
Kienböck’s disease is manifested by avascular necrosis 
of the lunate.1) Mostly affected at young age, the necrotic 
lunate is vulnerable to subsequent collapse.2) Patients 

with the disease has high risk of disintegration of carpal 
biomechanics and of early-onset arthritis.1) As a surgical 
intervention, revascularization of the lunate is attempted 
using vascularized bone grafts or radial osteotomy.1) For 
advanced stages, salvage procedures such as partial or total 
wrist fusion are performed to manage arthritic pain by 
sacrificing the wrist motion.1) 

Meanwhile, reports on patients with Kienböck’s 
disease diagnosed in late age have been made by some 
studies. Including the first case report in 1982,3) the studies 
showed favorable outcomes of nonsurgical treatment in 
this subset of patients.4,5) In a recent cross-sectional study, 
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the percentage of collapsed lunates was smaller in aged pa-
tients without any symptoms than in young symptomatic 
patients.6) These findings imply that lunates in Kienböck’s 
disease might have a favorable prognosis and not undergo 
a significant collapse if diagnosed late in life. Following 
these case reports and series,3-5) we did not perform any 
interventions, either surgical or nonsurgical, for patients 
with Kienböck’s disease whose diagnosis was made at 
more than 50 years of age. Annual observation was made 
for their radiographic and clinical check-ups. Through 
analysis of more than five years of follow-up, we aimed 
to determine the radiographic and clinical progression of 
Kienböck’s disease diagnosed at more than 50 years of age.

METHODS
We obtained Institutional Review Board approval for the 
study (No. H-2011-104-1174), and the need for informed 
consent was waived. All research was performed in accor-
dance with relevant guidelines and regulations.

Patients who were diagnosed with Kienböck’s dis-
ease at more than 50 years of age at our institute were sub-
jects of this study. The diagnosis was made based on histo-
ry and radiographs according to the established criteria.7) 
Tenderness on the involved lunate aided in the diagnoses. 
For the patients, we explained that the affected lunate was 
not expected to collapse further if found in late age. In-
stead, treatment was focused on concomitant hand diseas-
es (e.g., carpal tunnel release for carpal tunnel syndrome 
and stretching exercise for chronic synovitis). Regardless 
of the stage of the disease at the time of diagnosis, surgi-
cal treatment for the Kienböck’s disease was not recom-
mended. Nonsurgical treatments, such as immobilization 
using splints, were also not made, except for pain control 
using nonsteroidal anti-inflammatory drugs. Annual visit 
to the clinic was recommended to detect any significant 
collapse of the lunate and arthritic change in carpal bones. 
To ensure the minimum 5 years of follow-up, we selected 
the patients whose diagnoses were made before 2016. 

Clinical and Radiographic Evaluation
From the anteroposterior and lateral radiographs of the 
wrists, measurements were made including disease staging 
using Lichtman’s modification of Stahl’s original classifica-
tion,8) ulnar variation as described by Gelberman et al.,9) 
Stahl index as described by Youm et al.,10) and radioscaph-
oid angle according to Goldfarb et al.11) For the Stahl index 
and radioscaphoid angle, three orthopedic surgeons (JSH, 
BJS, and QL) made the measurements from the radio-

graphs that had been mixed up in nonchronological order. 
One surgeon (BJS) repeated the measurements more than 
3 weeks later. The interobserver reliability ranged from 
0.936 to 0.965 for Stahl index and from 0.916 to 0.952 for 
radioscaphoid angle. The intraobserver reliability ranged 
from 0.981 to 0.989 for Stahl index and from 0.953 to 0.967 
for radioscaphoid angle. Therefore, a mean of the two 
sets of measurements made by the author who performed 
the intraobserver reliability testing (BJS) was used for the 
analysis. 

At each visit to the clinic, we evaluated the patients’ 
clinical and radiographic status. The severity of wrist pain 
was assessed using visual analog scale (VAS) from 0 to 
10. For the affected and unaffected sides, grip strength 
was measured using a dynamometer, and the percent 
grip strength was calculated for the affected side. All 
measures of strength compared to the contralateral side 
were corrected for limb dominance in all right-handed 
individuals by assuming the right hand was 15% stronger. 
Passive range of motion (ROM) of the wrist in extension 
and flexion was evaluated using a goniometer. Clinical 
results were evaluated using Dornan’s criteria: excellent if 
no complaints and capable of working without difficulty; 
good if capable of working without loss of time, but with 
symptoms after very heavy use; fair if improvement in 
symptoms but unable to resume heavy work; and poor if 
no improvement, with persistent weakness and pain in 
the wrist.5,12) For patients who could not visit the clinic for 
any reason, telephone interviews were made to check for 
whether they had surgical treatment for Kienböck’s disease 
at other hospitals and to assess the wrist pain in VAS.

Statistical Analysis
Descriptive statistics (means, standard deviations, and 
percentages) were calculated for all variables of interest. To 
assess the radiographic progression of the disease, patients 
whose radiographs were followed up for more than 5 years 
were selected. The Stahl index and radioscaphoid angle 
measured from their initial and final radiographs were 
compared, of which the statistical significance was deter-
mined using Wilcoxon signed-rank test. Clinical progres-
sion of the disease was assessed by comparing the initial 
and final pain in VAS and ROM of the wrist, of which the 
statistical significance was determined using Wilcoxon 
signed-rank test. All statistical analyses were performed 
using the IBM SPSS ver. 26.0 (IBM Corp., Armonk, NY, 
USA), and a p < 0.05 was considered statistically signifi-
cant.
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RESULTS
Patient Characteristics
Between 2000 and 2016, 27 patients were diagnosed with 
Kienböck’s disease at more than 50 years of age. There 
were 6 men and 21 women, whose mean age at the diag-
nosis was 62.3 years (range, 50–75 years). All 27 patients 
had tenderness of the lunate at palpation. Twenty-one 
patients complained of wrist pain for average 14.3 months 
(range, 0.8–61.0 months). The average VAS was 3.5 (range, 
1–7). The average ROM of the wrist was 32° (range, 20°–
60°) for extension and 36°(range, 10°–60°) for flexion. Two 
patients were in Lichtman stage 1, 6 in stage 2, 5 in stage 
3A, 11 in stage 3B, and 3 in stage 4. There was no correla-
tion between pain in VAS or wrist ROM and the Lichtman 
stage. The average ulnar variance was +1.0 mm (range, 
–2.1 to +3.4 mm) (Table 1). 

Radiographic Progression
Among the 27 patients, more than 5 years of radiographic 
follow-up was made in 14 patients, for which comparison 

between the initial and the final radiographic parameters 
could be made with average 7.8 years (range, 5.0–14.4 
years) of interval. Radiographic follow-up in the other 13 
patients did not reach 5 years because of their refusal to 
undergo radiographic assessment (Table 1). A lunate in 1 
patient that was initially classified as Lichtman stage 3A 
changed to Lichtman stage 3B one year after the diagnosis 
(Fig. 1A and B). During the next 4 years of observation, 
there was no further collapse (Fig. 1C). The other 12 lu-
nates showed no change in Lichtman stage during the 
follow-up. The initial radiographs showed average Stahl 
index and radioscaphoid angle of 0.37 (range, 0.24–0.49) 
and 64.4° (range, 53°–73°), respectively. At the final follow-
ups, the measurements averaged 0.36 (range, 0.23–0.50) 
and 62.3° (range, 48°–72°), respectively. There was no 
statistical significance in the changes for both parameters 
(Table 2, Fig. 2). 

Clinical Progression
As well as the radiographic assessment, more than 5 years 
of follow-up was made for the physical examinations in 

Table 1. Demographics of the Subjects of This Study

Variable Total patients (n = 27) Follow-up > 5 yr (n = 14) Follow-up < 5 yr (n = 13)

Age at diagnosis (yr) 62.3 (50 to 75) 62.5 (50 to 75) 61.7 (53 to 74)

Women 21 (78) 10 (77) 11 (79)

Right hand involved 16 (59) 8 (57) 8 (62)

Duration of symptom (mo) 14.3 (0.8 to 61.0) 14.9 (1.3 to 24.0) 13.7 (0.8 to 47.0)

Lichtman stage

   1 2 (7) 0 2 (15)

   2 6 (22) 4 (29) 2 (15)

   3A 5 (19) 3 (21) 2 (15)

   3B 11 (41) 4 (29) 7 (54)

   4 3 (11) 3 (21) 0

Pain in VAS 3.5 (1 to 7) 3.5 (1 to 7) 3.3 (1 to 7)

Range of wrist motion 

   Dorsiflexion (°) 32.2 (20 to 60) 35.0 (20 to 60) 20.0 (10 to 30)

   Volar flexion (°) 36.1 (10 to 60) 33.1 (10 to 40) 33.3 (10 to 60)

Ulnar variance (mm) +1.0 (–2.1 to +3.4) +0.9 (–2.6 to +3.2) +1.0 (–4.1 to +3.4)

Radiographic follow-up (yr) 4.7 (1.0 to 14.4) 7.8 (5.0 to 14.4) 2.0 (1.0 to 4.5)

Clinical follow-up (yr) 7.6 (5.0 to 15.7) 7.6 (5.0 to 14.4) 7.5 (5.1 to 15.7)

Values are presented as median (range) or number (%).
VAS: visual analog scale.
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the same 14 patients, and the remaining 13 patients were 
interviewed by telephone. Improvement in pain was found 
in all 27 patients, none of whom had undergone surgical 
treatment for Kienböck’s disease. The average VAS was 
0.8 (range, 0–2) at the last follow-up (p = 0.001). Clinical 
results were excellent in 22 patients and good in 5 patients 
according to Dornan’s criteria.12) The average percent-
age grip strength at the last follow-up was 85% (range, 
74%–102%). The final ROM of the wrist was 41° (range, 
20°–60°) for extension and 41° (range, 20°–65°) for flex-
ion. When compared to the initial measurements, there 
was no statistically significant difference in both extension 
(32° vs. 41°, p = 0.054) and flexion (36° vs. 41°, p = 0.079). 
Focal tenderness of the lunate, which was present at the 

initial diagnosis of all patients, no longer existed. 

DISCUSSION
Natural history of Kienböck’s disease is not well defined. 
Because collapse of the necrotic lunate was delayed 
through surgical interventions,2) the disease has been 
thought to be progressive in nature. More studies are re-
quired for better understanding, but the low incidence of 
the disease has made it difficult. In the present study, 27 
patients with a diagnosis of Kienböck’s disease at more 
than 50 years of age were observed for an average of 4.7 
years. More than 5 years of radiographic follow-up could 
be made in 14 patients over a period ranging from 5.0 to 
14.4 years. By analyzing Stahl index for lunate collapse and 
radioscaphoid angle for its effect on carpal biomechanics, 
we found that both radiographic parameters did not dete-
riorate after more than 5 years of observation. 

Outcomes of nonsurgical treatment have been re-
ported for Kienböck’s disease diagnosed in late age in case 
reports13,14) and case series.5) Clinical outcomes assessed 
by wrist pain and ROM or functional scores were consis-
tently favorable despite no surgical intervention. On the 
other hand, Taniguchi et al.5) reported after an average 5.5 
years of follow-up that collapse in the lunates and arthritic 
changes in the surrounding carpal joints were consistently 
found in all 13 cases. Outcomes were favorable in clinical 
aspects, but not in radiographic. To the best of our knowl-
edge, our study is the second case series that reported 
radiographic follow-up data in this subset of patients. The 
gender ratio, mean age at diagnosis, mean age at the onset 
of symptom, and ulnar variance were similar to those in 
the previous study. However, a significant difference in 
the radiographic progression could be observed. Despite 
the longer follow-up period, none of the lunates resulted 
in arthritic changes. Increase in the lunate height could be 
found, and the trabecular patterns inside the lunate be-
came similar to the surrounding carpal bones (Fig. 3). We 
believe that Kienböck’s disease, if diagnosed in late age, has 
a benign natural course not only clinically, but also radio-
graphically.

The reason for the favorable prognosis of Kien-
böck’s disease diagnosed in late age is unclear. Neverthe-
less, necrotic lunates that do not collapse imply that they 
comprise a totally different disease entity from Kienböck’s 
disease diagnosed in earlier age. Taniguchi et al.5) sug-
gested osteoporosis as a predisposing factor of necrotic 
lunate in the elderly. A high proportion of women was also 
observed in our series (78%), but further evaluation using 
bone mineral density or bone turnover markers is required 

A

B

C

Fig. 1. Wrist pain persisted for 5 years in a 66-year-old woman. (A) Plain 
radiographs showed Kienböck’s disease (Lichtman stage 3A) and chronic 
synovitis at the dorsum of the wrist. For the latter condition, passive 
stretching exercise and pain control using nonsteroidal anti-inflammatory 
drugs were recommended. (B) One year later, apparent collapse of the 
lunate with persistent radiographic sign of the synovitis could be found. 
(C) After continuous observation of additional 4.7 years, the lunate did 
not collapse further, with radiographic signs of the synovitis no longer 
apparent. Intermittent pain of twice a month was the only remaining 
symptom.
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to prove this hypothesis. Furthermore, diminished vulner-
ability to collapse is also not explained if osteoporosis is a 
predisposing factor. Otherwise, ulnar variance becomes 
more positive as aging.15) A positive ulnar variance, which 
diminishes the axial loading of the radius,16) may act as 
a protective factor for the lunate collapse. Although data 

were not shown, 2 of our patients with highly negative 
ulnar variance were both in advanced stages when initially 
diagnosed. Because of the small number of subjects in this 
study, however, no definite conclusion can be drawn. 

During the observation period for the patients, our 
treatment was focused on other concomitant hand dis-
eases. We could find carpal tunnel syndrome in 4 patients, 
ulnar impaction syndrome in 3 patients (Fig. 4), chronic 
synovitis of the wrist in 3 patients (Fig. 1), De Quervain 
disease in 3 patients, pisotriquetral arthritis in 2 patients, 
flexor tenosynovitis in 2 patients, and rheumatoid arthritis 
in 1 patient. Flattening deformation, frequently found in 
the lunates with avascular necrosis,2) may become, in the 
long term, a cause of carpal tunnel syndrome17) and dorsal 
synovitis.18) Furthermore, the chronically decreased ROM 
in the affected wrist might increase the burden on the sur-
rounding soft- and bony-tissue structures, of which the 
possible consequence includes De Quervain disease and 
flexor tenosynovitis. Complaints of the patients warranted 
a great deal of attention at the initial visits. But our long-
term observation on these patients found that most of 
them no longer had to seek for help in the long run. Deci-
sion for surgery, therefore, should be made with caution. 
Treatments of the concomitant hand diseases may alleviate 
pain and improve hand function in patients with Kien-
böck’s disease, especially in the elderly.

Evaluation of treatment effects on the lunate pathol-
ogy in Kienböck’s disease has been attempted in many 
ways. Abnormal signals in magnetic resonance and radio-
nuclide imaging have served as evidence that the ischemic 
lunate is a hallmark pathology of the disease.19) Normal-
ization of the signal could be found after radial shorten-
ing osteotomy20) and vascularized bone graft.21) The most 
widely used diagnostic tool would be plain radiography 
to measure Stahl index, carpal height ratio, and scapholu-

A

B

Fig. 3. A 50-year-old woman underwent carpal tunnel release and 
her concomitantly found Kienböck’s disease (Lichtman stage 3B) was 
closely observed for its clinical and radiographic progression. (A) Initial 
radiographs showed collapse of the lunate with evident sclerotic change. 
(B) Radiographs taken 10.7 years after the diagnosis showed an apparent 
increase in the height of the lunate. Note the trabecular pattern inside the 
lunate, which became similar to that of other carpal bones. Intermittent 
pain existed, but the patient was satisfied with not having undergone 
surgery for Kienböck’s disease. 

Fig. 2. For 14 patients with Kienböck’s disease diagnosed at more than 50 years of age, we compared the initial and final measurements of Stahl index (A) and 
radioscaphoid angle (B) with at least 5 years of interval. The measurements are shown with circles, and the two time points are connected with gray lines. Solid 
circles connected with a black line indicate mean values. The p-values between the measurements were calculated using Wilcoxon signed-rank test.
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nate angle. Absence of sclerotic or cystic changes and of 
fragmentation,22) and normalization of the trabecular pat-
terns inside the lunate23) have also been related to favorable 
treatment outcome. Lastly, lunate tenderness to palpation 
can be checked for both diagnosis and treatment monitor-
ing in physical examination,24) where its disappearance 
could be found in our consecutive series at the last follow-
up visits. 

There are some limitations of this study. First, al-
though telephone interviews were performed in all 27 
patients to confirm the improvement in their symptoms 
despite no surgical treatment for Kienböck’s disease, loss 
to follow-up for the radiographic assessment can be a 
limitation of this study. However, this is the first study that 
provides any radiographic evidence of favorable outcome 
after more than 5 years of observation period. Second, be-
cause of the retrospective nature of the study, demographic 
or risk factors, such as tobacco use, employee status, or 

comorbidities, were not evaluated.
Our study suggests that the Kienböck’s disease di-

agnosed at more than 50 years of age can follow a benign 
natural course in radiographic and clinical aspects. There-
fore, surgical interventions should be considered carefully 
in this age group.
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