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Treatment of stage III A and III B avascular necrosis
of the lunate bone remains controversial. We present
a series of 5 cases in young patients treated with a
vascularised bone graft from the second metacarpal,
combined with a lateral shortening and closing
wedge osteotomy of the radius. Good clinical and
radiographic results were obtained and disease pro-
gression was halted with the combination of these
two surgical procedures.

INTRODUCTION

In 1910, Kienböck (15) described the radiological
and clinical characteristics of a disease which he
described as lunatomalacia. The treatment of avas-
cular necrosis of the lunate bone progressed sub-
stantially thanks to the work of Hultén (10), who
reported in 1928 an association between the condi-
tion and the presence of a cubitus minus, and pro-
posed shortening radial osteotomy as a treatment
(11). Persson (23) subsequently introduced the con-
cept of ulnar lengthening. Since then, a large num-
ber of treatments have been proposed. Some are
aimed at reducing pressure on the lunate bone,
either by levelling ulna and radius at the wrist by a
shortening radial osteotomy (1, 8, 28) or a lengthen-
ing ulnar osteotomy (26), or by other techniques
such as  closing wedge lateral osteotomy (16), open-
ing wedge lateral osteotomy (29) or closing wedge
medial osteotomy (29) ; all these techniques are
based on biomechanical studies that support the
rationale of osteotomy (2, 7, 13, 14, 20, 27). Other

treatments aim at addressing the actual necrosis of
the lunate through autologous bone graft or vascu-
larised bone graft (4, 9, 18, 24). This study presents a
continuous series of 5 patients in stages III A and
III B in whom we combined a vascularised bone
graft from the index metacarpal and a lateral clos-
ing and shortening wedge osteotomy of the radius,
in order to provide lunate vascularisation and to
reduce pressure on the bone.

MATERIAL AND METHODS

Since January 1994, 5 patients (4 males and 1 female)
with necrosis of the lunate in radiological stages III A
(two cases) and III B (three cases) on the Lichtman
scale (17) were treated with lateral closing and shorten-
ing wedge osteotomy of the radius and vascularised
bone graft from the index metacarpal (fig 1). The aver-
age age of the patients was 20 years (range : 16 to 23).
The average follow-up period was 21.2 months (range :
16 to 25).

The patients received regional anaesthesia. Vein emp-
tying was performed using an elastic bandage with little
pressure in order to visualise the pedicle vessels at all
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times. Dissection and procurement of the vascularised
bone graft were performed with a 4 � magnifying glass.

The radius was approached through a dorsal incision
and 2-3 mm bone was resected to bring the articular sur-
faces of radius and cubitus at the same level. A T-plate
and 3.5 mm screws were used for fixation (Synthes,
Switzerland). The lunate was approached through the
distal part of the incision and a central dorsal bed mea-
suring approximately 1.2 cm � 0.6 cm. was prepared.
An additional dorsal skin incision was used to prepare a
vascularised bone graft at the neck-head transition of the
second metacarpal, conserving a large pedicle based on
the dorsal artery of the first metacarpal, which some-
times presents a surface branch and another deep branch
extending to the aponeurosis ; the fascia of the first
interosseus muscle must be included in the dissection in
order to preserve the pedicle. The graft was tunnelled
subcutaneously and brought to the prepared bed in the
lunate bone. The graft was easily pressed in situ and if

necessary transfixed with a 1-mm Kirschner wire. The
tourniquet was released and revascularisation of the flap
was observed. A drain was installed and after wound
closure a posterior plaster splint was applied for
6 weeks.

Pain, wrist strength, wrist mobility and ability to
return to work were determined before and after surgery.
Nakamura’s clinical evaluation system (22) was used to
determine the final clinical result. Ulnar variance, carpal
height, radial joint surface inclination angle, Stahl index,
density, fragmentation, bone cysts or lunate bone col-
lapse were also noted preoperatively and at the final fol-
low-up evaluation (fig 2).

Statistical analysis was performed using Microsoft©

Excel© 97 (Microsoft Corporation, Redmond, Wash).
The comparison of paired samples (t test) for quantita-
tive variables, comparison between the pre and post-
surgery evaluation, was used for analysis purposes. A
value of p < 0.05 was considered to be significant.
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Fig. 1. — Drawing of graft procurement. AB and CD = cuta-
neous incisions. Diagram of the type of radial osteotomy = E,
and procurement of the vascularised bone graft from the sec-
ond metacarpal bone = F. Fig. 2. — Measurement of radiographic parameters. Carpal

height = A/B : a = radius inclination angle.
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RESULTS

Clinical results are summarised in table I. All
patients complained of pain before surgery. All
patients were clinically improved, with four (80%)
reporting the absence of any discomfort and only
one (20%) reporting slight discomfort after effort.
Wrist muscle strength improved significantly (p <
0.001) in all patients, with a preoperative average
of 11.8 +/- 3 Kgf (61% of the contralateral healthy
wrist) and a postoperative average of 20.4 +/- 3 Kgf
(88% of the contralateral healthy wrist). Average
preoperative wrist extension was 29° +/- 14° and
46° +/- 10° postoperatively, the difference being
statistically significant (p < 0.05). Average preoper-
ative flexion was 38° +/- 10° and 58° +/- 8° post-
operatively, the difference being statistically signif-
icant (p < 0.05). All patients returned to normal
work. None of the patients complained of ulnar
wrist pain or presented clinical signs of ulnar
impaction due to ulnar deviation of the joint. The
clinical results were excellent in one case and good
in four, according to Nakamura’s evaluation. None
of the patients presented postoperative complica-
tions.

Radiographic results

Average preoperative ulnar variance was
-3.4 mm +/- 1.1 mm and postoperatively 0.2 mm
+/- 0.8 mm, the difference being statistically sig-
nificant (p < 0.001). Preoperative carpal height was
0.41 mm +/- 0.05 mm and postoperatively 0.46 mm
+/- 0.05 mm (not statistically significant). The

mean preoperative Stahl index was 29.8% +/- 8.4%
and postoperatively 28.8% +/- 5.7% (not statisti-
cally significant). Mean preoperative radial inclina-
tion was 23° +/- 2° and 16° +/- 3° postoperatively,
the difference being statistically significant (p <
0.05). 

The preoperative radiographic appearance
showed increase in bone density and bone frag-
mentation in 5 cases, and bone cysts in 4. Post-
operatively the appearance of the lunate bone
improved with partial resolution of density in
4 cases, obliteration of bone cyst in one case.
Fragmentation remained unchanged (fig 3). In one
patient presenting total lunate collapse, radiograph-
ical improvement was initially observed in the
immediate postoperative stage but at final follow-
up, collapse had recurred (fig 4), and this was his
final result.

DISCUSSION

In stages III A and III B of Kienböck’s disease,
shortening radial osteotomy normalising radial and
ulnar length at the level of the wrist has become an
accepted treatment. Radial osteotomy may be per-
formed in two ways : transverse with segmental
resection or wedging. High percentages of satisfac-
tory results have been published with shortening
radial osteotomy (1, 8, 24, 28), radial shortening and
lateral closing (24) or lateral closing (20, 22) in stages
II, III and even IV (25). Lengthening osteotomy of
the ulna yields equivalent results but warrants a
graft from the iliac crest and non-union of the
osteotomy has been described (26).
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Table I. — Patient summary

Patient, Radiographic Follow-up Pain Grip Strength (kg) Extension/Flexion (degrees) Clinical
#, Age, & Grade Months Pre. Post. Pre. Post. Pre. Post. Pre. Post. Result
Gender (Nakamura)

1, 21, M IIIB 25 ++ - 14 20 35 45 40 50 Good
2, 20, M IIIA 16 ++ - 11 23 45 65 50 60 Excellent
3, 16, M IIIB 25 ++ +/- 8 16 30 40 35 70 Good
4, 20, M IIIA 20 ++ - 16 25 5 40 45 50 Good
5, 23, F IIIB 20 ++ +/- 10 18 30 40 22 60 Good

Pain : ++ : Pain in daily activity ; + : pain in light work ; +/- : pain in hard work ; - : no pain.
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Shortening and external closing of the radius
were performed in this series. The final objective
was to decompress the lunate by two mechanisms :
1) by levelling the distal radio-ulnar joint by means
of a radial bone resection of maximum 4 mm to
avoid inferior radioulnar incongruence (21) ; 2) and
by reducing the radial inclination angle, thus
diverting the carpus radially and consequently
displacing the vector load towards a radial direction
of the wrist (27, 29). It is worth mentioning that
in this study, of all the radiographic parameters
evaluated before and after surgery, only normalisa-
tion of ulnar variance and reduction of radial in-
clination of the radial joint face were statistically
significant.

The addition of a supplementary source of vas-
cularisation to lunate bone necrosis is a highly

physiological alternative. For this purpose, we 
considered combining this surgical method with a
radial osteotomy. Various vascularised bone grafts
have been described for lunate bone necrosis :
pronator teres (4), second metacarpal artery (18), etc.
Vascularised bone grafts from the second meta-
carpal head have been used mainly in scaphoid
non-union (6, 19) and described recently in one case
of lunate bone necrosis in stage IIIA (4).

The first metacarpal dorsal artery that feeds the
second metacarpal head, according to Hurlbut’s
anatomical studies (3, 12), offers a good size
(approximately 1 mm) and relatively long pedicle
(40-42 mm) and the second metacarpal head–neck
is a fairly good source of corticocancellous bone
grafts. We therefore decided to take this vascu-
larised bone graft. 
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Fig. 3. — Preoperative (A) and postoperative (B) wrist radiographs showing improvement in bone density

A B
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Various studies report favourable results with
radial osteotomy combined with vascularised
grafts. Quenzer et al (24) report favourable clinical
results in 97% and radiographical results in 55%.
Other authors such as Bochud and Buchler (5)

achieved a 37% success rate in the reconstruction
of the lunate by associating osteotomy, and vascu-
larised bone graft. In this study the authors
obtained good clinical results in all patients, good
radiographical results in 80%, improvement in
bone density in 80% and obliteration of cysts in
20%. In one case the total initial collapse of the
lunate was nicely reconstructed operatively, but
bone collapse recurred months later. These results
were better than with any of the two procedures
performed separately (25).
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Fig. 4. — Radiographs with (A) lunate collapse prior to
surgery, (B) postoperative reconstruction of the lunate and (C)
further collapse 25 months after surgery.

A C

B
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In conclusion, the performance of a shortening
and lateral closing osteotomy of the radius in com-
bination with a vascularised autologous graft from
the second metacarpal bone may be an efficient
treatment in particularly young patients with grade
III A and III B necrosis of the lunate and cubitus
minus.
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