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The effect of excisional arthroplasty with palmaris longus tendon

on carpal height ratio in Stage 3 Kienböck’s disease 
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Objective: Treatment methods in Kienböck’s disease remain controversial despite the long-term
awareness of the disease by orthopedic surgeons. Currently, excisional arthroplasty with a pal-
maris longus tendon ball is one of the most frequently used treatment methods. The aim of this
study was to evaluate the long-term results of thirty-eight patients who had been treated with
excisional arthroplasty and palmaris longus tendon ball, as well as the effect of this method on
carpal height. 
Methods: In this study, we retrospectively evaluated 38 patients (mean age: 30.4 years; range:
17-64 years) with Stage 3 Kienböck’s disease who underwent excisional arthroplasty between
1978 and 2008. According to the Lichtman classification, 8 patients were classified as Stage 3a
and 30 patients were classified as Stage 3b in Kienböck’s disease. The mean duration of follow-
up after surgery was 81.3 (range: 25 to 264) months. The outcomes were evaluated with joint
range of motion, grip strength and functional assessment of Nakamura and radiographic changes
in carpal height. 
Results: According to the Nakamura's scoring system the results were excellent in 22 (57.9%)
patients, good in 13 (34.2%) and moderate in 3 (7.9%). Comparison of pre- and postoperative
range of motion of the wrist revealed an average increase in wrist extension of 10° (p<0.05), and
an average decrease in ulnar deviation of 4° (p<0.05) after the operation. No significant differ-
ence was observed when comparing other joint range of motion parameters. Dynamometric grip
strength measurements revealed significant differences between the healthy and operated sides
(67.6 kgf vs. 45.9 kgf, respectively; p<0.05). The decrease in the revised carpal height ratio were
significant. 
Conclusion: According to patient satisfaction rate and clinical results, the outcome of excision-
al arthroplasty with palmaris longus tendon ball in Stage 3 Kienböck’s disease is satisfactory.
However, carpal height reduction and development of degenerative changes may be expected in
long-term follow-up.
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Despite its original description over a century ago, the
etiopathology and treatment methods for Kienböck's
disease remain controversial. Robert Kienböck report-
ed the cause to be a previous wrist trauma, where the
ligaments of the wrist joint and adjoining blood vessels
are damaged, leading to a disruption of the blood sup-

ply to the lunate, and subsequent avascular necrosis.[1,2]

Other mechanical factors considered to cause exces-
sive load on the lunate have since been blamed as
well.[3,4] Some researchers have emphasized that distur-
bances in the arterial and venous system are predomi-
nant factors involved in the etiology of the disease.[5,6]
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Treatment options include conservative manage-
ment with prolonged cast immobilization, vascular-
ized bone grafting for revascularization of the
lunate, radial shortening or ulnar lengthening, partial
capitate shortening, autologous tendon grafting fol-
lowing excision of the lunate, implant arthroplasty,
limited intercarpal arthrodesis, and salvage proce-
dures for the wrist.[7-18] The application of these meth-
ods by different researchers to insufficient numbers
of patients at different stages of the disease and the
lack of comparison of treatment outcomes form the
basis of the controversy over the appropriate treat-
ment method.

Various types of autologous tendon grafts have
been utilized as tendon balls to fill the resultant space
following excision of the lunate in Stage 3
Kienböck’s disease. The most commonly used ten-
don for grafting is the palmaris longus, although the
use of the plantaris tendon or a bone core to create the
tendon ball has also been reported. However, as the
use of the tendon ball alone has not been shown to be
sufficient in maintaining carpal height; some studies
have supplemented grafts with a temporary external
fixator or intercarpal, radiocarpal Kirschner wire.[11-13]

In the present study, we evaluated the long-term
outcomes of patients with Stage 3 Kienböck’s dis-
ease who underwent excision of the lunate followed
by autologous palmaris longus tendon grafting and
Kirschner wire fixation. Also evaluated was the abil-
ity of the procedure to maintain carpal height. 

Patients and methods
We retrospectively evaluated patients who underwent
lunate excision and space-filling with palmaris longus
tendon ball following the diagnosis of Stage 3
Kienböck’s disease between 1978 and 2008. Included
in the study were 38 patients (mean age: 30.4 years;
range: 17-64 years) who attended the final follow-up
and whose preoperative radiographs and clinical eval-
uations were available. 

Eleven (28.9%) of the patients were male and 27
(71.1%) were female. Mean age was 30.4 (range: 17
to 64) years. Nine (23.7%) patients had involvement
of the left wrist and 29 (76.3%) of the right wrist.
Twenty-nine (76.3%) patients had a history of wrist
trauma.

The average time elapsed from the onset of com-
plaints to the initiation of treatment was 27.2 (range:

3 to 66) months. According to the Lichtman classifi-
cation,[10] 8 patients were classified as having Stage 3a
and 30 patients were classified as having Stage 3b
Kienböck’s disease. The mean duration of follow-up
after surgery was 81.3 (range: 25 to 264) months.

The fourth extensor compartment was opened
using a dorsal approach. The posterior interosseous
nerve was dissected and a neurectomy was per-
formed. The wrist capsule was opened and the lunate
was then excised. Special care was given to avoid
any damage to the palmar capsule of the wrist during
excision. A palmaris longus tendon graft was taken
from the palmar side, using multiple small trans-
verse incisions and was rolled onto itself to form a
tendon ball. The wire suture technique described by
Çall› et al.[19] was used while preparing the tendon
ball to allow for radiological follow-up. After plac-
ing the tendon ball into the excised space, radio-
carpal fixation was performed using a single
Kirschner wire (Figs. 1 and 2). Physiotherapy was
initiated after six weeks of fixation.

In the clinical evaluation, joint range of motion
was assessed using goniometric measurements, grip
strength was evaluated with a dynamometer, and
functional outcomes were assessed using the system
developed by Nakamura et al.[20,21] The carpal height
ratio (the ratio of the distance between the distal artic-
ular surface of the capitate and the distal articular sur-
face of the radius to the length of the third metacarpal
on a posterior-anterior radiograph) and revised carpal
height ratio (the ratio of the distance between the dis-
tal articular surface of the capitate and distal articular
surface of the radius to the longest axis length of the
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Fig. 1. Operative image after excision of the lunate bone. 



capitate on a posterior-anterior radiograph) were com-
pared using pre- and postoperative radiographs.[22,23]

Statistical analysis was carried out using the
SPSS v13.0 (SPSS Inc., Chicago, IL, USA) soft-
ware. In pre- and postoperative comparisons, a t-test
was used to compare the healthy and affected sides.
A p value less than 0.05 was considered statistically
significant.

Results
The patients included in this study were followed for
a minimum of 2 and a maximum of 22 years.
According to the Nakamura's scoring system for
Kienböck’s disease, the results were excellent in 22
(57.9%) patients, good in 13 (34.2%) and moderate
in 3 (7.9%). 

Comparison of pre- and postoperative range of
motion of the wrist revealed an average increase in
wrist extension of 10° (p<0.05), and an average
decrease in ulnar deviation of 4° (p<0.05) after the
operation. No significant difference was observed
when comparing other joint range of motion parame-
ters (Table 1).

Dynamometric grip strength measurements
revealed significant differences between the healthy
and operated sides (67.6 kgf vs. 45.9 kgf respectively;
p<0.05).

Although we determined decreases in both carpal
height and revised carpal height ratios after the oper-
ation, only the decrease in the revised carpal height
ratio were significant (Table 1) (Figs. 3 and 4).

In five patients, subluxation of the tendon ball to
the dorsal aspect of the wrist was radiographically
detected by means of the wire suture placed around
the tendon. These patients had no significant com-
plaints and did not require additional surgery. At the
end of the follow-up period, degenerative joint
changes were observed in all patients.

Subjective queries revealed that patients were sat-
isfied with the surgical intervention and that the
majority of the patients were able to return to work.

Discussion
In advanced stage Kienböck’s disease, interposition
of a palmaris longus tendon ball to the created defect
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Preoperative (±SD) Post-operative (±SD) p value

Revised carpal height ratio 1.39 (±0.11) 1.35 (±0.07) 0.022

Carpal height ratio 0.48 (±0.05) 0.47 (±0.04) 0.196

Flexion 31.57 (±13.72) 32.36 (±9.13) 0.664

Extension 34.86 (±10.66) 44.47 (±10.18) 0.000

Radial deviation 10.52 (±5.35) 10.65 (±4.95) 0.864

Ulnar deviation 21.84 (±6.53) 18.55 (±6.14) 0.002

Significant p values are typed in bold.

Table 1. Comparison of pre- and postoperative range of motion of the wrist and the carpal height ratios. 

Fig. 2.   Postoperative (a) anteroposterior and (b) lateral radiographs. 

(a) (b)



following lunate excision is a reconstruction method
which aims to prevent future synovitis and degener-
ation. This interposition may prevent proximal
migration of the capitate, and thus the deterioration
of wrist dynamics.[24,25]

Other methods to maintain carpal height include
temporary intercarpal fixation and distraction meth-
ods. Yajima et al.[12] performed temporary fixation of
the scaphotrapezio-trapezoidal or scaphocapitate
joint with Kirschner wires, following excision of the
lunate and interposition of the tendon ball. They
reported that temporary fixation for a minimum of
six weeks in the postoperative period was efficient in
maintaining carpal height. Ueba et al.[13] applied
external fixation distraction following excision and
tendon grafting and reported successful results.

The failure to maintain carpal height following
lunate excision, and the development of arthrosis as a
result of carpal collapse are the major criticisms relat-
ed to this surgical method. Sakai et al.[11] applied
lunate excision in two groups of patients. The first
group was treated with replacement of the lunate with
a palmaris longus tendon graft with a bone core
placed in the tendon ball and the second group was
treated with replacement of the lunate with a palmaris
longus tendon graft without a bone core. The authors
emphasized that at the end of the first postoperative
year, the tendon ball with the bone core maintained
carpal height while carpal height was significantly
decreased and the rate of arthrosis development was
significantly higher in the non-bone core group.
However, there was no significant difference
between the two groups with respect to the clinical
outcomes despite the presence of carpal collapse.

Carpal height ratio calculations and their reliabil-
ity have been reported by different authors in the lit-
erature.[22,23] The carpal height ratio, as defined by
Youm, is the ratio of the carpal height to the length
of the third metacarpal.[22] However, Nattrass et al.[23]

reported that the use of the length of the capitate
length and not the third metacarpal provided more
accurate and precise results. The authors defined this
new method of calculation as the revised carpal
height ratio and reported that its average value in the
normal population was 1.57±0.05.

In addition to using a palmaris longus tendon ball,
we used a Kirschner wire for fixation of the wrist
joint for a period of six weeks following the surgery
to prevent carpal collapse. However, despite this
application and results from previous studies, follow-
up evaluations showed significantly decreased carpal
height ratio and carpal collapse. We are of the opin-

Acta Orthop Traumatol Turc396

Fig. 3. Preoperative anteroposterior radiograph of a Stage 3a
patient and drawings to determine the carpal height
ratio. 

Fig. 4. The same patient’s long-term follow-up (a) anteroposteri-
or and (b) lateral radiographs. 

(a) (b)



ion that the use of a tendon graft to fill the excised
space has only a limited ability to prevent proximal
capitate migration and maintain carpal height.

Kato et al.[26] reported good clinical results in 13
patients with advanced stage (Stages 3 and 4)
Kienböck’s disease who were followed-up for an
average period of 6 years. However, they reported
that this method failed to prevent carpal collapse.
Carroll reported that at an average of 17.9-year fol-
low-up in 43 patients, outcomes were efficient and
all patients were able to proceed with their preoper-
ative activity and working life without problems.[27]

In our study on 38 patients with an average fol-
low-up period of 81.3 months, no significant differ-
ence was observed between pre- and postoperative
flexion and radial deviation range of motion values.
However, extension and ulnar deviation range of
motion values significantly differed between the pre-
and postoperative periods. On clinical evaluation, it
was noted that the majority of patients were satisfied
with the surgical procedure; they had no significant
pain complaints, and they returned to their preopera-
tive activity levels. That 92.1% of the patients had
excellent and good clinical outcomes according to
the Nakamura's scoring system is remarkable.
However, the lack of tools that display patients’ sub-
jective state, such as the Disabilities of the Arm,
Shoulder and Hand (DASH) questionnaire or visual
analogue scale (VAS) is a limitation of the present
study.

In accordance with the literature, we found that
there was a decrease in postoperative carpal height
ratios. Our finding that only the decrease in the
revised carpal height ratio reached a significant level
suggests that, in agreement with the literature,
revised carpal height ratio is more sensitive than
carpal height ratio in determining carpal collapse.

Wrist denervation procedures are among the sal-
vage procedures performed in patients with
advanced stage Kienböck’s disease. Posterior
interosseous neurectomy was performed in our
patients through the same incision. We are of the
opinion that this neurectomy procedure was a strong
factor in the high satisfaction rates and minimal pain
complaints despite the presence of symptoms of
advanced arthrosis. However, neurectomy’s effect
on the degenerative changes noted on the follow-up
radiographs is open to discussion.

The use of a wire in the preparation of the tendon
ball during surgery was helpful in determining com-
plications during the follow-up period. In five
patients, subluxation of the tendon graft to the dorsal
side of the wrist was radiographically detected by
means of the wire sutures used. As these patients had
no clinical symptoms and complaints, they were
simply monitored. As there is no technical difficulty
in the use of wire sutures while preparing the tendon
ball and their use does not prolong the duration of
surgery or increase cost, we believe that this is a use-
ful method to monitor complications.

In conclusion, lunate excision followed by pal-
maris longus tendon ball replacement in advanced
stage Kienböck’s disease produces satisfactory
patient satisfaction rates and clinical outcomes.
However, when choosing this method, it should be
kept in mind that the carpal height ratio may be
decreased and degenerative changes may occur.
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