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Results of Vascularized Bone Graft Application in The Kienbdck Disease
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Abstract

Background: We aimed to evaluate the postoperative clinical and radiological results of Kienbdck patients treated with extensor
compartmental artery pedicled vascularized bone graft (VBG).

Materials and Methods: In this study, 12 patients who were diagnosed with Kienbdck's disease and underwent
revascularization (with pedicled VBG from distal radius) and attended at least one postoperative follow-up between January
2011 and June 2015 in Harran University, Department of Orthopedics and Traumatology. In the follow-up, clinical evaluation
was performed with Visual Analog Scale (VAS), Modified Mayo Wrist Score (MMWS) and Quick Disabilities of the Arm, Shoulder
and Hand Questionnaire (Q-DASH).

Results: Seven of the cases were female (58.3%) and 5 of them were male (41.7%). Mean age was 27.83. Seven (58.3%) of
the cases were on the right, while 10 (83.3%) were on the dominant wrist. Trauma history was not found in 9 (75%) cases. After
the operation, the MMWS result was good / excellent in 11 (91.7%) patients, and the Q-DASH score of these patients was
between 5-20. Nine (75%) patients had a VAS score of 2 or lower. In both preoperative and postoperative evaluation, we
determined negative ulnar variance in 9 (75%) and neutral ulnar variance in 3 (25%) cases (no positive ulnar variance).
Significant changes in postoperative Stahl index were not determined. Preoperative flexion and extension range of motion values
had increased significantly at postoperative measurements (p <0.05). When compared with the preoperative values, it was
determined that postoperative carpal height ratio decreased significantly, and wrist grip strength increased significantly.
Postoperative scintigraphy was performed in 11 cases. Osteoblastic activity was detected in 10 cases. The MRI results of these
10 cases showed findings in favor of revascularization in 5 patients.

Conclusions: The use of pedicled VBG for the treatment of Kienbdck's disease is very successful in providing revascularization
and restoring functionality. Revascularization was detected in scintigraphy in all but 1 patient, while MRI showed it in 5 patients.
Treatment-specific results can be explored in more detail with a higher number of patients diversified according to surgical
approach. Such efforts will be helpful in determining appropriate options in the treatment of Kienbdck's disease.
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Amag: Ekstansér kompartmanli arter pedikilli vaskilarize kemik grefti (VBG) ile tedavi edilen Kienbdck hastalarinin
postoperatif klinik ve radyolojik sonuclarini degerlendirmeyi amagladik. 3

Materyal ve Metod: Bu galismada, Ocak 2011-Haziran 2015 tarihleri arasinda Harran Universitesi Ortopedi ve Travmatoloji
Anabilim Dali'nda Kienbdck hastaligi tanisi alan ve revaskilarizasyon (distal radiustan pedikiilli VBG ile) yapilan ve en az bir
postoperatif takibi bulunan 12 hasta calismaya dahil edildi. izlem sirasinda bu hastalara Gorsel Analog Skala (VAS), Modifiye
Mayo Bilek Skoru (MMWS) ve (Q-DASH) anketi ile klinik degerlendirme yapildi.

Bulgular: Olgularin 7'si kadin (% 58,3), 5'i erkek (% 41,7) idi. Ortalama yas 27.83 idi. Olgularin yedisi (% 58,3) sagda, 10'u (%
83,3) dominant bilekte idi. Dokuzunda (% 75) travma 6ykiisti bulunamadi. Ameliyat sonrasi 11 (% 91,7) hastada MMWS sonucu
iyi / milkemmeldi ve bu hastalarin Q-DASH skoru 5-20 arasinda idi. Dokuz (% 75) hastanin VAS skoru 2 veya daha diisUikt.
Hem preoperatif hem de postoperatif degerlendirmede 9 (% 75) vakada negatif ulnar varyans ve 3 (% 25) vakada nétr ulnar
varyans (pozitif ulnar varyans yok) belirledik. Postoperatif Stahl endeksinde dnemli degisiklikler tespit edilmedi. Preoperatif
fleksiyon ve ekstansiyon hareket agikligi degerleri postoperatif dlgiimlerde anlamli olarak artti (p <0.05). Preoperatif degerler ile
karsilastirildiginda postoperatif karpal yiikseklik oraninin anlamli olarak azaldigi ve bilek kavrama giictinin anlamli olarak arttigi
belirlendi. 11 vakada postoperatif sintigrafi yapildi. 10 vakada osteoblastik aktivite tespit edildi. MRG sonuglari 5 hastada
revaskularizasyon lehine bulgular gostermistir.

Sonug: Kienbdck hastaliginin tedavisi igin pedikiilli VBG kullanimi revaskiilarizasyon saglamada ve islevselligi geri kazanmada
cok basarilidir. Sintigrafide 1 hasta diginda hepsinde revaskiilarizasyon tespit edilirken, MRG'da 5 hastada ravaskiilarizasyon
bulgulari saptandi. Cerrahi yaklagima gore gesitlendirilmis daha fazla sayida hasta ile tedaviye 6zgii sonuglar daha detayli
arastirilabilir. Bu tir arastirmalar, Kienbock hastaliginin tedavisinde uygun segeneklerin belilenmesinde yardimcei olacaktir.

Anahtar kelimeler: Lunate, Kienbock hastaligi, Kemik grefti
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Introduction

The wrist is a highly mobile and complex structure consis-
ting of eight carpal bones and ligaments. The carpal bones
show two separate sequences, distal and proximal. The
second hone from the lateral to the medial in the proximal
alignment is the lunate(1).

Kienbdck's disease (Lunatomalacia) is a of avascular nec-
rosis of the lunatum, causing progressive pain and loss of
function in the wrist joint (2). This condition is called Kien-
boc'k’s disease. Itis generally seen in adults before the age
of 40, mostly occurs in men, and is usually unilateral and
on the dominant side(3, 4).Although many variables such
as , overloading, blood supply problems, recurrent trau-
mas, and shape and position disorders are investigated in
the development of Kienbdck'sdisease, a direct etiological
cause has not been clearly determined (5, 6). In patients,
decreased grip strength, restricted joint movements and
pain are the main findings(7). Since Kienbdck's disease is
a disease that starts with the deterioration in the architec-
ture of the lunate and results in wrist arthrosis, it is consi-
dered as a problem that concerns not only the lunate pat-
hology but also the entire wrist(8).

Since there is no consensus on the etiology of the disease,
there is no gold standard option for treatment(9, 10).While
immobilization and conservative treatment are preferred in
the early stages, surgical procedures can be applied in ca-
ses where the disease keeps progressing and there is no
response to conservative treatment(11-13). Similarly,
since the etiology is not clear,the application and approach
to surgical intercentions also vary (5, 14).for example, con-
servative treatment,epiphysiodesis, radial ostetomy and
revascularization procedures are the main ones(11-13, 15-
19).Today, vascular bone grafts (VBG) are among the
most preferred and popular approaches in the treatment of
Kienbdck's disease (20-22).Revascularization using ape-
dicled VBG from the distal region of the radius is an impor-
tant treatment option, as various studies examining the re-
sults of this method have shown very successful functional
and radiological results (23-26).

Although there are previous studies reporting the radiolo-
gical and clinical results of the use of pedicled VBG in the
treatment of Kienbdck's disease, it is noteworthy that the
number of studies investigating this issue are few and
these studies include limited patient numbers (due to the
rarity of the disease). Thus, data concerning clinical cha-
racteristics and treatment outcomes are limited. In this
study, we aimed to evaluate the postoperative clinical and
radiological results of Kienbdck patients treated with exten-
sor compartmental artery (ECA) pedicled VBG.

Materials and Methods

Patient population

In this study, 12 patients who were diagnosed with
Kienbdck'sdisease and underwent revascularization with a
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pedicled VBG from the distal radius, between January
2011 and June 2015 at Department of Orthopedics and
Traumatology were included.All patients. had attended
postoperativefollow-up at least once after surgery.
Ethics committee approval was obtained from the Ethical
Committee of the Medical Faculty at Harran University (de-
cision number :15/07/05).

The patients were followed up for an average of 20
months. Clinical evaluation was performed with the Visual
Analog Scale (VAS), Modified Mayo Wrist Score (MMWS)
and Quick Disabilities of the Arm, Shoulder and Hand
Questionnaire (Q-DASH). Radiological evaluation was per-
formed by magnetic resonance imaging (MRI) and techne-
tium bone scintigraphy. Anamnesis, physical examination,
direct radiography and MRI were used as diagnostic meth-
ods. After the vascularized graft surgery was appropriately
explained to patients, we obtained informed consent for the
procedure and also inclusion into the study.All patients un-
derwent necessary consultations and differential diagnosis
before surgeries were planned. Patients were admitted to
our ward on the day of their scheduled surgery for prelimi-
nary tests, after anesthesia proceduresthey were taken to
the operating room for surgical intervention.

Surgical procedure

Under the turnstile in the supine position, the skin and sub-
cutaneous tissue were passed via a dorsal longitudinal in-
cision over the 4th and 5th extensor compartments of the
wrist. After defining the extensor retinaculum, the joint cap-
sule was lifted over the lunate in the form of a radial-based
flap and access to the lunate bone was obtained. Concur-
rently, the artery and vein were detected in the 5th extensor
compartment. This pedicle was preserved and followed up
proximally. The site where it branched from the anterior in-
terosseous artery was determined, and the 5th ECA was
mobilized to the point where it was branched from the an-
terior interosseous artery and it was ligated from this point.
The 4th ECA was found on the compartment and was fol-
lowed proximally, and the artery was freed from the sur-
rounding soft tissues by locating the branch from the 5th
ECA (Figure 1). Approximately 1 cm proximally from the
joint, the region where the 4th ECA entered the bone was
determined. A sufficient bone graft was taken along with
the artery and a pedicle bone graft was obtained (Figure
2).Finally, after cleaning and clearing the defective parts of
the lunate, the pedicled bone graft was placed vertically
and was tightly wedged into the gap created for the graft
(27).

Follow-up investigations

In the postoperative follow-up, direct radiographs (X-rays)
of the patients were taken and their clinical examinations
were performed. Imaging studies with MRI and bone scin-
tigraphy were planned for the 12th month. However, due to
patient incompatibility, standardization on MRI, scintigra-
phy and x-ray timing was not achieved.
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Figure 1. Skin incision at the intersection of the external compartments, and supraretinacular exfracompartmental artery graft site
(Harran University, Faculty of Medicine, Orthopedics and Traumatology Department Archive)

Figure 2. Vascular bone graft taken during surgery
(Harran University, Faculty of Medicine, Orthopedics and Traumatology Department Archive)
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Bone union status, carpal height ratio, Stahl index, and ul-
nar variance rates were measured and recorded. In clinical
examinations, preoperative and postoperative wrist exten-
sion and flexion range of motion (ROM) were measured
with a digital (electronic) goniometer and recorded. The
wrist grip strength of all patients was determined with a
wrist dynamometer. Functional and pain states of the pa-
tients were evaluated with MMWS, Q-DASH and VAS. Re-
vascularization status in the graft and lunate was evaluated
by evaluation of postoperative MRI signal changes and os-
teoblastic activity in bone scintigraphy. Hyperintense ap-
pearance (especially in T2 sequence), contrast enhance-
ment and medullary signal increase were evaluated in fa-
vor of revascularization (28-32).

Assessment of Ulnar Variance:The ulnar variance is the
distance between the wrist bones and the ulna and its nor-
mal value is 0.9 mm(33).if the ulna and radius joint levels
are equal, it is called neutral ulnar variance, if the ulna joint
face is more distal, positive ulnar variance, if the ulna joint
face is more proximal than the radius joint face, it is called
negative ulnar variance(31).

Carpal Height Ratio: Reduction in carpal height is deter-
mined by the decrease in this value. The numerator of this
fraction is defined as the distance between the proximal
onset of the third metacarpal bone and the distal joint sur-
face of the radius, while the denominatoris the longitudinal
length of the third metacarpal bone. The normal range of
carpal height ratio is 0.54 + 0.03 (31,34).

Stahl Index: This value is calculated on the lateral radio-
graph.ltis defined as the ratio of the height of the lunate to
its width. Normal values are around 0.53 + 0.03(22, 31,
35).

Evaluation of pain: The VAS is a scale that allows sub-
jective assessment of the severity of pain according to the
reports of the patients themselves. In this scale, the patient
determines their pain level from 0 (no pain)to 10 (most se-
vere pain suffered by the patient)(36).

Q-DASH: The Q-DASH is used for functional and sympto-
matic evaluation. The scores of the patients are calculated
according to the answers they give to the questions that
comprise the measurement. Maximum value is 100. Higher
scores represent worse results(37).

MMWS: Patient satisfaction and clinical results were eval-
uated with the MMWS. In this system, a score out of 100 is
calculated by evaluating pain, functional status, ROM and
grip strength. In the evaluation of scores, values between
0-50 are considered'poor’, 51-65 are ‘acceptable’, 66-80
are ‘good’, and 81-100 are ‘excellent'(38).

Statistical analysis

Statistical analysis was performed using the SPSS (Statis-
tical Package for Social Sciences) version 21.0 package
program. The McNemar test was used for comparison of
dependent categorical variables. The suitability of continu-
ous variables to normal distribution was evaluated by the
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Shapiro Wilk test. The Mann Whitney U test was used for
comparison of two independent groups, while the Wilcoxon
Signed Ranks test was used for comparison of dependent
groups. p <0.05 was considered statistically significant.

Results

Seven of the cases were female (58.3%) and 5 of them
were male (41.7%). Nine of the patients (75%) were be-
tween the ages of 16-30,overallmean age was 27.83 (min-
imum: 16, maximum: 57). Seven (58.3%) of the cases were
on the right wrist, while the dominant wrist was affected in
10 (83.3%) cases. There was no known trauma history in
9 (75%) cases. After the operation, the MMWS result was
good / excellent in 11 (91.7%) patients, and the Q-DASH
score of these patients was between 5-20. Nine (75%) pa-
tients reported a VAS score of 2 and below (Table 1).

Table 1. Summary of Patients' Characteristics and Examined
Scores

Age 27.8 (16 -57)
Gender

Male 5 (41.7%)
Female 7 (58.3%)
Side

Right 7 (58.3%)
Left 5 (41.7%)
Hand dominancy

Dominant 10 (83.3%)
Non-dominant 2 (16.7%)
History of trauma

No 9 (75.0%)
Yes 3 (25.0%)
The Modified Mayo Wrist Score (score)

Excellent (81-100) 9 (75.0%)
Good (66-80) 2 (16.7%)
Acceptable (51-65)

Poor (0-50) 1(8.3%)
Q-DASH score

5-10 6 (50.0%)
11-20 5 (41.7%)
41-50 1(8.3%)
Visual Analog Scale for Pain

0-1 6 (50.0%)
12 3 (25.0%)
2-3 1(8.3%)
4-5 1(8.3%)
5-6 1(8.3%)

Data are given as mean (minimum - maximum) for continuous variables and
as frequency (percentage) for categorical variables

In both preoperative and postoperative evaluation, nega-
tive ulnar variance was determined in 9 (75%) cases and
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neutral ulnar variance in 3 (25%) cases. None of the pa-
tients had positive ulnar variance. While evaluating the
Stahl index, 1 patient was excluded from the analysis be-
cause the preoperative graph could not be reached; how-
ever, there was no significant change in Stahl index values
of the evaluated patients (n = 11). Preoperative flexion and
extension range of motion values were found to have sig-
nificantly increased at postoperative measurement (p
<0.05). When compared with preoperative values, it was
determined thatpostoperative carpal height ratio was sig-
nificantly lower, while wrist grip strength was significantly
increased (Table 2).

Table 2. Physical examination and radiographic evaluations at
the preoperative period and last follow-up.

Preoperative Final follow-up p
Radiographic evaluation
Ulnar variance 93 93 0.05
(negative/neutral)
Stahl Index 0.382 0.365 >0.05
Carpal height ratio 0.506 0.482 <0.05
Wrist grip strength (pound) 49.25 54.40 <0.05

Data are given as mean for continuous variables and as frequency for cate-
gorical variables

Postoperative scintigraphy was performed in 11 cases. Os-
teoblastic activity was detected in 10 cases. Among these
11 patients, MRI was obtained for 10 individuals. Imaging
results conclusive for revascularization were present in 5
of these cases.

Discussion

Kienbdck's disease is a painful conditionthat negatively af-
fects daily activities and life satisfaction. Decompression of
the lunate and accession of sufficient circulationcan facili-
tate recovery. In this study evaluating the postoperative cli-
nical and radiological results of Kienbdck patients treated
with pedicled VBG distal to the radius, 10 of 11 cases were
found to have increased osteoblastic activity and / or inc-
reased blood supply, as measured by bone scintigraphy.
In addition, revascularization findings were determined in
half of these cases with MRI images. Compared to preo-
perative characteristics, it was found that flexion and exten-
sion ROM increased, carpal height ratio decreased, and
wrist grip strength increased after the operations.

One of the most important goals in the treatment of Kien-
bdck's disease is to provide revascularization which ensu-
res blood supply to the bone, facilitating recovery with nor-
mal morphology. Based on this target, the bone scintig-
raphy results of our patients revealed osteoblastic activity
and / or increased blood supply in 10 of 11 patients. In ad-
dition, half of these 10 patients had an image compatible
with revascularization on MRI. In the literature, studies
using VBGs from many different regions report successful
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results. Revascularization was reported in 77% of patients
in a studyperforming surgery via transverse volar carpal ar-
tery treatment(16). In a study evaluating the results of ra-
dial shortening, it was shown that 37% of patients achieved
revascularization according to MRI results (17). Moran et
al., in their publication of the use of 4 + 5 ECA VBG in Ki-
enbdck’s disease,reported that revascularization was achi-
eved in 71% of patients according to MRI results(23). In a
critical systematic review, Tsantesand colleagues collecti-
vely reviewed 4 different studies in which the results of Ki-
enbdck patients treated using 4 + 5 ECA VBG were publis-
hed. They reported that 71% revascularization was achie-
ved in MRI or conventional X-rays when patients with
Lichtman classification of stage II-lll were included;
however, the authors reported a considerable variation in
follow-up times between studies (24).In a study by Park et
al. that utilized a similar technique (4th ECA VBG)in 13 pa-
tients, positive clinical results were reported concerning
ROM (35-40% increase) and grip strength (reaching 88%
of the contralateral wrist, from a preoperative value of 61%)
(25).In our study, although the 50% revascularization rate
detected in patients with MRI seems to be lower than other
studies,scintigraphy results were very positive. In addition,
since revascularization criteria are not clearly stated, it is
possible to suggest that there may be differences between
studies in terms of evaluation ofresults.

Ensuring that joint movements are within normal limits inc-
reases patient satisfaction due to the ability to perform daily
functions. In addition, reaching the desired level of ROM is
an important indicator in evaluating the effectiveness of the
treatment ofKienbdck's disease. In our study, it was found
that flexion and extension ROM increased significantly in
postoperative follow-up compared to preoperative values.
Park et al. also demonstrated satisfactory function with the
same method (25). By examining different studies using a
similar surgical method, it was shown that there was a sta-
tistically significant improvement compared to the preope-
rative period (66% vs. 77% of normal ROM) (24).0n the
other hand, Gillis et al. also showed that ROM values of
Kienbdck's patients changed positively after the utilization
of revascularization procedures(39).As a result, it is evi-
dent that ROM values are generally positively affected in
different surgical procedures. However, since the number
of studies comparing ROM between different surgical met-
hods in Kienbdck’s disease treatment is not sufficient, it is
not possible to interpret which method is more advantage-
ous. However, as a result of our study, we can say that the
procedure we performed has rather satisfactory effects in
terms of ROM. By examining different surgical methods to-
gether or by performing systematic reviews, differences
between procedures can be determined and procedures
can be assessed in terms of their advantages and disad-
vantages.
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The primary therapeutic targets with revascularization sur-
gery are to prevent collapse, obtain healing with graft and
blood support, and to roughly create normal morphological
features. In our study, it was determined that the postope-
rative carpal height ratio —which is one of the parameters
examined for this purpose- decreased compared to preo-
perative values. Although this decrease was statistically
significant, we think that the change may not be direct in-
dicator of outcome, especially considering patient satisfac-
tion and other parameters that indicatedrevascularization
of the lunate. We also found that there was a significant
change in the postoperative Stahl Index measurements,
and we believe this was due to the restoration of normal
anatomy secondary to revascularization. Contrary to our
study, Park et al., as a result of their study with 4th ECA
pedicled VBG, reported that there was no statistically sig-
nificant difference in carpal height ratio in their pati-
ents;whereas, similar to our results, VAS, grip strengthand
ROM values had demonstrated significant improvements
in post-operative follow-up(25).Similarly, Moran et al. re-
ported minimal (insignificant) change in carpal height ratio
and Stahl Index values in the postoperative follow-up of Ki-
enbdck patients treated with 4 + 5 ECA VBG. Based on this
finding, they suggested that lunate collapsecan be preven-
ted by lunate expansion and decompression (23).

One of the most important indicators of functional recovery
in Kienbdck's disease is the ability to utilize the wrist with
sufficient strength and without pain. The present results
show that wrist grip strength, as measured with a wrist dy-
namometer, was increased significantly in postoperative
evalautions when compared to preoperative measure-
ments. Similarly, in other studies, it was shown that grip
strength increased significantly in post-operative follow-up
(54% vs. 88% of normal grip strength) (24).Among these
studies, a significant increase in grip strength was shown
in studies using the same procedure as our study (61% vs.
88% of normal strength)(25).By providing revasculariza-
tion, the pathological process causing pain in the joint di-
sappears; thusdecreasing VAS score in the majority of pa-
tients and indirectly causing positive developments in ROM
and grip strength h. In accordance with this situation, it has
been shown in other studies that the decrease in VAS
score and the increase in ROM and grip strength values
are often observed in unison(18, 23, 25). As a matter of
fact, it was observed that all but one of the patients had
excellent or good results according to the MMWS which is
an overall measure that assesses these parameters. Re-
porting a similar result, Aydemirand colleagues reported
that patients' postoperative Mayo Wrist Scores werepositi-
vely influenced in their report of results with a surgical tech-
nique that was similar to the one used in our
study(26).Thus, it is evident that the procedure utilized for
the treatment of Kienbdck’s disease in this study was very
effective in functional recovery.

Vascularized Bone Graft Application in The Kienbock Disease

Our study has several limitations. The low number of pati-
ents and the short follow-up period are the main limitations
of our study. Therefore, the generalizability of the results
should be evaluated in this respect. Since the effectiveness
of different treatments were not examined, these results
should not be interpreted as a direct advocacy of the spe-
cific treatment applied, rather our findings show that this
approach is a reliable therapeutic option. It is also impor-
tant to note that the MMWS, Q-DASH and VAS scores of
the cases were not recorded before the operation. For this
reason, we cannot report comparative evaluations regar-
ding these scores. Although this is an important limitation,
particularly for VAS scores which are subjective by nature,
it must be noted that the MMWS and Q-DASH results indi-
cate very good outcomes even without preoperative re-
sults. Additionally, due to sociodemographic and sociocul-
tural factors, imaging methods such as scintigraphy and
MRI could not be obtained at the planned 12-month time
point after the procedures. However, this was unavoidable
due to the fact that the study was performed in a region
with high frequency of seasonal workers (in the spring and
summer months); thus, imaging studies were obtained ear-
lier or later than planned. In addition, this situation made it
difficult to perform physical exams and scoring in the same
time interval during postoperative follow-up.

In conclusion, the use of the pedicled VBG for the treat-
ment of Kienbdck's disease is very successful in providing
revascularization and restoring functionality. Revasculari-
zation was detected in scintigraphy in all but one patient,
whereas the MRI images from these 10 patients were
conclusive for revascularization in five patients. Treatment-
specific results can be explored in more detail with the inc-
lusionof more patients and with thecomparion of different
surgical procedures. However, such studies are difficult
due to the rarity of the disease. Even so, such efforts will
be helpful in the selection of appropriate options in the tre-
atment of Kienbdck's disease.

Ethical Approval: Ethics committee approval was obtai-
ned from the Ethical Committee of the Medical Faculty at
Harran University. (Decision number 15/07/05).
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