Hand & Wrist

EOR | VOLUME 1 | FEB 2016

DOI: 10.1302/2058-5241.1.000019
www.efort.org/openreviews

EFORT Oopen reVieuls

Intercarpal fusions: indications, treatment options

and techniques

Patrick Houvet

B Partial wrist fusion is a useful technique for the treatment
of such specific carpal disorders as arthritis, Kienbock’s dis-
ease, midcarpal instability, scaphoid nonunion, etc.

B Many techniques have been described by removing
arthritic joint surfaces and transfering load, using, for
bone fixation, K-wires, screws, staples, and more recently
dedicated plates.

B The goal of this procedure is to maximise wrist motion and
strength while minimizing or eliminating pain.

B The purpose of this article is to discuss the most commonly
used combination of intercarpal arthrodeses, to clarify the
indications for each fusion, to describe the appropriate
surgical technique for each fusion, and to provide an over-
view of results and current concepts.
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Intercarpal arthrodesis is a well-recognised treatment
option and a time-tested procedure. The various partial
fusions of the carpus are performed most commonly for
arthritis, scaphoid nonunion, Kienbdck’s disease, chon-
drocalcinosis, and carpal instability. Although these pro-
cedures usually yield good and predictable outcomes,
many complications have been reported and described in
detail in the medical literature. The purpose of this arti-
cle is to review the most commonly used combination of
intercarpal arthrodeses, to clarify the indications for each
fusion, to describe the most suitable surgical technique
for each fusion, and to provide an overview of outcomes
and current concepts.

The most common form of degenerative wrist osteoar-
thritis is secondary to scapholunate instability. Watson and
Ballet have described the predictable pattern of degenera-
tive changes that occur when the scapholunate ligament
becomes compromised.” They refer to this progressive
joint destruction as Scapho-Lunate-Advance-Collapse or

SLAC-wrist. Subsequently, similar progressive degenera-
tion has been designated SNAC-wrist, for Scapho-
Nonunion-Advance-Collapse; or SCAC-wrist, for Scapho
Chondrocalcinosis-Advance-Collapse.?>

The first limited wrist fusion case was reported less than
a century ago, and until the 1980s only a few case reports
had been published (for example by Watson).6 Commonly
used midcarpal fusion procedures include scaphotrapezi-
otrapezoid (STT), scaphocapitate (SC), capitate-hamate-
lunate-triquetrum or four-corner fusion (4-CF), and
capitolunate (CL). With regard to the proximal row, luno-
triquetrum (LT) and scapholunate (SL) arthrodesis con-
cern specific lesions.”

These partial fusions are essentially salvage procedures
that are aimed at restoring a degree of function to the
wrist, while minimizing pain and maximizing motion. The
biomechanics of the wrist are substantially altered by all
intercarpal arthrodesis procedures. In the unaltered wrist,
20% of axial force is transmitted across the ulnocarpal
articulation and 80% across the radiocarpal articulation.
Sixty per cent of this occurs at the radioscaphoid articula-
tion, and 40% through the radiolunate articulation. Modi-
fication of the carpal bone position and motion involves a
load transfer that is usually beneficial for the joint.

The surgical objectives may be achieved by removing
painful arthritic joint surfaces. This involves fixing the
arthritic joint, removal of bone that has undergone dete-
rioration, stabilisation of an unstable bone (mainly the
scaphoid), stabilisation of an unstable joint directly or
indirectly (mainly scapholunate joint), or restoration of
the congruence between the radius and the proximal row
(to repair the damage due to the arthritic process). Pre-
dicted loss of motion with all combinations of limited
wrist fusions has been demonstrated biomechanically,
and typically occurs with each specific arthrodesis.

Surgical technique
Fundamentals

The objective of an intercarpal fusion is to establish a sta-
ble, load-bearing joint at the congruent radiolunate inter-
face. It requires a broad area of surface contact for fusion
to occur, a large healthy bone graft, and stable fixation.
When performing an intercarpal fusion, it is critical to cor-
rect the lunate or the scaphoid position, so as to allow the
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bone to again participate in load sharing. The position of
the lunate has been demonstrated biomechanically to be
predictive of the total active motion of the wrist following
midcarpal arthrodesis.8 %10 Intercarpal arthrodesis requires
up to six weeks of wrist immobilisation in either a castora
plastic splint before initiation of the rehabilitation period.
Assessment of bone healing can be difficult, and only a
CT-scan at this time can reveal the bone bridging
trabeculae.™

Approach, preparation, and bone grafting

The surgical approach should allow for proper position-
ing of the bones in a manner that allows fusion and opti-
mal implementation of the medical devices. A short
transverse wrist incision may be considered, although it
should not adversely affect being able to perform the
remainder of the procedure. A dorsal longitudinal
approach between the third and fourth extensor tendon
compartments is the most versatile, and therefore more
common, apart from specific radial or ulnar side arthrode-
sis.12 After checking for arthritic lesions and making an
assessment of the extent of their effects, the surgeon will
have to sequentially perform the following:

1. Excision of the cartilage and the subchondral bone
until the cancellous bone of each carpal bone is
reached. For this, a rongeur, a curette, or an oste-
otome is sufficient. Use of a power tool can lead to
thermal bone necrosis. This is the first key consid-
eration to avoid compromising bone healing.

2. Reduction manoeuvres are frequently difficult and
often incomplete. It may be necessary to remove
the fibrosis in between each bone and at the radio-
carpal space:

a) To reduce the scaphoid, it is necessary to per-
form a forced ulnar inclination and to push on
the scaphoid tubercule. Alternatively, one can
use K-wires as joy-sticks.

b) To reduce the midcarpal joint, it is necessary to
pull the wrist upward while at the same time
also pushing up the dorsal capitate and the pal-
mar sides of the lunate. Performing a forced
ulnar inclination then allows the position of the
lunate at the top of the head of the capitate to
be restored.

3. Following the reduction, the bones need to be tem-
porarily fixed using K-wires, whilst maintaining a
space in between them so as not to alter the biome-
chanics of the carpus.

4. The bone graft must be of adequate quality and
size. This is another key consideration for achieving
a good outcome. The bone harvested from the
scaphoid or from reaming debris may not be of
adequate quality to allow for fusion, compared to
bone from the distal radius or iliac crest. Bone from
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the distal radial epiphysis is generally harvested
through the same incision.

5. The harvested cancellous bone is then packed
down into the gap between each bone.

Method of fixation

The method of fixation of these partial fusions has been
the subject of extensive debate. Multiple devices are now
available to perform the fixation, including K-wires, mem-
ory staples, headless screws, variable pitch canulated
compression screws, and circular plates.

Description of fusion types

These have been described previously by Saffar, and we
will review the main partial arthrodesis performed with
this type of procedure for partial fusion according to the
column concept on the radial side, the ulnar side, the cen-
tral column, and the borders.13.14

Radial side

Scaphotrapeziotrapezoid (STT)

STT arthrodesis (see Fig. 1) was first described by
K. Watson,¢ and it has been used for multiple indications,
including carpal instability, STT osteoarthritis, traumatic
carpal dislocation sequelae, and Kienbdck’s disease. At pre-
sent, the latter is the most common indication reported in
the literature.’® Fusion of the STT joint is meant to transfer
force away from the radiolunate joint and toward the radi-
oscaphoid articulation. Even though alteration of force
transfer across the wrist has been confirmed by biome-
chanical analysis, the fusion greatly reduces wrist motion,
while the flexion extension arc decreases to 60% of the
contralateral side and the radial and ulnar deviation
decreases up to 52%. We recommend a vertical approach
between the EPL and the EDC. Scaphoid adjustment is less
readily achieved using a dorsal horizontal approach or a
palmar approach. A short radial styloidectomy is often
considered to decrease the risk of radial impingement. We
currently use a customised 14 mm circular plate for this
type of fusion. While some authors have reported good
results with STT arthrodesis in terms of motion and grip
strength, others have reported results that are less encour-
aging, as complications may often be encountered, includ-
ing avascular necrosis, progressive instability, or persistent
pain without arthrosis. The nonunion rate is variable, rang-
ing between 4% and 15%.

Scaphocapitate (SC)
In 1946, Sutro described this procedure for the treatment
of scaphoid nonunion. Indications for SC arthrodesis (see
Fig. 2) currently include SL instability, arthritis, and
Kienbdck’s disease.’#16

Carpal force transmission is modified to offload the
lunate with a carpal alignment preservation that prevents
rotatory subluxation of the scaphoid. We use a vertical
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Fig. 2 SC fusion and lunarectomy.

approach between the EPL and the EDC, and in this case it
is relatively straightforward to achieve scaphoid adjust-
ment. Furthermore, there is a large surface area for con-
tact between both bones, thus generally permitting a
good rate of healing. We use memory staples, or a plate
with a specific customised shape for this fusion. The DASH
score is often good, and it persists over time. The nonun-
ion rate is very low."”

Scapholunocapitate (SLC)

This procedure can be used when all of the proximal row
bone cartilage is damaged, or when a scaphoid nonunion
isinvolved (see Fig. 3). This is a frequent occurrence follow-
ing a transscapho-perilunate dislocation, as well as with
certain specific types of scaphoid nonunion. The approach
is exactly the same as for SC fusion. We use a circular plate
to secure the three bones, with two screws in each bone.

Scapholunate (SL)

SL instability without arthrosis is generally viewed as the
main indication for surgery (see Fig. 4). The approach is
usually through a dorsal vertical or transverse incision. We
prefer to use a small two-hole locking plate, however,
instead of an axial screw to fix both bones. In theory, the
main advantage is that it allows for retention of good
mobility. Carpal force transmission is not altered. This pro-
cedure is, however, technically demanding due to the
small surface area available for fusion and the very large
forces imposed on the SL joint. The overall outcomes for
SL arthrodesis are therefore unpredictable. Persistent wrist
pain is common, and the ultimate success of SL arthrode-
sis cannot be predicted in advance. The rate of nonunion

Fig. 4 SL arthrodesis.

is very high, reaching as much as 87%, although a fibrous
union is thought to be sufficient to obtain a good clinical
outcome.18-20

Ulnar side

Lunotriquetral (LT)

LT arthrodesis (see Fig. 5) has been used mainly to treat LT
instability and degenerative joint disease. Whilst we use a
dorsal transverse or longitudinal incision, the approach is
not easy because the joint axis is oblique. Neither of the
bone adjustments are straightforward. It is necessary to
intercalate a 3—-5 mm cancellous bone graft to avoid a
nonunion that tends to be the main complication. We pre-
fer to use a locking plate with two holes to provide a solid
assembly, instead of a staple, axial screw, or K-wires. It is
paramount to search for associated regional lesions, such
as congenital or post-traumatic ulnar impaction syn-
drome, a TFCC tear, or SL instability. The literature reports
variable outcomes, and improvements in pain and func-
tion tend to be unpredictable. Associated regional lesions
could contribute to residual pain if they are not treated at
the same time. LT fusion must be applied with caution
due to the high rate of nonunion (57%).21-23

‘Four corner’ fusion (4-CF)

First described by Watson in 1984, the four-corner fusion
(4-CF; see Fig. 6) is the most common intercarpal arthro-
desis. The procedure includes a scaphoidectomy and a
fusion of the capitate, lunate, hamate, and triquetrum.
The main indication for 4-CF is degradation of the radio-
scaphoid joint and the luno-capitate joint, with the radi-
olunate articulation remaining unscathed. This pattern
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Fig. 6 4-CF fusion and scaphoidectomy.

of arthritis is seen in SLAC 3, as well as in SNAC and
SCAC 3. We use a longitudinal dorsal approach at the
junction of the third compartment. The arthritic carti-
lage surfaces are removed entirely after the scaphoid
excision, and the remaining carpal bones are stabilised
by fusion of the four bones. We use a radiolucent plastic
circular plate for this procedure. We find this requires
placing two screws in each bone, and the bone grafting
inbetween each carpal joint must done with precision
and the greatest of care.

Radiolucency of the plate is useful, as it allows the bone
healing and fusion to be readily checked. In studies with
cadavers, four-corner fusion has been shown to increase
the radiolunate contact force, with no change in the trans-
mission of force across the ulnar carpal joint. The total arc
of the wrist motion (flexion, extension, as well as radial
and ulnar deviation) is reduced to 47% of the contra-lat-
eral side, and grip strength averages 74% of the intact
side. Four-corner fusion consistently yields good out-
comes in terms of pain relief and patient satisfaction. In
the series by Watson et al using 4-CF, 91% of patients had
pain relief and 80% of patients returned to their original
form of employment. The rate of nonunion is between 3
and 17%.24-33

There are several variations of the traditional 4-CF:

a) One is a scaphoidectomy with bicolumnar
fusion, in which the capitolunate and triquetroham-
ate joints are fused with the articulation between the
two columns that are being left intact.343%68 Wang
et al have demonstrated good outcomes with this
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technique, with a union rate exceeding 95%, average
wrist flexion and extension of 45° and 46° respec-
tively, and average grip strength of 70% of the con-
tralateral side.

b) An alternative procedure is a scaphoid and tri-
quetrum excision with capitohamatolunate or 3-corner
arthrodesis, as first described by Delattre.36.38

c¢) Korus#' proposed a new procedure, namely the
‘2-corner, 3-carpal’ fusion. This involves fusing only the
capitate, lunate, and triquetrum, while excluding the
hamate. Through judicial use of compression screws,
he was able to achieve union and an acceptable range
of motion in ten patients.

Central column

Lunocapitate

This procedure involves scaphoid excision with capitolu-
nate arthrodesis (see Fig. 7). Depending on Viegas’ ana-
tomical classification, type | lunates are typically associated
with a higher prevalence of dorsal intercalated segment
instability (DISI), which equates to a deformity in the set-
ting of scaphoid fracture nonunion (75% vs 20%). Yet
with this type of procedure the lunate positioning is easier
to achieve, and the rate of fusion is higher.

In type Il, with an additional distal articular facet medial
to the hamate, contact is harder to achieve. The problem
is the same when there has been extensive lunate-ulnar
shifting.4# Early trials with isolated capitolunate arthrode-
sis demonstrated an unacceptably high rate of nonunion.
With more recent uses of this procedure, it has been
shown that union rates are actually similar to those with
4-CF. This difference is probably due to improved fixation
techniques, as well as the use of canulated headless com-
pression screws, memory staples, or dedicated radiolu-
cent four-hole plates. This surgery is technically easier
than a 4-CF, and it may improve motion compared with
4-CF, although there are no reports yet in the literature to
support this assertion.*>

Radiolunate (RL), Radioscaphoid (RS),
Radioscapholunate (RSL)

Regarding the borders of the carpal arthrodesis, we will
review radiocarpal arthrodesis with radiolunate, radi-
oscaphoid, or radioscapholunate fusion (see Fig. 8).

Indications

Intercarpal arthrodesis is performed most frequently to
treat carpal instability with arthritis. Yet partial fusion of
specific carpal units can also be used for other patholo-
gies, with or without arthritis; such as scaphoid nonunion
with arthritis, midcarpal instability and Kienb&ck’s disease,
for example.46.6
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Fig. 8 RSL fusion.

D

2)

Instabilities without arthritis:

a) Scapholunate instability without arthritis consti-
tuted 25% of our indications 20 years ago (58%
in the Watson series). The percentage is currently
much lower, because we tend to perform many
more ligamentoplasties. SL arthrodesis is not a reli-
able procedure, and we therefore prefer SC fusion
if it is deemed to be necessary. The drawbacks are
significant, and include limitation of the ulnar incli-
nation and a reduction in normal mobility of 50%.
The nonunion rate is, however, much better.474?

b) Lunotriquetral instability: LT fusion typically
has a bad reputation due to the high nonunion
rate. The availability of new devices has, however,
changed the outcomes, which are now compara-
ble with published results of ligament reconstruc-
tion or ligamentoplasty.2'>0

c) Midcarpal instability is less of a common occur-
rence. It tends to occur in young patients with
hypermobility. LC fusion is an option, and this
does not progress into stiffness for these particular
patients.>!

Arthritis:

a) Sooner or later, the progression of scapholu-
nate instability with arthritis (SLAC), scaphoid
nonunion with arthritis (SNAC), and chondrocalci-
nosis (SCAC) all result in the same state of the car-
pus. When stage 3 is reached, the cartilage of the
head of the capitate is damaged and hence can-
not be preserved.4552 Such a situation is the best
indication for a 4-CF. The outcomes for proximal

row carpectomy have been shown to be superior
to those for 4-CF, at least in the short term. Thus,
this procedure may be considered in cases where
the capitolunate articulation has only minimal
chondromalacia.>3-¢'

b) Focal osteoarthritis: the most common occur-
rence is isolated STT osteoarthritis. It is frequently
associated with chondrocalcinosis. STT fusion is
the default option.

C) Radiocarpal arthritis: Radiolunate arthrodesis is
very appropriate when the radial fossa cartilage is
damaged, as may occur for example with a Dye-
punch fracture.6?

3) Kienbock’s disease:

Numerous types of partial arthrodesis have been
described with different biomechanical objectives
of joint decompression for stage 4 with arthritis.

a) STT or SC arthrodesis (which is our preference)
that involves transferring the load to the external
column after removal of the lunate.63-65

b) Capito-hamate (CH) with or without short-
ening of the capitate. We do not, however, have
experience with this procedure.65.6”

Conclusions

Partial wrist fusions are justified based on biomechanics
because wrist osteoarthritis only involves a limited num-
ber of joints. These are mainly the radioscaphoid and
lunocapitate joints. Limited carpal fusion allows numer-
ous wrist pathologies to be corrected, including osteoar-
thritis, instability, and specific diseases. At the same time,
this also helps the patient to maintain a functional range
of motion by correcting the carpus height and by sup-
pressing the pain due to the loss of cartilage.

This surgery is, however, technically demanding. Metic-
ulous bone surface preparation, adequate bone grafting,
and reliable fixation are required to optimise outcomes
and minimise complications. Being able to adequately
achieve these requirements is probably why the literature
is rife with reports of high nonunion rates, while others
report excellent results.
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