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TECHNIQUE

Three-Corner Midcarpal Arthrodesis and
Scaphoidectomy: A Simplified Volar Approach

Michele Dutly-Guinand, MD and Herbert P. von Schroeder, MD

B ABSTRACT

Midcarpal arthrodesis has been a treatment of choice in
the last decade for scapholunate advanced collapse and
related conditions of the wrist. In this study, we present
a new uncomplicated technique in which a 3-corner
intercarpal fusion is done with screw fixation from a
volar approach. The advantages of this technique include
simplified excision of the scaphoid, radial styloidectomy,
and straightforward placement of 2 screws from the
lunate into the capitate and hamate, respectively, to
maintain a readily achievable correction of the dorsal
intercalated segment instability. With adequate debride-
ment and compression of the midcarpal joint, fusion is
readily achieved.
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midcarpal arthrodesis, 4-corner arthrodesis, internal
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he treatment method for advanced carpal collapse

after scapholunate ligament disruption (SLAC) or
scaphoid nonunion (SNAC) is midcarpal arthrodesis
with complete excision of the scaphoid.''® This treat-
ment is designed to preserve some wrist mobility while
relieving pain.

The first report about an intercarpal fusion dates back
to 1924, when Thornton described a fusion between
scaphoid, lunate, capitate, and hamate. During the
1950s and 1960s, intercarpal arthrodesis was described
by several authors for the treatment of different patholo-
gies."""'* In 1971, Linscheid et al'® classified the carpal
instabilities based on dorsal and volar collapse. With sca-
pholunate dissociation and scaphoid fractures, dorsal tilt
of the lunate was termed dorsi-flexed intercalated seg-
ment instability (DISI); whereas volar (palmar) displace-
ment was termed volar-flexed intercalated segment
instability.

In 1979, Watson'® described capitolunate fusion for
scaphoid nonunion s and scaphoid rotatory displace-
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ments with severe arthritis between the radius and the
scaphoid and secondary destruction of the capitolunate
joint. He and others*'”° have found that the radiolu-
nate joint is usually well preserved under these condi-
tions, thus maintaining the basis for the articulation.

The classic description of the midcarpal or 4-corner
arthrodesis involved scaphoid excision, removing the ar-
ticular surfaces between at the midcarpal joint and
between the carpal bones, packing these spaces with can-
cellous bone graft, and pinning across the former joint
spaces.!">* 7210 I the past, excised scaphoid has
been replaced with a silicon implant''2* until the
mid-1980s when silicone synovitis and other disadvan-
tages were described.?*?° Others have tried to recon-
struct the scaphoid at the same time as the fusion®® or
replace the scaphoid with an extensor carpi radialis
longus tendon “anchovy” graft.®

After reviewing 4000 wrist x-rays, Watson and
Ballet”® were able to establish the pattern of sequential
changes in degenerative wrist arthritis. They found that
the most common form was arthritis caused by articular
alignment problems at the radioscaphoid articulation and
between the scaphoid and lunate. They named this pro-
gressive condition SLAC. It was also shown that scaph-
oid fracture nonunion would follow the same pattern'’
and was termed SNAC.? In both SLAC and SNAC
wrists, the radiolunate joint is typically preserved in
that it has minimal or more commonly no arthritis;
hence, the surgical treatment for SLAC and SNAC wrists
is a capitolunate or 4-corner fusion, or a proximal row
carpectomy.

We have used various techniques to perform inter-
carpal fusions but have had occasional poor results due to
certain technical aspects of the procedure. These included
dorsal impingement between the radius and the carpus due
to excessive bone graft, bone overgrowth, prominent hard-
ware or persistent malalignment, and nonunion with single
3-0-mm cannulated screw in attempted capitolunate fusion.
In response to these outcomes, we changed our manage-
ment and developed a new technique. We now perform a
3-corner fusion via a volar approach. The technique de-
scribed below is a novel and simplified operation that al-
lows straightforward excision of the scaphoid (plus radial
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FIGURE 1. Surgical technique of volar midcarpal fusion. A longitudinal incision is made from the scaphoid tubercle
proximally adjacent to the flexor carpi radialis tendon (inset: top—arrow). The radioscaphocapitate ligament is incised (and
later repaired), and the scaphoid and radial styloid are dissected and excised. With further dissection along the volar rim of
the radius, the lunate and lunocapitate joint are exposed. The midcarpal joint is excised and packed with bone graft. With
the wrist in the extended position, the capitate is aligned with the already extended lunate (inset: middle), and in this
position, the guide wires (G) are passed from the lunate to the hamate and capitate, respectively (inset: bottom). K-wires
are also used as joysticks (J) to optimize the position of the carpal bones for internal fixation.

styloidectomy as is commonly necessary) and correction
of the DISI deformity.

B TECHNIQUE

The procedure is typically done under an axillary block
anesthesia but can be done under any type of regional or
general anesthesia. A longitudinal incision is made on
the volar aspect of the wrist beginning at the scaphoid
tubercle and carried proximally over the flexor carpi
radialis tendon 5 to 6 cm (Fig. 1). The subcutaneous tis-
sue is divided down to the FRC tendon, and dissection is
carried out on the radial aspect of it around the scaphoid
tubercule. The volar ligaments between the scaphoid and
the trapezium and trapezoid are incised. The radiosca-
phocapitate ligament is incised (and later repaired). The
scaphoid is brought into flexion as the dorsal attach-
ments at the ridge are incised with a knife or curved
osteotome. A bone reduction forceps is placed around
the waist of the scaphoid to twist it 360 degrees to detach
any remaining ligaments and extract it. The scaphoid can
also be transected across its waist using an osteotome
to facilitate separate removal of the distal and proximal
halves.

The wrist is then put through a range of motion to
assess impingement or impending impingement between
the trapezium and radial styloid. If this is the case, as it
typically is, further dissection is carried out around the
styloid, and approximately 4 mm of the styloid is excised

using osteotomes and a rongeur. The resected styloid and
scaphoid are both minced to provide cancellous bone
graft for the midcarpal fusion site.

The volar rim of osteophytes on the radius is excised
if present, and the volar wrist capsule is released off of
the radius to expose the lunate, which is typically tilted
dorsally into the DISI position. With further dissection of
the volar capsule, the lunocapitate joint is exposed. After
placing a 1.1-mm Kirschner wire (K-wire) into the lunate
to be used as a joystick, the articular cartilage surfaces
between the lunate and the capitate are removed with a
curved osteotome, rongeur, and finally a 3-mm burr.
The relative curved shapes of the adjacent surfaces are
maintained, and care is taken to remove all cartilage
between the 2 bones as well as the sclerotic subchondral
bone. Bone graft is packed into the midcarpal space.
Under lateral fluoroscopic guidance, the hand is placed
into extension such that the capitate is brought into
alignment with the dorsally tilted lunate (Fig. 1, middle
inset). With the aid of the joystick, the lunate is held as
close as possible in the neutral alignment with the capi-
tate to restore the relationship between the 2 bones. Two
additional 1.1-mm guide wires are then driven from the
proximal articular surface of the lunate into the capitate
and hamate, respectively (Fig. 1). With the exposure to
the lunate in its extended “DISI” position and with the
alignment of capitate to the lunate by extending the
wrist, the guide wires are advanced in a straight direc-
tion, and bending of the wires does not occur. Care
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FIGURE 2. Surgical technique of volar midcarpal fusion, continued. Headless compression screws are passed over the
guide wires. One screw achieves fixation and compression between the lunate and hamate, the other between the lunate
and capitate (inset: top). After removal of the guide wires and joystick, K-wires, RSC ligament, and capsule are repaired,

followed by skin closure (inset: bottom).

must be taken not to bring the wrist into neutral at this
point which would bend the wires against the radius.
The guide wires are then measured, advanced (to prevent
inadvertent removal during subsequent steps), and over-
drilled. Additional bone graft is packed into the midcar-
pal space. Cannulated headless screws (Acutrak) of
appropriate length are then passed over the wires after
packing local cancellous bone graft into the midcarpal
region (Figs. 2 and 3). Additional bone from the volar
rim of the radius can be removed if necessary to improve
exposure to the lunate for drilling or screw insertion.
After ensuring that excellent fixation and compression
has been achieved, the K-wires and the joystick are
removed and final radiographic images are obtained.
The wrist is put through a range of motion to check the
stability and ease of motion. The wound is irrigated, and
the volar wrist capsule is closed, followed by skin clo-
sure (Fig. 2).

The procedure can also be performed with a single
lunocapitate screw instead of 2 screws if the pathology
is completely isolated to the radial side of the wrist and
if single screw fixation is solid. This is tested by com-
pleting the fixation with a single lunocapitate screw,
then removing the guide wire (and joysticks) and in-
specting the lunocapitate joint for micromotion while
putting the wrist through a maximum range of motion.
If there is any micromotion, a second screw is placed
from the lunate to the hamate.

Alternatively, if there is clinical tenderness, pathol-
ogy, or laxity on the ulnar portion of the wrist around
the triquetrum, we begin with a single lunohamate
screw via a volar approach as described above, and
then turn the hand over and perform a mini-open proce-
dure that involves an incision over the triquetrum, burr-

ing and bone grafting the midcarpal joint and placement
of a headless compression screw from the triquetrum (at
its dorsal exostosis) to the capitate.

The patient is placed in a volar forearm plaster splint
for 2 weeks, followed by a circular cast or a removable
thermoplastic splint for 4 more weeks. Motion may
begin based on pain and swelling. Early motion is toler-
ated due to excellent fixation.

m PRELIMINARY EXPERIENCE AND
CASE EXAMPLE

To date the procedure has been performed in 13 patients
(12 males; average age, 50 years; age range, 3761
years). Preoperative diagnosis was SLAC arthritis in
9 and SNAC arthritis in 3 and arthritis secondary to sca-
phoid malunion in 1 patient. Symptoms were on the right
side in 9, left in 2, and bilateral in 2. Original injury was
moderate trauma, such as a fall from the standing position
or twisting injury in 8 patients, repetitive injury in 1, and
no known injury in 4. Average duration of symptoms was
83 months (range, 9-288 months). Patients have been fol-
lowed up an average of 2.6 years (range, 1.1-3.4 years)
after their intercarpal fusion. After surgery, total range of
motion (flexion + extension) of the wrist decreased from
58% to 47% compared with the opposite side (range,
25%-80%). Grip strength increased from 59% to 64%
of the opposite side (range, 29%—100%). Two additional
procedures have included 1 repeat intercarpal fusion for
nonunion and 1 screw removal for prominent hardware.
Additional procedures were also required in 3 patients
with preexisting conditions: 1 total wrist fusion for pan-
carpal arthritis in a patient in which the advanced arthritis
was recognized preoperatively, but he had chosen to
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AQS FIGURE 3. Preoperative (A and B) and postoperative (C-E) PA, oblique and lateral wrist radiographs of a male patient

with radiocarpal arthritis (A) and DISI deformity (B) that developed after scaphoid malunion. Surgical treatment consisted of
an intercarpal arthrodesis using 2 screws from the lunate into the capitate and hamate, respectively, performed via a volar
approach (C-E). The scaphoid and radial styloid were excised through the same volar incision and used as bone graft in

the midcarpal joint.

proceed with the partial fusion as an attempt to preserve
some wrist motion realizing that further surgery would
probably be required; 1 carpal tunnel release in a patient
with preexisting compressive symptoms that did not
improve after intercarpal fusion; and 1 chronic regional
pain syndrome that recurred in a patient with a history of
the same after previous cast treatment.

Figure 3 shows preoperative and postoperative radio-
graphs of a 37-year-old man who sustained a scaphoid
fracture 12 years before. He had undergone a bone graft-
ing procedure but developed radial-sided wrist pain with
arthritic changes. Symptoms progressed despite ongoing
medical management, and he underwent simple radial
styloiodectomy. This did not result in significant im-
provement, and he therefore underwent volar 3-corner
arthrodesis approximately 3 years ago. Postoperatively,
he developed mild de Quervain tendonitis but has
not required any further surgical intervention. He still
uses a splint for lifting activities and is pleased with his
outcome.

m DISCUSSION

A great deal has been written about the treatment of
SLAC wrists in the last 15 years, and the literature has
included variable and very high nonunion rates, lengthy
immobilization periods, and the use of specialized plates
in an attempt to establish a stable midcarpal fusion.
Watson'® has found that there was negligible differ-
ence in postoperative range of motion between lunocapi-
tate fusions and capitate-hamate-lunate-triquetral fusions
(4-corner fusion), but Watson described that addition of
a triquetrohamate fusion to the lunocapitate fusion
increased the union rate of the midcarpus. Very high
nonunion rates of up to 50% have been reported when
only the lunocapitate articulation was fused to achieve
a stable midcarpal joint,"*° compared with lower non-
union rates (0%—8%) with 4-corner fusion.>*>7"%2% A

high nonunion rate has certainly also been our experi-
ence with lunocapitate fusions and prompted us to per-
form our 3-corner (lunotriquetrocapitate) fusions that
have resulted in 1 nonunion to date.

Several techniques have been described using different
bone grafts for intercarpal fusions, including cancellous
graft from the iliac crest or the distal radius™>"*!* and cor-
ticocancellous grafts.**’ Likewise, several techniques have
been described using K-wires, 792128 staples, '*17
screws,”® or specially designed dorsal circular plates,
which have shown very high nonunion rates up to 63%
and complications as implant failures, low pain relief, and
a high incidence of hardware impingement.>**

If compression is achieved with screws, only small
amounts of local cancellous bone graft are sufficient to
ensure fusion. An advantage to our approach is that no
secondary incision is needed because the bone graft is
taken from the excised scaphoid and radial styloid. In
our experience, the Acutrak screw provides excellent
compression compared with other cannulated screws.
Another advantage of stable screw fixation is that the
immobilization period is relatively short. This allows
for early hand therapy.

The standard approach to intercarpal fusions has
always been described from the dorsal side of the wrist
(through either a transverse or longitudinal incision), and
a lateral approach has also been described’ but is not
commonly performed. With our new technique, a simple
volar approach is used and a small dorsal incision can be
added. The scaphoid can be readily excised, and the rea-
lignment of the midcolumn between capitate and lunate is
easily addressed. Although one author found that correc-
tion of the DISI deformity does not correlate to out-
come,” it is generally accepted that the goal of midcarpal
fusion is alignment of the carpus and complete excision
of the scaphoid. The transmitting forces are exclusively
through the lunate and no longer transmitted to the
scaphoid fossa. The available arc of radiolunate motion
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is then maximized, and the pain seems to be addressed
better and dorsal impingement is reduced.*>7-319-2%

The progressive stages of the SLAC wrist have been
described as follows: stage I arthrosis at the radial sty-
loid, stage II periscaphoid arthrosis including the scaph-
oid fossa, and stage III capitolunate degeneration as
well.>*® Either a midcarpal fusion or a proximal row car-
pectomy can be considered for a stage II SLAC wrist>?*;
however, the pattern of arthritis precludes a proximal row
carpectomy for stage III, unless an interpositional arthro-
plasty is also performed. Although a total wrist arthro-
plasty or total fusion can be considered for stage III, the
procedures and outcomes have significant limitations;
hence, we feel that a midcarpal arthrodesis is presently
the procedure of choice for stage III SLAC wrists.

Midcarpal arthrodesis is also suitable for cases in
which arthritic changes are caused by chronic scaphoid
fracture pseudoarthrosis or SNAC wrist. In these cases,
the degenerative arthrosis also begins on the radial
aspect of the wrist but begins to a greater extent at the
radial styloid. Because the base of the scaphoid facet of
the distal radius is often preserved, consideration can be
given to incorporating the proximal portion of the scaph-
oid into the midcarpal arthrodesis. In such cases, the dis-
tal part of the scaphoid and radial styloid are excised.
This arthrodesis can be performed via the described
approach. Our early results with this technique are pro-
mising. As with all intercarpal fusions, nonunion of the
fusion is a known risk and can be reduced by adhering to
basic standards of the procedure that include appropriate
excision of joints, adequate bone grafting, and solid fixa-
tion. Preexisting conditions such as compressive neuro-
pathies, pain syndromes, and advanced arthritis beyond
the radioscaphoid articulation and midcarpal joint are
not addressed by arthrodesis.

Our technique highlights the critical principles for
surgical treatment of the SLAC (and SNAC) wrist
toward achieving a stable midcarpal fusion. Our early
results with this technique do show a reduction in motion
as anticipated, and a slight reduction in grip strength as
maximal recovery has not yet been attained. Patient satis-
faction remains high. By using 2 screws via a volar
approach, this technique can be achieved in an easy,
fast, and reliable way.
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