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Operative treatment of hamate fractures
with hamatometacarpal fracture dislocation
using a self-designed dorsal buttress locking
plate with trans-metacarpal pin insertion:
short-term follow-up results
Seok-Won Kim1, Hyung-Joon Lee2, Ji-Kang Park1, Dong-Min Chung1
1

Department of Orthopaedic Surgery, Chungbuk National University Hospital, Cheongju, Korea
Department of Orthopaedic Surgery, Ppuri Medical Center, Cheongju, Korea

2

Purpose: Fracture and dislocation of the hamatometacarpal joint are rare; therefore,
the diagnosis is frequently missed and the treatment is not clearly established. The
authors performed operative treatment of hamate fractures with hamatometacarpal
fracture dislocation using a self-designed dorsal buttress locking plate. Herein, we report the clinical and radiological results.
Methods: From May 2016 to February 2022, we experienced 12 cases of hamatometacarpal fracture dislocation that underwent operative treatment with a
self-designed dorsal buttress locking plate. All 12 patients were male, with an average
age of 30.3 years and an average postoperative follow-up period of 6 months and 1
week. Open reduction and internal fixation were performed using a self-designed dorsal buttress locking plate with trans-metacarpal pin insertion according to the patient,
and the results of the treatment were evaluated radiologically and clinically.
Results: All cases showed bony union in radiological evaluations at the last follow-up.
In functional evaluations using the modified Mayo wrist score, the results were excellent in 11 cases and good in 1 case. There were no complications such as fixation failure, nonunion, or infection.
Conclusion: In cases of hamate fracture with hamatometacarpal fracture dislocation,
the dorsal displaced fragment is very small, and it is often difficult to maintain reduction by direct fixation. In these fractures, operative treatment using a self-designed
dorsal buttress locking plate with trans-metacarpal pin insertion can obtain good results.
Keywords: Hamate bone, Fracture, Bone plate
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서론

적 정복술 및 내고정술을 시행한 환자 중 5개월 이상 추시가 가능
했던 12예를 대상으로 하였다. 12예 모두 남자로 이들의 평균 연

유구골은 제4–5 중수골과 관절면을 형성하여 유구중수골관절을

령은 30.3세(19–48세)였으며, 모든 예가 우측 수부 수상으로, 손

이루며, 관절의 가동성은 전후방 10°에서 30° 가량이다. 유구골의

상 기전은 넘어지면서 주먹으로 바닥을 디디면서 다치거나, 주먹

골절은 전체 수근골 골절의 2% 정도에서 발생하고, 중수골 체부에

으로 물체를 가격한 후 발생하였다. 수술 후 평균 추시 기간은 6개

서 전달되는 강한 축성 압박력에 의해 발생하는 유구중수관절 골

월 1주(범위, 5개월 2주–7개월 2주)였다(Table 1). 이 연구는 충북

절-탈구를 동반한 유구골 골절은 흔치 않게 나타난다[1,2]. 전위된

대학교병원 의약연구윤리심의위원회의 승인을 받아 후향적으로

골편의 모양에 따라 Cain 등[1]에 의한 분류와 Hirano와 Inoue [3]

진행하였으며(No. 2022-03-007), 이 논문 및 임상사진의 출판에

에 의한 분류가 알려져 있으며, 수술적 치료로는 Kirschner-강선

대해 환자로부터 동의를 받았다.

(K-강선) 및 나사못, 금속판을 이용한 결과가 보고되어 있다[4-6].

수술 전에 수부 전후방, 측면 및 사면 방사선 사진을 촬영하였으

관혈적 정복을 이용한 수술적 치료 시 후방으로 전위된 유구골

며 제4 중수골 기저부 골절과 제4–5 유구중수골관절 탈구가 동반

골편의 크기가 크고 분쇄가 없는 경우엔 직접 고정이 용이하지만,

된 예가 8예, 제4 중수골 기저부 골절과 제5 유구중수골관절 탈구

매우 작고 얇거나 분쇄가 동반된 경우엔 직접 고정이 어렵고, 고정

가 동반된 예가 3예, 제4–5 중수골 기저부 골절과 제4–5 유구중수

중에 골편 골절이 발생하거나 정복을 유지하기가 힘든 상황이 발

골관절 탈구가 동반된 예가 1예였다. 컴퓨터단층촬영을 한 후 유구

생한다. 이에 저자들은 후방 지지 잠김 금속판과 경 중수골 금속핀

중수골관절의 골절-탈구에서 유구골 골절의 모양에 따라 Cain 등

삽입술을 이용하여 유구중수골관절 골절-탈구를 동반한 유구골 골

[1]이 기술한 분류법을 이용하여 분류하였으며, Ⅱ형이 9예, Ⅲ형

절에 대한 수술적 치료를 시행하고 그 결과를 보고하고자 한다.

이 3예였다. 제4, 5 중수골 기저부의 골절은 중수골간 인대 또는
후방 수근중수골 인대의 견열에 의해 발생한 매우 작은 골편이 있

대상 및 방법

는 경우부터, 중수골 기저부에 발생한 분열 골절까지 다양하고 불
규칙한 형태로 관찰되었다.
수술 직후와 수술 후 4주, 8주, 12주, 그리고 최종 추시 시에 방

Ethics statement: This study was approved by the Institutional
Review Board of Chungbuk National University Hospital (No.
2022-03-007). Written informed consent was obtained for publication of this article and accompanying images.

사선 사진을 촬영하여 수술 후 정복 소실 및 골유합 정도, 금속 내
고정물의 이탈 유무, 초기 외상성 골관절염의 발생에 대하여 관찰
하였다.

2. 이학적 검사 및 통증 척도
시각통증척도(visual analogue scale, VAS)를 이용하여 통증 정

1. 연구 대상
2016년 5월부터 2022년 2월까지 유구골의 골절과 유구중수골

도를 최종 추시 시 측정하였다. 악력측정기(Baseline Hydraulic

관절 골절-탈구가 동반되어 후방 지지 잠김 금속판을 이용한 관혈

hand dynamometer; Fabrication Enterprises Inc, Elmsford,

Table 1. Demography of the patients
Patient no.
1
2
3
4
5
6
7
8
9
10
11
12

Age (yr)

Sex

31
33
32
21
46
24
23
48
37
24
19
26

Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male

Carpometacarpal Metacarpal base
Cain classification Follow-up (wk)
dislocation
fracture
5
4
II
30
4, 5
4-5
III
24
4, 5
4
II
25
5
4
II
26
4, 5
4
III
24
4, 5
4
II
25
4, 5
4
II
23
4, 5
4
III
22
4, 5
4
II
24
5
4
II
21
4, 5
4
II
24
4, 5
4
II
26

Used plate
2.0-mm Arix hand plate
2.0-mm Arix hand plate
2.0-mm Arix hand plate
2.0-mm Arix hand plate
2.0-mm Synthes Compact Hand LCP
2.0-mm Synthes Compact Hand LCP
2.0-mm Arix hand plate
2.0-mm Arix hand plate
2.0-mm Arix hand plate
2.0-mm Arix hand plate
2.0-mm Arix hand plate
2.0-mm Arix hand plate

LCP, locking compression plate.
2.0-mm Arix hand plate: Jeil Medical, Seoul, Korea; 2.0-mm Synthes Compact Hand LCP: Depuy Synthes, Oberdorf, Switzerland.
194
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NY, USA)를 이용하여 악력을, 각도기를 이용하여 이학적 검사상
중수수지관절 및 손목관절의 관절각도 범위를 측정하였으며, 기능
적 평가는 modified Mayo wrist score로 기록하여 최종 결과를
비교하였다.

4. 증례 보고
증례 1
19세 남자 환자로 내원 6일 전 넘어지면서 주먹으로 바닥을 디
딘 후 발생한 우측 수부 통증 및 압통, 부종을 주소로 내원하였다.
방사선 검사에서 제4–5 중수골 기저부 골절 및 유구중수골관절의
골절-탈구를 동반한 유구골 골절이 관찰되었고(Fig. 3), 컴퓨터단층

3. 수술 방법 및 수술 후 처치
수술 방법으로 우선 방사선 투시기(C-arm)를 이용하여 유구중

촬영에서 유구골 체부의 관상면 골절과 배측 전위 소견이 관찰되어

수관절의 위치를 확인하고 수배부에 종적인 절개를 가하여 골절

Cain Ⅱ형에 해당하였다(Fig. 4). 관혈적 정복 및 후방 지지 잠김 금

및 탈구 부위를 노출시켰다. 4, 5수지를 원위 방향으로 견인하여

속판 및 경 중수골 금속핀 삽입술을 이용한 내고정술을 시행하였으

유구골로 감입되거나 후방으로 탈구된 중수골기저부를 정복하였

며, 수술 후 4주간 단상지 석고 고정을 시행하였다(Fig. 5).

다. 이후 유구골에 가해지는 축성 압박력을 상쇄하고, 관절 내 골
절편을 맞추기 위한 공간을 확보하기 위해 4, 5수지의 견인을 유지
한 상태에서 경 중수골 금속핀이 3, 4, 5 중수골을 통과하도록 삽

증례 2
24세 남자 환자로 내원 2일 전 주먹으로 벽을 친 후 발생한 우측

입하였다. 관절면을 관찰하면서 감입된 관절 내 골편을 소형 프리
어 엘리베이터(freer elevator)를 이용하여 정복하고, 정복된 것을
방사선 투시기로 확인하였다. 유구골의 좌우 방향 및 크기, 전위된
골편의 모양을 고려하여 수부에 사용할 수 있는 잠김 금속판(2.0mm Compact Hand LCP T-plate; Depuy Synthes, Oberdorf, Switzerland/2.0-mm Arix hand plate, Jeil Medical,
Seoul, Korea) 중에 적절한 제품을 선택하여 L자 형태로 절단 및
변형하였다(Fig. 1). 절단 및 변형한 금속판을 위치시킬 때는 삽입
될 나사못이 유구중수골관절을 침범하지 않도록 하였으며, L자 형
태의 꼭지점에 위치한 나사 구멍이 유구골 갈고리의 후방부에 놓
이게 하여 갈고리 방향으로 긴 나사못이 삽입되어 단단하게 지지
가 될 수 있도록 고정하였다(Fig. 2). 수술 후 단상지 석고 고정을
시행하였고, 관절의 강직을 예방하기 위해 수술 상처 및 K-강선
삽입 부위에 대한 소독 처치를 할 때마다 중수수지관절 및 지간 관
절의 수동적 및 능동적 관절운동을 시행하였다. 수술 후 4주째에
중수골에 삽입한 금속핀 및 부목은 제거하였고, 손목관절 및 손가
락관절, 제4–5 수근중수관절의 적극적인 능동적 관절운동을 시작
하였다.

A

Fig. 2. Photographs showing three-dimensional computed
tomography scans of the hamate and the recommended position of
the self-designed dorsal buttress locking plate.

B

C

Fig. 1. Photographs showing self-designed metal plates cut and deformed by existing metal plates. (A) 2.0-mm Arix hand plate (Jeil
Medical, Seoul, Korea). (B, C) 2.0-mm Synthes Compact Hand LCP (Depuy Synthes, Oberdorf, Switzerland).
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A

B

Fig. 3. Preoperative plain radiographs (A, anteroposterior view; B, lateral view) of a 19-year-old male patient injured by a fall onto the
floor. The radiographs show fracture and dislocation of the hamatometacarpal joint (arrows).

A

B

C

D

Fig. 4. Three-dimensional (3D) computed tomography scan (A and B, sagittal view; C, axial view; D, 3D image) showing displaced fracture
dislocation of the hamatometacarpal joint (arrows).
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A

B

Fig. 5. Postoperative plain radiographs (A, anteroposterior view; B, lateral view) at 4 weeks after open reduction and internal fixation
with a self-designed dorsal buttress locking plate (arrows) and with intermetacarpal Kirschner-wire insertion. The radiographs show good
reduction status.

A

B

Fig. 6. Preoperative plain radiographs (A, anteroposterior view; B, oblique view) of a 24-year-old male patient injured by punching a wall,
showing fracture and dislocation of hamatometacarpal joint (arrows).

수부 통증 및 압통, 운동 제한을 주소로 내원하였다. 방사선 검사
에서 제4 중수골 기저부 골절 및 유구중수골관절의 골절-탈구를

결과

동반한 유구골 골절이 관찰되었고(Fig. 6), 컴퓨터단층촬영에서 유

12예의 유구중수골관절 골절-탈구를 동반한 유구골 골절 중

구골의 분쇄 골절이 동반된 Cain Ⅱ형에 해당하였다(Fig. 7). 관혈

Cain 분류상 제II형은 9예, 제III형은 3예였다. 12예 모두 유구골

적 정복 및 후방 지지 잠김 금속판을 이용한 내고정술을 시행하였

후방에 잠김 압박 금속판을 위치시키고 경 중수골 금속핀 삽입술을

으며, 수술 후 4주간 단상지 석고 고정을 시행하였다(Fig. 8).

시행하였다. 수술 후 12주째에 단순 방사선검사를 시행하여 모든
예에서 골유합을 관찰하였고, 수술 후 평균 6개월 1주째에 시행한
마지막 추시 관찰 시 수부 및 완관절의 관절 움직임이 제한 없이 양

https://doi.org/10.12790/ahm.22.0023

197

Seok-Won Kim et al. Operative treatment of hamate fractures

A

B

C

D

Fig. 7. Three-dimensional computed tomography scan (A & B, sagittal view; C, axial view; D, Three-dimensional image) showing
displaced fracture dislocation of the hamatometacarpal joint (arrow).

A

B

Fig. 8. Postoperative plain radiographs (A, anteroposterior view; B, oblique view) at 4 weeks after open reduction and internal fixation
with a self-designed dorsal buttress locking plate (arrow) and with intermetacarpal Kirschner-wire insertion. The radiographs show good
reduction status.
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호한 기능적 상태를 보였다. 유구중수관절의 불안정성은 발생하지

면의 상당 부분을 침범하고 골절선이 사선(oblique)인 경우, type

않았고, 외상 후 관절염을 시사하는 소견은 관찰되지 않았다.

C는 견열 골절 양상으로 골편이 작은 경우로 정의하였으며, 이 중

악수할 때 또는 직업활동에서 느끼는 VAS 통증 척도상의 통증
은 최종 추시 진료 시 평균 0.42점이었고(범위, 0–1점), 기능적 평

type C가 7예로 가장 빈도가 높았고 모든 환자에서 유구-중수관
절의 탈구가 동반되었다고 보고하였다.

가로 악력, 중수수지관절 및 손목관절의 운동 범위를 건측과 비교

Cain 등[1]은 유구중수골관절의 골절 및 탈구를 type IA는 제5

하여 측정하였다. 중수수지관절의 평균 총 관절 가동범위는 81.6°

수근중수관절의 아탈구 또는 탈구가 있으나 유구골 골절은 없는

였고(범위, 75°–85°), 굴곡은 평균 83.3° (범위, 80°–85°), 신전은

경우, type IB는 type IA에 후방 유구골절이 동반된 경우, type II

평균 1.6°였다(범위, 0°-5°). 손목관절의 평균 총 관절 가동범위는

는 유구골 배부의 분쇄 골절을 동반한 경우, type III는 유구골 관

157.1°였고(범위, 145°–165°), 굴곡은 평균 79.6° (범위, 70°–

상면 골절이 동반된 경우로 분류하였다. Yi 등[4]은 유구골 골절과

85°), 신전은 평균 77.5°였다(범위, 75°–85°). Modified Mayo

수근중수관절의 골절 및 탈구가 동반되어 있는 14예를 보고하면서

wrist score는 평균 92.5점(범위, 85–95점)으로 우수 11예, 양호

수근중수관절의 골절 및 탈구가 발생한 부위와 유구골 몸체의 골

1예였다(Table 2).

절의 형태에 따라 분류하였다. Type I은 제5 수근중수관절의 골절
및 탈구가 발생한 경우, type II는 제4/5 수근중수관절의 골절 및

고찰

탈구가 발생한 경우, type III는 type II에 유두골의 골절 또는 제
3 수근중수관절의 골절 및 탈구가 동반된 경우로 정의하였다.

유구골은 원위부에 제4,5 중수골과 수근중수관절을 이루고 있는

유구골의 골절 및 수근중수관절의 탈구는 빈도가 낮아 간과될

수근골이다. 유구골의 골절은 전체 수근골 골절의 1%–4% 정도에

수 있으며, 부종이 심한 경우와 특히 타 부위의 손상이 같이 발생

서 발생하는 드문 손상으로, 수근중수관절의 탈구가 동반되는 경

한 다발성 손상의 경우에 진단이 지연될 수 있다. Chase 등[9]은

우는 더 드물게 발생하여 이러한 경우의 치료 방법은 아직 정확히

중수골 기저부의 부종과 압통을 호소하는 모든 환자들에게 수근중

정립되지 않았다고 볼 수 있다[1,2].

수관절의 손상을 의심해야 하며, 진단을 위해 진성 측면 방사선 사

유구골의 골절은 처음 Milch [7]에 의해 고리 골절(type 1)과 몸

진이 필요하다고 하였으며, Fakih 등[10]은 전후방 사진에 비해

체 골절(type 2)로 분류되었고, 이후 Hirano와 Inoue [3]는 Milch

30° 내회전한 상태에서 사면 촬영을 할 경우 제4, 5 수근중수관절

의 몸체 골절(type 2)을 세분하여 type 2a는 관상면(coronal) 골

의 손상을 잘 관찰할 수 있다고 하였다. 컴퓨터단층촬영이 수근중

절, type 2b는 횡(transverse) 골절로 분류하였지만, 수근중수관절

수관절의 탈구 여부 및 유구골의 골절의 형태를 파악하는 데 유용

의 탈구에 대한 언급은 없었다. Ebraheim 등[8]이 유구골의 관상

하게 쓰이며, Yi 등[4]은 단순 방사선 검사에서 제4 중수골 기저부

면 골절 및 유구-중수관절의 탈구가 동반된 11예를 보고하면서 골

탈구가 있으나 골절이 관찰되지 않는 경우에 컴퓨터단층촬영에서

절의 양상에 따라 분류하였는데, type A는 골절선이 관상면에서

골절을 발견한 경우가 있다고 보고하였고, 단순 방사선 검사에서

유구골 몸체의 중심부를 지나는 경우, type B는 유구골 원위 관절

수근중수관절의 탈구가 확실하지 않고 컴퓨터단층촬영의 시상면

Table 2. The patients’ clinical outcomes
Patient no.
1
2
3
4
5
6
7
8
9
10
11
12

Final VAS scale

Grip power (kg),
injured/uninjured

1
1
0
1
0
0
1
0
1
0
0
0

42/42
44/43
41/41
45/45
45/44
40/40
44/44
42/42
47/47
46/46
44/44
48/48

MPJ ROM (º), injured/uninjured
Flexion
Extension
85/90
5/0
80/90
5/0
80/80
0/0
85/85
0/0
80/90
5/0
85/85
0/0
80/90
0/0
85/85
0/0
85/85
0/0
85/90
5/0
85/85
0/0
85/85
0/0

Wrist ROM (º), injured/uninjured
Flexion
Extension
85/85
75/80
80/80
75/75
85/85
80/80
80/85
80/80
80/85
75/80
80/80
75/75
80/85
75/75
80/80
80/80
80/80
85/85
70/75
75/80
75/75
80/80
80/80
75/75

MMWS
85
90
95
95
90
95
90
95
95
90
95
95

VAS, visual analogue scale; MPJ, metacarpophalangeal joint; ROM, range of motion; MMWS, modified Mayo wrist score.
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에서도 절단면이 부적합하여 진단이 불확실한 경우에는 축성면에

에게 수술 후 소독 처치를 할 때마다 중수수지관절 및 지간 관절의

서 요측 중수골에 비해 척측 중수골이 후방으로 전위되어 있는 소

수동적 및 능동적 관절운동을 시행하였는데, 4주간의 단상지 석고

견으로 진단할 수 있음을 언급하며 컴퓨터단층촬영의 유용성을 보

고정 후 K-강선을 제거하고 난 이후에는 더 적극적인 관절운동을

고하였다. 본 연구에서도 12예에서 모두 컴퓨터단층촬영을 시행하

시행할 수 있었으며, 고정의 실패나 불유합은 발생하지 않았다.

여 수근중수관절의 탈구 여부 및 유구골의 골절의 형태를 파악하
였고, Cain 등[1]의 방법으로 분류하였다.

본 연구의 한계점으로는 환자군이 비교적 적고, 잠김 금속판을
이용할 때 기존 제품화된 금속판을 절단 및 변형하여 사용해야 하

치료는 도수정복 후 석고 고정에 의한 치료 결과가 보고된 적은

므로 골절의 양상이나 술자의 경험적 결정에 따라 금속판의 모양

있으나[8,11] 수술적 정복 및 고정에 대한 보고가 더 많다[6,12-

이 달라질 수 있다는 점이다. 또한 평균 추시 기간이 6.1개월로 짧

15]. 도수 정복이나 관혈적 정복 후에 K-강선으로 제4 또는 5 중

은 편이라 장기적인 외상 후 관절염의 유무에 대해서는 평가하기

수골 근위부를 인접한 중수골 또는 수근골에 고정하는 방법이 일

가 어렵다는 것이다. 추시 기간 중 불유합이나 감염 등의 합병증은

반적이고, 유구골 골절의 골편이 큰 경우에 나사 고정을 추가할 수

발생하지 않았으나 골절 기전상 강한 축성 압박으로 관절면의 분

있으나, 골편이 크더라도 두께가 얇은 경우 나사로 견고한 고정을

쇄가 심하고, 주변 인대의 손상이 동반되어 있을 수 있어 장기 추

얻기 어렵고 골편이 골절되는 경우도 있다고 보고되어 K-강선을

시를 할 경우 외상 후 관절염의 진행에 대해서는 추가적인 연구가

이용하여 유구골의 골편을 고정하는 방법이 선호되기도 하였다.

필요할 것이다.

금속판을 이용한 수술적 치료에 대한 보고도 있으며, Tay 등[16]
은 11예의 유구중수관절의 골절 및 탈구 환자에서 Y형 또는 사다리
형 금속판을 후방 지지가 될 수 있게 삽입하는 방법으로 좋은 결과

결론

를 보고하였다. 이때 금속판은 제4–5 수근중수관절을 지나가게 위

유구중수골관절의 탈구가 동반된 유구골 골절의 수술적 치료에

치하고 금속판 근위부에는 유구골을 통과하게 스크류를 삽입하였

서 후방 지지 잠김 금속판 및 경 중수골 금속핀 삽입술을 이용하는

고, 금속판 원위부에는 스크류를 삽입하지 않고 후방 지지가 될 수

방법은 추가적인 금속판의 제작이 필요하지 않고, 환자의 골절 양상

있게 하였으며, 평균 3.6개월 이후에 금속판을 제거했다고 하였다.

에 따라 자체적으로 변형하여 적용할 수 있는 방법이다. 특히 유구

본 연구에서는 유구골 골절의 골편을 고정하기 위한 후방 지지

골의 후방 골편이 매우 얇거나 작고, 분쇄가 동반되어 직접적인 고

잠김 금속판을 이용할 때 제4, 5 수근중수관절을 건너가지 않게 유

정이 어려운 경우에 지지를 통한 고정력을 확보하여 관절면의 정복

구골 후방에만 위치시켰다. 이는 수근중수관절의 움직임을 제한하

을 유지할 수 있는 방법으로 선택해 볼 수 있을 것으로 생각된다.

거나 완전히 고정할 경우에 발생할 수 있는 관절 강직의 가능성을
최소화할 수 있는 이점이 있다. 또한 유구골에 가해지는 축성 압력
을 상쇄하여 수술 후 초기에 발생할 수 있는 관절면의 재감입 및
탈구를 예방하기 위한 목적으로 전 예에서 금속판 고정과 함께 경
중수골 금속핀 삽입술을 시행하였다. 이전의 연구에서 금속판을
이용한 고정을 많이 고려하지 않았던 것은 유구골 자체의 크기가
작고 형태 및 골절의 양상이 복잡하여 적합한 금속판을 찾기가 어
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렵고, 골편이 얇고 분쇄가 심한 경우 나사의 고정 과정에서 골편이
부러지거나 나사의 고정력이 약해 고정의 실패가 발생할 가능성이
높기 때문이라고 추측할 수 있다.
본 연구에서 사용한 금속판은 유구골의 골절을 위해 따로 제작
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한 것이 아니라 기존의 금속판을 유구골의 형태 및 골절의 양상에
따라 잘라서 사용하였으므로 경제적인 장점이 있고, 잠김 나사를
이용하여 충분한 고정력을 얻을 수 있었으며, 골편이 작거나 얇은
견열 골절의 경우에도 금속판 자체의 지지 및 압박력으로 고정을
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유지할 수 있다는 장점이 있다. 또한 K-강선이나 나사만으로 고정
한 경우 더 안정적으로 골편의 고정과 후방 지지를 유지할 수 있다
고 생각되며, 좀더 빠른 시일 내에 적극적인 손가락 및 손목의 관
절운동을 시작할 수 있으므로 장기간 고정으로 인한 관절 구축을
예방할 수 있을 것으로 생각한다. 실제로 본 연구에서는 모든 환자
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후방 지지 잠김 금속판 및 경 중수골 핀 삽입술을 이용한
유구중수골관절 골절-탈구를 동반한 유구골 골절의 수술적 치료:
단기 추시 결과
김석원, 이형준, 박지강, 정동민
1

충북대학교병원 정형외과, 2뿌리병원 정형외과

목적: 유구중수골관절 골절-탈구를 동반한 유구골 골절은 비교적 드문 골절 형태로, 치료법에 대한 명확한 기준은 확립되어 있지 않다. 특히
유구골의 골편이 얇고 분쇄가 심한 경우 직접 고정에 의해 안정성을 확보하기 어려운 경우가 많다. 저자들은 후방 지지 잠김 금속판 및 경
중수골 금속핀 삽입술을 이용하여 유구중수골관절 골절-탈구를 동반한 유구골 골절을 수술 치료 후 그 결과를 보고하고자 한다.
방법: 2016년 5월부터 2022년 2월까지 유구골의 골절과 유구중수골관절 골절-탈구가 동반되어 수술을 한 12명의 환자를 대상으로
하였다. 12명 모두 남자로, 평균 연령은 30.3세, 수술 후 평균 추시 기간은 6개월 1주였다. 환자에 따라 맞춤형 디자인으로 변형시킨 후방
지지 잠김 금속판 및 경 중수골 금속핀 삽입술을 이용한 관혈적 정복술 및 내고정술을 시행하였고, 방사선 검사 및 이학적 검사로 치료 결과를
평가하였다.
결과: 마지막 추시 진료 시 시행한 방사선 평가에서 모든 예에서 골유합이 이루어졌다. Modified Mayo wrist score를 이용한 기능적
평가에서 우수 11예, 양호 1예로 나타났다. 추시 기간 내 정복 실패, 불유합, 감염 등의 합병증은 보이지 않았다.
결론: 유구중수골관절 골절-탈구를 동반한 유구골 골절에서 후방으로 전위된 골절편의 크기가 매우 작고, 분쇄가 심한 경우 후방 지지 잠김
금속판 및 경 중수골 금속핀 삽입술을 이용한 수술적 치료는 유용한 방법이 될 수 있다.

색인단어: 유구골, 골절, 금속판
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Purpose: This study compared screw and Kirschner-wire (K-wire) fixation for intra-articular fractures of the proximal phalanx head regarding the success of union and
functional outcomes.
Methods: In this retrospective study, we enrolled patients with closed intra-articular
fractures of the proximal phalangeal head treated between January 2011 and December 2021. Patients with open wounds, tendon or neurovascular injuries, comminuted
fractures, or middle phalangeal fractures were excluded. Patients’ demographics, bone
union, proximal interphalangeal (PIP) joint range of motion (ROM), grip power, and
complications were collected and analyzed. The percentage of intra-articular surface
involvement and the number of bone fragments were also analyzed in relation to the
functional results.
Results: Among 41 patients, 21 were managed with screw fixation, and the remaining
20 with K-wire fixation. The mean union rate was 100% in the screw fixation group
and 95.0% in the K-wire fixation group, with no statistically significant difference
(p=0.488). Other functional parameters (PIP joint ROM, time to bone union, and grip
power) were not significantly different between the two groups. Regardless of the
treatment modality, the PIP joint ROM showed significant negative associations with
the involvement of more intra-articular surfaces (p<0.001) and the presence of a
greater number of bone fragments (p=0.040).
Conclusion: In intra-articular fractures of the proximal phalanx head, the treatment
modality (screw or K-wire) did not affect the treatment outcome. Instead, the percentage of intra-articular surface involvement and the number of bone fragments
showed significant negative associations with the PIP joint ROM after treatment.
Keywords: Proximal interphalangeal joint, Intra-articular fractures, Bone wire,
Kirschner wire
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Proximal interphalangeal (PIP) joint fracture of the hand occurs in nearly 0.1%
of the normal population. This type of injury accounts for 0.2% to 3% of patients
visiting the emergency unit and 12% to 46% of all hand fractures [1]. Usually,
younger patients are injured during sports activities, middle-aged patients are injured in manual labor, and elderly patients are most commonly injured when falling down [2].
The PIP joint is a hinge joint that can extend toward the palmar side at large
angles, which facilitates its large range of motion (ROM). Thus, damage may
cause significant functional loss of hand [3]. Treatments are divided into two categories: conservative and surgical. Screw fixation and Kirschner-wire (K-wire) fix203
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ation are the most common options for surgery [4]. K-wire may
be preferred because of the small size of the finger bone, high
mobility demands, proximity of gliding structures, and small
soft tissue envelope of the digits. Conversely, some studies have
shown the superiority of screws due to the stronger compression
force, lack of protrusion, and no need for implant removal [5].
Several studies have reported the advantages and disadvantages of screw and K-wire fixation, but few have directly compared the two treatments in terms of bone union, functional
outcome, or complications. A few studies have attempted to
make a comparison, but these were limited by the small or heterogeneous patient cohorts, including both proximal phalangeal head and middle phalangeal base fractures [6,7]. Since the
middle phalanx and proximal phalanx have distinct mechanisms of injury [4], we believe it is difficult to draw clinically
meaningful conclusions by analyzing heterogeneous types of
fractures. Therefore, in this study, we directly compared screw
and K-wire fixation in a homogenous group of 41 patients with
closed intra-articular fractures of the proximal phalanx head.

Methods
Ethics statement: Written informed consent was obtained for
publication for this study and accompanying images, and the study
design was approved by the Institutional Review Board of Gwangmyeong Sungae General Hospital (No. KIRB-2022-N-003).
This retrospective study was performed on 41 patients diagnosed with closed intra-articular fractures of the proximal phalanx head of the hand and treated with screw or K-wire fixation
between January 2011 and December 2021 (Table 1). The exclusion criteria were patients with extra-articular fractures,
fractures in the thumb, comminuted fractures, or open fractures with soft tissue injury. Middle phalangeal base fractures
were excluded because of the homogeneity of the patient group,
which shares the same mechanism of injury [4]. Comminuted
intra-articular fractures were excluded as such cases are not
good candidates for K-wire or screw fixation [5,8]. Finally,
open fractures were excluded because injuries to the ligaments
and tendons surrounding the finger joint may significantly influence functional outcomes [2]. In order to rule out injuries to
the collateral ligaments, we conducted physical examinations
such as lateral stress tests before surgery [9].
Clinical data collected included patient demographic data,
mechanism of injury, location of injury, fracture type, intra-articular surface involvement, number of bone fragments, hospi204

tal day, follow-up period, physical therapy, bone union, time
for union, PIP joint ROM, grip power, secondary operation,
and complications. Fracture type was classified into three categories based on radiographic data: oblique (condylar), long
oblique (spiral), and longitudinal. Bone union was determined
by bridging callus formation and a visible fracture line of < 1
mm on plain radiography. The complications assessed were
mainly sensory changes (numbness) and infection (i.e., osteomyelitis). Finally, intra-articular involvement was evaluated using plain radiography and three-dimensional reconstruction
computed tomography. Based on the radiographic images, we
measured the diameter (mm) and width (mm) of the total articular surface (mm2) and the largest bone fragment displaced.
We then calculated the percentage of the surface area that the
bone fragments occupy among the entire articular surface. The
formula for intra-articular surface involvement is as followed:
[diameter (mm) × width (mm) of the dominant bone fragment]/[diameter (mm) × width (mm) of the entire articular
surface] × 100 (%) (Fig. 1).
Statistical analysis was performed using the Student t-test,
Mann-Whitney U-test, and Spearman correlation coefficients
for continuous variables and the chi-square test for categorical
variables. Statistical significance was set at p < 0.05.

1. Demographics

A total of 41 patients with closed intra-articular proximal
phalangeal head fractures were managed in our clinic between
2011 and 2021. In total, 21 patients underwent screw fixation,
and the other 20 underwent K-wire fixation. The mean ages of
patients in the screw and K-wire groups were 32.6 and 27.5
years old, and the mean times to surgery were 4.6 and 3.3 days,
respectively. The follow-up periods for each group were 25.9
and 13.3 weeks, respectively. Regarding the mechanism of injury, accidents during manual work (33.3%) were the main cause
in the screw group, while sports activity (45.0%) was the most
common cause in the K-wire group (Table 2).

2. Fracture characteristics

Long oblique fractures were the most common (57.1%) in
the screw fixation group, whereas oblique (condylar) fractures
were the most common (55.0%) in the K-wire fixation group.
The PIP joint intra-articular surface involvement was 51.9% in
the screw fixation group and 56.5% in the K-wire fixation
group. The average number of fractured bone fragments was
1.3 in the screw fixation group and 1.4 in the K-wire group (Table 2).
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Table 1. Patients with screw and Kirschner-wire fixation
Patient
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

Sex
Male
Male
Male
Male
Male
Female
Male
Female
Female
Male
Male
Female
Male
Male
Male
Female
Female
Male
Female
Male
Male
Male
Male
Male
Male
Male
Female
Male
Female
Male
Male
Male
Female
Male
Male
Male
Male
Male
Male
Male
Male

Age (yr)

Fixation

Side

Injured
digit

Fracture
type

Mechanism of
injury

Implanted
device

12
11
13
24
13
30
57
10
43
48
13
54
9
16
31
35
44
21
28
37
47
29
51
55
48
14
15
14
65
23
61
26
43
14
12
29
25
34
45
21
14

K-wire
K-wire
K-wire
K-wire
K-wire
K-wire
K-wire
K-wire
K-wire
K-wire
K-wire
K-wire
K-wire
K-wire
K-wire
K-wire
K-wire
K-wire
K-wire
K-wire
Screw
Screw
Screw
Screw
Screw
Screw
Screw
Screw
Screw
Screw
Screw
Screw
Screw
Screw
Screw
Screw
Screw
Screw
Screw
Screw
Screw

Left
Right
Right
Left
Left
Left
Right
Right
Left
Right
Left
Left
Right
Right
Right
Left
Right
Right
Left
Right
Right
Left
Left
Right
Right
Left
Left
Right
Left
Right
Left
Left
Right
Left
Right
Right
Right
Left
Right
Right
Left

Small
Small
Small
Index
Small
Middle
Small
Small
Ring
Small
Index
Small
Index
Small
Middle
Small
Ring
Ring
Small
Small
Ring
Index
Ring
Ring
Middle
Ring
Small
Middle
Middle
Middle
Index
Ring
Ring
Small
Small
Ring
Small
Ring
Index
Index
Middle

Longitudinal
Longitudinal
Oblique
Spiral
Oblique
Spiral
Spiral
Oblique
Oblique
Spiral
Oblique
Oblique
Spiral
Oblique
Oblique
Oblique
Oblique
Oblique
Spiral
Spiral
Oblique
Longitudinal
Spiral
Spiral
Spiral
Spiral
Oblique
Oblique
Spiral
Spiral
Spiral
Oblique
Spiral
Oblique
Oblique
Spiral
Spiral
Oblique
Spiral
Spiral
Oblique

Sport activity
Physical fight
Sport activity
Fall down
Sport activity
Fall down
Physical fight
Sport activity
Sport activity
Fall down
Sport activity
Fall down
Sport activity
Sport activity
Fall down
Fall down
Fall down
Sport activity
Fall down
Physical fight
Manual labor
Manual labor
Traffic accident
Manual labor
Manual labor
Sport activity
Sport activity
Sport activity
Physical fight
Manual labor
Manual labor
Fall down
Physical fight
Sport activity
Physical fight
Manual labor
Physical fight
Physical fight
Fall down
Sport activity
Sport activity

2
2
1
3
2
2
2
2
2
2
2
3
2
2
3
2
2
2
2
2
1
2
1
2
2
2
1
1
2
1
1
1
2
1
1
1
2
2
1
1
1

3. Surgical procedure and postoperative management

Under brachial plexus anesthesia, manual reduction of the
fracture site was performed using C-arm imaging, followed by
K-wire or screw fixation. K-wires used for fixation ranged from
https://doi.org/10.12790/ahm.22.0025

Intra-articular
Bone
Follow-up
surface
fragments
(wk)
involvement (%)
30.0
1
9.4
40.0
1
20.6
80.0
1
4.0
70.0
2
9.3
20.0
1
13.1
80.0
2
12.0
80.0
2
10.3
20.0
1
15.6
70.0
1
11.7
80.0
1
11.1
50.0
1
6.0
70.0
2
13.6
50.0
1
7.4
50.0
3
11.0
80.0
2
42.4
80.0
2
17.9
60.0
1
16.0
20.0
1
13.1
50.0
1
12.0
60.0
1
10.3
80.0
1
16.0
50.0
2
51.6
30.0
1
19.7
60.0
2
3.3
70.0
2
17.0
30.0
1
5.1
60.0
1
46.4
30.0
1
8.9
70.0
2
66.3
30.0
2
29.3
60.0
2
41.0
80.0
2
52.0
20.0
1
6.7
60.0
1
46.0
20.0
1
49.7
80.0
1
20.0
90.0
1
14.0
40.0
1
3.7
30.0
1
4.6
30.0
1
36.6
70.0
1
5.9

0.9 to 1.1 mm in diameters. The screw used for fixation was 7 to
14 mm in length and 1.3 to 2.0 mm in thread diameter (Osteonic
Inc., Seoul, Republic of Korea) (Figs. 2, 3 show the examples of
successful bone union in each patient group). The number of
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Fig. 1. An example of the intra-articular surface assessment. The red arrows indicate the width and diameter of the entire articular
surface, and the yellow arrows indicate that of the dominant (i.e. the largest) bone fragment.
Table 2. Comparison of demographics and fracture characteristics
between the two fixation groups
Characteristic
No. of patients
Male sex
Mean age (yr)
Mean time to surgery (day)
Mechanism of injury
Manual work
Fall down
Physical fight
Traffic accident
Sports activity
Fracture type
Oblique
Long oblique
Longitudinal
No. of implanted devices
Follow-up (wk)
Intra-articular surface involvement (%)
No. of bone fragments
Implant removal (%)/removal time (wk)

Kirschner-wire
group
20
13 (65.0)
27.5
3.3

Screw group
21
18 (85.7)
32.6
4.6

0 (0)
8 (40.0)
3 (15.0)
0 (0)
9 (45.0)

7 (33.3)
2 (9.5)
5 (23.8)
1 (4.8)
6 (28.6)

11 (55.0)
7 (35.0)
2 (10.0)
2.1
13.3
56.5
1.4
100/6.5

8 (38.1)
12 (57.1)
1 (4.8)
1.4
25.9
51.9
1.3
38/33.3

Values are presented as number, number (%), mean value, or percentage
unless otherwise specified.

K-wires used for fixation ranged from 1 to 3 (2.1 in average),
and 1 or 2 screws were used (1.38 in average) for fixation (Tables 1, 2). An intrinsic plus-positioned short arm splint was applied postoperatively and then replaced with finger splints in
206

the 2nd week after surgery.
To initiate early mobilization, we encouraged the patients to
perform gentle active and passive exercises as soon as the swelling and pain subsided. The range of joint motion during exercise was gradually extended daily. The K-wires were removed
at the outpatient clinic from week 4 to 6. For patients who underwent screw removal, an additional operation was planned
on average on the 33.3rd week.

Results
1. Union incidence and time for union

All 21 cases of screw fixation achieved radiologic union, but
one out of 20 patients from the K-wire group showed nonunion
at the 4th month, which Jupiter et al. [10] stated as appropriate
time for judging bone union. The nonunion case in the K-wire
group underwent revision surgery with screw fixation and finally reached union at the end of the follow-up period. However, the union incidence did not show a statistical difference between the two groups (p = 0.488). The time for bone union for
screw fixation was 7.8 weeks, which was longer than 6.8 weeks
for the K-wire group. This difference between the groups was
not statistically significant (p = 0.123) (Table 3).

2. Proximal interphalangeal joint range of motion

We measured the PIP joint ROM at the outpatient clinic. The
mean PIP joint ROM in the screw group was 66.4° at an average
of 25.9 weeks postoperatively, which was larger than the 64.0° in
https://doi.org/10.12790/ahm.22.0025
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A

B
Fig. 2. Twelve-year-old boy came with a proximal phalanx head fracture by physical fight. (A) Preoperative plain X-ray, computed
tomography, and immediate postoperative X-ray follow-up with single-screw fixation. (B) Follow-up images at the 49.7th week, showing
return to nearly full range of active proximal interphalangeal joint motion and X-ray showing bone union.

A

B
Fig. 3. Ten-year-old girl came with proximal phalanx head fracture during playing volleyball. (A) Preoperative plain X-ray, computed
tomography, and immediate postoperative X-ray follow-up with double Kirschner-wire fixation. (B) Follow-up images at the 15.6th week,
showing return to nearly full range of active proximal interphalangeal joint motion and X-ray showing bone union.

https://doi.org/10.12790/ahm.22.0025
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Table 3. Comparison of functional outcomes between the two fixation groups
Functional outcome
PIPJ range of motion (°)
Time to bone union (wk)
Grip power (%)

Kirschner-wire group
64.0 (20.0–100.0)
6.8 (4.0–9.7)
53.2 (0–92.0)

Screw group
66.4 (30.0–100.0)
7.8 (4.9–11.4)
50.3 (0–89.0)

p-value
0.729
0.123
0.704

Values are presented as mean (range).
PIPJ, proximal interphalangeal joint.

Table 4. Relationships of intra-articular surface involvement and bone fragments with functional outcomes
Functional outcome
PIPJ range of motion
Grip power
Time to bone union
Union incidence

K-Wire group
Intra-articular
Bone fragments
surface
–0.878 (< 0.001)* –0.373 (0.11)
+0.057 (0.81)
+0.055 (0.51)
+0.133 (0.59)
+0.071 (0.78)
–0.284 (0.22)
–0.285 (0.22)

Screw group
Intra-articular
Bone fragments
surface
–0.861 (< 0.001)* –0.244 (0.29)
–0.367 (0.10)
–0.151 (0.52)
+0.234 (0.31)
+0.242 (0.29)
–0.291 (0.28)
–0.281 (0.31)

Entire group (K-wire+screw)
Intra-articular
Bone fragments
surface
–0.881 (< 0.001)* –0.319 (0.04)*
–0.119 (0.46)
+0.019 (0.91)
+0.174 (0.28)
+0.155 (0.34)
–0.203 (0.20)
–0.210 (0.19)

Values are the Spearman coefficient (p-value).
K-wire, Kirschner-wire; PIPJ, proximal interphalangeal joint.
*p<0.05, statistically significant.

the K-wire group at an average 13.3-week follow-up. However,
this difference was not statistically significant (p = 0.729) (Table
3). This implies that the treatment type does not affect the PIP
joint ROM.

3. Grip power

To evaluate the functional capacity of the injured finger, we
assessed the grip power of the injured hand and compared it to
that of the contralateral normal hand. We calculated the percentage of maximum grip power of the injured hand after
treatment with the normal side and assessed the level of functional recovery. In the screw fixation group, 50.3% of grip power was recovered at an average of 25.9 weeks follow-up, which
was similar to the 53.2% recovery in the K-wire group at an average of 13.3 weeks follow-up (p = 0.706) (Table 3).

4. Intra-articular surface involvement

Contrary to the treatment type, intra-articular surface involvement showed a significant correlation with the PIP joint
ROM. In both the screw (p < 0.001) and K-wire groups
(p < 0.001), greater intra-articular surface involvement was associated with smaller PIP joint ROM. This trend was the same
across the entire group of patients (including both the screw
and K-wire groups) (p < 0.001). Intra-articular surface involvement did not have a significant influence on other outcomes
(i.e., grip power, time to bone union, and union incidence) (Table 4).
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5. Number of bone fragments

The number of bone fragments did not show a significant relationship with PIP joint ROM in the separate analysis of the
screw (p = 0.290) and K-wire groups (p = 0.110). However, in
the entire group analysis, PIP joint ROM decreased significantly as the number of bone fragments increased (p = 0.040). Similar to intra-articular surface involvement, the number of bone
fragments did not show any correlation with outcomes other
than PIP joint ROM (Table 4).

6. Complications

No serious infections, such as osteomyelitis, were observed
in either group, although there was one case of pin-site cellulitis
in the K-wire group. The K-wire was removed from the patient
before the scheduled date to prevent further progression to osteomyelitis. The infection was resolved by intravenous antibiotic treatment during hospitalization. Five patients in the screw
fixation group complained of minor dullness at the distal level
of the injured digit. None of these five patients experienced difficulties during daily activities and experienced gradual adaptations nearly at the end of their follow-up period.

Discussion
Intra-articular fractures of the proximal phalangeal head are
common, and owing to their structural complexity, they carry
the risk of numerous complications other than nonunion or infection. A forward angulation or lateral angulation as small as
https://doi.org/10.12790/ahm.22.0025
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5° may interfere with flexion and cause overlapping of the digits. Moreover, finger joints are prone to contractures [6], and
therefore, stiffness, deformity (swan neck, Boutonnière), persistent subluxation, and loss of full ROM are common [2,11].
The treatment goal for such fractures is to restore a strong,
stable, pain-free joint, thereby achieving optimum ROM and
convergence [5,11]. Various treatment methods have been introduced to achieve this; however, few have made direct comparisons between K-wires and screws. While other studies attempted to make a comparison, their patient group was small
(n = 19) and heterogeneous, including diverse phalangeal fractures, compared to our larger (n = 41) and homogenous study
limited to proximal phalangeal head fractures [5].
Compared with screw fixation, loss of reduction is more frequently reported in K-wire fixation cases. Moreover, since nonunion increases with displacement [1,6,11], we can assume that
screw fixation is better for bone union than K-wire fixation due
to the stronger compression force [4]. In contrast, other studies
have suggested that soft tissue injury with neurovascular trauma may affect nonunion; hence, screw fixation is inferior to
K-wire fixation [1,4,11]. In our study, there was no significant
difference in the incidence of bone union between the two
groups. Both groups showed a high union incidence in less
than 8 weeks, as Barton [12] reported a low nonunion rate of
0.2% to 0.7% in their study.
In terms of ROM, K-wire fixation may be superior to screw
fixation because of the reduced scar tissue formation. Conversely, a number of studies have asserted that K-wire is less effective than screw fixation, as screws help to maintain a strong
and durable compression force between bone fragments.
Therefore, surgeons often prefer screws to K-wire fixation. In
this study, no significant difference in the PIP joint ROM was
found between screw fixation and K-wire fixation.
Several studies asserted that the percentage of intra-articular
surface involvement and the number of bone fragments exert
larger clinical implications than the type of fracture [7,13]. This
is because the prognosis of articular fractures is influenced by
the extent of articular involvement and joint congruity. Therefore, we studied the relationship between the percentage of intra-articular surface involvement and the number of bone fragments with treatment outcomes (i.e., bone union, time for
union, PIP joint ROM, and grip power). This investigation was
performed in both the screw and K-wire groups, as well as in
the entire group of patients (Table 4). As a result, in both the
screw and K-wire patient groups, those with greater intra-articular surface involvement had a poorer range of and decreased
PIP joint ROM. This trend was also observed in the entire
https://doi.org/10.12790/ahm.22.0025

group. Moreover, in the entire group of patients, PIP joint
ROM decreased significantly as the number of bone fragments
increased. These findings entirely contradict our original hypothesis that there would be a functional difference between
treatment modalities (i.e., screw or K-wire fixation). Instead,
the functional prognosis of proximal phalangeal head intra-articular fractures may be determined by the percentage of intra-articular surface involved and the number of bone fragments, regardless of the treatment choice.
Pain after proximal phalangeal head intra-articular fractures
is common, and nearly 34% of patients may experience pain or
cold intolerance [11]. Previous studies have reported that the
screw fixation group showed a greater degree of cold intolerance and numbness after surgery [7]. This matches with our
study, in which five patients in the screw fixation group complained of numbness, while none in the K-wire group reported
this effect. This may be due to stretching or trauma of the digital nerves during screw fixation. However, these data lack validity as we did not administer objective surveys such as DASH
(Disabilities of the Arm, Shoulder, and Hand) or visual analogue scale scoring, as in other studies [2]. Instead, we relied on
a retrospective chart review, which makes it difficult to assess
the level of symptoms or underestimate it.
Rehabilitation of the PIP joint is difficult because of the occurrence of postsurgical subluxation, stiffness, osteoarthritis,
and flexion contracture [3]. Currently, there is no consensus on
the timing of active and passive mobilization; however, numerous studies have emphasized the importance of early motion
[14]. Lengthened immobilization may hinder joint hydrodynamics, which causes degenerative changes and fibrosis in the
finger joints. Several studies have revealed that immobilization
for longer than 4 weeks may cause stiffness [4]. We applied intrinsic plus-positioned volar protective splinting after surgery
[4] and encouraged active and passive ROM as soon as swelling
and pain subsided. The time until passive full ROM at physical
therapy was 46.7 days for K-wire and 34.5 days for the screw
fixation group, and the length of the treatment varied between
individual patients [15,16]. The method, length, and timing of
joint mobilization varied among patients; hence, we could not
draw meaningful conclusions regarding the relationship between early mobilization and PIP joint ROM in our study.
Our study has several limitations. First, the age and the level
of injury may have had a significant influence on prognosis,
but we failed to consider these two important factors. Second,
the grip power was measured on different sides of the hands as
we could not measure the grip power of the injured hand in its
normal state before trauma. This may have caused serious bias
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in patients with large differences in the strength of both hands.
Finally, K-wires are applicable to small bone fragments, whereas screws are applicable only to patients with large fragments,
which are approximately three times larger than screw thread
diameter. This blind spot triggered a difference in the indications between the two treatments [4,7].

Conclusion
In proximal phalangeal head intra-articular fractures of the
hand, the treatment modality of whether to use a screw or
K-wire does not affect treatment outcomes. Instead, as the percentage of intra-articular surface involvement and the number
of bone fragments increases, the PIP joint ROM after treatment
decreases significantly.
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Purpose: Unfractionated heparin (UFH) is more commonly used as an anticoagulant
after digital replantation than low-molecular-weight heparin (LMWH). We compared
the success and complication rates of these two anticoagulants, since only a few
studies have made this comparison directly.
Methods: Forty-four patients who underwent digital replantation for complete or incomplete digital amputation in the past 7 years at a single institution were included.
The patients were divided into LMWH and UFH groups according to the anticoagulant
administered. The success rates for each group were obtained, and the postoperative
serum aspartate aminotransferase (AST) and alanine transaminase (ALT) levels were
analyzed to compare the complication rates.
Results: All patients, except one, had successful recovery of circulation after replantation, and the success rate did not show a statistically significant difference between
the two groups. The statistical analysis showed that the proportion of patients with
abnormal serum AST or ALT levels in the LMWH group was significantly lower than
that in the UFH group.
Conclusion: Although there was no significant difference in the success rate between
the two groups, the risk of hepatotoxicity was significantly lower in the LMWH group
than in the UFH group. Considering the advantages of LMWH, its extensive use is
highly recommended for anticoagulation therapy in patients after digital replantation.
Keywords: Low-molecular-weight heparin, Replantation, Heparin, Liver function tests,
Postoperative complications
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Heparin and its derivatives have been widely used in anticoagulation therapy
after digital replantation to reduce thrombotic events and ensure robust blood
flow [1]. There is no consensus among microsurgery centers due to lack of standardized protocols. The protocols used are mainly based on subjective clinical experience rather than evidence-based guidelines. Some institutions use unfractionated heparin (UFH) as the main anticoagulant after free tissue transfer, whereas
others use low-molecular-weight heparin (LMWH), acetylsalicylic acid, thrombolytics, dextran, or prostaglandin E1 [1-6]. We only found one relevant systematic review in the Cochrane database. However, few studies have reviewed and
compared the success rates of LMWH vs. UFH. Nevertheless, the methodological
and statistical limitations of these studies have led to the lack of conclusions [7].
Moreover, the complication rates associated with LMWH or UFH were unclear,
making it difficult for microsurgeons to choose between them [7]. In other words,
the protocols are reliant on individual clinical experience, which can be biased.
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We focused on hepatotoxicity among the complication of anticoagulant use. In our institution, we routinely perform liver
function or anticoagulation panel tests perioperatively to monitor hepatotoxicity based on our clinical experience. Although
well described in the literature, hepatotoxicity is often overlooked due to its asymptomatic nature, with a rare possibility of
sequelae; however, aggravated symptoms can sometimes occur
[2,8-13]. The rates of hepatotoxicity vary among studies, with
most authors reporting higher rates with LMWH. However,
this finding has not been statistically proven [10,14,15].
In previous studies, the comparison of hepatotoxicity rates
between LMWH and UFH has been limited to particular instances, such as prophylaxis or treatment of pulmonary embolism. However, a comparison of hepatotoxicity rates between
perioperative LMWH and UFH administration after digital replantation has not been presented. By comparing the hepatotoxicity, success rate, and complication rate between patients
who received LMWH or UFH, the study aimed to promote the
usage of LMWH over UFH as the main anticoagulant.

Methods
Ethics statement: This study was approved by the Institutional
Review Board of Korea University Ansan Hospital (No. 2022AS
1097) with a waiver of informed consent due to its retrospective
nature. Written informed consent was obtained for publishing
accompanying images of this report.

1. Materials

The medical records of patients who received digital replantation and perioperative anticoagulation therapy after complete
digital amputation from 2014 to 2020 were reviewed. All patients underwent surgery by a single senior surgeon.
Patients were divided into two groups; LMWH and UFH.
The demographics, presentation, treatment, success or failure
of replantation and any major or minor complications were
compared between the two groups. The investigated demographic variables included age, smoking history, preexisting
medical conditions, zone of injury, elapsed time before surgery,
and operation time.

2. Perioperative anticoagulant therapy protocol

All patients were administered either UFH or LMWH. UFH
(Choongwae Heparin Sodium Inj., JW Pharmaceutical, Seoul,
Korea) was administered intravenously. The patients were administered 2,500 IU/day for a week, and the drug dose was ta212

pered to 500 IU/day. In the LMWH group, 20 mg of LMWH
(Clexane Inj., Sanofi-Aventis Korea, Seoul, Korea) was subcutaneously injected once a day for 5 days. Anticoagulants were not
discontinued unless the patients showed signs of associated
complications. Despite an increase in liver function parameters,
anticoagulation therapy was continued unless the patients
showed marked symptoms, which did not occur in any of the
included patients.

3. Replantation status

We defined failure (marked as “failure”) as per the following
three categories described in a previous study [7]: (1) requiring
surgical re-exploration, (2) requiring incision, or (3) microvascular insufficiency due to arterial and venous occlusions. We
further defined successful replantation (marked as “success”) as
the condition that was not marked as a failure.

4. Complications

All possible complications were identified, including hematoma and major or minor systemic bleeding, which are common side effects of anticoagulants [16]. We paid particular attention to hepatotoxicity as no severe or systemic complications
occurred in the patients included in this study. The liver function test panel was thoroughly analyzed and compared between
the two groups.

5. Analysis of the liver function

When the peak levels of serum aspartate aminotransferase
(AST) or alanine transaminase (ALT) were above three times the
upper normal limit (UNL), the condition was marked as “hepatotoxicity,” as described in a previous study [10]. The UNLs of
AST and ALT were 40 and 41 U/L, respectively. Any value below
three times the UNL was considered insignificant and labeled as
“normal.” Any abnormalities in liver function tests, other than
serum AST or ALT levels, were also investigated.

6. Statistical analysis

Basic demographic data were compared using the independent t-test (for continuous variables) and Fisher exact test (for
categorical variables). The success and complication rates were
compared using Fisher exact test. Statistical analyses were performed using IBM SPSS Statistics ver. 22.0 (IBM Corp., Armonk, NY, USA).

Results
A total of 44 patients underwent digital replantation and
https://doi.org/10.12790/ahm.22.0027
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perioperative anticoagulation therapy. Ten patients were classified into LMWH group and 34 patients into UFH group. The
patient demographics are summarized in Table 1. Representative
cases are shown in Figs. 1 and 2. The median patient age was
44.0 ± 14.8 years. Among the patients, 59.1% were non-smokers
and 40.9% were smokers. Regarding medical history, none of the
patients had a history of hepatic diseases, and most patients had
no comorbidities (59.1%). Most patients underwent replantation

of one digit (72.7%), whereas a small number of patients underwent operations for more than one digit (27.2%). The success
rate was 100% in the LMWH group, whereas one replantation
failed in the UFH group (2.9%; category 3, microvascular insufficiency due to arterial and venous occlusions). There was no statistically significant difference in the success rates between the
two groups (p > 0.999) (Table 2, Fig. 3). No major complications,
including systemic bleeding or thrombocytopenia, were ob-

Table 1. Demographic characteristics of the patients
Characteristic
Patient
Age (yr)
Smoking status
Never
Current
Medical history
None
Hypertension
Diabetes
Hepatitis
Others
Multiple digits involved
Yes
No
Zone of injury
Zone 1
Zone 2
Time elapsed before surgery (min)
Operation time (min)

Total
44 (100)
44.0 ± 14.8

LMWH group
10 (22.7)
47.5 ± 17.4

UFH group
34 (77.3)
43.0 ± 14.0

26 (59.1)
18 (40.9)

6 (60.0)
4 (40.0)

20 (58.8)
14 (41.2)

26 (59.1)
10 (22.7)
5 (11.4)
0 (0)
3 (6.8)

6 (60.0)
3 (30.0)
1 (10.0)
0 (0)
0 (0)

20 (58.8)
7 (20.6)
4 (11.8)
0
3 (8.8)

12 (27.3)
32 (72.7)

2 (20.0)
8 (80.0)

10 (29.4)
24 (70.6)

p-value
0.468
> 0.999

0.604

0.702

33 (54.1)
28 (45.9)
472.45 ± 253.275
356.39 ± 196.535
Values are presented as number (%) or mean ± standard deviation.
LMWH, low-molecular-weight heparin; UFH, unfractionated heparin.

0.490
4 (40.0)
6 (60.0)
±
420.8 249.75
360.9 ± 167.54

A

29 (56.9)
22 (43.1)
487.64 ± 255.98
355.05 ± 206.56

0.227
0.772

B

Fig. 1. A 41-year-old man presented with his right index finger completely amputated at the proximal phalanx level by an electrical
saw (A). Replantation was performed immediately, and unfractionated heparin was administered intravenously after the operation. The
patient showed elevated aspartate aminotransferase and alanine transaminase levels (220 U/L and 258 U/L, respectively), without any
marked symptoms of hepatotoxicity. (B) The operation was successful with minimal sequelae.
https://doi.org/10.12790/ahm.22.0027
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A

B

Fig. 2. A 21-year-old man presented with complete amputation of his left thumb at the proximal phalanx and index at the mid-phalanx
by an industrial cutter (A). Immediate replantation was performed, and the patient was administered low-molecular-weight heparin for
perioperative anticoagulant therapy. The aspartate aminotransferase and alanine transaminase levels of this patient were normal during
admission, without any evidence of hepatotoxicity. (B) Clinical photograph a year after surgery.
Table 2. Comparison of the success rate between groups
Variable
Success or failure
Success
Failure

Total (n = 44)

LMWH group (n= 10)

UFH group (n= 34)

43 (97.7)
1 (2.3)

10 (100)
0 (0)

33 (97.1)
1 (2.9)a)

p-value
> 0.999

Values are presented as number (%).
LMWH, low-molecular-weight heparin; UFH, unfractionated heparin.
a)
Microvascular insufficiency.

Discussion
LMWH is a relatively new class of anticoagulants compared
to UFH and is derived from UFH. The anticoagulant activity of
LMWH originates from the inhibition of activated coagulation
factor X (factor Xa), whereas the anticoagulant activity of UFH
originates from its binding to the antithrombin III molecule
[17,18]. Since its introduction in the 1970s, LMWH has gradually replaced UFH in clinical practice and has been used to prevent deep venous thrombosis, pulmonary embolism and to
treat unstable angina and ST-elevation myocardial infarction
[17,18].
However, many institutions still use UFH as the main antico214

100
90
Success rate (%)

served in either group. The rate of hepatotoxicity was higher in
the UFH group than in the LMWH group. The proportion of
patients with elevated AST levels (50.0% and 10.0%, respectively; p = 0.031) and the rate of ALT elevation (47.1% and 10.0%,
respectively; p = 0.027) were higher in the UFH group than in
the LMWH group (Table 3, Fig. 4).

80
70
60
50
Total

UFH group

LMWH group

Fig. 3. The success rates showed no difference between the two
groups. LMWH, low-molecular-weight heparin; UFH, unfractionated
heparin.
agulant therapy for perioperative anticoagulation in the microsurgical domain. Recently, there have been changes based on
advances in the knowledge of flap dynamics and LMWH [1].
However, it is interesting to consider the advantages of LMWH
https://doi.org/10.12790/ahm.22.0027
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Table 3. Differences in liver function test results between groups
Variable
AST
Normal
Abnormala)
ALT
Normal
Abnormala)

Total (n = 44)

LMWH group (n= 10)

UFH group (n= 34)

26 (59.1)
18 (40.9)

9 (90.0)
1 (10.0)

17 (50.0)
17 (50.0)

25 (56.8)
19 (43.2)

9 (90.0)
1 (10.0)

16 (47.1)
18 (52.9)

p-value
0.031*

0.027*

Values are presented as number (%).
LMWH, low-molecular-weight heparin; UFH, unfractionated heparin; AST, aspartate aminotransferase; ALT, alanine transaminase.
a)
Peak AST or ALT levels > 3× upper normal limit (40 U/L for AST and 41 U/L for ALT).
*p< 0.05, statistically significant.
100

■ Overall ■ UFH group ■ LMWH group

90
Success rate (%)

80
70

*

*

60
50
40
30
20
10
0
Abnormal AST

Abnormal ALT

Fig. 4. The complication rates showed significant differences
between the two groups in both aspartate aminotransferase (AST)
and alanine transaminase (ALT) levels. LMWH, low-molecularweight heparin; UFH, unfractionated heparin. *p<0.05, statistically
significant.
compared to those of UFH. Some of the advantages of LMWH
include: (1) improved predictability of dose-response relationships due to the lower rate of binding to plasma proteins [19],
(2) increased plasma half-life due to a lower rate of binding to
macrophages and endothelial cells, and (3) lower incidence of
heparin-induced thrombocytopenia [20].
The hepatotoxicity of heparin and heparin-derived products
has been described in several studies. However, heparin-related
hepatotoxicity is often neglected due to its asymptomatic nature. Although heparin-related hepatotoxicity does not cause
any sequelae in most cases, it should be closely monitored since
it can result in elevated levels of liver enzymes and sometimes
shows aggravated symptoms [11].
Our results showed that although patients who were administered UFH had a higher rate of hepatotoxicity than those who
were administered LMWH, the success rate was not different.
This finding is in agreement with a previous study [7], which
https://doi.org/10.12790/ahm.22.0027

showed no statistically significant differences between the two
groups in terms of patient demographics. This could indicate
that the hepatotoxicity of LMWH described in the literature
could be exaggerated. There is no evidence to suggest that
LMWH is associated with a high risk of hepatotoxicity in clinical settings. The results section does not include details of other
liver function test panel results, such as bilirubin or ALT levels,
since these were normal. Although there has been a recent case
report regarding the elevation of bilirubin and ALT levels, neither is usually considered to be related to heparin-associated or
enoxaparin-related hepatotoxicity [9].
The risk of hepatotoxicity due to UFH and LMWH was high
in our results compared to that in other reports, which reported hepatotoxicity risks of 8% and 4%-13%, respectively [14,21].
This could be due to the small sample size or the underreported nature of heparin-derivative-induced hepatotoxicity. The
mechanism underlying the different results is unknown, and
further research is necessary.
Only enoxaparin was used in this study, despite the availability of several classes of LMWH in the market. This helped to
reduce the burden of creating subgroups. Other classes of
LMWH might have introduced additional variables, contributing to different results. Further, multicenter and double-blind
clinical trials are needed to confirm our results.
A limitation of this study is the small sample size, and missing medical records owing to the retrospective nature of the
study making the study underpowered. Moreover, the number
of patients in the LMWH group was smaller than that in the
UFH group. The use of LMWH in anticoagulant therapy in the
perioperative period of digital replantation has only occurred
recently at our institution. The indications for the use of
LMWH are gradually expanding in almost all patients who undergo microsurgery, including digital replantation and tissue
transfer. More detailed results, including a larger number of patients, will be presented in a subsequent prospective study.
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Conclusion
LMWH resulted in no significant difference in the success
rate, but the risk of hepatotoxicity was significantly lower than
that with UFH. Considering the advantages of LMWH, its extensive use is highly recommended for anticoagulation therapy
in patients after digital replantation.
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Soft tissue defects of the hand may present in various forms and are often challenging
to treat. The goal of surgical hand reconstruction includes both functional and aesthetic aspects. The keystone-design perforator island flap is a multi-perforator advancement flap with a safe flap harvesting technique, reliable blood supply, minimal
donor site morbidity, and a simple dissection process that obviates the need for microsurgical techniques. Our patient was an 85-year-old man with squamous cell carcinoma on the left-hand ulnar side. The patient had difficulty in ambulation and used the
affected area of the hand to stand up. Thus, we planned reconstruction using an omega-variant type B keystone flap to further reduce tension during flap insetting and to
provide sufficient padding that would protect against excessive pressure postoperatively. The flap and donor site were closed primarily, without any postoperative complications. The patient was satisfied with the outcome after 19-month follow-up.
Keywords: Carcinoma, Squamous cell, Hand defect, Reconstructive surgical procedures

Introduction
Soft tissue defects of the hand often occur due to trauma, infection, burns, and
tumor resection. Skin cancer of the hand may present in a variety of forms and is
often challenging to treat. The goal of surgical hand reconstruction includes both
functional and aesthetic aspects. Defect coverage is challenging because
multi-vector tension forces can affect wounds. In addition, the ulnar side of the
hypothenar area is the weight-bearing part of the hand, and adequate wound closure is needed to be stable to withstand pressure.
Keystone-design perforator island flap is a multi-perforator advancement flap
that was first reported by Behan in 2003 [1] and is used as an option for reconstruction. This flap has a safe flap harvesting technique, reliable blood supply,
minimal donor site morbidity, and a simple dissection process that obviates microsurgical techniques. Since the introduction of the keystone flap (KF), several
modifications have been made to effectively reconstruct soft tissue defects of various sizes and shapes.
Herein, we suggest a modified KF method for successfully reconstructing ulnar
side defects of the hand caused by skin cancer resection, without causing aesthetic
and functional discomfort.
Written informed consent was obtained for publication of this case report and
accompanying images.
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Case report
An 85-year-old man with squamous cell carcinoma of the ulnar side of his left hand visited our department. Initially, the lesion was diagnosed as an atypical squamous epithelial lesion
on a punch biopsy, so we performed excision. After excision,
the defect size was 1.5 × 2.5 cm (Fig. 1). The patient had difficulty in ambulation and was accustomed to getting up using
the affected area of the hand. Therefore, the area was frequently affected by the patient’s weight. Considering that the affected area would be continuously pressed and rubbed, sufficient
padding was required; therefore, flap surgery was selected over
skin graft for reconstruction of the defect. We planned reconstruction using omega (Ω) variant type B KF to further reduce
tension during flap insetting and to provide sufficient padding
to protect against excessive pressure postoperatively. Accordingly, Ω variant type B KF was applied by performing addition-

al rotational movements to further minimize the tension applied to the flap. The flap and donor were closed primarily,
without any postoperative complications or injuries of the dorsal cutaneous branch of the ulnar nerve or the branch of the
basilic vein. In addition, although the patient was elderly with
poor skin elasticity, he did not complain of discomfort associated with severe sagging or tightness of the postoperative skin.
However, the final pathology confirmed the involvement of
the distal margin in in situ squamous cell carcinoma. Therefore, an additional skin excision with a safety margin of 4 mm
was performed at the distal margin (Fig. 2). Even with an additional small skin defect, sufficient padding could be provided
because KF was already performed; thus, we decided to perform a simple skin graft. The skin defect was covered with a
full-thickness skin graft, with the wrist as the donor site.
Finally, the wound healed successfully, and a free margin on
the malignant tumor was confirmed. Wound recovery was

A

B

C

D

Fig. 1. Clinical photographs. (A) A 85-year-old male patient had a skin lesion in the lateral hypothenar area of the left hand. We
supposed his lesions to be cancerous and planned an excisional biopsy. (B) After performing excision of the skin lesions, defect size was 1.5
× 2.5 cm2. A 4.0 × 5.5 cm2–sized keystone flap (KF) was designed on the lateral side of the defect. (C) We used the Ω-variant type IIB KF
for coverage. (D) The postoperative photograph showed flap insetting with coverage of the dependent portion.
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Fig. 2. (A) Previous flap site was identified to be a malignant lesion in the pathology examination. We planned further surgical
management with a safety margin of 4 mm. (B) After performing further wide excision of the skin lesions, the defect was observed in the
previous area of keystone flap (Ω-variant double-arm portion). (C) We used skin graft for coverage of defects to prevent contracture. (D)
A postoperative photograph shows the donor site (wrist) in the ipsilateral area.

completed without complications or hand dysfunctions. The
patient was satisfied with the outcome after 19-month follow-up, and no cancer recurrence was observed (Fig. 3).

Discussion
KF can be used by beginners and experienced surgeons because it is a relatively easy and quick technique. It is also used
for the reconstruction of various defects, in most cases in a single stage [2]. KF is clinically used in a variety of anatomical features, including the trunk, limbs, perineum, and head and
neck. In particular, when reconstructing a skin cancer defect, it
is possible to cover a large defect using only the surrounding
tissue without using a separate donor site [3].
Reconstructing hand defects with KF minimizes contracture
caused by postoperative scarring and lowers the pliability of the
skin, thereby minimizing the dysfunction of the hand [4]. As it
https://doi.org/10.12790/ahm.22.0004

is important to apply the proper reconstruction method for
each patient, the KF can provide adequate coverage of the area
irritated by personal behavioral habits. Thus, the patient can
recover satisfactorily without discomfort.
In our case, we considered securing the stability of the flap as
the top priority. KF proceeds with dissection by dividing each
layer and reducing the tension applied to the flap, as previously
described [5,6]. Among modified KFs, the Ω variant type B KF
technique has the advantage of additional rotational movement, which further minimizes the tension applied to the flap
[7,8].
Although we achieved successful coverage of the dependent
portion of the hand defect, our study had limitations. The postoperative pathology of the first surgery was identified as the
margin involved. This inevitably required an additional wide
excision that involved a portion of the flap. However, this did
not affect the survival of the existing flap, and we completed
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Fig. 3. (A) Postoperative photograph after a 19-month follow-up shows satisfactory results and functional outcomes with no contracture
of the dependent portion. (B) It was confirmed that motion was not restricted and normal functioning was not hindered. (C) The gettingup position that the patient often assumed showed no discomfort after surgery. (D) The donor site of the graft successfully healed.
the second surgery using a small full-thickness skin harvested
from the ipsilateral wrist. Nevertheless, our case presents an
optimal non-microsurgical approach for hand defect reconstruction.
In conclusion, using our selected strategy of the modified KF,
we successfully reconstructed the defect in the dependent part
of the hand. We suggest that the modified KF is a good option
for oncological reconstruction of the hand.
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Harlequin ichthyosis (HI) is a rare congenital disease that primarily affects the skin. Its
complications include syndactyly, which can cause severe constriction. Surgical release
is thought to be helpful, but the details remain unclear due to a lack of data. We share
our 5-year experience of a patient with HI with successful outcomes from five syndactyly release operations involving division, local flap interposition, and full-thickness
skin grafts. A visible decrease in the ulnar deviation of the metacarpophalangeal joints
and a wider range of motion were noted. There were no complications, except for one
case of donor site dehiscence that was resolved after minor revision. The surgical design must conform to the anatomical structure, as it can be easily mistaken due to
masking of the skin. A suitable donor site is a flat, non-folding surface, such as the
lateral thigh.
Keywords: Harlequin type ichthyosis, Syndactyly, Hand deformities, Skin transplantation

Introduction
Harlequin ichthyosis (HI) is a rare, autosomal recessive, severe genetic disorder
that primarily affects the skin. It is characterized by hyperkeratosis and desquamation of the epidermidis, and patients are diagnosed at birth by their clinical appearance [1]. It is a skin disease with a wide range of complications. Neonates are
born with excessive hyperkeratosis of the skin over nearly the entire body that
forms deep, large, diamond-shaped plates [2,3]. This affects the shape of facial
features and limits the movement of the arms and legs. The distal extremities are
also affected, and joint contractures of the metacarpophalangeal (MCP) and interphalangeal (IP) joints, and syndactyly are among the features [4]. There is no
cure for this condition, and supportive care; which includes moisturizing cream,
antibiotics and retinoids are needed [5]. Due to the rarity of the disease, reports
of satisfying surgical treatments of syndactyly are rare.
Four years ago, we reported a case of successful surgical treatment of syndactyly of a HI patient [6]. Satisfying results were noted and regular checkups were
done. Sequential division surgeries were planned and done, and most recently the
fifth surgery was performed. There were significant improvements both functionally and aesthetically with each surgery, and we would like to provide our experience for the appropriate surgical treatment and management of syndactyly of HI
patients.

www.handmicro.org

Arch Hand Microsurg 2022;27(3):222-228

Case report
Ethics statement: The study was approved by the Institutional
Review Board of Severance Hospital (No. 2022-0759-001) and
performed in accordance with the principles of the Declaration of
Helsinki. The patient’s legal guardian provided written informed
consent for the publication and the use of the patient’s images.

A female patient diagnosed with HI at birth visited our outpatient department at the age of 6 years. Her skin showed severe erythroderma with generalized scaling. Her ears and nose
were poorly developed, and ectropion was seen. Due to contraction of the skin, most of her joint movements were limited.
She also showed syndactyly of both hands and feet. For the
hand, all web spaces were involved, and skin contracture, ulnar
deviation in proximal, middle, distal IP joints and MCP joints
were noted.
Sequentially, the patient underwent five divisions, local flap
interposition and full-thickness skin graft (Figs. 1, 2). The first
surgery was performed on the right second interdigital space
(IDS) when the patient was 6 years and 7 months old, and she
showed functional improvement. She was able to manipulate a

joystick and grasp paper. The next surgery was planned and
done on the opposite left second IDS for the same effect. Then
the third IDS was targeted to expand the range of motion and
function. So, for the third and fourth surgery, the left and right
third IDS was divided. The patient later showed recurred contraction on the left third IDS, and the latest fifth surgery was
performed on this site for additional release. Specific details are
shown in Table 1.
The same method was used for each surgery. Basically, the
conventional syndactyly surgery method was followed; with
the use of local flaps and full-thickness skin grafts [7]. A dorsal
rectangular flap was designed all the way to the proximal PIP
joint followed by a volar triangular flap, and they were drawn
following the ulnar deviation of the MCP joints. It is important
for the design to follow the anatomy as it can be misleading due
to the masking caused by contracture and the skin (Fig. 3). The
pneumatic tourniquet was inflated up to 200 mmHg. After division, contracture release around the incision was done. Then
the dorsal rectangular flap and the volar triangular flaps were
interposed to recreate the third web space, and leftover raw
surface was covered with a full-thickness skin graft harvested
from the lateral thigh, and primary repair for the donor site
was done with #4-0 nylon. For the hand, suture was done with

A

B

C

D

E

F

Fig. 1. Sequential gross photographs. (A) Initial state at the age of 6 years and 7 months, showing incomplete syndactyly of all web
spaces with skin contracture. (B) After the first operation (postoperative 6 months). (C) After the second operation (postoperative 5
months). (D) After the third operation (postoperative 5 months). (E) After the fourth operation (postoperative 10 months). (F) After the
fifth operation (postoperative 1 month).
https://doi.org/10.12790/ahm.22.0019

223

Jae Hyeok Choi et al. Syndactyly in harlequin ichthyosis

A
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D

Fig. 2. Sequential X-rays of the hands. (A) Initial state at the age of 6 years and 7 months, showing ulnar deviation in proximal, middle,
and distal interphalangeal joints and metacarpophalangeal joints. (B) After the first operation (postoperative 1 year). (C) After the second
operation (postoperative 4 months). (D) After the fourth operation (postoperative 9 months). For the ease of comparison, the right X-ray
of Fig. 2A is reproduced from our previous report, Ahn et al. [6], according to the Creative Commons License.
Table 1. Details of sequential operations
Variable

1
Age at the time of surgery
6 yr 7 mo
Interval between operations (mo)
Height (cm)
109
Weight (kg)
16.7
Operation site of hand
Right second IDS
FTSG donor site
Left inguinal area
Donor size (cm)
6.0 × 2.5
Complication
Donor site dehiscence
requiring minor revision

2
7 yr 7 mo
12
110
17.9
Left second IDS
Left lateral thigh
6.5 × 3.0
None

Surgical sequence
3
8 yr 3 mo
8
112
18
Left third IDS
Left lateral thigh
6.5 × 3.0
None

4
8 yr 8 mo
5
115
18
Right third IDS
Right lateral thigh
6.0 × 2.0
None

5
9 yr 6 mo
10
117
18
Left third IDS
Left lateral thigh
6.0 × 2.0
None

IDS, interdigital space; FTSG, full-thickness skin graft.

#4-0 and #5-0 vicryl and #5-0 nylon interruptedly (Fig. 4).
For the postoperative management, topical antibiotics was
applied to the wound, moisturizer and oil were applied to the
whole hand and compressive dressing with plain gauze and
elastic bandage was maintained for about 1 week. The patient’s
fingers were immobilized by tightly wrapping them with multiple layers of gauze, and no splinting was required. Only
non-adherent dressing was used, and no direct taping was applied to the skin. After a week, open dressing with moisturizer
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and oil was done, and all stitches were removed 2 to 3 weeks after surgery. Flomoxef Na, a second-generation cephalosporin
was given for 1 week. Postoperative stretching of the fingers
was recommended 1 month after the surgery.
As for the donor site of the skin graft, the inguinal area was
selected as in the conventional method. However, within 2 to 4
days, dehiscence occurred, and minor revision surgery was
performed on the 12th day. Then on from the next surgery, the
lateral thigh area was chosen as the skin graft donor site, and it
https://doi.org/10.12790/ahm.22.0019
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A

B

Fig. 3. Photograph of intraoperative design of the fifth operation and preoperative X-ray of the left hand. (A) A surgical design that
follows the anatomical shape and position of the metacarpus and proximal phalanxes. The yellow line shows a straight direction in which
the alignment of the bones can be mistaken, and the red line shows the direction in which the bones are actually aligned. (B) X-ray view
(inverted left and right).

Fig. 4. Immediate postoperative photograph after the fifth operation. The left third web space is fully released with a full-thickness skin
graft.

healed well with no dehiscence or other complications (Fig. 5).
After consecutive surgeries, visible decrease in the ulnar deviation of the MCP joints was noted on the X-ray (Fig. 1F, 2D).
In particular, the patient was greatly satisfied with the easier
https://doi.org/10.12790/ahm.22.0019

operation of the joystick of her electric wheelchair, the ability to
play with smaller toys and easily grip the pencil (Fig. 6).
There were no other complications such as infection, dehiscence, delayed healing, hematoma, and seroma other than the
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A

B

C

D

Fig. 5. Healing of the donor site. Inguinal donor site after the first operation. (A) Postoperative 1 day. (B) Postoperative 10 days. Lateral
thigh donor site after the second operation. (C) Immediate postoperative state. (D) Postoperative 3 years and 6 months, showing no signs
of scarring.

Fig. 6. Photograph of the patient grasping the joystick of an electric wheelchair, at the age of 11 years, after 1 year and 7 months had
passed since the fifth and last operation.
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donor site dehiscence after our first surgery that was mentioned above (Table 1) [6].

Discussion
HI is a rare genetic disorder with a short life expectancy in
most cases. Thus, not much has been proven about this disease,
and researches about syndactyly of HI patients are near to none
[4]. However, recent advances in neonatal intensive care and
coordinated multidisciplinary management have greatly improved survival rate and extended life expectancy [2,3]. With
this development, syndactyly treatment for the patients’ improvement of quality of life should be considered.
Due to syndactyly, the patient cannot do a grasping motion
and thus most activities are limited. However, after division
surgery, movement of individual fingers and grasping became
possible. Postoperative rehabilitation and stretching are thought
to prevent worsening of contracture, but due to the patient’s
young age and pain, compliance can easily fall low. So detailed
explanations and encouragement to both the patient and their
parents are needed.
When planning the surgery, the contracture and deviation of
the hand is severe, so the surgical design must be done accordingly. This is because the actual bone structure may differ from
what it looks like from the outside. The metacarpal bones and
proximal phalanges can easily be mistaken because they are
originally aligned in a straight line. However, in practice, it is
necessary to recognize that each metacarpal bone and proximal
phalanx are connected at an angle due to deviation, and design
and surgery should be made accordingly.
The chosen skin graft donor for our first surgery was the left
inguinal area. This is a common donor site for full-thickness
skin graft and was thought to be a decent choice at that time
[8]. However, as we explained in our previous report, dehiscence and delayed wound healing was noted [6]. Due to hyperkeratosis of the skin, elasticity was to a minimum resulting in
no redundant skin. Also, because it is an area where the joint
folds, when the patient spreads her leg, dehiscence of the
wound worsened. Thus, the authors thought that skin harvest
from a flat and non-folding area would be a better solution, and
from the second surgery, the lateral thigh skin was used as the
donor. This time, due to hyperkeratosis of the skin, scar healing
with no complications and minimal scarring was noted. Therefore, although in our previous study we suggested that the skin
graft size should be minimized, this is not necessarily the case.
It is also important to note that the conventional skin graft donor site should not be used.
https://doi.org/10.12790/ahm.22.0019

As for the timing of surgical intervention, it is not well
known due to lack of studies. For otherwise normal patients, it
is recommended that syndactyly release should be done from 3
to 24 months depending on the type and web space involved.
Also, if the patient needs multiple surgeries, the timing has to
be at least 3 months apart [9]. In our case, the patient was 6
years old when she was first examined in the outpatient department. At that time, contracture was already severe, and the authors thought that there would have been better results if the
surgery had been performed earlier. In one study, it is said that
for HI patients, it would be good to relieve the contracture with
surgeries from the beginning at birth [10]. We give a similar
opinion, that surgery should be done from 3 to 24 months, and
regarding the surgery interval, 3 months is enough time for recovery.
Surgical intervention will always increase the possibility of
infection, and in HI, such an infection is dangerous and can
easily lead to a systemic infection, which is the leading cause of
death in HI [5]. So thorough use of intravenous and topical antibiotics is thought to be important. However, since there is no
consensus in the literature, prophylactic antibiotics used in
general patients were administrated. A second-generation
cephalosporin was given for a week, and no infection occurred
for all surgeries.
There are several limitations of this study. First, due to the
rarity of the disease, we had no choice but to look at only one
case, and direct comparison with other cases was not possible.
Second, due to its retrospective nature, the hands were monitored only via X-rays and observational windows, which could
be subjective and questionable. So, in the future, we shall check
on objective results such as the DASH (Disabilities of Arm,
Shoulder and Hand) score. Third, with a 5-year follow-up period, it is difficult to know the future results and prognosis, and
longer follow-ups are needed.
In conclusion, for patients with HI, proper syndactyly release
with full-thickness skin graft is important and can be done
safely. Surgical design should follow the anatomical shape and
position of the bones and soft tissue. A flat non-folding surface,
such as the lateral thigh should be chosen as the skin graft donor site. Multiple surgeries with sufficient time intervals should
also be considered for further improvements.
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Shredder injuries have a poor prognosis and are a problematic type of hand trauma.
The authors describe the successful management of two cases of shredder injuries,
one involving a child and the other involving an adult. In the child, the authors performed loose skin sutures for closure in the initial surgery and adjusted the degree of
intensity of the external compression daily. According to the degree of tissue swelling,
the skin sutures were gradually tightened. In the adult, the authors used external
compression rather than sutures and adjusted the degree of intensity every day. When
treating a shredder injury, the most crucial task is balancing perfusion and tissue pressure to reduce edema while preserving viability, thereby healing and restoring the
original function and shape of the injured body part. This paper suggests that external
compression may be an important postoperative edema management method in patients with hand shredder injuries.
Keywords: Hand injuries, Stab wounds, Edema, Indocyanine green

Introduction
Shredder machines are currently widely used because they are convenient for
tearing or cutting things into thin strips or slices. Unfortunately, accidents have
been reported to occur when using these machines, and injuries have been incurred through such mishaps [1,2]. In particular, the prognosis for shredder injuries in hand is not good because such injuries can cause severe through-andthrough tissue damage. Even if tissue salvage is possible, the management modality of such injuries is not well known because the number of cases is small. In
treating a shredder injury, the most crucial task is balancing perfusion and tissue
pressure to reduce edema while preserving viability, thereby healing and restoring
the original function and shape of the injured body part. The balancing could be
easily achieved with the suture technique in most cases of injuries, but in the case
of a shredder injury, the only simple suture technique could reduce perfusion and
eventually cause tissue necrosis. Therefore, treatment of a shredder injury is possible if a method of restoring tissue pressure while preserving circulation through
external compression, as a complementary and alternative method of suture technique, is used. Although hyperbaric oxygen therapy (HBOT) helps manage
shredder injuries [3], not all hand centers can provide it for various reasons. This
paper discusses postoperative edema management for successful treatment of
shredder injuries based on two cases, one involving a child and the other involving an adult.
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Case reports
This reports was approved from the Institutional Review
Board of College of Medicine, The Catholic University of Korea
(CMC IRB OC22ZISI0061) and the informed consent was obtained from the patient or the legal guardian for publication of
the case report including accompanying images.

Case 1

A 22-month-old female patient presented with a shredder injury in her left hand by the mushroom shredder, particularly
on the index finger to the little finger, accompanied by decreased circulation. There was also a multilevel amputation of
the ring finger, and the shredding extended into the ulnar palm
(Fig. 1). We set the reconstruction goal as the restoration of the
three-point pinch and hand shape due to the severe mutilation
of the ulnar ray. Bone fixations with Kirschner wires, multilevel
tenorrhaphy, arteriorrhaphy, and neurorrhaphy were performed immediately. As we anticipated severe postoperative
swelling, wounds were approximated with loose sutures and
covered with fibrin sealant (Tisseel; Baxter, Deerfield, IL, USA)
to prevent wound dry-up. A thin foam contact layer (Mepilex

Lite; Mölnlycke, Gothenburg, Sweden) and bulky gauze padding distributed gentle compression pressure from the elastic
bandage around the hand. In addition, we controlled for severe
postoperative swelling by daily tightening the loose skin sutures
with #6-0 nylon under anesthesia using intravenous (IV) ketamine, starting from the third to the eighth postoperative day.
Finally, the shredded hand survived and regained the threepoint pinch function and normal hand shape, except for the
ring finger distal phalanx, which had a multi-level amputation.

Case 2

A 45-year-old female patient presented with a shredder injury on her left middle finger to her little finger by a raw fish
shredder (Fig. 2). After thorough wound irrigation, only initial
tissue alignment of the mutilated wound was performed rather
than suture on the next day of injury because the patient was
an adult and had a narrow shred width. Severe edema was observed in the shredded parts, but perfusion was not compromised. After 4 days of surgical delay, we attempted sutures for
edema and shape control. However, indocyanine green (ICG)
angiography confirmed that suture placement caused poor distal circulation, and restored circulation was observed immedi-
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Fig. 1. (A, B) A 22-month-old female patient injured her left hand, particularly on the index finger to the little finger, in a mushroom
shredding machine. (C, D) During the initial reconstructive surgery, the wounds were approximated with loose sutures, and the degree
of intensity of external compression was adjusted daily. We controlled severe postoperative swelling by tightening the loose skin sutures
daily, starting from the 3rd (E, F) to the 8th (G, H) postoperative day. (I, J) Postoperative 4-year follow-up view after release of the first
web space contracture with a full-thickness skin graft in the second postoperative year.
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A

B

ately after suture removal (Fig. 3). Instead of suturing, we attempted to recover tissue pressure through external compression. A thin foam dressing (Mepilex Lite) was rolled around the
finger with gentle tension under visualization of fingertip circulation. Finally, the shredded fingers ultimately survived and
were restored to their original shapes.
In both the cases mentioned above, we used oxygen supplement using nasal prong and prostaglandin E1; and in case 1, we
determined the pediatric drug dose after consulting a pediatric
cardiologist.

Discussion

C

D

E

F

Fig. 2. (A, B) A 45-year-old female patient injured her third
to fifth fingers in a raw fish shredding machine. Only tissue
alignment was performed initially. (C, D) Ten-day postoperative
view of the wound. Thin foam dressing was rolled around the
finger with gentle tension to increase tissue pressure without
circulation compromise. (E, F) Ten months after the injury, the
shredded fingers survived and were restored to their original
shapes through external compression without suturing.

https://doi.org/10.12790/ahm.22.0022

Shredder injuries can be classified as vertical, oblique, or horizontal, depending on the direction of the damage. In the case
of an injury in the horizontal direction, the prognosis is abysmal, and salvage through revascularization is often impossible,
resulting in shortening through stump revision. However, better results can be expected in the case of an injury in the
oblique direction, especially in the vertical direction.
Effective management of edema is essential for successfully
treating upper-extremity trauma [4,5], especially in shredder
injuries. Edema has been defined as excess fluid accumulation
in the intercellular space. After an injury, protein migrates to an
interstitial space due to increased vascular permeability. As osmotic pressure increases, more fluid moves into the interstitial
space and aggravates the edema [6]. Persistent edema can lead
to a limited range of motion, fibrosis, and scar formation. In
addition, posttraumatic contracture induced by edema can result in hand deformities.
Therefore, correcting the imbalance between osmotic and
tissue pressure is essential in edema management. Suturing the
released compartment and external compression are crucial
ways to increase tissue pressure. However, skin necrosis may
occur when postoperative edema hinders skin perfusion by
tight suturing. Thus, the skin is often sutured loosely at first. In
addition, surgeons should consider plasma oncotic pressure
maintenance, such as albumin supplements and systemic fluid
balance control [7].
In case 2 involving an adult, we tried sutures on the 3rd postoperative day in consideration of surgical delay. Still, intraoperative ICG angiography (on the 4th post-injury day) showed
that the circulation was significantly reduced immediately after
the suture. Thus, we decided to use external compression rather than sutures, and a hand surgeon adjusted the degree of intensity every day. Too much external compression can cause a
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A
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C

Fig. 3. (A) After 4 days of surgical delay, only the ring finger’s nail bed (yellow arrowheads), tip, and eponychial folds were sutured. (B)
Indocyanine green (ICG) angiography imaging after suturing showed that the sutured flap of the shredding injury had lost contrast due
to decreased perfusion. This perfusion difference was more evident when compared to the middle finger's nail bed. (C) ICG imaging after
suture removal showed restoration of perfusion by contrast enhancement.

decrease in perfusion, so we check the capillary refill of the fingertip for the degree of compression and compress it to just below the maximum degree until the fingertip circulation is
maintained. And we also make the compression banding double wound to prevent loosening and compression failure.
In case 1 involving a child, the surgeon performed loose skin
sutures during the initial operation and adjusted the degree of
intensity of the external compression daily. According to the
degree of tissue swelling, the skin suture was gradually tightened on the 3rd to 8th postoperative days, increasing the tissue
pressure gradually. This maneuver also reduced the space in
which the fluid could accumulate. Adjusting the tension of the
sutures is a simple and effective method of reducing postoperative edema in hand, alongside conventional methods such as
hand elevation and compressive dressing.
We achieved successful wound healing in the two cases reported herein through external compression only in the adult
case and progressive suturing and external compression in the
child case. External compression is usually performed for
bleeding control in the early stages of trauma. The stronger the
compression, the better the hemostatic effect can be expected
by decreasing the dead space, increasing the tissue pressure,
and causing compression of the damaged vessel. However, conversely, it causes a decrease in circulation, increasing the possibility of causing tissue necrosis. After all, compression is a technique that helps the hemostasis stage, which is the early stage of
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the acute wound healing process, and an effect equivalent to
the primary intention (suture) can be expected. Also, compression is a technique in which the skill of the physician has a
great influence on the results. Therefore, if a skilled hand surgeon adjusts the strength of compression every day, an effect
comparable to that of a suture in general wound healing can be
expected.
HBOT has been reported to help treat shredder injuries [3].
Mechanisms that increase oxygen availability in hypoxic tissue
and supplement tissue oxygen tension can be considered suitable for treating shredder injuries [8]. However, in South Korea,
the number of medical institutions offering HBOT is significantly smaller than the number of hand centers. Because it is
practically impossible to furnish HBOT solely for hand centers
for many reasons, such as cost, space, human resources, maintenance, and primarily institutional and health insurance, there
should be a careful discussion in adopting this treatment.
ICG angiography offers to be a promising and reliable tool to
supplement clinical findings when determining tissue perfusion intraoperatively, as shown in our adult hand shredder injury case [9]. About 3 to 5 mL of dye is injected with a peripheral IV, and tissue fluorescence is examined with a viewing device. Arterial inflow can be assessed with this initial fluorescent
reaction. Perfusion examination using ICG angiography can be
of great help in the surgeon's decision-making to determine the
area to salvage in trauma-induced damage.
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Shredder injury forms a flap with a high aspect ratio such
that even minor manipulations can easily interfere with distal
circulation. Although children could tolerate ischemia in random-patterned flaps more than adults, the shredded flap can
easily suffer from disturbances in circulation, even with sufficient surgical delay. Therefore, successful treatment of a shredder injury is possible if a method of restoring tissue pressure
while preserving circulation through external compression is
used.
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Total degloving amputations present surgeons with unique challenges to preserve
function and prevent amputation of the digits. Obviously, the replantation of avulsed
skin is the best option; however, there are situations in which vascular networks are
severely contused, making it difficult to restore the circulation, due to the crushing
mechanism of injury. As an alternative, defatted or meshed skin grafts from the
avulsed skin have been proposed. However, those options have not been proven to
guarantee viable digits. Moreover, the application of thinned skin grafts usually results
in cosmetically and functionally unsatisfactory outcomes due to the lack of sufficient
tissue volume. We present a case in which we successfully saved a large volume of the
amputated stump with minimal digit amputation by performing a composite graft of
the untailored (i.e., without defatting or meshing) avulsed skin on a totally degloved
hand.
Keywords: Skin grafting, Degloving injury, Hand

Introduction
Degloving injuries happen in various accidents, typically by roller machines [1].
A pull-out force with low velocity and moderate to high pressure destroys the
loose connection between the superficial skin and deep tissues and separates the
skin from underlying tendons, neurovascular and musculoskeletal units [1-4]. The
goal of treatment is to preserve as many digits with functional length as possible.
To achieve this goal, early coverage with good quality skin and early mobilization
are imperative. In order to replace the large surface of the degloved hand, large
flaps are usually needed. Despite various attempts, flaps from different donor sites
have thicker skin than that of digits, and also cannot imitate the glabrous skin of
the hand. Hence, functional reconstruction of degloved hand is challenging.
Obviously, replantation of the amputated stump is the best option. According
to the classification of Urbaniak et al. [5], replantation is most effective in “class
III” complete degloving amputations of fingers. However, in severely contused
skin flaps direct microanastomosis may not be possible due to irreversible damage on vessel intima [1,3,5]. Other rescue options are defatted full-thickness skin
graft (FTSG) or meshed split-thickness skin graft (STSG) over the avulsed surface, but these may not be possible in every case. This is because the crushed
wound bed often presents compromised circulatory conditions, which hinder
graft take and reperfusion of digits. Therefore, often wide necrotic change and
www.handmicro.org
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amputations on digits are inevitable [1,2,5].
We present an experience in which a large volume of the amputated part was saved by composite graft, without any defatting or meshing procedure, in a totally degloved hand.

Case report
A 44-year-old man, injured by a rolling machine, came to the
emergency room with a totally degloved right hand from wrist
to fingertips. Nearly the entire skin from wrist to fingertips of
thumb to ring fingers was detached, except for the small finger
and a small portion of skin on the palmar side of the 3rd and
4th metacarpophalangeal (MCP) joint. The plane of separation
was at the suprafascial level, leaving most of the muscles and
neurovascular bundles intact. However, severe crushing was
seen on almost the entire wound bed, especially on thenar region and around MCP joints of digits. In plain X-ray, bony amputation was shown on the index finger at the distal interphalangeal (DIP) joint level, and on the distal phalanx shaft level of
the thumb, middle, and ring fingers (Fig. 1).
Avulsed skin was severely contused and torn apart into four
pieces. Before exploration, copious irrigation with normal saline was done on the avulsed skin, but no other disinfectant
solutions were used. Under a microscope, the vessels were not
all located on the same plane but most vessels were left on the
right hand. Most arteries and veins, including palmar digital
arteries, were ruptured or suffered a severe intimal contusion.
Replantation was not possible, therefore we carried out direct
composite grafting of the untailored avulsed skin on the exposed hand and fingers. Since the chance of survival of the
avulsed skin was obscure, our initial purpose was to prevent
deep tissue dryness, which brings necrosis to bone and tendons. Hence, defatting or thinning by mesh was not needed.

After composite grafting, mild compressive occlusive dressing
was applied to keep the tissue under moist conditions.
Postoperatively, instead of negative pressure wound therapy,
a daily change of dressing was done. Prostaglandin E-1 (alprostadil; Welfide Corp., Osaka, Japan) 10 μg daily was given intravenously for the first 7 days. Cefazedone 1 g and netilmicin 150
mg were given intravenously for 2 weeks.
Immediately after surgery, the skin flap was pale without any
sign of circulation, and blanching was not found. However, on
postoperative day (POD) 4, the skin showed a bright red hue
around the dorsum of the hand and proximal phalangeal level
of digits. Until the first week, the red hue maintained its brightness without turning into dim and dark color. The escharic
changes represented by dryness with marginal discharge were
not shown. At POD 7, the area showing red hue extended to
the palmar side of hand and vague blanching was seen on the
adapted skin (Fig. 2). Until POD 10, skin maintained softness
and those regions that showed red hue gradually turned into an
evident pinkish color. We could not test the skin turgor in the
early PODs since slight pinching of the grafted tissue could
cause detachment and interfere with graft take.
Since the extent of skin survival was obscure, we waited until
the 5th week for debridement. At the 5th week, 65% of the surface area of adapted stump fully survived, with losses mostly by
de-epithelization on palm and dorsum of the hand, and on the
volar radial side of an index finger. Demarcation with volume
changes on the distal phalanx of thumb, index, middle, and ring
finger started and gradually progressed from POD 10. At the
5th week, minimal open amputation was done at the fingertip of
the thumb, and distal to DIP joints of the index, middle, and
ring fingers (Fig. 3). Skin defect on the hand dorsum and palmar side was covered by STSG from the thigh. Then, exposed
DIP joint surfaces of the index, middle, and ring fingers were

A

B

Fig. 1. (A) Preoperative photo showing total degloving amputation from wrist to fingertips of the right hand. (B) Preoperative plain X-ray,
showing bony amputation on the index finger at the DIP joint level, and on the distal phalanx shaft level of thumb, middle, and ring
fingers.
https://doi.org/10.12790/ahm.22.0028
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A

B

C
Fig. 2. Follow-up photo showing initial color changes of the skin. (A) On the postoperative day (POD) 1, the skin flap was pale without
any sign of circulation, and blanching was not found. (B) On POD 4, the skin showed bright red hue around the dorsum of the hand and
proximal phalangeal level of digits. (C) On POD 7, the area showing red hue extended to the palmar side of the hand and vague blanching
was seen on the adapted skin.

Fig. 3. At the 5th postoperative week, debridement and open amputation were done. Sixty-five percent of the adapted stump has
survived, and minimal open amputation was done at the fingertip of the thumb, and distal to DIP joints of the index, middle, and ring
fingers.
covered by a single anteromedial thigh (AMT) bridged free flap,
of which painful fingertips were later revised by delayed the second toe pulp free flap (Figs. 4, 5).
To prevent joint stiffness, early active and passive range of
motion on MCP and proximal interphalangeal (PIP) joints was
encouraged as soon as pain and swelling subsided. A short arm
splint was self-removed during the daytime while undergoing
exercise. After discharge, more aggressive passive exercise was
done by a physical therapist three times a week in the outpatient clinic. Finally, the index, middle, ring, and small finger
reached nearly 90° at active flexion and 10° at the extension on
MCP joints, and 40° at flexion and 20° at the extension on PIP
joints. For the thumb, MCP joint showed 70° at flexion and 40°
at extension. Besides, 40° of radial abduction and nearly 60% of
normal opposition were recovered. Although there were limitations in active range of motion and intrinsic motor functions,
236

the skin maintained pliability without any signs of significant
contracture (Fig. 6).
Written informed consent for the publication of clinical images were obtained from the patient.

Discussion
Lo et al. [4] classified the upper extremity degloving into two;
expendable or non-expendable areas. They asserted injuries on
functionally important, non-expendable areas like fingers need
aggressive replantation. Urbaniak et al. [5] also asserted that replantation is most effective in “class III” complete degloving
amputations of fingers. In our case, replantation seemed to be
the best option, since nearly all fingers and hand were denuded.
However, we could not find any repairable vessels on the
avulsed skin. Unlike conveyor belts, roller machines have unhttps://doi.org/10.12790/ahm.22.0028
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A

B
Fig. 4. Split-thickness skin graft (STSG) and anteromedial thigh (AMT)-bridged free flap was applied after open amputation. (A) Followup photo on the postoperative day 5 showing STSG grafted on dorsum and palmar side of the hand. (B) Immediate postoperative photo
of AMT-bridged free flap on index, middle, and ring fingertips.

Fig. 5. Follow-up photo after 2 years 6 months from initial composite graft. Successful coverage was done by preserving the functional
length of digits. The skin maintained pliability without any sign of significant contracture.

https://doi.org/10.12790/ahm.22.0028

237

Kyung Jin Lee et al. Composite graft on a totally degloved hand

A

B
Fig. 6. Follow-up photo after 17 months, showing an active range of motion on digits. (A) The index, middle, ring, and small fingers
reached nearly 90° at active flexion and 10° at extension on metacarpophalangeal (MCP) joints, and 40° at flexion and 20° at the
extension on proximal interphalangeal joints. (B) For the thumb, the MCP joint showed 70° at flexion and 40° at extension. Besides, 40°
of radial abduction and nearly 60% of normal opposition were recovered.

even grasping force, and thereby the force is applied to the axilla. This usually causes brachial plexus injury, but once degloving on hand occurs, roller machines cause severe contusion and
crushing on vessel intima [3,5].
As an alternative, free flap or pedicled flaps may be considered. However, they are hardly attractive options due to donor
morbidity (scarring and stiffness), longer operation time, and
limitations by patient’s comorbidity. Moreover, the thick skin of
these donors cannot replace the glabrous skin of the hand [2-4].
This leaves us with the last resort, defatted FTSG or meshed
STSG of the avulsed skin. Coverage with defatted skin is a common measure, since it is known that defatting promotes graft
take and decreases the chance of infection. Truly these are simple, affordable, and effective options for partial degloving injuries with the proximal or distal end still attached to the bed.
However, on totally degloved hands, skin grafts have high necrosis rates and commonly cause rapid contracture by a lack of
sufficient volume [5]. Therefore, it is hard to gain functionally
viable digits through thinned skin grafts [6]. In our case, although replantation was not possible, we directly readapted the
untailored avulsed skin, without defatting or meshing. We
could not predict the extent of survival, and planned for free
flap afterward.
Our attempt of composite grafting the untailored avulsed
skin on a totally degloved hand, met with survival in a large
volume of the amputated stump, while preserving the function238

al length of digits. Besides, the skin maintained pliability and
showed less contracture than it would be presented by skin
grafts. We have done minimum amputations on fingertips of
the index, middle, and ring fingers, enabling coverage with a
single AMT-bridged flap and delayed partial second toe pulp
flaps. Despite a single case, surgeons facing disastrous total degloving amputation on hand may also consider direct composite grafting, rather than defatted skin grafts in case when replantation is impossible.
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Purpose: Wide local excision (WLE) has been used as an alternative to amputation for
preserving the length of the digit in subungual melanoma (SUM). For reconstruction, a
free flap could be a more suitable option than a skin graft or a local flap. We investigated the clinical value of WLE with concurrent venous free flap reconstruction in
SUM located on the finger and toe.
Methods: Seventeen patients underwent WLE with a concurrent arterialized venous
free flap between January 2011 and December 2015. Venous flaps were harvested
from the forearm or foot dorsum and inset using a through- or against-valve type.
Results: The mean tumor area was 1.3±0.9 cm2, and the mean resection margin was
5.6±2.3 mm. In histologic analyses, the mean tumor thickness was 1.2±1.1 mm. The
mean duration of the follow-up period was 75.5 months. Three patients had local recurrence and one patient had distant metastasis. Reconstruction of the fingers and
toes using a venous flap was effective and could be performed without major complications. Patients were satisfied with the functional and aesthetic results.
Conclusion: WLE provides an acceptable local control rate and offers a safe and conservative alternative for the treatment of SUM of the fingers and toes. Concurrent venous free flaps could be a desirable option for aesthetic and functional reconstruction.
Keywords: Melanoma, Free flap
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Subungual melanoma (SUM) is a distinct form of cutaneous melanoma that
accounts for 0.7% to 3.5% of all melanomas in Caucasians [1,2]. The most common histologic subtype of SUM is acral lentiginous melanoma. Notably, a higher
incidence of acral lentiginous melanoma in the East Asian population results in
an approximate SUM incidence of 15% to 30% among all types of melanoma [35]. Due to the Tyndall effect, black or brown pigmentation under the nail plate
appears less dark and suspicious, causing a delay in diagnosis and treatment [2,6].
Moreover, the unique anatomy of the nail complex makes it challenging to perform an excisional biopsy and determine the tumor thickness.
Surgical treatment of SUM is typically amputation at the level proximal to the
tumor. However, permanent deformity of the finger or toe due to amputation can
have a substantial psychological impact on the patient [7]. Despite aggressive
treatment, SUM has a poor prognosis in terms of the 5-year survival rate, which
ranges from 16% to 80% [2]. To date, the treatment guidelines for SUM based on
www.handmicro.org
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large-scale studies have not yet been defined. As an alternative,
wide local excision (WLE) of the tumor without amputation
has been proposed, with assurance of the tumor-free resection
margin [1,8,9]. In the case of early-stage SUM, WLE with subsequent reconstruction could be considered reasonable for
functional and aesthetic purposes.
Several studies have reported reconstruction of the finger or
toe tissue after WLE of SUM using techniques including skin
graft, local flap, distant flap, and free flap [10-16]. Although the
skin graft procedure was chosen most often due to its simplicity, unfavorable events such as exposure of the phalangeal bone
could occur during the surgery. When skin graft or local flap is
not applicable for tissue reconstruction, free flap may be a suitable alternative. Previously, we reported the usefulness of arterialized venous free flap as a surgical option to treat skin cancers of the digits [17,18]. Venous flaps, which are readily harvested from the forearm or foot dorsal skin, can provide a
three-dimensional structure to repair the defect and restore the
natural contour of the fingers and toes. However, to date, there
have been few studies to introduce the combination of WLE
and free flap for the treatment of SUM. The aim of the current
study was to investigate the clinical value of WLE concurrent
with venous free flap reconstruction in SUM located on the
finger and toe.

Methods
Ethics statement: The review of the medical records of all patients was approved by the Institutional Review Board (No.
H-1506-109-682). Informed consent was waived due to the retrospective nature of this study.
We retrospectively reviewed patients diagnosed with a SUM
located on a finger or toe between January 2011 and December
2015. Seventeen patients who received WLE concurrent with
reconstruction using arterialized venous free flap were included. Clinicopathologic characteristics including sex, age at diagnosis, tumor location, area, and thickness, flap size, resection
margin, histology, growth phase, and recurrence information
were collected. WLE was indicated by the following: (1) absence of metastasis of regional lymph nodes and distant organs
in preoperative assessment; (2) no severe secondary change of
the nail complex; (3) no bone involvement of SUM identified
intraoperatively; and (4) no recurrence had been noted.
Postoperative satisfaction scores regarding both functional
and aesthetic aspects were obtained from reachable and survivhttps://doi.org/10.12790/ahm.22.0005

ing patients. For functional assessment, an excellent result was
defined as a finger (or toe) with no pain and full range of motion (ROM) in the interphalangeal joint. A fair result was defined as a finger (or toe) with minimal pain, mild discomfort in
the ROM. A poor result was defined as a finger (or toe) with
constant pain, ROM impairment causing problems in daily activity. For aesthetic assessment, an excellent result was defined
as a finger (or toe) with cosmetically acceptable appearance. A
fair result was defined as a finger (or toe) with residual deformity. A poor result was defined as a finger (or toe) with an unacceptable appearance.

1. Surgical technique

Under general anesthesia, a pneumatic tourniquet was applied to the upper arm or thigh to facilitate the venous engorgement of the forearm or foot dorsum as a donor site of the venous free flap. After outlining the tumor, a surgical margin with
an average size of 5 mm was drawn. The tumor was surgically
resected along the surgical margin, and the depth of the resection was at the periosteal level. During resection, efforts were
made to spare the extensor terminal tendon bundle as much as
possible. However, in cases where the proximal margin was
further extended due to the Hutchinson sign, efforts were made
to preserve the tendon as much as possible by resection with
beveling [19]. For complete removal of the tumor, burring of
the underlying cortical bone was conducted. If bone involvement of the tumor was suspected during the surgery, amputation proximal to the tumor was performed instead of WLE.
In the case of WLE, a design of venous flap similar to that of
the defect was marked on the forearm or foot dorsum where at
least three veins could be included. The flap was elevated at the
suprafascial level, and several veins were harvested to provide
efferent and afferent vessels for the reconstructed tissue. For the
through-valve type of arterialized venous flap, the afferent vein
at the distal side of the flap was anastomosed with the digital
artery, and the efferent vein at the proximal side was anastomosed with the digital vein [20]. For the against-valve type, the afferent vein at the proximal side of the flap was anastomosed
with the digital artery in the reverse flow direction. Subsequently, the efferent vein on the same side of the afferent vein
was anastomosed with the digital vein. To reduce postoperative
flap edema and congestion, additional efferent veins were anastomosed with the digital dorsal vein in some cases. After flap
transfer, the donor site was repaired with direct closure or
split-thickness skin graft.
Postoperatively, 20 µg of alprostadil (Eglandin; Mitsubishi
Tanabe Pharma Co., Ltd., Seoul, Korea) was administered daily
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Table 1. Summary of patients’ characteristics and satisfaction score
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for 6 days. The flap was monitored by Doppler probe analysis
of the pulsating flow through the anastomoses. In the event of
flap congestion, heparin-soaked gauzes were applied to an intentionally de-epithelialized part of the surface of flaps until
resolution.

Results
Clinical data and satisfaction scores of the patients are listed
in Table 1. All patients were free of metastasis of regional lymph
nodes and distant organs on preoperative computed tomography, bone scan, and/or positron emission tomography scans.
The mean tumor area was 1.3 ± 0.9 cm2 and the mean resection
margin was 5.6 ± 2.3 mm. In histologic analyses, the mean tumor thickness was 1.2 ± 1.1 mm and 76.5% of patients showed
radial growth phase. The mean flap size was 8.1 ± 3.2 cm2.
Among various subtypes of melanoma, acral lentiginous mela-

noma was predominant (94.1%). Three patients had local recurrence and one had distant metastasis during the follow-up
period. The mean disease-free interval and the follow-up period was 70.9 months and 75.5 months, respectively.
Reconstruction of the finger and toe using venous free flaps
after WLE provided overall satisfactory results (Figs. 1, 2).
Complications including flap loss or donor problems did not
occur in any patient during the hospitalization period. Flap
debulking was performed to resolve a size mismatch in one
case. Three cases of skin defects resulted from trauma or partial
necrosis after venous congestion, in which all cases were completely healed using debridement and skin grafting.

Discussion
Despite a high rate of local recurrence and distant metastasis
of SUM, the absence of published guidelines for surgical treat-

A

B

C

D

Fig. 1. Patient (case 7) with subungual melanoma on the left third finger. (A) Preoperative clinical photograph. (B) En-bloc excision of
the tumor and nail complex with a 5-mm margin. (C) A venous flap harvested from the volar side of the left forearm was anastomosed
with one digital artery and two digital veins. (D) Natural contour of the reconstructed finger without any complications at the 8-month
follow-up. Written informed consent was obtained for publication of accompanying images.
https://doi.org/10.12790/ahm.22.0005
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A

B

C

D

Fig. 2. Patient (case 8) with subungal melanoma on the right first toe. (A) Preoperative clinical photograph. (B) After inset of a venous
flap harvested from the dorsal side of the right foot to allow reversed blood flow with the against-valve type. (C) Clinical photograph of
a skin defect that occurred at the center of the flap due to trauma 3 months after surgery. (D) Completely healed flap without further
treatment at a 5-year follow-up after debridement and skin grafting for the skin defect. Written informed consent was obtained for
publication of accompanying images.
ment has resulted in various surgical trials being conducted.
Several reports have accumulated evidence in favor of WLE for
preserving the function and aesthetics of the digits [10-16,2125]. Tumor thickness has been widely accepted as an important
factor for melanoma staging and prognosis [26]. Nakamura et
244

al. [16] reported an acceptable local recurrence rate of WLE in
patients with > 0.5 mm-thick invasive SUM in situ. Recent
study with 21 cadavers suggested that patients with hyponychial invasion showed a significantly greater Breslow depth, a
higher rate of lymph node metastasis, distant metastasis, and
https://doi.org/10.12790/ahm.22.0005
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shorter disease-free survival [27]. In our cases, the mean tumor
thickness was 1.2 mm, ranging from in situ to 4.0 mm-thick
melanoma. There was one case of local recurrence, in which
the patient had a 0.4 mm-thick melanoma with hyponychial
invasion at the radial growth phase and of the acral lentiginous
subtype on the first toe. Cochran et al. [2] compared amputation and WLE as treatments for SUM based on previous literature. The authors determined a local recurrence rate of 2.2%
for amputation and 12.2% for WLE, raising concerns over the
use of WLE. Although WLE showed low rate of local recurrence in this study, it is still recommended to perform WLE
only in early-stage patients to ensure a safe surgical outcome.
To complete the purpose of WLE as a digit-sparing approach,
the reconstructive option should be reasonably selected. From
the aesthetic perspective, free flap can provide excellent outcomes among various surgical options. In this regard, we examined the use of venous free flap reconstruction of defects occurring as a result of SUM. This technique was first introduced
by Nakayama et al. [28], followed by basic research and clinical
studies [29,30]. This flap has been used for resurfacing even the
large defect when local flaps are not available or insufficient for
coverage [31]. Given the small and thin defect after SUM tumor excision, venous flaps are preferential to conventional
flaps, which tend to be bulky. Moreover, this method provides
several advantages including minimal donor site morbidity, design of free-style flap, similar skin texture, and a soft tissue padding effect that is improved compared to that of a skin graft
[18]. For a natural appearance, an artificial nail can be attached
after flap stabilization.
Venous flaps are classified as pedicled venous flap, free venous flap, and arterialized venous flap [32,33]. Changes in
blood flow cause complications that include edema, congestion,
or necrosis of the flap. Yan et al. [34] summarized the algorithm
of the types of venous flap and the adjunctive surgical options
to improve flap survival. In arterialized venous flap, depending
on the flap design, arterial blood passes rapidly through the
flap, resulting in the steal phenomenon. To reduce the potential
complications, the other option for venous flap, which is inset
to allow reversed blood flow with against-valve type, was introduced [20]. Nevertheless, partial necrosis can develop, requiring debridement and secondary healing or additional skin graft
surgery. In our study, three cases of skin grafts were performed
at the defect site due to skin defects.
Limitations include the small number of patients, subjective
evaluation of postoperative result, and the retrospective nature
of the study. A well-designed prospective study with objective
assessment such as two-point discrimination would provide
https://doi.org/10.12790/ahm.22.0005

further evidence for the clinical value of and indications for
WLE as a treatment for SUM. However, this study includes
self-reported satisfactory results with long-term consequence
of WLE with a follow-up period of more than 5 years.

Conclusion
We investigated the clinical value of WLE concurrent with
arterialized venous free flap reconstruction as a treatment for
SUM affecting the fingers and toes. As a digit-sparing approach, WLE for early-stage SUM of the fingers and toes provided an acceptable local control rate and offered a safe and
conservative alternative to amputation. Moreover, concurrent
venous free flaps could provide excellent and satisfactory outcomes for aesthetic reconstruction.
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Purpose: One of the treatment methods for critical limb ischemia is percutaneous
transluminal angioplasty (PTA). In severe cases, however, multiple vessels are blocked,
including the main vessels of the lower extremities. This study aimed to determine
whether wound healing and symptom relief occurred depending on whether the communicating artery was patent after PTA.
Methods: In total, 120 patients (120 lower extremities) who underwent PTA from
January 2016 to February 2018 were followed up for 6 months.
Results: Out of 87 patients who had wounds, 34 had a patent communicating artery
and 53 had a non-patent communicating artery. Out of 34 patients who had wounds
but a patent communicating artery, 29 completely healed within 6 months. Among
the 53 patients who had wounds and a non-patent communicating artery, 16 totally
healed within 6 months, and 37 did not heal within 6 months. In the indirect revascularization group, 18 of 21 patients with complete wound healing within 6 months in
the indirect revascularization group had a patent communicating artery.
Conclusion: If only indirect revascularization is possible, it is important to ensure the
patency of the communicating vessels that link the pedal and plantar arterial systems.
Keywords: Chronic limb-threatening ischemia, Revascularization, Wound healing, Angioplasty
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Peripheral arterial occlusive disease (PAOD) is characterized by decreased perfusion of blocked vessels due to stenosis or occlusion. The most common cause of
PAOD is atherosclerosis. More than 200 million people worldwide have PAOD,
which is defined as an ankle-brachial index (ABI) less than 0.9, and this number
is growing [1]. Only one-quarter of people with PAOD show symptoms [2].
Critical limb ischemia (CLI) is the most severe clinical finding of peripheral
vascular disease. CLI can cause skin ulcers, necrosis, and amputation of tissue as a
result of gradual ischemia of the lower extremity blood vessels, which can lead to
serious ischemic pain even when stabilized. It is estimated that 15% to 30% of the
patients with PAOD progress from intermittent claudication to CLI, which affects
1% of adults after the age of 50 years. An estimated 15 million to 20 million people in the United States and Europe are suffering from CLI. In addition, approximately 150,000 patients with CLI undergo limb amputation in the same regions
each year. A year after CLI onset, about 25% of the patients die, and 25% of them
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are amputated [3].
There are some risk factors for PAOD and CLI such as age,
increased body mass index (BMI), diabetes mellitus, hypertension, tobacco use, hyperlipidemia, cardiac status, carotid status,
renal disease, pulmonary status, and amputation history [4]. In
limb- or life-threatening cases, a radical approach from both
internal medicine and surgical departments is required [2].
Ideally, care should be carried out in cooperation with various
surgical, interventional, and medical experts. To overcome
PAOD and CLI, revascularization with sufficient perfusion is
essential.
One of the treatment options for PAOD is percutaneous
transluminal angioplasty (PTA). Recently, the selection of the
artery for revascularization has been at the center of debate. A
new approach, the concept of angiosome, which is the skin territory vascularized by a source artery, has been introduced (Fig.
1). Two meta-analyses found angiosome-targeted (direct) revascularization to be better than non-targeted (indirect) revascularization [5,6]. Although there is still a debate on which approach leads to a better result, it is generally known that following the concept of angiosome is beneficial. In severe patients,
however, multiple vessels are blocked, including the main vessels of the lower extremities, and the choice of treatment must
take into consideration the patient’s condition.
Direct revascularization is performed according to the con-

cept of angiosome, but in some cases, if PTA is difficult to be
performed due to severe blockage of blood vessels, indirect revascularization is performed by using collateral vessels and
perforating arteries. For example, blood flow may return from
the plantar artery to the dorsal artery, so by assuring plantar arterial system patency, it can be possible to achieve partial arterial blood flow patency in the pedal arterial system. The vessels
used in this procedure are the distal communicating and deep
plantar artery or deep perforating artery, termed communicating artery, between the dorsalis pedis and the medial and lateral
plantar arteries (Fig. 2).
For example, communicating artery (asterisk in Fig. 3) is
shown in the foot of a patient with CLI patient (anteroposterior
angiographic projection). The dorsalis pedis artery is connected
via the communicating artery in the first metatarsal space with
the plantar artery (Fig. 3). Preoperatively, plantar artery is not
shown (Fig. 4), but postoperatively retrograde plantar flow is
shown (Fig. 5). Finally, plantar arterial flow became clearer than
before the intervention (Fig. 6).
The aim of this study was to determine whether wound healing (Rutherford 5, 6) and symptom relief (Rutherford 1–4) occur depending on whether the communicating artery is patent
after PTA, and to investigate the clinical significance of the
communicating artery.

Anterior tibial artery
Anterior tibial artery

Posterior tibial artery

Posterior tibial artery

Dorsalis pedis artery

Dorsalis pedis artery
Lateral calcaneal artery

Medial calcaneal artery
Medial plantar artery

Lateral plantar artery
Lateral plantar artery

Lateral calcaneal artery

Medial plantar artery

Fig. 1. The angiosome concept, which is associated with the vascular territory of the lower extremities.
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Dorsalis pedis artery

1st dorsal metatarsal artery

Dorsal digital artery

Deep plantar artery
1st plantar
metatarsal artery
Distal communicating artery
Communicating artery

Fig. 2. Diagram of a communicating artery, consisting of a distal communicating artery and a deep plantar artery.

Fig. 3. The communicating artery (*) is shown in the foot of a
patient with critical limb ischemia (anteroposterior angiographic
projection). The dorsalis pedis artery is connected via the
communicating artery in the first metatarsal space with the plantar
artery.

https://doi.org/10.12790/ahm.21.0137

Fig. 4. Preoperative latero-oblique angiographic projection. The
plantar artery is not shown in this view.
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Fig. 5. Postoperative latero-oblique angiographic projection.
Retrograde plantar flow is shown through the communicating
artery from the dorsalis pedis artery.

Fig. 6. After 2 seconds, the plantar arterial flow became clearer
due to retrograde flow via the communicating artery.

Methods

(120 lower extremities) were eligible for the study. All patients’
symptoms and wounds were followed up for at least 6 months,
and the patency of communicating artery was recorded before
and after PTA.
Based on whether the communicating artery was patent after
PTA, it was determined whether the wound fully healed within
6 months; symptom relief was also recorded. In order to objectify and record the recovery process of symptoms or wounds,
the Rutherford grade system, currently the most widely used of
the ischemic diseases of the lower extremities, was used. But
Rutherford grade system classifies a wound into only two categories. So the University of Texas classification system and
Wagner classification were used to refine the wound to compensate for the lack of the Rutherford system.
Symptom relief was determined by a decrease in the Rutherford grade classification. Wound healing was assessed depending on whether full healing had occurred within 6 months
without progression to chronic hard-to-heal wound. In most
cases, wound healing occurs within 12 weeks. Only patients
with no wound signs after 6 months were considered to achieve
full healing.
Data concerning 11 risk factors including age, BMI, diabetes
mellitus, hypertension, tobacco use, hyperlipidemia, cardiac
status, carotid status, renal disease, pulmonary status, and history of lower limb amputation were collected. Each risk factor
was classified according to the Rutherford scoring system to

Ethics statement: The study protocol was approved by the Institutional Review Board of Soonchunhyang University College of
Medicine (No. 2022-05-022). The requirement for informed consent was waived because of the retrospective nature of the study.
All medical records in the study involving human participants were
reviewed in accordance with the ethical standards of the institutional and/or national research committee and the 1964 Declaration of Helsinki and its later amendments or comparable ethical
standards.
From January 2016 to February 2018, a retrospective study
was done at Soonchunhyang University Hospital Cheonan. Inclusion criteria were undergoing PTA of a lower extremity at
our clinic. A total of 227 patients who had lower extremity
wounds or symptoms were included in the study. All procedures and photographs were taken after sufficient explanation
and patient consent.
Exclusion criteria were a history of major amputation (except
toe amputation), a history of traumatic vessel injury or bypass
surgery, a follow-up period shorter than 6 months, and missing
medical record data, such as those of past history. Patients with
wounds or symptoms on both lower extremities and who underwent PTA or staged-PTA for both lower extremities were
also excluded. After applying the exclusion criteria, 120 patients
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evaluate the effect of each risk factor on communicating artery
occlusion (Table 1) [4].
In accordance with the concept of angiosome, the wound
healing ratio was determined by comparing direct and indirect
revascularization. The effect of communicating artery patency
on wound healing was evaluated in the indirect revasculariza-

tion group.
Diagnostic angiography was performed from two different
angles. In order to accurately identify the location and measure
the length of the lesion, using a ruler was recommended. Calcification grade and the number of distal runoff vessels were
evaluated. The classification of calcified lesion was classified

Table 1. Rutherford scoring system
Item
Age (yr)

Body mass index (kg/m2)

Diabetes mellitus (DM)

Hypertension

Tobacco use

Hyperlipidemia

Cardiac status

Carotid disease

Renal status

Pulmonary status

History of lower limb amputation

Total score

Point
0 points: 0–50 (Ax0)
1 point: 51–65 (Ax1)
2 points: 66–80 (Ax2)
3 points: > 80 (Ax3)
0 points: < 25 (Bm0)
1 point: 25–30 (overweight) (Bm1)
2 points: > 30 (Bm2)
0 points: Without DM (Dm0)
1 point: Diabetics on diet and medication (Dm1)
2 points: Diabetics on insulin (Dm2)
0 points: Normotensive (Ht0)
1 point: Hypertensive patients under monotherapy (Ht1)
2 points: Two types of medication (Ht2)
3 points: Three or more types of medication used or uncontrolled hypertension (Ht3)
0 points: Non-smoker for the past 10 years (Tu0)
1 point: Quit smoking within the past 10 years (Tu1)
2 points: Currently smoking less than one pack per day (Tu2)
3 points: Smoking more than one pack per day (Tu3)
0 points: Normal blood cholesterol levels (Hl0)
1 point: Elevated cholesterol controllable by diet (Hl1)
2 points: Requires a strict diet (Hl2)
3 points: Requires medication as well as diet (Hl3)
0 points: Normal cardiac function and ECG findings (Cs0)
1 point: Asymptomatic but with abnormal ECG or history of irregular findings (Cs1)
2 points: Abnormal cardiac function that can be controlled (Cs2)
3 points: Impaired cardiac function that cannot be controlled (Cs3)
0 points: Never had cerebrovascular disease (Cd0)
1 point: Asymptomatic but previously had cerebrovascular disease (Cd1)
2 points: Transient cerebrovascular disturbance (Cd2)
3 points: Persistent neurological impairment or in a state of acute stroke (Cd3)
0 points: Normal creatinine levels (Rs0)
1 point: Creatinine elevated up to 2.4 mg/dL (Rs1)
2 points: Creatinine between 2.5–5.9 mg/dL (Rs2)
3 points: Creatinine above 6.0 mg/dL, currently on dialysis, or underwent kidney transplantation (Rs3)
0 points: Normal pulmonary function and chest X-ray (Ps0)
1 point: Asymptomatic but present findings of previous disease on chest X-ray (Ps1)
2 points: Patients between 1 point and 3 points (Ps2)
3 points: Present severe abnormal findings on pulmonary function tests (Ps3)
0 points: Never on either leg (Am0)
1 point: Only toe amputation (Am1)
2 points: Lower limb amputated below the knee (Am2)
3 points: Lower limb amputated above the knee (Am3)
Total score was determined by the total sum of points (0–31 points) taken from the 11 risk factors based on
the Rutherford score [4].

ECG, electrocardiography.
https://doi.org/10.12790/ahm.21.0137
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into none, mild, moderate, and severe calcification.
Interventional physicians used balloon angioplasty or stent
implant. The duration of balloon dilation should last at least
120 seconds. Afterward, if there was residual stenosis of > 30%,
flow-limiting dissection, or residual pressure gradient of > 10
mmHg, provisional stenting was done. Stent deployment
should have been performed in an area where there is no significant stenosis (less than 30% stenosis), and up to 10 mm
proximally and distally from the target lesion was permitted.
Criteria for successful stent implantation are residual stenosis
of < 30% and residual pressure gradient of < 10 mmHg. Measurements of reference vessel diameter, minimal luminal diameter, percentage of stenosis diameter, and acute gain were done.
We used Allura clarity (Philips, Andover, MA, USA), and the
nonionic isosmolar contrast medium iodixanol (containing 270
mg/mL of iodine) with a power injector. Occasionally, additional dye is needed for optimal vascular enhancement due to
poor runoff in critically diseased vessels. A frame rate of one
frame per second is usually employed in filming. Prolonged
filming is often necessary to record delayed enhancement of
pedal vessels by contrast material from collateral or retrograde
circulation. After PTA, communicating artery patency was determined.

77 patients. The median patient age in the patent and non-patent communicating artery groups was 69.6 and 71.8, respectively. Regarding the ABI, two patients had ABI of > 1.3, 16 patients had ABI of ≤ 1.3 and ≥ 0.9, and 19 patients had ABI of
< 0.9 in the communicating artery patency group. In the
non-patent communicating artery group, four patients had ABI
of > 1.3, 25 patients had ABI of ≤ 1.3 and ≥ 0.9, and 29 patients
had ABI of < 0.9. There were no significant differences between
the compositions of the two groups (Table 2).
Out of the 120 patients, the communicating artery was present before PTA in 20 patients. Eighty-seven patients had
wounds and 33 were only symptomatic not wounds. Among
the 87 patients with wounds, 34 and 53 had a patent and
non-patent communicating artery, respectively.
For the 87 patients with wounds, the location of wound was
divided into six zones according to the angiosome concept
(Fig. 1). Of the 34 patients with the patent communicating artery, 21 patients had wounds in one area, 11 patients had
wounds in two areas, and two patients had wounds in three or
more areas. Of the 53 patients with the non-patent communicating artery, 29 had wounds in one area, 19 had wounds in
two areas, and five had wounds in three or more areas. The
number of zones containing wounds did not show statistically
significant differences, according to the status of the communi-

1. Statistical processing

The statistical analysis was performed using IBM SPSS Statistics for Windows ver. 25 (IBM Corp., Armonk, NY, USA).
Continuous data were expressed as mean ± standard deviation
or median (interquartile range) as appropriate. Categorical data
were expressed by frequency (proportion, %). A chi-square test
or Fisher exact test was used for categorical data as appropriate.
Continuous variables were compared between the two groups
using Student t-test or the Mann-Whitney U-test as appropriate. The wound healing ratio and symptom relief were compared between the communicating artery patency and no-patency groups using Pearson chi-square or Fisher exact test. Additionally, the wound healing and communicating artery patency ratios were compared between the direct and indirect revascularization groups using Pearson chi-square test or Fisher exact test. A two-sided p-value less than 0.05 was considered to
indicate statistical significance.

Results
A total of 120 patients (120 lower extremities) were studied.
Ninety-six patients were male. Communicating artery patency
was observed in 43 patients and non-patency was observed in
252

Table 2. Baseline characteristics of patients
Characteristic
No. of patients
Sex
Male
Female
Age (yr)
Height (cm)
Weight (kg)
BMI (kg/m2)
ABI
1
2
3
Lower extremity
Left
Right

Communicating artery patency
Yes
No
p-value
43
77
29 (67.4)
67 (87.0)
14 (32.6)
10 (13.0)
69.6 ± 10.4
71.8 ± 10.0
161.8 ± 8.0
162.6 ± 8.2
60.0 (53.0–67.9) 62.0 (55.0–72.7)
24.6 ± 4.0
23.0 ± 3.4

0.01
0.25
0.597
0.151a)
0.029

2 (5.4)
16 (43.2)
19 (51.4)

4 (6.9)
25 (43.1)
29 (50.0)

> 0.999b)

20 (46.5)
23 (53.5)

34 (44.2)
43 (55.8)

0.804

Values are presented as number only, number (%), mean±standard
deviation, or median (interquartile range). BMI, body mass index; ABI,
ankle-brachial index.
ABI: 1, >1.3 (vessel hardening); 2, 0.9-1.3 (normal); 3, <0.9 (arterial
disease).
a)
Mann-Whitney test, b)Fisher exact test.
https://doi.org/10.12790/ahm.21.0137
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cating artery (Table 3). There were no statistical differences in
the analysis of the infection ratio, with 19 out of 34 patent
group and 38 out of 53 non-patent group (Table 3).
Of the 34 patients who had wounds and a patent communicating artery, 29 were fully healed within 6 months, and five
were not healed within 6 months. Of the 53 patients who had
wounds and a non-patent communicating artery, 16 were fully
healed within 6 months, and 37 were not healed within 6
months. After PTA, it was statistically significant that the full
wound healing rate was higher in the patent than in the
non-patent communicating artery group (p < 0.001) (Table 4).
Out of the 33 patients who had symptoms but not wounds,
communicating artery patency and non-patency were observed
in nine and 24 patients, respectively. All nine patients with a
patent communicating artery achieved full symptom relief.
Eighteen of the 24 patients with a non-patent communicating
artery were fully relieved of their symptoms. The other six patients did not achieve symptom relief after PTA. However, there
was not a significant difference (p = 0.156) (Table 4).
The relationship among history, wound healing, and the patency of the communicating artery based on the Rutherford
scoring system is shown [4]. In general, the higher the history

Table 3. Wound classification according to communicating artery
patency
Variable
UT stage
Stage A, C (non-infection)
Stage B, D (infection)
UT grade
1
2
3
Wagner grade
1
2
3
4
5
Wound location (number of
segments in angiosome)
1
2
≥3

Communicating artery patency
Yes
No
p-value
15 (44.1)
19 (55.9)

15 (28.3)
38 (71.7)

0.130a)

13 (38.2)
6 (17.7)
15 (44.1)

17 (32.1)
7 (13.2)
29 (54.7)

0.419a)

8 (23.5)
4 (11.8)
8 (23.5)
13 (38.2)
1 (3.0)

10 (18.9)
4 (7.5)
17 (32.1)
20 (37.7)
2 (3.8)

0.917b)

21 (61.8)
11 (32.3)
2 (5.9)

29 (54.7)
19 (35.9)
5 (9.4)

Values are presented as number (%).
UT, University of Texas wound classification system.
a)
Pearson chi-square test, b)Fisher exact test.
https://doi.org/10.12790/ahm.21.0137

score, the more likely it was for wounds not to be healed and
for the communicating artery to be non-patent after PTA. Renal status was also found to significantly influence wound healing. The factors influencing communicating artery patency
were renal status and hypertension (p < 0.05). Regarding the total score, the median score of patients with and without full
healing of the wound was 7.10 ± 2.83 and 7.96 ± 3.51, respectively. As for communicating artery patency, the median score
of patent and non-patent groups was 7.00 ± 2.55 and 8.27 ± 3.74,
respectively. The non-healed and non-patent groups had a
slightly higher score, but this difference did not reach a statistical significance value (Table 5).
All of the 87 patients with wounds had dominant vessel occlusion grade ≥ 2 (more than 50% of vessel wall), according to
the angiosome concept. Dominant vessel revascularization
group was termed direct revascularization group and the
non-dominant vessel revascularization group was termed indirect revascularization group. The direct and indirect revascularization groups had 49 and 38 patients, respectively. Twenty-four patients of the direct revascularization group had full
wound healing within 6 months, and the remaining 25 patients’
wounds had not healed within 6 months. In the indirect revascularization group, 21 patients had full wound healing within 6
months, and the remaining 17 patients’ wounds had not healed
within 6 months. There was no difference in the results between these two groups (Table 6).
Regarding communicating artery patency and wound healing, 18 of 21 patients with full wound healing within 6 months
in the indirect revascularization group had a patent communicating artery patent group, while the remaining 3 had a
non-patent communicating artery. In the indirect revascularization group, only two of 17 patients without full wound healing within 6 months had a patent communicating artery, while
the remaining 15 patients had a non-patent communicating artery (Table 7).
Table 4. Wound healing and symptom relief according to
communicating artery patency
Variable

0.840b)

Wound healing
Yes
No
Symptom relief
Yes
No

Yes

Communicating artery patency
No
p-value

29 (85.3)
5 (14.7)

16 (30.2)
37 (69.8)

< 0.001

9 (100)
0 (0)

18 (75.0)
6 (25.0)

0.156

Values are presented as number (%).
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Table 5. Patients’ history according to the Rutherford score
Rutherford score

Yes

Wound healing
No

p-value

Yes

Communicating artery patency
No

5 (25.0)
14 (70.0)
1 (5.0)

3 (3.0)
25 (25.0)
51 (51.0)
21 (21.0)

0.291a)

1 (2.3)
13 (30.2)
24 (55.8)
5 (11.6)

2 (2.6)
17 (22.1)
41 (53.2)
17 (22.1)

0.470a)

10 (52.6)
9 (47.4)
-

66 (66.0)
31 (31.0)
3 (3.0)

0.382a)

23 (54.8)
17 (40.5)
2 (4.8)

53 (68.8)
23 (29.9)
1 (1.3)

0.184a)

5 (25.0)
10 (50.0)
5 (25.0)

31 (31.0)
35 (35.0)
34 (34.0)

0.505a)

11 (25.6)
22 (51.2)
10 (23.3)

25 (32.5)
23 (29.9)
29 (37.7)

0.063a)

4 (20.0)
12 (60.0)
4 (20.0)

26 (26.0)
39 (39.0)
35 (35.0)

0.267a)

7 (16.3)
28 (65.1)
8 (18.6)

23 (29.9)
23 (29.9)
31 (40.3)

0.001a)

12 (60.0)
8 (40.0)
0 (0.0)
0 (0.0)

54 (54.0)
42 (42.0)
2 (2.0)
2 (2.0)

0.909a)

22 (51.2)
20 (46.5)
1 (2.3)
0 (0)

44 (57.1)
30 (39.0)
1 (1.3)
2 (2.6)

0.660a)

13 (65.0)
1 (5.0)
1 (5.0)
5 (25.0)

70 (70.0)
4 (4.0)
8 (8.0)
18 (18.0)

0.785a)

31 (72.1)
3 (7.0)
1 (2.3)
8 (18.6)

52 (67.5)
2 (2.6)
8 (10.4)
15 (19.5)

0.303a)

11 (55.0)
3 (15.0)
5 (25.0)
1 (5.0)

64 (64.0)
12 (12.0)
24 (24.0)
0 (0)

0.241a)

30 (69.8)
3 (7.0)
9 (20.9)
1 (2.3)

45 (58.4)
12 (15.6)
20 (26.0)
0 (0)

0.229a)

16 (80.0)
2 (10.0)
2 (10.0)
0 (0)

79 (79.0)
12 (12.0)
5 (5.0)
4 (4.0)

0.774a)

34 (79.1)
4 (9.3)
5 (11.6)
0 (0)

61 (79.2)
10 (13.0)
2 (2.6)
4 (5.2)

0.107a)

20 (100)
0 (0)
0 (0)
0 (0)

70 (70.0)
6 (6.0)
1 (1.0)
23 (23.0)

0.025a)

38 (88.4)
3 (7.0)
0 (0)
2 (4.7)

52 (67.5)
3 (3.9)
1 (1.3)
21 (27.3)

0.005a)

13 (65.0)
6 (30.0)
1 (5.0)
0 (0)

60 (60.0)
31 (31.0)
5 (5.0)
4 (4.0)

> 0.999a)

30 (69.8)
10 (23.3)
2 (4.7)
1 (2.3)

43 (55.8)
27 (35.1)
4 (5.2)
3 (3.9)

0.535a)

19 (95.0)
1 (5.0)
7.10 ± 2.83

87 (87.0)
13 (13.0)
7.96 ± 3.51

40 (93.0)
3 (7.0)
7.00 ± 2.55

66 (85.7)
11 (14.3)
8.27 ± 3.74

0.374a)

p-value

Ax
0
1
2
3
Bm
0
1
2
Dm
0
1
2
Ht
0
1
2
Hl
0
1
2
3
Tu
0
1
2
3
Cs
0
1
2
3
Cd
0
1
2
3
Rs
0
1
2
3
Ps
0
1
2
3
Am
0
1
Total score

0.461a)
0.316b)

0.072b)

Values are presented as number (%) or mean±standard deviation.
Ax, Age; Bm, body mass index; Dm, diabetes mellitus; Ht, hypertension; Hl, hyperlipidemia; Tu, tobacco use; Cs, cardiac status; Cd, carotid disease; Rs,
renal status; Ps, pulmonary status; Am, level of post-amputation state.
a)
Fisher exact test, b)Mann-Whitney test.
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Table 6. Outcomes of direct and indirect revascularization
Revascularization
Direct
Indirect

Yes
24 (53.3)
21 (46.7)

Wound healing
No
25 (60.5)
17 (39.5)

p-value
0.282

Values are presented as number (%).

Discussion
Despite the benefits of pharmacologic therapy, arterial revascularization remains the mainstay of CLI treatment because restoring adequate blood flow to the foot is crucial to provide
pain relief, promote wound healing, and avoid amputation.
Attinger et al. [7] developed the angiosome concept introduced by Taylor and Palmer [8] for use in the clinical treatment
of foot and ankle. Foot and ankle were divided into six territories, each supplied by a particular artery. A recent study shows
that the restoration of vascular supply according to this concept
leads to better clinical results [9].
The vascular anatomy of the foot consists of the anterior and
posterior circulatory pathways that are connected through the
pedal arches [10]. If direct revascularization with an antegrade
approach is impossible, then a retrograde approach through the
pedal-plantar anastomosis may be needed, which was termed
communicating artery in this study [11,12]. The main pedal-plantar anastomosis is the pedal-plantar loop, which consists
of the anastomosis of the dorsalis pedis artery in the first metatarsal space, the plantar arch, and the lateral plantar artery
through the deep perforating artery [12]. The deep pedal arch,
which links the medial plantar and medial tarsal arteries and
the distal communicating artery at the level of the metatarsal
head, can also form an anastomosis between the pedal and
plantar arteries.
The importance of the anatomic anastomosis between the
anterior and posterior circulation has been known for almost
25 years [13]. There is a general belief that the communicating
artery plays an important role in foot and ankle revascularization; however, not many studies have been conducted. Although several studies have dealt with the relationship between
the communicating artery and amputation or survival rates,
there have been no studies dealing with the relationship between the communicating artery and wound healing, especially
between interventional part and surgical part [14].
According to recent studies, in patients with ischemic
wounds, direct revascularization is considered the best treatment [7,8]. However, direct revascularization is often difficult
https://doi.org/10.12790/ahm.21.0137

Table 7. Wound healing and communicating artery patency in the
indirect revascularization group
Revascularization

Yes
Patent
18 (85.7)
Non-patent
3 (14.3)
Values are presented as number (%).
a)
Fisher exact test.

Wound healing
No
2 (11.8)
15 (88.2)

p-valuea)
< 0.001

when several vessels are blocked at the same time, which often
requires selective treatment. For example, in the case of the hallux, which is vascularized by the first metatarsal artery originating from the dorsalis pedis and medial and lateral plantar
arteries, when it is not possible to revascularize these vessels at
the same time, the dominant vessel should be identified and selected for revascularization. However, if the dominant vessel
revascularization fails, there is no choice but to conduct indirect revascularization. In the case of indirect revascularization,
the authors consider better results can be achieved if there is a
patent communicating artery, the link between the pedal arterial system and the plantar arterial system.
In the 87 patients with wounds, the rate of full wound healing after 6 months was statistically significantly higher in the
patent communicating artery group. In this group, most patients had full wound healing within 12 weeks, and the rest
only needed minimal dressing. This suggests that communicating artery patency is a factor that can increase the wound healing rate. Once it is confirmed that the vessels linking the plantar and pedal arterial system are healthy, even if there is a problem on either side, these systems may complement each other,
unlike in cases of non-patency, thus lowering the probability of
a blood supply problem in the corresponding area.
The reason why the criteria for the wound healing was set at
6 months was that hard-to-heal wound, defined as a wound
that did not heal for more than 6 months, had more bias as
more various treatments were attempted from this time. In addition, our hospital mainly treats high-level patients, and if
their conditions get improved, we induce them to follow lower-level hospitals or self-treatment. And in the cases of successful PTA, it is usually reevaluated after 6 months, so it was based
on the criteria to reduce bias.
Our findings indicate that plastic surgeons can tell patients
that wounds can be healed through proper wound dressing
when the communicating artery is patent, and also suggest the
implementation of multiple approaches such as managing life
habits in consultation with other departments. Conversely, if
the communicating artery is not patent, plastic surgeons should
explain that the current vessel status is more likely to cause a
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relapse, and if other factors are not managed, the wound is
more likely to worsen and consider amputation.
In our study, the relationship between history factors, wound
healing, and communicating artery patency was found to be
nonsignificant except for renal status and hypertension. This is
thought to be due to the poor health status of patients who underwent PTA. Patients undergoing PTA at our hospital are predominantly elderly or in poor condition, so they do not constitute a good example of a single group to determine why blood
vessels are obstructed.
Differences between the direct and indirect vascularization
groups were not significant. In the indirect revascularization
group, communicating artery patency was confirmed in half of
the patients, and 18 of the 21 patients who showed full wound
healing within 6 months had a patent communicating artery.
Additionally, among the 17 patients who did not show full
wound healing within 6 months, 15 had a non-patent communicating artery. As a result, in the indirect vascularization
group, it can be seen that identifying the patency of the communicating artery and completing the procedure is beneficial
for wound healing.
From a plastic surgeon’s perspective, treating patients with
CLI is challenging. Patients often have other comorbidities, and
if there is no improvement in blood flow, it is difficult to manage these wounds only with dressings or surgery. Therefore,
understanding the angiosome concept and identifying the location of blocked blood vessels is needed, and a systematic consultation with the interventional clinician should be performed.
If surgeons want to preserve a certain vessel for later surgery,
they will need to perform an indirect procedure in accordance
with this study’s rationale. For example, surgeons planning a
flap coverage using a target vessel’s perforator can consult with
the physician who conducted the vessel investigation to determine other vessels to be treated in order to avoid the target vessel and increase flap survival rate. In this case, it is thought to
be necessary to study whether the flap surgery is likely to succeed in patients with a patent communicating artery.
This study presents some limitations. The authors had a sample size limited to 120 patients and patients were followed up
for only 6 months, so any recurrence after 6 months was not
considered. Additionally, patients in this study had a poor general health conditions, which could have affected wound status
regardless of the blood vessel blockage. It should also be considered that several small collateral vessels could have affected
the recovery of wounds, if not necessarily the communicating
vessels. However, this part was done by selecting communicating vessels alternatively which can be seen most clearly because
256

small collateral vessels are very difficult to quantify and suggest
an end-point during PTA procedure. Finally, this was a retrospective study, which prevents us from establishing causal relationships and limits extrapolation to other populations.

Conclusion
When treating patients with CLI, multiple approaches like
wound dressing, managing comorbidities, and revascularization are crucial. It is important to understand the concept of
angiosome for vessel revascularization and direct revascularization is recommended. However, if only indirect revascularization can be performed, it is important to ensure the patency
of communicating vessels linking the pedal and plantar arterial
systems to increase wound healing and decrease the likelihood
of wound relapse. Our findings can be useful to explain treatment options or expected progress and outcomes to patients.
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Purpose: Free flaps play an important role in the reconstruction of chronic wounds in
the lower extremities. Nonetheless, the use of free flaps for chronic wound reconstruction tends to be challenging. A considerable number of patients with chronic
wounds have noteworthy medical histories, such as chronic kidney disease or endstage renal disease (ESRD). This study aimed to determine the relationship between
the success rate and complications of free flap surgery according to the degree of kidney disease from normal renal function to ESRD.
Methods: A retrospective study of all patients who underwent free tissue transfer
procedures due to chronic wounds in the lower-extremity area over a 9-year period,
between October 2011 and February 2020, was conducted. The primary outcome was
flap failure, and major complications were set as the secondary outcome.
Results: Sixty-seven consecutive free flaps were used for chronic wounds of the lower
extremities at our institution. Flap failure occurred in six patients (9.0%), resulting in a
total flap survival rate of 91.0%. Sixteen patients (23.9%) experienced major complications. Flap failure was correlated with the presence of ESRD and renal transplantation.
Conclusion: There are several limiting factors for the reconstruction of chronic
wounds in the lower extremity. In particular, ESRD and renal transplantation were significantly correlated with flap failure.
Keywords: Free tissue flaps, End-stage renal disease, Chronic renal insufficiency, Lower extremity, Wounds, Diabetic foot
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The free flap plays an important role in the reconstruction of chronic wounds
in the lower extremities. Reconstruction by free flap can be performed even when
white structures such as bones or tendons are exposed, and it can be a better
choice than a skin graft in weight-bearing or joint areas [1].
Nonetheless, the use of free flaps for chronic wound reconstruction tends to be
challenging in most cases [2,3]. A considerable number of chronic wound patients have varying medical histories, such as ischemic heart disease, peripheral
vascular disease (PVD), history of cerebrovascular attack, chronic kidney disease
(CKD), or end-stage renal disease (ESRD) [4]. Free flap placement in patients
with comorbid illnesses is difficult, and the rate of flap complications is relatively
high. In particular, CKD and ESRD were considered as risk factors for free flap in
some studies [5-10].
In this study, patients who underwent free flap surgery for chronic wounds of
the lower extremities were examined, and their relationship with the success rate
and complications of free flap surgery according to the degree of their kidney diswww.handmicro.org
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ease from normal renal function to ESRD was investigated.

Results

Methods

1. Demographics

Ethics statement: The study was conducted after obtaining approval from the Institutional Review Board of Ajou University
Hospital (No. AJIRB-MED-MDB-20-374) and the research was
conducted according to the World Medical Association Declaration of Helsinki. Written informed consent was obtained for publication of this case report and accompanying images and verbal
informed consent was obtained for the other patients from
themselves for their legal guardians.
A retrospective study of all patients who underwent free tissue transfers to the below-the-knee lower extremities due to
chronic wounds during a 9-year period, between October 2011
and February 2020, was conducted. Patients with acute renal
failure, undergoing hemodialysis or continuous renal replacement therapy, were excluded. ESRD was defined as renal failure
that required regular dialysis.
Demographic data and medical history were obtained through
retrospective chart review. The collected data included a detailed
medical history, demographics, flap, and perioperative characteristics. Laboratory tests used for statistics such as serum creatinine, hemoglobin A1c (HbA1c), and C-reactive protein (CRP)
were based on the first test results after admission to rule out effects from hydration or computed tomography (CT) contrast.
The glomerular filtration rate was estimated using the Modification of Diet in Renal Disease equation (GFR = 175 × standar
dized serum creatinine−1.154 × age −0.203 × 0.742 [if female])
[11]. Major complications were defined as those that required
surgical intervention (exploration, debridement, repair, or additional coverage).

Sixty-seven consecutive free flaps were used for chronic
wounds of the lower extremity (below the knee) at our institution. The flaps included in the study were used in 52 male and
15 female patients. The mean patient age was 58.03 ± 13.03
years (range, 29–82 years). The most common cause of defect
was diabetic foot for 58 patients (Table 1). Fifty-three patients
(79.1%) had diabetes; the average duration of their diabetes was
12.48 years, and their average level of serum HbA1c was 9.05%
(Tables 2, 3). Three patients (4.5%) had a history of kidney
transplantation. A total of 54 patients had PVD, and 41 (61.2%)
underwent percutaneous transluminal angioplasty (Table 2).
The flaps used included the anterolateral thigh (ALT; n = 57,
85.1%), medial sural artery perforator (n = 7, 10.4%), vastus lateralis (n = 2, 3%), and thoracodorsal artery perforator (n = 1,
1.5%). Arterial anastomosis was performed by means of an

Table 1. Patient demographics
Characteristic
No. of patients
Sex
Male
Female
Age (yr)
Cause of defect
Diabetic foot
PVD
Chronic osteomyelitis
BMI (kg/m2)
Smoking

Data
67
52 (77.6)
15 (22.4)
58.0 (29–82)
58 (86.6)
7 (10.4)
2 (3.0)
22.5 (14.8–33.4)
29 (43.3)

Values are presented as number only, number (%), or mean (range).
PVD, peripheral vascular disease; BMI, body mass index.

1. Statistical analyses

Statistical analyses were performed using IBM SPSS Statistics
ver. 25.0 (IBM Corp., Armonk, NY, USA). Means and standard
deviations were calculated for continuous variables and frequencies, and percentages were calculated for categorical variables. The t-test was used to examine whether there was a statistically significant difference in the means of the continuous
variables between the two groups. The chi-square and Fisher
exact tests were used to examine categorical variables. The logistic regression model for multivariate analysis was performed.
A p-value of < 0.05 was considered statistically significant.

https://doi.org/10.12790/ahm.22.0015

Table 2. Prevalence of comorbid illnesses
Comorbid illnesses
DM
Duration of DM (yr)
Hypertension
PVD
Endovascular intervention
ESRD
Renal transplantation
Chronic kidney disease

Data
53 (79.1)
12.5 ± 10.8
31 (46.3)
54 (80.6)
41 (61.2)
9 (13.4)
3 (4.5)
20 (29.9)

Values are presented as number (%) or mean±standard deviation.
DM, diabetes mellitus; PVD, peripheral vascular disease; ESRD, end-stage
renal disease; CKD, chronic kidney disease.
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Table 3. Preoperative laboratory test results
Laboratory test
Data
No. of patients
Creatinine (mg/dL)
1.8 (0.3–8.9) ± 2.3
67
eGFR (mL/min/1.73 m2) 89.3 (4.8–248.2) ± 54.4
67
HbA1c (%)
9.1 (5.0–16.0) ± 2.4
54
±
Hemoglobin (g/dL)
10.4 (7.8–14.1) 1.3
67
CRP (mg/dL)
2.2 (0.02–17.3) ± 3.4
67
Albumin (g/dL)
3.5 (2.5–4.5) ± 0.53
67
±
Values are presented as mean (range) standard deviation.
eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin A1c; CRP,
C-reactive protein.

Table 4. Flap characteristics
Characteristic
Location of reconstruction site
Knee and lower leg
Ankle and malleolus
Dorsum of foot and midfoot
Forefoot
Hell
Flap
Anterolateral thigh
Medial sural artery
Thoracodorsal artery
Vastus lateralis
Recipient
Anterior tibial artery
Posterior tibial artery
Arterial anastomosis
End to side
End to end
No. of perforator
1
2
3

Data

A

B

C

AD

6 (9.0)
15 (22.4)
22 (32.8)
14 (20.9)
10 (14.9)
57 (85.1)
7 (10.4)
1 (1.5)
2 (3.0)
52 (77.6)
15 (22.4)
63 (94.0)
4 (6.0)
41 (61.2)
24 (35.8)
3 (4.5)

Values are presented as number (%).

end-to-side technique in 63 patients (94%). The most common
site of coverage was the dorsum of the foot (n = 18, 26.9%), followed by the forefoot (n = 14, 20.9%), ankles (n = 13, 19.4%),
and heels (n = 10, 14.9%). The procedures of 43 patients
(64.2%) were performed on weight-bearing areas in the patients (Table 4).

2. Patient outcomes

As a result, flap failure occurred in six patients (9.0%), allowing us to obtain a total flap survival rate of 91.0%. Major complications occurred in 16 patients (23.9%) who required surgical intervention (Fig. 1, Table 5).
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E
Fig. 1. Diabetic foot reconstruction with a free flap. A 48-year-old
male patient with diabetic necrosis of the right foot. After serial
debridement, the infection was controlled, and granulation tissue
was observed. (A) Dorsal view and (B) plantar view after serial
debridement. (C) Dorsal view and (D) plantar view two weeks
after free flap coverage. (E) Wound revision was performed due to
wound dehiscence in the weight-bearing area.
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Discussion
In the case of chronic wounds of the lower extremities, diabetic foot account for most cases, and PVD is often present,
even without diabetes [12]. Therefore, we evaluated blood vessels of the lower extremity by performing CT angiography or
conventional angiography in almost all patients. In addition,
through a weekly conference with the radiology department, it
was confirmed whether angioplasty would be beneficial to the

1.000
0.900
0.800

AUC=0.772

0.700

Sensitivity

We performed a receiver operating characteristic (ROC) curve
analysis to reveal the specific serum creatinine levels associated
with the occurrence of flap failure. The sum of sensitivity and
specificity was greatest when the serum creatinine level of 1.21
mg/dL and the area under curve of was 0.772 (Fig. 2).
The statistical analysis of patient characteristics revealed several statistically significant factors associated with major complications and flap failure after free flap surgery. In univariate
analysis, flap failure rate was significantly higher in patients
with ESRD and renal transplantation. Although not statistically
significant, when serum creatinine levels were 1.21 mg/dL or
higher, the p-value was 0.052, indicating a relatively high failure
rate (Table 6).
Using multivariate analysis, ESRD and renal transplantation
were associated with flap failure. The odds ratio was 77.8 and
86.7 respectively. Based on the serum creatinine 1.21 mg/dL
obtained using the ROC curve, the analysis was conducted by
dividing the group into a group with a serum creatinine lower
than 1.21 mg/dL and a group with a serum creatinine higher
than 1.21 but without dialysis. As a result, serum creatinine level was not related to flap failure (Table 7).

0.600
0.500
0.400
0.300
0.200

Table 5. Postoperative complications

0.100

Complication
Total flap necrosis
Partial flap necrosis
Wound infection
Wound dehiscence
Microscopic exploration

Data
6 (9.0)
8 (11.9)
5 (7.5)
6 (9.0)
2 (3.0)

0
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1-Specificity

Fig. 2. Receiver operating characteristic (ROC) curve for flap
failure with serum creatinine levels. An ROC curve was drawn
using patients’ serum creatinine levels. The area under the curve
(AUC) was 0.772, and the cutoff value of serum creatinine to flap
failure was 1.21 mg/dL.

Values are presented as number (%).
Some patients experienced more than one complication.

Table 6. Univariate analysis comparing the associations of various conditions with flap failure and major complications
End-stage renal disease
Renal transplantation
sCr level > 1.21 mg/dL
Recipient artery
ATA
PTA
Angioplasty
Sex
Male
Female
Weight-bearing reconstruction site

Major complication
3
2
7

No complications
6
1
13

14
2
12

38
13
29

10
6
5

42
9
19

p-value
0.437
0.139
0.218
0.492

0.247
0.096

0.662

Flap failure
3
2
4

Flap success
6
1
16

5
1
5

47
14
36

3
3
1

49
12
23

p-value
0.028*
0.020*
0.052
> 0.999

0.392
0.121

> 0.999

sCr, serum creatinine; ATA, anterior tibial artery; PTA, posterior tibial artery.
*p < 0.05.
https://doi.org/10.12790/ahm.22.0015
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Table 7. Multivariate analysis of the associations of various conditions
with flap failure
Variable
Duration of DM (yr)
Renal transplantation
sCr level
≥ 1.21 mg/dLa)
ESRD
Angioplasty

OR (95% CI)
1.08 (0.95–1.22)
86.75 (1.31–5,723.47)

p-value
0.240
0.037*

3.22 (0.05–207.74)
77.83 (1.18–5,100.53)
0.43 (0.02–10.24)

0.581
0.041*
0.605

OR, odds ratio; CI, confidence interval; DM, diabetes mellitus; sCr, serum
creatinine; ESRD, end-stage renal disease.
a)
sCr of ≥ 1.21 mg/dL but without dialysis.
*p < 0.05.

patient, and if necessary, it was implemented. Most patients
with chronic wounds often have wound infections, ranging
from mild to severe infections. When angioplasty is required, it
is usually performed, followed by wound preparation through
debridement several times from the next day.
In the case of diabetic foot patients, many patients experience
a long period of diabetes, and diseases such as coronary artery
obstructive disease (CAOD) and CKD are often present. Free
flap surgery is a lengthy procedure and sometimes results in
significant bleeding. This may be particularly the case if patients are taking antiplatelet medications for CAOD or if they
regularly use anticoagulants due to dialysis. Therefore, we consulted the Departments of Cardiology, Endocrinology, and Nephrology to confirm the necessary measures required before
and after surgery. For ESRD patients, as much dialysis as possible should be performed the day before surgery, as a large
amount of fluid enters during surgery.
We prefer donor sites with ipsilateral ALT, as ALT can obtain
long and reliable pedicles. The flap was harvested from the ipsilateral side whenever possible to preserve the function of the
contralateral leg as much as possible. For the donor site, vacuum-assisted closure is applied to decrease donor site complications and reduce the frequency of dressing changes.
In most cases, end-to-side anastomosis was performed to
maintain the distal flow. In particular, patients with chronic
wounds do not prefer end-to-end anastomoses because there
are many patients with PVD, often comprising of patients with
single-vessel lower extremities.
One of our postoperative management strategies is to have
the patient sedated in an intensive care unit (ICU) for 24 to 72
hours after surgery. It is challenging to keep a patient with several comorbidities stable in an intubated state for a long time,
but this has several advantages. By immobilizing the patient,
the flap complications caused by patient movement can be re262

duced. Additionally, when emergency operations are required,
surgery can be performed quickly. Arterial line monitoring can
be performed in the ICU, and the patient’s blood pressure can
be adjusted to high or low depending on the condition of the
flap. In the case of ESRD patients, conventional hemodialysis is
mostly performed in the ICU, but in some cases, continuous
renal replacement therapy may be performed if blood pressure
is low. The times at which to end patient sedation and extubation were determined by the surgeon after inspection of the
flap. In most cases, extubation was performed between 24 and
48 hours.
The use of free flaps for chronic wound reconstruction is
challenging in most cases [2]. However, it is important to note
that Oh et al. [4] suggested that reconstruction of the diabetic
foot through free flap surgery itself increases the survival rate
of patients. In addition, Moran et al. [8] reported that free flap
surgery could be sufficiently attempted in patients with renal
disease through infection control through revascularization
and serial debridement. Accordingly, free flap surgery in chronic wounds should be considered before amputation, if it is possible to salvage the limb.
Of the 67 patients included in this study, nine were ESRD patients, and three flap failures occurred, showing a 33% failure
rate. It has a very high failure rate compared to previous studies, as Moran et al. [6] reported two flap failures in 33 patients
with renal impairment or ESRD. Chien et al. [13] also reported
one flap failure in 20 patients with ESRD. Nevertheless, in the
study by Moran et al. [6], there were four additional cases of
eventual amputation due to complications that occurred within
one month after surgery, and Chien et al. [13] also showed that
the final limb salvage rate was 80% due to other complications.
As a result, the final limb salvage rate of patients with ESRD
showed relatively similar results. Notably, wound healing was
achieved without major complications in six patients, with the
exception of three patients with primary flap failure among
nine ESRD patients.
There are many causes of complications after free flap coverage in chronic wounds. In particular, patients with renal dysfunction have difficulties, such as vascular problems, delayed
wound healing, bleeding tendency, and coverage of chronic
wounds, which can pose great challenges to the reconstructive
microsurgeon. Renal impairment decreases immunity by decreasing neutrophil function, impaired phagocytic function,
natural killer cell activity, T- and B-lymphocyte function, and
T-lymphocyte response to standard antigens [13-15]. According to previous studies, the correlation between factors that inhibit wound healing in patients with chronic renal impairment
https://doi.org/10.12790/ahm.22.0015
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and free flap transfer and complications has been reported
[6,12,13-17].
Although there are limitations due to the small sample size,
flap failure occurred in two out of three renal transplantation
patients and three out of nine ESRD patients. Due to the small
sample size of renal transplantation and ESRD patients, there is
a limitation in interpreting the results of multivariate analysis
as it is. However, univariate analysis used for nonparametric
test also showed a trend consistent with multivariate analysis.
Although patients undergoing renal transplantation maintain
relatively normal renal function, this phenomenon is thought
to occur for two reasons. First, renal transplantation patients
show a high change in the duration of diabetes mellitus (DM).
Diabetic kidney disease is a cause of renal failure in the Republic of Korea. Most patients undergoing renal transplantation
have severe diabetes, and DM vasculopathy in the lower extremities is often accompanied by long-term severe diabetes
[18]. In patients with severe vasculopathy, the free flap is challenging, and the probability of failure is relatively high. A second cause of the high failure rate in renal transplantation patients is thought to be the immunosuppressants they were taking. The use of immunosuppressants makes wounds susceptible to infections [19-21]. In addition, patients who underwent
a renal transplantation visit the hospital frequently; hospitalization is high, and the probability of infection with antibiotic-resistant bacteria in the wound is also relatively high.
Although not as much as renal transplant patients, most
ESRD patients also have various comorbidities such as diabetes,
so their immunity is impaired and microcirculation in the lower extremities is poor, so they may be vulnerable to wound infection of the lower extremities. Especially in ESRD patients,
unlike renal transplant patients, the interstitial volume cannot
be directly controlled, and this may affect flap failure in a different way than renal transplant patients. Free flaps take a long
time and, in some cases, cause a lot of bleeding. In particular, in
the case of ESRD patients, anticoagulation agents are periodically administered for dialysis, and antiplatelet drugs are sometimes taken for a long time in case of comorbidities such as
CAOD or PVD. This can contribute to increased bleeding and
leads to hypotension during surgery. For free flap surgery on
the lower extremities, the use of peripheral vasoconstricting
agents such as norepinephrine is discouraged. Although controversial, there is an opinion that perfusion to the flap can be
reduced by vasoconstrictors. Therefore, to maintain blood
pressure during free flap surgery, anesthesiologists try to maintain the effective volume of the patient by administering crys-
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talloid. Patients with ESRD do not have the ability to directly
excrete interstitial volume overload caused by crystalloid administration, which leads to tissue edema and increased tissue
pressure. Therefore, it can lead to a decrease in microcirculation. Even if volume overload is controlled through dialysis after surgery, dialysis itself is a process that causes a decrease in
the patient’s blood pressure and may also affect the microcirculation of the flap by reducing the perfusion pressure.
In addition, blood vessel in both ESRD and renal transplantation patients are usually accompanied by vascular calcification [20,21]. In particular, in the case of diabetes with ESRD or
renal transplantation, chronic hyperglycemia with oxidative
stress intensifies vascular calcification [22-24]. Microanastomosis in severely calcified vessels is technically difficult and
risky. Although there was no calcification at the microanastomosis site, calcification at the proximal or distal area of recipient vessel may affect the blood flow to the flap. It is possible
that this vascular calcification of ESRD and renal transplantation patients may have influenced the flap failure rate.
The significance of this study was to statistically examine factors that may be related to flap failure in the reconstruction of
patients with chronic lower-extremity wounds. In addition, a
wide spectrum was investigated from patients with normal renal function to ESRD. The results showed that the flap failure
rate was significantly higher in patients with ESRD and renal
transplantation.

Conclusion
Free flap transfers are used in the reconstruction of chronic
wounds in the lower extremity but several factors can lead to
their failure. In particular, ESRD and renal transplantation were
significantly correlated with flap failure.
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Thumb reconstruction with a double flap
after thumb replantation failure using a
reverse homodigital dorsoulnar flap and a
cross-finger flap: a case report
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After replantation and salvage procedures have failed in a heavy smoker, surgeons are
hesitant to consider future strategies. We introduce a case in which the length and
function of the right thumb were preserved as much as possible by double flap surgery
after replantation failure. The thumb of a 55-year-old man without underlying disease
was amputated by an electrical chainsaw at work. He presented at the emergency
room of our hospital, and emergency surgery was performed for exploration and
stump replantation. Unfortunately, the replantation surgery failed, and the distal
stump was necrotized. Thus, double flap surgery was planned after replantation failure, and thumb reconstruction was performed using a reverse homodigital dorsoulnar
flap and a cross-finger flap. A portion of the flap later had to be revised, but the functional and aesthetic results obtained were far better than expected for a simple stump
revision procedure.
Keywords: Amputation, Replantation, Surgical flaps, Thumb

Introduction
Many industrial hand injuries occurred in the past, but due to the development
of safety devices, the number of severe injuries has reduced considerably. Nonetheless, crush injuries or amputations accompanied by soft-tissue defects in the
distal digits are not uncommonly encountered. Advances in microsurgical techniques can achieve good results for distal digit injuries of this type, but when soft
tissue is severed or a nail is cut distally rather than proximally, the success of microsurgery is doubted.
Multiple reconstructive options, such as metacarpal lengthening, first web
space deepening, and locoregional flap (e.g., dorsal hand, reverse radial forearm,
or groin flap), may be considered for thumb reconstruction after subtotal amputation of borderline length, as described by an adaptation of Lister’s classification.
[1]. Abdominal or forearm skin is used as donor material for the distal flap procedure, but since the colors and characteristics of skin tissue differ, it is better to use
skin from a similar region for reasons of function, aesthetics, and patient convenience.
If there is a distal stump, replantation should be performed as soon as possible
to reduce ischemic time and maximally restore the original state, but if microsurgery fails, the surgeon is faced with a challenge. We introduce a case in which the
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length and function of the thumb were preserved as much as
possible using a reverse homodigital dorsoulnar [2,3] and a
cross-finger [4] flap after amputation of his right thumb.

Case report
The right thumb of a 55-year-old man without underlying
disease was amputated by an electrical chainsaw at work. On
visiting the emergency room of our hospital, emergency surgery was performed immediately for exploration and stump replantation. A radiological examination revealed a fracture line
at the interphalangeal joint level and complete amputation in
extensor zone 1 of his right thumb.
Unfortunately, distal skin necrosis from stump distal pulp
occurred 2 days after the operation, and flap compromise of
the stump was detected (Fig. 1). A reverse homodigital dorsoulnar flap and a cross-finger double flap were planned to
preserve length as much as possible and enable pinch function.
With the aid of Doppler ultrasound, the origin and course of
the dorsoulnar digital artery were identified, and the pivot
point and arterial course were marked.
Necrotic soft tissue of the stump was removed, and arthrodesis of the distal interphalangeal (DIP) joint was performed using Kirschner wires after removing remaining cartilage and osteophytes. Sufficiently redundant soft tissue was used to preserve the length of the thumb as much as possible. The protruding dorsum of defect bone was covered with a reverse homodigital dorsoulnar flap, which was marked out on the dorsoulnar surface of the middle of the snuff box and metacarpophalangeal joints. The pivot point of the flap was marked at

A

B

Fig. 1. (A, B) Postoperative photographs showing distal skin necrosis
from stump distal pulp 2 days after surgery. Flap compromise at the
stump was also detected.
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least 0.5 cm away from the DIP joint of the thumb. Skin was incised, and the proximal end of the thumb dorsoulnar artery
was ligated. The flap, which contained the dorsoulnar artery,
was raised from adductor muscle fascia and extensor tendon,
and an adipocutaneous pedicle was dissected from the paratenon; dissection was stopped near the pivot point to prevent
anastomosis with perforating vessels. After the flap had been
transposed to the dorsal surface of the distal phalanx, it was sutured without tension. The donor defect was covered with a
hatchet local flap, and the volar side was covered with a
cross-finger flap. This adipofascial flap was raised from the
paratenon of the dorsal surface (the zone 4 level) of the index
finger. The donor defect of the index finger (zone 4) was covered with a full-thickness skin graft from the right groin, and a
bolster dressing was applied. In this manner, a reverse homodigital dorsoulnar flap, a cross-finger flap, hatchet flap, and
thumb reconstruction with a full-thickness skin graft were
completed (Fig. 2).
Three weeks after flap surgery, flap division and additional
flap revision surgery were performed (Fig. 3). Subsequently, the
patient was able to perform normal daily activities and returned to work.
Written informed consent was obtained for publication of
this report and accompanying images.

Discussion
Opposition is the most important difference between the
hands of humans and apes. The human hand has three types of
grip, that is, pad to side, three-jawed chuck, and five-jawed cradle-chuck grips, and the absence of these functions dramatically restricts daily activities. Opposition is the hallmark of the
thumb, and thus, reconstruction necessitates painless stable
skin coverage and an acceptable length to enable circumduction [5]. Therefore, operations on injured thumbs are performed such that flexion, opposition, and adduction are made
possible by maintaining interphalangeal joint function. Furthermore, when operations are successful, care is taken during
rehabilitation to preserve this function, which is the most important goal of treatment.
In clinical practice, when a patient presents with an amputated thumb, the procedure should be performed to preserve
length and function of the traumatized hand regardless of a
high probability of failure based on considerations of ischemic
time, patient age, diabetes mellitus, smoking status, or other
contraindications for replantation. However, if surgery fails,
decisions regarding the subsequent procedures are problematic.
https://doi.org/10.12790/ahm.22.0002
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Fig. 2. Stump revision surgery after replantation failure showing completed reverse homodigital dorsoulnar flap, cross-finger flap, and
hatchet flap placement and thumb reconstruction. (A) Homodigital reverse island flap and cross-finger flap were designed for thumb
coverage. (B) Necrotic soft tissue of the stump was removed, and arthrodesis of the distal interphalangeal joint was performed using
Kirschner wires. (C) A reverse homodigital dorsounlar flap was elevated and transposed to the dorsal surface of distal phalanx. (D, E)
Cross-finger flap for volar surface of distal phalanx. (F, G, H) The donor site of the reverse homodigital island flap was covered with
hatchet flap. The donor defect of the index finger was covered with full-thickness skin graft and tie-over dressing was applied.
According to Lister’s classification, thumb amputations are
divided into four functional categories: soft-tissue deficit with
acceptable length, subtotal amputation with borderline length,
total amputation with preservation of the carpometacarpal
joint, and total amputation with destruction of the carpometacarpal joint [6], and this classification facilitates decision-making regarding reconstruction options. The described case
would fall into the subtotal amputation with borderline length
classification, and multiple reconstructive options are available
for such cases, such as metacarpal lengthening, first web space
deepening, and locoregional flap placement (e.g., dorsal hand
https://doi.org/10.12790/ahm.22.0002

or reverse radial forearm flap or groin flap) [1].
The most important thing to consider in thumb reconstruction is to ensure that the finger regain normal or nearly-normal
motion. This requires thin and pliable skin that allows digital
flexion and gliding of the underlying tendons. A bulky flap (eg,
Groin flap, distant free flap) may impair finger flexion if used
for reconstruction of hand. And that, a drawback to these bulky
flaps is that the skin tends to be thick, and staged liposuction
and/or debulking may be necessary.
Another consideration for thumb reconstruction is that it has
the same features and textures as lost tissue. Soft-tissue defects
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A
A

B

C

D

Fig. 3. (A, B) Three weeks after the flap surgery, flap division
was performed, and at this time, additional debridement and
ostectomy were performed. (C, D) The thumb length was nearly
conserved as seen in the figures.
of the fingers need a stable skin cover. Although, reconstruction options vary from groin flap to distant free flaps, cross-finger flap and reverse homodigital dorsoulnar flap share the same
features of lost tissue and appear to be safer and more reliable.
Therefore, we salvaged the bone of the amputated stump to
maintain thumb length, and considered similarity between flap
skin and normal skin and thumb function when deciding
which flap to use. Accordingly, we chose the reverse homodigital dorsoulnar flap and the cross-finger flap for the reconstruction. We used double flap because it was not possible to reconstruct all of the patient’s thumb defect using one flap, and thus,
we combined the strengths of these flaps for the reconstruction.
As regards the versatility of the reverse homodigital dorsoulnar flap, previous studies have shown that the ulnar dorsal
digital artery of the thumb, which originates from the palmar
arteries at the head of the first metacarpal bone, continues distally via the proximal nail fold arcade and anastomoses with
the ulnar palmar digital artery at the level of the neck of the
proximal phalanx [2]. Our initial experiences with this flap indicated it was prone to vascular compromise, and thus, we
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C

B

D

Fig. 4. (A, B, C) After flap division surgery, patient's thumb results
in the formation with a finger-like skin texture and maintains
a length. (D) Patient's thumb is performed such that flexion,
opposition and adduction are made possible by maintaining
interphalangeal joint function. The patient was able to perform
normal daily activities and returned to work.
used the adipocutaneous pedicle instead of the pedicle in the
subcutaneous tunnel.
The cross-finger flap is predominantly based on dorsal digital vessels. Although classically, they are raised based on the
lateral border of the finger (index finger in our case), they may
be raised as proximally or distally based flaps or on a single
vascular pedicle, which allows greater flap mobilization. The
donor finger to the thumb is classically described as the index
finger, wherein the first web space is closed to facilitate inset of
the flap [4].
Although we failed to replant at Tamai zone 2 level in a heavy
smoker with a long ischemic time and poor coordination, we
persevered and performed double flap surgery using a reverse
homodigital dorsoulnar flap and a cross-finger flap simultaneously to preserve hand pulp sensation, pinch function, and opposition (Fig. 4).
We recommend that the described double flap be considered
https://doi.org/10.12790/ahm.22.0002
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as it enables recycling of bone in the amputated stump, maintains thumb length, and results in the formation of a thumb
with a finger-like skin texture. If replantation is difficult or a replanted distal stump fails to revascularize, the reverse homodigital dorsoulnar flap and cross-finger flap provides a feasible alternative treatment option.
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Aberrant branches of the radial artery at the level of the forearm have rarely been reported. Preoperative workups to identify aberrant branches of this type have also seldom been performed. However, surgeons elevating a radial artery-based flap should
consider the possibility of aberrant arterial branching. Otherwise, the circulation of
both the flap and hand may be endangered. We present a case of an anomalous radial
artery branch that resulted in an intraoperative alteration of the flap design. A novel
technique was used to preserve the circulation of the entire flap, and the patient recovered with adequate healing of the flap and donor areas. No hand function deficits
or subjective complaints were noted. In conclusion, surgeons should be aware of the
superficial radial artery or other aberrant branches of the radial artery that may be located in various locations during radial artery-related flap elevation.
Keywords: Radial artery, Forearm, Free tissue flaps, Microsurgery

Introduction
The radial forearm free flap has been commonly used for intraoral reconstruction because of its constant vascular anatomy and pliable skin texture. However, a
few cases of anomalous branches of the radial artery have been reported. We report an anomalous superficial radial artery (SRA), detected during the elevation
of a radial forearm free flap. A novel technique was used to preserve the circulation of the entire flap.

Case report
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A 46-year-old 12-pack-year hypertensive man was diagnosed with squamous
cell carcinoma of stage T3N0M0 on the left margin of the tongue, extending 3 cm
deep as observed on magnetic resonance imaging. Left side hemiglossectomy, including the base of the tongue, floor of the mouth, and partial genioglossus muscle, was performed via lingual release and neck dissection. The pathologic findings revealed a 1.9 × 1.7 cm squamous cell car cinoma with an 8 mm depth of invasion. There was no lymphovascular invasion, but perineural invasion was noted. A radial forearm free flap was planned to directly cover the defect. The patient
was right-handed, and a preoperative Allen’s test of the left hand showed adequate
blood flow from both the radial and ulnar systems.
The flap was designed on the volar side of the patient’s hand. The flap measured
6 × 6 cm. The distal end of the flap, which became the tip of the tongue, was located on the radial artery at the level of the wrist crease. Exsanguination was performed using an Sterile Esmark Bandage (Medline Industries, Inc., Mundelein,
IL., USA) and pneumatic tourniquet. First, the palmaris longus tendon and flexor
www.handmicro.org
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carpi radialis tendon were identified at the level of the wrist
crease. Then, the radial artery was clipped. The diameter of the
radial artery measured 1.5 mm, which was smaller than the average diameter. Another dominant branch of the radial artery
was considered. Upon proceeding with the flap elevation, an
artery that ran with two veins was located superficial to the
brachioradialis and ulnar side of the cephalic vein (Fig. 1). This
aberrant artery was identified as the SRA. The SRA had a diameter of 2.0 mm, and its flow was more dominant than that of
the clipped deep branch of the radial artery. The flap design required modification to ensure the circulation of the entire flap.
The distal end of the SRA became the tip of the neotongue, and
the flap design was extended 3 cm proximally to secure a suffi-

Fig. 1. The encountered aberrant artery. An aberrant artery (red
arrow) was identified. It was located on the radial side of the deep
radial artery, superficial to the brachioradialis muscle.

Fig. 2. Elevated flap. The flap was extended more proximally than
the initial design (vertical blue marker lines) while replacing the
distal end of the flap from the deep branch of the radial artery to
the superficial radial artery.
https://doi.org/10.12790/ahm.22.0017

cient flap size (Fig. 2). The superficial and deep branches of the
radial artery bifurcated 6 cm proximal to the wrist-crease level.
Consequently, both the superficial and deep branches of the radial artery were included in the flap (Fig. 3). A schematic illustration shows the course of deep and superficial branches of radial artery (Fig. 4). Flap transfer and insetting were accomplished without complications (Fig. 5). The patient recovered
with adequate healing of the flap and donor areas. No hand
function deficits or subjective complaints were noted.
Written informed consent was obtained for publication of
this case report and accompanying images.

Discussion
Radial artery anomalies have been previously reported [1].
At the level of the forearm, a large branch arising from the radial artery at the proximal region 5 to 7 cm from the wrist is
called the SRA [2,3]. It bifurcates from the deep branches at
various locations. Its reported locations include the antecubital
fossa [4], 10 cm distal to the antecubital fossa [5], middle of the
forearm [6], distal 1/3 of the forearm [7], distal 1/4 of the forearm [1], and 4 cm from the wrist crease [8]. SRAs have been
observed in 0.6% to 1.5% of cases [2]. It runs down the radial
side of the forearm subcutaneously over the brachioradialis
tendon, superficial to the anatomical snuff box, as it proceeds
continuously through the dorsum of the hand [2,3]. During intravenous access, SRAs have been confused with the dorsal vein

Fig. 3. The flap containing both deep and superficial branches
of the radial artery. The superficial radial artery (black arrow)
branched from the deep branch of the radial artery (black asterisk)
6 cm proximal to the wrist crease at the point indicated by the
forceps. Both the deep and superficial branches were included in
the flap, whereas the cephalic vein (red asterisk) was not.
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Brachioradialis muscle

Flexor carpi radialis muscle
Bifurcate 6 cm proximal from the wrist crease

Palmaris longus muscle

Concomitant veins running with SRA

Flexor digitorum superificialis muscle
Deep branch of radial artery

Fig. 4. Schematic illustration. The illustration shows the deep (white arrowhead) and superficial branches (black arrowhead) of radial
artery. SRA, superficial radial artery.
ed during dissection until adequate exposure of the arterial system is achieved. The identification of anomalies facilitates harvest modifications to achieve successful anastomosis and flap
perfusion. In cases wherein the SRA bifurcates at the proximal
level, the flap is elevated, based on the aberrant artery, and another radial artery branch is preserved [10]. In this case, however, both radial artery branches were sacrificed to ensure flap
circulation. In conclusion, despite the low incidence, surgeons
should be aware of SRA or other aberrant branches of the radial artery, which may be located in various locations during radial artery-related flap elevation.

ORCID
Fig. 5. Postoperative photograph. The circulation of the entire flap
and the tip of the flap (white asterisk) was well maintained.
of the hand [9].
Radial artery anomalies can be identified preoperatively via
radiographs, such as an angiogram or angiocomputed tomography, but they are not routinely performed. Physical examination, including the Allen’s test and pulse palpation, is the sole
clinical method for predicting an aberrant artery. However, the
preoperative physical examination does not confirm the bifurcation level, blood flow maintenance, or predominance of the
aberrant artery. Therefore, large branches should not be divid272
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End-to-end (ETE) and side-to-end (STE) anastomosis are two common configurations
of lymphaticovenous anastomosis (LVA); however, it remains inconclusive which
method is better. A 62-year-old man with lower extremity lymphedema underwent
LVA with the STE method on the ankle. When the lymphatic vessel was cut for additional LVA at the proximal lower leg, blood drained out from the cut end of a lymphatic vessel, which suggested venous-lymphatic reflux at the STE anastomosis at the ankle. Because the reflux continued until 1 hour after the previous LVA at the ankle, the
STE anastomosis at the ankle was re-explored and converted to ETE by ligation of the
proximal lymphatic vessel. Reverse venous-lymphatic reflux was corrected, and a lymphovenous shunt was created immediately after the ligation. The current case suggests that STE anastomosis can be inferior to ETE anastomosis for creating a lymphovenous shunt when venous backflow exists.
Keywords: Lymphedema, Surgical anastomosis, Venous pressure

Introduction
Lymphaticovenous anastomosis (LVA) is technically challenging but becoming
a popular treatment strategy for lymphedema since Koshima et al. [1] pioneered
supermicrosurgery techniques. To create an effective lymphovenous shunt in
LVA, pressure gradient from collecting lymphatic vessel to vein is fundamental.
Therefore, an anastomosing functioning lymphatic vessel with high endolymphatic pressure to the reflux-free vein can be ideal [2]. However, various situations can be encountered in LVA, and finding reflux-free veins are not always
possible [3,4].
A variety of LVA configurations exist, and each has its advantages and disadvantages [5,6]. End-to-end (ETE) anastomosis is the most common method that
is less technically challenging but it can make only one-way bypasses. Although
side-to-end (STE) anastomosis is technically demanding, it makes a bidirectional
lymphatic bypass. STE LVA having bidirectional drainage without the need to ligate the proximal lymphatic vessel is theoretically superior to ETE LVA [5]. However, Yamamoto et al. [6] found that the occurrence of the venous backflow increased in the following order: ETE anastomosis, STE anastomosis, and ETS
anastomosis. They concluded that ETE anastomosis, which has little backflow of
venous blood into lymphatic channels, should be used because venous backflow
into the lymphatics is considered to be related to the ineffectiveness of lymphovenous bypasses. On the other hand, Cheng et al. [5] reported greater efficacy by
www.handmicro.org
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STE anastomosis compared to ETE. In this case report, a persistent retrograde venous-lymphatic reflux was observed after
STE anastomosis at the lower extremity, which was not corrected during the surgery. The retrograde shunt was corrected by
conversion of STE to ETE anastomosis by ligation of the proximal lymphatic vessel.

After one month, the pressure sense at the calf decreased and
the skin became soft. After 4 months, the swelling of the foot
was hardly felt and the pain disappeared. Cellulitis did not occur until 2 years of follow-up.
Written informed consent was obtained for the publication
of this case report and accompanying images.

Case report

Discussion

A 62-year-old male patient without specific medical history
had suffered from progressive left lower leg swelling from 13
years ago. Two times of cellulitis episodes developed. Lymphoscintigraphy revealed lymphatic obstruction of the left lower
extremity (Fig. 1). Indocyanine green fluorescence lymphography showed functional lymphatic vessels on the dorsum of the
foot and ankle. Underdiagnosis of lymphedema unknown
cause with International Society of Lymphology (ISL) stage II,
LVAs were performed under local anesthesia in December
2019. First, STE anastomosis was performed at the ankle. The
second incision site was on the proximal calf. In the meantime,
bandage compression was not performed, and manual compression massage was performed on the foot intermittently.
When the proximal lymphatic vessel was cut for additional
LVA at the proximal calf, drainage of blood was observed from
the cut edge of the lymphatic vessel (Fig. 2). The regurgitation
of the blood through the lymphatic vessel remained until the
completion of the LVA at the proximal lower leg. Therefore, the
LVA site of the ankle was re-explored and venous-lymphatic reflux was observed at the STE anastomosis site.
Additional veins with low venous pressure were searched for,
but no additional veins were available within the incision site.
We decided to perform conversion of the STE anastomosis to
ETE anastomosis to increase the lymphatic pressure by ligation
of the lymphatic vessel proximal to the anastomosis, which immediately resulted in a successful lymphovenous shunt. The venous-lymphatic reflux at the proximal calf also disappeared. A
total of 3 ETE LVAs (medial ankle, proximal lower leg, and
thigh) were performed. Postoperative outcome was analyzed by
leg circumference change and patient-reported outcomes by a
quality of life (QOL) measure for limb lymphedema
(LYMQOL) questionnaire.
After 4 months, the average absolute circumference ratio difference decreased from 0.163 ± 0.093 to 0.143 ± 0.072 (Table 1,
Fig. 3), and the overall QOL score on the LYMQOL questionnaire increased from 7 to 9 points. The patient’s subjective
symptoms also improved. Before the operation, this patient
complained of swelling and pain in the dorsum of the ankle.

In this case report, venous-lymphatic reflux after the STE
anastomosis was observed at the lymphatic vessel proximal to
the anastomosis. This intraoperative finding suggested that the
venous-lymphatic reflux was not temporary and might be continued after the surgery. The reverse flow after the LVA was reported to be a significant negative impact on the surgical outcomes of patients undergoing LVA [2]. The reverse venous-lym-

https://doi.org/10.12790/ahm.22.0033

A

B

Fig. 1. Preoperative lymphoscintigraphy. (A) Anterior and (B)
posterior views. After injecting radiotracer into the subcutaneous
area of the first and second interdigital spaces of both feet, wholebody imaging was performed at 1 hour. Lymphatic obstruction in
the left lower extremity was revealed.
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A

B

C

D
Fig. 2. Intraoperative image. Yellow arrows indicate the lymphatic vessel, and red arrows indicate the vein. (A) Side-to-end (STE)
lymphaticovenous anastomosis (LVA) at the ankle incision. The lymphatic vessel of the ankle incision is indicated by a yellow arrow.
Lymphovenous shunt was not noted, and retrograde venous-lymphatic reflux was observed. (B) After about 30 minutes, venous flow
through the cut end of the lymphatic vessel was detected in the proximal lower leg (yellow arrow). The venous outflow through the
proximal lymphatic vessels continued and was not corrected during surgery. (C) The LVA site at the ankle was re-explored. Proximal end
ligation of the lymphatic vessel on the ankle incision site was performed to convert STE into end-to-end anastomosis, which created a
lymphovenous shunt. (D) Left lower leg showing the incision sites for LVA.

phatic reflux was successfully corrected by the conversion of the
STE to ETE anastomosis. The current case showed that STE
anastomosis might be inferior to creating lymphovenous shunt
in selected cases.
STE anastomosis has two major advantages compared to ETE
anastomosis in LVA. First, both antegrade and retrograde lymphatic flow can be drained to the venous flow. Second, original
lymphatic flow can be preserved in case it does not have complete proximal obstruction. Therefore, STE anastomosis is one
of the common anastomosis methods in LVA, and favorable
outcomes have been reported [5]. However, as it was shown in
this case, STE anastomosis showed a higher chance of retrograde venolymphatic flow. The retrograde venolymphatic flow
276

in LVA can cause thrombosis in the anastomosis site and cause
poor outcomes. In LVA surgery, endovascular pressure of the
lymphatic should be higher than that of the vein to create lymphovenous shunt. In STE anastomosis, when an accumulation
of lymphatic fluid in the collecting lymphatic vessel develops,
endo lymphatic pressure can be decreased by the original lymphatic flow because the lymphatic pathway to a proximal lymphatic vessel is maintained. Therefore, retrograde venous-lymphatic flow can occur when strong venous backflow exists.
On the other hand, there is only one pathway in which accumulated lymphatic fluid can be drained in ETE anastomosis;
anastomosed vein. In this case report, the retrograde venous-lymphatic flow was created after the STE anastomosis,
https://doi.org/10.12790/ahm.22.0033
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Table 1. Serial circumference changes of the lower extremity
Variable
Preoperative
Right (cm)
Left (cm)
Absolute ratio difference
Postoperative 1 mo
Right (cm)
Left (cm)
Absolute ratio difference
Postoperative 4 mo
Right (cm)
Left (cm)
Absolute ratio difference

Foot

Ankle

Knee

24.3
24.8
0.02

28.5
29.8
0.05

24.3
24.8
0.02
24.5
24.9
0.02

BK

AK

Mean ± SD

20 cm

10 cm

10 cm

20 cm

38.8
47.1
0.21

37.7
44.8
0.19

34.2
40.0
0.17

45.4
56.8
0.25

50.6
63.0
0.25

0.163 ± 0.093

27.5
30.0
0.09

38.5
44.0
0.14

37.2
44.0
0.18

34.5
41.0
0.19

44.0
54.0
0.23

51.0
63.0
0.24

0.156 ± 0.079

27.5
29.4
0.07

38.9
44.3
0.14

37.5
44.7
0.19

34.6
40.8
0.18

44.4
54.0
0.22

52.2
61.7
0.18

0.143 ± 0.072

BK, below knee; AK, above knee; SD, standard deviation.

A

B

Fig. 3. (A) Preoperative image. (B) Postoperative 4-month image.

and the reverse flow was confirmed in the proximal lymphatic
vessels on the proximal calf. This result suggested that the retrograde shunt may not be corrected after the surgery. Intraoperative conversion of the STE to ETE anastomosis by ligation of
proximal lymphatic vessel was reported in previous studies for
management of retrograde venous-lymphatic flow in STE anastomosis in LVA [7,8].
Retrograde venous flow is found relatively frequently in patients with lymphedema. Chronic venous insufficiency is the
https://doi.org/10.12790/ahm.22.0033

entity most likely to complicate preexisting lymphedema [9].
There has been no studies which evaluated risk factors for venous insufficiency or increased venous pressure in patients
with lymphedema. Finding reflux-free superficial veins using
vein visualizer or high frequency ultrasonography can be effective ways to avoid retrograde venous-lymphatic flow in LVA
[3,10].
The current case report was different from previous studies.
First, the retrograde venous-lymphatic flow was confirmed
outside of the LVA site. The blood flow was checked in another
proximal lymphatic vessel, which suggested venous flow was
shunted into the lymphatic system. The blood flow in the lymphatic system can increase the risk of thrombosis in other surgical sites of LVA. Second, the reverse venous-lymphatic flow
was observed continuously during the surgery and was found
not to be corrected. This observation suggested that the retrograde venous-lymphatic reflux might not be corrected after the
surgery. In conclusion, the current case report suggested that
STE anastomosis might be inferior to ETE anastomosis for creating lymphovenous shunt when strong venous backflow exists.
Given that this is a report of a single case, further study might
be necessary to clarify appropriate indications for performing
STE anastomosis in LVA.
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during pdf conversion. Author check list and Copyright transfer
should be assigned to keep online submission.

ii

Title page

The title page should contain the full title of the paper (in English),
the names of the authors and of the institutions (in English), the
full title of the paper (in Korean), the names of the authors and of
the institutions (in English), and information on the corresponding
author.
The title should be succinct and accurate, if possible and must
include important words of the study. It should be avoided as much
as possible to lead with expressions like “clinical research on~” or
“the study on~”. The title should not have more than 30 Korean
characters and 20 English words.
If authors are at different institutions, first present the institution
where most of the work was carried out, and indicate individual
departments and institutions by inserting a superscript letter immediately after the author’s name, and the same letter in front of the
appropriate institution (when necessary, the superscript letters
should be used in the following order: Arabic number 1,2,3 ...). The
address, telephone number, fax number, and e-mail address of the
corresponding author should be placed in the lower portion of the
title page both in Korean and English.
Every person listed as an author should have materially participated in the design, execution, and analysis of the study and should
verify the accuracy of the entire manuscript before its submission.
Lesser contributions are appropriately noted in an acknowledgment
section on the title page. The first name and the last name should
be written in this order for English names. The surname and the
first name should be written in this order not separated by a space
for Korean names.
In the blind title page, only the title of the manuscript should be
written both in Korean and English. Information on the names of
the authors and their affiliations should not be included.

Abstract

Information on the authors and their affiliations should not be included in the abstract. Also, do not include footnotes or references
in the abstract. For organization of manuscripts, the English abstract and Korean abstract should be on the first page and the second page, respectively. The abstract should not exceed 500 characters and 250 words for Korean abstract and English abstract, respectively. The abstracts should contain the same contents. The abstract should state the purpose, methods, results, and conclusion in
each paragraph in a brief and coherent manner. Under the Korean
abstract, keywords should be inserted in Korean while under the
English abstract, keywords should be written in English (maximum
6 words). They should be listed in the following order: anatomical
name (illness), diagnosis (area), and treatment, for example,
scaphoid, Fracture, Herbert Screw for a paper entitled, “Operative
www.handmicro.org

Treatment of Carpal Scaphoid Fractures with Herbert Screw”. Abbreviations or references are not allowed in the abstract. For the selection of keywords, refer Medical Subject Heading (MeSH, http://
www.ncbi.nlm.nih.gov/mesh).
The abstract should be structured to include the following sections: Purpose: The rationale, importance, or objective of the study
should be described briefly and concisely in one to two sentences.
Methods: The procedures conducted to achieve the study purpose
should be described in detail, together with relevant details concerning how data were obtained and analyzed and how research
bias was adjusted. Results: Provide results, with data, p-values, and
standard deviation of mean (or standard deviation). Present most
important findings first. Please provide p-values and numbers to
support your methods findings. Conclusion: State only what your
study identified and what it demonstrated. Do not include extraneous information not backed up by the data of your study.

Main text
Materials and Methods

Institutional review board approval and informed consent from the
human subjects, when applicable, must be stated. Describe the
study design (prospective or retrospective, duration of the study,
inclusion and exclusion criteria) and the demographics, length of
follow-up, and followup methods. Explanations of the experimental
methods should be concise, but yet enable replication by a qualified
investigator. Ensure correct use of the terms sex (when reporting
biological factors) and gender (identity, psychosocial or cultural
factors), and, unless inappropriate, report the sex and/or gender of
study participants, the sex of animals or cells, and describe the
methods used to determine sex and gender. If the study was done
involving an exclusive population, for example in only one sex, authors should justify why, except in obvious cases (e.g., prostate cancer). Authors should define how they determined race or ethnicity
and justify their relevance.

Results

Describe in detail the data obtained during the study following the
order of the Methods. Data should be analyzed using appropriate
statistical methods. All data in the text must be consistent with the
rest of the manuscript, including data in tables, figures, and legends.

Discussion

In the Discussion, data should be interpreted to demonstrate
whether they affirm or refute the original hypothesis. Care should
be taken to avoid information obtained from historical facts and
books and irrelevant to the purpose and results of the study. Diswww.handmicro.org

cuss elements related to the purpose of the study and present the
rationales that support the conclusion (summary) by referring to
relevant literature. A discussion of study weaknesses and limitations
should also be included.

Conclusion

The conclusion must be derived from your results. Here your new
view of the problem you outlined in the introduction should be
briefly stated.

References

To cite a reference with an author in the text, insert the author’s surname only and the citation number in a square brackets (e.g., Kim
[1]). For a reference with two authors, list both names in the citation (e.g., Kim and Park [2]). For a reference with three or more authors, use ‘et al.’ (Kim et al. [3]). If two or more citation numbers are
required, separate numbers with a comma (,) or a dash (-) (e.g.,
Boyes [1-3], Chapman [1,2,7]).
The number of references is limited to 40 for original articles and
10 for case reports. The references should be listed on a separate
page according to the citation order in the text (not alphabetically).
Papers published in domestic journals should also be written in English according to the citation order in the text. References to journal articles should conform to the journal title abbreviations used
in the Index MEDLINE. If a reference has six or fewer authors, display all the author names. When more than seven authors, list the
first three then add “et al.” Use the author’s surname followed by
initials without periods.
Other types of references not described below should follow Citing Medicine: The NLM style guide for authors, editors, and publishers (http://www.ncbi.nlm.nih.gov/books/NBK7256/).
Examples of references are as follows:
Journal article
1. Han HH, Choi EJ, Oh DY, Moon SH. The usefulness of microsurgical pedicle lengthening in free anterolateral thigh flaps. Microsurgery. 2016;36:559-66.
2. Lipina M, Makarov M, Mukhanov V, et al. Arthroscopic synovectomy of the knee joint for rheumatoid arthritis. Int Orthop.
2019;43:1859-63.
Book
3. Canale ST, Beaty JH. Campbell’s operative orthopaedics. New
York, NY: Mosby; 2013.
4. Boyer MI. Flexor tendon injury: acute injuries. In: Green DP,
Hotchkiss RN, Pederson WC, Wolfe SW, editors. Green’s operaiii

tive hand surgery. 5th ed. Philadelphia, PA: Elsevier; 2005. p. 21940.
Online publication
5. Mackenzie SP, Stone OD, Jenkins PJ, et al. Carpal tunnel decompression in patients with normal nerve conduction studies. J
Hand Surg Eur. 2019 Aug 21 [Epub]. http://doi.org/10.1177/
1753193419866646.
Online sources
6. National Cancer Information Center. Cancer statistics in 2017
[Internet]. Goyang, Korea: National Cancer Information Center;
c2019 [cited 2019 Oct 15]. Available from: https://www.cancer.
go.kr/lay1/S1T639C640/contents.do.

Tables

Tables should be prepared with English characters and Arabic numerals and given a brief title in a phrase or a clause. Tables should
be numbered in the order in which they are mentioned in the text.
If an abbreviation is used in a table, it should be defined in a footnote below the table. The symbols should be used in the following
order: a), b), c), d), e). Each symbol must be defined in a footnote. Do
not give the same information in tables that you give in the text or
in figures.

Figure Legends

Illustrations should be numbered in the order in which they are
mentioned in the text. Each illustration should have a legend provided in a sentence (not in a phrase) on a separate manuscript page
after references. Staining techniques used should be described.
Photomicrographs with no inset scale should have the magnification of the print in the legend.

Figures

Papers containing unclear photographic prints may be rejected. Each
figure should be prepared in a separate file. The name of an image file
should not contain the name(s) of the author(s) and must match the
figure number such as Fig1.jpg. If a figure contains two or more photographs, they should be assigned an Arabic numeral followed by capital letters in the English alphabet (example: Fig. 1A, Fig. 1B). Photographs of different patients should not be included in one figure and
remove any writing that could identify a patient. When the release of
confidential information is necessary, a written consent of the patient
or the patient’s guardian should be submitted with photographs. Submit illustrations in JPEG, TIFF or GIF format. Color images will be
accepted only when essential. However, photomicrographs are recommended to be prepared in color. Authors are responsible for the
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cost of color figures in print. Arrows or letters in figures should be
inserted by Photoshop or Powerpoint. When accepted, the original
figure files should be submitted. When using a digital camera, set
the resolution to a minimum of 300 ppi (pixels per inch), and set
the size of the image to 5 × 7 in (127 × 178 mm). Color and grayscale images, such as radiographs, must have a minimum resolution
of 300 dpi, and line art drawings such as graphs must have a minimum resolution of 1,200 dpi. Any illustrations previously published
should be accompanied by the written consent of the copyright
holder which should be indicated below the figure. Authors explanation on the arrangement of figures can be inserted, if necessary.
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Research ethics guidelines
For the policies on research and publication ethics, follow the policies established by the ‘Good Publication Practice Guidelines for
Medical Journals 2nd’ (https://www.kamje.or.kr/board/view?b_
name = bo_publication&bo_id = 7) or the ‘Ethical Guidelines on
Good Publication’ (http://publicationethics.org/resources/guidelines) or ‘Ethical Considerations in International Committee of
Medical Journal Editors’ (http://www.icmje.org/index.html), especially those on the disclosure of conflicts of interest, statement of informed consent, statement of human and animal rights, institutional review board, authorship, originality, duplicate publication, and
clinical trials registry. Any attempt to duplicate publication or any
plagiarism will lead to automatic rejection, may prejudice the acceptance of future submissions, and may be highlighted within the pages of the journal. And the Journal follows the Code of Conduct
(http://publicationethics.org/resources/code-conduct) of the Committee on Publication Ethics (COPE) (http://publicationethics.org/),
and follows the COPE Flowcharts (http://publicationethics.org/resources/flowcharts) for resolving cases of suspected misconduct.

Author and Authorship
An author is considered as an individual who has made substantive
intellectual contributions to a published study and whose authorship continues to have important academic, social, and financial
implications. The ICMJE has recommended the following criteria
for authorship: (1) substantial contributions to conception and design, acquisition, analysis, and interpretation of data; (2) drafting
the article or revising it critically for important intellectual content;
and (3) final approval of the version to be published. (4) Agreement
to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved. Authors should meet criteria 1, 2, and 3. These criteria are applicable to those journals that
distinguish the authors from other contributors.

Duplicate Publication
Manuscripts are only accepted for publication in journals if they
have not been published elsewhere. Manuscripts published in this
journal should not be submitted for publication elsewhere. If the
author(s) wishes to obtain a duplicate or secondary publication for

various other reasons, such as for readers of a different language,
he/she should obtain approval from the editor-in-chief of both the
first and second journal.
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Conflict of interest exists when an author (or the author’s institution), reviewer, or editor has financial or personal relationships that
inappropriately influence his/her actions (such relationships are also
known as dual commitments, competing interests, or competing
loyalties). All authors should disclose their conflicts of interest, i.e.,
(1) financial relationships (such as employment, consultancies,
stock ownership, honoraria, paid expert testimony), (2) personal relationship, (3) academic competition, and (4) intellectual passion.
These conflicts of interest must be included as a footnote on the title
page or in the acknowledgement section. Each author should certify
the disclosure of any conflict of interest with his/her signature.

Protection of Privacy, Confidentiality, and
Written Informed Consent
The ICMJE has recommended the following statement for the protection of privacy, confidentiality, and written informed consent:
The rights of patients should not be infringed without written informed consent. Identifying details should not be published in written descriptions, photographs, and pedigrees unless it is essential
for scientific purposes and the patient (or his/her parents or guardian) provides written informed consent for publication. However,
complete patient anonymity is difficult to achieve; therefore, informed consent should be obtained in the event that anonymity of
the patient is not assured. For example, masking the eye region of
patients in photographs is not adequate to ensure anonymity. If
identifying characteristics are changed to protect anonymity, authors should provide assurance that alterations do not distort scientific meaning and editors should take note of this. When informed
consent has been obtained, it should be indicated in the published
article.

Protection of Human and Animal Rights
While reporting experiments that involve human subjects, it should

be stated that the study was performed according to the Helsinki
Declaration (https://www.wma.net/what-we-do/medical-ethics/
declaration-of-helsinki/) and approved by the Research Ethics
Committee (REC) or the Institutional Review Board (IRB) of the
institution where the experiment was performed. A written informed consent should be obtained from all subjects. In the case of
an animal study, a statement should be provided indicating that the
experiment process, such as the breeding and the use of laboratory
animals, was approved by the REC of the institution where the experiment was performed or that it does not violate the rules of the
REC of the institution or the NIH Guide for the Care and Use of
Laboratory Animals (Institute of Laboratory Animal Resources,
Commission on Life Sciences, National Research Council, https://
grants.nih.gov/grants/olaw/guide-for-the-care-and-use-of-laboratory-animals.pdf). The authors should preserve raw experimental
study data for at least 1 year after the publication of the paper and
should present this data if required by the editorial board.
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Registration of the Clinical Research and Data
Sharing Policy
Any research that deals with clinical trial should be registered to the
primary national clinical trial registration site such as http://cris.
nih.go.kr/cris/index.jsp, or other sites accredited by World Health
Organization or ICMJE.
This journal follows the data sharing policy described in “Data
Sharing Statements for Clinical Trials: A Requirement of the International Committee of Medical Journal Editors”. The ICMJE’s policy regarding trial registration is explained at http://www.icmje.org/recommendations/browse/publishing-and-editorial-issues/clinical-trial-registration.html#two. If the data sharing plan changes after registration
this should be reflected in the statement submitted and published with
the manuscript, and updated in the registry record.
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Author’s checklist
Research Ethics Guidelines
1

The manuscript has not been previously submitted for publication to other journals. The “Good Publication Practice Guide- □ Yes □ No
lines for Medical Journals 2nd (https://kamje.or.kr/intro.php?body= publishing_ethics)” was applied for the bioethics and
the patient’s agreements.

Preparation of Manuscript
2

The manuscript is arranged in the following order: title page, blind title page (title only), English abstract, Korean abstract,
introduction, materials and methods, results, discussion, conclusion, references, tables, figure legends and figures.

□ Yes □ No

3

Pages are numbered consecutively from the English abstract to figure legends on the last page.

□ Yes □ No

4

The text is double-spaced and each page contains less than 100 characters per line and less than 30 lines.

□ Yes □ No

5

The total length from the English abstract to the references (excluding title page, tables, figure legends, and figures) is not
more than 10 pages for original articles and 5 pages for case reports.

□ Yes □ No

Title page
6

In the tile page, the address for correspondence (including telephone number, fax number, and e-mail address) is placed
both in Korean and English, and acknowledgement is also included, if any.

□ Yes □ No

7

Information on the name(s) and affiliation(s) of the author(s) are not disclosed in the manuscript except the title page.

□ Yes □ No

Abstract
8

The abstract states the purpose, materials and methods, results, and conclusion in each paragraph in a brief and coherent
manner. Case reports are written as one unstructured paragraph.

□ Yes □ No

9

The abstract for original article is in structured format up to 250 words and 500 characters for English abstract and Korean
□ Yes □ No
abstract. The abstract for case report is in unstructured format up to 150 words and 350 characters for English abstract and
Korean abstract.

References
10

References are formatted according to the style required by Archives of Hand and Microsurgery. All references are cited in
the text.

□ Yes □ No

Figures
11

The resolution of figures is set to a minimum of 300 dpi and the size of the image file is less than 2 MB.

□ Yes □ No

12

If portraits are included, no writing that could identify a patient was left.

□ Yes □ No

13

Any figures or illustrations previously published are accompanied by the consent of the copyright holder which is indicated
below the figure.

□ Yes □ No

14

Figures are numbered in the order in which they are mentioned in the text.

□ Yes □ No

Tables
15

Tables are understandable, self-explanatory without references to the text, and are numbered in the order in which they are
mentioned in the text according to instructions.

□ Yes □ No

16

If an abbreviation is used in a table, it is defined in a footnote below the table. The symbols are used in the following order: *, □ Yes □ No
†, ‡, §, ∥, ¶, **, ††, ‡‡. Each symbol is also defined in a footnote
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