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Osteonecrosis of the Lunate:
Kienböck Disease

Abstract

Kienböck disease, osteonecrosis of the lunate, is a well-known but
poorly understood complication seen by hand surgeons. This review
presents the background and important patient-specific parameters
of the disease and reviews the numerous treatment options that exist
for the disease.

The first description of Kienböck
disease, also known as osteo-

necrosis of the lunate, is attributed to
Peste in 1843. However, his case
report is an autopsy, is on a patient
dying from a five-story fall, and is
most consistent with a traumatic
lunate fracture rather than osteonec-
rosis and carpal collapse. In 1910,
Robert Kienböck, a radiologist,
described the radiographic changes
associated with lunatomalacia, and his
name has become the eponym for
lunate osteonecrosis.
The exactmechanism(s) ofKienböck

disease has not been fully elucidated. It
is thought to be an interplay between
altered vascular perfusion, repetitive
microtrauma, variable lunate anat-
omy, altered loading and kinematics,
and potential systemic disease.

Relevant Anatomy

Lunate ischemia is thought to be a
major factor in Kienböck disease.
Although the lunate typically has both
palmar and dorsal blood supplies,
20% to 26% of lunates may have a
singular palmar blood supply,
increasing their risk for osteonec-
rosis.1,2 A singular palmar blood
supply and type I intraosseous pattern
may predispose a lunate to osteonec-
rosis from vascular disruption or
coronal fracture. A dual dorsal blood

supply and intraosseous plexus (pat-
tern Y or X) could be protective of
osteonecrosis (Figure 1).
Lunate biomechanics and altered

loading have been suggested as addi-
tional factors in Kienböck disease.
Schuind et al3 estimated the relative
force transmissions across the radio-
scaphoid (RS) joint, the radiolunate
(RL) joint, and the triangular fi-
brocartilage complex to be 55%,
35%, and 10%, respectively. They
reported an increased lunate uncover-
ing index (degree to which the lunate
extends ulnar to the distal radius) re-
sulted in a less force transmission
across the radiolunate joint with
higher transmission across the radio-
scaphoid and ulnolunate (UL) joints.3

Conversely, Ledouc reported lunate
uncovering increased RL peak pres-
sures but without a notable change in
RL/UL load ratios.4 Ulnar negative
variance also increased RL/UL load
ratios and peak pressure ratios.
Vagaries in lunate morphology may

also contribute to Kienböck disease.
Viegas et al5 characterized lunate
morphology based on the absence
(type I) or presence (type II) of amedial
hamate facet (Figure 2). A type II
lunate provides inherent carpal stabil-
ity.6 In the setting of Kienböck disease,
this stability provides some protection
against coronal fracture and advanced
progression of Kienböck disease.7
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Proximal capitate morphology has
beenconsidered in relation toKienböck
disease as well. Yazaki et al8 described
three different capitate morphologies:
flat type (64%), spherical (21%), and
V-shaped (14%) (Figure 2). There
were no V-shaped capitates associated
with type I lunates, whereas both flat
and spherical capitates were seen with
both type I and II lunates. They pos-
tulated that the V-shaped capitate may
increase loading on the radial lunate
and be a risk factor.

Natural History

A classic patient with Kienböck is a
young man (20 to 40), a manual
laborer, with unilateral disease. Pa-
tients present with nonspecific symp-
toms including generalized central
wrist pain, altered ROM, and pain
with grip, loading, and decreased
ROM. Most report an insidious onset
with progressive symptoms without a
traumatic event.
Limited studies and knowledge exist

on the natural history of Kienböck
disease. Keith et al9 reported a series of
33 patients managed conservatively
and reviewed the course of their dis-
ease. They reported that increasing
stages of disease resulted in no change
in visual analog pain scores or HSS
scoring, but they did report a trend of
decreasing ROM, grip strength (40%
difference between Lichtman stage II
and IV), and deteriorating DASH
scores, worse in patients with symp-
toms over 10 years. They also found
that the radioscaphoid angle was the
best measurement to characterize the
radiologic progression of the disease
and progressive carpal collapse.
Conversely, Fujisawa et al10 reported

favorable results with conservative
management in their case series of 17
patients with over 10 years of follow-
up. All patients reported moderate to
severe pain at their initial visit, but at
the final follow-up, nine were pain-
free, six had slight discomfort during

or after heavywork, one had occasional
moderate pain, but none had severe
pain stopping them from working with
improved pain. Only one patient had a
flexion-extension arc under 60�. The
mean grip strength was 79.9% of
contralateral (range 30% to 100%).
Radiologically, five patients had no

progression, eight progressed, and
four improved; however, initial true
lateral radiographs were not avail-
able for most patients.

Diagnosis

Diagnosis is made by correlating
physical examination, history, and
radiographic findings (XR, including
ulnar variance views). Radiographi-
cally, Kienböck disease starts with
osteonecrosis changes in the lunate
including sclerosis and MRI signal
changes. Further degeneration results
in lunate collapse, fracture, scaphoid
flexion, loss of carpal height parame-
ters, and carpal arthritis including the
radiolunate, capitolunate, and possi-
bly radioscaphoid joints.
Advanced imaging is helpful

because CT scans frequently result in
upstaging in Kienböck disease, espe-
cially in stage II patients with lunate
collapse not seen on plain radio-
graphs. MRI scans facilitate the
diagnosis of osteonecrosis in patients

who have no other radiographic
changes. Gadolinium-enhanced MRI
scans may improve diagnostic accu-
racy. Although CT and MRI char-
acterize the osseous architecture and
soft-tissue pathology, diagnostic wrist
arthroscopy is essential for accurate
evaluation of the articular surfaces
because advanced imaging does not
accurately reflect cartilaginous deg-
radation (Figure 3).

Classification Systems

Staging is based on the Lichtman
classification describing the degenera-
tion and changes seen within the
lunate and carpus (Figure 4).11,12 The
classification differentiates early
findings from unstable and non-
salvageable lunates and end-stage
pan-lunate arthritis. The Bain arthro-
scopic grading system describes the
status of the intermediate column
articular surfaces and thus guides the
treatment (Figure 5).13

More recently, an unvalidated,
combined classification system has
been introduced (Figure 6),14 which
accounts for the osseous, vascular,
and cartilaginous effects of the disease
while adding patient age and second-
ary wrist involvement with manage-
ment options for each stage.

Figure 1

Photograph showing the lunate vascularity patterns. An intraosseous plexus
(type Y and X) may be protective of lunate osteonecrosis when compared with
the I type. (Reproduced with permission from Gelberman RH, Bauman TD,
Menon J, Akeson WH: The vascularity of the lunate bone and Kienbock’s
disease. J Hand Surg 1980;5[3]:272-278, with permission from Elsevier.)1
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Figure 2

Photograph showing the carpal morphologies. A type II lunate with a hamate facet and articulation helps prevent carpal
collapse, lunate coronal fracture, and progression of Kienböck disease. There is some thought that a V-shaped capitate,
when compared with the flat type and spherical type, may result in increased loading across the lunate and microtrauma,
which may contribute to the development of osteonecrosis. (Reproduced with permission from Haase SC, Berger RA, Shin
AY: Association between lunate morphology and carpal collapse patterns in scaphoid nonunions, J Hand Surg 2007;32
[7]:1009-1012, and Yazaki N, Burns ST, Morris RP, et al: Variations of capitate morphology in the wrist. J Hand Surg
2008;33(5):660-666, with permission from Elsevier.)6,8
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Treatment

Conservative Management
The early conservative management of
Kienböck disease includes immobili-
zation and anti-inflammatory medi-
cations. The rationale for conservative
treatment is based on the report by
Stahl that 50% of patients improved
or were cured after two months of
immobilization.15

Newer studies have shown that
conservative management is indicated
in early stage findings (Lichtman stage
1 or 2 and Bain 0) and provides
symptom relief and may improve
synovitis but may not change the pro-
gression of the disease. Keith et al9

outlined a predictable pattern of
deteriorating motion, grip strength,
and DASH scores in these patients.

Surgical Management
Treatment options for Kienböck dis-
ease fall into four main categories:
core decompression, joint leveling/lu-
nate unloading, lunate revasculariza-
tion, and salvage procedures. Given
the relative rarity of the disease, the
variable patient anatomy and Licht-
man stages/Bain grades, few high-
quality well-controlled studies exist
to help guide treatment. It is impera-
tive to consider a patient’s anatomy,
the degree/locations of articular
involvement, and risk factors when

determining the treatment of patients
with Kienböck disease.

Core Decompression

Core decompression was first
described by Illarramendi et al16 in
2001. Core decompression involves
surgical impaction of the cancellous
bone within the metaphysis of the
distal radius through a cortical win-
dow. They reported 22 patients with
stage I-IIIa Kienböck disease with an
average of 10 years of follow-up and
reported good results, with 16 of 22
pain-free patients, with an average
range of motion (ROM) and grip
strength of 77% and 75% of the

Figure 3

Photographs showing the case series showing that preoperative imaging (XR, CT, or MRI) does not capture the state of
articular cartilage. Intraoperatively, this patient was found to have a denuded proximal lunate articular surface (Reproduced
with permission from Mayo Foundation for Medical Education and Research, Rochester, MN. All rights reserved.)
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contralateral side. Seventeen of 22
patients had no change in the Licht-
man stage; two improved radiologi-
cally, whereas three progressed
radiologically. Based on T1/T2 MRI
signal change, some lunate revascu-
larization may be occurring. Sherman
et al17 evaluated core decompression

in a biomechanical cadaver model
and found that the stiffness of the
distal radius markedly decreased
(198.6 N/mm from 229.4 N/mm)
without much change across the
lunate fossa. Zaidenberg et al18 re-
viewed their 101 year results of core
decompression of the distal radius in

the Lichtman stage II and IIIa patients.
They reported favorable modified
Mayo Wrist Scores, 9 of 23 excellent
scores, 11 of 23 good scores, 2 of 23
moderate, 1 of 23 poor, and an
average visual analog scale (VAS)
pain score of 1.1. No notable out-
come difference was observed in stage

Figure 4

Illustration showing the modified Lichtman classification. (Reproduced with permission from Mayo Foundation for Medical
Education and Research, Rochester, MN. All rights reserved.)11,12
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Figure 5

Illustration showing the Bain arthroscopic grading system. (Reproduced with permission from: Bain G, Begg M: Arthroscopic
assessment and classification of Kienbock’s disease in Techniques. Tech Hand Up Extrem Surg 2006;10[1]:8-13 and
Bain G and Durrant A: An articular-based approach to Kienbock osteonecrosis of the lunate. Tech Hand Up Extrem Surg
2011;15[1], with permission from Wolters Kluwer Health, Inc.)13
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Figure 6

Illustration showing updated, unvalidated Bain/Lichtman combined classification system. (Reproduced with permission from
© Georg Thieme Verlag KG.)14

Osteonecrosis of the Lunate

576 Journal of the American Academy of Orthopaedic Surgeons

Copyright © the American Academy of Orthopaedic Surgeons. Unauthorized reproduction of this article is prohibited.



II versus IIIB patients, and 4 of 23
patients had radiologic progression of
their disease.
Mehrpour et al19 have recently

introduced the idea of dorsal lunate
core decompression. They reported 5-
year outcomes on 20 patients (Licht-
man stage I-10 patients, II-6 patients,
IIIa-3 patients, and IIIb-1 patient) and
found improved mean VAS, 88 to 14,
and DASH scores from 84 to 14. Two
patients, with stage IIIa and IIIb dis-
ease, required additional surgery
(radial shortening).

Joint Leveling/Lunate
Unloading

Joint leveling/lunate unloading proce-
dures alter the biomechanics of load
transmissionacross thewristand lunate
by equalizing the radial and ulnar var-
iance or by shortening carpal bones.
This includes radial shortening, capitate
shortening, and the Graner procedure.
Horii et al evaluated the force trans-
mission inacarpalmathematicalmodel
and found that STT, scaphocapitate
arthrodesis (SC), and CH arthrodesis
had minimal effects in radiolunate
loading (94%, 88%, and 105% of
normal radiolunate loading force,
respectively), whereas 4-mm joint
leveling procedures (radial shortening
or ulnar lengthening) and capitate
shortening provided far more unload-
ing at the radiolunate joint (48% and
34% of normal loading force, respec-
tively). In this model, the capitate
shortening dramatically increased
loading at the scaphotrapezial and tri-
quetral-hamate joints.20

Radial Shortening
Osteotomy

Radial shortening osteotomy (RSO)
unloads the lunate, particularly in the
negative ulnar variance wrist. Koh
et al21 reviewed their outcomes of
RSO in one Lichtman stage I, four
stage II, 11 stage IIIa, and six stage IIIb

wrists. A standard RSO was per-
formed for those with ulnar negative
variance, and a closing wedge oste-
otomy was performed for those with
ulnar neutral or positive variance.
They found notable improvement in
ROM (from 67% to 87% of contra-
lateral wrist), grip strength (from 62%
to 85% of contralateral wrist), pain
(12 pain-free and 12 with mild pain),
and anecdotal signs of lunate healing
(improved cysts and sclerosis). The
Lichtman stageswere improved in two
patients, unchanged in 11, and wors-
ened in nine. The Mayo Wrist Scores
were good or excellent in 96% of
patients.
Zenzai et al22 found similar results

in a long-term follow-up of 13 to 25
years in 14 wrists treated with
RSO. They performed a RSO for
ulnar minus and neutral variance
patients and a RSO combinedwith an
ulnar shortening osteotomy for those
with ulnar positive variance. Pain
scores, grip strength, ROM, and
Mayo Wrist Scores were statistically
improved, whereas three patients
advanced in stage and six patients
developed worsening midcarpal and
distal radioulnar joint arthritis.
Wada et al23 reviewed their 10 year

follow-up results in 13 patients (two
stage 2, eight stage IIIa, and three stage
IIIb) with ulnar neutral or position
variance managed with a distal radius
closing wedge osteotomy. They found
statistically significant improvements in
pain (three painless and 10 mild pain
with some activity), grip (98%), and
ROM (83%) compared with the
contralateral wrists. However, 8 of the
13 patients progressed radiographi-
cally. There were also changes in carpal
alignment, including a radial shift of
the carpus, decreased radial inclination,
and an increased lunate covering ratio.

Capitate Shortening

Capitate shortening or partial capitate
shortening is an option in ulnar neu-

tral or positive patients. Gay et al24

performed a review of 11 ulnar neu-
tral patients who had a capitate
shortening for stage II (five) and stage
IIIa (six) Kienböck disease with a
mean follow-up of 67 months. They
found good pain improvement (mean
VAS improved from 6 to 1.7), with
seven patients who were pain-free,
two with intermittent pain, and two
without relief (VAS five and seven).
Strength improved from 47% to 72%
of contralateral wrist, but there
was no change in ROM (69.7% to
66.4%).
Radiographically, six patients had

no Lichtman stage progression, three
improved, and two worsened.
No notable change was observed in

carpal height parameters, but scaph-
oid flexion was not evaluated.
Partial capitate shortening has been

described because of the concerns of
altered carpal kinematics leading to
palmar flexion of the scaphoid, per-
sistent lunate loading, and carpal col-
lapse.25 This technique preserves the
capitotrapezoid and capitoscaphoid
articulations and the capitates radial
length while shortening the lunate
loading portion of the capitate. Lim-
ited clinical results are available to
date. Singer et al26 reported a series of
20 patients (nine stage II and 11 stage
IIIb) managed with partial capitate
shortening, with an average follow-up
of 36.5 months. They found a modest
improvements in ROM (flexion/
extension arc 57% to 65.5%), grip
(49% to 63%), VAS (6.9 to 3.3), and
quick DASH score (60.8 to 38.3),
with Lichtman II patients obtaining
better outcomes.

Modified Graner Procedure

The modified Graner procedure is
indicated for patients with relative
sparing of the lunate facet and prox-
imal capitate. The lunate is excised,
and a transverse osteotomy ismade in
the capitate body. The proximal pole
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of the capitate is translatedproximally
to replace the lunate, and the oste-
otomy site and midcarpal surfaces are
arthrodesed. Takase and Imakiire
reported a case series of 15 patients
with an average age of 39 with an
average of 6.5 years of follow-up.27

They reported that grip strength re-
turned to 80% of the contralateral
wrist at 1 year, and the wrist range of
motion was unchanged preopera-
tively (74� flexion/extension). They
had only two patients with pain with
activity, but no conversions to total
wrist arthrodesis. More recently,
Ruettermann in a level 5 article cau-
tioned against the modified Graner
procedure, cited that many of its
original advocates have abandoned
the technique because of poor
outcomes.28

Lunate Revascularization

The concept of introducing a new
vascular supplywith vascular bundles
or vascularized bone grafts (VBG) has
resulted in numerous options over the
past two decades. Pedicled VBGs
often used in Kienböck disease
include those from the metacarpal
bases, dorsal, or palmar distal radius.
Free vascularized flaps have also been
used, including the medial femoral
condyle, medial femoral trochlea
(MFT), and iliac crest.29

Revascularization is only a viable
option if the lunate is salvageable.
Historically, Lichtman stage IIIb was a
contraindication to revascularization,
but recent advances have shown the
Bain grade to be a better predictor
because the condition of the cartilage
shell of the lunate is the primary
determining factor. A lunate with an
intact cartilaginous shell or a fractured
lunate that is amenable to screw fixa-
tion without marked arthritic change
can be salvaged.30

The Mayo Clinic group described
their experience with the dorsal 41 5
extensor compartment artery (ECA)

pedicled VBG in 26 patients with
stage II (12), stage IIIa (10), and stage
IIIb (four) Kienböck disease with a
mean follow-up of 31 months (Fig-
ure 7).30 They found improvements in
ROM (flexion-extension from 68%
to 71%), grip strength (50% to 89%),
an average Mayo Wrist Score of 77,
with excellent results in six, good re-
sults in six, fair results in nine, and
poor results in three. Ninety-two
percent had pain improvement. Sat-
isfactory Lichtman outcome scores
were seen in 85%, 77% had no fur-
ther collapse, and 71% had evidence
of revascularization. Those who had
the signs of revascularization on MRI
had higher Mayo Wrist Scores, more
frequently returned to work, andwere
less likely to worsen radiologically.
Fujiwara et al31 reviewed their

experience with vascularized bone
grafting in stage III Kienböck with a
mean follow-up of 12 years. They
had 18 cases (10 stage IIIa AND 8
stage IIIb) treated with VBGs from
the third metacarpal (9), second
metacarpal (2), and dorsal distal
radius VBG, two to three inter-
compartment supraretinacular (4),
and one to two intercompartment
supraretinacular (3). Of these pa-
tients, five stage IIIb patients had
concomitant RSO and two stage IIIb
patients had concomitant capitate
shortening (neutral ulnar variance).
According to the MayoWrist Scores,
the postoperative results were cate-
gorized as excellent (eight patients),
good (seven), and fair (three). Wrist
flexion improved by 18% and 17%,
extension by 8% and 18%, and grip
strength by 53% and 59% in stage
IIIa and IIIb patients, respectively.
Two patients had radiologic disease
progression; none had radiologic
Lichtman Stage improvement. Both
stage IIIb patients with concomitant
RSO had improved carpal height
and Stahl index scores.
Lunate salvage has been performed

in stage II-IIIa/b patients with notable
arthritic change or fragmentation

limited to the proximal pole of the
lunate with the MFT free flap (Bain
grade 1 or 2B). For this limited
patient demographic, a free vascu-
larized osteochondral graft can be
used to reconstruct the proximal
lunate. Bürger et al reported a case
series of 16 patients with a mean age
of 35 years with stage II, IIIa, and b
Kienböck treated with a free MFT
osteochondral graft. They found
perseveration of preoperative range
of motion, grip strength of 85% of
contralateral side, and complete pain
relief in 12 of 16 with a minimum 1
year of follow-up. They also had
radiographic down grading in four
patients (IIIa/b to II).32

Wrist Salvage

As Kienböck disease progresses, the
lunate fragments and the scaphoid
develops a fixed flexion stance with
proximal migration of the capitate.
Subsequent and advancing arthritic
changes occur across the radiolunate
and capitolunate joints. When the
lunate is no longer salvageable (too
fragmented with arthritic adjacent
articular surfaces), a number of treat-
ment options exist. These salvage
procedures include proximal row car-
pectomy (PRC), limited wrist arthro-
desis, and total wrist arthrodesis. The
most common limited wrist arthro-
desis options for Kienböck disease
include radioscapholunate arthrodesis
(RSL), SC, and scaphotrapezio-
trapazoid (STT) arthrodesis.
PRC is the creation of a nonana-

tomic radiocapitate articulation by
removal of the proximal row. There
is a risk in PRCof progressive arthritis
and the future need for a total wrist
arthrodesis. Thus, alternative treat-
ments are frequently sought in youn-
ger patients. Croog and Stern
reviewed their experiencewith PRC in
advancedKienböck disease Lichtman
stages III (18 patients) and IV (three
patients) with an average follow-up
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of 10 years.33 The average patient age
at the time of operation was 38, and
seven patients were heavy laborers.
Their patients did well overall, with
an average flexion-extension arc of
78%of the contralateral wrist (105�),
110% of the preoperative ROM,
87% of the contralateral grip
strength, and an average modified
Mayo Wrist Score of 84. Radio-
graphic follow-up showed degenera-
tion of the radiocapitate joint in 87%,
which did not correlate with the
subjective symptoms. Seven were
pain-free, nine had mild pain, and
two had moderate pain. Three failed
PRC, two of whom had stage IV

disease at the time of initial PRC and
went on to radiocapitate fusion.
Chim and Moran performed a sys-

tematic literature review of the long-
term (101 years) outcomes of PRC.34

They identified 135 patients from six
studies, with 33% of the patients
having Kienböck disease. They
reported a postoperative mean flexion-
extension arc of 73.5� and grip
strength of 68.4%of contralateral side,
with DASH, PRWE, and the Mayo
Wrist scores of 21.5, 28.7, and 66.9,
respectively. They found that 79% of
patients had radiocapitate arthritis, but
this did not correlate with symptoms,
outcome measures, or time from PRC.

They did express concerns that a PRC
may be a poor option in a laborer
because of decreased grip strength and
concerns of progressive arthritis and
failure.
The RSL arthrodesis is indicated in

patients with a nonsalvageable lunate,
ongoing radiolunate, and radio-
scaphoid arthritis, but sparing of the
midcarpal joints (specifically the cap-
itolunate).McGuire andBain reviewed
their RSL arthrodesis outcomes, with
and without excision of the distal pole
of the scaphoid.35 Without excision of
the distal pole of the scaphoid, non-
union rates between 0%and 25%and
wrist range of motion between 33%

Figure 7

Illustration showing four to five extensor compartmental artery vascularized bone graft. (Reproduced with permission from
Mayo Foundation for Medical Education and Research, Rochester, MN. All rights reserved.)
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Table 1

Kienbock Quick Reference Table

Treatment Options Description Indication Pro Con Outcomes References

Conservative
management

Immobilization, anti-
inflammatories

Lichtman stage 1-2,
Bain 0

Low risk. Synovitis
may improve.
Avoid surgical
complications.
Preserve surgical
options. Some
studies indicate
Kienböck disease
may burn out.

Likelihood of further
disease
progression and
worsening
symptoms
warranting surgical
intervention.

Inconsistent results
among studies.
Some report good
symptom
improvement or
resolution,
whereas others
report predictable
decline both
clinically and
radiographically.

9,10,15

Core
decompression

Surgical impaction of
native cancellous
bone within the
distal radius
metaphysis.
Alternatively
impaction of the
cancellous bone
within the lunate.

Lichtman stage I-IIIa
with limited
articular
involvement or
symptoms

Simple procedure.
Relatively low risk.
Limited
complication
profile.

Mechanism of
improvement not
well understood.
Likely does not
directly alter
ongoing
pathology. Is not
as definitive as
other options.
Limited lunate
unloading.

16 of 22 pain-free,
grip strength and
ROM 75% and
77% of
contralateral. 9 of
23 excellent Mayo
Wrist Scores, 2 of
23 moderate, 1 of
23 poor. Average
VAS 1.1. Lunate
core
decompression:
VAS 14 of 100,
DASH scores
ranging from
14 to 84.

16-19

Radial shortening
osteotomy

Excision of awafer of
distal radial
diaphysis to
effectively shorten
the radius relative
to the ulna by a
precalculated
amount.

Typically, ulnar
negative patients
with lower grade
disease (Lichtman
stage I-IIIa)
and minimal
articular
involvement/
symptoms. Some
have stretched the
indication to
include stage IIIb
or ulnar neutral or
even ulnar positive
patients (with a
closing wedge
osteotomy).

Provides some
lunate unloading.
Relatively simple
procedure. Widely
performed.
Numerous studies
with long-term
follow-up show
reliability.

Limited lunate
offloading. Risk
profile is a bit
higher, and
includes nonunion.

ROM 87% (from
67%), grip strength
85% (from 62%),
12 of 22 pain-free,
12 of 22 mild pain.
Good or excellent
Mayo Wrist
Scores in 96%.
Statistically
significant
improvements in
grip strength
(98%), ROM
(83%), and pain
(3 painless, 10
mild pain with
activity).

20-23

Capitate shortening Transverse wafer
excision in the
capitate vs partial
capitate
shortening,
preserving the
radial length of the
capitate.

Lichtman stage I-IIIa,
limited articular
involvement or
symptoms. Some
have used in the
Lichtman stage
IIIb.

Directly unloads the
lunate. Can be
done in ulnar
neutral or positive
patients.

Risk profile includes
capitate nonunion,
capitate proximal
pole
osteonecrosis,
advancing carpal
collapse,
worsened
capitotrapezoid,
capitoscaphoid, or
midcarpal arthritis.
Studies of the long-
term results are
limited.

Capitate shortening:
VASpain score 1.7
(6). Grip strength
72% (47%). No
change in ROM
(69.7%). Partial
capitate
shortening: ROM
65.5% (from 57%),
grip strength 63%
(from 49%), VAS
33.3 (from 6.9),
with a quick
DASH score
improvement
(38.3 from 60.8)

(continued )
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Table 1 (continued )

Kienbock Quick Reference Table

Treatment Options Description Indication Pro Con Outcomes References

Modified Graner Lunate excision,
transverse
capitate
osteotomy,
proximal
translation of the
capitate proximal
pole andmidcarpal
arthrodesis.

Any Lichtman stage
with relative
cartilage sparing of
the lunate fossa
and proximal pole
of the capitate.

Allows replacement
of a fragmented
and degenerated
lunate. Can obtain
a new,
radiocapitate
articulation and
preserve carpal
height.
Mechanically
similar to a four-
corner fusion and
thus, in theory,
makes sense for
younger high-
demand hands.

Limited long-term
studies. Many of its
early advocates
have abandoned
the technique
because of poor
outcomes in their
patients. Risks
include nonunion,
osteonecrosis of
the proximal pole
of the capitate,
radiocapitate
arthritis.

Grip strength
improvement to
80% of
contralateral at 1
year, unchanged
ROM over 6.5
years, only 2 of 15
patients with pain
with activity, and
no conversion to
total wrist
arthrodesis in one
study.

27,28

Lunate
revascularization

Pedicled or free
vascularized bone
graft to the lunate.

Historically, the
Lichtman stage I-
IIIA, but more
recently some
have
revascularized
stage IIIbKienböck
with MTF free
flaps. Relative
sparing of the
perilunate articular
cartilage.

Provides direct
robust blood flow
and healthy bone
to a
devascularized,
osteonecrotic
lunate. Can help
decrease carpal
collapse. Can
allow replacement
of the proximal
lunate cartilage
(free MFT). Can be
a last resort before
salvage
procedures.

Technically
challenging, does
not replace
cartilage loss
(except MFT),
limited long-term
follow-up studies.

Improved ROM
(71% from 68%),
grip strength (89%
from 50%), with
excellent Mayo
Wrist Scores in 6 of
26, good in 6 of 26,
fair in 9 of 26, and
poor in 3 of 26.
Improved ROM
(26% to 35%
improvement), grip
strength (53%
to 59%
improvement).
Patients with MFT
had preservation
of preoperative
ROM, grip strength
of 85% of
contralateral side,
and 12 of 16
patients had
complete pain
relief.

29-32

Proximal row
carpectomy

Excision of the
scaphoid, lunate,
and triquetrum,
creating a new
radiocarpal
articulation, with
the radiocapitate
joint at the primary
load-bearing joint.

Advanced Kienböck
disease with
relative sparing of
the cartilage at the
lunate fossa and
proximal capitate.

Relatively simple
procedure.
Commonly used
for various wrist
pathologies and
arthritis. Well-
studied outcomes
and risk profile
across various
diseases.

Limited to a specific
patient subset
(does not address
proximal capitate
or lunate fossa
arthritis). Risk of
progressive
arthritis at the
nonanatomic new
radiocarpal joint.
Salvage would be
total wrist fusion.

Good preservation
of motion (ROM
78% of
contralateral,
110% of
preoperative
ROM), 87% of
contralateral grip
strength, average
Mayo Wrist Score
of 84, at 101 years
7 of 21 patients
were pain-free, 9
of 21 mild pain, 2
of 21 moderate
pain, 3 of 21 went
on to total wrist
fusion. Mean
flexion-extension
arc of 73.5%, grip
strength of 68.4%
of contralateral,
MayoWrist Scores
of 66.9

33,34

(continued )
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and 40% of normal have been
reported. Midcarpal arthritis has a
tendency to develop over time, with
reported rates ranging from 35%
to 53%. Distal pole excision may
decrease nonunion rates by decreasing
the level arm of the scaphoid and
unlocking the RSL arthrodesis site,
contributing to further wrist ROM

and potentially decreasing the devel-
opment of secondary midcarpal
arthritis.36

SC has been applied for late stage
Kienböck disease. Iorio et al
performed a retrospective review of
patients with Lichtman stage IIIa and
IIIb who underwent an SC arthrodesis,
two of whom had STT-C arthrodesis.

In 12 patients, a mean flexion-
extension arc of 53� was obtained,
VAS pain score improvement from 6.6
to 2.8, with zero nonunions.37 They
also reviewed the literature on SCA
and PRC. In the literature, they
found a flexion-extension arc range of
64� to 87� and grip strengths of 19%
to 83% in patients with SCA. Those

Table 1 (continued )

Kienbock Quick Reference Table

Treatment Options Description Indication Pro Con Outcomes References

Radioscapholunate
arthrodesis

Arthrodesis of the
radiocarpal joint,
specifically
between the
radioscapholunate
articulations.

Any Lichtman stage
with relative
cartilage sparing of
the capitolunate
joint, but
involvement of the
radiocarpal joints.

Addresses
symptomatic
radiocarpal
arthritis and can
improve scaphoid
flexion deformities
and some carpal
collapse
parameters.

Does not address
any midcarpal
arthritis, risk of
nonunion, doesnot
address proximal
capitate migration
and some
associated
alterations of wrist
kinematics. Risk of
increasing
midcarpal arthritis
as the primary
location of wrist
motion. Salvage is
total wrist
arthrodesis.

Wrist ROM of 35%
to 53% of
contralateral.
Reported
nonunion rates
between 0% and
25%. Reported
rates of midcarpal
arthritis between
35% and 53%.

35,36

Scaphocapitate
arthrodesis

Arthrodesis of the
scaphocapitate
articulation after
reducing the
scaphoid flexion
and proximal
capitate migration
of deformities.

Late-stage Kienböck
disease with
relative
preservation of the
radioscaphoid
articulation.

May improve carpal
collapse
parameters.
Offloads the
lunate, especially
in fragmented or
resorbed lunates
with proximal
capitate migration.
Partial or total
lunatectomy can
be performed
concomitantly.
Can be done in
late-stages of
disease.

Risks of nonunion,
ulnar translation of
the carpus, and
progressive
radioscaphoid
arthritis. Salvage is
total wrist
arthrodesis.

Average flexion-
extension arc of
64�-87�, grip
strengths of 19%
to 83% of
contralateral, VAS
improvement from
6.6 to 2.8. Zero
nonunions. Pain
improvement in
74%, increased
grip strength,
average flexion-
extension arc of
66�.

37,38

Scaphotrapezio-
trapezoid
arthrodesis

Arthrodesis of the
scaphotrapezio-
trapezoid
articulation with
correction of
scaphoid flexion
deformity.

Late-stage Kienböck
disease with
relative
preservation of the
radioscaphoid
articulation.

Offloads the central
pillar of the wrist by
increasing load
bearing of the
radial pillar. Well-
studied outcomes
and risk profile
across various
diseases.

Does not directly
address any
arthritis of the
radiolunate,
capitolunate, or
radioscaphoid
articulations, only
provides some
offloading of the
intermediate
column, risk of
nonunion, risk of
radioscaphoid
arthritis as the
primary location of
load bearing.
Salvage is total
wrist arthrodesis.

Average flexion-
extension arc of
66�-69�, grip
strengths of 68%
of contralateral
side. Deterioration
of flexion-
extension arc from
54% to 39% of
contralateral at 1
year, grip strength
improvement from
52.9% to 62.1% of
contralateral,
slightly improved
Mayo wrist scores
from 50.6 to 58.

39,40

MFT = medial femoral trochlea
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with a PRC had a reported flexion-
extension arc range of 69% to 115%
degrees and grip strengths of 48%
to 94%.
Rhee et al38 published their expe-

rience with SC arthrodesis in Licht-
man stage III and IV patients
combined with subtotal or total lu-
natectomy. They identified 27 pa-
tients and reported zero nonunions,
pain improvement in 74%, a mean
flexion-extension arc of 66�, and
increased grip strength. They also
found asymptomatic radiographic
carpal collapse and ulnar translation
of the carpus.
Watsonetal39 reviewed 105 patients

who had Kienböck disease who
received an STT arthrodesis. They
found that patients with Kienböck
had a postoperative flexion/extension
arc of 46� and 41�, respectively (69%
and 66% of contralateral wrist), and a
grip strength of 68% of the contra-
lateral side, which was markedly
worse than in other diagnosis treated
with PRC. Hohendorff et al looked at
STT arthrodesis versus PRC for
Lichtman stage IIIb patients prospec-
tively and found that patients with a
PRC markedly outperformed those
with an STT arthrodesis. At one year,
they found the STT treatment group
experienced worsening of their mean
flexion/extension from 54% to 39%
of the contralateral arm (62% to 57%
in PRC), grip strength improvement,
52.9% to 62.1% of contralateral
(39% to 69% in PRC), and slightly
improved Mayo Wrist Scores from
50.6 to 58 (PRC 54.6 to 66).40

Summary

AlthoughKienböck disease has been a
topic of great debate and discussion
regarding the optimal treatment of the
various stages of disease, there have
been little data to advance our
understanding of the etiology and
pathophysiology of the disease pro-
cess. Nor has there been a proven or

ideal treatment option for the various
stages and anatomic vagaries that exist
in Kienböck disease (Flow Chart 1,
Supplemental Digital Content 1, http://
links.lww.com/JAAOS/A479 and
Flow Chart 2, Supplemental Digital
Content 2, http://links.lww.com/
JAAOS/A480, Table 1). Our experi-
ence has become the culmination of the
world’s case series and reports, with
most studies demonstrating positive
outcomes.
There is a tremendous need for a

randomized, multicenter evaluation
of the various treatment options with
standardized outcomes measures.
Early accurate diagnosis with appro-

priately chosen intervention (immobi-
lization, joint leveling, decompression,
and vascularized bone grafting) may
prevent progression of the disease pro-
cess. Early stage disease typically re-
sponds fairly to careful and thoughtful
treatment. With moderate to advanced
stages, a thorough discussion between
the surgeon and the patient weighing
the risks and benefits of each surgical
option and its outcomes is necessary.
Surgeon comfort level, accurate evalu-
ation, realisticpatient expectations, and
detailed understanding of the experi-
ences of the treatment of Kienböck
disease over the past several decades all
play a critical role in determining the
optimal outcome for the patient.
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