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Abstract
Background With progressive lunate collapse, salvage proce-
dures in advanced Kienbock disease attempt to provide pain
relief and maintain motion. Scaphocapitate arthrodesis may
provide a durable option with comparable outcomes to prox-
imal row carpectomy in the well-selected patient.
Methods We performed a retrospective chart review of all
consecutive patients with Lichtman stage IIIA or IIIB
Kienbock’s disease who underwent either scaphocapitate or
scaphotrapeziotrapezoid-capitate arthrodesis from January
2004 to December 2013.
Results Twelve patients were included with a mean age of
41.6 years. Ten patients underwent scaphocapitate arthrodesis,
while two patients underwent scaphotrapezio-trapezoid-
capitate arthrodesis with an average clinical follow-up of
13.1 months. All patients achieved fusion. The average post-
operative flexion-extension arc was 53° (range 20–110°). The
average ulnar deviation was 9° (range 5–15°), and the average
radial deviation was 13° (range 5–25°). Postoperative pain
scores were significantly improved, having changed from an
average of 6.6 preoperatively to 2.8 on a 10-point scale (W=
18, P<0.05).
Conclusions Despite a mean flexion-extension arc that is
reduced from that of a normal individual, the postoperative
range of motion following a midcarpal arthrodesis was not
significantly different than that reported in a recent systematic
review of proximal row carpectomy (73.5° compared with

53°, respectively) (P=0.05). Additionally, given the signifi-
cant postoperative reduction in associated pain symptoms at
the time of follow-up, scaphocapitate arthrodesis should be
considered as a treatment option for wrist salvage in the
patient with advanced Kienbock’s disease.
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Introduction

Salvage options following progressive collapse and fragmen-
tation of the lunate in the setting of Kienbock’s disease are
based on preservation of the existing carpal alignment and
radiocarpal articulation through excision of the failing proxi-
mal row, or midcarpal fusions that maintain or improve the
scaphoid posture [9, 12]. Scaphocapitate (SC) arthrodesis is a
less well-described procedure when compared to proximal
row carpectomy (PRC); however, advocates have cited the
benefits of the maintenance of existing carpal height, relative
preservation of normal radioscaphoid articulation, and the
potential offloading of the lunate (Table 1).

Despite the popularity of PRC for salvage options in a
various traumatic or degenerative diseases of the wrist, oppo-
nents of the technique have cited the limited lifespan of the
radiocapitate articulation, with eventual eburnation, return of
pain, and the need for wrist fusion. And as Kienbock’s disease
typically affects young adults, the relative advantage of a
procedure that maintains the normal radioscaphoid articula-
tion is unclear. DiDonna et al. analyzed a series of 22 wrists in
21 patients undergoing proximal row carpectomy and found
that two of the four failures were in younger patients with
Kienbock’s disease [4]. In a series of 81 patients with PRC
with 61 available for follow-up byAli et al., 74% (46 patients)
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were not satisfied with the results of their surgery [1]. The
study cohort included 52 % manual laborers and 16 % of the
patients had a diagnosis of Kienbock’s disease.

There are very few published reports on the results of
scaphocapitate fusion for the treatment of advanced Kienbock’s
disease [8, 13].We retrospectively reviewed our experiencewith
scaphocapitate arthrodesis in the setting of advancedKienbock’s
disease. Additionally, we compared these results with the avail-
able literature on scaphocapitate arthrodesis and proximal row
carpectomy to better understand the potential benefits of each
salvage choice and increase the available evidence for both the
practitioner and patient when deciding between these treatment
options and discussing expected surgical outcomes.

Methods

Following Institutional Review Board (IRB) approval, we per-
formed a retrospective chart review of all consecutive patients
with Lichtman stage IIIA or IIIB Kienbock’s disease who
underwent either SC arthrodesis or scaphotrapeziotrapezoid-
capitate (STT-C) arthrodesis at our institution from January
2004 to December 2013 (Fig. 1). Chart review included post-
operative follow-up clinic visit documentation as well as oper-
ative reports and radiographic analysis. A 10-point Visual
Analogue Scale was documented by the surgeon at the pre-
and postoperative clinic visits, and these were compared pre-
operatively and postoperatively using a Wilcoxon signed-rank
test.

Surgical Technique

Following a longitudinal incision between the second and
fourth dorsal compartments, a standard ligament sparing
capsulotomy was performed. The scaphocapitate articulation
was exposed, and any remaining articular cartilage was re-
moved with curettes, curved osteotomes, and a surgical burr.
In instances of progressive scaphoid flexion, a 1.5 mm
Kirschner wire was placed as a joystick in the scaphoid and
used to extend the scaphoid and correct any palmar flexion
deformity, with an ideal radioscaphoid angle of approximately
45° (30–57°) [10]. Following this, another 1.5 mm Kirschner
wire was utilized for provisional fixation of the scaphocapitate

Table 1 Comparative outcomes for scaphocapitate arthrodesis and proximal row carpectomy

Study Methods N Number with
Kienbock’s
disease

Postoperative
flex-extension
arc

Grip strength
(% contralateral)

Failures Average
follow-up

Luegmair [8] Retrospective analysis of SC
arthrodesis

10 10 (100 %) 87° 60 % 1 (10 %) nonunion but
declined revision

1 (10 %) subsequent PRC
1 (10 %) subsequent radial
styloidectomy

1 (10 %) EPL tenolysis

8.75 years

Delétang [18] Retrospective analysis of SC
arthrodesis

31 0 (0 %) 80° 19 % 2 (6 %) patients required
radiocarpal arthrodesis

5 years

Sennwald [13] Retrospective analysis of SC
arthrodesis

11 11 (100 %) 64° 83 % Unknown 1.5 years

Pisano [11] Retrospective analysis of SC
arthrodesis

17 9 (53 %) 74° 74 % 2 (12 %) revisions for
nonunion

1.95 years

Ali [1] Retrospective analysis of PRC 61 13 (21 %) 69° 48 % 12 (20 %) failures requiring
arthrodesis or arthroplasty

19.8 years

DiDonna [4] Retrospective analysis of PRC 22 7 (32 %) 72° 91 % 4 (18 %) failures requiring
arthrodesis

10 years

Imbriglia [20] Retrospective analysis of PRC 27 5 (19 %) 84° 80 % Unknown 4 years

Wyrick [19] Four-corner arthrodesis compared
with PRC (PRC Data)

27 Unknown 115° 94 % No failures in PRC group 3.1 years

PRC proximal row carpectomy; SC scaphocapitate; EPL extensor pollicis longus

Fig. 1 A 25 year-old male presented with right wrist pain and stiffness.
Posteroanterior (left) and lateral (right) radiographs demonstrated lunate
collapse and fragmentation as well as scaphoid flexion, consistent with
Lichtman’s stage IIIB Kienbock’s disease
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joint. In nine patients, a headless, cannulated compression
screw (Acumed, Hillsboro, Oregon; Synthes, West Chester,
Pennsylvania) was placed across the SC arthrodesis (Fig. 2).
One SC arthrodesis was performed using only Kirschner
wires. Of the two STT-C arthrodesis patients, one patient
underwent STT-C fusion with Kirschner wires, and the other
was completed with a small circular plate (Integra, Plainsboro,
New Jersey).

Result

Ten patients underwent SC arthrodesis, while two patients
underwent STT-C fusion, for a total of 12 patients. There were
five women and sevenmenwith amean age of 41.6 years. The
average follow-up time was 392 days with a range from 88 to
2308 days. In two patients, the lunate was fragmented and
removal was performed. In conjunction with the original
operation, one patient underwent a cubital tunnel release,
one had a carpal tunnel release, and one patient had a con-
comitant arthroscopic triangular fibrocartilage complex
debridement.

Two patients developed symptoms consistent with chronic
regional pain syndrome (CRPS) within 100 days of follow-up
and were required to undergo aggressive hand therapy and
desensitization modalities. One patient underwent a dorsal
capsulotomy for persistent wrist stiffness with restricted wrist
flexion capability that was bothersome to the patient at
10 months after the initial surgery, with improvement of wrist
flexion and extension.

The average postoperative flexion-extension arc across the
12 patients was 53° (range 20–110°). The average postopera-
tive flexion was 22° (range 10–35°), and the average

postoperative extension was 31° (98 range 10–55°). The
average ulnar deviation was 9° (range 5–15°), and the average
radial deviation was 13° (range 5–25°). Using a Wilcoxon
signed-rank test, there was a significant difference in the
visual analog pain scores between pre- and postoperatively,
with the average preoperative pain score 6.6 while the average
postoperative pain score at final follow-up was 2.8 (W=18,
p<0.05). All patients had radiographic union of the
scaphocapitate fusion, with an average time to union of
14 weeks (range of 7–23 weeks).

Discussion

Originally described by Sutro [15] and Helfet [5] for the
management of scaphoid nonunion, Pisano et al. described
SC arthrodesis for Kienbock’s disease in 1991 [11]. As pro-
gressive collapse and fragmentation of the lunate is thought to
result from excessive force across the lunate, the goal of the
fusion is to unload the lunate and delay the development of
further radiocarpal and midcarpal arthritis. Biomechanical
studies have suggested that SC arthrodesis decreases force
across the radiolunate and lunocapitate articulations while
resulting in increased joint force across the radioscaphoid joint
[7, 16, 17].

More recently, Luegmair described substantial pain relief
in five patients with stages IIIB and IV Kienbock’s disease
managed with SC arthrodesis, at an average follow-up of
8.75 years [8]. They reported a postoperative flexion-
extension arc of 84° and radial-ulnar deviation arc of 41° in
patients with stage IIIB–IV Kienbock’s disease managed with
SC arthrodesis. Sennwald et al. also reported on ten patients
with stage III Kienbock’s disease who underwent SC fusion
with pain relief reported in 90 % of patients at an average
follow-up of 36 months [13].

In the current study, we had complete radiographic union in
all our patients, at a mean of 14 weeks with significant
improvements in pain score. There were two cases of CRPS
that resolved with therapy and one case of stiffness requiring
wrist capsulotomy. At the time of final follow-up, there were
no failures requiring revision surgery or conversion to a total
wrist fusion.

In our cohort, the mean wrist flexion-extension arc was
53°, with 20° flexion and 33° extension. Brumfield and
Champoux studied 19 normal adults with a uniaxial
electrogoniometer in order to determine the wrist range of
motion in order to complete 15 activities of daily living
(ADLs) and found that the necessary wrist motion to accom-
plish these activities was with a flexion/extension arc of 45°
(10° of flexion to 35° of extension) [2]. Our results suggest
that SC fusion for Kienbock’s disease is a procedure with a
low complication rate that allows preservation of a functional
range of motion in the wrist in order to perform ADLs.

Fig. 2 1-year postoperative posteroanterior (left) and lateral (right) ra-
diographs of the patient from Fig. 1, following midcarpal arthrodesis with
two cannulated headless screws. Note the preservation of the radiocarpal
joint height and improved scaphoid posture
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A gold standard surgical treatment for advanced
Kienbock’s disease has not been established. Innes et al. con-
ducted a systemic review of multiple treatment options for late
Kienbock’s disease and found that subjective pain improved
regardless of treatment type and that range of motion im-
proved significantly in all groups except nonsurgical treatment
and partial arthrodesis [6]. Proximal row carpectomy (PRC) is
a well-established technique for managing advanced wrist
arthritis, including advanced Kienbock’s disease. In 2012,
Chim et al. performed a systematic review of the available
literature on long-term outcomes following proximal row
carpectomy [3]. In a total of six articles with 147 patients,
the average weighted postoperative range of motion was 73.5°
of flexion/extension arc and 31.5° radial/ulnar deviation. The-
se results were comparable to the postoperative range of
motion in Luegmair’s SC arthrodesis study, whereas our re-
sults demonstrated a relative decrease in total range of motion
following fusion [8]. However, Chim et al. cautioned that
PRC may be best suited for individuals greater than
35 years old and involved in less demanding activities
as they found the majority of their failures in patients
under 35 years of age and involved in an active occupa-
tion. Of the 147 patients in the six included studies in
Chim’s analysis, there were a total of 21 failures (14.3 %)
that required reoperation, and these failures were evenly
divided among a range of wrist pathology that included
Kienbock’s disease. Of the six included studies, the study
with the greatest subset of patients with poor results also
had the greatest proportion of patients involved in manual
labor (76.5 %), suggesting that patients involved in de-
manding labor postoperatively may have the worst out-
comes following PRC [1]. At the conclusion of their
analysis, the authors recommend PRC as best suited for
patients greater than 35 years old and involved in less
demanding activities. Similar findings were reported by
DiDonna et al. with two of their four failures in patients
with Kienbock’s disease [4]. The authors recommended
against PRC for patients younger than the age of 35 years.

With regard to the limitations of our study, this was a
retrospective study looking at short-term follow-up of patients
undergoing scaphocapitate for advanced Kienbock’s disease.
We had limited preoperative data onwrist range of motion that
would have been helpful to compare to our postoperative
range of motion. Furthermore, pre- and postoperative data
on grip strength would be beneficial to see if our findings
correlated with other published reports on SC arthrodesis and
PRC. Additionally, some reports have identified an increased
rate of radioscaphoid arthritis following SC fusion as
Luegmair et al. identified a rate of secondary radioscaphoid
osteoarthritis at 50 % in ten patients at a mean follow-up of
8.75 years [8]. As such, the potential for delayed
radioscaphoid arthritis in our cohort with more long-term
follow-up is possible.

Kienbock’s disease is one of low prevalence with a poorly
defined treatment algorithm, and surgeons may base manage-
ment decisions on small reported series such as ours due to the
lack of treatment consensus [14]. Our study does not suggest
that scaphocapitate arthrodesis is the proper treatment for all
cases of advanced Kienbock’s disease, but rather our results
suggest that scaphocapitate arthrodesis is a reasonable alter-
native to proximal row carpectomy as a salvage procedure in
patients with advanced Kienbock’s disease that provides pain
relief and functional range of motion. Further investigations
should include long-term outcomes of patients with
scaphocapitate arthrodesis for treatment of Kienbock’s disease
as well as grip strength measurements and patient reported
outcome questionnaires. There is a paucity of literature on
functional outcomes of scaphocapitate fusion, compared to
the published reports on proximal row carpectomy, and other
midcarpal fusions such as four-corner fusions, capitolunate
fusions, and scaphotrapeziotrapezoid fusions.
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