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ABSTRACT

Aim: The aim of this refrospective study is fo assess the effectiveness of surgical infervention for
Kienbdck's disease using 4-5 Extensor Compartmental Artery (4-5 ECA) pedicled osseous flap.
Method: Patients who underwent 4-5 ECA pedicled bone grafts for Kienbdck's disease between
January 2012 and January 2022 were included in the study. The patient files were analyzed
retrospectively for age, gender, follow-up time, and complications. Disease staging was performed
preoperatively using direct X-ray and MRI, and radiological improvement was evaluated
postoperatively using radiography. The functional and clinical assessment was made by comparing
preoperative and postoperative VAS, Q-Dash, and Mayo scores.

Results: This study included 23 patients (12 female and 11 male) with Kienbdck's disease who
underwent 4-5 ECA pedicled bone graft surgery. 13 cases were right side- left side handed while
10 were left-handed. The mean age was 37.5 £ 12.5 years, and the mean follow-up time was 68
months. The mean preoperative Q-Dash score was 78.8 (= 9), the VAS score was 6.5 (£1.2, and
the Mayo wrist score was 34.34 (£11.8). The mean postoperative Q-Dash score was 33.1(%10), the
VAS score was 2.4 (x1.7), and the Mayo wrist score was 73.9 (£14.5). The differences between
preoperative and postoperative Q-DASH scores (p<0.05), VAS scores (p<0.05), and Mayo wrist
scores (p<0.05) were statistically significantly improved. Disease progression was observed in only
two patients based on the Lichtman Classification in their follow-up radiographs.

Conclusion: Our study demonstrates that the surgical freatment of Kienbdck's disease using a 4-5
ECA pedicled osseous flap is a reliable and effecftive surgical freatment opftion.
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Amag: Bu retrospektif galismanin amaci, Kienbdck hastaliginda 4-5 Ekstansér Kompartman Arteri
(4-5 ECA) pedikulll ossedz flep kullanilarak yapilan cerrahi girisimin etkinligini degerlendirmektir.
Yontem: Ocak 2012 ile Ocak 2022 tarihleri arasinda Kienbdck hastaligi nedeniyle 4-5 ECA pedikUIlu
kemik grefti uygulanan hastalar calismaya dahil edildi. Hasta dosyalar yas, cinsiyet, takip stresi
ve komplikasyonlar agisindan retrospekfif olarak incelendi. Preoperatif direkt rontgen ve MRG
ile hastalk evrelemesi yaplldi ve postoperatif radyografi ile radyolojik iyilesme degerlendirildi.
Fonksiyonel ve klinik degerlendirme preoperatif ve postoperatif VAS, Q-Dash ve Mayo skorlar
karsilastiniarak yapildi.

Bulgular: Bu calismaya 4-5 ECA pedikUlll kemik grefti ameliyatl yapilan 23 kienbdck hastasi
dahil edildi (12 kadin 11 erkek). 13 vakanin sag tarafindan 10 vakanin sol tarafindan ameliyati
gerceklestirildi. Ortalama yas 37,5 £ 12,5 yil ve ortalama takip sUresi 68 aydi. Ortalama preoperatif
Q-Dash skoru 78,8 (£ 9), VAS skoru 6,5 (¥1,2) ve Mayo bilek skoru 34,34 (+11,8) idi. Postoperatif
ortalama Q-Dash skoru 33,1(£10), VAS skoru 2,4 (+1,7), Mayo bilek skoru 73,9 (£14,5) idi. Ameliyat
oéncesi ve sonrasi Q-DASH skorlar (p<0,05), VAS skorlar (p<0,05) ve Mayo bilek skorlar ( p<0,05)
istatistiksel olarak anlamli derecede iyilesme g&sterdi. Lichtman Siniflamasina gére sadece iki
hastada takip radyografilerinde hastalik progresyonu gdzlendi.

Sonug: Calismamiz, Kienbdck hastaliginin 4-5 ECA pedikUlll ossedz flep kullanilarak gergeklestirilen
cerrahi tedavinin gvenilir ve etkili bir cerrahi tedavi segenegdi oldugunu géstermektedir.

Anahtar Kelimeler: Kienbdck hastaligi, Pedikilli kemik flebi, Osteonekroz

Avascular necrosis of the lunate bone, commonly
known as Kienbdck's disease, is a progressive disease
that, if left untreated, could result in wrist arthritis. (1,
2) Although it was originally called lunatomalacia, it
was named after Robert Kienbdck, who described
the radiological features of the disease in 1910. (3)
The clinical findings of the disease are a pain in the
wrist joint, impaired movement, and decreased grip
strength. The etiology of the disease has not been
fully elucidated, but the negative ulnar variance and
repetitive frauma are blamed for impaired lunate
blood supply. (4, 5)Some anatomical studies suggest

that variability in the vascular structure of the lunate
bone may be a predisposing factor in Kienbdck's
disease. (6) In the treatment of the disease, broad-
spectrum freatment options have been described,
from conservative freatment to wrist arthrodesis. When
the disease progresses to Lichtman(5) stage llib or IV,
freatment options are limited and salvage procedures
such as proximal row carpectomy(7) and partial (8)
or fotal arthrodesis(?) are performed. However, in its
early stages, joint leveling procedures such as radial
shortening, capitate shortening, ulinarlengthening, and
lunate revascularization procedures with vascularized
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bone graft are preferred.(10-12) Revascularization
procedures, such as pedicled vascularized bone
grafts, aim to prevent ongoing lunate collapse and
symptoms by improving blood supply.

The using pedicled vascularized bone grafts has
increased after of a better understanding of the dorsal
side vascular nufrition of the distal radius. Various
pedicled bone grafts, including the 4-5 Extensor
Compratmental Artery (ECA), 1,2 infercompartmental
supraretinacular branch of the radial artery (ICSRA),
2nd or 3rd metacarpal base, piriformis, and the volar
side of the distal radius, as well as free vascularized
bone grafts from the medial femoral condyle or
the iliac crest, can be implanted to lunate bone in
Kienbdck's disease. (13) These vascularized grafts have
positive results in preventing the progression of lunate
collapse and avascular necrosis and have become
an increasingly popular freatment opfion. (14)

The aim of this study is to analyze and present the
clinical and functional outcomes of patients who
underwent 4-5 ECA pedicled osseous graft surgery for
Kienbdck's disease.

Methods

The principles of the Helsinki Declaration were followed
in this study, which was approved by the local ethics
committee. Written informed consent was obtained
from all patients in the study. This retrospective
study included 24 patients who underwent 4-5 ECA
pedicled bone graft surgery for Kienbdck's disease
between January 2012 and January 2022. Patients
freated with 4-5 ECA flaps and no additional wrist
pathology with a minimum one-year follow-up were
included in the study. Patients who had wrist trauma
or had systemic disease affecting the wrist and who
had a follow-up period of less than one year were
excluded from the study. One patient was excluded
from the study due to lack of follow-up. Patient files
were retrospectively analyzed for age, gender, follow-
up time, and complications. Disease staging was
performed according fo Lichtman(5) classification
preoperatively using direct X-ray and MRI (Figure 1)
by a hand surgeon, and radiological improvement
was evaluated postoperatively using radiography by
the same hand surgeon. Radiological success was
defined as no progression in the stage of the disease
on direct radiographs. Function and clinical status
were evaluated by comparing preoperative and
postoperative VAS, Q-Dash, and Mayo scores. Surgical
procedures were performed by the same senior
surgeon. Preoperative and postoperative evaluations
of the patients were made by the same specialist.

Surgical Technique

The patients undergo surgery in the supine position with
local anesthesia or general anesthesia. A tourniquet
is applied to the upper arm. The tourniquet is inflated
without extinguishing the blood by keeping the arm in
elevation. approximately 7*8 cm skin incision is made
proximally and distally from the dorsum of the wrist
between the 4th and 5th extensor compartments.

446

(Figure 2a) The 5th extensor compartment is incised
and retracted. Carefully preserving the dorsal carpal
vascular arch, the extensor compartments are
dissected from the capsule over the lunate bone.
Starting from the 5th extensor compartment, a flap-
shaped radial-based capsulotomy is performed and
the lunate is determined under fluoroscopy control.
At this stage, the intercarpal ligaments should be
carefully protected. The cartiage surfaces and
articular surfaces of the lunate bone are examined. If
there is no arthrosis and the cartilage surface is healthy,
pedicled bone graft surgery is considered. With the
help of a burr or multiple K-wire drilling, the cortex
is elevated dorsally while preserving the cartilage
surface of the lunate bone. The infraosseous sclerotic
bone of the lunate is removed by curettage under the
control of fluoroscopy (Figure 3). In case of collapse,
the collapse in the lunate is elevated with the help
of the convex aspect of the curette, and the lunate
bone is prepared for the application of the vascular
bone graft. At this stage, the arteriovenous bundle
between the 4th and 5th compartments is explored
by using the surgical loop. The artery was followed
proximally to the posterior branch of the anterior
interosseous artery, where it protrudes dorsally from
the interosseous membrane (Figure 2b). The 4th ECA
originating from the same artery is also found and by
following it distally, the bone area it feeds in the distal
dorsal radius is determined. This area is approximately
1 cm proximal to the radiocarpal joint. The bone area
fed by this artery is marked with a number 15 scalpel
as much as the required bone size. With the help of
a thin osteotome, the bone is lifted while protecting
the vascular pedicle. Proximally, where the 4th and
5th ECA branch, the pedicle is ligated and separated
from the anterior interosseous artery (Figure 2c and
2d). The vascular structures are carefully dissected
together with the surrounding soft tissues and loosened
enough that the bone graft can be transferred into
the lunate. At this stage, the tourniquet is deflated and
the hemorrhage of the bone graft is checked. Finally,
the vascular bone graft is placed dorsal to the lunate
without tension. Medical illustration of the technique
can also be seen in Figure 4. At this stage, in order
to protect the lunate bone collapsing, temporary K
wires are placed from the scaphoid to the capitate
(Figure 5) or scaphoid to capitate and friquetrum to
capitate. The dorsal capsule of the joint is sutured while
preserving the vascular structures. Then, the extensor
compartment and skin closure are performed.

Postoperative Rehabilitation

A short arm cast is applied for 4 weeks and K wires are
removed after 6-8 weeks. Active ROM exercises of
fingers are encouraged while using the splint. After splint
removal, passive and assisted active wrist movements
are made under the supervision of the physiotherapist.
After the 8th week, active movements are performed
in  patients with radiological improvement, and
stretching exercises are performed in patfients with
limited movement.
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Figure 1: MRl image showing Kienbdck's disease in a patient.

Figure 3: Fluoroscopy image of the lunate bone after removal of
sclerotic bone fragments.

Figure 2: (a) lllustration of surgical incision made between the 4th and
5th extensor compartments. (b) Surgical exploration of the 4th and
5th extensor compartmental arteries. (c) and (d)Harvesting of the
pedicled bone graft.

Figure 4: a) The incision over the 5th extensor compartment b)
Schematic presentatfion of vascularization on the dorsal wrist ¢)
harvesting of the pedicled bone graft and d) implantation of the graft.
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Figure 5. Radiograph of temporary scaphocapitate fixation with  Figure 6: Radiograph showing successful healing of Kienbdck's disease
K-wires. post-surgery.

Table: Patients’ demographics, Lichtman Classification grade of the disease, preoperative and postoperative functional scores.

Como Agoltoar) Gonder sue TSNP (IS cwe  fER [ e Fol  fe fedep
1 54 M R 86 2 Yes 79.54 29,54 S g 50 75
2 46 F L 84 2 No 75,00 29,54 4 1 45 75
8 27 M L 77 2 Yes 77.27 31,81 7 0 30 80
4 37 E R 69 2 No 68,18 34,09 [ 2 40 80
5 58 E R 58 2 Yes 77,27 31,81 7 2 25 75
6 37 F R 44 3A Yes 75,00 45,45 7 3 50 80
7 44 F R 75 2 No 77,27 47,72 8 4 45 85
8 55} F L 87 3A Yes 56,80 40,90 5 8 85 65
9 20 M R 86 2 Yes 77.27 50,00 8 5 50 85
10 24 E R 81 2 Yes 59,09 31,81 6 2 50 75
11 23 M L 67 3A Yes 72,72 34,09 6 1 85 75
12 31 M L 122 2 No 88,63 20,45 7 0 25 85
13 22 M R 131 3A Yes 56,80 38,63 8 6 35 65
14 55 F R 124 3B Yes 88,63 20,45 8 0 15 85
15 30 M R 61 2 Yes 72,72 9.09 6 2 85 65
16 56 F L 52 3A Yes 77,27 15,90 8 2 10 75
17 40 M R 49 2 Yes 88,63 29,54 7 2 30 80
18 32 B L 87 3A Yes 79,54 31,81 7 3 30 70
19 45 M R 46 2 Yes 81,81 47,72 8 15 40 80
20 38 M L 16 2 No 75,00 31,81 6 2 45 65
21 24 F R 19 3B Yes 88,63 38,63 5 5 15 15
22 42 M L 15 2 No 75,00 34,09 6 1 25 85
23 22 IF L 27 2 Yes 75,00 38,63 5 1 30 80

LC Grade: Lichtman Classification Grade, K-Wire: Kirschner Wire, Q-Dash: Quick Disabilities of Arm, Shoulder, and Hand, VAS: Visual Analog Scale
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Statistics

Results were reported at 95% confidence intervals and
with corresponding p-values. The normality distribution
of the data was tested using the Shapiro-Wilk test,
hologram, skewness, and kurtosis value. Preoperative
and postoperative variables were compared using
Wilcoxon Signed Rank Test for non-normally distributed
data and Paired Sample t-test for normally distributed
data. P<0.05 was considered statistically significant.

Results

There were 23 cases included in the study, comprising
of 11 males and 12 females. Ten patients underwent
surgery on their left wrist, while 13 patients underwent
surgery on their right wrist. The mean age of the
patients was 37.5 = 12.5 (range: 20-58) years, and
the mean follow-up time was 68 (range: 15-131)
months. The Lichtman(5) classification was used to
determine the grade. Fourteen patients were Grade
2, 7 were Grade 30, and 2 were Grade 3b. Temporary
Scaphocapitate fixation with K-wires was performed
in 17 out of 23 patients to prevent lunate collapse.
The K-wires were removed after 6-8 weeks. The mean
preoperative Q-Dash score, VAS score, and Mayo
wrist score were 78.8 (£ 9), 6.5 (£1.2), and 34.34 (£11.8),
respectively. The mean postoperative Q-Dash score,
VAS score, and Mayo wrist score were 33.1( £10), 2.4
(£1.7), and 73.9 (£14.5), respectively. The differences
between preoperative and postoperative Q-DASH
scores (p<0.05), VAS scores (p<0.05), and Mayo
wrist scores (p<0.05) were statistically significant. All
patient demographic data, follow-up fime, Q-DASH,
VAS, and Mayo wrist scores, tfemporary K-wire fixation
information, and grade of the Lichtman classification
can be seen in the Table. Additionally, case 22
underwent radial shortening osteotomy concomitant
to 4-5 ECA flap, and Case 21, whose grade was 3b,
underwent lunate excision and scapho-capitate
fusion because of the progression of the disease and
persistent pain. In two patients with Grade 3a, there
was no significant improvement in their pain, and their
pain decreased slightly. Fourteen patients reported
that their pain disappeared completely or they had
mild pain that increased with force. In é patients,
the pain decreased significantly compared to the
preoperative period, but they still had pain.

Only five of the patients underwent MRI scans during
their long-ferm follow-up. Among these patients,
revascularization signs were detected in the lunate
bone of three cases. Additionally, all patients had
confrol radiographs at their final follow-up, and
disease progression was observed in only two patients
based on the Lichtman Classification in their follow-up
radiographs.

Discussion

Various treatment methods have been defined
according to the stages of Kienbdck's disease. In this
disease, which is characterized by the development
of necrosis after the deterioration of the vascularity
of the lunate bone, 4-5 ICA pedicled flaps are an
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attempt tfo increase vascularity. According to the
data in our study, a significant improvement was
obtained in the disease with this surgical technique.
The advantages of this surgical technique are that
it can be performed with a single small dorsal wrist
incision under regional anesthesia and there is no
need to a microsurgical anastomosis. The necessity
of completing the procedure by preserving the blood
flow from the small vessels with careful dissection is also
a challenge of the surgery. In addition, the surgeon
should have experience for this procedure. Another
disadvantage is the inability to monitor the continuity
of blood flow from the pedicled bone flap after the
surgical procedure.

There are promising reports of regression of the disease
and relieving pain with the use of vascularized bone
grafts in Kienbdck's disease. In the study conducted
by Moran et al. in 2005, they obtained satisfactory
results in parameters such as joint range of motion, grip
strength and pain relief in patients who underwent 4-5
ECA flap. (15) Chung et al. reported satisfactory results
with the same procedure applied to Kienbdck Stage
3 patients. (16)

In Kienbdck's disease, symptoms do not always
correlate with the stage. Considering the etiology
and stage of the disease, care should be taken
when choosing the treatment opftion. Studies on
revascularization procedures performed in the early
stages are increasing in the literature. Our case series
showed satisfactory results in Stage 2 and Stage 3A
disease. In stage 3B patients, 4-5 ECA vascularized
bone graft treatment may have promising results (15).
However, in one patient with stage 3b in our study, the
progression of the disease continued and was later
freated with partial wrist arthrodesis.

This study has several limitations. First, it is aretrospective
study, which may contain some bias in data collection
and analysis. Second, the study included only a small
sample size. Third, not all patients had MRI imaging
at the final follow-up, which may limit the accuracy
of our evaluation of treatment outcomes. Finally,
lack of a control group of the study makes it difficult
to compare results with other treatment options or
draw firm conclusions about the efficacy of surgery.
Limitations of our study also include the absence of
measurements for pre- and postoperative wrist range
of motion and grip power.

In conclusion, the efficacy of 4-5 ECA pedicled flap
surgery in the freatment of Kienbock's disease was
investigated in our study. The results showed significant
improvement in both clinical and radiological
outcomes, indicating that this surgical method is an
effective and safe treatment option for patients with
this condition. Although our study has some limitations,
the promising results of 4-5 ECA pedicled flap surgery
suggest that is a reliable tfreatment option for patients
with Lichtman Grade 2 and 3 Kienbdck's disease.
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