo-
cations, epiphyseal injuries or very displaced
wrist fractures.

Various authors adopted different criteria to
include injuries to the RC fracture-dislocation
group: Dumontier et al. [38] considered as RC
fracture-dislocations, patients whose entire car-
pus had been dislocated volarly or dorsally to the
radius, with fractures of the radial styloid more
than one-third of the width of the scaphoid fossa,
provided that the ulnar half of the distal part of
the radius was intact; carpal translations asso-
ciated with a fracture of the volar or dorsal
margin of the radius were excluded. On the
contrary, others [2, 9, 68, 73, 75, 76], under the
term RC fracture-dislocations comprised injuries
characterized by dislocation of the RC joint in
either dorsal or volar direction, which can be
associated with radial and ulnar styloid as well
as marginal rim fractures of the distal radius.

The main injury, from which RC fracture-
dislocation must be differentiated, is the shear-
ing marginal articular fractures of the distal
radius (Type B according to AO classification or
type II according to Fernandez classification)
(Table 8.2). This type of injuries includes: volar

Barton’s fracture (Fig. 8.6a) [77], Schauffeur’s
fracture (Fig. 8.6b) [78], and the sizable uln-
opalmar (Fig. 8.3a, b) or radiopalmar (Fig. 8.6c,
d) fracture fragments of the distal radius, when
accompanied by carpal translation [16, 79, 80].
These injuries should not be confused with true
RC fracture-dislocations, since, the fractured
fragment containing significant ligamentous
attachments, remains in contact with the proxi-
mal carpal row and its fixation restores the
stability of the RC joint. However, most impor-
tantly they constitute one-sided injuries by defi-
nition, since the opposite cortex and the extrinsic
RC ligaments must be intact [69, 81–83]. Thus,
the distinction should not be based on the size of
the osseous fragment alone, which either way is a
subjective criterion, but whether there is an
associated injury opposite the osseous fragment
side. On the contrary, fractures of the dorsal
radial rim associated with dorsal RC subluxation
(frequently referred to as dorsal Barton) merit
particular attention, as they are more related to
RC fracture-dislocations. Lozano-Calderon et al.
[84] examined 20 such patients and found that 18
of them also had a wide spectrum of opposite
volar injuries.

The term ‘‘transstyloid radiocarpal disloca-
tion’’ which has been used by some authors [75,
85] is just an indication of the coexistence of a
fractured radial styloid with dislocation of the
RC joint.

RC fracture-dislocations must also be differ-
entiated from patterns of perilunate ligamentous
injuries that have a radial styloid component

Table 8.2 Differences between RC fracture-dislocations and shearing fractures with wrist subluxation

RC fracture-dislocation Shearing fractures ? wrist subluxation

Mechanism Mainly rotational injury Mainly compressive or axial load injury

Pathoanatomy Injury at both sides of the RC joint
(ligamentous or osseoligamentous)

One side injury (osseous)

Relation of osseous
fragments with PCR

Fragments with no or only partial contact
with PCR

Fragment in contact with PCR contains
stabilizing ligaments

Reduction Ease of reduction insecure maintenance Reduction and fixation of the sizeable
osseous fragment ensure joint stability

PCR proximal carpal row
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[68], since they have a different mechanism of
injury, pathoanatomy, treatment, and prognosis.

Therefore, we believe that the prerequisite to
consider these injuries as radiocarpal disloca-
tions is the dislocation of the entire carpus volar
or dorsal to the distal radius without fracture or
with avulsion fractures at the insertion site of the
ligaments (e.g., tip of the radial styloid, small
ulnovolar fragment). Under the term radiocarpal
fracture-dislocations we should include patients:
(a) with dislocation of the RC joint associated
with fractures which involve: the marginal cor-
tical radial rims (volar and/or dorsal), the radial
styloid or both, while there must be injuries
(osseous and/or ligamentous) to both sides of the
RC joint (dorsal and volar), (b) whose radius
metaphysis and the main portion of articular
surface of the distal radius are intact, and (c)
with no associated intercarpal dislocations (the
head of the capitate retains normal alignment
with the distal lunate).

Idler [86] defined RC dislocation ‘‘as loss of
articular contact between the proximal carpal row
and distal radius not in association with a bio-
mechanically significant fracture of the distal

radius’’. Although the expression ‘‘biomechani-
cally significant’’ raises much debate, we believe
that the definition would be more accurate if the
phrase: ‘‘and which also requires injury of at least
both sides of the RC joint’’ is also added at the end.

However, there will always be cases in the
gray area or questionable cases as to where they
belong. These are the cases presented by Capo
et al. [87], where the whole proximal carpal row
dislocated volarly and disengaged from both the
radius and distal carpal row or the case presented
by Klein et al. [88], where the dorsally dislo-
cated carpus was associated with a dorsal per-
ilunar dislocation.

Pure RC dislocations are classified as non-
dissociative instabilities (CIND) that involve
rupture of the extrinsic RC ligaments. In two
cases of RC dislocations, the instability is
described as complex (Carpal Instability Com-
plex-CIC): in type II RC dislocations according
to Moneim et al. [9] and in type II ulnar trans-
location of the wrist according to Taleisnik [39],
where in addition, rupture of the interosseous
ligaments of the proximal carpal row is
involved. In these cases, the instability is

Fig. 8.6 A RC fracture
dislocation must be
differentiated from
shearing type of fractures,
the reduction and fixation
of which suffice to restore
the RC joint stability: volar
Barton’s (a); Schauffeur’s
(b); shearing fracture of the
palmar part of the scaphoid
fossa (c, d). With
permission from [127]
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considered as a combination of dissociative
(CID) and non-dissociative type (CIND).

In the AO classification, the only type close
to RC fracture-dislocations is the B2.3 subtype,
which however, involves only the dorsal RC
dislocations while dislocations of other direc-
tions (palmar, ulnar, radial) are not represented
in any subgroup. In the classification by Fer-
nandez et al. [68], based on the mechanism of
injury, RC dislocations belong to the IV type
and must be differentiated from the II type,
which involves the shearing fractures that are
associated with carpal subluxation.

8.7 Pathologic Anatomy
of the Injury

Understanding the pathologic anatomy of RC
dislocations or fracture-dislocations is depen-
dent on findings at surgical exposure. Since,
only few cases have been treated operatively
with detailed description of their osseoligamen-
tous injuries, the magnitude and spectrum of
injuries are not exactly known. As a result, the
extent of tissue compromise is often underesti-
mated, leading to undertreatment and inferior
results.

Many authors based on clinical observations
[11, 52, 75, 86] or cadaveric studies [50, 89]
supported that, dislocation of the proximal row
of the carpus from the distal radius and ulna
requires complete disruption of the volar RC
ligaments in addition to capsuloperiosteal avul-
sion of the dorsal RC ligaments.

Arthroscopic evaluation, despite the limita-
tions, has been attempted in few cases allowing
a precise intraarticular observation [25, 90].

Dumontier et al. [38] presumed that in pure RC
dislocations or those accompanied by fracture of
the tip of the radial styloid, all volar RC ligaments
were torn or presented avulsion fractures at the
insertion site of the ligaments. Dorsally, the lig-
amentous injury presented most often as a cap-
suloperiosteal avulsion rather than as a rupture of
the dorsal RC ligaments. In RC fracture-disloca-
tions, the volar RC ligaments are probably intact
and remain attached to the fractured radial

fragment, which is probably secondary to
impaction of the carpus into the radius. This
fracture usually includes all of the scaphoid fossa
and may continue on the dorsal margin.

Freeland et al. [23] supported that the speci-
ficity, sequence, and extent of extrinsic RC and
ulnocarpal traumatic ligament disruptions are
not fully understood, vary with injury severity
and may differ in cases of dorsal as opposed to
palmar subluxation or dislocation.

RC fracture-dislocations are frequently asso-
ciated with ulnar-sided injuries and only a few
cases have been reported in the literature, where
this injury was associated with dislocation of the
distal radioulnar joint [7, 22, 38, 71, 85]. Four-
teen of 27 patients reported by Dumontier et al.
[38] presented with an injury of the ipsilateral
distal radioulnar joint and one of them had an
irreducible dislocation due to the interposition of
the flexor digitorum profundus of the small fin-
ger. Extensor carpi ulnaris [85], the dorsal part
of the sigmoid notch where the dorsal radioulnar
ligament is attached [71], or the flexor profundus
tendons and the ulnar nerve and artery [22], have
all been implicated as possible causes obstruct-
ing the reduction. Graham [73] supported that
the association of RC dislocation with ulnar-
sided injuries, indicates even more severe tissue
trauma and that the path of injury propagates
from the radial to ulnar side with the forces not
fully dissipated to the RC joint, ongoing ulnarly
and producing the ulnar-sided injuries. He also
stated that ulnar-sided injuries were more com-
mon in the small fragment variant compared to
the large fragment fractures, in almost a 2:1
ratio. Since, the ulnocarpal ligaments do not
have proximal osseous insertion but take origin
from the volar radioulnar ligament, they either
rupture in their mid-substance or avulse with or
without osseous fragments from their insertion
at triquetrum or lunate bones.

It is generally accepted that there are four
distinct fracture types of the ulnar styloid process
(tip, midportion, base horizontal, and base obli-
que) and the level of the styloid fracture is relevant
to the risk of instability development of the DRUJ
[91]. Nakamura et al. [92] assessed the relevance
of each of the four levels of ulnar styloid fracture
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on DRUJ stability in cadaveric wrists and found
no instability in the styloid tip or midportion
fractures, up to a 20 % loss of stability in basal
horizontal fractures, while basal oblique fractures

produced up to 70 % loss of stability, as it is more
likely to disturb the foveal attachment of the ra-
dioulnar ligaments. Wide displacement of any
type of ulnar styloid fracture was also recognized
as a significant risk for development of DRUJ
instability [91, 93]. However, it is believed that
the presence of an ulnar styloid fracture is no
longer considered an absolute indicator of DRUJ
instability regardless of the fragment size and
displacement [94, 95], but only as a risk factor
[96]. Atzei and Luchetti [97] classified the
peripheral tears of the TFCC (of the deep and the
superficial limbs of both dorsal and palmar ra-
dioulnar ligaments) and their relation to the
fractures of the ulnar styloid. A small number of
cases has been reported in the literature where RC
dislocation was associated with dislocation of the
distal radioulnar joint [7, 18, 22, 71, 85].

By excluding patients treated with methods
that preclude the ability to describe the patho-
anatomy of the injury, i.e., conservative treatment

Fig. 8.7 A seemingly entire radial styloid fracture in a
dorsal RC fracture dislocation (a) concerned only the
dorsal part (b), while volarly the RC ligaments deraci-
nated from the volar radial rim (arrows) (c); 8 years after

open reduction and internal fixation with combine
approach, stenosis of the radiolunate joint was noticed
(d, e)

Fig. 8.8 Correlation between the 3 types of radial
styloid fractures with the ligamentous attachments of
the volar RC ligaments. With permission from [127]

8 Radiocarpal Dislocations or Fracture-Dislocations 197



(5 patients) or closed reduction, percutaneous
wires and/or external fixation (4 patients), twenty
six patients were treated operatively, mostly with
combined approach and their surgical findings
were recorded. A single approach (1 volar and 1
dorsal) was used in 2 patients, a double approach
(dorsal and volar) in 18, and a triple approach
(dorsal, volar, ulnar) in 6 patients.

Four patients presented RC dislocations and
22 patients were of RC fracture-dislocation type.
According to the direction of the dislocation,
there were 19 dorsal (12 pure dorsal, 4 dorso-
radial, 3 dorsoulnar), 5 volar, and 2 multidirec-
tional dislocations. All were closed injuries.

8.7.1 Surgical Findings

1. In all cases, the ligamentous or osseo-liga-
mentous injuries involved both the dorsal
and volar sides of the RC joint.

2. Of 22 patients with RC fracture-disloca-
tions, 19 had fractures of the radial styloid,
two patients had an osseous avulsion of the
dorsoulnar corner of the distal radius and
one patient had a combination of the above
injuries.

3. Of 20 patients with fractures of the radial
styloid, no one had fractured the entire
radial styloid in dorsovolar dimension,

Fig. 8.9 A dorsally directed RC fracture-dislocation
produced compression to the dorsal radial rim, while the
distracted volar radial rim was rotated by 180� (curved
arrow) (a, b), so that the articular cartilage was facing the
fractured surface of the distal radius (asterisk) (c);

derotation of the fragment (d); postoperative radio-
graphic appearance indicated the wire-loop fixation, used
for the stabilization of the rotated ulnovolar fragment
(e, f); final x-rays 9 years postoperatively (g, h). With
permission from [127]
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independently of its width. The dorsal sty-
loid segment was involved in 6 patients, the
volar styloid segment in 3 patients, and a
combination of both segments was found in
11 patients (Fig. 8.7a–e). It was difficult to
detect radiographically the combined seg-
ments of the fractured radial styloid; it was
feasible only operatively. Concerning the
size of the radial styloid fragment we con-
sidered as: Type I the fracture of the tip of
radial styloid, type II the fracture through
the scaphoid fossa, and type III the fracture
exiting at the level of the scapholunate

interval. Postreduction X-rays (PA view)
revealed that in the dorsal styloid segment
fracture type there were 5 type III and 1 type
II fractures, in the volar styloid segment
fracture type all three fractures were of type
II and in the combined segments group there
were 4 type II and 7 type III fractures
(Fig. 8.8).

4. Fractures of radial rims were either of
compression or avulsion type depending on
the direction of the dislocation. The direc-
tion of the dislocation coincided with the
compression side of the radial rim, while the

Fig. 8.9 (continued)
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Fig. 8.10 In dorsal RC fracture dislocations, the osseous
injury is frequently comprised of a larger fragment, which
corresponds to the dorsal part of the radial styloid and a
smaller, simple, or comminuted fragment concerning the
dorsoulnar radial rim. With permission from [127]

Fig. 8.12 Male, 28 years old. In a volar RC fracture
dislocation the dorsal approach disclosed an osteochon-
dral fragment from the dorsal surface of the LT complex,
comprising the dorsal LT ligament (asterisk) (T trique-
trum, L lunate, R radius) (The case is also illustrated in
Fig. 8.25)

Fig. 8.11 Male, 27 years
old, polytrauma patient
with a dorsoulnar RC
dislocation. White arrows
indicate an avulsed osseous
fragment from the dorsal
rim of the sigmoid notch,
while black arrows
indicate an osteochondral
fragment originating from
the dorsal surface of the SL
complex (see Fig. 8.5) (a,
b); the dorsal approach
revealed the avulsed
fragment from the dorsal
sigmoid notch (asterisk),
while the black arrow
indicates the ulnar head
(c); postop x-ray (d). With
permission from [127]
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opposite radial rim had an avulsion type of
fracture (Fig. 8.9a–h). Usually the osseous
injury of the dorsal radial rim was double:
there was a larger sized fragment from the
dorsal half of the radial styloid and a smaller
sized simple or comminuted fracture of the
radial rim, ulnar to the Lister’s tubercle
which involves the attachment of the DRC
ligament (Fig. 8.10). In 3 of our cases, the
wrist was displaced in dorsal and ulnar
direction and in all 3 cases, apart from other
injuries, an avulsed osseous fragment was
noticed, originating from the dorsal rim of
the sigmoid notch, causing serious
derangement of the DRUJ (Fig. 8.11a–d).
The osseous fragments from the volar radial
rim were sometimes rotated by 90�–180�,
since the volar are shorter than the dorsal
RC ligaments (see Fig. 8.9b). There were 10
dorsal rim fractures, 4 volar and 4 combined
dorsal and volar rim fractures.

5. A wide range of injuries of the proximal
carpal row was noticed in 11 patients
(42 %), all of which were discovered intra-
operatively: (a) Osteochondral defects of
adjacent bones of the proximal carpal row
comprising the interosseous ligaments (3
patients; two at scapholunate junction and
one at lunotriquetral junction) (Figs. 8.12,
8.5c), (b) isolated rupture of the interosse-
ous ligaments (4 patients; two of scapholu-
nate and two of lunotriquetral ligament)
(Fig. 8.13a–c), (c) chondral defects of iso-
lated bones (2 patients; at proximal sca-
phoid and at proximal lunate respectively)
(Figs. 8.13a–c, 8.4a), (d) fractured bones (2
patients; lunate and triquetrum respectively)
(Fig. 8.14a–k).

6. In six patients, free osteochondral fragments
were found intra- or extraarticularly, origi-
nating either from carpal bones or from the
distal radius. In 2 cases of dorsal RC frac-
ture-dislocations, during radiological

examination, two sizable fragments were
detected at the volar surface of the joint.
Indeed, the palmar approach revealed the
existence of osteochondral fragments at the
level of the RC joint; however, detection of
their source was difficult. The dorsal
approach in both cases revealed that these
osteochondral fragments originated in one
case from the dorsoulnar rim of the distal
radius (Fig. 8.15a–g), while in the other
case from the dorsal surface of the scapho-
lunate complex (see Figs. 8.5, 8.11). The
fact that dorsal anatomical structures were
found palmarly (also the opposite possibly
applies), is on one hand of surgical interest,
but on the other hand, it is indicative of the
amplitude of the applied forces and of the
complexity of the mechanism of injury.

7. The RC ligaments were usually avulsed from
the volar or dorsal radial rims, but in 7
patients they were avulsed from carpal bones
with or without small osseous fragments.
Specifically, the short radiolunate ligament
was avulsed from the lunate (5 patients) and
the dorsal RC ligament was avulsed from the
triquetrum (2 patients) (Fig. 8.16a–g).

8. In 3 patients (2 with volar and 1 with mul-
tidirectional dislocation) there was an
extensive rupture of the floor of the dorsal
retinaculum (Fig. 8.17a–f), while in the
patient with the multidirectional dislocation,
the extensor and abductor pollicis longus
were ripped-off from their musculotendinous
junction (Fig. 8.18a–h), a finding indicative
of the rotational component of the mecha-
nism of injury.

9. Seventeen patients (65.3 %) had associated
injury of DRU joint (fracture through the
base of the ulnar styloid in 14 patients, an
osseous avulsion from the dorsal sigmoid
notch of the dorsal radioulnar ligament in 3
patients, and a Type IV rupture of the TFC
in 1 patient).
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Fig. 8.13 Male, 24 years old with a dorsal RC disloca-
tion (a, b); the dorsal approach revealed a ruptured SL
ligament and a chondral defect from the dorsal scaphoid

(arrows) (S scaphoid, L lunate) (c). With permission from
[127]

Fig. 8.14 Male, 21 years old, polytrauma patient. PA
view of a reduced volar RC fracture dislocation. The
arrow indicates a dubious fracture of the lunate(a);
different stress views revealed that the RC joint was
stable only in dorsal direction (b), while in volar (c),
ulnar (d), and radial direction (e) the instability of the
joint was apparent; during dorsal approach, a

comminuted fracture of the lunate was found (arrows)
in association with a fracture of the radial styloid
(asterisk) (f); the palmar approach revealed a commi-
nuted fracture of the volar radial rim (arrows) (g);
postoperative radiographic views (h, i); the final x-ray
views 4 years later (j, k)
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Fig. 8.14 (continued)
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10. The two multidirectional and one volar dis-
location had in addition a complete rupture of
the volar ulnocarpal ligaments (Fig. 8.19).

Based on our surgical findings, we could
define the pattern of osseo-ligamentous disrup-
tion as follows (Fig. 8.20):

Fig. 8.15 Male, 23 years old, with a dorsal RC fracture
dislocation. An osseous fragment of unknown origin
(arrow) and a fracture of the radial styloid were apparent
in the initial (a, b) and reduced (c) x-ray views; the volar
approach with the joint dislocated showed the osteo-
chondral fragment (arrow) located distal to the lunate

fossa (asterisk) (d); dorsally, a large fractured fragment
of the radial styloid and two smaller osseous fragments of
the dorsoulnar radial rim were apparent. The arrow
indicates the fragment that was found volarly after its
relocation (e); postoperative x-rays (f, g). With permis-
sion from [127]
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In dorsal dislocations, there were roughly 4
types of injuries:

Type I
(4 cases)

Dorsally, a double osseous injury
(separate fragments, radially and
ulnarly to Lister’s tubercle) and
volarly a purely ligamentous injury

Type II
(7 cases)

Dorsally a double osseous injury and
volarly a double osseoligamentous
injury. Usually the RC ligaments
were detached from the ulnar side of
the volar radial rim, while the radial
side showed an avulsion fracture
fragment. Less often, the reverse
was true

Type III
(3 cases)

Double osseous or comminution on
both dorsal and volar sides

Type IV
(5 cases)

Dorsal and volar, mainly
ligamentous injuries, which were
sometimes associated with small
osseous fragments of avulsion type,
originating from the radial styloid
(either side) or from the dorsoulnar
side of the radius

In volar dislocations we found 2 types of
injuries:

Type I
(4 cases)

Dorsally, purely ligamentous and
volarly a double or comminuted
osseous injury

Type II
(1 case)

Purely ligamentous injuries on both
sides

In the 2 cases with multidirectional dislo-
cations , we found a purely ligamentous injury
on both sides with rupture of the ulnocarpal

Fig. 8.15 (continued)
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ligaments. One of those cases exhibited fracture
of the tip of the radial styloid.

8.8 Classification

Two classification schemes have been discussed
extensively in the literature: Dumontier et al.
[38] classified RC dislocations into two types:
type 1 included pure dislocations with or without
fracture of only the tip of the radial styloid, a

fracture involving less than one-third of the
width of the scaphoid fossa, postulating that the
RC ligaments were torn off the radius; type 2
included dislocations with associated fracture of
the radial styloid involving more than one-third
of the scaphoid fossa, postulating that most of
the RC ligaments were still intact and attached
to the radial styloid fragment.

Moneim et al. [9] classified these injuries into
type 1 and type 2 according to the integrity of the
intracarpal ligaments. In type I dislocation, the

Fig. 8.16 Male, 56 years old, with a dorsal RC fracture
dislocation (a, b); volarly the radiocarpal ligaments were
deracinated from their attachments to the distal radius
(white arrows), while the short RL ligament was avulsed

with an osseous fragment from the lunate (black arrows)
(c) (R radius, L lunate); bone anchors were used for
reconstruction (d, e); radiographic appearance after
7 years (f, g). With permission from [127]
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carpus moves as one unit on the distal radius
whereas in type II, an associated intercarpal dis-
location is also present. He presented 7 cases and
3 of them were characterized as type II disloca-
tions. According to the author, type II dislocations
represent a more complex pattern, with a graver
prognosis. It should however, be noted, that all 3
cases characterized as type II RC dislocations
were in fact trans-styloid perilunate injuries with
volar dislocation of the lunate, from which RC
fracture dislocations must be differentiated.

The frequent occurrence of intracarpal inju-
ries along with a RC dislocation is undeniable,
but they are just associated injuries and do not
deserve to constitute a particular type of injury.
Besides, all these injuries from our series were
discovered intraoperatively and none was rec-
ognizable by the preoperative x-rays.

Since both the aforementioned classifications
are based on radiographic findings and do not
take into account the pattern of osseoligamentous
injuries, the direction of the dislocation or the
ulnar-sided pathology, it is obvious that both
must be modified.

A third classification was that of Graham [73]
who considered RC dislocations as ‘‘inferior
arc’’ injuries, in addition to the existing injury
patterns: the ‘‘greater’’ and ‘‘lesser arc’’ injuries.
He stated that RC dislocations could be classi-
fied as: (a) purely ligamentous disruptions, (b)
dislocations with a ‘‘large fragment’’ styloid
fracture, starting in the area of the previous
physeal scar and entering the joint near the crista
separating the scaphoid and lunate fossae, and
(c) dislocations with a ‘‘small fragment’’ frac-
ture, which represents avulsion or impaction
injuries of the volar or dorsal margins of the
distal radius.

Bilos et al. [7] classified these injuries into
four general types: dorsal, volar, radial, and
ulnar, depending on the direction in which the
carpus is displaced.

Bozentka and Beredjiklian [98] commented
on the need to include in the classification
schemes other important factors, such as the
direction, the presence of associated neurovas-
cular injury, and the presence of associated
intercarpal ligamentous injuries.

Fig. 8.17 Female, 60 years old, polytrauma patient. In a
volar RC fracture dislocation (a, b); the dorsal approach
revealed an osteoperiosteal avulsion from the 1st exten-
sor compartment (curved arrow) that resulted in expo-
sition of the corresponding tendons, while the DRC

ligament was avulsed from the dorsal radial rim (small
arrow) (c); the volar radial rim was comminuted (arrows)
(asterisk pronator quadrates) (d); radiographic appear-
ance 6 months later (e, f). With permission from [127]
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Mainly relying on surgical findings we pro-
pose a new classification based on five parame-
ters (chronicity, pathoanatomy, direction,
associated wrist injuries, and complexity). Using
this classification, a RC dislocation or fracture-
dislocation should be presented with information
on all five parameters (Table 8.3).

Chronicity: RC dislocations or fracture-dis-
locations are differentiated into acute and grad-
ually developed. The latter group includes ulnar
translation as sequelae of an already treated RC
dislocation or a remote consequence after a
subtle RC ligament rupture. Special mention

deserve those cases presented in the literature,
where the RC subluxation or dislocation was
associated with a small fragment from the ul-
novolar articular surface of the distal radius [11,
16, 23, 30, 33, 99, 100]. Since all these cases
were closely reduced and after a period of time
the subluxation recurred, they could belong to
the gradually developed group (Fig. 8.21a–l).

Pathoanatomy. RC dislocations are differ-
entiated into purely ligamentous or equivalent,
which include, the tip of the radial styloid or a
small ulnovolar fragment. RC fracture-disloca-
tions are differentiated according with the

Fig. 8.18 Male, 57 years old. Multidirectional closed
RC dislocation, produced in an effort to release the hand
that was trapped in an agricultural machine. The PA view
showed avulsion fractures of both radial and ulnar styloids
and overlapping of the LT joint (a); the L view
demonstrated that the wrist was displaced volarly and a
sizeable osseous fragment that was proven to have come
from the dorsal surface of the triquetrum (b); the dorsal
approach revealed that the EPL and APL extensor tendons

were ripped-off their musculotendinous junction (arrows)
(c); the RC joint was unstable in all directions; the osseous
fragment from the dorsal side of the triquetrum (curved
arrow), the fracture of the radial styloid (small arrow), the
ripped-off tendon (double arrows), and the articular
surface of the distal radius (asterisk), were demonstrated
through the dorsal approach (d); postoperative x-rays (e,
f); the final radiographic appearance 13 years later (g, h).
With permission from [127]
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location of the fracture into: radial styloid
(dorsal or volar part or combinations), radial rim
(dorsal or volar or combined rims), and dor-
soulnar fragment.

Direction. The direction of the dislocation
allows us to assume in a great extent the
underlying lesions. Thus, these injuries are
divided into dorsal, volar, ulnar, combinations
(dorsoradial, dorsoulnar, radiovolar, or ulnovo-
lar), and multidirectional.

Associated injuries. These are related to
concomitant injuries located in the vicinity of
the dislocated wrist. They may concern: DRUJ,
ulnocarpal or interosseous ligaments, osteo-
chondral fragments, fractured carpal bones,
ruptured tendons or muscles, neurovascular
injuries, and the status of the dorsal retinaculum.

Complexity. This parameter clarifies if the
dislocation is reducible or not and if the dislo-
cation is open or closed.

8.9 Diagnosis

As for most violent traumas, these injuries have
been reported mainly in males and usually of
young age.

The patient with RC dislocation typically
presents with a painful, swollen, and deformed
wrist. The unreduced RC dislocation results in a
significant deformity, with the wrist and hand
being displaced dorsally or volarly in relation to
the forearm axis (Fig. 8.22). Most commonly
these injuries are the result of high-energy

Fig. 8.18 (continued)
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injuries (fall from height, traffic accidents,
industrial injuries).

Graham [73] highlighted three basic physical
findings in a reduced RC dislocation: the amount
of swelling, pain on both the radial and ulnar
sides of the wrist, and a semi-supinated posture
of the wrist-hand unit at rest.

For radiological diagnosis the P-A and the L
neutral rotation views seem to be sufficient. The
characteristic findings in the P-A projection are
the carpus overlapping the distal radius and the
frequent occurrence of fractures of the radial
and/or ulnar styloids (see Fig. 8.18a). The L
view demonstrates the direction of the RC dis-
location while marginal rim fractures are best
evaluated on the L view.

Although the dislocated wrist reveals the
magnitude of the injury and is treated with the
utmost significance, particular attention must be
drawn to those cases that were spontaneously
reduced and are in danger to be treated superfi-
cially with the application of a simple splint. In
such cases the injury must be suspected based on
the history and clinical findings, while the
presence of palmar carpal subluxation and/or
ulnar translation are an indication of the mag-
nitude of such an injury. On the P-A view,
alignment of the wrist is evaluated by examining
the position of the lunate relative to the radius,
with a minimum of two thirds of the lunate

articulating with the distal radius [2]. Any dis-
ruption of the three Gilula’s arcs [101] must be
recorded and properly evaluated.

Periarticular rim fractures of the distal radius
and/or radial and ulnar styloid avulsion fractures
may also be present [73], as well as residual
subluxation of the wrist. Distraction films under
local or general anaesthesia will better reveal the
magnitude of the injury (Fig. 8.23).

Although not mandatory, a CT scan can assist
in the evaluation of cortical rim fractures, frac-
ture depression of the articular surface, and the
configuration of the DRUJ.

8.10 Associated Injuries

Since these injuries are usually the result of
high-energy injuries, open wounds [3, 7, 15, 22,

Fig. 8.19 The rupture of the ulnocarpal ligaments
(arrows) that was found in 3 of our cases (mainly
multidirectional dislocations) (T triquetrum, L lunate).
With permission from [127]

Fig. 8.20 The pattern of osseous (red lines) and liga-
mentous (green lines) disruption that was found in
different types of dorsal, volar, and multidirectional
dislocations (see text for details)
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34–36], and associated injuries (often life-
threatening) to other organ systems are common.
The percentage of such injuries in the literature
ranges between 41.6 and 80 % [9, 35, 36, 38].
Associated injuries within the same limb are not
uncommon [7, 19, 74]. In our series 38.4 % (10
of 26) of the patients had associated injuries
from other organs and 11.5 % (3 of 26) had
associated injuries of the same limb.

Usually the median and less common the
ulnar nerve may be involved [7, 9, 12, 15, 18,
22, 28, 31, 34, 35, 68, 71], but following
reduction, they are usually fully restored [7, 9].
Even acute hand ischemia [7, 12, 15, 28, 35] and
compartment syndromes of the hand and fore-
arm [102] have also been reported.

The magnitude of rotational force required
for RC dislocations may be of such amount, that
it may result in tendon rupturing or detachments.
Le Nen et al. [12] reported ruptures of the
extensor carpi ulnaris and of the corresponding
extensor of the little finger. Others [22, 35]
presented a case of flexor tendon rupture or even
a case with detachment of the pronator quadratus

[15]. In one of our cases, the extensor and
abductor pollicis longus were deracinated from
their musculotendinous junction (see
Fig. 8.18c).

8.11 Management

There have been reports of successful treatment
with: closed reduction and casting [11, 20, 29,
38, 103], closed or open reduction and percuta-
neous pinning [5, 9, 15, 21, 31, 38], open
reduction and casting [34, 104], open reduction
and internal fixation with ligamentous repair
[7, 9, 12, 16, 38, 52, 71, 75, 102]. Due to the
rarity of these injuries, there is no unanimously
accepted method for their management.

The majority of these dislocations are rela-
tively easy to reduce, there are therefore cases
that, being spontaneously reduced, escape diag-
nosis. The reported cases of a non-reducible
dislocation are rare. In one case there was ten-
don interference [22], whereas in two other cases
there was bone fragment interference [32, 71].

Table 8.3 Classification of RC dislocations or fracture-dislocations

Chronicity Pathoanatomy Direction Associated injuries Complexity

a. Acute RC dislocations a. Dorsal a. DRUJ a. Reducibility

b. Gradually
developed

a. Pure ligamentous b. Volar b. UC ligaments b. Open or
closed

b. Equivalent: Tip of radial
styloid

c. Ulnar c. Interosseous
ligaments of PCR

Ulnovolar
fragment

d. Combinations d. Osteochondral
fragment

RC fracture-dislocations e. Multidirectional e. Carpal bone
fractures

a. Radial
styloid:
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Both rims
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Fig. 8.21 Male, 32 years old, motorcycle injury. A case
of a gradually developed RC subluxation after fracture of
the ulnovolar radial rim. The PA view demonstrated an
avulsed fragment from the triquetrum (a); L view showed
an undisplaced fracture of the volar radial rim (b); he was
treated initially with a splint for 3 weeks. The symptoms
persisted after splint removal and physiotherapy was
recommended. Six months post-injury, the PA view
showed radiocarpal joint overlapping, volar RC sublux-
ation, and new bone formation in association with the
displaced ulnovolar fragment was detected (double

arrows) (c, d); a CT-scan showed the displaced fragment
from the triquetrum (e); the volar approach revealed the
articular step-off (double arrows), the new bone forma-
tion (asterisk), and the raised capsuloligamentous flap
(curved arrow) (f); with intraarticular osteotomy the
ulnovolar fragment was raised (curved arrow) (g); it was
reduced and fixated using 2 K-wires (h); the RC joint
was reduced and stabilized with a transfixing pin and the
wrist joint immobilized with an external fixator; postop-
erative x-rays (i, j); final radiographic appearance
18 months later (k, l). With permission from [127]
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Inability to perform closed reduction in 4 out of
6 cases, due to interference of ligamentous or
bone origin has also been reported [15].

In several literature reports, mostly of iso-
lated cases, closed reduction, and cast immobi-
lization are advised [9, 11, 20, 29, 33], in

dorsiflexion for the dorsal and in palmarflexion
for the palmar dislocations [33, 39]. However,
RC dislocations treated nonsurgically have been
reported to develop palmar subluxation, ulnar
translation DISI or VISI instabilities [11, 14, 17,
20, 21, 26, 29, 30, 75]. Certainly everyone

Fig. 8.21 (continued)
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agrees that open, non-reducible dislocations and
those accompanied by neurovascular injury must
be managed with open reduction [1, 15]. Mon-
eim et al. [9] suggests the attempt of closed
reduction and casting for type I injuries and open
reduction, internal fixation, and ligamentous
repair for type II injuries. However, many
reports [35, 36, 38, 68, 105–107], plead for open

Fig. 8.22 The dislocated RC joint showed considerable
deformation. With permission from [127]

Fig. 8.23 The distraction view provides useful infor-
mation for the injury. Excessive widening of the RC joint
indicates the magnitude of the RC ligaments’ injury,
while arrows indicate the fracture of the radial styloid
and an osseous fragment from the volar radial rim

Fig. 8.24 A dorsal RC
fracture-dislocation which
was treated with closed
reduction and cast
application (a, b), resulted
in VISI malalignment (c, d)
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reduction since, if the RC ligamentous mecha-
nism is not repaired, wrist function will be
severely compromised with instability and/or
subluxation later [102].

The concern whether these injuries should be
managed conservatively or surgically, is directly
related to the unstable nature of these injuries
(Fig. 8.24a–d). There are many cases in the lit-
erature that were initially managed with closed
reduction and casting, but the wrist was sub-
luxated early or late [9, 15, 21, 38]. In our series
7 out of 26 patients lost their reduction and were
treated operatively with a delay of 4–20 days.
Schoenecker et al. [15], supports that even with
open reduction, maintaining the anatomical
reduction is difficult, especially when a com-
pressive fracture of the dorsal radial rim coex-
ists. Conversely, Fernandez et al. [68] rationale
was based on the fact that rupture of the palmar
RC ligaments predisposes the wrist to ulnar
translocation, which will be observed if there is
no ligamentous repair. In addition, one more
reason supporting surgical management is for
the removal of small cartilaginous and osteo-
chondral fragments, which frequently interfere
in the joint and obstruct its reduction.

If for any reason closed reduction is chosen, a
basic requirement is to ensure that during the
healing period, the anatomical alignment of the
bones and joints will be preserved, in order for
intraarticular fractures to be united without
articular incongruity and most importantly, the
RC joint to be axially aligned so that the rup-
tured ligaments can heal with proper tensioning.
Prerequisites for the above are: frequent radio-
logical control, good application of the cast,
prompt identification of wrist displacement
(palmar, ulnar or dorsal), detection of possible
injuries of the interosseous ligaments, and suf-
ficient time for immobilization (6–8 weeks).
Alternatively, following closed reduction and
once we have ensured that the RC joint has been
anatomically reduced, we can immobilize the
joint using K-wire or external fixation.

There is no consensus as to which is the most
appropriate approach for open reduction. The
approach should be dictated by the direction of
the dislocation, the fracture pattern, the

associated carpal bone injuries, the presence of
neurovascular injury and if we are dealing with
an open or closed injury. Moneim et al. [9] for
cases necessitating open reduction proposed
combined approaches. Mudgal et al. [36]
advised the use of palmar approach in the
presence of a neurological defect, dorsal
approach if the dorsal radial rim is involved and
ulnar approach when the ulnar styloid requires
fixation. Dumontier et al. [38] believed that
group 1 patients should be treated with reat-
tachment of the ligaments through a volar
approach. In group 2 patients, the ligaments are
still attached to the radial fragment and in this
group of patients, exact articular reduction
should be performed through a dorsal approach.
Lipton and Jupiter [102] supported an extended
palmar approach in cases of dorsal RC disloca-
tion with neurovascular compromise, in order to
repair in addition the volar ligaments, whereas if
there are dorsal avulsion fractures or if the dis-
location is volarward, then the surgical approach
is through an extensive dorsal approach. The
Mayo clinic group, as quoted by Idler [86], has
recommended palmar and dorsal approaches for
ligament repair of the radiocapitate, long radi-
olunate, ulnocarpal, and dorsal radiotriquetral
ligaments.

Considering that by definition, RC disloca-
tions or fracture-dislocations constitute double-
sided injuries and that structures important for
wrist stability are located both dorsally and vo-
larly, we regard the combined approach as the
most appropriate. In any case of an acute dis-
location or fracture dislocation, regardless of its
direction, we consider the palmar approach most
important in order to repair the volar RC and
ulnocarpal ligaments as well as any fractures of
the volar radial rim, since these structures are
crucial for wrist stability. In the majority of
cases dorsal approach is also required, especially
in cases of compressive fractures of the dorsal
radial rim, for the fixation of a potential dorsal
part of a fracture of the radial styloid or to
evaluate the integrity of proximal carpal row
bones. Sometimes, when dorsally the injuries are
purely ligamentous or are associated with small
avulsed fragments or with subperiosteal
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detachment of the dorsal extensor compart-
ments, then dorsal approach may be avoided, on
the premise that the volar structures have been
restored and the RC joint is maintained reduced
and properly aligned for 6–8 weeks.

In cases of DRUJ instability or of a displaced
fracture at the base of the ulnar styloid, a sepa-
rate ulnar approach is frequently necessary.

Based on the literature and on personal
experience, we consider the following steps as
necessary for open reduction:
• The patient is positioned supine on the oper-

ating table. An arm table is positioned beneath
the affected extremity and the procedure is
performed under tourniquet control. During
anesthesia, useful information concerning the
magnitude and direction of dislocation can be
acquired under image intensifier, through

manipulation of the wrist (longitudinal trac-
tion and dorsal, volar, radial, and ulnar dis-
placement) with the forearm stabilized
(Fig. 8.25a–h). In addition, PA and L radio-
graphs with the RC fracture dislocation
reduced are recommended.

• Depending on the nature and the time elapsed
from injury, an external fixator may be
applied from the initial stages of operation, so
that the wrist is kept in gross alignment and
mild distraction, as it facilitates the exposure
of the capsuloligamentous structures. The
more delayed the injury’s treatment is,
the greater the need for the application of the
external fixator at the initial stages of the
operation. Its placement on the radial side of
the wrist does not obstruct the impending
approach.

Fig. 8.25 Male, 28 years old. Volar RC fracture-dislo-
cation (a, b); stress views in different directions showed
that the RC joint was stable only in dorsal direction (c–f);
in volar displacement view, the osseous fragment

indicated with arrows, was shown to have originated
from the dorsal LT complex (see Fig. 8.12); postopera-
tive X-rays (g, h)
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• The extended carpal tunnel approach is used
to decompress both the carpal tunnel and
Guyon canal if needed and to fully evaluate
the radio-volar injuries by displacing the FPL
and the median nerve radially and the
remaining flexor tendons ulnarly. The ulnov-
olar injuries are assessed by displacing the
flexor tendons radially. Less often and
depending on the extent of injuries, Henry’s
approach is sufficed. The joint is irrigated and
the osseoligamentous lesions are recorded in
detail. The palmar RC ligaments are either
detached from their insertions to the volar
radial rim or from carpal bones (usually the
lunate) or avulsed with a small osseous frag-
ment from their insertions. The reattachment
of ligaments is achieved using nonabsorbable

sutures through transosseous holes or bone
anchors that are inserted at the sites where the
ligaments were detached (Fig. 8.26a–h).
Depending on the size of the fractured frag-
ments of the volar rim, their fixation is
achieved using K-wires, small plates, or a
wire-loop [108] (Figs. 8.27a, b and 8.9g–h).
The possibility of fragmentation of the bone
fragments must always be kept in mind, both
during manipulation and stabilization.
In cases where the healing capacity of the

volar RC ligaments is questionable, especially in
delayed cases, augmentation using tendon grafts
is an option. Originally Rayhack et al. [52] and
more recently Maschke et al. [89] described a
cadaveric model for reconstructing the radiosc-
aphocapitate using the brachioradialis tendon,

Fig. 8.26 Male, 31 years old. Dorsal RC fracture-
dislocation (a, b); with the dorsal approach, a double
osseous injury of the dorsal radial rim (arrows) was
evident after raising the dorsal capsuloligamentous flap
(c); volarly, the RC ligaments were deracinated from the

volar radial rim, except for the short RL ligament that
was detached with an osseous fragment from the lunate
(arrows) (d); reconstruction was accomplished using
bone anchors (e, f); final x-rays 1 year later (g, h). With
permission from [127]
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while Obafemi and Pensy [109] applied the
same technique in a patient with palmar RC
dislocation, in order to reconstruct the radiosc-
aphocapitate ligament and to reinforce the dorsal
capsular repair.
• The dorsal approach is longitudinal over Lis-

ter’s tubercle, the third compartment is
exposed if intact and the EPL tendon is dis-
placed radially. The integrity of the dorsal
retinaculum is recorded; if it is intact, subpe-
riosteal elevation of the second and fourth
compartments allow for a full evaluation of
the dorsal injuries, since the dorsal capsule is
already ruptured. At this stage and after joint
irrigation, the injuries of the dorsal surface of
the radius (from radial to ulnar) and the
integrity of the chondral surfaces and the
interosseous ligaments of the proximal carpal
row bones are evaluated. Any entrapped
chondral or osteochondral fragments are
debrided or preserved for later transfixation.
The integrity of the dorsal RC ligament must
be checked throughout its course. In cases of
compressive fractures of the dorsal radial rim,
the insertion of cancellous bone grafting is

necessary to support the articular surface,
using small buttress plates for fixation [36,
102, 110] (Fig. 8.28a–d). In cases with purely
ligamentous injuries, small osseous fragments
or subperiosteal detachment of the dorsal
cortex, there are many alternative stabilizing
methods including K-wires, bone anchors,
screws or tension band wiring (Fig. 8.29a–d).
Any injury of the proximal carpal row bones
is treated accordingly and stabilized with K-
wires.

• As we previously noted, the fracture at the
base of the ulnar styloid may indicate a
destabilization of the DRUJ. This however is
not absolute, as it is not certain that the frac-
ture of the tip of the radial styloid has no
effect on joint stability. Consequently, at the
end of a stable reconstruction of the RC joint,
the stability of the DRUJ is assessed. This
information will be provided with passive
anteroposterior glide of the distal ulna relative
to the distal radius in positions of neutral
rotation, full pronation and full supination,
and whether the ballottement test demon-
strates or not a hard end point. Thus, in cases

Fig. 8.27 The wire-loop
technique which was used
for the fixation of an
avulsed small ulnovolar
fragment (arrow)

Fig. 8.26 (continued)
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of DRUJ instability or displaced fracture of
the base of the ulnar styloid, tension band
wiring, or TFCC suturing are recommended

[36, 102]. An additional type of fracture which
is always associated with instability of the
DRUJ and need to be fixated, is an avulsion

Fig. 8.28 A dorsal RC
fracture dislocation (a, b);
the sizable dorsal osseous
fragments were reduced
and fixated using 2 small
buttress plates (c, d). With
permission from [127]

Fig. 8.29 Male, 23 years
old. Motorcycle injury. A
dorsal RC fracture-
dislocation (a, b); a
cannulated screw; and
bone anchors were used for
stabilization after
combined approach (c, d)
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fracture of the dorsal sigmoid notch, which
pertains the TFCC (usually accompanies the
dorsoulnar RC dislocations). In such cases a
radioulnar transfixing pin is required.

• It is necessary, using the external fixator, to
maintain the RC joint in a reduced position
throughout the healing process for 6–8 weeks
and to protect the reconstructed RC ligaments
from slackening. In highly unstable injuries or
when the reconstruction is suboptimal, an
additional RC pinning is essential and is
usually inserted percutaneously or through a
small incision (protecting the sensory bran-
ches of the radial nerve), from the radial
aspect of the radius and through the lunate
towards the wrist (Fig. 8.30a–i).

• The immobilization of the RC joint is main-
tained for 6–8 weeks and physiotherapy con-
sisting of active and passive wrist
mobilization, must be initiated.

8.12 Outcome

The conclusions concerning the outcome of
these injuries present three drawbacks: First,
there are no large series with patients with RC
dislocations; second, the existing studies are
dealing with mixed type of injuries, which are
treated with various methods; and third, there
are no long-term follow-up reports on the
outcome.

Despite being complex injuries, favorable
clinical results have been reported with both
methods, closed or open. However, there is
discrepancy between clinical and radiological
results, with the latter being clearly worse,
something which renders unknown the long-
term consequences. The anatomical reduction
and maintenance of the proper alignment of the
RC joint throughout the healing process, are the
factors that will ensure a good functional result,
regardless of the method chosen.

Factors predictive of an inferior clinical and/
or radiological outcome include: open injuries,
associated severe nerve injuries, purely

ligamentous dislocations, intercarpal ligamen-
tous injuries that are initially missed and remain
untreated and associated DRUJ injuries. The
compressive type of fractures of the radial rims
have worse prognosis than avulsion fractures,
since the former, could be associated with
articular cartilage injury or collapsing due to
comminution or osteonecrosis, because of
devascularization of small fragments
(Fig. 8.31a–k). In addition, fracture fragments
associated with unfavorable results if ignored or
inadequately treated, are the ulnovolar
(Fig. 8.32a–k) and the dorsoulnar fragments of
the distal radius. Both are implicated in ulnar
translocation and the latter in DRUJ subluxation.

Large series in the literature indicate that an
overall 30–40 % decrease in total arc of wrist
flexion–extension and 20–30 % of grip strength,
can be expected following open treatment [2, 35,
38]. Howard et al. [26] highlighted the possi-
bility of weakness development in pronation and
supination, which may be the result of residual
global laxity of the extrinsic wrist ligaments.

Dumontier et al. [38] concluded that patients
with pure RC dislocations (group I) present with
good mid-term results, but long-term results are
doubtful, since the majority of these patients
presented with varying severity of ulnar trans-
location of the wrist, regardless of the method
applied for their management. Conversely, in
patients with RC fracture-dislocations (group II),
ulnar or palmar displacement of the wrist does
not seem to constitute a problem, while long-
term results depend upon the quality of fracture
reduction.

Schoenecker et al. [15] reported 4 patients out
of 6 with arthrosis at 3-year follow-up. The
results of Le Nen’s et al. [12] patients showed
that 5 out of 6 patients had some narrowing of the
RC interval with a follow-up ranging from
3 months to 11 years. Fernandez et al. [68]
reported a series of 12 patients treated opera-
tively and after a follow-up of 36 months, 3 of
them had radiographic evidence of grade I
arthritic changes. Mudgal et al. [36] reporting on
a series of 12 patients and after a mean follow-up
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of 36 months, identified 3 patients as presenting
evidence of RC arthritis. Dumontier et al. [38]
reported that 6 out of 18 patients that were fol-
lowed-up for 44 months average, developed RC
arthritis (1 out of 5 patients belonging to group I
and 5 of 13 patients belonging to group II). Patee
and Thomson [111] after a follow-up of
3.2 years reported that 13 of 20 patients (65 %),
who were treated with a variety of methods,
presented with roentgenographic evidence of
posttraumatic arthritis.

Oberladstatter et al. [76] examined 8 patients
(9 cases) with Moneim I RC fracture disloca-
tions, who were treated operatively. After an
average follow-up of 4.1 years and using the
classification system described by Knirk and
Jupiter [112], 5 patients (56 %) had stage 1
arthritic changes, three (33 %) had stage 2
arthritis, and 1 patient (11 %) had stage 3
arthritis with total loss of the RC joint space.

Fig. 8.30 Male, 32 years old, with a dorsal RC fracture-
dislocation (a, b); the uprooted volar RC ligaments were
reattached with transosseous sutures (c, d, e); the RC

joint was stabilized using RC pinning (f, g); final x-rays
after 2 years (h, i). With permission from [127]
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Twenty of 26 patients in our series returned
for evaluation at a mean of 57.6 months (range,
12–158.8 months). All of them had returned to
their original jobs. Eight patients were free of
pain, 7 had cold weather symptoms, and 5
patients noted mild pain only with heavy labor.
The mean grip strength was 82.7 %, and the
flexion–extension arc was 80 % of the contra-
lateral healthy wrist. Four patients had grade 1
arthritic changes (3 with dorsal and 1 with volar
RC fracture-dislocations) (Fig. 8.33a, b), 3
patients developed mild ulnar translation (1 with
multidirectional dislocation and 2 with dorsal
RC fracture-dislocations) (Fig. 8.34a, b), 1
patient developed mild radial translation due to

malalignment of the radial styloid, and 1 patient
developed VISI malalignment due to disruption
of the LT joint.

8.13 Complications

Limitations in the range of motion and reduction
in grip strength are common occurrences
regardless of the treatment method applied for
these injuries. In addition, posttraumatic arthri-
tis, instability findings and residual volar, dorsal,
or ulnar subluxation of the wrist, have been
reported as possible complications after the
management of these injuries [2, 15, 38, 86].

Fig. 8.30 (continued)
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Fig. 8.31 Male, 26 years old, after a motorcycle injury
with a volar RC fracture-dislocation (a, b). He was
treated elsewhere with a dorsal approach, while K-wires
were used in an effort to fixate the fractured fragments. In
addition a tension band wire was used for the minimally
displaced ulnar styloid fracture. On the 3rd postop day
and despite the external fixation, the RC joint displayed
volar subluxation and the patient was sent for further

treatment (c, d); with palmar approach the fractured
fragments were reduced and fixated using K-wires. An
additional K-wire was used percutaneously for a sus-
pected SL ligament injury (e, f). 12 years later the x-rays
showed fragmentation and osteonecrosis of the radial
styloid (g, h), while the patient had a satisfactory ROM
with only cold weather symptoms (i–k). With permission
from [127]
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Fig. 8.31 (continued)
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Fig. 8.32 Female, 27 years old. Car accident. Despite
the initial radiographs which were indicative of RC joint
instability (overlapping of radioscaphoid joint and frac-
ture of the ulnovolar fragment) (arrows) (a, b), she was
treated with a below elbow cast for 3 weeks. Three
months later the volarly subluxated RC joint and the
displaced ulnovolar fragment (arrows) were depicted in

x-rays (c), 3D CT-scan (d, e) and CT-scan (f); the palmar
approach revealed that the short RL ligament (asterisk)
was attached to the ulnovolar fragment (arrow), which
was detached (g) and reconstructed with 2 bone anchors
(h); an external fixator was used for stabilization of the
RC joint for 6 weeks (i); final x-rays 2 years postoper-
atively (j, k). With permission from [127]
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Fig. 8.32 (continued)

8 Radiocarpal Dislocations or Fracture-Dislocations 227



8.13.1 Ulnar Translation or Ulnar
Translocation

Ulnar Translation [113] or Ulnar Translocation
[39] is observed in cases of serious and gen-
eralized ligamentous injuries of both the palmar
and dorsal sides of the wrist. It could be mani-
fested as either pure ulnar translocation [17, 52,
90, 114, 115] or as sequelae of reduced palmar
[23, 26, 30] or dorsal [27] RC dislocations,
which were treated with closed or open reduc-
tion and inadequate reconstruction of the volar
RC and ulnocarpal ligaments (Fig. 8.35a–k).
Ulnar translocation of the wrist is more common
with purely ligamentous injury patterns [21, 26,
30, 33, 38], while excessive minus variance of
the ulna with deficient ulnar buttressing by the
TFCC, may be a predisposing factor [52, 116].

Taleisnik [39] distinguished 2 types of ulnar
translocation: In type I, the entire carpus, includ-
ing the scaphoid, is displaced and the distance
between the radial styloid and the scaphoid is
widened. In type II, the relationship between the
distal row, the scaphoid, and the radius remains
normal; the scapholunate space is widened and
the lunate-triquetrum complex is ulnarly translo-
cated. The distinction between the two types is
essential since type I ulnar translocation consti-
tutes a CIND type of instability, while type II is a
combination of CIND and CID (SL dissociation)
type of instabilities, hence a complex (CIC) type
of instability. In type I injuries the failure con-
cerns all RC ligaments, while in type II translo-
cation the radioscaphocapitate ligament is intact
but there is complete disruption of the scapholu-
nate and radiolunate ligaments [117].

Fig. 8.34 a, b The final
radiographic appearance
6 years postoperatively of
the case illustrated in
Fig. 8.11, showed ulnar
translocation of the RC
joint. With permission
from [127]

Fig. 8.33 a,
b Radiocarpal irregularities
and signs of arthritis
3 years postoperatively of
the case illustrated in
Fig. 8.25. With permission
from [127]
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Schernberg [116] identified four grades of
ligamentous lesions leading to complete ulnar
translocation. In grade I injury there is only
partial disruption of the involved ligament and
the joint remains stable under dynamic radio-
graphic examination. A grade II injury corre-
sponds to complete disruption of the involved
ligament but does not cause any displacement of
the wrist and standard radiographs remain nor-
mal. Only passive stress views must be used to
reveal this abnormality. Grade III lesions consist
of complete disruption of the relevant liga-
ment(s) and permanent displacement of the
wrist, which is obvious in the standard radio-
graphs. As there is some contact between the
remaining articular surfaces, this condition is
also called subluxation. Finally, Grade IV inju-
ries present with dislocation, i.e., complete loss
of joint contact between the involved carpal
elements. Grade II injuries represent a dynamic
pattern of ulnar translocation, while grades III
and IV represent static patterns of the instability.
Such dynamic patterns of ulnar translocation
have been reported [118–120]. A seemingly
minor dynamic ulnar translation pattern may
progress with time to a major static displace-
ment, as it was clearly demonstrated in at least 3
out of 8 cases presented by Rayhack et al. [52].

Palmar translation of the wrist was found
with less ligament disruption than that required
for ulnar translation, whereas in all cases of
ulnar translation, there was a component of
palmar wrist displacement [50, 117].

Different methods of assessing ulnar transla-
tion have been reported. The methods using the
center of the capitate head [121–123] as a carpal
reference should not be used in type II injuries,
because only the lunate-triquetrum complex is
significantly displaced in these cases. In con-
trast, when using the lunate as a reference [124–

126], if the wrist is slightly radially or ulnarly
deviated, the measurements may be unreliable
[117].

The diagnosis of ulnar translation is usually
delayed and this renders a difficult problem to be
effectively treated [52]. In acute injuries and
using a combined approach, the RC ligaments
(both palmar and DRC) are repaired or reat-
tached to the distal radius or to the carpal bones
using bone tunnels or suture anchors. The pal-
mar ulnocarpal ligaments must also be repaired
and during the healing process, i.e., 6–8 weeks,
the alignment of the RC joint is maintained by
pinning of the radioscaphoid and radiolunate
articulation. An additional external fixator may
be necessary.

Delayed ligament repairs usually have dis-
appointing results. In such cases ligament repair
alone is insufficient to prevent recurrent ulnar
translation, while radiolunate fusion after
reduction of the carpus, has been described as
the most effective form of treatment [39, 52, 68,
116] (Fig. 8.36a–f). However, in patients whose
deformity can be passively corrected and with-
out arthritic changes, ligaments augmentation
with a tendon strip can be carried out [115].
Maschke et al. [89] using a brachioradialis ten-
don tried to recreate the stabilizing effect of the
RSC ligament in cadavers while Obafemi and
Pensy [109] applied the same technique in a
patient with a palmar, 2 weeks old RC disloca-
tion, in order to augment the reconstructed pal-
mar and dorsal RC ligaments. Both authors used
the same technique (with minor modifications)
in which the brachioradialis tendon was stripped
proximally of its muscle, leaving the distal
insertion at the radial styloid intact. Then a
3.5 mm drill hole was created in the center of
the capitate, with passage of the tendon graft
through this drill hole from palmar to dorsal and

Fig. 8.35 Male, 22 years old. Motorcycle accident that
resulted in hip dislocation and a wrist injury with an
initially normal PA view (a); during examination the
wrist was found unstable in multiple directions (b, c, d);
the volar RC ligaments (e) and the dorsal capsule
including the DRC ligament (f) were deracinated from
the radial rims, while the ulnocarpal ligaments were also

ruptured (arrows) (g); three absorbable bone anchors
were placed volarly and one metallic bone anchor was
introduced dorsally, while a small external fixator was
used to stabilize the RC joint leaving the midcarpal joint
unobstructed for early initiation of dart-throw motion
(h, i); 5 years later, the patient although symptoms-free,
displayed radiographically ulnar translation (j, k)

c
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secured to the dorsum of the distal radius with a
4.5 mm suture anchor just distal to Lister’s
tubercle.

We used a modification of this technique in
cadavers using the brachioradialis tendon to
recreate the stabilizing effect of the DRC, palmar
LRL, and the palmar ulnocarpal ligaments, using
the triquetrum instead of capitate as the anchored
bone for the tendon graft (Fig. 8.37a–f). In the
first version the tendon graft exiting from the
volar triquetrum was inserted into a bony tunnel
created at the radiovolar surface of the distal
radius. In the second version and given that the
proximal stump of the brachioradialis tendon

graft is wide enough, we splitted the exited graft
from the volar triquetrum in one radial and one
ulnar component. The radial part, substituting the
LRL ligament, was inserted into the above
mentioned bony tunnel of the distal radius, while
the ulnar part, substituting the volar UC liga-
ments, was inserted into a bony tunnel created at
the ulnar fovea, where the UC ligaments are
mainly attached.

By manually testing the stability of the RC
joint, particularly the second version of
the above-mentioned tenodesis proved to be
effective, but further studies are needed
(Fig. 8.38a, b).

Fig. 8.36 Male, 31 years old, with injury by a press
machine. A dorsoulnar RC fracture dislocation with a
sizeable fragment comprising the dorsal part of the lunate
fossa and the dorsal sigmoid notch, while the DRUJ was
subluxated (a, b); he was treated elsewhere with closed
reduction, percutaneously inserted K-wires under image

intensifier to stabilize the fractured fragment and an
external fixator (c); seven months postinjury he was
referred to us for pain, wrist stiffness and restriction of
forearm supination (d); the patient was treated with
radiolunate fusion, associated with matched distal-ulnar
resection
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Fig. 8.37 A bony tunnel was created just proximal to
the brachioradialis insertion exiting dorsally, where the
DRC ligament is attached to the radius (a); the tendon
graft was passed through the tunnel exiting ulnar to
Lister’s tubercle (b); the tendon graft was inserted into a
bone tunnel created at the triquetrum dorsally to volarly
(c); the graft exiting from the volar surface of the

triquetrum (d); in the first version, the tendon graft was
inserted into a bony tunnel created where the LRL
ligament attaches to the radius (e); in the second version
the graft was splitted and its radial part was inserted as
previously mentioned, while its ulnar part was inserted
and fixed into a bone tunnel at the ulnar fovea (f)
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9Carpometacarpal (CMC) Dislocations
or Fractures-Dislocations Excluding
the Thumb

9.1 Introduction

Malgaigne in 1855 stated that up to that time
only three cases of dislocation of Carpometa-
carpal (CMC) joints had been reported. The first
of these cases was an isolated dislocation of the
base of the third MC, reported by Blandin in
1844. The second case, also an isolated dislo-
cation of the base of the third MC, was reported
by Roux in 1848; and the third case was an
isolated dislocation of the base of the second
MC reported by Bourguet in 1853. Vigouroux,
in 1856, was the first to report a multiple CMC
dislocation, involving the bases of the second,
third, fourth and fifth MC; Rivington, in 1873,
was the first to report a case of multiple dislo-
cations of the bases of all five metacarpals (cited
by Waugh and Yancey [1]).

In contradistinction to the thumb CMC joint,
injuries of the four ulnar CMC joints are referred
to as ‘‘finger carpometacarpal’’ [2] or as ‘‘medial
four CMC’’ [3] injuries.

Although CMC injuries of the thumb are not
uncommon, those of the base of one or more of the
four medial metacarpals are rather rare. The
clinical problems arising from injury of the 2nd to
5th CMC joints differ sufficiently from those of
the thumb, to warrant separate consideration [4].

Dislocations of the CMC joints disrupt the
normal transverse and longitudinal arches of the
palm, impair grip strength, and can also affect
the balance between intrinsic and extrinsic
muscles when there is proximal displacement of
the metacarpal. This displacement causes laxity

of the extrinsic muscle tendons. Sterling Bunnell
in 1944 [5] was the first to emphasize the
importance of early anatomical reduction of all
CMC dislocations, when he supported that
‘‘reduction is necessary to restore muscular
balance and proper mechanics of the hand’’.

Injuries of the CMC joints are rare and rep-
resent less than 1 % of all wrist and hand inju-
ries [6, 7]. Dobyns et al. [8] reported only 3 such
injuries in a series of 1,621 fractures and dislo-
cations of the hand and wrist over 3 years at a
military hospital (0.18 %).

In cases of CMC joint injuries, the coexis-
tence of a distal carpal row fracture is quite
frequent. Garcia-Elias [9] reported that out of 50
patients with traumatic fracture-dislocation of
the CMC joints, 13 (26 %) also presented major
fracture of the capitate, hamate or trapezoid,
which resulted in subluxation or dislocation of
the respective metacarpal base.

9.2 Anatomy

The CMC joints are anatomically stable and
their stability is the result of: interlocking saddle
joints, complex ligamentous support and
dynamic protection by the long flexor and
extensor tendons and intrinsic muscles [10].

The distal row of carpal bones forms a fixed
transverse arch, while the ring and little fingers
on the ulnar side of this arch and the thumb on
the radial side, form two mobile longitudinal
arches. Both longitudinal arches provide
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mobility about a fixed central unit comprising
the index and middle fingers, whose metacarpals
are firmly fixed to the distal carpal row [6]
(Fig. 9.1). These bones establish the functional
transverse and longitudinal arches of the hand.

Experimental studies have indicated less than
1� of motion in the flexion–extension plane at
the second ray and 3� at the third ray. Con-
versely, the flexion–extension motion for the 4th
ray is approximately 10�–15� and 15�-30� for
the 5th ray [6, 11, 12].

A kinematic analysis of the 2nd through 5th
CMC joints using three-dimesional computer-
ized imaging, revealed that the overall flexion–
extension motions of the 2nd, 3rd, 4th, and 5th
CMC joints, were found to be 11�, 7�, 20� and
27�, respectively; in radial-ulnar deviation 2�, 4�,
7�, and 13�, respectively and in pronation-supi-
nation motion 5�, 5�, 27�, and 22�, respectively
[13]. This study moreover revealed that the range
of motion of the 5th CMC joint reduces by 40 %
when the 4th CMC joint is immobilized.

The anatomy of the ligaments and the for-
mation of the articular surfaces of the CMC
joints have not been sufficiently described, not
only because literature reports are few, but also
because there is a considerable number of ana-
tomic varieties [6, 12, 14, 15]. Harwin et al. [12]
reported seven dorsal CMC ligaments and eight
palmar CMC ligaments of the 2nd through 5th
CMC joint. Gurland [6] reported six dorsal CMC
ligaments and six palmar CMC ligaments. Na-
kamura et al. [15] described nine dorsal CMC
ligaments and seven palmar CMC ligaments and
specifically: dorsally he reported two for the 5th,
two for the 4th, three for the 3rd, and two for the

2nd CMC joint (Fig. 9.2) and volarly: one for the
5th, one for the 4th, four for the 3rd, and one for
the 2nd CMC joint. Nanno et al. [16] in a three-
dimensional analysis of the ligamentous attach-
ments of the 2nd through 5th CMC joints, iden-
tified 9 dorsal and 11 palmar CMC ligaments.

Additional ligamentous restraint is provided
by 3 dorsal and 3 palmar intermetacarpal liga-
ments that connect the bases of the metacarpals
[15], while Nanno et al. [16] identified 4 dorsal
and 4 palmar intermetacarpal ligaments of the
2nd through 5th CMC joints. In addition, one
intraarticular ligament extending between the
3rd and 4th MC and capitate—hamate was also
identified [15, 16], which secures stability even
upon rupture of the dorsal and palmar ligaments.
However, the role that these ligaments might
play in the pathomechanics of axial disruptions
and/or CMC dislocations and fracture-disloca-
tions of the carpus has not been well described.

Of particular, importance is the pisometa-
carpal ligament extending between the pisiform
and the ulnovolar base of the 5th metacarpal,
through which the flexor carpi ulnaris exerts its
effect (Fig. 9.3).

The strong periarticular ligamentous supports
of the CMC joints render the anyway rare CMC
fracture-dislocations, more frequent than pure
dislocations. Although the dorsal ligaments are
described as stronger and more distinct than
their volar counterparts, dorsal dislocations are
more frequent.

Fig. 9.1 The distal carpal row with the longitudinal
arches of the index and middle fingers constitute the stable
central unit of the hand. With permission from [132]

Fig. 9.2 The dorsal CMC and the three inter-metacarpal
ligaments. With permission from [132]
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The extensor and flexor tendons of the wrist
ensure dynamic stabilization by adhering to the
base of the 2nd MC (flexor carpi radialis and
extensor carpi radialis longus), the base of the
3rd MC (extensor carpi radialis brevis), and the
base of the 5th MC (extensor carpi ulnaris and
flexor carpi ulnaris via the pisometacarpal liga-
ment) [6, 17] (Fig. 9.4a, b).

There is more variability and often multiple
distinct joint surfaces forming the articulations
between adjacent metacarpals and/or adjacent

distal carpal bones. Nakamura et al. [15] rec-
ognized two types of articulation between the
2nd and 3rd MC, five types of articulation
between the 3rd and 4th MCs, while the articu-
lations between the 4th and 5th MCs, between
the 2nd MC and the trapezium, and between the
trapezoid and the trapezium were all single
articulations. The authors also noticed that the
area of the 2nd and 3rd CMC joints was found to
have the highest incidence (18 %) of carpal
coalition. Viegas et al. [18] reported that the
joint surfaces between the 4th MC and the
capitate and/or the hamate were variable and
recognized 5 different types of articulation: A
type I, with a single dorsal projection radially, a
type II with a double projection radially, a type
III with a narrow radioulnar dimension without
any projection, a type IV with a narrow radio-
ulnar dimension of the base and a separate small
articular surface dorsoradially, and finally, a
type V with a broad radioulnar dimension of the
articular base of the 4th metacarpal.

The base of the 2nd MC has a cuneiform
configuration and articulates with the corre-
sponding surfaces of the trapezium-trapezoid.
The 3rd metacarpal base has a dorsoradial
styloid process that articulates with the base of

Fig. 9.3 The volar CMC and the three volar inter-
metacarpal ligaments. The pisometacarpal ligament is
indicated with the asterisk. With permission from [132]

Fig. 9.4 The relation of the extensors (a) and flexor
(b) tendons with the CMC joints. (ECU Extensor carpi
ulnaris, ECRB Extensor carpi radialis brevis, ECRL

Extensor carpi radialis longus, FCR Flexor carpi radialis,
FCU Flexor carpi ulnaris)
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the 2nd metacarpal, while ulnarly it has a double
articular surface that articulates with the 4th MC
and proximally with the capitate. The 4th and 5th
metacarpals articulate with the saddle-shaped
distal articular surface of the hamate. In general,
CMC joints are saddle joints, where the meta-
carpal base is convex and the distal surface of the
carpals is concave (Fig. 9.5). This relationship
becomes less pronounced when progressing
toward the ulnar column and is a major contrib-
utor to the decreased stability that the 4th and 5th
metacarpals exhibit. This becomes a major factor
in the relative frequency of CMC fracture-dis-
locations, with the 4th and 5th metacarpals being
far more commonly involved [19].

9.3 Mechanism of Injury

Great and sudden force is required to disrupt the
strong periarticular ligamentous supports of the
CMC joints. The general consensus in the liter-
ature is that the dislocation of the CMC joints
can occur either by a direct force on the bases of
the metacarpals or by an indirect force trans-
mitted via the metacarpal shafts [20].

These injuries are the result of traffic acci-
dents, falls from heights or striking a hard object
with a closed fist. However, a low-energy
trauma has also been implicated [10, 21, 22].

In many cases, the axial force is transmitted
along the metacarpal shaft, distally to proxi-
mally inducing a dislocation at the base of the
metacarpal [9, 10, 17, 23–35]. This is the most
likely of the mechanisms implicated in the dis-
location of the 4th and/or 5th metacarpals, but
also of the 2nd metacarpal [36], or of the 2nd to
4th metacarpals [37]. The actions of the ECU
and the hypothenar muscles contribute to the
deformity of this injury [38].

These injuries are also caused following the
application of a force on the palmar surface of
the wrist, while the wrist is dorsiflexed (dorsal
dislocations), or the application of a force on the
dorsal surface of the wrist, while the wrist is
palmarflexed (palmar dislocations) [1, 2, 9, 12,
35, 39, 40].

Frequently, CMC injuries are produced after
high-energy injuries (e.g., motorcycle accidents)
in which, while gripping the handlebars at the
time of collision, a significant amount of force is
transmitted to the volar aspect of the metacarpal
bases producing dorsal dislocations of the medial
four CMC joints [2, 3, 20, 41]; in rare cases the
handlebars act as a fulcrum causing the metacar-
pal base to dislocate volarly [42]. Kumar and
Malhotra [43] described the need to apply a tor-
sional force in a high-energy incident, to achieve a
divergent variant of multiple CMC dislocations.

A rare type of injury, in which a palmarly
dislocated 5th metacarpal is associated with a
fracture of the hook of the hamate, has been
described [44–48]. In this type of injury, a vio-
lent contraction of the FCU against a fixed wrist
in dorsiflexion [45] or a direct mechanism of
production [44, 46–48] has been implicated.

9.4 Clinical Evaluation

Clinical evaluation reveals either a blatant
appearance with excessive swelling, pain, lim-
ited range of motion and signs of neurovascular
dysfunction or in less severe injuries, mild
swelling, and localized sensitivity above the
affected joints. Sometimes splaying of the fin-
gers is noted [49]. Waugh and Yansey [1]
described the deformity of the more frequent

Fig. 9.5 The CMC joints opened dorsally and hinged
volarly. The anatomic configuration is described in the
text (Tm Trapezium, Td Trapezoid, C Capitate,
H Hamate). With permission from [132]
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dorsal dislocations as ‘‘dinner- fork’’, while that
of the volar dislocations as a ‘‘spade’’ type of
deformity. Massive dorsal edema may obscure
the characteristic clinical deformity and this, in
combination with insufficient radiological con-
trol, are responsible for the high frequency of
missed diagnosis [2, 6, 50–53]. Henderson and
Arafa [27] reported that in 15 out of 21 cases
with dorsal dislocations of the CMC joints, the
diagnosis was missed at the emergency depart-
ment, due to the swelling and use of routine
radiographs. Garcia-Elias et al. [9] reported that
6 of their 13 patients had delayed or incorrect
diagnosis. Shortening of the fingers, compared
to the patient’s healthy hand, will arise suspicion
for injury of the CMC joints, once simple
radiological examination rules out injury of the
fingers or metacarpals (Indian salutation test
[54]). With injuries to the 4th or 5th CMC joint,
function of the motor division of the ulnar nerve
may be affected because of that nerve’s close
proximity to the joint [6, 17, 52, 55–57]. This

leads to weakness of the interossei and adductor
pollicis, which manifests clinically as separation
of the long and ring fingers when making a fist
[10, 55]. Median nerve function may also be
influenced in cases of palmar dislocations of the
2nd and 3rd CMC joints [9, 58], or of delayed
reduction of central CMC joint dislocations or
due to extensive swelling of the soft tissue. The
close proximity of the deep palmar arterial arc
with the palmar surface of the 3rd CMC joint
must also be considered [17]. Another probable
injury is the detachment of the flexor or extensor
tendons of the wrist, which insert at the base of
the affected metacarpal (Fig. 9.6a–f).

9.5 Radiological Evaluation

Diagnosis of CMC joint injuries is usually
delayed due to insufficient initial radiological
control. Gunther [3] stated that subtle findings in
the overlapping articular surfaces and minor loss

Fig. 9.6 Male, 18 years old, motorcycle accident. A
forearm fracture was associated with volar dislocations of
the 2nd to 5th metacarpals (a); after forearm reduction,
the attempt for closed reduction and pinning of the CMC
joints was unsuccessful (b, c); exploration through a

dorsal approach revealed the avulsion of the ECRB from
the base of the 3rd metacarpal (arrow) (d); a bone anchor
was used for tendon reattachment and K-wires were
inserted to stabilize the CMC joints (e, f). With
permission from [132]
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Fig. 9.7 a1–f2 Six X-ray
projections fully
demonstrating the CMC
joints. See text for
description. With
permission from [132]
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Fig. 9.7 (continued)
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of symmetry may escape the average orthopedic
surgeon. He suggested four x-ray projections as
being necessary for diagnosing injuries of the
CMC joints, which are performed by gradual
supination of the hand and wrist, starting with
the hand flat and the wrist in neutral position. To
the projections mentioned above we have added
two more projections to fully demonstrate the
CMC joints:
1. Posteroanterior (PA) view with the palm

attached to the cassette and the wrist in
neutral position. The 3 medial CMC joints
should be demonstrated without bony overlap
and with their articular surfaces parallel to
each other (Fig 9.7 a1–a2).

2. Elevation of the radial side of the wrist by
30�. This position shows the 2nd, as well as
the 1st CMC joints adequately (Fig. 9.7b1–
b2).

3. Elevation of the radial side of the wrist by
60� clearly shows the lateral view of the 4th
and 5th CMC joints (Fig. 9.7c1–c2).

4. Further rotation to a true lateral projection
and with the wrist in neutral, is in fact, a true
lateral view of only the 3rd CMC joint
(Fig. 9.7d1–d2).

5. Further rotation of the wrist-hand unit by 30�
beyond the lateral neutral position (120� from
the starting position), is a suitable projection
for the anteroposterior (AP) view of the 4th
and 5th CMC joints (Fig. 9.7e1–e2).

6. Finally, an AP view with the dorsum of the
wrist attached to the cassette, clearly dem-
onstrates the 2nd to 4th CMC joints in AP
direction (Fig. 9.7f1–f2).
Parkinson and Paton [59] identified an

increase in the angle formed by the long axis of
the 2nd and 5th MC on a true lateral radiograph.
In cases of dislocation of the 5th CMC joint the
CMC angle is increased compared to controls
(38.5� compared to 9.8�). A lesser increase in
the CMC angle is suggestive of subluxation of
this joint.

The PA projection must be performed with
the palm attached to the cassette, since sub-
standard positioning results in overlapping of the
articular surfaces. Normally, the articular sur-
faces of any joint must be parallel to each other

and the width of the 2nd through 5th joint spaces
is uniform measuring 1–2 mm. It’s been sup-
ported that on the PA radiograph two parallel
lines approximating the letter M (parallel M
lines) can be consistently drawn to define the
normal 2nd through 5th CMC bone relation-
ships. A break in the parallel M lines suggests an
abnormality at that site [60–62]. Fisher et al.
[61] stated that in simultaneous 4th and 5th
CMC joint dislocations, an overlap was
observed only at the 5th CMC joint since the
flexor and extensor carpi ulnaris draw the dis-
located 5th metacarpal proximally.

McDonald et al. [63] calculated the angles
between the index and small metacarpal shaft (I-
S IMA) and between the long and small meta-
carpal shaft (L-S IMA) in a lateral radiograph, in
patients with ulnar-sided CMC fracture-dislo-
cations. They concluded that both angles are
useful screening measurements if they are
greater than 10�.

Chmell et al. [64] in the PA view demon-
strated the importance of the oblique line
through the metacarpal heads for the evaluation
of the MC shortening, which accompanies a
CMC joint dislocation. This line is drawn tan-
gentially across the distal articular surfaces of
the heads of the 3rd, 4th, and 5th metacarpals
(Fig. 9.8).

Tomography or computed tomography (CT)
scans can also be useful, particularly when there
are concomitant injuries to the carpal bones [65].

9.6 Classification

Although a generally accepted classification
does not exist, injuries of the CMC joints can be
classified based on different parameters, such as:
1. The number of affected rays (isolated or

multiple).
2. The direction of injury (dorsal, palmar, ulnar,

divergent).
3. The type and severity of injury (sprain, sub-

luxation, dislocation, fracture-dislocation).
4. The location of the injury (MC base fracture,

trans-articular, fracture of the distal carpal
row or combinations).
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Cain et al. [23] classified injuries of the ulnar
CMC joints into 4 types based on the 5th CMC
joint. This classification works on the basis that
the primary injury is a fracture of the 4th
metacarpal and the resulting shortening leads to
the hamatometacarpal dislocation. In Type IA,
subluxation or dislocation of the 5th MC is
accompanied by dorsal CMC ligament disrup-
tion; in Type IB the dorsal dislocation of the 5th
metacarpal is associated with an avulsion frac-
ture of the dorsal rim of the hamate; in Type II a
dorsal hamate comminution is present; and in
Type III a coronal splitting of the hamate is
present (Figs. 9.9a–d and 9.10a–d). The authors
considered Type IB as the most frequent and
correlated the type of injury to the stability.
They regarded that Type II and III injuries, as
grossly unstable requiring open reduction, while
type I injuries were reduced, tested for stability
and the treatment was adjusted accordingly. The

main drawback of this classification is that it
does not take into account the isolated disloca-
tions of the 5th CMC joint without fracture of
the 4th metacarpal.

However, since 4th and/or 5th metacarpal
base intraarticular fractures are common findings
that profoundly influence the treatment outcome,
Lee et al. [30] recently suggested a new classi-
fication for the injuries of the ulnar CMC joints.
This classification was based on the fractures of

Fig. 9.8 The oblique line through the metacarpal heads
(3rd to 5th), as described by Chmell et al. [64], for the
evaluation of metacarpal shortening due to the 5th CMC
joint fracture-dislocation (arrow). With permission from
[132]

Fig. 9.9 Schematic depiction of Cain’s et al. [23]
classification, for injuries of the ulnar CMC joints (see
text for details). With permission from [132]
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the bases of the 4th and/or 5th metacarpals and
on the amount of articular surface of hamate
fracture which was assumed as a fact. Three
types of injuries were recognized: Type I was

defined as less than one-third hamate articular
surface involvement; Type II, more than one-
third, and Type III, coronal splitting. Each type
was divided into four subtypes: (1) absence of
intraarticular MC base fracture; (2) fourth MC
base fracture; (3) fifth MC base fracture; and (4)
both fourth and fifth MC base fractures.

Garcia-Elias et al. [9] modified Cain’s origi-
nal classification system to include the radial
two CMC joints and they moreover considered
the stability of the injury following closed
reduction as an important factor for classifica-
tion. It is a common sense that prognosis of
stable post-reduction injuries is much better than
that of unstable injuries.

According to this classification there are three
types of instabilities (Fig. 9.11a–h):
Type I (Transmetacarpal instability). Caused by

fracture at the base of the metacarpal, which
may be extrarticular (Ia) or intraarticular (Ib).

Type II (Carpometacarpal instability). Results
after pure dislocation of the CMC joint (IIa)
or a dislocation accompanied by a small chip
avulsion fracture of the dorsal rim of the
distal row carpal bones (IIb).

Type III (Transcarpal instability). This injury
may involve only the dorsal and distal corner
of the bone (IIIa) or it may be a fracture at
the frontal plane of the bone affecting both
the proximal and distal articulations (IIIb).
Less frequently, the metacarpal along with
the distal carpal row bone is dorsally sub-
luxated with (IIIc) or without (IIId) fracture
of the palmar surface of the bone. A case
which could be classified as type IIId injury
is illustrated in Fig. 9.12a–h.
This classification, has in addition a thera-

peutical importance, since type I (Ia and Ib) has
been considered as a stable type and may be
treated with longitudinal traction and cast sup-
port or percutaneous K-wires, while types II and
III are inherently unstable and must be treated
with open anatomical reduction.

It must be noted that delineation of these
injuries using simple X-rays alone, is quite dif-
ficult. Tomography or CT scans at the sagittal
plane are required.

Fig. 9.10 Examples of ulnar CMC joint injuries accord-
ing to the Cain et al. [23] classification. With permission
from [132]

248 9 Carpometacarpal (CMC) Dislocations or Fractures-Dislocations Excluding the Thumb



9.7 Acute Injuries of the CMC
Joints

Since acute injuries of the CMC joints are fre-
quently the result of high-energy trauma, inju-
ries to other parts of the body or even life-
threatening injuries could probably coexist. In
addition, complex injuries located at different
levels of the same wrist (CMC, intercarpal,
radiocarpal) have also been described [66, 67].

Almost every possible combination of inju-
ries has been reported, including the divergent
dislocation with some metacarpal bases being
dorsally, while others being palmarly dislocated
[19, 43, 68–71] (Fig. 9.13a–g). The divergence

may have a different location in each case. In
some cases, the divergence is localized and
involves only two metacarpal bases, e.g.,
between 4th and 5th CMC joints [46, 72–74],
while occasionally all the metacarpal bases are
affected and the divergence could be located
between the 2nd and 3rd [19, 43] or between the
3rd and 4th [68, 69] metacarpal bases.

Frick et al. [75] in a retrospective study of
100 CMC dislocations found that in half the
cases, lesions were located only within the 5th
ray, while carpal or metacarpal fractures were
associated with the majority of cases (88 %).

The most common of all CMC joint injuries
is considered to be the isolated injury of the
5th CMC joint, which is followed by the

Fig. 9.11 Mayo Clinic’s classification of CMC joint
injuries, presented by Garcia-Elias et al. [9]. Although
only the central column is depicted, it can be applied to
all the affected rays. Type I injuries are considered as

transmetacarpal, type II injuries as carpometacarpal, and
type III injuries as transcarpal instability. With permis-
sion from [132]
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Fig. 9.12 Male, 46 years old. Five months prior to his
examination he reported a left wrist injury, due to its
entrapment in a garbage bin in hyperpronation position.
He remained undiagnosed. Restriction of dorsal wrist
extension, as well as painful osseous swelling at the
dorsal side of the wrist, were noted during examination
(a, b); radiological control revealed a widening of the
lunocapitate joint in the P-A view (arrows) (c) and a
dorsal midcarpal subluxation in the L view (d); MRI did

not indicate further damage (e); dorsal approach revealed
a fixed dorsal subluxation of the distal carpal row
(f) (C Capitate, L Lunate, S Scaphoid); due to the
difficulties of reduction and despite the good condition of
the capitate head’s cartilage, the patient was subjected to
a scapholunocapitate fusion; the postoperative X-rays (g,
h); the radiological result 1 year later (i, j). This case was
considered as type IIId injury according to Mayo Clinic
classification [9]
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simultaneous injury of the 4th and 5th CMC
joints (Fig. 9.14a–d).

The early recognition of these injuries is
essential for satisfactory outcomes. The disabil-
ity of the hand is severe in untreated cases or in
those where treatment is delayed.

Management options include closed reduction
and cast immobilization, closed reduction and K-
wire fixation, or open reduction and internal
fixation. The choice of treatment depends on the

severity and stability of the CMC joints and the
expertise of the attending physician [10].

9.7.1 Localized Injuries

Excluding the thumb, the most frequently
injured CMC joints are the bases of the ring and
small fingers, frequently described as hamato-
metacarpal fracture-dislocations [9, 23, 35, 76].

Fig. 9.12 (continued)
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A limited number of pure dislocations of the 4th
to 5th MC in dorsal [26, 61, 77, 78] (Fig. 9.15a,
b) or in volar direction [49] or of a divergent
type in different directions [46, 72–74] have
been reported. Another rare combination of
injuries is the coronal fractures of the body [29]
or the dorsal pole of the hamate [25, 31, 76, 79–
83] associated with injuries of the bases of the
4th and/or the 5th CMC joints (Fig. 9.16a–g).

The most frequently affected isolated CMC
joint is the 5th, which is mainly characterized as
a dorsal fracture-dislocation. The displacement

is analogous to a Bennett’s fracture of the
thumb. Despite the fact that 4 types of intraar-
ticular fractures at the base of the 5th MC have
been described [33], the most common type
involves a radiovolar bone fragment of different
size, which remains attached with the 4th
metacarpal through the intermetacarpal and
palmar CMC ligaments, while the remainder of
the 5th metacarpal is displaced ulnarly and
dorsally to a varying degree, due to the action of
extensor carpi ulnaris and the opponent digiti
minimi muscle (Fig. 9.17a, b).

Fig. 9.13 Male, 28 years old, car accident. Divergent
dislocations with the 2nd and 3rd metacarpals being
dorsally dislocated, while the ulnar metacarpals were
volarly displaced (a, b, c). With two longitudinal skin

incisions dorsally, the dislocations were reduced and
stabilized with K-wires (d, e); final radiographic appear-
ance 6 months later (f, g). With permission from [132]
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In addition, there are reported cases of iso-
lated dislocations of the 5th CMC in dorsal [28,
84–88], or more rarely, in volar direction [45,
48, 60, 89] (Fig. 9.18a, b). There are two types
of volar dislocations: radial and ulnar. In the
radial type, which is the most common, all of the
ligamentous and tendinous attachments are torn
and usually open reduction is required using a
volar-ulnar surgical approach. In the ulnar type,
the pisometacarpal ligament remains intact pre-
venting excessive displacement of the fifth
metacarpal, which however overlaps the hamate
and shortens the digit, due to the action of the
flexor and extensor carpi ulnaris and the hypo-
thenar muscles. Sometimes, the intact piso-
metacarpal ligament prevents excessive
displacement, thus rendering stress radiographs
necessary for correct diagnosis [89]. In this type
of injury, the problem is usually not the reduc-
tion itself, but rather maintaining the reduction

[6], thus percutaneous K-wire fixation of the
joint is necessary.

Closed reduction is accomplished with local
or general anesthesia, longitudinal traction of the
finger(s), direct pressure at the bases of the
affected metacarpals and dorsal extension of
the head of the MC, if the most common dorsal
dislocations of the CMC joints are considered.
Although successful stabilization of the wrist
after the reduction has been suggested only with
plaster [7, 90, 91], most authors advocate using
percutaneous K-wires fixation. K-wires are per-
cutaneously inserted from the base of the
metacarpal to the hamate or the adjacent 4th
metacarpal, from the dorsal and ulnar surface of
the wrist, while taking care not to disrupt the
function of the extension mechanism. Recently,
Mozaffarian et al. [92] described a safe corridor
for pinning of the 5th CMC joint to prevent
iatrogenic injury to the ulnar nerve and tendons;

Fig. 9.13 (continued)
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it is located 2 cm distal to the joint at an angle of
20�–30� to the coronal plane, from 10� volar to
dorsal to 20� dorsal to volar direction in the
saggital plane. Once stable reduction has been
achieved, a direct, active, and passive mobili-
zation of the fingers and wrist must commence
within 1–2 weeks. The K-wires will be main-
tained for at least 6 weeks, although keeping
them for up to 12 weeks has also been suggested
[11]. After the K-wires are removed, the patient
starts grip strengthening exercises. The impor-
tance of early controlled mobilization has been

emphasized [93] for reducing postinjury com-
plications (stiffness of hand joints, tendon
adhesions, and intrinsic muscle weakness).

Slutsky [94] described an arthroscopic tech-
nique for reduction and percutaneous fixation of
5th CMC fracture-dislocations. The technique is
considered useful especially in cases where the
articular fracture fragment is volar and difficult to
visualize and reduced using a dorsal approach.

Rarer are the isolated injuries of the 2nd and/
or 3rd CMC joint. In literature there are reported
cases of dorsal [36, 95–97] or palmar dislocation

Fig. 9.14 Case with fracture of the base of the 4th metacarpal and dislocation of the 5th CMC joint (a, b); closed
reduction and percutaneous fixation with K-wires (c, d). With permission from [132]
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[98, 99] of the 2nd CMC joint, dorsal non-
reducible dislocation of the 2nd CMC joint due
to interference of the extensor carpi radialis
brevis [100, 101] and finally, palmar disloca-
tions of the 2nd to 3rd CMC joint [12, 42, 58].
Although K-wire fixation is recommended to
prevent recurrent dislocation, it has been sug-
gested that it is not always necessary because of
the intrinsic stability of the joint [101].

Open reduction and internal fixation, are
clearly indicated in the following cases:
1. Unsuccessful closed reduction.
2. Irreducible dislocations due to interposed soft

tissue or fracture fragments.
3. In cases of delayed diagnosis, where the

contraction of soft tissues hinders closed
reduction.

4. Complex fracture-dislocations.
Incision of the skin for the isolated injury of a

CMC joint is usually dorsal curvilinear or of S
type, with the transverse part of the incision
located above the joint.

9.7.2 Multiple Injuries

In general, multiple injuries of the CMC joints
cause significant swelling of soft tissue that
obstructs closed reduction, which even if
achieved, is difficult to maintain. The inability to
achieve closed reduction is sometimes due to
interposed joint capsule in the CMC joints [102].
There have been reported cases of dislocations
or fracture-dislocations of all five CMC joints
[103–112], dorsal dislocations of the 2nd to 5th
CMC joint [22, 54, 67, 102, 113–118]
(Figs. 9.19a–d and 9.20a–d), palmar dislocations
of the 2nd to 5th CMC joint [90, 119–121],
palmar dislocations of the 2nd to 4th CMC joint
[122], or fracture of the base of the 3rd and
dorsal dislocations of the 4th and 5th CMC
joints [51].

Garcia-Elias [2] stated that the treatment of
choice for the relatively stable type II injuries
(according to his classification) is early closed
reduction, distal-to-proximal pin fixation, and
specific cast support. Types I and III, by con-
trast, because of the presence of a displaced
intraarticular fracture, are inherently unstable,
thus open treatment, which allows identification
and treatment of small osteochondral fractures,
debridement of debris in the joints, accurate
reduction and proper stabilization, is the method
of choice. Rare cases have been reported with
coronal fractures through the capitate and
hamate [123] or through the capitate, hamate,
and trapezoid [124], both of which necessitated
a CT-scan for diagnosis. Both these cases
probably constitute a type IIIb injury (according
to Garcia-Elias classification) and were treated
with open reduction and internal fixation.

A major distal carpal row bone fracture is
frequently associated with CMC dislocations [9,
125] and in such cases open reduction and fix-
ation of the fractured bone with K-wire(s) or
with a compression screw is considered the
treatment of choice (Fig. 9.21a–f).

The dislocated joints are usually approached
from the dorsal side and the skin incision may be
longitudinal [17, 126] or transverse [46, 50, 69,

Fig. 9.15 Pure dorsal dislocations of the ulnar CMC
joints (a), treated with closed reduction and stabilization
with two K-wires (b). With permission from [132]
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70, 115]. Alternatively, we may approach all 4
bases of the metacarpals, using two longitudinal
skin incisions (between 2nd to 3rd and 4th and
5th CMC joint). Cutaneous nerves are protected
and the extensor tendons are retracted to gain
access to the dislocated joints. Reconstruction of
the transverse carpal row starts with the reduc-
tion and stabilization of the base of the 3rd [6,
10, 39, 43, 121] or of the 2nd [67] metacarpal.
When all 4 metacarpals are dislocated,

stabilization of each joint separately is not nec-
essary, as some of the interosseous ligaments
usually remain intact, which helps to stabilize
the adjacent metacarpal [3, 6, 68]. The wires
must be placed so as to avoid the extensor ten-
dons, since early mobilization is desirable.

The pins are removed at 4–6 weeks postop-
eratively. An alternative method to stabilize the
dislocated joints with K-wires, avoiding the risk
of damaging tendons and nerves, is the

Fig. 9.16 Male, 15 years old. Subluxation of the 5th
CMC joint with a coronal fracture of the dorsal pole of
the hamate (a, b); 3D CT-scan reconstruction images
disclosed the extent of the injury (arrows) (c–d), while

CT images disclosed the fracture of the hamate (arrows)
(e–f) and in addition a fracture of the volar base of the 4th
metacarpal (arrow) (g). The patient refused any further
treatment
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technique proposed by Foster [26], called
‘‘intramedullary stress sharing fixation’’ (origi-
nally described for ulnar CMC joints’ disloca-
tions) (Fig. 9.22a–d).

9.8 Chronic Injuries
of the Carpometacarpal Joints

There is no consensus for the definition of a
chronic CMC dislocation. Most authors believe
that an injury dated more than 3 to 6 months is
defined as chronic [17, 127], while Ahmad and
Plancher [128] defined CMC dislocations as
chronic when there is a delay in diagnosis and
treatment of at least 6-12 weeks. Usually,
chronic cases are expressed with deformity,

localized sensitivity, reduced muscle strength
and in the long term, symptoms of arthritic
changes (Figs. 9.23a, b and 9.24a–g).

Although there had been early reports that
chronic dislocations or subluxations of the CMC
joints do not result in any disability [1, 68], this
view today has no advocates. Green [129] sup-
ported that injuries more than 3 weeks old do
not require any treatment.

In cases with mild symptoms such as slight
residual subluxation, conservative treatment is
probably best [17], while in cases with marked
deformity an attempt for delayed open reduction
could be successful as late as 3–6 months postin-
jury [38]. Imbriglia [127] reported successful open
reduction of the 2nd to 5th CMC joints 3 months
post injury without the need for arthrodesis, due to

Fig. 9.16 (continued)
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the integrity of the articular cartilage. Prokuski and
Eglseder [67] stated that delay of up to 4 weeks did
not adversely affect results.

In any case, regardless of the time elapsed,
the management will depend on the complaints,
while if operative treatment is needed, the
appropriate method will depend on the reduc-
ibility of the CMC joints, and the condition of
articular cartilage.

9.9 Long-Term Results

Few reports document long-term follow-up in
cases of multiple carpometacarpal dislocations.
However, it is uniformly accepted that with
early diagnosis and prompt treatment with res-
toration of normal anatomical reduction, excel-
lent results may be expected [9, 10, 35, 41]. In
addition, the outcome has generally been
favorable as long as the reduction is maintained.

It has been suggested [10, 121] that delayed
diagnosis and treatment will usually result in an
undesirable outcome of pain, reduced grip
strength and degenerative arthritis and that up to

Fig. 9.17 The most common type of fracture-disloca-
tion of the 5th CMC joint. A small ulnovolar bone
fragment remains attached to the 4th metacarpal through
the ligaments, while the 5th metacarpal is ulnarly and

dorsally displaced due to the action of ECU tendon and
the direction of pull by the hypothenar muscles (ODM
Opponent digiti minimi) (a); a clinical analogue of the
injury (b). With permission from [132]

Fig. 9.18 Rare volar fracture-dislocation of the 5th
CMC joint (a), which was treated with closed reduction
(b). With permission from [132]
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Fig. 9.19 A case of dorsal dislocations of the 2nd to 5th
CMC joints associated with a fracture of the volar part of
the capitate (arrows) (a, b); it was treated with open

reduction and fixation with K-wires (c, d). With permis-
sion from [132]
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Fig. 9.20 Male, 40 years old, motorcycle accident.
Dorsal dislocations of the 2nd to 5th CMC joints (a,
b); he was treated with closed reduction and K-wires

insertion, while the 4th CMC joint was reduced coinci-
dently with the 3rd CMC joint (c, d). With permission
from [132]
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Fig. 9.21 Male, 30 years old, motorcycle accident.
Dorsal dislocations of the 2nd to 5th CMC joints. The
injuries of the 2nd and 3rd CMC joints were of IIa type,
that of the 4th CMC joint was of Ia type and that of the 5th
CMC joint was of IIIb type (associated with a fracture of

the body of the hamate in the coronal plane) (arrows),
according to the Mayo classification (a, b); he was treated
with open reduction and K-wires stabilization including
the hamate fracture (c, d); final radiographic appearance
4 years later (e, f). With permission from [132]
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43 % of patients with neglected single CMC
joint injuries will experience residual pain and
impaired function. However, with appropriate

management, up to 87 % of patients with CMC
joint injuries will return to full work and sport-
ing activities with negligible pain.

Gunther [3] stated that open reduction with
K-wire fixation results in excellent hand func-
tion. Grip strength returns to normal and the
only residual symptoms of the fracture-disloca-
tion are usually mild aching during changes of
weather or during extremely heavy work.

Garcia-Elias et al. [9] reported that patient
satisfaction when treated in the acute phase is
high; on the contrary, delayed treatment, even
with bone grafting and stabilization until frac-
ture consolidation, had an increased incidence
of mild residual symptoms, including weakness
of grasp or pinch and tenderness at the CMC
area. In addition, delayed diagnosis may lead to
fracture nonunion due to vascular or mechani-
cal factors, with adverse consequences (mus-
cular imbalance, reduced grip strength, and
arthritis).

Lawlis and Gunther [70] suggested that most
adverse results concern patients with 2nd and
3rd MC injuries or those having additional
injury of the ulnar nerve.

Lundeen and Shin [33] reported clinical
results of 22 patients with intraarticular fractures
of the base of the 5th MC treated by closed

Fig. 9.22 Fosters’ [26] stabilizing method of a dislocated
CMC joint using intramedullary K-wire: the dislocated
joint (a); insertion of the K-wire from the proximal to the
distal side into the intramedullary canal, exiting dorsally at
the flexed MP joint and through the central portion of the
extensor tendon (b); reduction of the dislocation and
proximally advancing of the K-wire into the corresponding
bone of the distal carpal row after excessive wrist
palmarflexion (c); the pin is withdrawn proximally to
disengage the head of the metacarpal; its proximal portion
is curved and cut below the skin level (d)

Fig. 9.23 Neglected dorsal CMC fracture-dislocations (a, b). The patient complained for dysfunction of the extensor
tendons. With permission from [132]
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reduction and cast immobilization. After an
average follow-up of 43 months, twenty patients
reported excellent or good results and two
reported fair or poor results. Nine of those
patients (41 %) had mild arthrosis of the CMC
joint. Yildiz et al. [112] supported that mild
degenerative changes in the CMC joints may be
present radiographically on long-term follow-up.
However, the functional results appear to be
good, provided that open reduction and internal
fixation of the dislocations have been achieved.

9.10 Arthrodesis of CMC Joints

In cases of chronic instability or post-traumatic
arthritis of CMC joints not responding to con-
servative treatment, arthrodesis constitutes the
operation of choice [6, 50]. Arthrodesis of the
2nd, 3rd or both CMC joints does not result in
any functional deficiency, because the motion
range of these joints is limited, while the
method has been suggested as a primary treat-
ment for unstable fracture-dislocations [50, 70,

126]. In addition, the need for CMC arthrode-
ses tends to be higher among patients with
more associated injuries [67]. Even arthrode-
sing the mobile 4th and 5th CMC joints will
not cause any problems, provided that the joints
are fused in sufficient flexion to maintain the
normal curvature of the distal metacarpal arch
when making a fist [6]. Because mobility of the
5th CMC joint is greater than the 4th, it should
be fused in greater flexion. Arthrodesis is per-
formed with the use of a sliding inlay graft, an
iliac strut graft or a corticocancellous graft
from the distal radius, which is stabilized with
K-wires (Fig. 9.25a–g). Fusions usually heal
within 8 weeks. As an alternative to arthrode-
sis, resectional arthroplasty with interposition
of a rolled tendon spacer has been applied
[130] or if the 5th CMC joint is involved, a
‘‘stabilized arthroplasty’’ suggested by Dubert
and Khalifa [131] can be applied. The latter
technique is based on the resection of the base
of the 5th metacarpal, whereas the length of the
fifth digit ray is restored by fusion to the
adjacent 4th metacarpal.g
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Fig. 9.24 Male, 29 years old, with a painful osseous
swelling at the dorsal side of the wrist (a); radiographs
revealed old unreduced dorsal dislocations, mainly of the
2nd to 3rd CMC joints (b, c); for the fusion of the

affected joints and to regain the length of the shortened
metacarpals, two small external fixators were used (d, e);
radiographic appearance after the hardware removal (f, g)
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Fig. 9.24 (continued)
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Fig. 9.25 Male, 35 years old, with a two-year-old
malunion of the proximal 4th metacarpal, with arthritic
changes of the dorsally subluxated 5th CMC joint (a, b);
the disruption of the normal curvature of the metacarpal

heads when making a fist, is showed (c); corrective
osteotomy of the 4th metacarpal using a small plate and
fusion of the 5th CMC joint (d, e); postoperative X-rays
(f, g)
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10Axial Dislocations
or Fracture-Dislocations

10.1 Introduction

The first radiological description of a true axial
dislocation of the wrist is attributed to Oberst in
1901 (cited by Shin [1]) and in the same year to
Eigenbrodt [2]. The former described a case of
axial-ulnar dislocation, while the latter, a case of
severe crush injury to the hand that was associ-
ated with dislocation of the hamate.

The term ‘‘axial-loading dislocation’’ was
first used by Cooney et al. [3] to emphasize that
in these cases the wrist is disorganized in a
direction almost parallel to the long axis of the
forearm. Other terms used to describe this injury
are: ‘‘carpal arch disruption’’ [4], ‘‘capitohamate
diastasis’’ [5], ‘‘longitudinal disruption’’ [6],
‘‘crush injury of the carpus’’ [7], and ‘‘columnar
dislocation‘‘ [8].

When the wrist is subjected to compressive
high energy force in dorsopalmar direction, the
resulting derangement is frequently not random,
but predetermined, with the wrist being divided
into two or more columns. At the same time, the
metacarpals usually follow the displacement of
the corresponding carpal bones causing an
intermetacarpal derangement. While the trans-
verse carpal arch widens, the transverse liga-
ment of the wrist is either ruptured or detached
from its attachments [9, 10].

Garcia-Elias et al. [8] defined axial fracture-
dislocation as the longitudinal carpal and inter-
metacarpal derangement of the wrist, which is
associated with rupture or avulsion of the flexor
retinaculum. Chim et al. [11] defined axial

carpal dislocation as the global disruption of the
proximal (carpal) and distal (metacarpal) trans-
verse arches of the hand with the carpus split and
longitudinally displaced.

10.2 Incidence

Axial dislocations of the wrist are relatively rare
injuries as, since the first radiological report in
1901 until today, approximately 72 cases have
been published in the literature [12], the major-
ity of which are case reports [11–17]. The
increasing number of industrial accidents and
the increased recognition of wrist injuries, will
certainly result in more frequent diagnosis of
such injuries.

The largest series that has been published
until now, comes from Mayo Clinic with 16
cases, that is 1.4 % of all patients with fracture-
dislocation of the carpus (1,140 patients) [18].
Until then, the maximum number of patients
reported in a series was 4 patients [4, 6, 19].
However, in developing countries where secu-
rity measures are loose and industrial accidents
more frequent, this percentage increases to
2.08 % [7].

10.3 Mechanism of Injury

Most axial dislocations are industrial injuries. A
crushing, explosive, or rotational mechanism
usually brought upon by machinery such as a

E. Apergis, Fracture-Dislocations of the Wrist,
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roller or a molding press [1, 9, 20] is considered
responsible for such injuries. In some cases, a
direct strike by a blunt object (e.g., piston) [21]
may also be implicated. The force exerted on the
wrist usually has a dorsopalmar direction and the
resulting injury following the application of
compressive force, depends upon:
1. The angle formed by the applied force and

the plane of joint surfaces of the distal carpal
row. The smaller the angle, the higher the
chances for a dislocation to occur, whereas
the bigger the angle is, the greater becomes
the possibility of a fracture at the sagittal
plane [1, 10] (Fig. 10.1).

2. The magnitude, the speed, and the point of
force application.

3. The relative strength of bones and ligaments.
There are however in the literature isolated

cases of combined injuries of axial disruption
and perilunate wrist injuries, for which a com-
pressive and simultaneously dorsal hyperexten-
sion mechanism is implicated [22, 23].

10.4 Biomechanics

In the transverse plane the carpal bones of the
distal carpal row align in a semicircular, palm-
arly concave arch. The highly intrinsic stability
presented by the distal carpal row is due not only
to the interosseous ligaments (see Anatomy
section), but also to its peculiar anatomy in which
the bones fit together like stones in an arch where
the capitate bone is the keystone (Fig. 10.2).
Although it is subjected to a small rotational
motion among the distal carpal row bones
[24, 25], the distal row along with the 2nd and
3rd MC are regarded as the fixed unit of the hand.

The main stabilizing elements in the trans-
verse coherence of the distal carpal row bones,
are the interosseous ligaments and particularly
the capitohamate ligament, which fails at an
average of 252 N [8]. Conversely, the ultimate
strength of each one of the remaining distal row
interosseous ligaments ranges from 110 to
145 N. (Fig. 10.3). Since the capitohamate lig-
ament has the highest ultimate strength, one
would expect that axial disruptions would more
often concern the radial side of the wrist. In the
literature, however, axial disruptions of the ulnar
side of the distal carpal row (between capitate-
hamate) are not rare at all. On the contrary, out

Fig. 10.1 The X angle is the angle formed between the
applied force and the joint surface plane of the distal row
bones. A smaller angle increases the possibility of a
dislocation, while a larger angle increases the possibility
of a fracture. With permission from [50]

Fig. 10.2 The distal carpal row bones are positioned
like stones in an arch (distal joint surfaces of the distal
carpal row as seen from the side of the metacarpals).
With permission from [50]
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of the 40 cases mentioned before 1989, the 23
involved the ulnar side of the wrist [19, 26].

Ritt et al. [27] found up to 12o rotation at the
capitohamate joint, which is stabilized by 3
ligaments: the dorsal, the palmar, and the deep
interosseous ligaments. Failure testing showed
the deep ligament was strongest at 289 N, fol-
lowed by the palmar at 171 M and the dorsal at
133 N. (Fig. 10.4). The authors considered the
capitohamate as the strongest joint of the wrist,
supporting that it is not surprising that capito-
hamate dissociation was evident in only 3 out of
16 cases in the series of Garcia-Elias et al. [18].

Some authors [28, 29] have supported the
crucial role of the transverse carpal ligament in
the coherence of the carpal arc. Although sec-
tioning of the transverse ligament may increase
the width of the carpal tunnel (distance between
the ridge of the trapezium and the hook of the
hamate) up to 11 % or reduce the grip strength
[30, 31], the dynamic behavior of the transverse
carpal arc is not altered [30, 32]. Even though
the strength of the transverse carpal ligament is
greater than that of any carpal ligament (with-
stands 343 N), it has small axial tensile stiffness
(131 N/mm) and its contribution to the

transverse coherence of the wrist does not
exceed 7.5 % of the total strength [8]. Despite
these, Shin [1] expressed the opinion that in
cases of injury of the palmar interosseous liga-
ments of the distal carpal row, repairing the
transverse carpal ligament can possibly restore
to some extent the stability of the transverse arc.

10.5 Clinical Presentation

Patients with traumatic axial fracture-disloca-
tions typically present severe soft tissue damage,
ranging from marked swelling and tenderness, to
partial or total denudation of the hand from soft
tissues. Intrinsic muscles are often severely
damaged; thenar muscles (more frequently) and
hypothenar muscles (less commonly) are dam-
aged at varying degrees [7]. Often extensor or
flexor tendon ruptures coexist and neurovascular
injuries are often present. Vascular injuries with
rupture of the radial or ulnar artery or both, are
not common. More frequent are nerve injuries,
ranging from transient neuroapraxia to
axonotmesis.

Fig. 10.3 The strength (N) of the palmar and dorsal
distal carpal row ligaments (approximate values) (Tm
Trapezium, Td Trapezoid, C Capitate, H Hamate). The
asterisks indicate the deep part of the capitohamate and
trapezoid-capitate ligaments. With permission from [50]

Fig. 10.4 The areas of adhesion of the capitohamate
ligament at the surface of the capitate facing the hamate.
a Dorsal part. b Deep part. c Palmar part. With
permission from [50]
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Other frequently associated fractures are: the
trapezial ridge, hook of the hamate, metacarpals,
phalangeals, carpal bones or the distal radius
[10, 33]. Also frequent are the dislocations of the
carpometacarpal joints, while rotational defor-
mity of the fingers is also a common clinical
finding. The prevalence of acute carpal tunnel
syndrome is rare, due to the traumatic decom-
pression of the carpal tunnel that occurs with the
rupture or avulsion of the transverse ligament
from the hook of the hamate or the ridge of the
trapezium [18] (Fig. 10.5).

Despite the rarity of reports, there certainly
are cases of partial or complete rupture of distal
carpal row interosseous ligaments and which
manifest as chronic wrist pain due to the diffi-
culty in diagnosing such injuries [34].

10.6 Imaging Studies

Unless there is gross disruption of the carpus, in
standard radiographic views the following find-
ings are assessed: loss of parallelism between
the articular surfaces of the distal row, while
diastasis or overlapping of the articular surfaces
are findings suggesting subluxation or disloca-
tion of the bones.

Breaks in Gilula’s arcs are also evaluated and
suggest disruption of the smooth contour of the
proximal articular surfaces of the distal carpal

row. It is also possible that the longitudinal axis
of the affected metacarpal shafts may lack the
normal parallelism to the unaffected metacarpal
shafts. The lateral view reveals the direction of
the dislocation and associated fractures. Traction
radiographs often delineate the extent and nature
of associated bony pathology [1].

Avulsion fracture of the hook of the hamate
and/or the fracture of the ridge of the trapezium
may be considered as indirect radiological
findings indicative of the axial disruption of the
wrist [33].

When in doubt, CT scans or trispiral tomog-
raphy may possibly assist in the clarification of
the injury.

10.7 Classification

In the classification of carpal instabilities, axial
disruption of the distal carpal row belongs to the
dissociative type of instabilities (CID). The
spectrum of axial carpal instability ranges from
acute, gross traumatic fracture dislocation with
severe soft tissue trauma to chronic, dynamic
instability between the axial components of the
carpus [1]. In chronic cases, if the carpal
derangement is evident on plane radiographs,
then the case is considered as ‘‘static axial
instability’’, while if the derangement can be
diagnosed only under certain loading conditions,
the term ‘‘dynamic axial instability’’ is used
[10].

Although axial disruption of the wrist, in the
majority of cases, is presented with an obvious
clinical and radiological picture, in the literature
at least one case of dynamic axial dissociation
has been reported, due to isolated rupture of the
capitohamate interosseous ligament [34]. The
patient remained undiagnosed for several
months complaining of ulnar wrist pain, as all
examination methods were normal. The diag-
nosis was finally established arthroscopically
(through the midcarpal ulnar portal), where a
complete loss of integrity of the capitohamate
interosseous ligaments was observed. The
patient was treated successfully with a capito-
hamate fusion.

Fig. 10.5 The carpal tunnel, the transverse ligament and
its attachments to the hamate and the trapezium, as seen
from the proximal surface. With permission from [50]
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A similar case from the personal archive,
involved a patient with radial wrist pain who
remained undiagnosed for 6 months. It was
found to be a case of dissociative instability
(CID), concerning the distal carpal row and
particularly the trapezium-trapezoid joint, the
interosseous ligaments of which were ruptured.
Clinically, a clunking associated with the
appearance of a sulcus to the radial side of the
wrist, during active radial deviation, was noticed
(Fig. 10.6a–g).

As incomplete cases of axial dissociation of
the wrist following the application of compres-
sive forces can be considered, the avulsion of the
transverse ligament from its attachments (hook
of the hamate and ridge of the trapezium) as an
isolated injury [35] or in combination with
fracture at the body of the trapezium in the
frontal plane [36] or dislocation of the hamate
combined with fracture of the palmar ridge of
the trapezium [37].

After reviewing the literature and adding 16
new cases, Garcia-Elias et al. [18] classified
axial dissociations of the wrist into three types,
according to the direction of instability:

10.7.1 Axial-Ulnar Dislocations

The carpus splits into two columns in which the
radial column is stable with respect to the radius
whereas the ulnar column displaces proximally
and ulnarly. The fourth and fifth metacarpals are
displaced along with the ulnar column.
Depending on the path of injury, these injuries
are adequately described by using the term
‘‘trans’’ to indicate fracture and the prefix ‘‘peri’’
to express dislocation.

The most common axial-ulnar dislocation
involves the pisiform and the hamate, identified
as a peri-hamate, peri-pisiform axial-ulnar dis-
location [4, 16, 19, 20, 38]. Less common types
of axial-ulnar dislocations that have been
reported, are: the trans-hamate axial-ulnar dis-
location [15], the trans-hamate peri-pisiform
[16, 19], the peri-hamate dislocation with frac-
ture of the hook of the hamate [14], the peri-

hamate, peri-pisiform, trans-triquetrum with
fracture of the hook of the hamate [21], the peri-
hamate trans-triquetrum fracture dislocation [13,
19, 39], and the peri-hamate, peri-triquetrum
axial-ulnar dislocation [6, 10, 26]. The most
common types of axial ulnar dislocation injuries
and their terminology are shown in Fig. 10.7a–d.

10.7.2 Axial-Radial Dislocations

In this type the ulnar column of the wrist main-
tains its relation to the radius, while the radial
column is displaced proximally and radially. The
first or also the second metacarpal follows the
displaced radial column of the wrist. The most
common type of axial-radial dislocation is the
peri-trapezium dislocation, followed by the peri-
trapezium, peri-trapezoid, and the trans-trapezium
axial dislocations (Figs. 10.8a–c, 10.9a–e).
Spreading of the applied force to the proximal
carpal row could injure the ligamentous support of
the scaphoid, leading to a complex scaphoid dis-
location [40–43].

10.7.3 Combined Axial Radial-Ulnar
Dislocations

In this rare type of injuries, only the central
column of the wrist maintains its relation to the
radius, whereas both the radial and ulnar col-
umns are dissociated and proximally displaced
(Fig. 10.10). Only few such cases have been
reported in the literature [4, 16, 18, 44–47] while
the case presented by Irwin [22] was considered
as a variant of the combined axial radial-ulnar
disruption. In two cases from the personal
records, as well as the case presented by Dobyns
and Linscheid [45], the carpus separated into
two columns with the central part also being
dissociated (Figs. 10.11a–c, 10.12a–e). These
cases possibly constitute a separate type of
injuries.

Literature review by Garcia–Elias et al. [18]
revealed 40 cases of axial dissociation of the
wrist with adequate information about radiologic
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features. The same author added 16 new cases,
and if we include the 13 cases presented by Pai
and Wei [16], the 4 cases presented by Primiano
and Reef [4] and the 2 of 3 cases presented by
Norbeck et al. [6], the total of 75 cases allow us to
estimate the distribution of these injuries. Thirty

six of these cases were of AU type, 33 cases were
of AR type and 6 cases were of combined AR-
AU type. According to the above, the frequency
of dissociation of the radial and ulnar columns of
the wrist is approximately the same, while the
combined AR-AU type is the most unusual.

Fig. 10.6 A 25-year old
male, fell from height. He
presented with radial wrist
pain, which did not
respond to the conservative
treatment administered,
while radiological imaging
was negative. Six months
later he was still
undiagnosed with anatomic
snuffbox sensitivity, while
during active radial
deviation he presented with
sudden palmar collapse of
the radial half,
accompanied by a clicking
sound and the appearance
of a sulcus in that area. The
wrist in ulnar deviation
(a) and in radial deviation
with the sulcus being
evident (b). In
comparative, under traction
X-rays of the injured wrist
a step between the
trapezium and trapezoid
was observed (c). With the
wrist in neutral position,
the subluxation of the
trapezoid and rupture of
the dorsal interosseous
ligament were evident (d).
With the wrist in radial
deviation the subluxation
was exacerbated, whereas
the distal pole of the
scaphoid ‘‘sunk’’
ulnovolarly (e). The patient
was successfully treated
with fusion of the
trapezium–trapezoid bones
(f); final radiographic
appearance after 12 years
(g). (Tm Trapezium, Td
Trapezoid, S Scaphoid).
With permission from [50]
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The clarification of dissociated metacarpals is
necessary to be included in terminology because
the path of injury, proximal to the base of the
metacarpals, is not always on the same side with
the metacarpals dissociation. Häcki et al. [12]
reported a case with dissociation between the
third and fourth metacarpals while proximally
the injury progressed radially with fractures of
the capitate and trapezium and dislocation of the
trapezoid. A similar case was reported by Horton
et al. [41] in which the dissociation between the
third and fourth metacarpals was associated with
disruption between capitate and hamate and
proximally with scapholunate dissociation lead-
ing to a complex dislocation of the scaphoid

[42]. Garcia-Elias [10] stated that this injury
fulfills the criteria of an axial-radial dislocation.

A particular type of injuries are the cases
reported, where the axial disruption of the wrist
is associated with dislocation of the lunocapitate
joint, as these cases constitute a variant between
axial and perilunate dislocation [17, 23, 41, 48].

10.8 Differential Diagnosis

Differential diagnosis of axial dislocations must
be made from perilunate and isolated disloca-
tions of the carpal bones [10]. Concerning per-
ilunate injuries the differential diagnosis is

Fig. 10.7 Axial-ulnar
dislocations: Peri-hamate,
Trans-triquetral (a); Trans-
hamate, Peri-pisiform (b);
Peri-hamate, Peri-pisiform
(c); Peri-hamate, Peri-
triquetral (d). With
permission from [50]
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associated with: (a) the mechanism of injury,
where axial dislocations arise following the
application of direct crushing force, while the
perilunate dislocations are the result of indirect
force (hyperextension, axial rotation and lateral
deviation of the wrist); (b) the path of injury,
where in axial dislocations follows a longitudi-
nal pattern of disruption, whereas in perilunate
dislocations the injury presents a progressive
perilunar pattern of instability; (c) The acute
carpal tunnel syndrome is common in perilunate
injuries, while axial disruption implies a trau-
matic decompression that occurs with disconti-
nuity of the flexor retinaculum. The nerve
dysfunction in axial dislocations is related to the
direct blow or to the associated soft-tissue
swelling; and (d) Soft tissue damage, which is
common in axial dislocations, but rare in per-
ilunate dislocations.

Regarding isolated dislocations of carpal
bones, when a localized force is concentrated
over a single bone, a localized dislocation or
fracture-dislocation may be caused which how-
ever is not truly an axial disruption, as there is
no global carpal and metacarpal disruption and
the flexor retinaculum does not appear
disrupted.

10.9 Management

The majority of axial carpal dislocations are
open injuries with significant associated soft
tissue injuries. Treatment depends on whether
the injury is open or closed and upon the extent
of damage of the osseous structures and soft
tissues. However, the role of nonoperative
treatment in axial injuries of the carpus is lim-
ited. Careful evaluation of the condition of the
neurovascular and musculotendinous units must
be performed. Early and accurate diagnosis of
the soft tissue and bony injuries is necessary, as
delayed treatment from incorrect diagnosis is
much less successful than early treatment. Injury
to the soft-tissues may be severe enough to
warrant fasciotomies of the volar and dorsal
compartments of the forearm and hand if com-
partment syndrome is present or suspected
throughout the perioperative period [1, 49]. We
often need to put priorities in addressing these
injuries. Failing to manage the osseous injuries
adequately, could result in flattening of the palm,
spread of the carpometacarpal arch, weakness
and motion restriction [4, 45]. If soft tissue loss
is significant and there is crushing, swelling,

Fig. 10.8 Axial-radial dislocations: Peri-trapezium (a), Peri-trapezium, Peri-trapezoid (b), Trans-trapezium (c). With
permission from [50]
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secondary contamination and infection, this may
exclude the opportunity to reduce the fracture as
a primary or secondary procedure [45].

Preoperatively, intravenous antibiotic and
low molecular weight dextran are administered.
Extensive debridement of necrotic or non-viable

tissues is required, while primary suturing of the
wound is rarely necessary or desirable. Surgical
treatment also involves restoration of neurovas-
cular and musculotendinous structure damage,
as well as immediate skin defect coverage with
local or free tissue flaps.

Fig. 10.9 Male, 39 years
old. Motorcycle accident.
A case of peri-trapezium
dislocation (a); the CT
scan image (b); during
exploration, the rupture
of the STT ligament was
apparent (arrows). It was
reconstructed using a bone
anchor inserted at the
scaphoid (c); fixation
using K-wires between
trapezium-trapezoid and
STT joint (d); final
X-rays 4 months
postoperatively (e)
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Closed reduction, which is usually achieved
by longitudinal traction through the fingers and
percutaneous fixation of the displaced bones, is an
option for closed injuries and has been used for
axial carpal sprains or dislocations with minimal
associated injuries that are easily reduced and
maintained by cast immobilization [13, 22] or

using an external fixator [26]. However, inter-
posed soft tissue or fracture fragments may pre-
vent anatomic reduction, necessitating open
treatment [1, 49]. Only 7 out of 56 reported cases
before 1989 were treated with closed reduction
and cast immobilization. All of them were of the
axial-ulnar dislocation type with three pure dis-
locations and four fracture dislocations [18].

Open reduction with combined dorsal longi-
tudinal (for the reduction of osseous structures)
and extended palmar approach through the car-
pal tunnel (for the evaluation and restoration of
soft tissues), is more frequently used. Fixation is
typically performed using K wires, while sutur-
ing the remnants of interosseous ligaments is
rarely feasible. Additional fixation using screws
may be considered in selected cases [12, 14].
The use of bone anchors instead of the transos-
seous holes is preferred, whenever possible [49].
Postoperatively, immobilization, either in a cast
or with external fixation, is maintained for
approximately 6 weeks depending on the extent
of injuries and mobilization commences under
physiotherapy supervision.

10.10 Outcome and Complications

Functional results are more dependent upon the
associated injuries of soft tissues, than on the
osseous injury itself [10, 18, 49].

Fig. 10.10 Schematic depiction of the combined axial
radial-ulnar dislocation. With permission from [50]

Fig. 10.11 A variant of combined axial radial-ulnar
dislocation. In this case, an axial radial dislocation
involving the 1st, 2nd and 3rd metacarpals, which were
dislocated from the capitate in a proximal and radial
direction, with fracture of the trapezoid and distal pole of

the scaphoid. Concomitant injuries were the fracture-
dislocations of the 4th and 5th CMC joint, where the
bases of the ulnar metacarpals were ulnarly displaced (a,
b). schematic illustration of the injury (c). With permis-
sion from [50]
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Fig. 10.12 A case of axial radial dislocation with
disruption of the central column, in which the applied
force is spreading to the proximal carpal row, around the
scaphoid. The ulnar CMC joints are also disrupted (a, b),

during exploration, the axial-radial injury comprising the
scaphoid is apparent (C capitate, S scaphoid, R Radius)
(c), internal fixation with K-wires is shown in fluoros-
copy image (d, e)
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Of the 40 cases published before 1989, 71 %
of the patients presented an excellent or good
result, while 29 % presented a moderate or poor
result. Conversely, out of the 16 patients of the
Mayo Clinic study, 73 % had a moderate or poor
result and only 27 % had a good result. These
adverse results were attributed to the fact that
this group of patients presented more significant
soft tissue injury.

Inability to reduce the transverse carpal arc
will confidently lead to flattening of the palm,
dissociation of the carpometacarpal joints, mus-
cle weakness and restriction of movement [45].

The most common complications reported in
the literature are: first web space contractures
secondary to fibrosis of the thenar muscles,
adhesion of the tendons and nerves, stiffness of
the fingers, residual carpal instability, compart-
ment syndromes and vascular insufficiency
necessitating amputation of the hand [1, 18, 19].

Nerve injury was the most predictable factor
in the poorer results, while patients who had
axial-ulnar dislocations had a three times greater
incidence of nerve injury compared with those
who had axial-radial dislocations [9, 10].
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11Isolated Dislocations of the Carpal
Bones

Isolated carpal bone dislocations are uncommon
injuries, however all the carpal bones have been
reported to dislocate in an isolated fashion when
a localized, direct, or indirect force is concen-
trated over a single bone of the wrist [1, 2]. The
most common dislocation of carpal bone is that
of the lunate which was examined in detail in the
chapter on perilunate injuries. Less common is
the dislocation of pairs of adjacent carpal bones
which will be discussed in brief later on.

11.1 Scaphoid

Since the first description by Higgs in 1930 [3],
only 32 [4] or 34 [5] cases of isolated scaphoid
dislocation have been reported in the literature.
The male to female ratio is approximately 7:1
[6, 7].

11.1.1 Evaluation

Wrist pain, swelling, and limitation of wrist
motion are the usual complaints. A bony promi-
nence is usually evident along the radial, palmar,
or rarely dorsal aspect to the radius [6, 8]. Usually
there are no signs of neurovascular involvement
[6], but dislocations with palmar-ulnar direction
could produce median nerve injury [9].

The percentage of cases with delayed diag-
nosis ranges between 48 and 50 % [6, 7]. Most
of the delay in recognition is due to lack of
awareness of this rare occurrence.

Simple radiographs are usually sufficient to
make the diagnosis and are greatly facilitated by
identifying the Gilula’s arcs. A CT scan may be
helpful when in doubt, while arthroscopy may be
used as both a diagnostic and a therapeutic
modality if imaging modalities are nondiagnos-
tic [10–12].

11.1.2 Classification

Dislocation of the scaphoid bone may occur after
an apparently successful reduction of a major
carpal dislocation or it may occur as a primary
condition [13]. Richards et al. in 1993 [14] cate-
gorized scaphoid dislocations as simple (isolated
to the scaphoid) or complex (a combination of
scaphoid dislocation with axial carpal disloca-
tion). Others, characterized these injuries as Type
I (isolated anterolateral dislocation of the proxi-
mal pole); and Type II (scaphoid dislocation
associated with an axial derangement of the cap-
itate-hamate joint) [1, 2, 15, 16].

Leung et al. [7] have proposed a classification
scheme for isolated dislocations of the scaphoid:
1. Primary versus secondary: The primary type

results directly from the injury. The second-
ary type represents a residual dislocated
scaphoid after closed [5, 17] or self-reduced
perilunate dislocation.

2. Simple versus complex: The simple type only
involves the scapholunate and radioscaphoid
articulation, whereas disruptions of the distal
carpal row including the capitate and hamate

E. Apergis, Fracture-Dislocations of the Wrist,
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and middle/ring metacarpal articulations are
classified as a complex type [11, 14, 18, 19].

3. Partial versus total: Partial dislocations
retain some soft tissue attachments (usually
distal), while complete dislocations have lost
all soft tissue attachments.

4. Direction of dislocation: In partial disloca-
tions, the proximal pole can be dislocated
volarly (in ulnar, radial, or neutral direction),
dorsally or purely radially.
A case of total dislocation in volar direction

was reported by McNamara and Corley in 1992
[20], while one case of total dorsal dislocation of
the scaphoid was reported by Amaravati et al. in
2009 [21].

Horton et al. [10] described a case of complex
or type II dislocation and after reviewing the
literature they found only 11 similar cases.
Variants of a complex type of injury could be
the combination of scaphoid dislocation with
dislocation of the hamate [22] or with fracture of
the hamate [23].

Lee et al. [5], after reviewing the literature,
found 34 cases of isolated scaphoid dislocation.
There were 26 palmar (14 in palmar-radial, 9 in
neutral, 1 in proximal, and 2 in palmar-ulnar
direction), 5 radial, and 3 dorsal dislocations.

Other carpal injuries that might be associated
with scaphoid dislocation can be easily over-
looked such as chip fractures of other carpal
bones [21, 24–26].

11.1.3 Mechanism

The majority of cases result from traffic acci-
dents especially motorcycle injuries, while the
usual mechanism of injury is the application of
an indirect force resulting in a dorsiflexion and
ulnar deviation [8, 24, 27] or a twisting injury to
the wrist [7]. Scarcer injury mechanisms repor-
ted are blast injuries [28], entrapment of the
wrist [6] or following a penetrating injury with a
sharp object [29]. In addition, the position of the
wrist during injury, may be related to the
direction of dislocation of the proximal pole of
the scaphoid [7].

For type I injuries, a violent hyperpronation
injury has been implicated with the wrist in
dorsiflexion and ulnar deviation while grasping a
fixed object, causing SL dissociation followed
by the enucleation of the proximal pole of the
scaphoid [1, 4, 15]. For type II injuries a high-
energy axial compressive load along the 3rd and
4th metacarpals, creating enough shear stress to
the capitate-hamate joint to disrupt its strong
ligament attachments has been implicated [1].
Others have proposed that with hyperdorsiflex-
ion, the proximal pole of the scaphoid slides
down the volar slope of the radius and is ejected
volarly. If the energy of injury is not dissipated,
the capitate abuts the radial dorsal rim and the
shearing force between the capitate and hamate
is transmitted distally between the middle and
ring metacarpals [16, 30].

Leung et al. [7] considered scaphoid dislo-
cation as an extreme form of scapholunate dis-
sociation representing one end of a spectrum of
scapholunate injuries. Both are the result of a
similar mechanism of injury and the only clini-
cal difference between dorsal partial dislocation
of the scaphoid and chronic scapholunate dis-
sociation with DISI, is that the contact between
the proximal pole of the scaphoid and the radius
is lost in the former.

11.1.4 Pathoanatomy

The severity of the dislocation depends on the
number of ligaments that have been disrupted.
In partial palmar dislocation of the scaphoid,
the SLI, RSL, and the RSC ligaments are dis-
rupted while in total dislocation, all ligaments
attached to the scaphoid are disrupted [7].
Szabo et al. [12], based on arthroscopic and
surgical findings of 3 patients, postulated that
the sequence of ligamentous failure in scaphoid
dislocations begins in the radiopalmar aspect of
the proximal pole of the scaphoid with the RSC
and SLI ligaments failing first, followed by the
LRL and ultimately by the ST ligament
(Fig. 11.1a–n).
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In complex or type II dislocations the liga-
mentous injuries are more extensive, including
mainly the intercarpal capitohamate, the SLI,
DRC, DIC, RSC, and LRL ligaments [10].

11.1.5 Treatment

Treatment ranges from closed reduction and
casting, to percutaneous fixation after closed or
open reduction and to open reduction and liga-
ment reconstruction with internal fixation.
Closed reduction is usually accomplished in
most cases when treated acutely, by traction and
direct manual pressure of the scaphoid with the
wrist being ulnarly deviated. However, unsuc-
cessful attempts for closed reduction have been
reported, necessitating open reduction [4, 6, 7,
12, 26, 31]. In cases of incomplete reduction,
ligamentous material (usually the SLI ligament)
invaginated into the SL interval is blocking the
reduction [12].

Case reports have described successful treat-
ment with closed reduction and immobilization
in a cast as definitive treatment, in cases of
partial dislocation of the scaphoid detected early
[18, 23, 24, 26, 27, 32, 33]. A scaphoid plaster is
usually applied for 4–6 weeks. Closed reduction,
percutaneous K-wires fixation, and cast appli-
cation have also been reported, although these
methods were not always successful [34].
However, many publications have advocated an
open reduction, ligament repair, and internal
fixation through a dorsal [1, 12, 26, 34–37] or
volar approach [4, 6–9, 19, 20, 38]. In contrast to
treatment for simple scaphoid dislocation, which
is frequently treated with closed reduction, in
cases with complex dislocations, reduction of
the scaphoid alone is insufficient to stabilize the
carpus with associated axial carpal disruption.
Open reduction is necessary to fix the unstable
radial half of the carpus to the stable ulnar half
[11].

Most reported cases, have achieved good to
excellent results [15]. The patients have returned
to their prior activities with only moderate lim-
itations, while there is a nearly universal loss of
range of wrist motion [10].

The most significant risk factors in poor
prognosis are delayed diagnosis and treatment,
particularly if more than 2–3 weeks, although
successfully treated delayed cases have recently
been described [35]. Excision of scaphoid [37],
proximal row carpectomy [13, 21], or partial
wrist fusion [9] have been applied in cases of
late diagnosis. The longer the delay, the worse
the prognosis will be. Potential complications
following an isolated scaphoid dislocation are
residual carpal instability [19, 20, 31], stiffness
and posttraumatic arthrosis.

Although transient radiological features of
early avascular necrosis have occurred, in none
of the cases reported has there been any evi-
dence of permanent avascular necrosis [1, 7, 10,
24]. In partial dislocations, vascularity of the
scaphoid is partly maintained by intact distal soft
tissue attachments, while in cases of complete
dislocation it is proposed that there are intact
intraosseous channels inside the intact scaphoid
bone that allow rapid revascularization from the
surrounding soft tissues [7]. However, Szabo
et al. [12] reported that one out of three of their
patients showed avascular necrosis with frag-
mentation of the proximal pole of the scaphoid
after 20 months follow-up.

11.2 Triquetrum

Dislocation of the triquetrum has rarely been
described in the context of perilunar injuries [39,
40]. These cases probably constitute a variant of
reverse perilunar instability, where the force is
applied to the hypothenar area and the disruption
propagates around the triquetrum disrupting the
ligaments from its distal (triquetrohamate),
proximal (ulnotriquetral) and radial (lunotri-
quetral) articulation.

Both dorsal [40–43] and volar dislocations
[44, 45] of the triquetrum have been docu-
mented. With so few cases, the exact mechanism
of injury remains obscure. Usually, a major fall,
a motor vehicle accident, or a crush injury has
been implicated. During the frequently men-
tioned mechanism, with a fall on the out-
stretched hand and the wrist in dorsiflexion and
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Fig. 11.1 Male, 54-years old, car accident. A case of
primary, simple, partial volar-radial scaphoid dislocation
was recognized (a, b, c). The wrist was radially and
volarly displaced. An accidental, unrelated cyst in the
lunate was obvious (arrows) (a); and a concomitant
fracture of the ulnovolar radial rim was indicated
(arrows) (b); the volar approach revealed the dislocation
of the proximal pole of the scaphoid in radiovolar
direction and the ruptured volar RSC and LRL ligaments
(asterisk) (RS radial styloid, Sc scaphoid) (d); arrows
indicate the fractured ulnovolar fragment (e); dorsal
approach revealed the attenuated dorsal intercarpal
ligament which was detached from the dorsal scaphoid
(asterisk), while the wrist was volarly displaced

(R radius) (f); the dorsal approach also indicated the
rupture of the SL ligament (line with arrows on each end)
and the evacuated cyst of the lunate (arrow) (S scaphoid,
L lunate, R radius) (g); a wire-loop was used to fixate the
ulnovolar fragment (h); bone anchors were used for the
reattachment of the SL ligament and the volar RC
ligaments to the radius; the scaphoid was stabilized with
K-wires to the lunate and capitate; cancellous bone grafts
were placed to the lunate cyst. Postoperative X-rays (i, j).
Two years later, the patient was pain free with good
ROM, while the radiologic appearance was satisfactory
(k, l); 7 years postoperatively, stenosis of the scapho-
capitate joint was obvious, while the patient was
complaining for weather-change symptoms (m, n)
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Fig. 11.1 (Continued)
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ulnar deviation, the triquetrum is thought to
become covered by the lower end of the ulna,
avoiding dorsal displacement and favoring volar
dislocation [42]. In addition, with forced wrist
hyperextension, the proximal pole of the hamate
rides dorsally on the triquetrum, exerting a pal-
mar force leading to a palmar dislocation of the
triquetrum [45]. However, the higher frequency
of dorsal dislocations makes more likely the
mechanism of injury to be the direct impact to
the hypothenar area. Dorsal dislocation may also
be produced by wrist hyperflexion and pronation
[43], secondary to a perilunar dislocation or a
variant of an ulnar axial loading injury [40].

In many of the reported cases the diagnosis
was delayed [41, 44, 45]. On examination,
swelling will be noted about the ulnar aspect of
the wrist and if the dislocation is dorsal, it may
be possible to palpate the displaced triquetrum.
The volar displacement is associated with tran-
sient median nerve compression [15, 44, 45].
Usually, PA lateral and oblique views are ade-
quate for radiographic evaluation, with the lat-
eral view providing information on the direction
of the dislocation.

Treatment has included triquetrum excision
[44, 45], open reduction and internal fixation
[40, 41, 43], and closed reduction without fixa-
tion [42], all with reasonably good clinical
results, although in two cases signs of instability
(VISI [43] and ulnar translation [45]) were
found. In any case, excision of the triquetrum
must be avoided, since significant stabilizing
ligaments are attached to the bone, which in
addition, has an important proprioceptive role.
Although closed reduction and percutaneous
pinning could be attempted, we believe that
open reduction is required. The approach is
dictated by the direction of dislocation, although
combined palmar and dorsal approaches may be
necessary, followed by K-wire fixation of the
reduced triquetrum with ligament repair. There
have been no reported cases of avascular
necrosis following treatment for a triquetral
dislocation [28].

11.3 Pisiform

Pisiform dislocation is an extremely rare injury
and has been reported in isolation [46, 47], in
combination with distal radial fractures [48, 49]
or with hamate dislocation [50–52]. The possible
relationship between pisiform subluxation and
distal radius fractures has also been mentioned
[53]. In children, two cases of pisiform dislo-
cation associated with a distal radius fracture
have been reported [48, 54]. Displacement of the
pisiform has been reported distally, ulnarly, and
proximally [15, 36, 55].

Since the pisiform has a flat articular surface
articulating with the triquetrum, it relies mainly
on its many soft tissue attachments for stability.
These include: the attachment of flexor carpi
ulnaris tendon, abductor digiti minimi, extensor
retinaculum, transverse carpal ligament, piso-
metacarpal and pisohamate ligaments, and the
joint capsule to the triquetrum (Fig. 11.2).
Mechanical testing has showed the soft tissues
around the pisotriquetral joint to be strongest
proximally and distally and weakest medially
[56]. The ulnar nerve and the volar branch of the
ulnar artery are located in the immediate vicinity
to the pisiform with the nerve being medial to
the artery and closer to the pisiform.

Two possible mechanisms have been postu-
lated [15, 28, 46, 54]. One is a direct blow to the
ulnar aspect of the wrist and the other is strong
eccentric contraction on the flexor carpi ulnaris
with the wrist in extension. Fall from height,
traffic accidents, and lifting heavy objects have
been implicated. Pulling of the FCU, as well as
forced wrist hyperextension can disrupt the thin
capsule of the pisotriquetral joint, and the FCU
tendon’s distal continuation or the pisohamate
and pisometacarpal ligaments. If these ligaments
are damaged, the function of the FCU becomes
impaired, with the pisiform retracting proxi-
mally [57].

The diagnosis should be based on the injury
mechanism and the presentation of pain, swell-
ing, and tenderness over the ulnar border of the
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wrist, while a painful restriction of all wrist
movements is a usual finding. Frequently a
characteristic depression is found at the base of
the hypothenar eminence, where the pisiform
bone should lie [46, 55]. Ulnar neuropathy may
also be caused by pisotriquetral joint instability
[55, 56].

Posteroanterior, lateral, and oblique radio-
graphs are usually adequate for diagnosis. X-ray
features of the pisotriquetral joint including
parallelism, width of the joint space and sym-
metry have been suggested to be diagnostically
relevant [53]. Oblique view is taken with the
ulnar side of the wrist placed against the plate,
with the forearm in about 15o of supination.
Comparison films with the contralateral wrist
may be needed.

Treatment includes immobilization after a
closed reduction [48, 55, 58], open reduction
with internal fixation, closed reduction and pin-
ning [59], and resection of the pisiform either
initially [46, 57, 60–63] or secondarily in cases
of persistent pain or recurrent dislocation [47].

The manipulation for closed reduction usually
requires maximum wrist flexion with direct
pressure to relocate the bone [28, 58]. The
reduction can be aided by placing the forearm in
pronation [55]. There are some differences in
opinion regarding the position of the wrist
immobilization. The following variants have
been proposed: a below elbow cast with the wrist
in 30–40o of dorsiflexion and slight radial devi-
ation for 3–4 weeks [58], a radially deviated short
arm cast for a minimum of 3 weeks [46], a dorsal
splint holding the wrist flexed and the forearm
pronated for 3 weeks [55] or a long arm plaster
splint in 25o of dorsiflexion for 3 weeks [59].

It has been stated [64] that excision of the
pisiform decreases wrist flexion strength without
functional deficit or loss of range of motion and
that the soft tissue’s confluence over the pisi-
form allows for subperiosteal pisiform excision
and repair of the tissues without disturbing the
FCU insertion. Excision of the pisiform is con-
sistently the most successful treatment for pain
without functional deficit [47, 65, 66].

11.4 Trapezium

The trapezium may dislocate in isolation or
together with the thumb metacarpal. Incomplete
dislocation, in which the trapezium remains
attached to the base of the first metacarpal
should be categorized as a peritrapezium axial-
radial dislocation [1]. True volar isolated dislo-
cations of the trapezium are very rare and are
thought to be caused by a direct blow to the
dorsolateral aspect of the wrist or as a conse-
quence of a hyperextension-supination injury to
the radial-deviated wrist [1, 15]. Dorsal radial
dislocations are described as the result of
hyperflexion of the first metacarpal combined
with an axial compression force [67, 68]. Crush
injuries and motor vehicle accidents are the most
commonly reported causes of these injuries.

Palmar and dorsal radial dislocations have
been described [68–71]. However, Garcia-Elias
[72] after reviewing the literature, found that
only six cases have been reported of true isolated
dislocations with complete enucleation of the
bone and were all palmarly displaced.

Clinically, depending on the mechanism an
open wound may be present at the thenar area
[73–75]. With isolated dislocation, a palpable
mass may be present at the base of the thumb.
Pain, instability, and limited range of motion of
the first CMC joint may be noted [28]. Palmar
dislocation of the trapezium has been associ-
ated with avulsion of the recurrent motor
branch of the median nerve [75]. Diagnosis is
best confirmed by radiographs, while the pos-
teroanterior axial oblique view is used to
evaluate the trapezium with the surrounding
bones [76].

In acute cases, open reduction and K-wire
fixation are thought to be the treatment of choice
[68, 69, 74, 75, 77] and whenever possible,
repair of the periarticular ligamentous structures
should be accomplished [28]. Closed reduction
and percutaneous pinning could also be
attempted or in cases of delayed diagnosis,
excision of the trapezium has been applied
[70, 78].

11.3 Pisiform 295



Since the trapezium receives its blood supply
from nutrient arteries entering the bone from
three surfaces and has consistent intraosseous
anastomoses, the risk of avascular necrosis is
negligible.

11.5 Trapezoid

The trapezoid has been described as the key-
stone of the proximal carpal arch with its palmar
surface narrower than the dorsal, while it is
attached to the surrounding bones by strong
ligaments. It has been stated [36, 79] that Gay in
1869 was the first to describe a case of trapezoid
dislocation and since that time there have been
25 [79] or 26 [36] reported cases in the litera-
ture, while a literature review by De Tullio [80]
revealed only 24 published cases since 1962.
Frequently, the dislocation of the trapezoid is

associated with other fractures or dislocations of
the hand or constitutes a part of the axial-radial
dislocations of the wrist [81]. Both palmar [80,
82, 83] and dorsal [84–86] isolated dislocations
of the trapezoid have been reported. Less than
10 of these dislocations were displaced volarly
with one having caused an attritional rupture of
flexor tendons in a case whose diagnosis was
missed for 4 months [82] and another presented
with acute carpal tunnel syndrome [79].

There is no clear explanation as to how a
wedge-shaped bone which is wider dorsally,
dislocates palmarly, but a direct blow to the
dorsum of the wrist has been implicated [1]. The
more common dorsal dislocations may be pro-
duced by direct trauma or indirectly from a blow
to the second metacarpal with the wrist flexed
[28].

In acute cases, pain, considerable swelling,
and limited motion of the fingers are noticed,
while vascular or neurological damage has not
been reported. With dorsal dislocation an osse-
ous prominence is palpated at the base of the
index finger metacarpal, while a palmar dislo-
cation will not have such an obvious presenta-
tion [28]. Diagnosis of trapezoid dislocation is
confirmed by standard posteroanterior, lateral,
and oblique radiographs looking for an empty
space at the base of the second metacarpal.
When necessary, tomograms or a CT scan may
be necessary.

Treatment for dorsal dislocation of the trap-
ezoid has included closed reduction [87, 88] or
open reduction with a dorsal approach [84, 86]
and pinning with K-wires.

Closed reduction of a palmar dislocation is
ineffective because of the shape of the trapezoid
[82, 83], thus open reduction is always necessary
with combined [79] or with only dorsal approach
[80, 83]. Few cases were treated with excision of
the trapezoid [81, 82], which resulted in the
proximal migration of the second MC and the
development of degenerative changes to the
midcarpal joint. A reasonable alternative in diffi-
cult cases is a primary limited fusion [82, 89]. The
trapezoid has nutrient vessels that enter its palmar

Fig. 11.2 The soft tissues stabilizing the pisiform to the
flat articular surface of the triquetrum (asterisks pisoha-
mate and pisometacarpal ligaments, FCU flexor carpi
ulnaris)
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and dorsal surfaces, while there are no intraosse-
ous anastomoses between the palmar and dorsal
systems. Thus, the trapezoid is at risk in cases of
dislocation and cases with findings of avascular
necrosis have been reported [15, 82, 86].

11.6 Capitate

True isolated dislocation of the capitate is an
extremely rare injury. It requires disruption of
the interosseous ligaments to the adjacent

trapezoid and hamate, disruption of the ligaments
of the third CMC joint distally, and disruption of
the radiocapitate and capitotriquetral ligaments
proximally [28]. To our knowledge, only one
such case has been reported by Cherucci et al.
[90], who described a total volar dislocation of
the capitate after a crush injury of the hand in a
metal press. In the majority of the reported cases,
the dislocated capitate is associated with other
carpal injuries. Most commonly the capitate
dislocates in a volar direction [90–94] and in one
case only it dislocated in dorsal direction [95].

Fig. 11.3 Male, 62-years old, car accident. The wrist
injury remained initially undiagnosed and was treated
with a below elbow splint. Routine examination of the X-
rays 10 days later revealed a dorsal dislocation of the
hamate, associated with proximal migration of the 5th
metacarpal (a, b); a CT scan indicated the dorsal
dislocation of the main portion of the hamate (asterisk)

with a fractured hamulus (arrow) (c); a painful osseous
swelling of the dorsum of the wrist was apparent (arrow)
(d); during exploration the main portion of the hamate
was found beneath the subcutaneous tissue, devoid of any
soft tissue attachments (e); postoperative X-rays (f, g);
radiographic appearance 3 months later (h, i)
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Lowrey et al. [93] reported a case of volar
capitate dislocation associated with other mul-
tiple carpal injuries. Hirata et al. [91] described a
case with dorsal dislocation of the third CMC
joint, associated with volar rotational subluxa-
tion of the capitate from its distal (CMC), and
proximal (LC) articulation. This case constitutes
a combination of types IIa and IIId injuries,
according to Garcia-Elias’s classification for
CMC injuries. Walker and Pradhan [95] descri-
bed a case with dorsal dislocation of the capitate
and the third metacarpal. This case could be a
type IIId injury according to previous classifi-
cation for CMC injuries. Ruijters and Kortmann
[94] reported a volar dislocation of the capitate
associated with a fracture of the lunate in the
coronal plane, constituting a case of volar per-
ilunate injury. Lee et al. [92] described a case of
volar dislocation of the capitate associated with
dislocation of the ulnar side of the carpometa-
carpal joint.

Dislocation of the capitate usually resulted
after a crush injury [90, 91] or a motorcycle
accident [93, 95]. Clinical findings are depen-
dent on the mechanism of injury while the
diagnosis is sometimes difficult to establish
using standard radiographs. In the case presented
by Checcucci et al. [20], a definitive diagnosis
was obtained only after a CT scan.

The majority of cases presented in the literature
were treated with open reduction and fixation with
K-wires, except for the case presented by Walker
and Pradhan [95], which was reduced with closed
manipulation under general anesthesia and
immobilization in a below elbow cast for 8 weeks.
Short-term results were generally good but early
development of degenerative changes [93] or
instability findings [91] have been reported.

11.7 Hamate

Isolated dislocation of the hamate bone is an
extremely rare injury, with only eight cases
reported in the literature since the first descrip-
tion by Buchanan in 1882 [96]. Most cases of
hamate dislocation have been described as part

of more complex injuries or in association with
other carpal bones’ dislocation [22, 50, 97] or
constituting cases of axial-ulnar derangements,
with the hamate being displaced along with the
4th and 5th metacarpals [98] (Fig. 11.3a–i).
Dislocation of the hamate requires disruption of
the triquetrohamate ligament, pisohamate liga-
ment, and capitohamate interosseous ligament as
well as disruption of the 4th and 5th CMC joints.

Both volar [96, 99, 100] and dorsal [101, 102]
dislocations of the hamate have been reported.
The usual mechanism of injury is a direct impact
by a sharp tool or indirect trauma by hyperex-
tension [15, 28, 36].

On physical examination, there is painful
palmar or dorsal swelling on the ulnar aspect of
the wrist, with or without a palpable bony
prominence. Nerve damage does not seem to be
common, however, given that the ulnar neuro-
vascular bundle is in close proximity, injury to
this structure might be anticipated [28, 101].

Diagnosis is usually made by conventional
X-ray examination. Posteroanterior (PA) and
lateral neutral rotation views of the wrist are
adequate for diagnosis. In the PA view, most
noticeable is a gap distal to the triquetrum, while
the lateral view reveals the direction of the dis-
location. A CT scan is usually necessary to
unveil the true extent of the damage e.g., frac-
ture of the hook of the hamate [96]. Since 50 %
of hamates lack an intraosseous anastomosis of
its nutrient vessels, the risk of avascular necrosis
is a possible complication, although it has not
been reported so far.

Treatment alternatives include: closed
reduction [99, 102], closed reduction and per-
cutaneous fixation [98], open reduction with [96,
100] or without internal fixation [101] and
excision [103, 104]. The small number of cases
reported does not allow inferences about the best
treatment. However, closed reduction (when
feasible) with percutaneous pinning under image
intensifier, open reduction with the approach
depending on the direction of the dislocation,
and pinning of the hamate to the metacarpals,
the capitate and triquetrum, seem to be the
indicated methods of treatment.
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11.8 Pairs of Dislocated Wrist Bones

Carpal dislocation may occur in units of adja-
cent bones. These unusual patterns of disloca-
tion are most likely the result of direct trauma
[28]. When adjacent bones of the proximal
carpal row are dislocated, they probably con-
stitute variants of perilunate dislocations or
reverse perilunate dislocations. On the contrary,
when adjacent bones of the distal carpal row
are dislocated, they possibly represent cases of
axial dislocations. The most common pattern is
combined dislocation of scaphoid and lunate.
Other reported patterns of adjacent bone dis-
locations are: triquetrum and lunate [39],
hamate and pisiform [50–52], capitate and
hamate [97], trapezium and trapezoid [105],
trapezoid and capitate [106]. A case of dislo-
cation of non-adjacent carpal bones (scaphoid
and hamate) has been reported by Sakada et al.
[22]. Extremely rare are cases of three carpal
bone dislocations, such as: trapezium, capitate
and hamate [107] or lunate, triquetrum and
hamate [108].

Scaphoid and lunate: Domeshek et al. [109]
in a review of the literature found only 17
reported cases that involved simultaneous dis-
location of the scaphoid and lunate. In 11 of
these cases, the two carpal bones dislocated as a
unit, while in 6 cases the dislocation was of
divergent type. All reported cases had dislocated
in a palmar direction, sometimes producing
symptoms from the median nerve [110–112].
Most of the cases resulted from high-energy
injuries (fall from height or motor vehicle acci-
dent) and the mechanism of injury is thought to
be extreme dorsiflexion with ulnar deviation
[109, 111, 113, 114]. A direct blow to the dor-
sum of the wrist has also been reported [115].
Various treatment methods have been applied:
closed reduction and casting [116], closed
reduction and percutaneous pinning [115], open
reduction and cast immobilization, open reduc-
tion, ligamentous repair and percutaneous pin-
ning [110, 111, 117]. Late wrist malalignment
[116, 118–120] and avascular necrosis [112,
120] are the main concerns of these injuries. The

recommended treatment is open reduction with
combined approach, repair of the volar LT lig-
ament and the SLI ligament (in divergent type of
dislocation), and stabilization with K-wires of
the scapholunate, scaphocapitate and lunotri-
quetral joints.
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