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SCIENTIFIC ARTICLE

Core Decompression of the Distal Radius for the

Treatment of Kienböck’s Disease: A

Biomechanical Study

Gary M. Sherman, MD, Catherine Spath, MD, Brian J. Harley, MD, Marsha M.Weiner, MS,
FrederickW.Werner, MME, Andrew K. Palmer, MD

Purpose The purpose of this study was to evaluate the biomechanical effect of core decom-
pression of the distal radius for the treatment of Kienböck’s disease.

Methods In 7 fresh cadaver upper extremities, axial loads were applied and the pressure in the
radiocarpal joint measured using pressure-sensitive film before and after core decompression
of the distal radius.

Results Biomechanically, the stiffness of the distal forearm statistically decreased signifi-
cantly from 229.4 N/mm to 198.6 N/mm after core decompression. No or minimal changes
in the distribution of the force in each radiocarpal fossa and ulnocarpal fossa, the area of
contact in each fossa, and the location of the centroid of force were observed.

Conclusions Core decompression of the distal radius in the setting of Kienböck’s disease has
been documented good clinical outcomes, yet the biomechanical analysis of this surgical
technique does not demonstrate obvious unloading of the lunate. ( J Hand Surg 2008;33A:1478–
1481. Copyright © 2008 by the American Society for Surgery of the Hand. All rights reserved.)
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UMEROUS PROCEDURES HAVE been used in the
treatment of Kienböck’s disease, including vas-
cularized pedicled bone grafts,1 limited carpal

usions,2,3 joint-leveling procedures,4–7 lunate excision,8

unate replacement arthroplasties,9 and even more dra-
atic procedures such as wrist fusion10 and proximal row

arpectomy.10–12 More recently, attempts have been made
o develop techniques aimed at either increasing the vas-
ularity of the lunate1 or decreasing the intraosseous pres-
ure13 within the lunate. Jensen14 observed a greater
mount of pressure in the lunate compared with the pres-
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ures found within the neighboring carpal bones. Although
hese results negate the opinion of vascular insufficiency as
he etiology of Kienböck’s disease, they may imply the
oncept of venous congestion as a contributing factor in its
evelopment.

Recently, Illarramendi et al.15 have documented no-
able success with use of metaphyseal core decompres-
ion of the radius and ulna for the treatment of Kien-
öck’s disease. They noted the spontaneous resolution
f Kienböck’s disease after a nondisplaced distal radius
racture. Decompression involved curettage of the distal
adius and ulna metaphyseal bone through a small cor-
ical window. The authors credited the healing response
fter decompression to the response of the local vascu-
ar environment after trauma. As this core decompres-
ion procedure might also alter the strength and stiff-
ess of the distal radius, and therefore alter the loading
f the lunate on the radius, we chose to evaluate the
otential unloading effect of this procedure.

The goal for this study was to determine if a simu-

ated core decompression of the distal radius in a ca-
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DISTAL RADIUS CORE DECOMPRESSION 1479
daver model has a biomechanical effect on the loading
between the distal radius and the lunate.

MATERIALS AND METHODS
To test the biomechanical effects of core decompres-
sion of the radius, 7 fresh-frozen cadaver upper extrem-
ities (average age, 66 years; range, 48–75 years; 2 men
and 5 women) were used in this study. Posteroanterior
and lateral radiographs were obtained to rule out any
preexisting pathology. The limbs were amputated at the
midhumerus level, and the skin, subcutaneous tissue,
and muscles of each specimen were removed from
around the radiocapitellar and ulnohumeral joint and
proximal 5 cm of the forearm. Only the ligaments and
elbow capsule remained. The phalanges were removed
and the soft tissue stripped down to bone around the
metacarpals. The tendons of the extensor carpi radialis
brevis, extensor carpi radialis longus, extensor carpi
ulnaris, flexor carpi radialis, flexor carpi ulnaris, and
surrounding radial, ulnar, and volar capsule were left
undisturbed. The ulnohumeral joint was pinned with 2
K-wires to hold the joint at 90°.

The radiocapitellar joint was allowed to remain free.
The metacarpals and the ulnohumeral portions of each
specimen were then potted in automotive body repair
epoxy with the forearm and wrist held in neutral rota-
tion. The soft tissue over the dorsum of the distal radius
was removed on each specimen, and a transverse inci-
sion was made through the radiocarpal joint. This al-
lowed visualization of the radioscaphoid, radiolunate,

FIGURE 1: Close-up photograph of specimen with dorsal
capsulotomy exposing distal radius articular surface. Pressure-
sensitive film template was cut to match the surface of the
radioscaphoid, radiolunate, and ulnar carpal fossas. Registration
pins placed in the scaphoid and lunate fossae permitted
correlation of the measured pressures to the appropriate fossas.
and triangular fibrocartilage complex surfaces (Fig. 1).
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The wrist extensors were preserved but retracted out of
the way.

Two 25-gauge needles were used as registration
markers and embedded in the lunate and scaphoid fos-
sas of the distal radius. These were left just barely above
the articular surface. Aluminum foil templates of the
joint surfaces of the radius and ulna were made and then
used to cut matching patterns out of pressure-sensitive
film (Fuji Prescale Pressure Film; Sensor Products, Inc,
East Hanover, NJ). The pressure-sensitive film (PSF)
covered the articulating surfaces of the radioscaphoid
fossa, radiolunate fossa, and the ulnar carpal fossa. A
low-pressure film range (2.5 to 10 MPa) was used.

Each specimen was axially loaded in an MTS ma-
chine (MTS Systems Corporation, Eden Prairie, MN)
with the load cell and actuator in line with the radius.
The arms were secured in neutral forearm rotation and
wrist position. To precondition the wrist joint, each
specimen was loaded 5 times prior to insertion of the
PSF. The joint force was gradually increased over a
period of 60 seconds to a maximum of 445 N. This
force was held for 5 seconds before being unloaded
over a period of 30 seconds. Prior to the final repetition
of the application of load, the wrist was carefully dis-
tracted and flexed to allow placement of the PSF on the
joint surface of the distal radius and ulna. At least 3
reproducible PSF images were obtained on each spec-
imen prior to performing the core decompression. The
last of these 3 images was used for analysis. These
initial force and pressure measurements were consid-
ered to be the control data and were compared with the
specimens after core decompression of the distal radius.

Using a 6-mm drill bit and choosing a point 1 cm
proximal to the joint line and 4 mm ulnar to Lister’s
tubercle, a drill hole was created through the dorsal
cortex (Fig. 2). This drill hole, which was perpendicular

FIGURE 2: A Radiograph and B photograph of decompression
coring in 1 of the cadaver specimens.
to the long axis of the radius, ran up to but not through
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1480 DISTAL RADIUS CORE DECOMPRESSION
the volar cortex. A small curette was then used to scoop
any loose cancellous bone proximally or radially. The
loading sequence was then repeated, and new PSF
images were obtained.

The PSF film and the specimen templates were then
scanned (AGFA Duoscan T1200 flatbed scanner; PC
Connection, Inc., Wilmington, OH). Additional strips
of the PSF were also loaded with known amounts of
pressure to provide calibration strips of film for refer-
ence. All these digitized images were then analyzed
with the imaging software (SCION, Scion Corporation,
Frederick, MD) so that the changes in PSF color inten-
sity could be quantified as pressures and measured.

The PSF was analyzed to determine the pressure
distribution on the articular surfaces of the distal radius
and ulna. Using the previously marked template and the
registration pins, pressures could be located to being on
the articular surface of the radioscaphoid fossa of the
radius, the radiolunate fossa of the radius, or the ulnar
carpal fossa of the ulna. The pressure on the ulnar carpal
fossa corresponded with pressure on the articular disk
portion of the triangular fibrocartilage complex. In each
of the 3 regions, the pressures were integrated to deter-
mine the total force in that region. The force in each
region was then expressed as a percentage of the total
force across all 3 regions. The total area in each artic-
ulating region was also determined. The amount of area
experiencing pressure was then computed as a percent-
age of the total potential contact area in that region. The
centroid of contact, weighted by the pressure, was com-
puted for each fossa in a dorsal/volar direction and a
radial/ulnar direction.

The stiffness of the distal forearm was computed as
the slope of the force versus displacement loading curve
from the MTS machine.

Statistical comparisons (paired t, 2-tailed, p � .05)
were made of the stiffness of the distal forearm, the
force in each fossa, the amount of area in each fossa
being loaded, and the centroid of contact in each fossa
before and after coring of the distal radius.

RESULTS
The stiffness of the intact distal forearm (229.4 N/mm),

TABLE 1. Forearm Stiffness, N/mm (SD)

Stiffness

Before core decompression 229.4 (40.1)

After core decompression 198.6 (41.4)
as calculated from the force versus displacement load-
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ing curve, was statistically decreased (p � .003) after
core decompression (198.6 N/mm) (Table 1).

The forces in each fossa of the radius and ulna were
not statistically altered by core decompression (ulnar
carpal fossa, p � .313; radiolunate fossa, p � .429;
radioscaphoid fossa, p � .497; Table 2). The total area
in each fossa having pressure on it was also not statis-
tically altered by core decompression (ulnar carpal
fossa, p � .521; radiolunate fossa, p � .415; ra-
dioscaphoid fossa, p � .260; Table 3). Core decom-
pression did not statistically change the radial/ulnar
location of the centroid in the ulnar carpal, radiolunate,
or radioscaphoid fossas (ulnar carpal fossa, p � 119;
radiolunate fossa, p � .518; radioscaphoid fossa, p �
.523). There was a statistically significant dorsally di-
rected change (p � .008) in the dorsal/volar location of
the radioscaphoid centroid after core decompression
(0.6 mm dorsal change, SD � 0.4 mm); however, the
magnitude of the change is probably minimal compared
with the size of the radiocarpal joint.

DISCUSSION
The concept of core decompression of the radius was
developed by Illarramendi et al.15 after they noted spon-
taneous resolution of Kienböck’s disease after the non-
operative treatment of a patient with a nondisplaced
distal radius fracture. In order to define the pathogenesis
of this result, they subsequently performed core decom-

TABLE 2. Distribution of Total Force

Ulnar Carpal
Fossa

(Percent of
Total Force)

Radiolunate
Fossa

(Percent of
Total
Force)

Radioscaphoid
Fossa

(Percent of
Total Force)

Before core
decompression

6.2 52.5 41.3

After core
decompression

8.5 50.8 40.7

TABLE 3. Percent of Total Area of Each Fossa
Being Loaded (SD)

Ulnar Carpal
Fossa

Radiolunate
Fossa

Radioscaphoid
Fossa

Before core
decompression

6.3 (4.7) 15.2 (7.1) 15.1 (7.8)

After core
decompression

7.1 (2.6) 13.7 (6.6) 13.7 (5.5)
pression of the distal radius and ulna for the treatment
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of Kienböck’s disease. In a retrospective review of 22
patients treated with metaphyseal core decompression
of the radius and ulna for the treatment of Kienböck’s
disease, 16 patients were reportedly pain-free and 4
patients had only mild occasional pain. Nineteen pa-
tients had no progression of their radiologic stage. Four
of 5 patients who had preoperative magnetic resonance
imaging scans showed improvement in T1 and T2
imaging at final follow-up.

Radial shortening osteotomy and radial wedge osteot-
omies constitute traditional surgical treatment options of
Kienböck’s disease. They have been shown to be clinically
successful and have been performed with the goal of
decompression of the radiolunate articulation. Biome-
chanical evaluations of these procedures have confirmed
the unloading effects of the procedures,16 which do result
in secondary alterations of ulnocarpal and/or distal radio-
ulnar joint contact pressures that may be detrimental. Core
decompression of the distal radius for the treatment of
Kienböck’s disease provides the surgeon with a technique
that does not alter the anatomy of the radiocarpal, ulno-
carpal, or radioulnar joints. This procedure represents a
less invasive procedure with potentially fewer complica-
tions than those seen with other more involved surgical
techniques requiring full osteotomy with internal fixation.
The purpose of this study was to examine the biomechani-
cal efficacy of this procedure.

Our biomechanical results show a significant change in
the stiffness of the distal forearm after core decompression.
As only the distal radius was cored, this corresponds with
a decrease in the stiffness of the distal radius. The decrease
in stiffness may translate into a decreased load borne on
the radial side of the wrist after coring. Theoretically, this
could unload the lunate and provide the same mechanical
effect afforded by joint-leveling procedures and intercarpal
arthrodesis by reducing the compressive force across the
radiolunate joint. However, load in the radiolunate fossa is
not altered by distal radial core decompression, and so the
observed clinical effect of this procedure may be more a
result of increased vascularity into the region of the lunate
as proposed by Illarramendi et al. rather than a specific
biomechanical unloading such as has been shown16 for
radial shortening osteotomy and radial wedge osteotomies.

Our data also showed a statistically significant
change in the dorsal/volar position of the centroid in the
radioscaphoid fossa. The position after coring was 0.6
mm (SD � 0.4 mm) dorsal of the position before
coring. This, however, probably will not alter the bio-
mechanics of the radiocarpal joint. Therefore, we con-
clude that the lunate and scaphoid maintain their rela-
tive positions in their respective fossas.
The main limitation of the current study is our assump-
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tion that the load in the lunate fossa in this study is similar
to that in patients with Kienböck’s disease, as it is known
that in the clinical setting, untreated Kienböck’s disease
can lead to further collapse and fragmentation of the lu-
nate. A second limitation is that we did not perform core
decompression of the distal ulna while coring the distal
radius. In our opinion, we believed that core decompres-
sion of the distal radius would be the most likely to effect
load transfer across the lunate fossa of the radius. A third
limitation of this study is that our core decompression of
the radius was accomplished by drilling dorsally under the
lunate facet instead of through a radial approach as rec-
ommended by Illarramendi et al. We believed that the
greatest chance of unloading the lunate fossa of the distal
radius was by coring directly beneath the lunate fossa.
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