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In Kienböck’s disease, lunate necrosis may progress to
fracture and collapse. Many osteotomies have been pro-
posed to avoid this evolution by decompressing the lunate.
Most of these osteotomies are performed on the radius.1–7

They all shorten the radius transversely, possibly by reor-
ienting the radial facet. This allows a shortening of the
radius facing the lunate but also the scaphoid. The short-
ening of the capitate is also proposed to decompress the
lunate but on its distal side.8,9 However, this also decom-
presses the scaphoid.10,11

The Camembert osteotomy, described in 2012,12 shortens
only the radius facing the lunate, and not the scaphoid, so
that the intracarpal axial compression loads are redirected
toward the scaphoid. In case of a long ulna, a Sennwald’s type
shortening can be associated.12

The authors present a series of 11 wrists operated on 10
patients, with radioclinical analysis, with an average follow-
up of 7 years. The purpose of this paper was to determine if
the osteotomy is effective at decreasing symptoms and
second, if it prevents further lunate collapse.
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Abstract In Kienböck’s disease, radius shortening osteotomy is the most common treatment. The
Camembert procedure is a wedge osteotomy that shortens only the radius facing the
lunate. Its aim is to offload the lunate by redirecting the compression stress of the grip
forces toward the scaphoid. The purpose of this study was to determine if the Camembert
osteotomy is effective in improving clinical symptoms and limits lunate collapse. The series
include 10 patients who underwent a Camembert osteotomy for Kienböck’s disease
between 2002 and 2012 (one bilaterally). They are six men and four women, aged 40.6
years. Five patients had an additional ulnar shortening osteotomy if ulnar variance was
neutral or positive. The mean follow-up is 7 years. Preoperatively, range of motion, grip
strength, pain, and functional scores were poor. All osteotomies healed within 3 months.
Extension, ulnar deviation, grip, functional scores improved significantly. In 10 cases, there
were improvement in the T1 and T2 signals on the magnetic resonance imaging (MRI).
There was no lunate collapse. This series shows good results with no worsening of the
lunate shape. Therewasnoulnocarpal impingement. TheCamembertosteotomyproposes
to offload the lunate and redirect strains toward the scaphoid. The supposed interest is to
protect the lunate from collapse. In this small series, the Camembert osteotomy improved
function in patients with early stage Kienböck’s disease.MRI aspects improve inmost cases
and nopatients collapsed. Camembert canbe used in combinationwith a Sennwald’s ulnar
shortening when ulnar variance is neutral or positive. Authors propose this procedure for
Lichtman’s stages 1–2–3A if therearenocartilageor ligament lesions. This is a Level IV, case
series study.
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Patients and Methods

The study is retrospective, comparing pre- and postoperative
objective clinical data (mobility, strength), subjective data
(pain, PRWE [Patient-Rated Wrist Evaluation], and SANE [Sin-
gle AssessmentNumerical Evaluation] scores13–16), and radio-
graphic data (radio and magnetic resonance imaging [MRI]).

Thirteen patients were operated between 2002 and 2012 in
one center by the same operator, using the Camembert osteot-
omytechnique.12Allpatientsgavetheir informedconsent tothis
procedure after the different surgical optionswere explained to
them. They also consented for us to use the clinical data.

In the Camembert osteotomy, the approach is dorsal
through the fourth compartment. The radius and ulna are
exposed and their contours are checked. A bone corner of
radius with medial base and distal subchondral apex, facing
the scapholunate crest, is defined using a pinwhose position
is verified under fluoroscopy12 (►Fig. 1A). This corner is then
cut with an oscillating saw. The remaining bone block,
corresponding to the lunar facet of the radius, is mobilized
proximally (►Fig. 1B). After closure of the osteotomy by
distal osteoclasia, osteosynthesis is performed with a com-
pression bone staple (►Fig. 2), aMemoclip staple (Stryker) in
most cases. However, this staple is no longer available andwe
now use the Easyclip staple (Stryker).

Three patients were lost to follow-up. The series consists
of 11 wrists operated on 10 patients, six men and four
women. The average age at the time of the intervention
was 40.6 years (range, 26–59 years). The preoperative time
between the onset of clinical disorders and the procedure
was 9 months (range, 3–14 months). The average follow-up
was 7 years (range, 5–15 years). In five cases, an ulnar
shortening osteotomy as described by Sennwald et al12,17

was done with fixation using a compression screw (►Fig. 3).

This corresponded to wrists with neutral or positive radio-
ulnar index four times, and in one case, it was done to
decrease strains on a tense TFCC (triangular fibro cartilagi-
nous complex) that prevented mobilization of the radial
block and closure of the osteotomy.

Preoperative mobility (►Table 1) was measured using a
goniometer. Flexion/extension was decreased compared
with the healthy side, while frontal inclinations and prono-
supination were preserved. Grip strength was evaluated
using Jammar’s dynamometer; pain was evaluated using
the visual analog scale (VAS). These measures, as well as
the PRWE and SANE functional scores, were poor (►Table 1).

X-ray analysis showed two patients at Lichtman’s stage 1,
five patients at stage 2, and four patients at stage 3A.18 The
MRI analysis18 showed one purely edematous lunate stage A
and 10 heterogenous lunate stage B.

Differences in pre- and postoperative data were calcu-
lated. A Student’s t-test was used for statistical analysis.

Results

►Table 2 compares pre- and postoperative results. Therewas
a nonsignificant gain in flexion and radial inclination, a
significant gain in extension, ulnar inclination and grip, a
nonsignificant loss of pronosupination, a significant
decrease in pain, and a significant improvement in PRWE
and SANE scores (►Table 2).

The comparative analysis of the simple radial osteotomy
group (R � U) and the radial and ulnar osteotomy group
(R þ U) do not show any significant difference in pre- and
postoperative pronosupination measures. However, there is
a significant improvement in grip for patients in the R � U
group (p ¼ 0.035); the improvement is not significant
(p ¼ 0.051) for the R þ U group.

Fig. 1 Surgical procedure. (A) Pin used to design osteotomy. Dotted line: shape of bone corner to remove. (B) Radius after bone corner removal.
The arrow illustrates the movement of lunate facet of the radius.
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Radiographically, the lunate evolved without collapse, or
aggravation of its trabecular state, in all cases. It improved in
most caseswith reconstruction of spans (case N1,►Fig. 4). In
one case, an initial sagittal fracture healed after 4 years (case
3, ►Fig. 5). Stahl’s index was preoperatively 0.46 and post-
operatively 0.48. The difference is not significant (p ¼ 0.35).

On MRI, the signal was also improved in 10 cases, with
lunate considered normal in four cases (►Fig. 6), and with
persistence of heterogeneity in six cases (►Fig. 7), but less
than before the procedure.

The overall results were excellent or good in eight cases
and moderate in two cases. A bad case (N 7) evolved into a
painful lunocapitate arthritis (►Fig. 8) and was reoperated.
The complications were mainly related to discomfort caused
by the dorsal staple, which was removed in four cases. There
was no radius or ulna necrosis, no sepsis, no complex
regional pain syndrome (CRPS), no nonunion.

Discussion

Radial shortening decompression is the oldest proposal of
treatment, following work suggesting that Kienböck’s dis-
ease was linked to a negative radioulnar index.19 This would
correspond to a kind of radial impingement syndrome, by
radiocarpal hyperpressure; actually, this is unlikely. In a
localized hyperpressure conflict, degenerative damage
begins with cartilage. In these cases, the bone anomalies
are located at the stress zone without affecting the entire
bone. In Kienböck’s disease, edema usually affects the entire
bone from stage 1 and cartilage is not affected until later.20

On the other hand, it is true that lunate collapse occurs facing
the radius. This seems essentially due to the difference in
Young’s modulus of the radius and the TFCC which proxi-
mally cover the lunate. Cortical bone of the radius has a
Young’s modulus of 13.8 to 16 GPa,21–23 cartilage 10 to 15
MPa,23–26 and TFCC only 10 KPa.27 This leads to intraosseous
shearing in the spans of the lunatewhich crushes against the
hardest area. We believe that a distinction must be made
between the causes of necrosis and the causes of collapse.
Necrosis could be caused by intraosseous hyperpressure

Fig. 3 Association with Sennwald’s ulnar osteotomy. Fixation with a
compression screw.

Fig. 2 Camembert osteotomy. Fixation with dorsal staple.
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with vascular edema.28 Collapse could be due to excessive
mechanical stresses of the lunate, resulting from the action
of the forearm muscles, whose longitudinal direction trans-
mits the compression to the radius via the scaphoid and
lunate.29 The decompression must, therefore, allow inter-
ruption of mechanical stresses by the lunate. It is thus
necessary to redirect these stresses so that they circumvent

the lunate, by interrupting the osseous continuity facing it,
but by preserving the continuity on both radial and ulnar
pathways. The axial stress then follows a line through the
scaphoid. If this deviation of the stress probably does not
cure vascular necrosis, it protects the lunate from this
intraosseous shearing and collapse, the time for a possible
revascularization.

Fig. 4 Case 1: Self reconstruction of the lunate (A) at procedure time, (B) at 1-year follow-up, (C) at 10 years.

Fig. 5 Healing of a sagittal fracture (A) at 6-month follow-up, (B) at 4-year follow-up, and (C) at 8 years.
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The lunocapitate arthritis that marked the only bad evolu-
tion of the series developed on an unfragmented lunate. It is
probable that thismidcarpal degradation is possibly related to
pre-existing ligament lesions at the osteotomy. The radio-
graphic assessment before the second surgical procedure
indeed shows signs of static scapholunate instability without
gap,with a ring signof thescaphoidvisible inulnar inclination,
and on profile view a decreased scapholunate angle (►Fig. 8).
An arthroscopy performed before the osteotomy could have
revealed possible lesions that would have contraindicated this

procedure.20 We did not perform arthroscopy for this indica-
tion at that time. This has been part of the International
Federation of Societies for Surgery of the Hand (IFSSH) recom-
mendations since 2010.18

Radial glenoid morphology may be involved in the etio-
pathogenicity of Kienböck’s disease. A lunar fossawith an axis
close to thehorizontal line (less than 12 degrees) is considered
a risk factor for necrosis.30,31 The Camembert osteotomy, by
raising the lunar fossa of the radius, partially reverticalizes its
axis which passes above 12 degrees, and decompresses the

Fig. 6 Clinical case with MRI normalization (A) before procedure and (B) after procedure at 120 months. MRI, magnetic resonance imaging.

Fig. 7 Clinical case with MRI improvement but persistent abnormalities (A) before procedure and (B) after procedure at 72 months. MRI,
magnetic resonance imaging.
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lunatewithout decompressing the scaphoid. Radial transverse
osteotomy can be considered as gold standard, due to the
number of publications concerning this technique. For Salmon
et al the radial shortening “does not reverse or halt Kienböck’s
disease, it slows down the rate of degenerative change.”3 For
van Leeuwen et al, “the average progression is slight and radial
shortening does not have a large effect on that progression.”32

For Afshar and Eivaziatashbeik, radial shortening osteotomy
does not affect the shape of the lunate directly. In their study,
Afshar and Eivaziatashbeik noticed one progression of the
disease on nine cases treated with osteotomy after 6 years.33

Calfee et al noticed seven radiographic progression of the
disease on 31 cases after 5 years.34 If we compare with our
series, we found one bad evolution with arthritis, but the
lunate didn’t collapse at the time of reoperation. This ratio of
degenerative evolution is not worse than other series.

The transverse osteotomies of the capitate,9,10 shortening
the entire bone, interrupt the continuity between the capi-
tate and the scaphoid. The Moritomo’s osteotomy, in order
not to decompress the scaphoid, partially shortens the
capitate.11 The shortening only concerns the lunar surface
of the capitate but it creates a step. If one takes into account
the inclination movements of the midcarpal joint,35 this
could cause a conflict during radial inclination of the wrist
between the edge of the capitate osteotomyand the lunate. In
the Camembert osteotomy, there is no step at glenoid level.
The dorsal staple sometimes caused irritation. Using a buried
screw could limit this. But we prefer a compression perpen-
dicular to the osteotomyplan,which the screwhardly allows.

Performing a radial or radioulnar osteotomy in relation to
the distal radio ulnar joint (DRUJ) could compromise prono-
supination. However, this is true for all radial or ulna osteo-
tomies, as soon as joint congruence is modified. The radial
shortening is small, approximately 2 mmon its ulnar side. The
possibility of shortening the ulna allows the ulnar head to
follow the radial incisure, and thus to maintain joint congru-

ence. Analysis of the results shows that there is no significant
loss of pronosupination, neither in patients undergoing iso-
lated radial shortening, nor associated with ulnar shortening.
We recommend associating ulnar shortening as soon as loss of
congruence is detected after an isolated Camembert osteot-
omy. This concerns the positive radioulnar index, the anatomy
of the distal radioulnar Tolat et al’s type 2 or 3,36 the impos-
sibility of closing the radial osteotomy by a high TFCC tension.

This study presents weaknesses. Currently the benefit
compared with transverse osteotomy is not proven yet. This
series is the first midterm series about this procedure in the
literature. Because this is a single operator series, the subset of
patients is reduced, but the midterm of 7 years is interesting.
The patients’ selection may be biased, particularly for stage 1
patients, whose treatment is not always surgical. For the
patients operated on here, conservative treatment was inef-
fective on pain and function. The superior benefit of the
Camembert procedure is a hope, but the evolution with
improvement of most of the lunates in encouraging.

Conclusion

The decompression of the lunate by radial Camembert osteot-
omy, possibly associated with ulnar shortening, appears to
protect the lunate and carpus, from fracture aggravation, or
collapse. This osteotomy is accompanied by significant pain
reduction and good improvement in functional scores. MRI
confirms the revascularization and sometimes the healing of
the lunate. There are few complications, the most frequent
being intolerance to the staple requiring its removal. The
patient satisfaction rate is very good. We continue to use this
osteotomy in cases where the lunate can be preserved and in
theabsenceofcartilageor ligament injury foundat arthroscopy.
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Fig. 8 Lunocapitate arthritis evolution in the bad case.
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