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Arthroscopic Lunate Excision Provides Excellent ®
Outcomes for Low-Demand Patients with Advanced
Kienbock’s Disease

Takamasa Shimizu, M.D., Ph.D., Shohei Omokawa, M.D., Ph.D.,
Kenji Kawamura, M.D., Ph.D., Yasuaki Nakanishi, M.D., Ph.D.,

Tadanobu Onishi, M.D., Ph.D., Mitsuyuki Nagashima, M.D., Hideo Hasegawa, M.D., Ph.D.,
Shimpei Kurata, M.D., Ph.D., and Yasuhito Tanaka, M.D., Ph.D.

Purpose: To examine the clinical outcomes of arthroscopic lunate excisions for advanced Kienbock’s disease.
Methods: Fifteen patients (six men and nine women; mean age: 65 years; range: 48-83 years) with advanced Kien-
bock’s disease, who underwent arthroscopic lunate resection between April 2008 and March 2016, were reviewed
clinically and radiographically after a follow-up of >2 years (mean: 29 months; range: 24-60 months). Clinical pa-
rameters, such as wrist range of motion, grip strength, Disabilities of the Arm, Shoulder, and Hand (DASH) score, and
patient-rated wrist evaluation (PRWE) score were evaluated. Radiographic parameters included radioscaphoid angle,
scaphocapitate angle, carpal height ratio, ulnar-triquetrum distance, and the scaphoid-triquetrum distance. Wilcoxon'’s
signed-rank test was used to compare measurement results. Results: During the final follow-up, patients exhibited
significant improvements, such as 42.9° in wrist range of motion (P = .009), 24.5% of the contralateral side in grip
strength (P =.001), 26.2 points in DASH score (P =.002), and 37.8 points in PRWE score (P < .001), compared with the
preoperative values. The radioscaphoid and scaphocapitate angles significantly increased by 4.8° (P = .0027) and 3.7°
(P =.0012), respectively. The carpal height ratio, ulnar-triquetrum distance, and scaphoid-triquetrum distance signif-
icantly decreased by 0.05 (P < .001), 2.6 mm (P < .001), and 1.3 mm (P =.0012), respectively. Conclusions: Our results
suggest that arthroscopic lunate excisions provided excellent postoperative pain relief and functional recovery within 2
years of follow-up. Changes in carpal alignment and stress concentration on the radial side of the carpal bones could
occur in the long term; however, arthroscopic lunate excision can be a good surgical option for treating low-demand
patients with advanced Kienbock’s disease. Level of Evidence: Level IV, therapeutic case series

Introduction
Lunate excision is seldom indicated for the man-
agement of Kienbock’s disease because of further
proximal migration of the capitate and stress concen-
tration on the scaphoid.' Watson et al. postulated that a
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pattern of carpal collapse and scaphoid rotatory
deformity is seen in Kienbdck’s disease and emphasized
that the maintenance of carpal height ratio (CHR) and
correction of scaphoid alignment were essential in
preventing progressive degenerative change at the
radioscaphoid joint.”? Lunate excision combined with
limited wrist arthrodesis’ or inserting a spacer®’ is a
method of providing biomechanical support to the
carpus. However, a literature review suggested that
lunate excision’s clinical outcomes are comparable to
those of other conventional techniques,8 and satisfac-
tory results after >10 years have been reported.” "’
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The proximal end of the scaphoid is combined with
lunate and triquetrum to form a deep concavity that
articulates with the convexity of the combined capitate
and hamate. After lunate excision, the condyle formed
by the capitate and hamate should be supported by
newly formed proximal carpal row of the scaphoid and
triquetrum. The extrinsic carpal ligaments around the
lunate play a crucial role in connecting the scaphoid
and triquetrum. Lunate excision has been performed
using the dorsal wrist approach, while preserving the
volar capsule and a small fragment of the volar lip.'°
However, one of the reasons for the variations in clin-
ical outcomes and postoperative carpal collapse may be
the differences in preserving the dorsal extrinsic carpal
ligaments: the radiocarpal (DRC) and dorsal intercarpal
(DIC) ligaments. These ligaments are easily damaged in
cases of complete lunate excision, as the lunate is
attached to the DIC and DRC ligaments in 99% and
90% of patients, respectively.'” The disruption of these
ligaments can cause dysfunction of the proximal carpal
row, which leads to proximal migration of the capitate
and stress concentration on the scaphoid. The impor-
tance of ligament reconstruction has been reported in
recent years.’

We assumed that the arthroscopic approach could not
only remove the lunate from within the wrist joint, but
also preserve the dorsal extrinsic carpal ligaments
safely. This procedure can prevent the proximal
migration of the capitate and stress concentration on
the scaphoid without a spacer or limited wrist fusion.
However, there is little information available about the
clinical outcome after arthroscopic lunate excision for
the treatment of Kienbock’s disease. The purpose of this
study was to examine the clinical outcomes of arthro-
scopic lunate excision for treating advanced Kienbock’s
disease. We hypothesized that arthroscopic lunate
excision could preserve wrist function and prevent
progressive carpal collapse without a spacer.

Methods

This was a retrospective study performed at our uni-
versity hospital. Patients with advanced Kienbock’s
disease were treated between April 2008 and March
2016 with arthroscopic lunate excision and reviewed
clinically and radiographically after a follow-up of >2
years was included. This procedure was strongly rec-
ommended for unreconstructable lunates in patients
aged >65 years, regardless of their physical activity
level, and in low-demand patients aged <65 years.
Patients aged <65 years who were manual workers and
participated in high-demand sports activities were
indicated for a vascularized bone graft, vascularized
osteochondral bone graft from the femur,!®> or
radiolunate fusion with a vascularized bone graft.'*
Patients who were not reviewed, both, clinically and
radiographically, and those who participated in follow-
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up for less than 2 years, were excluded from the study.
The study received Institutional Review Board approval
from Nara Medical University (study no. 2547).

Unreconstructable lunates were defined as a highly
fragmented lunate and its shell structure largely
collapsed with joint incongruence in the radiolunate or
midcarpal joint on computed tomography (CT) scans.
Unreconstructable lunate evaluations were also based
on other imaging evaluations, arthroscopic findings,
age, and physical activity level. Imaging findings
included radiography and magnetic resonance imaging
(MRI). Partial or total necrosis was diagnosed using T2-
weighted MRI. Regarding arthroscopic findings, the
articular surface was evaluated on the basis of the Bain
and Begg arthroscopic classification.” A nonfunctional
articular surface has at least one of the following:
extensive fibrillation, fissuring, localized or extensive
loss, a floating articular surface, or fracture. Bain
grades 2b, 3, and 4 were defined as unreconstructable
lunates.

Surgical Approach

A traction tower was applied with 10-15 lbs of
traction. First, a 1.9-mm, 30° oblique arthroscope was
inserted through the 3-4 portal, and the articular
cartilage of the radiocarpal joint was viewed. Surgical
instruments were inserted through the 4-5 portal, and a
synovectomy was performed. The degeneration or tear
of the scapholunate (SL) ligament, lunotriquetral (LT)
ligament, or the triangular fibrocartilage complex were
examined with a surgical probe. Even if there is
degeneration of the SL and LT ligaments, reconstruc-
tion is unnecessary because the lunate is resected; if
there is degeneration of the triangular fibrocartilage
complex, debridement of the degenerated portion can
be considered along with synovectomy. Next, the
arthroscope was inserted through the radial midcarpal
portal, and surgical instruments were inserted through
the ulnar midcarpal portal to evaluate the articular
surface of the midcarpal joint (Fig 1). On the basis of the
Bain and Begg arthroscopic classification,'’ extensive
fibrillation, fissuring, localized or extensive loss, a
floating articular surface, or fracture were nonfunc-
tional articular surfaces.

Before lunate excision, it was recommended that the
membranous portion of the SL and LT ligaments be cut
with a radiofrequency probe to avoid accidental resec-
tion of the scaphoid and triquetrum. In cases with SL
and LT ligamentous tear or a complicated degree of
fragmentation, the initial marking of these ligaments’
location is important because the ligament may be
misplaced in inadequate lunate excision. First, the
lunate’s proximal part on the dorsal aspect was resected
through the radiocarpal joints with the ablation bar
(Fig 2A). Next, the volar segment of the lunate was
resected through the midcarpal portal (Fig 2B). Finally,
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Fig 1. Arthroscopic findings of the lunate. Arthroscopic
findings of the right wrist (30° scope). View from the radial
midcarpal portal showing that the articular surface of the
lunate in the midcarpal joint was severely fragmented and
unreconstructable. C, capitate head; L, fragmented lunate.

the arthroscope was inserted through the volar portal.
The remaining distal part of the lunate on the dorsal
aspect was resected with the ablation bar inserted
through the 3-4 portal or 4-5 portal (Fig 2C). The dorsal
and volar SL and LT ligaments and attachment sites of

A

Fig 2. Schema of the lunate
resection (lateral view). (A)
Resection of the dorsoprox-
imal part of the lunate from
the radiocarpal joint (1). (B)
Resection of the volar part of
the lunate from the mid-
carpal joint (2). (C) Resec-
tion of the dorsal distal part
through the volar portal (3).
C: capitate; R, radius.
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each ligament were preserved. Other extrinsic
ligaments that attach to the volar and dorsal cortexes of
the lunate were also preserved.

During the postoperative course, a short-arm cast was
applied from the immediate postoperative period until
3 weeks postoperatively. Physiotherapy of the wrist
joint was started after the cast was removed. A
wrist immobilization orthosis was applied from 3 weeks
to 3 months postoperatively when using the affected
limbs.

Clinical Evaluation

An orthopedic and trauma surgeon (K.K.), unaware
of the patient medical history, completed the following
measurements at the final follow-up. Clinical outcome
evaluations included the wrist range of motion (ROM)
(flexion-extension) and grip strength (% relative to the
contralateral side). The ROM of the wrist was assessed
with a handled goniometer, and the grip strength was
measured 3 times, with a 30-second interval between
measurements, using a Jamar dynamometer (Jamar;
Smith and Nephew, Memphis, TN).

Patients were asked to respond to the Disabilities of
the Arm, Shoulder, and Hand (DASH) and Patient-
Rated Wrist Evaluation (PRWE) questionnaires. The
DASH is a 30-item self-report questionnaire that mea-
sures physical function and symptoms in patients with
musculoskeletal disorders of the upper limb.'® The
PRWE is a validated 15-item wrist-specific question-
naire for pain and function and has been used to assess
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subjective outcomes in patients with wrist injuries.'”"®

Both questionnaires are scored from 0 to 100, with
lower scores indicating a better condition.

Statistically clinically significant outcome improve-
ment in patient-rated outcomes was determined using
the minimal clinically important difference (MCID), as
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Fig 3. Preoperative and postoperative ra-
diographs of standard anterior-posterior
and lateral view of the right wrist (A and
B). Ulnar-triquetrum distance (UTD) was
measured as the distance between the ul-
nar head and the proximal ridge of the
triquetrum. Scaphoid-triquetrum distance
(STD) was measured as the distance be-
tween the ulnar ridge of the scaphoid and
the radial ridge of the triquetrum.

previously established in the literature.'”*° MCID was
defined as the minimal difference in a patient-rated
outcome perceived by the patient as being beneficial
because there are small differences that patients cannot
perceive, even if they are statistically significant. During
this study, MCID was defined as more than a 10-point
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Table 1. Preoperative and Postoperative Clinical Results

el391

Postoperative Difference in Postoperative
Preoperative (Final Follow-Up) to Preoperative P
Flexion-extension (degree) 77.5 £ 32.7 120.4 £ 25.9 429 + 274 .009
Grip strength (% vs contralateral) 54.6 &+ 22.4 77.1 £ 14.4 245 £294 .001
DASH score 38.0 &+ 24.7 13.4 £ 14.1 —26.2 £23.2 .002
PRWE 49.6 £+ 23.8 13.2 + 14.5 —37.8 £ 23.2 <.001

DASH, Disabilities of the Arm, Shoulder, and Hand; PRWE, patient-rated wrist evaluation.

change in the DASH scores and more than a 14-point
change in the PRWE scores.”! In addition, because a
wrist with a DASH and PRWE score of 20 points or less
has been considered free of disability, we defined an
excellent outcome as a final DASH and PRWE score of
20 points or less.””

Radiographic Evaluation

Posteroanterior and lateral views of the preoperative
and postoperative wrist radiographs were acquired with
the forearm in the neutral rotation. All the preoperative
and postoperative evaluations were performed by two
orthopedic surgeons (M.N. and H.H.). The radiographic
parameter, including the CHR, radioscaphoid angle
(RSA), scaphocapitate angle (SCA), and ulnar variance
(UV) were measured. The ulnar-triquetrum distance
(UTD) was measured as the distance between the ulnar
head and the proximal ridge of the triquetrum (Fig 3). The
scaphoid-triquetrum distance (STD) was measured as the
distance between the ulnar ridge of the scaphoid and the
radial corner of the triquetrum (Fig 3). The radiographs
were randomly distributed to two examiners after
removing any identifying patient’s information. To avoid
recall bias, the examiners repeated their measurements
on all radiographs in a similar manner following a period
of at least 2 weeks from the initial assessment.

Statistical Analysis

Wilcoxon'’s signed-rank test was used to determine
differences between preoperative and postoperative
variables of the ROM, grip strength, DASH scores,
PRWE scores, and radiologic parameters. A P value
<.05 was considered statistically significant. The
radiographic parameters were continuous variables,
and interclass correlation coefficients were used to
assess inter-rater and intrarater reliabilities. Data anal-
ysis was conducted using the Statistical Package for the
Social Sciences (SPSS) software package (version 22.0;
SPSS Inc., Chicago, IL).

Results
We identified 17 consecutive patients treated from
April 2008 and March 2016 eligible for this study, of
which 2 patients were excluded because of the short
follow-up period. Thus, 15 wrists (patients) were
included in the study cohort.

Fifteen patients (six men, nine women; mean age: 65
years; range: 48-83 years) were reviewed during this
study. The mean follow-up period was 29 months
(range: 24-60 months). Using the radiographic staging,
according to the Lichtman classification, one patient
was classified as stage IIIB, 13 patients were classified as
stage IIIC, and one patient was classified as stage IV.
During the intraoperative arthroscopic evaluation of
the articular cartilage, according to the Bain and Begg
arthroscopic classification,” 11 patients were classified
as grade 2b, 3 patients were classified as grade 3, and 1
patient was classified as grade 4.

During the final follow-up, the patients exhibited
significant improvements, such as 42.9° in wrist ROM
(P = .009), 24.5% of the contralateral side in grip
strength (P = .001), 26.2 points in DASH score
(P = .002), and 37.8 points in PRWE score (P < .001)
compared with the preoperative values (Table 1). After
surgery, 11 of the 15 patients (73.3%) showed clinically
significant improvement in the DASH score, and 13 of
the 15 patients (86.7%) showed clinically significant
improvement in the PRWE score. An excellent outcome
was achieved in 13 of 15 patients (86.7%) in the DASH
score and 12 of 15 patients (80.0%) in the PRWE score.

Regarding the radiographic evaluation, CHR, RSA,
SCA, UV, UTD, and STD showed excellent intra-rater
reliability (0.77-0.99). CHR, RSA, and SCA showed
good and fair inter-rater reliability (0.52-0.73). UV,
UTD, and STD showed excellent inter-rater reliability
(0.91-0.97). After arthroscopic lunate excision, CHR
significantly decreased by an average of 0.05. RSA and
SCA significantly increased by an average of 4.8° and
3.7°, respectively. UV did not significantly change. UTD
and STD significantly decreased by 2.6 mm and 1.3
mm, respectively (Table 2). There is no osteoarthritic
change in the radiocarpal and midcarpal joints.

Complications

Four patients with positive ulnar variance >2 mm
had postoperative sclerotic changes in the ulnocarpal
joint, but none reported severe joint pain.

Discussion
Our investigation demonstrated that arthroscopic
lunate excision could provide adequate pain relief and
optimal patient-rated functional outcomes and improve
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Table 2. Preoperative and Postoperative Radiological Results
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Intra-rater Reliability for Intra-rater Reliability for

P Inter-rater Reliability Orthopedic Surgeon 1 Orthopedic Surgeon 2

CHR

pre .50 + .034 <.001 .58 (.052-.88) .89 (.67-.97) .88 (.64-.97)

post 45 + .024 .65 (.081-.99) .83 (.50-.95) .85 (.55-.96)
RSA (degree)

pre 634+ 43 .027 .52 (.041-.84) .83 (.52-.95) .91 (.70-.97)

post 68.2 + 5.0 73 (.15-.92) 78 (.40-.94) .92 (.74-.98)
SCA (degree)

pre 76.2 £ 5.6 012 70 (.23-.91) .89 (.67-.97) .84 (.55-.96)

post 79.9 + 4.4 72 (.24-.92) .85 (.54-.96) 77 (.36-.93)
UV (mm)

pre .53+ 1.9 .168 91 (.71-.98) 99 (.97-.99 .99 (.96-.99)

post 30 £ 2.0 .97 (.88-.99) 98 (.92-.99 .99 (.98-.99)
UTD (mm)

pre 47 +£22 <.001 .93 (.70-.98) 99 (.97-.99) .99 (.98-.99)

post 2.1 +£22 .98 (.94-.99) 98 (.94-.99) .97 (.68-.97)
STD (mm)

pre 10.6 £ 1.1 012 .92 (.73-.98) .93 (.78-.98) 91 (.72-.98)

post 93420 .96 (.88-.99) .93 (.78-.98) .99 (.97-.99)

CHR, carpal height ratio; RSA, radioscaphoid angle; SCA, scaphocapitate angle; STD, scaphoid-triquetrum distance; UTD, ulnar-triquetrum

distance; UV, ulnar variance.

objective findings of wrist ROM and grip strength, with
minimal disability within 2 years of follow-up. Further-
more, none of the patients underwent additional surgery
during the 2-year follow-up. The patient-rated outcome
evaluation, including DASH score and PRWE, demon-
strated that more than 73 % of patients showed clinically
significant improvement, and more than 80% of patients
showed an excellent outcome. This procedure has
several advantages. First, it can preserve the range of
wrist motion in both the radiocarpal and midcarpal
joints. The limited wrist fusion with lunate excisions
could provide the postoperative wrist range of motion
(flexion-extension) ranged from 66° to 85° in long-term
follow-up.””> However, arthroscopic lunate excision
could provide averaged 120° in the 2-year follow-up.
Second, it needs only short-term postoperative ther-
apy. Although limited wrist fusions require wrist
immobilization for 6 to 12 weeks with short or long arm
casts,””’ arthroscopic lunate excision requires 3 weeks of
immobilization with a short arm cast, which is similar to
the postoperative course of proximal row carpec-
tomy.””** The current study demonstrated that the
arthroscopic lunate excision has the potential to become
a widely used surgical option for the low-demand
patients of advanced Kienbock’s disease with unrecon-
structable lunates.

Progressive carpal collapse, including scaphoid volar
flexion, decreased carpal height, and ulnar translation
were inevitable complications after lunate excision.
Contrastingly, Rhee et al. reported that the scaphoca-
pitate arthrodesis with lunate excision in advanced
Kienbock’s disease significantly decreased the mean
MCHR; however, symptomatic carpal collapse was not
evident until a mean of 5 years of follow-up.* Charre

et al. also reported that the scaphocapitate arthrodesis
with lunate excision demonstrated that the degree of
correction of scaphoid flexion does not significantly
affect clinical outcome, and there were only two cases
(11.7%) of styloscaphoid arthritis in the mean 10.7
years of follow-up.” These reports suggested stabilizing
the midcarpal joint acts protectively against the
progressive carpal collapse in the wrist joint. During this
study, with the minimum of a 2-year follow-up period,
the CHR decreased. The scaphoid flexed in the volar
direction with an average of 4.8° in RSA and 3.7° in
SCA; however, the STD decreased with an average of
1.3 mm postoperatively. By sandwiching the condyle
formed by the capitate and hamate between the
scaphoid and the triquetrum, the load can be distrib-
uted to the scaphoid and triquetrum. None of the
patients developed degenerative changes at the radio-
scaphoid joint. We assum that the extrinsic carpal lig-
ament can provide stability for the midcarpal joint and
have a protective effect on the progressive carpal
collapse in the wrist joint. However, unlike arthrodesis,
there is a possibility that the reserved ligaments may
degenerate with long-term loading. It is necessary to
pay attention to the appearance of the degenerative
changes in the long-term follow-up.

Menth-Chiari et al.”” first reported the outcomes of
arthroscopic debridement; all seven patients in that
study with advanced Kienbock’s disease showed
significant improvements in pain symptoms and expe-
rienced complete relief of mechanical symptoms.
However, in their study, 3 patients were followed up for
6 months, and 2 of the remaining 4 patients who
participated in long-term follow-up (18-42 months)
had radiographic images showing that the remaining
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lunate had developed degenerative changes. Five of
those 7 patients had a complete SL ligament tear or LT
ligament tear, which caused further fragmentation of
the remaining lunate and carpal instability, similar to
the scapholunate advanced collapse wrist. Watson et al.
demonstrated that 32% of STT fusion for Kienbock’s
disease required lunate excision for additional surgery.”
To avoid degeneration of the central column at the
radiolunate and midcarpal articulations, complete
arthroscopic lunate excision was preferred over
arthroscopic lunate debridement for patients with
unreconstructable lunates. Concerning the appropriate
amount of the lunate excision, we believe it is appro-
priate to remove all but the dorsal and volar cortex of
the lunate. Future biomechanical studies will have to
confirm the effects of maintaining these carpal liga-
ments and the wrist joint’s associated kinematics.

In the current study, the UTD decreased by approxi-
mately 2.6 mm from 4.7 mm before surgery to 2.1 mm
after surgery. Three patients with preoperative UTD less
than 3 mm developed sclerotic changes in the ulno-
carpal joint after lunate excision. Kawai et al. also
reported that the ulnotriquetral distance decreases 2.2
mm (on an average) after lunate excision.'” These results
suggested that patients with preoperative UTD less than
3 mm are at a risk of developing the ulno-carpal
impaction syndrome in the long term. Kienbock’s dis-
ease in elderly patients exhibits different behavior than
in pediatric and adult cohorts,”® and the majority of pa-
tients with Kienbock’s disease older than 70 years were
associated with positive UV.?” In the current study, the
average age was 65 years, and 14 of 15 patients (93.3%)
had positive UV. Because Kienbock’s disease in elderly
patients tends with positive UV and smaller UTD, the
surgeons should be aware of the risk of postoperative
ulno-carpal impaction syndrome and should explain the
possibility of additional arthroscopic surgery, such as
wafer procedure’® in the application of arthroscopic
lunate excision.

Limitations

The main limitations of this study were the use of a
retrospective case series design and a short-term follow-
up period. Additionally, the number of patients was
small; there was no comparative treatment due to lack
of a control group. Furthermore, it is necessary to
examine the changes in pressure distribution in the
proximal carpal row after arthroscopic lunate excision
in the biomechanical study. This study aimed to look
at a small cohort of low-demand patients, and
these outcomes may not be generalized to younger,
higher-demand patients.

Conclusion
Our results suggested that arthroscopic lunate
excisions provided excellent postoperative pain relief
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and functional recovery within 2 years of follow-up.
Changes in carpal alignment and stress concentration
on the radial side of the carpal bones could occur in the
long term; however, arthroscopic lunate excision can be
a good surgical option for treating low-demand patients
with advanced Kienbock’s disease.
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