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Introduction
Post-traumatic wrist arthritis is a disabling condition that has many
etiologies but commonly affects patients after scaphoid nonunion or 
scapholunate ligament injuries that remain undertreated, often for 
years. While multiple techniques have been used to salvage 
degenerative wrists, partial wrist fusions maintain carpal height, 
preserve motion and reliably improve pain.  While 4-corner fusion 
(fusion of the capitate, lunate, hamate and triquetrum) is considered a 
standard procedure, there is biomechanical evidence that removing the 
triquetrum may result in better range of motion. There are few studies, 
all small case series, investigating various techniques of limited carpal 
fusion. Our preference in recent years has been to perform a three 
bone fusion (capitate, hamate and lunate) while excising the triquetrum
and to use a circular locking plate made from a radiolucent polymer 
(PEEK) for fixation of the bones to be fused. We plan to review and 
publish our results with this technique.

Background
Multiple degenerative and post-traumatic conditions affecting the wrist 
lead to a similar end-game – painful and limiting carpal arthritis. The 
patterns of scapholunate advanced collapse (SLAC) and scaphoid 
nonunion advanced collapse (SNAC) have been well-described, and 
multiple salvage operations have been devised to treat the later stages 
of collapse. In earlier stages, however, limited carpal fusions have the 
potential to decrease pain, maintain functional range of motion and 
preserve carpal height. While the literature supports both proximal row 
corpectomy (PRC) and limited carpal fusion for SNAC and SLAC wrists, 
PRC is not an option in midcarpal arthritis, where the head of the 
capitate shows degenerative changes.

A solid capitolunate fusion is the goal of limited carpal arthrodesis, 
creating a stable unit that links the radius and the distal carpal row. The 
importance of preserving the triquetrum or including it in the fusion is 
unknown. Other investigators have performed isolated capitolunate
fusions without including the hamate or triquetrum, all with comparable 
results in small series.  Biomechanically, excision of the triquetrum has 
been shown to lead to better wrist motion, but this has not yet been 
borne out in clinical studies. Lunate position within the fusion is critical. 
While total arc of motion is unlikely to be affected, fusing the lunate in an 
extended position will allow greater flexion at the expense of extension, 
while the converse is also true. 

Traditionally, partial carpal fusions were performed using k-wire fixation 
with distal radius bone grafting, and, more recently, multiple 
compression screws, staples and circular fixation plates have been used 
in an effort to eliminate the need for hardware removal and increase the 
rate of union. In recent years, first-generation circular plates have been 
shown in some studies to lead to high nonunion rates, though other 
studies have shown excellent results with few nonunions.  Other 
complications reported with dorsal plate or staple fixation include 
impingement of the hardware on the radius. In addition, with metal 
hardware, the progression of fusion was often obscured and difficult to 
evaluate.
The XPODE plate from Tri-Med is a second generation, locking, circular 
fusion plate that has been used both in the wrist and foot made from 
PEEK, a radiolucent polymer with a similar modulus of elasticity as 
cortical bone. The titanium screws lock into the plate at variable angles, 
allowing multiple screws to be placed into each bone, and the 
instrumentation includes a reamer that allows for full recession of the 
plate into the carpal fusion mass to avoid any dorsal impingement. We 
have been using this plate for over two years in limited carpal fusions. 

Surgical Technique

Discussion
• The technique of 3-bone fusion using next-generation circular plates is 

reliable and shows similar results to other successful techniques for 4-
corner fusion including memory staples and cannulated screws.

• The radiolucent nature of the plate makes fusion far easier to assess 
and technical improvements including locking screws and deeper 
recession to avoid dorsal impingement may lead to better long term 
results.

• Range of motion is reliably limited after this procedure, but compares to 
other fusion procedures as well as proximal row carpectomy.

• Several patients in our study were lost to follow-up, despite early 
evidence of fusion on radiographs, and only long-term results will 
adequately assess the functional outcome and durability compared to 
other techniques.
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Complications:Complications:
6 complications ( 29%)
1pt with Carpal tunnel syndrome at post op visit
1 pt with Index finger extensor  tendon rupture in patient with pre‐existing tenosynovitis
1pt with Persistent ulna sided wrist pain
1pt explored for potential nonunion at 9 months

Fusion mass found to be solid but cavitation (likely early) around two lunate screws was 
encountered on plate removal – this was bone grafted.

2 pt nonunions (1 reoperated, 1 lost to follow up prior to reoperation)
No plate‐associated complications

Methods

Using a dorsal ligament-sparing capsulotomy (radially based), the 
triquetrum and scaphoid are excised. The cartilage surfaces are 
denuded and prepared in standard fashion. By flexing the wrist and 
using thumb pressure, the lunate is reduced and held with a k-wire 
through the radius. The lunate and capitate are reduced and pinned to 
each other. The dorsal surface of the bones is then reamed using a 
circular reamer.

The plate is placed into the reamed hollow and initial screws are 
placed in lag fashion to bring the plate to bone. The screws are then 
locked into the plate and the remaining screws inserted. The k-wires 
are removed, the capsulotomy repaired, and the wound closed in 
standard fashion. The patient is immobilized for six weeks.

Illustrative CaseIllustrative Case

This 65 year old RHD man sustained an unknown injury and had suffered from 
chronic wrist pain and limited motion refractory to conservative management.

Above: AP and Lateral radiographs at 30 months 
post-op show clearly visible fusion with hardware 

in position and well-recessed. The patient had 
flexion and extension of 40/40 and grip strength 
of 50lb on the right and 60lb on the left. DASH 

was 18/100.

Above: Pre-operative AP and lateral radiographs demonstrate a 
Stage 2 SLAC wrist with obvious SL diastasis, pan radioscaphoid
arthritis and the beginnings of proximal migration of the capitate. 

The SL angle is increased, showing a static DISI deformity.

ConclusionsConclusions
•3-bone fusion is a reliable treatment for SLAC/SNAC wrist

•Complication and nonunion rates compare favorably with other 
treatments
•ROM comparable to other treatments

•No clear clinical advantage to 3-bone vs 4-bone
•Good subjective outcomes maintained at mid-term follow-up with no 
reoperations for progression

•Long term studies needed to assess success over time

Lunate and Triquetrum
Excision

Reduction of Lunate 
and Bone Preparation

Plate Application

VAS Pain:VAS Pain:

Range of MotionRange of Motion

Mean Flexion 34Mean Flexion 34˚̊, Extension 41, Extension 41˚̊
Total arc 71Total arc 71˚̊

Grip Strength: 92% of Grip Strength: 92% of nonoperativenonoperative side (range 73side (range 73‐‐104%)104%)

19 fusions, 2 nonunions (10%)19 fusions, 2 nonunions (10%)

One early suspected nonunion was explored and found to be fusedOne early suspected nonunion was explored and found to be fused

Mean Pain scores (10 pt 
scale)Rest 0.9 

Activity 3.1

QuickDASHQuickDASH scoresscores

QuickDASH
Mean Pre‐op DASH 73.38
Mean Final DASH 18.02
t‐test 3.54134E‐05

(p<.0001)
Subgroup Analysis:

• No significant difference in QuickDASH, Grip Strength, or ROM in those 3-
bone fusion patients <1year, >1yr or  <2yr or >2yr of follow-up

• Subgroup of 4-corner too small for effective statistical comparison

Mean DASH <1y
22.73

Mean DASH >1y
12.55375

Mean DASH <2y

16.55857143

Mean DASH >2y
13.1775


