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Purpose: The goal of this study was to compare the results of open scaphocapitate fusion and
revascularization with the results of arthroscopic scaphocapitate fusion and capitate pole excision.
Type of Study: Prospective randomized study. Methods: Between April 1997 and January 2000, 16
consecutive patients (5 men and 11 women with a mean age of 31 years [range, 18 to 61]) presenting
with Kienböck’s disease stage IIIA and stage IIIB were randomized to either open scaphocapitate
fusion and lunate revascularization (group I) or fully arthroscopic scaphocapitate fusion and capitate
pole excision (group II) groups. Cannulated 3.5-mm ASIF screws were used for the purpose of
scaphocapitate fixation in both groups. Operation time, hospital stay, time to fusion, range of wrist
motion at final follow-up, grip strength, and return to unrestricted activities of daily living were
evaluated at 33 months’ follow-up. Results: The mean operating time (153 v 99 minutes), hospital
stay (3.6 v 2.3 days), and return to unrestricted daily activities (15 v 5.8 weeks) were shorter in group
II. Average time to radiographically evident fusion was shorter in group I (7.25 weeks v 9 weeks).
There was a significant increase in grip strength and in range of motion at final follow-up in both
groups, and the final grip strength and range of motion was not different between the groups. There
were no major complications in either group. Conclusions: Although the number of patients was
small and the follow-up period was short, arthroscopic scaphocapitate fusion and capitate pole
excision in stage IIIA and IIIB Kienböck’s disease resulted in shorter operating time, shorter hospital
stay, earlier return to unrestricted daily activities, and equal range of motion and grip strength as
compared with open scaphocapitate fusion and lunate revascularization. Determination of specific
surgical indications for the benefits of arthroscopic treatment of Kienböck’s disease must be analyzed
in larger studies. Key Words: Arthroscopy—Kienböck’s disease—Scaphocapitate fusion—Revas-
cularization—Capitate pole excision.

Kienböck’s disease or lunatomalacia is a clinical
condition of the wrist joint with characteristics

of pain, lunate fragmentation, and collapse secondary

to avascular necrosis of the carpal lunate bone. Fol-
lowing its first detailed discussion in 1910 by Robert
Kienböck,1 a radiologist from the Radiologic Institute
of the General Polyclinic of Vienna, it has always
been a difficult problem for hand surgeons. Several
studies failed to clearly identify its etiology and patho-
genesis.

Numerous authors have implicated acute or cumu-
lative trauma as a cause of avascular changes. Acting
as a keystone, the lunate cannot escape the head of the
capitate, and loads are concentrated in its substance.2,3

A long process of insult that produces overload may
gradually section off small areas within the substance
of the susceptible lunate. This ultimately results in cell
death and fracture, producing palmar and dorsal seg-
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06460, Turkey. E-mail: gursel@superonline.com

© 2003 by the Arthroscopy Association of North America
0749-8063/03/1902-3165$30.00/0
doi:10.1053/jars.2003.50009

117Arthroscopy: The Journal of Arthroscopic and Related Surgery, Vol 19, No 2 (February), 2003: pp 117-130



ments.4 This fracture is probably the result of Kien-
böck’s disease, and not the cause.5 Anatomic factors,
including negative ulnar variance,6 flat distal radius,7

the type of lunate,8,9 and the type of vascular supply10

probably have an important contribution in the patho-
genesis. Subchondral sclerosis was shown to be great-
est in the areas at which the largest forces were ex-
erted in the hand.11 That finding may help in clinically
identifying the areas of the lunate in which shearing
forces are most concentrated. The relationship be-
tween Kienböck’s disease and the use of vibratory
tools12 may further support the significance of re-
peated injuries and mechanical factors in the patho-
genesis of the disease.

Clinical evaluation and staging have an established
significance in the treatment planning for Kienböck’s
disease. Lichtman and Degnan’s13 modification of
Stahl’s14 classification has been used widely (Fig 1).
In this classification, stage 1 is characterized by an
absence of radiographic findings. Late in this stage, a
compression fracture in the substance of the lunate
may be seen (Fig 1). Bone scans may be abnormal,
and T1-weighted magnetic resonance imaging (MRI)
reveals decreased or absent signal within the lunate.
Stage II is characterized by increased radiodensity of
the lunate. There is no carpal collapse. The patient
may report persistent pain and loss of strength. MRI
and trispiral tomographic imaging15 may provide bet-
ter visualization of early collapse of the lunate and
may allow physicians to upgrade stage II patients to
stage III. Stage IIIA is characterized by collapse in the
substance of the lunate and a decrease in carpal height
ratio. The collapse pattern may be diffuse or localized
mostly to the radial side. The lunate is noted to elon-
gate in the coronal and sagittal planes, but shorten in
the axial plane. Stage IIIB is characterized by the

change in the scapholunate relationship. Fixed rota-
tory subluxation of the scaphoid develops as noted by
the appearance of a cortical ring sign. Scaphoid may
displace laterally and triquetrum may displace medi-
ally. Stage IV is characterized by diffuse degenerative
changes combined with fixed rotatory subluxation and
lunate collapse. This stage represents an end-stage
form of wrist degeneration.

Optimal treatment of Kienböck’s disease is largely
dependent on the staging of the disease and the pa-
tient’s expectations. Although many authors have ad-
vocated conservative approaches in the early stages,
nonoperative treatment was consistently found to be
ineffective.16 Other treatment methods advocated for
Kienböck’s disease include wrist denervation,17,18

joint “leveling” procedures,2,19,20 open capitate short-
ening,21 simple excision of the lunate, replacement of
the lunate with a prosthesis,22 or soft tissue au-
tografts,23 proximal row carpectomy,24 and intercarpal
fusions.25,26 Joint-leveling procedures are probably
the most effective operation in reducing the radiolu-
nate reaction force, and they were generally reserved
for patients without significant carpal collapse and
without fixed rotation of the scaphoid. Revasculariza-
tion procedures27,28 show encouraging early results;
however, these surgical procedures are technically
demanding for widespread use, and long-term results
are lacking. Promising studies of arthroscopic assess-
ment29 and debridement30 have added arthroscopic
surgery as a viable option for the treatment of Kien-
böck’s disease. The purpose of this prospective, ran-
domized study was to compare the time to fusion, time
to return to daily activities, and short-term functional
outcome of stage IIIA and IIIB Kienböck’s disease
after either open or arthroscopic scaphocapitate fu-
sion.

FIGURE 1. Stages I, II, and III of Kienböck’s disease in different patients.
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METHODS

Between April 1997 and January 2000, all patients
who had stage IIIA and IIIB13 Kienböck’s disease
were evaluated for participation in this study. Patients
with bilateral involvement or who presented with ear-
lier or terminal Lichtman’s stages were not included in
this study. The diagnosis was based on clinical exam-
ination and plain radiographs. Additional imaging
studies included preoperative MRI studies and radio-
carpal arthrographic examination in all cases at the
time of surgery. All the patients reported pain local-
ized over the midcarpal and radiocarpal area, exacer-
bated with movement. All patients were severely re-
stricted in their activities of daily living, mainly
because of pain and limitation of motion. The 16
patients who agreed to participate were randomly as-
signed to 1 of the treatment groups by the last digit of
the number on the patient’s files. Patients with odd
numbers were selected for the first group and patients
with even numbers were selected for the second
group. Group I patients underwent open scaphocapi-
tate fusion, lunate debridement, bone grafting, and
vascular pedicle implantation. In group II, arthro-
scopic debridement, partial capitate pole excision, and
arthroscopic scaphocapitate fusion were applied. In all
patients, a short-arm cast was used for 3 to 4 weeks for
initial immobilization. After that, free movement and
a physiotherapy program were allowed.

In all patients, age, occupation, ulnar variance, and
preoperative and follow-up ranges of motion of the
normal and involved wrists were recorded. Flexion,
extension, ulnar deviation, and radial deviation were
determined by measuring the angle between the lon-
gitudinal axis of the forearm and the line drawn be-
tween the second and third metacarpals. Prosupination
of the forearm, which was measured using a special
prosupinometer, was not included in the statistical
analyses of the present study. A single numerical
value obtained by summing the flexion-extension, ul-
nar, and radial deviation measurements in each patient
on the normal side and on the affected side was used
for statistical evaluation. Grip strengths were mea-
sured preoperatively and at the last follow-up visit.
The ratios of preoperative range of motion to normal
range of motion; preoperative grip strength to normal
grip strength; range of motion at last follow-up to
normal range of motion; and grip strength at the last
follow-up to normal grip strength were calculated.
Average increases of grip strength and range of mo-
tion on the affected side were measured and compared
with corresponding normal values. Return to unre-

stricted activities of daily living was based on the
patient’s understanding, and was longer than return to
work.

Surgical Technique in Group I

All patients were hospitalized before the operation.
The procedures were performed under general anes-
thesia. The patient was placed in the supine position,
with the arm abducted on a radiolucent armboard. A
tourniquet was applied and inflated to 250 mm Hg.
Radiocarpal arthrography was performed before the
open surgical procedure (Fig 2).

The standard dorsal approach exposing the proxi-
mal part of the second metacarpal, dorsal wrist joint
capsule, and distal metaphysis of the radius was used
in all surgical procedures. Corticocancellous bone
grafts were harvested from the distal dorsal metaphy-
sis of the radius. Articular cartilage of the correspond-
ing facets of the scaphoid and capitate was removed
with cutting burrs (Smith & Nephew, Dyonics, An-
dover, MA). The scaphocapitate joint was transfixed
to arthrodese the joint at a mean radioscaphoid angle
of 50° by using 1 or possibly 2 3.5-mm cannulated AO
screws (Mathys Medical, Bettlach, Switzerland) using
the technique described by Sennwald and Ufenast.26

Lunate bone was exposed dorsally and sclerotic and
avascular bone was removed for histological exami-
nation for confirmation of the disease process. The
substance of the lunate was debrided with rongeurs
and burrs. Small pieces of bone grafts were impacted
in the defect. A hole was prepared within the sub-
stance of a piece of cancellous bone graft with 3.2-mm
matchstick burr (MicroMax, Anspach, FL). The revas-
cularization technique was basically similar to Hori et
al.’s27 technique, with a slight modification to prevent
thrombosis and to possibly maintain a higher flow.
The dorsal metacarpal artery pedicle was dissected
and passed through the canal in the previously pre-
pared cancellous bone grafts (Fig 3).

The arterial end of the dorsal metacarpal pedicle
was anastomosed to an available dorsal vein, creating
a small arteriovenous shunt. The patency of the arte-
riovenous shunt was controlled by releasing the tour-
niquet (Fig 4), and this revascularized graft was in-
serted in the lunate. If the size of the metacarpal artery
was not enough for an arteriovenous shunt, the vas-
cular pedicle, including the metacarpal artery and 2
commitant veins, was dissected, tied, and inserted in
the defect in the lunate. In 5 cases, an arteriovenous
shunt was used, and in 3 cases, vascular pedicles were
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used in this group. The dorsal capsule and extensor
retinaculum was carefully reapproximated.

Postoperatively, the wrist was immobilized in a
short arm splint in a position of 15° of dorsiflexion and
10° of ulnar deviation for 4 weeks. A follow-up ra-
diograph was obtained. After removal of the splint, the
patients were allowed passive mobility of the wrist 3
times a day to regain flexion-extension and ulnar-
radial deviation, which were progressively restored in
2 weeks. Patients continued further active and passive
mobilization at the rehabilitation unit until the end of
the first postoperative month. A protective splint was
used during the graded rehabilitation period if needed.

Surgical Technique in Group II

All patients were hospitalized before the operation,
and the procedures were performed under general

anesthesia. The patient was placed supine. A tourni-
quet was applied and inflated to 250 mm Hg. Radio-
carpal arthrography was performed before the arthro-
scopy, using the same technique described previously
(Fig 5).

Arthroscopy of the wrist was performed in a stan-
dardized technique with slight modifications.31-33 The
hand was held in traction of 4 to 7 kg across the wrist
joint. The surface landmarks were drawn, and the joint
was distended with 5 to 10 mL of normal saline
solution through the 3-4 portal. The 4-5, 5-6, 6R, and
midcarpal portals were prepared for instrumentation
and arthroscopy (2.4 mm, 30°; Storz, Tuttlingen, Ger-
many). The radiocarpal and midcarpal joints were
thoroughly examined with special emphasis on the
cartilage of the lunate surfaces. Both radiocarpal and
midcarpal surfaces of the lunate were also examined

FIGURE 2. Preoperative radiographs, MRI scans, and operative arthrography of a patient in group I, showing leakage of the contrast material
into the distal radioulnar joint. This suggests triangular fibrocartilage perforation in addition to changes compatible with synovial reaction
at the radioscaphoid and ulnocarpal intervals and lunate collapse at the radial side.
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meticulously. The radioscaphoid space, interosseal
scapholunate ligament, lunotriquetral interval, and ul-
nar side of the wrist were visualized and documented.
Probing was always used to evaluate the stability of
the scapholunate and lunotriquetral intervals and the
triangular fibrocartilage complex. Provisional shaving,
removal of loose bodies, and laser regularization were
performed.

At the midcarpal space capitate pole, scapholunate,
lunotriquetral, and scaphocapitate intervals were iden-
tified. The capitate pole was excised using oscillating
shavers. This shaving was continued until the midcar-
pal surface of the lunate was free of the capitate pole,
as shown in Fig 6. Although the case shown in Fig 5
was stage II Kienböck’s disease in a patient who was
not a subject in the present study, that intraoperative
radiograph may be helpful in explaining the particular

arthroscopic technique of capitate pole excision. The
arthroscope was directed toward the scaphocapitate
joint, and the cartilage at the facing surfaces of the
capitate and scaphoid were removed using shavers,
exposing the subchondral bone.

With the arthroscope in the interval between the
radial styloid and the scaphoid, the 1.25-mm guide
wire was inserted in the scaphoid through the ana-
tomic snuffbox, in a radial to ulnar, palmar to dorsal,
and proximal to distal direction. The arthroscope was
then introduced to the midcarpal space to visualize the
previously prepared scaphocapitate joint. The guide-
wire was further inserted into the capitate under ar-
throscopic visualization. The wrist was dorsiflexed
and deviated medially as much as the instrumentation
allows, to extend the scaphoid. With the arthroscope
in the scaphocapitate joint and the guidewire in place,
a 2.7-mm cannulated drill bit was introduced to the
scaphoid and then to the capitate. The length of the
3.5-mm, partially threaded screw was determined. A
3.5-mm cannulated tap was used for taping. The
scaphoid was further drilled with a 3.5-mm cannulated
drill bit. A 3.5-mm cannulated screw was inserted
over the guidewire, first through the scaphoid and then
to the capitate. Exact placement of the screw was
checked with the arthroscope. The arthroscope was
then slightly withdrawn, and the screw was tightened
to maintain compression between the scaphoid and the
capitate (Fig 7).

The chondral surface of the lunate maintained its
anatomic integrity but was soft on probing in 5 cases.
We called this sensation “deflated tennis ball.” At the
midcarpal joint, the cartilage of the lunate was soft-
ened and delaminated. The lunate was left in situ in all
cases. Loose synovial tissue was consistently found at
the radioscaphoid interval in all cases in group II.
Full-radius resectors were used for arthroscopic syno-
vial debridement. The scapholunate interosseal liga-

FIGURE 3. A technique of vascularized grafting is shown.

FIGURE 4. Debridement of the lunate, preparation of the graft, and control of the blood flow through the AV shunt.
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ment was elongated and loose but not ruptured in all
cases, with no exceptions. Laser thermal modification
(Omnipulse Holmium-Yag Laser; Trimedyne, San
Francisco, CA) was used to shrink the scapholunate
ligament (Fig 8).

After final debridement, surgery was concluded.

Postoperatively, the wrist was immobilized in a short
arm splint in a position of 15° of dorsiflexion and 10°
of ulnar deviation for 4 weeks. A follow-up radio-
graph was obtained. After removal of the splint, the
patients were allowed to passively mobilize the wrist
3 times a day to regain the flexion-extension and

FIGURE 5. Preoperative radiographs, MRI scans, and operative arthrography of a patient in group II, showing lunate collapse at the radial
side and SL interval elongation.

FIGURE 6. Technique of arthroscopic capitate pole excision. The placement of the scope on the left, radiographic (middle), and arthroscopic
(right) appearance of capitate pole excision.
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ulnar-radial deviation, which were progressively re-
stored in 2 weeks. Patients continued further active
and passive mobilization at the rehabilitation unit until
the end of the first postoperative month. A protective
splint was used during the graded rehabilitation period
if needed.

Follow-up Procedure

All patients were interviewed regularly after the
operation. Physical examination consisted of evalua-

tion of pain and tenderness, instability, and crepita-
tion, evaluation of range of motion in 3 planes, and
grip and pinch strength measurements using Jamar
dynamometers (Jamar, Clifton, NJ). The Mayo Mod-
ified Wrist Score34 was used to assess the results of
treatment in both groups, in addition to patient-satis-
faction scales.30 The days of limited activities of daily
living were recorded. On follow-up radiographs, the
consolidation between the scaphoid and capitate bone
was evaluated by 2 orthopedic surgeons (M.N.D.,

FIGURE 7. Arthroscopic appearance of the AO screw at the scaphocapitate interval before the withdrawal of the scope (left). A radiograph
of the arthroscopic scaphocapitate fixation (right) is also shown.

FIGURE 8. Elongation of the scapholunate ligament and the effect of laser shrinkage.
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Ö.A.A.), who were not informed about the surgical
technique in detail. Roentgenographic evidence of lu-
nate debridement and grafting in group I and capitate
pole excision in group II essentially prevented a
blinded evaluation protocol (Fig 9).

Statistics

For statistical analysis, Wilcoxon rank-sum and
Mann-Whitney U tests were used in SPSS for Win-
dows 10.0 media.

RESULTS

There were 8 patients in each group. Six patients in
group I and 5 patients in group II were women. There
were 3 housewives, 2 students, 1 secretary, and 1
manager in group I, and 2 housewives, 2 students, 1
laborer, 1 pharmacist, 1 police officer, and 1 unem-
ployed patient in group II. The right wrist was affected
in 6 patients in group I and 7 patients in group II.

The average age in group I was 38 years and in
group II, 26 years. The difference in average ages
between the groups was insignificant (P � .189). The
mean follow-up in the first group was 36 months and
in group II was 29 months. The difference between
follow-up periods was also insignificant (P � .153).
The mean ulnar variance in group I was �1.06 and in

group II, �1.37. The difference of ulnar variance
between treatment groups was insignificant (P �
.102) (Table 1).

The mean normal range of global motion, measured
as described previously, was 215° in group I and 217°
in group II. There was no difference between the
groups in normal range of motion (P � .524).

The mean preoperative range of motion at the af-
fected side in group I was 94° (43% of normal). The
decrease in the range of motion preoperatively due to
disease process was significant (P � .012). The mean
range of motion at follow-up was 170° (79% of nor-
mal). The mean increase in range of motion at final
follow-up was 76°. The increase in the range of mo-
tion after open surgery was significant (P � .012; Z �
�2.521); however, the range of motion at final fol-
low-up was still significantly lower than normal (P �
.012; Z � �2.524).

The mean normal range of global motion, measured
as described previously, was 217° in group II. The
mean preoperative range of motion at the affected side
was 84° (39% of normal) in group II. The decrease in
the range of motion preoperatively due to disease
process was significant (P � .011). The mean range of
motion at the final follow-up was 199° (92% of nor-
mal). The mean increase in the range of motion at
follow-up was 115°. The increase in range of motion
after open surgery was significant (P � .012), but
range of motion at final follow-up was still signifi-
cantly lower than normal (P � .011). When the 2
groups were compared, normal range of motion (P �

FIGURE 9. Final follow-up radiographs of the patients in group I
(left) and group II (right).

TABLE 1. Comparison of Group I and Group II

Group I Group II Difference

Mean age at operation 38 y 26 y No
Mean follow-up 36 mo 29 mo No
Mean ulnar variance �1.06 mm �1.37 mm No
Normal global motion 215° 217° No
Preoperative global

motion
94° 84° No

Follow-up global
motion

170° 199° No

Normal grip strength 29 kg 35 kg No
Preoperative grip

strength
11 kg 13 kg No

Follow-up grip strength 23 kg 30 kg No
Operating time 153 min 99 min Yes

(P � .001)
Stay in hospital 3.6 d 1.6 d Yes

(P � .003)
Return to daily

activities
15 wk 6 wk Yes

(P � .001)
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.524), loss of range of motion due to disease process
(P � .635), and relative increase at final follow-up
visit (P � .140) were insignificant.

The mean grip strength on the normal side was 29
kg in group I and 35 kg in group II. The difference
between the groups was insignificant (P � .461). The
mean preoperative grip strength on the affected side in
group I was 11 kg. This decrease was significant (P �
.012). The mean follow-up grip strength in group I
was 23 kg. Although there was a significant increase
of grip strength at final follow-up compared with the
preoperative measurements (P � .012), it was still
significantly lower than the normal side (P � .012).

The mean preoperative grip strength on the affected
side in group II was 13 kg. This was significantly
lower than normal (P � .012). The mean follow-up
grip strength in group II was 30 kg. Although there
was a significant increase of grip strength at final
follow-up compared with the preoperative measure-
ments (P � .012), it was still significantly lower than
on the normal side (P � .011).

Normal, preoperative, and follow-up grip strengths
in both groups were not different. According to the
modified Mayo Wrist Score, there were 4 fair and 4
good results in group I, and 2 fair and 6 good results
in group II. All patients but 1 in group I were satisfied
with the results. The dissatisfied patient had systemic
lupus erythematosus, and she also underwent surgery
for osteochondritis dissecans of the right knee during
follow-up.

The mean operating time, including arthrography
and control of vascular patency, was 153 minutes in
group I and 99 minutes in group II. The operating time
was significantly shorter in group II (P � .001). The
mean stay in the hospital was 3.6 days in group I and
1.6 days in group II; it was significantly shorter in
group II (P � .003). Average time to radiologic union
at the scaphocapitate interval was 7.2 weeks in group

I and 9 weeks in group II. The time to union was
significantly longer in group II (P � .001). The mean
period to return to unrestricted daily activities was 15
weeks in group I and 6 weeks in group II; it was
significantly shorter in group II (P � .001).

Arthroscopic Findings

In group II, the main arthroscopic finding was soft-
ening of the lunate bone. The arthroscopic appearance
of the lunate was different in the radiocarpal and
midcarpal spaces. In the radiocarpal space, the carti-
lage of the lunate was anatomically intact, but it gave
the sensation of a “deflated tennis ball” (Fig 10). In the
midcarpal space, the lunate appeared harder, but it
showed different degrees of chondromalacia in all
cases. In 5 cases, there was fibrillation of cartilage at
the capitate pole.

Laxity or elongation of the scapholunate ligament
was seen in 6 cases, and laser shrinkage was applied to
shrink the ligament (Fig 8). Synovial reaction at the
radioscaphoid and at the ulnocarpal interval was found
in all cases in the arthroscopy group, suggesting
changing kinematics due to lunate elongation in the
coronal plane (Fig 11).

In 1 case in the first group and 2 cases in the second

FIGURE 10. The appearance of the “deflated tennis ball” sensation in the radiocarpal joint and lunate indentation in the midcarpal joint.

FIGURE 11. Synovial reaction at the ulnocarpal (left) and ra-
dioscaphoid intervals (right).
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group, arthrographic examination revealed leakage of
the dye through the substance of the lunate into the
midcarpal joint. In 2 cases in the second group, meth-
ylene blue was injected under the softened cartilage of
the lunate in the radiocarpal joint with a 21-gauge
needle. At the midcarpal joint, methylene blue flowed
out of the lunate (Fig 12).

Complications

Blood transfusion was not performed in any of the
patients. There was no surgical infection in either
group. An arthroscope was slightly damaged during
the insertion of a shaver into the scaphocapitate inter-
val in 1 procedure. In 1 patient in group I, the tip of the
screw was probably causing irritation at the ra-
dioscaphoid interval and necessitated removal 11
months after surgery. In 1 patient in group II, a trac-
tion trap caused dermal chemical abrasion, probably
related to disinfectants. The abrasion healed with reg-
ular dressings. In 1 case in the second group, tempo-
rary paresthesia developed over the dorsum of the
hand. No clinical or radiologic signs of nonunion were
observed in either study group.

DISCUSSION

Kienböck’s disease may best be defined as a clinical
condition with the characteristics of wrist pain and
limitation of motion due to loss of anatomic integrity
of the carpal lunate bone, probably secondary to vas-
cular changes. Its natural course has not been clearly
defined yet. A number of studies have shown that it
may be treated conservatively;35,36 however, other
studies showed that it may follow a relentlessly pro-
gressive course.37-40 This controversy reflects the
complex mechanisms underlying Kienböck’s disease.

Kienböck’s disease may present with a localized or
diffuse form. The joint cartilage of the lunate is es-
sentially not involved in the disease process, and it
remains relatively healthy. With progression, the lu-
nate develops several microfractures. The leakage of
contrast material injected in the radiocarpal joint
through the substance of the lunate into the midcarpal
joint in the arthrographic examination, and the leakage
of methylene blue injected into the lunate radiocarpal
surface into the midcarpal joint during the arthroscopy
may be regarded as a sign of the diffuse microtrabe-
cular fractures (Fig 12).

Arthrography still retains its importance in assess-

FIGURE 12. Outflow of the
contrast material and methyl-
ene blue injected in the radio-
carpal joint space from the lu-
nate surface in the midcarpal
joint.
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ing abnormalities of the articular cartilage, synovium,
capsule, interosseous ligaments, and intra-articular
loose bodies.41 Although with the advent of other
imaging techniques and the increasing use of arthro-
scopy, arthrography is less frequently used for diag-
nostic purposes in the wrist, it is currently the best
imaging technique to demonstrate communicating de-
fects in intrinsic ligaments of the carpal bones, cap-
sular abnormalities, and the triangular fibrocartilage
complex.42 Filling defects due to synovial tissue were
shown in the radioscaphoid and ulnocarpal intervals in
our patients with Kienböck’s disease. It was not pos-
sible to compare diagnostic sensitivity and specificity
of MRI with those of arthrography or with the findings
in arthroscopy in Kienböck’s disease, because of the
small number of the patients in our study.

The value of MRI has recently increased in the
diagnosis of early bone necrosis. In early stage Kien-
böck’s disease, MRI investigation indicates focal or
diffuse disease process, and radiologic examination
and tomography show no changes.43 In stage III dis-
ease, the extent of the low-intensity zone in a T1-
weighted image is larger than the true necrotic zone,
and MRI probably exaggerates the necrotic area by
showing granulation as low-intensity.44 Low-intensity
areas in the subchondral zone of the distal lunate in
T1-weighted and T2-weighted images represent sec-
ondary subchondral bone fracture and sclerosis of new
bone formation (Fig 13). This finding in conjunction

with the radiographic evidence of subchondral sclero-
sis of the lunate under the midcarpal joint surface may
represent relatively increased joint reaction force be-
tween the capitate and the lunate.11 The significance of
this finding is still under investigation.

The indication of the arthroscopic capitate pole
excision may appear in stage I and stage II Kienböck’s
disease. Pain provoked by careful palpation of the
lunocapitate interval was similar in character to the
pain due to Kienböck’s disease as reported by our
patients. In patients presenting with midcarpal pain
and radiographic and MRI findings compatible with
“lunatocapitate hyperpression” unresponsive to con-
servative measures, arthroscopic capitate pole exci-
sion (Fig 6) may prevent the development of Kien-
böck’s disease. This technique may be regarded as an
arthroscopic variant of open capitate shortening.21 The
possibility of scaphotrapezial overload, as noted by
Horii et al.,45 following arthroscopic capitate pole
excision may also be prevented by scaphocapitate
fusion.

Numerous conservative and operative treatment op-
tions have been advocated for Kienböck’s disease.
The clinical and radiographic classification described
by Lichtman and Degnan13 has been accepted by
many authors, and is now widely used to determine
the modality of treatment. In this classification system,
stage II was defined as the disease still localized to the
lunate and stage III represents a transition from a

FIGURE 13. Subchondral scle-
rosis in the distal part of the
lunate (arrows).
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disease affecting the internal structure of the lunate to
a disease affecting other carpal structures and kine-
matics. Collapse of the lunate leads to a loss of height
of the proximal row and proximal capitate migration
in addition to an increase in the distance between the
scaphoid and the triquetrum.

Foreshortening and malrotation of the scaphoid may
appear radiographically, especially later in the disease.
This transitional stage is further divided in to IIIA and
IIIB, depending on the development of scaphoid mal-
rotation and of secondary changes. In our practice,
capsular, synovial, and chondral changes at the ra-
dioscaphoid interval were a common arthroscopic
finding. Elongation of the scapholunate ligament and
changes at the lunotriquetral joint, midcarpal synovial
changes, and lunate chondromalacia at the lunocapi-
tate joint surface were found consistently in all pa-
tients in group II.

The possibility of upgrading many stage II patients
to stage III with the use of enhanced and sensitive
imaging techniques was previously mentioned in the
literature.15 Similarly, arthroscopic findings may
change staging of a patient to a higher stage especially
in stage II and stage IIIA. In some of our cases, despite
the radiographic findings suggesting a stage II lesion,
arthroscopic findings, such as synovial reaction at the
radioscaphoid interval and elongation of the scapholu-
nate interosseal ligament reflecting positional changes
of the scaphoid, indicated stage III disease. These
arthroscopic findings may alert the surgeon to the need
for scaphoid stabilization such as STT fusion, SC
fusion, or soft tissue procedures. SC fusion can easily
be performed fully arthroscopically for scaphoid sta-
bilization.

Although its long-term clinical consequences are
not clear yet, scapholunate ligament thermal modifi-
cation may be a feasible alternative in stage II and
stage IIIA disease. The indication of laser shrinking in
shoulder instabilities is controversial, and there is lim-
ited discussion on the use of laser treatment in the
ligamentous instabilities of the wrist. The reaction of
the elongated SL interosseal ligament to arthroscopic
laser modification was immediate and similar in all
cases during the surgical intervention in the present
study. The real long-term effect of this treatment was
obscured, because the distance of the SL interval was
mostly determined by the position of the scaphoid
given during the scaphocapitate fusion rather than the
shrinkage of the SL interosseal ligament.

Loss of volume of the substance of the lunate is
probably the cause of the arthroscopic finding of the
“deflated tennis ball” sensation. Maintenance of the

anatomic integrity of the lunate joint cartilage may
alert the surgeon to the need for lunate grafting and
revascularization procedures. Radial shortening and
ulnar lengthening may be contraindicated if a TFCC is
found during the arthroscopy. In stage IV, loss of
articular cartilage may change the surgeon’s decision
for proximal raw carpectomy to chondrocyte cell cul-
ture or to radiocarpal arthrodesis. In the arthrosco-
pists’ view, Lichtman and Degnan’s staging is still
valid today. Integration of the arthroscopic findings to
this staging may be more useful in determining the
treatment modality.

Avascular necrosis of the lunate is the main change
in Kienböck’s disease. Therefore, lunate revascular-
ization is a logical treatment. Surgical procedures that
have been reported for lunate revascularization in-
clude vascular bundle implantation,46 vascularized
bone grafting,47 and muscle pedicled bone grafting.48

Implantation of a vascular bundle into a necrotic bone
initiates vascular proliferation and stimulates new
bone formation. However, it takes a long time for
creeping substitution to restore the whole lunate. Pro-
cedures modifying the biomechanics of the wrist that
reduce the stresses on the lunate, such as triscaphe
arthrodesis, were found useful until new bone forma-
tion and remodeling occur.49 It has been shown that
the pattern of carpal collapse can be improved through
reposition of the scaphoid, which also unloads the
lunate about as well as joint-leveling procedures.45

Progression of lunate collapse following revascular-
ization procedures has also been reported. This may
be related to relative softening of the lunate during the
reparative process. External fixators have been used to
neutralize the compressive forces on the lunate for 2 to
3 months, but this approach has not been completely
satisfactory.46

Surgical procedures combining revascularization
with a transient or permanent scaphotrapeziotrapezoid
arthrodesis may effectively decompress the lunate.50

Partial radial styloid excision was recommended for
prevention of radial styloid impingement following
this procedure.51 No evidence of radial styloid im-
pingement was reported in patients with scaphocapi-
tate arthrodesis,26 and this operation is possibly more
feasible for arthroscopic surgery than scaphotrapzi-
otrapezoid arthrodesis. Sennwald and Ufenast26 re-
ported reduced grip strength (�28%) and reduced
mobility of flexion-extension (�52%) when compared
with the unaffected time following scaphocapitate ar-
throdesis. Their patient group consisted predomi-
nantly of patients with stage IIIA and IIIB Kienböck’s
disease.26 In another study, the loss of static grip
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strength was 26% following scaphocapitate exci-
sion.52

In our patients in group 1, the mean grip strength
was 21% lower and the global motion was 21% lower
at the final follow-up in comparison with the normal
side. In group 2, the mean grip strength was 14%
lower and the global motion was 9% lower at the final
follow-up in comparison with the normal side. Fol-
low-up grip strength measurements in these 3 studies
are comparable. The larger difference among the
ranges of motion in those studied may be related to the
effects of the addition of prosupination measurements
in our study.

Average time to radiographic union at the scapho-
capitate interval was 7.2 weeks in group I and 9 weeks
in group II. The time to union was significantly longer
in group II (P � .001). However, this delay was not
associated with clinical consequences. The amount of
bone removed in group I may be larger than in group
II, causing more osteoid formation in the subchondral
bone. This probably explains the relative delay in the
appearance of radiographic evidence of union in group
II. There was no sign of nonunion in either group at
final follow-up.

The majority of patients (68.7%) were women.
None of the patients was engaged in a physically
demanding occupation. There were 3 housewives, 2
students, 1 secretary, and 1 manager in group I, and 2
housewives, 2 students, 1 laborer, 1 pharmacist, 1
police officer, and 1 unemployed patient in group II.
According to the modified Mayo Wrist Score there
were 4 fair and 4 good results in group I and 2 fair and
6 good results in group II. Although the modified
Mayo scores were low, none of the patients in either
group had changed jobs at the time of final follow-up.

The small size of our study increases the probability
of � error.53 Although the mean ages, mean follow-up
times, mean grip strengths, and mean follow-up grip
strengths of the patient groups were different, there
was no statistically significant difference between any
of these variables. This is probably due to the low
statistical power of our study.

The present study showed that arthroscopic capitate
pole excision and scaphocapitate fusion resulted in
shorter surgical times, shorter hospital stays, and ear-
lier returns to unrestricted daily activities in the short
term as compared with open scaphocapitate fusion and
lunate revascularization in the treatment of stage IIIA
and IIIB Kienböck’s disease. The long-term outcome
of the arthroscopic capitate pole excision in stage III
Kienböck’s disease and the role of arthroscopic treat-
ment in earlier stages still need to be clarified.
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Kienböck’s disease: The natural history of Kienböck’s disease
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böck’s disease. Hand Clin 1993;9:505-512.

22. Lichtman DM, Mack GR, MacDonald RI, Gunther SF, Wilson

129OPEN VERSUS ARTHROSCOPIC TREATMENT OF LUNATOMALACIA
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3-heigth reconstruction and core revascularization of the lu-
nate. J Hand Surg [Br] 1994;19:466-478.

29. Watanabe K, Nakamura R, Imaeda T. Arthroscopic assessment
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