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Ulnar impaction syndrome (UIS), also called ulnocarpal abutment syndrome, is a degenerative condition induced by repeated loads on the ulnocarpal joint and is a representative cause of ulnar-sided wrist pain. Because of the small, complex, and overlapping anatomy of the ulnar wrist, ulnar wrist pathologies often present very similar
symptoms to those of UIS, which causes confusion in diagnosing UIS. Thus, careful
history-taking, clinical examinations, and diagnostic imaging are essential for the diagnosis of UIS. As appropriate and effective treatment for UIS, early surgical treatment
should be considered if patients cannot reduce their wrist usage in daily living and
work and have distal radioulnar instability. There are various surgical techniques for
UIS. Surgeons should be deliberate in choosing a technique and pay attention to accompanying disorders around the ulnar wrist to achieve satisfactory treatment outcomes.
Keywords: Wrist, Ulna, Shortening, Osteotomy, Triangular fibrocartilage

서론
척골 충돌 증후군(ulnar impaction syndrome)은 척수근 관절(ulnocarpal joint)
의 반복적인 부하(load)에 의해 척골두(ulnar head), 월상골(lunate), 삼각골(triquetrum), 월상 삼각인대(lunotriquetral ligament), 삼각 섬유연골 복합체(triangular fibrocartilage complex) 등의 손목 척측 구조물에 퇴행성 변화가 초래되어
척측 손목 통증을 유발하는 대표적인 질환이다[1]. 척골 충돌 증후군은 보통 척골 양
성 변위가 있을 때 특발성(idiopathic)으로 주로 발생한다. 그러나 삼각 섬유연골 복
합체가 두꺼운 경우, 전완부의 회내전(pronation) 또는 강력 파악(power grip) 시 척
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골두가 원위 후방으로 과도하게 이동하는 경우, 척골 중립위(neurtral variance) 또
는 음성 변위(negative variance)인 경우에 동적(dynamic)으로 발생할 수도 있다.
원위 요골 골절 후 초래된 요골 단축 부정유합(axial shortening), 요골두 절제술(radial head resection), 요골 성장판의 조기 폐쇄(premature physeal closure) 등의
선행 원인에 의해 척골의 변위가 증가한 경우, 이차성 척골 충돌 증후군(secondary
ulnar impaction syndrome)이 발생한다[2-4].
손목관절의 척측 부위는 척골두, 월상골, 삼각골, 척수근 인대(ulnocarpal liga-
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ment)를 포함한 삼각 섬유연골 복합체, 척수근 굴건 및 신건(extensor and flexor carpi ulnaris tendon), 척골 동맥, 척골 신경
등의 다양한 해부학적 구조물이 상호 유기적으로 기능하는 복잡한
관절이다(Fig. 1 [5]) [1,6]. 이러한 해부학적 특성으로 척수근 관절

척골 충돌 증후군은 어떻게 진단하여야 하
는가?
1. 증상(Symptom)

주변의 척골두, 유구골(hamate), 두상골(pisiform), 삼각골, 제5

앞서 기술한 바와 같이 척골 충돌 증후군이 척측 손목 통증의 대

중수골(fifth metacarpal bone), 척골 경상돌기(ulnar styloid)의

표적 원인 질환 중 하나이지만 골(bone), 인대(ligament), 건(ten-

골절, 불유합 또는 부정유합, 원위 요척 관절(distal radioulnar

don), 신경, 혈관 등 손목의 척측에 위치하는 모든 해부학적 구조

joint), 두상 삼각골 관절(pisotriquetral joint), 월상 삼각골 관절

물은 척측 손목 통증을 유발할 수 있다. 따라서 증상 양상, 이학적

(lunotriquetral joint)의 관절염 또는 불안정성, 키엔벡 병(Kien-

검사(physical examination) 및 영상 검사를 종합하여 척골 충돌

böck disease), 삼각 섬유연골 복합체 손상, 척골 경상돌기 충돌

증후군과 다른 질환을 감별하는 것이 중요하다. 척측 손목 통증은

증후군, 척수근 신건염(extensor carpi ulnaris tendinitis), 척수

걸레 짜기, 병마개 돌려 따기, 문고리 돌리기, 타자 또는 피아노를

근 굴건염(flexor carpi ulnaris tendinitis), 척골관 증후군(Guy-

치는 동작 등과 같이 손목의 척측 변위 또는 척측 변위 전완부 회

on’s canal syndrome), 척골 동맥 혈전증(ulnar artery throm-

전(forearm rotation), 강력 파악이나 손을 딛는 경우와 같이 척

bosis), 척골 동맥류(ulnar artery aneurysm) 등 척측 손목의 질

수근 관절에 부하가 집중되는 경우에 통증이 유발되는 특징이 있

환 또는 외상은 척측 손목 통증을 발생시키므로 척골 충돌 증후군

다. 또한 손목관절의 부종이나 손목관절 운동 범위 감소 등이 동반

과 감별을 요한다[7,8]. 저자들은 본 종설에서 척골 충돌 증후군의

될 수 있다[1,9,10]. 이때 손목 척측의 다른 동반 이상으로 복잡한

정확한 진단 및 치료를 위해 주의해야 할 사항에 대하여 논하고자

증상이 발생하는 경우가 많다[11].

한다.

Fig. 1. Anatomy of ulnar wrist. Numerous and small anatomical structures overlap each other. Reprinted from Shin et al. [5] with the
permission of Wolters Kluwer.
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2. 이학적 검사(Physical examination)

3. 영상 진단검사(Diagnostic imaging)

척골 충돌 증후군 환자에서 삼각 섬유연골 복합체의 마모 또는

단순 방사선검사(simple radiography)는 척골 충돌 증후군의

퇴행성 파열이 흔히 동반되므로 척수근 굴건과 척수근 신건 사이

진단에 가장 중요하고 기초적인 영상 검사이다. 척골 충돌 증후군

의 척골와(ulnar fovea)의 압통(ulnar fovea sign) 있을 수 있다

의 진단을 위한 단순 방사선검사를 시행할 때에는 양측 손목의 후

(Fig. 2A) [1,11,12]. 또한 손목을 척측으로 변위시킨 상태에서 축

전면(posteroanterior view), 측면(lateral view), 척측 사위 및

방향 부하(axial load)를 가하는 척수근 관절 부하 검사(ulnocar-

요측 사위 후전면(ulnar and radial deviation view), 전완부 내

pal stress test; Fig. 2B) 또는 척수근 관절에 부하를 가한 상태에

회전 및 강력 파악 상태에서 촬영하는 후전면(pronation grip

서 전완부를 회전시켜 보는 척골 연마 검사(ulnar grind test)를 시

view) 영상을 촬영하여야 한다. 특히 후전면 촬영 시에는 전완부가

행했을 때의 통증 유발 여부로 척골 충돌 여부를 가늠할 수 있다

회전함에 따라 척골 변위가 변하므로 견관절 90° 외전(abduc-

[1,11-13]. 원위 요척 관절 불안정성이 동반된 경우 요골과 척골을

tion), 주관절 90° 굴곡(flexion)의 전완부 중립(forearm neutral)

양손으로 잡고 흔들어 보는 원위 요척 관절 부구감 검사(distal ra-

상태에서 촬영하여야 척골의 정확한 변위를 평가할 수 있다.

dioulnar joint ballottement test; Fig. 2C)나 후방으로 돌출된

Parker 등[12]은 손목 측면 영상에서 척골 변이를 측정할 수 있을

척골두를 손가락으로 눌러 볼 때 쉽게 눌러지는 피아노 키 징후

뿐만 아니라 척골두의 돌출 정도를 파악할 수 있는 장점이 있다고

(piano key sign; Fig. 2D) 양성 소견이 관찰될 수 있다[14].

하여 척골 충돌 증후군의 진단에 측면 사진의 유용성에 대하여 강

A

B

D
https://doi.org/10.12790/ahm.21.0149

C

Fig. 2. Representative physical examination for the diagnosis of ulnar
impaction syndrome. (A) Ulnar foveal sign. (B) Ulnocarpal stress test. (C)
Distal radioulnar joint ballottement test. (D) Piano key sign.
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조하였으며 손목의 측면 영상을 촬영할 때에도 전완부의 중립위에

가 있다(Fig. 4C). 이는 후전면 단순 방사선영상을 통한 2차원적인

서 촬영하여야 한다. 전완부 회전 및 강력 파악 시 척골 변위는 평

월상골-척골간 거리는 부정확할 수 있다는 점을 뒷받침하는 연구

균 2.5 mm 증가할 수 있으며 동적 척골 충돌 여부를 관찰하기 위

결과이다[18,19]. 자기공명영상(magnetic resonance image)은

해서는 전완부 회내 및 강력 파악 상태에서의 손목의 후전면을 촬

척골 충돌 증후군에서 발생하는 척골두, 월상골 및 삼각골 연골 및

영하여야 한다[15,16]. 그 외 척골 충돌 증후군에 동반될 수 있는

월상 삼각골단 인대를 포함한 삼각 섬유연골 복합체의 퇴행성 변

월상 삼각골간 불안정성 등의 수근골의 동적 정열(dynamic

화, 척골두, 월상골 및 삼각골의 골 내 변화를 자세히 관찰할 수 있

alignment)을 살펴보기 위해서는 손목의 요사위 및 척사위 후전

는 검사이므로 척골 충돌 증후군의 진단에 유용하다(Fig. 3B, 3C)

면 사진이 유용하다. 단순 방사선검사에서는 척골 변위, 척골 변위

[20]. 또한 척수근 관절 주변의 이상 유무도 동시에 살펴볼 수 있으

의 동적인 변화, 척골두, 월상골 또는 삼각골의 낭종(cyst) 또는 골

므로 감별진단과 척골 충돌 증후군의 진단에 매우 유용한 검사라

미란(erosion)을 살펴보아야 한다(Fig. 3A) [11]. 월상 삼각골간

고 할 수 있다[21]. 손목관절 조영술(arthrogram), 조영제 주사 후

불안정성이 동반된 경우 후전면 또는 측면 사진에서 특별한 소견

촬영하는 3차원 컴퓨터단층촬영 및 자기공명영상 검사도 진단에

을 보이지 않는 경우가 많으나, 척사위 후전면 사진에서 월상 삼각

도움이 될 수 있으나 보편적인 검사는 아니다.

골간 관절의 해리(dissociation)가 관찰될 수 있다. 심한 불안정성

척골 충돌 증후군의 진단에 척측 손목 통증 유무와 단순 방사선

이 동반된 경우 후전면 사진에서 Gilula 선의 단절 또는 층 발생하

검사에서 척골 양성 변위의 존재만을 보고 척골 충돌 증후군을 진

며, 측면 사진에서 후방 개재 분절 불안정성(volar intercalated

단하는 오류를 범하기 쉬우므로 주의를 요한다. 척골 양성 변위가

segmental instability)이 보이면 불안정성이 심하다는 것을 의미

있다고 하여 모두 척골 충돌 증후군이 발생하는 것은 아니며 증상

한다[17].

이 없는 경우도 많다. 척골 중립 또는 음성 변위가 있는 경우에도

특발성 척골 충돌 증후군에서 척골 변위가 길수록 동시에 척골

동적 척골 충돌 증후군이 발생할 수 있고, 척골 경상돌기의 충돌에

두가 후방으로 더 많이 이동하여 월상골과의 거리가 멀어질 수 있

의해 척골 경상돌기 충돌 증후군(ulnar styloid impaction syn-

으므로 후전면 단순 방사선영상에서 평가한 월상골-척골두 간의

drome)이 발생하는 경우도 있어 주의가 필요하다[7,8]. 척골 경상

거리는 실제 월상골과 척골두 사이의 거리와 차이가 있을 수 있어

돌기 충돌 증후군은 척골 경상돌기가 비정상적으로 긴 경우 척골

주의를 요한다(Fig. 4A, 4B). 최근 연구에 의하면 월상골과 척골두

경상돌기 끝부분과 삼각골간 충돌에 의해 통증이 발생하는 것이

가 전완부의 외회전 상태에서 3차원 컴퓨터단층촬영(3-dimen-

다. 전완을 내회전하고 손목을 굴곡한 상태에서 척측 변위를 시켜

tional computed tomography)으로 측정한 척골과 월상골 간의

보는 이학적 검사에서 통증이 발생하면 척골 경상돌기 충돌 증후

가장 짧은 거리(ulnolunate distance)가 평면상으로 측정된 척골

군을 의심해 볼 수 있다. 또한 단순 방사선검사(Fig. 5A) 및 자기공

변위보다는 척골 충돌의 가능성 평가에 더 유용하다는 연구 결과

명영상 검사(Fig. 5B)에서 척골 경상돌기 끝부분과 삼각골의 연골

A

B

C

Fig. 3. Diagnostic images of ulnar impaction syndrome (UIS), showing a cyst, a bruise in the ulnar carpal bone, and triangular
fibrocartilage complex wear, which indicate UIS. (A) Simple radiography. (B) T1-weighted coronal magnetic resonance imaging (MRI). (C)
T2-weighted MRI.
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A

B

C

Fig. 4. Difference of the ulnocarpal distance (UCD) in the same patient. Measuring the UCD on 3-dimentional computed tomography (3D
CT) can present the most accurate value. (A) Posteroanterior simple radiography. (B) Lateral simple radiography. (C) 3D CT image.

A

B

C

Fig. 5. Diagnostic images of ulnar styloid process impaction syndrome. (A) Simple radiograph shows a very large, elongated ulnar styloid
process. (B) Magnetic resonance imaging shows the presence of a cyst in the triquetrum. (C) Nuclear scintigraphy (bone scan) reveals hot
uptake in the ulnar styloid process and its corresponding triquetrum.

하 경화(subchondral sclerosis)와 삼각골의 낭종이, 뼈스캔

나 그렇지 않은 경우도 있어 주의를 요한다. 긴 척골 양성 변위를

(bone scan)검사에서 삼각골 및 척골 경상돌기의 골 흡수 증가

가진 경우, 같은 정도의 손목 사용 또는 척수근 관절의 부하에 척

(hot uptake)의 소견이 보일 수 있다(Fig. 5C) [7,8].

골 충돌 증후군이 더 쉽게 발생한다. 그러나 척골 충돌 증후군의

척골 충돌 증후군이 발생하였을 경우 척골이 길수록 심한 척골

증상 정도 및 발생 여부는 개개인의 일상 생활과 직업을 위한 손목

충돌 증후군을 유발하고 그 통증도 심할 것이라고 생각할 수 있으

사용 및 척수근 관절의 부하 정도에 의해 좌우되므로, 척골 변위의
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길이로 증상의 경중을 판단할 수 없다. 척골 충돌 증후군이 발생한

않거나 직업적인 이유로 손목을 계속 사용해야 하는 경우 수술적

지 오래된 경우 단순 방사선검사에서 척골두, 월상골 또는 삼각골

치료를 시행하여야 한다[6,10].

의 낭종, 골미란, 또는 연골하 경화 등의 골 변화가 관찰되는 경우
가 많으나 이러한 골 변화의 유무로 척골 충돌 증후군의 유무를 판

2. 수술적 치료(Surgical treatment)

단할 수 없다. 따라서 척골 충돌 증후군의 진단에서 가장 중요한

척골 충돌 증후군의 수술적 치료 방법에는 원위 척골 간부 단축

점은 척골 충돌 증후군의 특징적인 증상의 존재 여부이며 단순 방

절골술(distal diaphyseal ulnar shortening osteotomy, 척골

사선검사 결과는 척골 충돌 증후군이 존재할 가능성을 가늠하는

단축술), 원위 척골 간단부 단축 절골술(distal metaphyseal ul-

데 그 의미를 두어야 할 것이다. 척골 충돌 증후군의 특징적인 증

nar shortening osteotomy), wafer 술식(wafer procedure), 원

상과 이학적 검사에 척골 충돌의 소견이 보이고 동시에 자기공명

위 요골 연장술(distal radius lengthening osteotomy) 등 다양

영상 검사에서 척수근 관절의 퇴행성 변화가 존재하면 척골 충돌

한 술식이 있다[24-27].

증후군으로 진단할 수 있다[21,22].

적합한 술식의 선택
4. 감별진단(Differential diagnosis)

1926년 Milch [29]에 의해 처음 척골 단축 절골술이 보고된 이

척수근 관절 주변의 모든 골, 인대, 건, 연골, 혈관 및 신경의 이

후 척골 충돌 증후군의 가장 보편적인 술식은 원위 척골 단축술이

상이 척측 손목 통증을 유발할 수 있다[5]. 손목 부위는 해부학적

며 그 임상 결과도 만족스럽다(Fig. 6A) [25,28,29]. 원위 척골 단

구조가 조밀하고 복잡하므로 감별진단이 어려우나 피부 및 연부조

축술은 척골 변위가 매우 긴 경우에도 필요한 만큼 단축을 시행할

직이 얇아 신체 검진 시 특정 부위의 압통 유무로 이상을 가늠할

수 있으며 최근 개발되어 널리 사용되는 척골 단축 절골 시스템

수 있으므로 환자의 초기 진단 시 신체 검진법 중 척골 충돌 증후

(ulnar shortening osteotomy system)이 있어 비교적 쉽게 수술

군의 감별진단에 가장 유용한 것은 압통(tenderness)이 어느 부위

을 시행할 수 있고 척골 단축 후 전완부 골간막의 원위 사형대(dis-

에 있는지를 알아보는 것이다[5]. 척골 충돌 증후군의 감별진단을

tal oblique interosseous ligament)의 견인으로 원위 요척 관절

위해서는 세심한 신체 검진과 영상 검사 결과를 종합적으로 해석

의 안정성 증진에 도움을 줄 수 있다는 장점이 있다(Fig. 7 [30])

해야 하고, 진단이 모호한 경우 진단적 손목 관절경 시행을 고려하

[12,25,28,31-35]. 그러나 원위 척골 간단부 단축술 후 불유합, 지

여야 한다[3]. 또한 척골 충돌 증후군과 다른 손목 척측의 이상이

연유합이 발생할 수 있으며, 금속판 자극 증상으로 금속판 제거술

동반되는 경우가 많으므로, 척골 충돌 증후군과 동반 이상을 동시

이 필요한 경우가 많다. 금속판 제거 후 재골절의 발생, 척골 단축

에 치료하여야 만족스러운 치료 결과를 기대할 수 있다.

으로 조장된 원위 요척 관절의 불일치에 의한 관절염이 발생할 수
있으며, 비교적 긴 피부 절개가 필요하다[12,31-34]. 약 40%의 환

척골 충돌 증후군은 어떻게 치료하여야 하
는가?

자에서만 원위 사형대가 존재하므로 척골 단축 후 원위 요척 관절

1. 비수술적 치료(Conservative treatment)

할 수 있는 좋은 술식이다(Fig. 6B). 원위 척골 간단부 단축 절골술

의 안정성 증진의 효과가 없을 수도 있다[31,34].
원위 척골 간단부 단축 절골술도 원위 척골 간부 절골술을 대체

수술적 치료를 시행하기 전 손목관절 부목 고정(splinting), 비

은 원위 척골 간부 절골술 후 다시 절골술을 시행해야 하는 경우,

스테로이드성 소염 진통제(nonsteroidal anti-inflammatory

골질이 좋지 않거나 흡연 등의 이유로 절골부의 골 유합에 문제가

drugs) 복용, 재활 치료, 척수근 관절 내 스테로이드 주사 등의 보

발생할 가능성이 큰 경우 상대적으로 골유합에 용이한 원위 골 간

존적 치료를 시도해 볼 수 있다. 보존적 치료에서 중요한 점은 척

단부 절골술을 시행할 수 있다. 원위 척골 간부 절골술에 비하여

수근 관절의 반복적인 스트레스를 피하기 위해서는 생활습관을 개

상대적으로 작은 피부 절개로 수술을 시행할 수 있으며 필요 시 동

선하여 손목의 척측 변위 상태에서 반복적으로 전완부를 회전시키

일한 절개선을 이용하여 삼각 섬유연골 복합체 봉합술을 시행할

는 동작을 피해야 한다는 것이다[5]. 척수근 관절에 스테로이드를

수 있다는 장점이 있다[36]. 그러나 원위 척골 단축술과 마찬가지

직접 주사하는 것은 치료적인 목적과 동시에 진단적인 목적으로도

로 금속판에 의한 자극 증상이 발생하는 경우가 있어 주의를 요하

사용될 수 있으나, 일시적인 효과를 나타내는 경우가 많다. 반복적

며, 상대적으로 견고한 고정을 할 수 없어 조기 관절 운동에 불리

인 스테로이드의 주사는 손목관절의 감염, 연골 독성(chondro-

할 수 있다. 너무 원위부에서 절골을 하면 척골두의 무혈성 괴사

toxicity)에 따른 연골 손상, 골괴사(osteonecrosis) 등의 합병증

(avascular necrosis)가 발생할 수 있으며 전적으로 수기에 의존

발생 우려가 있으므로 주의를 요한다. 척수근 관절 내 스테로이드

한 절골술(freehand technique)을 시행하여야 하므로 다소 수술

주사 치료를 시행할 때에는 3개월 이상의 간격을 두어 최대 2회까

이 어려울 수 있다. 또한 척골 단축 후 원위 사형대의 견인에 의한

지 시행할 것을 권장한다[23]. 보존적 치료에도 증상이 조절되지

원위 요척 관절 안정성 증진을 기대할 수 없다는 단점이 있다
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A

B

C

Fig. 6. Representative surgical techniques for ulnar shortening. (A) Distal diaphyseal ulnar shortening osteotomy (USO). (B) Distal
metaphyseal USO. (C) Wafer resection.

Fig. 7. After proximal shortening osteotomy to distal oblique band, the tightened distal oblique band can enhance distal radioulnar joint
stability. Reprinted from Cha and Shin [30] according to the Creative Commons license.

[36,37].

술은 작은 절개 혹은 관절경을 이용하므로 원위 척골 간단부 또는

1992년 Feldon 등[38]은 척골 충돌 증후군의 수술적 치료법으

간부 단축 절골술에 비하여 덜 침습적이고, 삼각 섬유연골 복합체,

로 척측 수근 관절 내 충돌의 원인이 되는 척골두의 일부를 절개를

월상 삼각인대, 척측 수근골 및 척골두의 척수근 관절의 퇴행성 변

통해 절제하는 wafer 절제술을 보고하였다(Fig. 6C). Wafer 절제

화를 직접 확인하고 필요 시 변연 절제술이나 봉합술을 동시에 시
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행할 수 있으며, 원위 요척 관절의 불일치를 조장하지 않아 원위

사형 절골 후 지연 나사(lag screw)의 삽입이 중요하였다[45]. 또

요척 관절의 관절염이 발생하지 않고, 수술 후 고정 기간이 짧아

한 절골 시 필연적으로 발생하는 절골부의 열 손상, 절골부의 수술

일상생활로의 복귀가 빠르다는 장점을 가지고 있다[39]. 그러나

적 도달 시 발생하는 골막 및 주변 연부조직으로의 국소 혈액 순환

wafer 절제술은 2–3 mm 이상의 척골 양성 변위가 있는 경우 충

의 파괴도 골유합에 영향을 미칠 수 있다. 수술적 도달 시(surgical

분한 절제가 어렵고 원위 요척 관절의 손상을 발생시킬 수 있으며,

approach)시 골막을 보존한 후 고속 전기톱(high speed saw)으

Palmer 2C형 이상의 삼각 섬유연골 복합체의 퇴행성 변화가 동반

로 절골술을 시행하여 과도한 열 발생을 예방하고, 찬 생리 식염수

된 경우에만 시행할 수 있다는 단점이 있다[40,41]. 보고에 의하면

를 통해 지속적으로 절골부의 열 발생을 줄이면 절골부 유합에 도

wafer 절제술 후 수개월간 척수근 관절부의 통증을 호소하는 경우

움이 된다[45-47].

가 많아 단기 추기 결과는 만족스럽지 못하였으나, 장기 추시 결과

전통적으로 척골 충돌 증후군의 수술적 치료를 위한 척골 단축

는 다른 척골 단축 절골술과 같이 만족스러운 결과를 보였다[41].

은 척골 중립 또는 척골 음성 변위 1 mm를 목표로 시행하였으므

Palmer 2C형 이상의 삼각 섬유연골 복합체의 퇴행성 변화가 동반

로 긴 척골 양성 변위를 가진 경우 과도한 단축으로 원위 요척 관

되어 있으면서 2 mm 이내의 작은 척골 양성 변위로 척골두의 많

절염이 조장되는 문제가 있었다[18]. 그동안 척골 단축술 후 발생

은 절제가 불필요하거나 원위 요척 관절의 관절염이 발생하여 척

하는 원위 요척 관절의 관절염은 증상을 유발하지 않는다는 의견

골 단축술을 시행하지 못하는 경우, 미용적인 요구가 높은 경우에

이 지배적이었으나 최근 증상을 유발한다는 연구 결과가 있어 논

wafer 절제술이 척골 단축술을 대체할 수 있는 좋은 술식이 될 수

란이 있다. 이러한 원위 요척 관절염은 3 mm 이상의 척골 단축술

있을 것이다[26,40,42].

을 할 경우, 관상면상 역사형(reverse oblique type)의 원위 요척
관절인 경우 더 잘 발생한다(Fig. 8) [18,33,34,48-50]. Palmer와

바람직한 절골술을 위한 고려 사항

Werner [50]는 사체를 통한 생체 역학 연구(biomechanical

Milch [29]가 처음으로 횡형 절골술(transverse osteotomy)을

study)에서 2.5 mm의 척골 단축만으로도 척수근 관절의 부하를

보고한 이후로 사형 절골술(oblique osteotomy), 계단형(step-

총 손목 부하 기준 18%에서 4%로 충분히 줄일 수 있다는 연구 결

cut osteotomy) 등 여러 방향의 절골술이 소개되었다[43]. 그중

과를 보고했으며, 원위 요척 관절이 발생하였을 경우 수술 결과가

현재 흔히 사용하는 절골술의 술식은 횡형 또는 사형 절골술인데,

좋지 못했다는 보고도 있어 원위 요척 관절염의 발생 문제를 간과

과거 수기에 의존한 절골술을 시행하였으나 현재 절골 시스템을

하기는 어렵다[33,34,49]. 그러나 충분한 단축을 하지 못해 증상이

통한 절골술이 대중화되어 더욱 정밀한 절골술이 가능하다[44]. 과

잔존할 가능성도 있으므로 적절한 척골 단축 길이 선정에 대해 향

거 사형 절골술이 절골 정복 후 접촉면이 더 넓어 골유합에 도움이

후 더 많은 연구가 필요하다[17,32,33,48,49]. 최근 척골 단축술

된다고 하였으나 최근의 연구에 의하면 절골술 후 골유합에 미치

후 원위 요척 관절염 발생과 원위 요척 관절의 삼차원적인 구조와

는 주요 수술적 요인은 절골 부위의 정복 후 발생하는 간격의 정도

의 상관관계에 대한 연구가 있었다[51]. 축상면(axial plane)에서

와 절골부 고정력의 정도였으며 절골의 방향 자체에 따른 골유합

직선형(linear type; Fig. 9A)보다 곡선형(curved type; Fig. 9B)

의 차이는 없었다[45]. 절골부의 정복 간격(osteotomy reduction

의 원위 요척 관절에 관절염 발생이 더 잘 발생할 수 있다는 연구

gap)이 작을수록 빠르게 유합이 되었으며 절골부 정복 간격을 줄

결과로, 적절한 척골 단축 길이의 선정에 도움이 된다 하겠다.

이는 데 척골 단축 절골 시스템을 통한 평행한(parallel) 절골술,

A

척골 충돌 증후군 환자에서 원위 척골 간부 절골의 부위는 주로

B

C

Fig. 8. Tolat et al.'s [48] three basic distal radioulnar joint configurations on the midcoronal plane. (A) Type 1, parallel type: the apposing
joint surfaces are parallel to the longitudinal axis of the ulna. (B) Type 2, oblique type: the apposing joint surfaces are oblique (the
sigmoid notch angle being positive). (C) Type 3, reverse oblique type: the apposing joint surfaces are in reverse oblique (the sigmoid notch
angle being negative).
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A

B

Fig. 9. Types of the distal radioulnar joint in the axial plane. (A) Linear type. (B) Curved type [51].

척골의 원위 1/3 부위에서 척골 단축을 시행하여 왔으나 이상적인

금속판 자극 증상 발생에 영향을 미치고 배측 금속판 고정술에서

척골 절골 부위에 연구된 바는 없다. 그러나 전완부 골간막에 존재

악력이 더 좋았다는 보고들을 참고할 때[54,57], 얇은(low pro-

하는 원위 사형대의 척골 부착부 근위측에서 척골 단축을 시행하

file)의 금속판을 이용하여 배측 금속판 고정술을 하는 것이 좀더

면 원위 요척 관절의 안정성에 더 도움이 된다는 최근의 연구 결과

합리적인 방법이 될 수 있을 것으로 생각된다.

로 볼 때, 척골 단축 시 원위 사형대의 척골 부착부보다 근위부에
서 시행하는 것이 원위 요척 관절의 안정성 교정에 도움이 될 것이

동반 병변에 대한 고려

다[31]. 이때 전완부 골간막에 존재하는 중앙대(central band)도

척골 충돌 증후군은 만성적인 경과를 거치면서 척수근 관절 주

원위 사형대의 척골 부착부보다 근위측에 부착하며 요골 및 척골

변의 다른 퇴행성 변화도 초래할 수 있으므로 척골 충돌 증후군의

사이의 안정성을 좌우하는 가장 중요한 인대이다. 따라서 원위 사

치료와 동시에 다른 퇴행성 병변에 대하여서도 치료를 시행하여야

형대의 근위측에서 절골술을 시행할 때 호만 견인기(Hohmann

한다. 삼각 섬유연골 복합체의 복합 파열(complex tear) 및 원위

retractor) 등으로 충분한 보호 하에 절골술을 시행하여야 하며 가

요척 관절의 불안정성, 월상 삼각인대의 퇴행성 파열 및 불안정성,

급적 중앙대 부착 부위에서의 절골술을 피하는 것도 대안이 될 수

척수근 신건염 및 척수근 신건의 불안정성(아탈구 및 탈구)이 대표

있을 것이다. 원위 사형대와 중앙대의 척골 부착부는 수술 도중

적이다[6].

C-arm 영상을 촬영을 통해서 확인할 수 있다. 방형 외내근이 척골

척골 충돌 증후군이 발생한지 오래 되었거나 단기적으로 과도한

에 부착하는 능선(ridge) 바로 근위측에서 원위 사형대가 부착하

손목 사용에 의해 척수근 관절에 스트레스가 집중되는 경우 삼각

고, 그 능선은 근위측으로 볼록한(convex) 척골의 윤곽선으로 이

섬유연골 복합체의 관절 연골판에 수평상(horizontal) 파열(Fig.

행하는데, 이러한 볼록한 윤곽선의 바로 근위측이 중앙대가 부착

10A)이나 방사상(radial) 파열(Fig. 10B)이 발생할 수 있다. 이는

하는 부위이다[31,52,53].

척수근 관절 내에서 기계적 자극(mechanical irritation)을 발생

척골 단축술 후 금속판에 의한 연부조직의 자극(soft tissue ir-

시킬 수 있으므로 손목 관절경 술기를 이용하여 삼각 섬유연골판

ritation)으로 금속판을 제거하는 경우가 많으며 금속판 제거율은

의 부분 절제술을 시행하여야 한다. 또한 삼각 섬유연골 복합체의

0%에서 64%까지 연구에 따라 다양하다[54]. 상대적으로 연부조직

심부 섬유 파열(deep fiber tear, foveal tear)이 발생할 수 있으

이 앏은 배측에서 금속판 고정을 하는 경우가 장측에서 금속판 고

며 이러한 경우 파열부를 척골두에 다시 부착해 주는 봉합술을 시

정술을 하는 경우보다 금속판 제거율이 더 높았다는 연구가 많다

행하여야 원위 요척 관절의 불안정성을 바로잡아 좋은 임상 결과

[55]. 그러나 장측에서 금속판 고정술을 시행하는 경우에 금속판을

를 기대할 수 있을 것이다[58]. 삼각 섬유연골의 퇴행성 파열의 존

제거하는 경우가 더 많았다는 연구 결과도 있으며[54], 장측, 배측,

재 여부는 술 전 완벽히 파악할 수 없는 경우가 많아 척골 단축술

척측에서 금속판 고정술을 비교한 연구에서는 세 부위 모두 금속

시 진단적 손목 관절경을 동반하여 시행하는 것이 권장된다[59].

판 제거율에 차이가 없었다고 보고하기도 하여[56] 아직 적절한 금

특히 삼각 섬유연골 복합체의 심부 파열로 인한 원위 요척 관절의

속판 고정 위치의 선정에 논란이 있다. 금속판의 두께(profile)가

불안정성이 확인되면 척골두에 재부착하는 봉합술을 시행하여야
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A

B

Fig. 10. Two components of a complex triangular fibrocartilage complex tear in ulnar impaction syndrome. They can induce mechanical
irritation and pain in the ulnocarpal joint and need arthroscopic management for satisfactory results. (A) Horizontal tear. (B) Radial tear.

좋은 임상 결과를 거둘 수 있다[60].
척골 충돌 증후군에서 월상 삼각골간 인대 근위부의 국소 손상

결론

은 흔히 발생하나 장측 또는 배측 인대의 퇴행성 파열이 발생하여

척골 충돌 증후군의 만족스러운 치료 결과를 위해서는 정확한

심한 관절 불안정성을 초래하는 경우는 흔치 않다[6,61]. 그러나

진단 및 세심한 치료가 필요하다. 척골 충돌 증후군과 척측 손목

이러한 불안정성이 존재하는 경우 척골 단축술과 동시에 월상 삼

통증을 발생시키는 다른 이상과의 상호 감별이 척골 충돌 증후군

각 관절의 불안정성에 대한 치료를 동시에 시행하지 않으면 만족

의 정확한 진단을 위한 첫걸음이며, 증상, 이학적 검사, 영상 검사

스러운 임상 결과를 거두기 어렵다[61]. 월상 삼각 관절 불안정성

소견을 종합 판단하여야 한다. 보존적 치료가 효과가 없거나 손목

의 존재 여부에 대하여 술 전 면밀한 검토가 필요하며, 불안정성이

사용을 줄일 수 없는 경우 수술적 치료를 시행하여야 한다. 수술적

의심되는 경우 수술 도중 중수근 관절(midcarpal joint)의 관절경

치료법은 환자의 상태 및 주변 사항을 고려하여 신중하게 선택하

검사를 시행하여야 한다. 불안정성이 심하지 않은 경우 척골 단축

여야 하며 손목 척측의 동반 이상에 대하여서도 동시에 치료를 시

술만으로도 척수근 관절의 견인 효과에 의해 불안정성의 호전을

행하여야 만족스러운 치료 결과를 기대할 수 있다.

기대할 수 있으나, Gessler IV 단계의 심한 불안정성이 존재하는
경우 척골 단축술과 동시에 월상 삼각 인대의 봉합술 또는 후방 관
절막 고정술(dorsal capsulodesis) 등의 수술적 치료가 필요하다
[17,61].
척골 충돌 증후군이 만성적으로 진행한 경우 제6신전대에도 퇴
행성 변화를 초래하여 척수근 신건염이 발생하거나 척수근 신건의
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척골 충돌 증후군: 어떻게 진단하고 치료하여야 하는가?
석현식1, 박종웅2, 강종우3
1
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척골 충돌 증후군(ulnar impaction syndrome)은 척수근 관절(ulnocarpal joint)의 반복적인 충격에 의한 인대 및 연골의 퇴행성 변화와
척측 손목 통증(ulnar-sided wrist pain)을 유발하는 대표적인 질환이다. 손목의 척측은 해부학적 구조가 복잡하고 조밀하며 모든 해부학적
구조의 이상은 척측 손목 통증의 원인이 될 수 있으므로 척골 중돌 증후군과 명확한 감별진단이 필요하다. 따라서 증상의 양상, 신체 검사,
영상검사 소견을 종합한 섬세하고 주의 깊은 진단이 중요하다. 척골 충돌 증후군은 적절한 보존적 치료에 반응이 없는 경우 수술적 치료를
시행하여야 한다. 척골 충돌 증후군의 수술적 치료 후 만족스러운 임상 결과를 위해서는 환자의 상태 및 주변 상황을 종합적으로 고려하여
적합한 수술적 치료법을 선택하여야 하며 손목 척측의 동반 질환 또는 손상에 대하여도 동시에 치료하여야 한다.
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Purpose: No consensus exits regarding preoperative skin antisepsis for upper extremity surgery. We aimed to determine whether the use of povidone-iodine only (single
regimen) instead of povidone-iodine and alcohol-chlorhexidine (triple regimen) resulted in an increased rate of surgical site infection (SSI), and to detect any associated
factors that increased the infection risk.
Methods: A cross-sectional, retrospective review of medical records was conducted
for patients who underwent upper extremity surgery from March 2020 to February
2021. Either the single or triple regimen was used for preoperative skin antisepsis. The
rate of SSI was compared based on a marked elevation of C-reactive protein (CRP) at
2 weeks after surgery, superficial SSI, and deep SSI. Logistic regression analysis was
performed to identify factors associated with SSI among the evaluated parameters.
Results: Among 175 patients (male, 81 and female, 94), the single regimen was used
in 78 patients (44.6%) and the triple regimen in 97 patients (55.4%). The single regimen (odds ratio [OR], 2.425; 95% confidence interval [CI], 1.040–5.655) and a surgical
procedure using a metal implant (OR, 3.602; 95% CI, 1.184–10.953) were significantly
associated with a marked CRP elevation at 2 weeks. However, there was no difference
in SSI rates between the single and triple regimens. Diabetes mellitus (OR, 6.636; 95%
CI, 1.259–34.969) was the only factor significantly associated with superficial SSI
through logistic regression analysis.
Conclusion: Our study suggests that the single regimen resulted in a longer CRP elevation than the triple regimen, but was similarly effective in preventing SSI for upper
extremity surgery.
Keywords: Skin antisepsis, Povidone-iodine, Surgical wound infection
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The prevalence of surgical site infection (SSI) ranges up to 23% in orthopedic
surgery [1,2]. The occurrence of the infection prolongs hospital stays [3], and is
associated with morbidity [4] and excess medical costs [5]. The main source of
infection is suggested the normal skin flora of the skin [6]. Therefore, appropriate
presurgical skin antisepsis of the surgical site is essential.
A guideline has been suggested for the presurgical skin antisepsis regimen in
general orthopedic surgery. Both mechanical cleansing and painting with multiple antisepsis agents are recommended as in traditional [7]. However, it is timeand cost-consuming, and excessive scrubbing the skin risks release of the bacteria
harbored in the pores of the dermis [8]. Various alternatives to the traditional
methods of presurgical antisepsis have recently been used, such as chlorhexi119
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dine-gluconate spray, iodophor-in-alcohol paint, and market
soap scrub with alcohol paint [9,10].
To our knowledge, there have been no studies of the association between antisepsis regimens and SSI in upper extremity
surgery. In our institute, using povidone-iodine only and using
povidone-iodine and alcohol-chlorhexidine painting with skin
scrubbing have both been attempted as skin antisepsis before
upper extremity surgery. The purposes of this study were to determine if the use of povidone-iodine only during skin preparation resulted in increased rate of SSI after upper extremity
surgery, and to detect any associated factors that increase the
infection risk.

Methods
Ethics statement: Institutional approval for this study was obtained from the Institutional Review Board of Institutional Review Board of Seoul National University Boramae Medical
Center (No. 20-2020-321). This study was a cross-sectional,
retrospective review of medical records. As the study did not
involve any further intervention on patients, we were given an
exemption for written consent.

1. Study sample

We enrolled patients who underwent upper extremity surgery at a single institute from March 2020 and February 2021
and who were followed up postoperatively for at least 3 months.
During the period, the method of presurgical antisepsis was
decided by the preference of the chief resident between using
povidone-iodine only (“single regimen”) and using iodine-alcohol-chlorhexidine with skin scrubbing (“triple regimen”).
Because the surgeons did not participate in this decision, they
were not aware of how the skin had been prepared when they
started the surgery. We excluded surgeries performed for infection or abscess of the soft tissue or bone.
Before the presurgical skin preparation, a razor was used to
remove hair from the operative site. Patients in the triple regimen group underwent a vigorous 5-minute scrub using urethane sponges saturated with povidone-iodine detergent (available iodine, 0.75%). Detergent was then washed away with alcoholic chlorhexidine, before painting the operative site with
aqueous povidone-iodine solution (available iodine, 1.0%),
which was allowed to air-dry. Patients in the single regimen
group underwent painting of the operative site with aqueous
povidone-iodine solution (available iodine, 1.0%) only. Single
application of aqueous povidone-iodine solution was also allowed to air-dry.
120

Cefazolin was given as intravenous antibiotics to all patients
for prophylactic purposes. The dose differed according to the
bodyweight of the patients; –1 g for those under 70 kg and 2 g
for those over 70 kg. We administered the appropriate dose one
hour before the skin incision, and additionally if the surgery
lasted more than three hours. Because of the insurance policy,
no oral antibiotics were prescribed after the discharge that was
made 1 day after the surgery, and the patients were educated
not to check the wounds at home unless seemed contaminated.
At the follow-up visits, the routine evaluation included laboratory check-ups and inspection of the wound.

2. Clinical assessment for surgical site infection

The patients were evaluated as either marked elevation of
C-reactive proteins (CRP) at 2 weeks after surgery, superficial
and deep SSI. The level of CRP was regarded as markedly elevated if the level exceeded 1.5 mg/dL [11]. An elevation of CRP
was considered high inflammatory status. Assessment of SSI
was made following National Healthcare Safety Network [12].
If the surgical wound had at least one sign among redness,
warmth, or focal tenderness, it was diagnosed as superficial SSI
and oral antibiotics was prescribed. If the elevated CRP level
and presence of the infection signs persisted for more than 1
month after the surgery, it was diagnosed as deep SSI, and readmission was made for more aggressive management such as
intravenous antibiotics therapy or surgical debridement.

3. Data collection

We collected demographic factors, such as age, sex, and body
mass index (BMI). To evaluate risk factors associated with SSI,
presence of diabetes mellitus and smoking status were identified. For surgical factors, we checked surgical time, whether an
open incision was made for the procedure or an arthroscopic
or closed reduction procedure was performed, and whether the
surgery was emergency or elective procedure. Whether metal
implants were inserted and kept inside the body was confirmed. We also documented whether the surgical procedure
involved bony tissue or not.

4. Statistical analysis

All statistical analyses were performed using the IBM SPSS
Statistics ver. 26.0 (IBM Corp., Armonk, NY, 2006), and a
p-value of < 0.05 was considered statistically significant. We
generated descriptive statistics for all variables and assessed
distributions of continuous variables. The mean, standard deviation, and percentage were calculated. The occurrence of SSI
was compared between the single regimen group and the triple
https://doi.org/10.12790/ahm.21.0151
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regimen group using the chi-square tests. To determine which
factors are associated with the occurrence of SSI, univariate logistic regression analyses were performed for age, sex, BMI, diabetes mellitus, smoking, presurgical antisepsis regimen, and
surgical factors including use of open incision, insertion of
metal implant(s), and bone surgery. For variables with p-values
of < 0.1, we further performed multivariate logistic regression
analysis.

Results
1. Patient characteristics

Among 190 patients who were surgically treated at our hospital, 175 patients (male, 81 and female, 94) met the criteria
and were included in the study. Their average age was 52.0 ±
22.0 years, and the average BMI was 24.5 ± 3.9 kg/m2. Twenty-five (14.3%) had diabetes mellitus and 30 (17.1%) were current smoker. Surgery was performed most commonly for wrist
(87 patients, 49.7%), elbow (39 patients, 22.3%), and hand (27
patients, 15.4%). Other upper extremities included forearm (13

patients, 7.4%), finger (six patients, 3.4%), and upper arm
(three patients, 1.7%). The surgical time averaged 39.3 ± 10.7
minutes. Seventy-six among 175 procedures (43.4%) were elective surgeries. Triple regimen was used as presurgical antisepsis
in 97 patients (55.4%) and single regimen in 78 patients
(44.6%). Marked elevation of CRP at 2 weeks after surgery was
found in 27 patients (15.4%). Use of single regimen was associated with the marked elevation with odds ratio (OR) of 2.425
(95% confidence interval [CI], 1.040–5.655) (Table 1).

2. Surgical site infection between presurgical antisepsis
regimens

Superficial SSI was diagnosed in six patients (3.4%), and
deep SSI in three patients (1.7%). The rate of superficial and
deep SSI did not differ according to the regimen selection
(Table 2).

3. Associated factors with C-reactive protein elevation and
surgical site infection
The univariate logistic regression analysis showed that use of

Table 1. Demographic data of all subjects according to the presurgical antisepsis regimen
Variable
No. of patients
Age (yr)
Sex
Male
Female
Body mass index (kg/m2)
Diabetes mellitus
No
Yes
Smoking status
No
Yes
Preoperative CRP (mg/dL)
Site
Finger
Hand
Wrist
Forearm
Elbow
Upper arm
Surgical time (min)
CRP at 2 weeks, > 1.5 mg/dL

Total
175
52.0 ± 22.0

Single regimena
78
54.6 ± 19.8

Triple regimenb
97
49.9 ± 23.5

81 (46.3)
94 (53.7)
24.5 ± 3.9

34 (43.6)
44 (56.4)
24.7 ± 4.1

47 (48.5)
50 (51.5)
24.4 ± 3.8

150 (85.7)
25 (14.3)

64 (82.1)
14 (17.9)

86 (88.7)
11 (11.3)

p-value
0.162
0.521

0.642
0.214

0.911
144 (82.3)
30 (17.1)
0.24 ± 0.40

64 (82.1)
13 (16.7)
0.22 ± 0.29

80 (82.5)
17 (17.5)
0.25 ± 0.47

6 (3.4)
27 (15.4)
87 (49.7)
13 (7.4)
39 (22.3)
3 (1.7)
39.3 ± 10.7
27 (15.4)

5 (6.4)
13 (16.7)
47 (60.3)
1 (1.3)
11 (14.1)
1 (1.3)
39.6 ± 12.4
17 (21.8)

6 (6.2)
9 (9.3)
42 (43.3)
8 (8.2)
28 (28.9)
4 (4.1)
39.1 ± 9.1
10 (10.3)

0.581
0.655

0.809
0.037*

Values are presented as number only, mean±standard deviation, or number (%).
CRP, C-reactive protein.
a
Povidone-iodine, bpovidone-iodine and alcohol-chlorhexidine.
*p < 0.05, statistical significance.
https://doi.org/10.12790/ahm.21.0151
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Table 2. Occurrence of surgical site infection according to the presurgical antisepsis regimen
Single regimena (n = 78)

Triple regimenb (n= 97)

74 (94.9)
4 (5.1)

95 (97.9)
2 (2.1)

76 (97.4)
2 (2.6)

96 (99.0)
1 (1.0)

Superficial surgical site infection
No
Yes
Deep surgical site infection
No
Yes

OR (95% CI)
2.568 (0.458–14.401)

p-value
0.268

2.526 (0.225–28.389)

0.437

Values are presented as number (%).
OR, odds ratio; CI, confidence interval.
a
Povidone-iodine, bpovidone-iodine and alcohol-chlorhexidine.

Table 3. Regression outcomes between surgical site infection and other study variables
Variable
Age
Sex
Body mass index
Diabetes mellitus
Smoking
Single regimena
Surgical factors
Open incision
Metal implant
Bone surgery

CRP elevation at 2 weeks
OR (95% CI)
p-value
1.012 (0.993–1.032)
0.227
0.916 (0.401–2.090)
0.835
1.011 (0.907–1.126)
0.843
2.528 (0.938–6.816)
0.067
0.585 (0.164–2.089)
0.409
2.425 (1.040–5.655)
0.040*

Oral antibiotics restarted
OR (95% CI)
p-value
1.033 (0.983–1.085)
0.201
0.577 (0.103–3.236)
0.532
1.015 (0.826–1.248)
0.887
6.636 (1.259–34.969)
0.026*
0.993 (0.112–8.828)
0.995
2.541 (0.453–14.252)
0.289

0.970 (0.262–3.585)
3.602 (1.184–10.953)
2.130 (0.693–6.540)

0.600 (0.066–5.426)
NA
NA

0.963
0.024*
0.187

0.649

Readmission
OR (95% CI)
1.054 (0.978–1.135)
2.385 (0.212–26.797)
0.976 (0.729–1.308)
3.062 (0.267–35.099)
2.536 (0.222–28.931)
2.500 (0.222–28.096)

p-value
0.166
0.481
0.872
0.368
0.454
0.458

NA
NA
NA

CRP, C-reactive protein; OR, odds ratio; CI, confidence interval; NA, not applicable.
a
Povidone iodine.
*p< 0.05, statistical significance.

single regimen (OR, 2.425; 95% CI, 1.040–5.655) and surgical
procedure using metal implant (OR, 3.602; 95% CI, 1.184–
10.953) were significantly associated with the marked CRP elevation at 2 weeks. And diabetes mellitus (OR, 6.636; 95% CI,
1.259–34.969) was the only associating factor with superficial
SSI (Table 3).
In the multivariate analysis model including diabetes mellitus, single regimen, and metal implant, the marked CRP elevation at 2 weeks was associated with single regimen (adjusted
OR, 2.439; 95% CI, 1.022–5.822) and surgical procedure using
metal implant (adjusted OR, 3.530; 95% CI, 1.139–10.944),
only. In superficial and deep SSI, multivariate analysis was not
performed because the number of factors with a p-value of
< 0.1 was insufficient.

Discussion
Appropriate selection of presurgical skin antisepsis regimen
in orthopedic surgery is important for prevention of SSI. Two
different regimens were used for upper extremity surgeries at
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our institute in a blinded fashion, for which comparison was
made through this study. Regardless of other evaluated parameters, marked CRP elevation was associated with using single
regimen as skin antisepsis. However, rate of superficial and
deep SSI was not increased.
Use of multiple agents for antisepsis has been the standard of
care as skin antisepsis before performing general orthopedic
surgery [7]. Unlike the general standard, our study suggested
that, after the upper extremity surgeries, SSI did not increase
even when only povidone-iodine was used. This might be explained by notably low rate of SSI in upper extremity in comparison to other body parts. The high resistance to the occurrence of SSI in upper extremity can be a reason for choosing
different antisepsis regimen. Blood supply to the upper extremity is more abundant than to the lower extremity, and hygiene
control is easier [13,14]. This anatomical factor may reduce the
risk of SSIs. Shorter operation time is another reason for the
low rate of SSI. Duration of operation is an independent risk
factor for SSI [15]. Besides, despite the broadest antimicrobial
spectrum, povidone-iodine has shorter duration of activity
https://doi.org/10.12790/ahm.21.0151
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than chlorhexidine [16,17]. For upper extremity surgeries with
short operation time, necessity for using long-acting antisepsis
would have been diminished, which might have reduced the
effect of alcoholic chlorhexidine in our cases.
Results of our study do not imply that the single regimen can
substitute the triple regimen. Several studies support the use of
multiple regimens for general orthopedic surgeries [7]. Its superior antimicrobial effect is evident, especially when alcohol-chlorhexidine is included [18]. Our study also showed that
the level of CRP at 2 weeks after the surgery was higher in the
single regimen group than in the triple regimen group. This
means that postsurgical inflammation lasted longer and that
close follow-up for the SSI is required. Small number of subjects was used for this study, and the increase in the rate of SSI
may reach statistical significance in a large-population study.
Our study can serve as a reference for upper extremity surgeries performed under unfavorable conditions. Strict guidelines can sometimes limit the optimal treatment. Povidone-iodine is relatively common antisepsis that is also used for simple
wound care. Therefore, it can be used in urgent situations
where invasive procedure is, though, necessary. Moreover, surgical practices that adhere to strict antisepsis guideline might
not be possible in developing countries because of cost and
available antisepsis agents, for which regimen of using povidone-iodine only can be attempted according to results of our
study.
There are several limitations in this study. First, this was not
a prospective randomized study. Second, as surgical factors, we
evaluated whether an open incision was used, whether metal
implant was inserted, and whether the surgery involved the
bony tissue. However, other factors such as length of the incision site may also affect the infection risk, which was not evaluated. Third, the local bacterial load was not calculated. Fourth,
because of the insurance policy, the CRP measurement could
not be made at other perioperative periods except 2 weeks after
surgery, unless SSI was suspicious. This limited the evaluation
of the postoperative CRP level to be made only once in most of
the patients who did not experience the SSI.

Conclusion
Use of triple regimen has been the standard of care for preoperative skin antisepsis in the orthopedic field. Our study suggests that single regimen of using povidone-iodine alone could
be similarly effective in preventing SSI after upper extremity
surgeries.
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Purpose: Conventional osseointegration systems have been applied in patients requiring transhumeral or transfemoral amputation. However, the application of these systems to transradial amputation is limited by the small diameter of the radius and ulna.
Our study compared the biomechanical stability of a novel osseointegration system
with that of a conventional system used in transradial amputation through an analysis
of finite element (FE) models.
Methods: We established three-dimensional FE models of transradial amputations,
which were osseointegrated with both the novel and conventional systems. External
loads were applied to the FE models with compressive force and tensile force along
the long axis, horizontal shear force, and vertical shear force. The maximum equivalent
stress (MES) and the distribution of stress through the radius and ulna were evaluated.
Results: The MES of the radius and ulna was higher in the conventional system when
compressive, tensile, and vertical shear forces were applied. However, when a horizontal shear force was applied, the opposite result was found. The distribution of stress
was more effective in the novel system.
Conclusion: Three-dimensional FE modeling showed that the novel system enabled a
lower stress level and a more even distribution of stress for osseointegration in transradial amputation.
Keywords: Finite element analysis, Transradial amputation, Osseointegration

Introduction

2022 by Korean Society for Surgery of the Hand,
Korean Society for Microsurgery, and Korean Society for Surgery of the Peripheral Nerve.
This is an open-access article distributed under
the terms of the Creative Commons Attribution
Non-Commercial License (http://creativecommons.
org/licenses/by-nc/4.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work
is properly cited.

www.handmicro.org

Transradial amputation may result from a congenital condition, trauma, infection, or tumor [1]. In the cases of upper-extremity amputations, trauma is the
leading cause, accounting for 80% of acquired amputations and occurring most
often in men aged 15 to 45 years. Meanwhile, the second most prevalent cause is
tumor and vascular complications of diseases [2]. In the United States, the prevalence of amputations was 1.6 million in 2005, with projections suggesting this
prevalence may double by the year 2050 [3].
The upper extremities are highly complex limbs with neurovascular bundles,
lymphatics, muscles, and bones that come together to form a functional appendage used during daily activities [2]. As such, the loss of the wrist and/or hand
leads to functional and psychological problems. Depending upon the level of amputation, various clinical considerations exist; ultimately, the goal in any amputa125
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tion is to save all viable tissue as this directly correlates with
improved functional status [4,5]. Lee et al. [6] reported that
close proximity of the amputation site to the elbow significantly
decreased residual function, including forearm rotational
movement. Therefore, it is important to preserve the length of
the radius as much as possible.
Currently, only a few osseointegrated transcutaneous prosthetic systems (such as OPRA system [Integrum AB, Mölndal,
Sweden] and ITAP system [Stanmore Medical Group, Stevenage, UK]) for use in humans exist but none are approved for
general use in the United States [7,8]. Conventional osseointegration systems have been applied to transhumeral (OPRA system and ITAP system) and transfemoral amputations (OPRA
system and ISP Endo/Exo prosthesis [ESKA Implants AG, Lubeck, Germany]). However, the application of these systems in
patients requiring transradial amputations has limitations due
to the small diameter of the radius and ulna. The average intramedullary canal diameter of the humerus is 14.5 mm (range,
9.4–20.5 mm) [9], while the average diameter of the medullary
cavity of the distal shaft of the radius is 6.7 mm (range, 6.1–7.3
mm) and the minimum diameter of the ulna medullary cavity
is 4.2 mm (range, 2.0–6.7 mm) [10,11].
In a review of the literature, no biomechanical study about
osseointegrated implants for the transradial amputee was
found. Because major upper-extremity amputees account for
only 8% of the 1.5 million individuals living with limb loss [3]
and upper-extremity loss does not affect weight-bearing [11];
therefore, the importance of upper-extremity amputation is
lowered. In addition, it is important to recover the fine-movement capacity of the upper extremity, especially the hand and
wrist, so it is considered to be because the difficulty is higher
than that of the lower-extremity reconstruction. Applying a
small implant with the same design as the conventional system
can increase the risk of periprosthetic fracture due to stress
concentration in the forearm bone. Through these points, the
need for a new design for osseointegration in the forearm
bones has emerged.
From these points, we made a new design implant with several modifications. And in a similar way to Kaku et al. [12] and
Liu et al. [13], our study aimed to evaluate the stress-distribution pattern and biomechanical stability of a novel osseointegration system and to compare it with that of the conventional
system in transradial amputation using a finite element (FE)
model. The FE model is a mature, validated technique based on
three-dimensional (3D) computed tomography (CT) datasets
that integrate structure to estimate bone strength under various
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loading conditions and is increasingly helpful in the preclinical
testing of orthopedic areas [14]. The FE model divides the target into a finite number of small elements and enables precise
prediction and analysis of situations through computer modeling. We hypothesized that the novel system would reduce the
stress intensity and more evenly distribute stress loading
throughout the radius and ulna.

Methods
Ethics statement: This study was conducted after obtaining approval from the Institutional Review Board of Hanyang University
Hospital (No. 2020-07-017). We obtained informed consent from
the patient.

1. Finite element modeling

We established 3D FE models of transradial amputations,
which were osseointegrated with novel and conventional systems. We used the Ansys Workbench ver. 17.0 software program (Ansys Inc., Canonsburg, PA, USA) to create FE models.
Two FE models were created, one representing a transradial
amputation with a conventional osseointegration implant and
the other representing the same forearm bones with a novel osseointegration implant. The geometry of the forearm bones was
acquired from CT scans (slice thickness, 1 mm) of a 34-yearold male patient’s forearm bones. For reading CT data, an
open-source software (InVesalius) was used, and the computer-aided design exchange program was used to convert CT data
into 3D remodeling format files. Because the implant had to be
newly designed according to the curvature of the radius and
ulna, Vascular Modeling Toolkit program was used to extract
the centerline of the shape with curvature. The main cause of
transradial amputation is trauma (up to 80%), which occurs in
young men (aged 15–45 years) [2], so we set the FE model to
incorporate the normal bone mineral density of a typical young
man. The amputated radius and ulna model represented the
most functional osteotomy level of 18cm below the olecranon
tip [6]. The surface-shape contours of the two implants were
fitted in both forearm bones and implemented into the FE
models. In this process, we designed the FE model under two
conditions. First, the implants with the same outer diameter of
the intramedullary part were assumed to be in close contact
with the bone. Second, the implant and bone were bonded to
represent full osseointegration. For FE models analysis, Ansys
program was used, and only default values were used.
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relevant named guidelines and regulations.

2. Material properties

The FE model was fixed at the end of the amputation level of
the radius and ulna and the interface between the implant and
bone was modeled as a continuous bond. This arrangement
implies ideal osseointegration was achieved without any relative motion at the interface. In other words, the implant was
rigidly anchored in the bone, showing a fixed and similar type
of bond at all prosthesis material interfaces. And we set the
proximal end of the radius and ulna as a fixed condition. The
biomechanical properties of the radius and ulna bones were
composed of cortical bone and cancellous bone. The setting
values are described in Table 1. And for the implant properties,
we used the properties of titanium alloy provided by Ansys.

3. Loading conditions and measurements

External loads were applied to the FE models with compressive and tensile forces measuring 60 N along the long axis
(Z-axis). Horizontal shear force (X-axis) and vertical shear
force (Y-axis) to the FE models were similarly applied at a
strength of 60 N. Various external loads have been applied in
biomechanical studies on the forearm. We assumed that 60 N is
the appropriate size for transradial amputee referring to Santoni et al.’s study [15]. Previous studies showed horizontal shear
force is a force assuming a stress situation that occurs when radial and ulnar deviation movements occur in the wrist. Vertical
shear force is a force assuming a stress situation that occurs
during flexion and extension movements in the wrist and elbow. The maximum equivalent stress around integrated implants in the radius and ulna was calculated. Also, the
stress-distribution pattern of the load applied to the whole
length of the radius and ulna was evaluated in three sections
(Fig. 1). All experiments were performed in accordance with
Table 1. Bone material properties
Material property
Young’s modulus (MPa)
X direction
Y direction
Z direction
Poisson’s ratio
XY
YZ
XZ
Shear modulus (MPa)
XY
YZ
XZ

Cortical bone

Cancellous bone

6,900
8,500
18,400

680
1,210
2,050

0.42
0.31
0.32

0.14
0.10
0.11

2,400
4,900
3,600

330
600
400

https://doi.org/10.12790/ahm.21.0148

4. Implant design

Currently, there is no osseointegration system commercially
available for transradial amputees. However, there have already
been some tests to apply the existing osseointegration system
modeled after the shape of a transhumeral or transfemoral implant applied in clinical cases. The conventional osseointegration system incorporates three main components: a threaded
titanium implant (the fixture), a skin-penetrating cylindrical
implant (the abutment), and a titanium screw (the abutment
screw) [16]. A new implant was designed by modifying several
points in the conventional osseointegration system (Fig. 2);
specifically, we designed to allow proximal screw fixation to
achieve initial rotational stability in the novel osseointegration
system. The surface of the implant was treated with a porous
coating so that bony ingrowth could occur better in the distal
part of the implant, while a longitudinal groove was devised to
increase the contact area. In addition, the radius and ulna have
a slight curvature (bowing); so, to reduce the occurrence of iatrogenic damage such as cortical breakage or fracture. And the
diameter of the implant’s middle area was designed smaller so
as to be more easily bent, facilitating greater adaptation during
the implant-insertion process. Finally, the stem was designed to
be longer to reduce the stress concentration at the proximal end
of the integrated implant and to distribute the stress more
broadly throughout the radius and ulna.

Results
When a loading force of 60 N was applied on the implant
along the Y-axis (vertical shear force) and the Z-axis (compressive and tensile force), the maximum equivalent stress was higher
in the conventional model rather than in the novel model except
for in section 3 of the ulna. However, when a horizontal shear
force of 60 N was applied (X-axis), the novel system received
more stress than the conventional system in sections 2 and 3 of
the radius and sections 1 and 2 of the ulna (Table 2).
The stress at the proximal radius and ulnar shaft was decreased in the novel system when stress was loaded along the
X-axis (horizontal shear), while that at the shaft of the radius
was increased in the novel system condition (Fig. 3). When
stress was loaded along the Y-axis (vertical shear force), the
stress concentration throughout the radius was decreased in
the novel system (Fig. 4). Finally, when stress was applied along
the Z-axis (compressive and tensile forces), the stress concentration throughout the radius and ulna was decreased in the
127
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A

B
Fig. 1. The stress-distribution pattern and maximum equivalent stress were evaluated in each of the three sections (1, 2, 3) below: (A)
X-axis and (B) Y and Z-axis.

novel system (Fig. 5).

A

B
Fig. 2. The new upper-extremity implant design assessed in this
study. (A) Radius implant and (B) ulnar implant.
128

Discussion
Patients with amputated limbs have traditionally relied on a
stump-socket interface for prosthetic attachment [7]. This type
of prosthetic design is associated with several problems, such as
skin changes, increased energy expenditure during ambulation,
and disuse osteopenia [17-19]. Several types of osseointegration systems have been developed to overcome these problems
and are currently clinically available; however, these osseointegration systems also encountered several problems of their
https://doi.org/10.12790/ahm.21.0148
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Table 2. Maximum equivalent stress at each section after application of an external load (60 N) along each axis
External load (60 N) application along the axis
X-axis
Conventional system
Radius
Ulna
Novel system
Radius
Ulna
Y-axis
Conventional system
Radius
Ulna
Novel system
Radius
Ulna
Z-axis
Conventional system
Radius
Ulna
Novel system
Radius
Ulna

Section 1

Section 2

Section 3

29.123
39.335
24.194
104.09

32.484
22.351
42.453
28.816

13.027
17.008
14.63
16.03

52.21
15.329
49.414
14.38

31.281
23.733
30.366
22.581

27.361
21.674
25.523
57.157

1.3949
1.1521
0.95711
0.75936

1.9997
1.1741
1.593
1.0219

1.1668
3.0583
0.76815
3.9029

A

B
Fig. 3. Stress-distribution pattern when stress was loaded along the X-axis at the radius (A) and the ulna (B).

own, which are infection, periprosthetic bone fracture, bone
loss due to stress shielding, and implant failure [20,21]. Furthermore, we are concerned that the conventional design available for transhumeral and transfemoral amputees is not suitable
for the transradial amputee. Specifically, the short length of the
conventional system inserted into a long bone with a small diameter increases the risk of periprosthetic fracture due to tarhttps://doi.org/10.12790/ahm.21.0148

geted stress concentration.
Osseointegrated implants are exposed to daily activities, consisting of flexion, extension, supination, and pronation of the
elbow and radial deviation and ulnar deviation of the wrist.
Our study showed that, when subjected to horizontal shear
force, the radius and ulna received higher maximum equivalent
stress in the novel system. In contrast, with compressive, ten129
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A

B
Fig. 4. Stress-distribution pattern when stress was loaded along the Y-axis at the radius (A) and the ulna (B).

A

B
Fig. 5. Stress-distribution pattern when stress was loaded along the Z-axis at the radius (A) and the ulna (B).
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sile, and vertical shear forces, the radius and ulna received lower maximum equivalent stress in the novel system. Thus, more
even stress distribution throughout the radius and ulna was observed in the novel system. The stress loaded along the X-axis
(horizontal shear force) is assumed to be that loaded during radial and ulna deviation of the wrist, while the stress loaded
along the Y-axis (vertical shear force) is assumed to be the force
loaded during flexion and extension of the elbow and wrist.
Compressive and tensile forces along the Z-axis are assumed to
be the result of longitudinal movements characterized by
changes in ulnar variance relative to the radial corner during
forearm supination and pronation.
The novel system has a long stem, sharing the characteristic
of an intramedullary nail. Osseointegration through the whole
length of the radius and ulna was supposed to evenly distribute
stress transferred from the distal end of the implants. Ding et
al. [22] reported that increasing the diameter and length of the
implant decreased the stress and strain on the alveolar crest per
biomechanical analysis of high-quality FE models of complete
range mandibles. Baggi et al. [23] also reported the influence of
implant diameter and length on the stress distribution of osseointegrated implants related to crestal bone geometry. Stress
values and concentration areas are decreased for cortical bone
when the implant diameter is increased, whereas more effective
stress distributions for cancellous bone were observed with increasing implant length [23]. In the case of transradial amputation, the medullary diameter of the radius and ulna is not a
modifiable factor, but the length of the implant is. The results
of our study were consistent with those of previous studies in
that the implant length affected the stress distribution and
maximum equivalent stress.
Despite our good results, two problems of the novel system
were recognized during FE analysis. First, the maximum equivalent stress of the radius and ulna in the horizontal shear force
was higher in the novel system. Also, the stress distribution in
section 3 of the ulna in the novel system was definitely less effective than that seen with the conventional system. Notably,
the radius can experience physiologic bowing in the horizontal
plane [24], and adaptation to this physiologic bowing by deep
insertion of the long stem seems to be the cause of greater maximum equivalent stress. In the implant design, the diameter of
shaft of the novel radial implant was 3.0 mm (supplement). To
decrease the stress value in relation to horizontal force, a larger
radial-implant diameter can be considered. Also, increased
stress around the distal longitudinal grooves of both the radius
and ulna implants was observed. There is a tendency to increase the stress value in the angled location rather than the cyhttps://doi.org/10.12790/ahm.21.0148

lindrical or smooth location in FE analysis. According to Xiaobin and Zelong [25], when the surfaces are angled, the stress
concentration is large when forces are applied from multiple
directions. Conversely, when the surfaces were rounded, it was
found that the stress concentration was relatively low for the
same external forces. For clinical application of the implants, a
cylindrical design rather than an angular groove modality
might reduce bone absorption in the insert area.
Stenlund et al. [26] found that the elastic strains and principal compressive stresses in the bone in direct contact with the
abutment at the most distal location may indicate unfavorable
bone remodeling, resulting in a decrease in bone density with
time. Meanwhile, Nebergall et al. [20] reported that the transmission of loads to the contact point between the bone and implant can cause cortical thinning or bone resorption. This results a high risk of loosening of that area, together with various
complications in the distal portion, including implant loosening and periprosthetic fractures. Ultimately, the need for reoperation to replace the entire implant will increase [27].
Our study has some limitations. First, there was a lack of
simulation of the anisotropic material properties of human
bone. Although the FE model was designed by distinguishing
the material properties of cortical and cancellous bone, this
does not fully reflect the material properties of human bone.
Moreover, the amputated site may present a combination of
damaged bone, callus, hematoma, and fibrotic tissues. Additional analysis is likely required in future research, incorporating detailed simulation of a more realistic bone model and
some clinical cases. Second, it should be realized that this loading configuration does not represent a whole transradial amputation case. When applied in clinical practice, amputation levels
and the loss of soft tissue including muscles vary between patients. Thus, these findings should be generalized with caution
and unexpected disadvantages of the model can be found. Sufficient research is needed, including cadaver research before
clinical application. Despite these limitations, however, we investigated the biomechanical properties of the novel and conventional implants for the transradial amputee and confirmed
the chance of improvement of osseointegration in the forearm
bone.
In conclusion, 3D FE models showed that the design of a
novel system provides a lower stress level and more even stress
distribution for osseointegration in transradial amputation.
This novel osseointegration system is expected to reduce complications such as periprosthetic fracture and implant failure
and to improve long-term implant survival.
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Purpose: Polydactyly of the foot is a common congenital anomaly. The goal of surgery
for polydactyly is to increase similarity to the contralateral foot, with a well-aligned
arcade of toes that allows patients to wear normal footwear and ambulate painlessly.
Foot appearance is especially important in Asian countries where people remove their
shoes indoors. This study reviewed the surgical results in patients who underwent surgery for correction of untreated foot polydactyly after the age of 18 years.
Methods: We retrospectively analyzed the data of 11 patients who underwent surgery
between 2006 and 2019. The forefoot width, angulation difference, and toe length ratios between the affected and unaffected feet were compared before and after the
operation. In addition, the purpose of the surgery and postoperative cosmetic satisfaction were collected for each patient.
Results: The median age at the time of the operation was 25 years (interquartile
range, 22–32 years) and most patients presented with postaxial polydactyly. The primary reasons to undergo surgery were both functional and cosmetic. The forefoot
width and angle difference ratios became significantly more similar to the contralateral side postoperatively (p<0.05). No significant difference was found in the toe
length ratio. Postoperative Global Aesthetic Improvement Scale scores showed satisfactory results.
Conclusion: The main reasons for surgery in adulthood included the diverse consequences of functional and cosmetic aspects of the anomaly. Surgery for patients with
untreated polydactyly of the foot can yield satisfactory objective and subjective results
regardless of the intervention timing.
Keywords: Toes, Postaxial, Polydactyly, Polysyndactyly
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Polydactyly of the foot is a common congenital anomaly [1]. Surgical methods
and prognosis vary depending on the degree and type of polydactyly. Simple deformities require excision of the extra digit, which is possible as early as postnatal
period. For cases in which the bones, joints, and ligaments are intricately connected, surgery is performed when general anesthesia is possible [2-4]. In several
Asian countries, people take off their shoes before going indoors and rarely wear
shoes inside. Therefore, parents from these cultures prefer their children to undergo foot surgery to treat even minor problems as early as possible [5].
The treatment of polydactyly of the foot has been less highlighted than that of
the hand because it causes fewer functional problems. However, when left untreated, it can cause developmental delay related to footwear difficulties, psychological problems related to cosmesis [2,6,7]. In this study, we gathered patients
with untreated polydactyly of the foot to obtain reasons for deciding to receive
treatment as an adult and also investigate the functional and cosmetic results.
www.handmicro.org
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Methods
Ethics statement: This study was approved by the Institutional
Review Board of Seoul National University College of Medicine
(No. 2201-065-1290). Written informed consent was obtained for
publication of this article and accompanying images.

Between 2006 and 2019, a total of 361 patients underwent
surgery for polydactyly of the foot in our institute. A total of 11
patients with polydactyly of the foot who underwent their first
treatment procedure after the age of 18 years were included.
Patients who underwent secondary operations (contracture release, 5; soft tissue rearrangement, 4; wedge osteotomy, 4), who
could not be reached (n = 9), or under the age of 18 years
(n = 328) were excluded from the study. Demographic information, family history, and treatment details were retrospectively
gathered. Cases were classified according to the SAM (syndactylism, axis deviation, metatarsal extension) system [8]. SAM
system consists of three categories to classify foot polydactyly:

Fig. 1. Measurements performed using anteroposterior foot
X-rays preoperatively and postoperatively. (A) Forefoot width
was measured at the widest length of the soft tissue margins
between the first and fifth (or sixth) metatarsophalangeal joints.
(B) The angle difference was assessed by drawing two linear lines
that connected the midpoint of the tips of the outermost two
adjacent toes and measuring the angle between the two lines. (C)
Toe length was measured as the distance between the tips of the
distal phalanx to the base of the proximal phalanx.
https://doi.org/10.12790/ahm.21.0152

presence of syndactyly, presence of any axis deviation, and extent of metatarsal involvement based on preoperative physical
and radiologic examination.
Pre- and postoperative values of forefoot width, angle difference, and toe length were measured on anteroposterior (AP)
foot radiographs and compared with each patient’s contralateral, unaffected side [9]. Forefoot width was evaluated by measuring the largest distance between soft tissue margins of the
first and fifth (or sixth) metatarsophalangeal joints (Fig. 1A).
The orderly alignment of the arcade of the toes was evaluated
by comparing the angle difference in the alignment of the toes
before and after surgery (Fig. 1B). Two lines connecting the
midpoints of the tips of the affected toe and the adjacent toes
were drawn on the AP foot radiographs. The angle between the
two lines was measured. Preserved toe lengths were measured
as the distance between the tips of the distal phalanx and the
base of the proximal phalanx (Fig. 1C). Results were evaluated
in ratios of affected to unaffected sides for each category. The
closer the ratio was to 1, the greater the similarity between the
affected and unaffected sides.
Subjective evaluation of the surgical results was defined with
a Global Aesthetic Improvement Scale (GAIS) score and used
as a reference parameter by the patient. The GAIS is a 5-point
scale rating global aesthetic improvement in appearance compared to pretreatment [10]. The rating categories are worse (5
points), no change (4 points), improved (3 points), much improved (2 points), and very much improved (1 point). Also,
each patient was asked short answer questions about the purpose of the surgery, and the authors sorted them into ‘functional’ or ‘cosmetic.’
Surgery was performed under tourniquet application. For
postaxial polydactyly, the toe to be excised was decided based
on the toe length, angular deviation, and arcade of toes. In cases with syndactylism, two toes were separated by an interdigital
zigzag incision, taking care not to disrupt the neurovascular
bundle. Wedge osteotomy was performed at the proximal phalanx if the toe deviated more than 15° [9]. For skin defects between the toes, full-thickness skin was applied which was harvested from the inguinal area.

Statistical analysis

Data are presented as median and interquartile range. For the
continuous variables, Wilcoxon signed-rank test was applied to
compare between pre- and postoperative status. All statistical
analyses were performed using the PASW Statistics ver. 18
(IBM Corp., Armonk, NY, USA), and a p-value of < 0.05 was
considered statistically significant.
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Results
The clinical features of the patients and GAIS scores are
shown in Table 1. Ten patients had postaxial type polydactyly,
among which seven patients had syndactylism. The median age
of the operation conducted was 25 years. Patients reported no
other underlying diseases except one who had right-hand postaxial syndactyly. Another patient reported a family history of
polydactyly of the hand.
The main complaints due to untreated polydactyly of foot
were 36.7% functional (n = 4) and 63.6% cosmetic (n = 7).
Functional complaints included discomfort when wearing
shoes and recurrent callus formation on the first or fifth toe.
Patients who had social consequences of cosmetic problems
mainly reported social isolation and the need to hide their feet
due to disfiguration. The specific answers of the patients are
listed in Table 1.

Of the 10 cases of postaxial polydactyly, six underwent excision of the sixth toe and four of the fifth toe. Seven patients required skin grafting (for S1 and S2) and six required wedge osteotomies of the proximal phalanx. Objective postoperative
values are shown in Table 2. Forefoot width and angle difference became significantly similar to the contralateral side postoperatively (p < 0.05). There was no significant difference in
preserved toe length.
The follow-up period was a median of 7 months. There were
no postoperative complications, including wound dehiscence,
infection, or graft failure (Figs. 2, 3). However, one case appeared with a hypertrophic scar. No cases revealed any varus or
valgus deformities, functional disturbances, or foot pain after
surgery until the last follow-up session. The patients’ postoperative GAIS ratings demonstrated overall satisfaction with the
treatment.

Table 1. Clinical features, verbatim quotes from the patients on the purpose of surgery, and GAIS scores

1
2
3
4

Female
Female
Female
Female

Age at time
of surgery (yr)
35
25
24
27

5

Female

56

Right 5th toe

S1A0M1

No

No

6
7

Female
Male

20
22

Left 5th toe
Right 5th toe

S2A1M0
S0A1M2

No
Yes

No
No

8
9
10

Male
Female
Female

22
29
21

Left 5th toe
Right 5th toe
Left 2nd toe

S2A1M2
S2A0M0
S1A1M0

No
No
No

No
No
No

11

Female

53

Right 5th toe

S1A0M0

No

No

Case No.

Sex

Left 5th toe
Right 5th toe
Right 5th toe
Left 5th toe

SAM
classification
S0A2M2
S1A1M0
S0A1M0
S0A1M0

Other
anomalies
No
No
No
No

Family
history
No
No
Yes
No

Location

GAIS score at the
last follow-upb)
F: Pain upon wearing customized shoes
2
C: Embarrassed to expose the foot
2
C: Ashamed to wear open toe heels
3
C: Ashamed of exposing the foot indoors
1
without socks
F: Discomfort upon wearing customized
1
shoes for a long time
C: Embarrassed to expose the foot
1
F: Callus formation when wearing cus3
tomized shoes
F: Pain when wearing customized shoes
1
C: Embarrassed and think the foot is ugly
2
C: Tired of people talking about the
1
shape of the toe
C: Embarrassed to expose the foot
1
Main purpose of surgerya)

GAIS, Global Aesthetic Improvement Scale; S, syndactylism; A, axis deviation; M, metatarsal extension; F, functional purpose; C, cosmetic purpose.
a)
Due to word limits, the most meaningful quotes have been selected and represented here.
b)
The rating categories for GAIS score are worse (5 points), no change (4 points), improved (3 points), much improved (2 points), and very much improved
(1 point).

Table 2. Comparison of preoperative and postoperative measurements of forefoot width, angle difference, and toe length ratio
Preoperative
Measurement

Affected

Unaffected

Forefoot width (mm) 99.22 (93.79–104.91) 90.46 (89.22–93.1)
Angle difference (°) 21.40 (15.46–33.29) 13.76 (3.62–14.77)
Toe length (mm)
35.07 (33.57–37.25) 34.00 (31.78–35.14)

Postoperative
Affected/
unaffected
1.10
1.56
1.03

Affected

Unaffected

89.35 (84.75–94.80) 90.00 (87.83–93.29)
10.38 (7.40–18.73)
6.76 (4.63–14.86)
34.03 (32.09–38.00) 34.00 (31.80–35.21)

Affected/
unaffected
0.99
1.54
1.00

p-value
0.005*
0.021*
0.083

Values are presented as median (interquartile range).
*p<0.05.
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A

B

Fig. 2. Case 1 with left foot postaxial foot polydactyly. (A) Preoperative photograph and X-ray of a 35-year-old female patient with left
postaxial polysyndactyly, type S0A2M2 (S, syndactylism; A, axis deviation; M, metatarsal extension). The forefoot width, angle difference,
and toe length ratios of the affected to unaffected feet were measured as 1.06, 10.34, and 1.03, respectively. (B) Postoperative X-ray after
15 years. The postoperative forefoot width, angle difference, and toe length ratios were measured as 0.97, 7.83, and 1.06, respectively.
The Global Aesthetic Improvement Scale score was 2.

A

B

Fig. 3. Case 10 with left foot second toe polydactyly. (A) Preoperative photograph and X-ray of a 21-year-old female patient with left
foot second toe, type S1A1M0 (S, syndactylism; A, axis deviation; M, metatarsal extension). The forefoot width, angle difference, and
toe length ratios of the affected to unaffected feet were measured as 0.99, 1.41, and 1.05, respectively. (B) Postoperative X-ray after 2
months. The postoperative forefoot width, angle difference, and toe length ratios were measured as 0.96, 1.22, and 0.99, respectively. The
Global Aesthetic Improvement Scale score was 1.

Discussion
Polydactyly of the foot is defined as the presence of six or
more toes. Duplication occurs at any level from the midfoot to
the distal phalanges. Most cases are of the postaxial type with
duplicated fifth rays constituting 80% of duplications, and syndactyly is often present [1,5]. Polydactyly of the foot may be
present as part of a collection of abnormalities, or it may exist
by itself, inherited as an autosomal dominant trait. The most
https://doi.org/10.12790/ahm.21.0152

commonly associated condition is polydactyly of the hand,
with an incidence of 33% [6].
Polydactyly of the foot can cause both functional and cosmetic abnormalities. Functional abnormalities include difficulty in wearing customary shoes and occasional pain while walking [11]. However, in polydactyly without the involvement of
the metatarsal bone, problems are considered more cosmetic
than functional. It is a different matter when the metatarsal is
involved, as the fifth toe metatarsal head plays a significant
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role; it sustains the transverse arch of the foot, which functions
as a spring and allows smooth walking with weight transfer
[12]. Patients in our study were mostly classified as M0 (without metatarsal bone involvement, 64%), and for this group, the
focus of the surgery was more cosmetic than functional.
Many studies have reported the importance of appearance as
a patient-reported outcome in surgery for congenital differences [13-15]. Normalizing appearance clearly offers benefits, and
the success of surgical treatment should not be underestimated.
Most studies reported enhanced self-esteem, more positive appearance ratings, and improvements in social confidence following surgery [16,17]. Even without much functional impairment, the affected patients experienced improvements in the
GAIS rating. The difficulties most frequently reported by people who are visibly different relate to negative self-perceptions
and challenges with social interaction [18]. It has been suggested that the earlier the surgery, the greater the psychological
benefit to the child [19,20]. Although this study included cases
of foot polydactyly, interviews hint that under the current culture of taking off shoes indoors, patients felt discomfort and
isolation due to foot appearance.
The limitations of this study were a small number of cases
with no control group, and the results were self-evaluated.
However, this study presented postoperative outcomes with objective values and parameters. Measurements showed that forefoot width and alignment of the toe arcade were significantly
similar to those of the contralateral foot postoperatively. In addition, through surveys with the adults, opinions on the inconvenience of congenital deformity and the reasons for surgery
were clearly conveyed.
The deformities may have been neglected until adulthood
because this group of patients had no functional problems.
However, patients experienced social issues arising from being
different and eventually sought treatment.

Conclusion
The results of this study suggest that surgery for untreated
polydactyly, with or without evident functional deficits, yields
satisfactory results. Regardless of age, surgery should be performed without a doubt that good results will occur.
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Purpose: An ankylosed elbow should be released with consideration of the nature of
the stiffness and location of the pathologic structures, and care should be taken to
avoid damage to the surrounding musculature and neurovascular structures. We report the clinical results of a combined anterior and posterior approach, which allowed
safe access with good visibility, for severe elbow stiffness.
Methods: We retrospectively reviewed patients who underwent surgical release for
elbow ankylosis from August 2014 to May 2020. All operations were performed by the
same surgeon at a single institution. The final outcomes were assessed by measuring
the range of motion, calculating the Mayo Elbow Performance Score (MEPS), and
reading radiologic images.
Results: Eight patients with a mean age of 43 years (range, 21–65 years) were included in the study, and the mean follow-up period was 22 months. The average range of
motion was 13° of flexion contracture (range, 0°–40°) and 123° of further flexion
(range, 100°–140°) at the last follow-up. The average net improvement in the total arc
compared to patients’ preoperative status was 68° (range, –10°–130°). The mean postoperative MEPS was 89 points (range, 70–100 points). The development of heterotopic
ossification and recalcitrant rheumatoid arthritis caused relatively poor outcomes.
Conclusion: The combined anterior and posterior approach allows safe access with
good visibility for elbow ankylosis, while minimizing the risk of neurovascular injury
and preserving the medial and lateral muscles.
Keywords: Ankylosis, Heterotopic ossification, Elbow joint, Joint capsue release
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Releasing an ankylosed elbow is one of the most challenging procedures even
for experienced surgeons. There are several etiologies for stiff elbow, such as trauma, infection, degenerative changes, heterotopic ossification, and congenital diseases [1,2]. The functional range of motion of the elbow joint is typically 30° to
130° [3] and surgical treatment is performed when there is no further improvement after a sufficient period of conservative treatment, or the patient cannot accept the result of the treatment. Anterior capsulectomy [4,5] and lateral [6-8],
medial [9-11], posterior [12], and arthroscopic approaches [13-15] can be used to
release ankylosed elbows. When determining the surgical approach, the nature of
the stiffness, the location of the pathological structure, and any incisions from
previous surgeries should be considered. Although capsulectomy by an anterior
approach was introduced in 1948 [5], it has not received much attention recently.
www.handmicro.org
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This is because the anterior capsule can also be accessed by a
medial or lateral approach but when accessing the anterior capsule by methods other than an anterior approach, partial detachment of the common flexor or extensor muscular origin is
inevitable [7,16,17]. We report the clinical results of a combined anterior and posterior approach, which allows safe access
with good visibility, for severe elbow stiffness.

Methods
Ethics statement: This retrospective review was approved by the
Institutional Review Board of Seoul National University Hospital
(No. H-2011-105-1174). Written informed consent was obtained
for publication of this study and accompanying images.

We retrospectively reviewed all patients who underwent surgical release by anterior and posterior approaches for elbow ankylosis at our hospital from August 2014 to May 2020. After a
review of the electronic medical records and radiologic images,
eight patients were enrolled in the study. Patients who had (1)
articular incongruity of the ulnohumeral joint, (2) associated
central nervous system injury, and (3) a follow-up period of
less than 12 months were excluded. Five males and three females with mean age of 43 years (range, 21–65 years) were included in the study. Stiffness was associated with trauma in
three cases, burn in one case, infection in one case, rheumatoid
arthritis in one case, and birth palsy in one case. One patient
presented with contracture that occurred after corrective oste-

otomy for a torsional deformity of the humerus 17 years prior
(Table 1).

1. Preoperative assessment

The preoperative range of motion was measured using a
large manual goniometer by one hand surgeon (JK). The average flexion contracture and further flexion were 53° (range,
30°–85°) and 95° (range, 35°–140°), respectively; and the average total arc of motion was 43° (range, 0°–80°). None of the patients had instability, neurological symptoms, or acute inflammatory signs at the preoperative physical examination.
In plain radiographs, we evaluated the congruity of the joint
and assessed whether heterotopic ossification was visible on biplanar images. All patients had a congruent ulnohumeral and
radiocapitellar joint surface except one whose radial head was
impacted on the distal humerus due to sequelae of septic arthritis. Well-demarcated heterotopic ossification was identified
in five patients. Two patients had heterotopic ossification in the
olecranon fossa, posteromedial aspect of the capsule, and
around the radial head; one patient in the olecranon fossa and
posteromedial aspect of the capsule; one patient in the coronoid and olecranon fossa; and one patient in the olecranon fossa only. We did not routinely perform computed tomography
(CT) before surgery, but in three patients, CT was conducted to
determine whether the previous fracture was completely healed
or to confirm the location of heterotopic ossification and congruity of the joint surface. In one patient with rheumatoid arthritis and another with a history of birth palsy, preoperative
magnetic resonance imaging was performed to check for in-

Table 1. Demographic data of the patients
Patient No.
1

Sex
Female

Age (yr)
55

Affected side
Left
Fracture

2

Female

35

Left

3
4

Male
Female

50
65

5

Male

6
7
8

Male
Male
Female

Cause

Preoperative MEPS
30

Follow-up (mo)
36.9

Fracture

15

33.6

Left
Right

Fracture
Septic arthritis

30
25

26.2
13.5

51

Right

Burn

55

20.7

25
45
21

Right
Left
Right

Juvenile rheumatoid arthritis
Previous surgery
Birth palsy

45
65
85

21.9
13.1
12.1

Heterotopic ossification
Posteromedial
Olecranon fossa
Radial head
Olecranon fossa
Coronoid fossa
Olecranon fossa
Posteromedial
Olecranon fossa
Radial head
Posteromedial
Olecranon fossa
ND
ND
ND

MEPS, Mayo Elbow Performance Score.
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traarticular pathologies or the condition of surrounding soft
tissues. In the case of the sequelae of infection, blood tests confirmed that infection markers were in the normal ranges.
All of the patients were first recommended conservative
treatment, and surgical treatment was indicated when there
was no further improvement in the range of motion despite
sufficient conservative treatment for at least 3 months. The
Mayo Elbow Performance Score (MEPS), consisting of pain (45
points), motion (20 points), stability (10 points), and daily
function (25 points), was used to evaluate total elbow function
before surgery and at the time of the final follow-up. A score of
90 or higher was classified as excellent, 75 to 89 as good, 60 to
74 as fair, and less than 60 as poor [18]. The average preoperative MEPS was 43.8 points (range, 15–85 points).

2. Operative technique

A combined anterior and posterior approach was planned
for patients with flexion and extension contracture, and an anterior approach was planned for one patient (patient 8) who
had only 60°-flexion contracture without extension contracture. All operations were performed in the supine position under general anesthesia.
In the posterior approach, the incision line was made curvilinearly or in a zigzag fashion along the posterior midline of the
elbow, avoiding the tip of the olecranon. The medial and lateral
flaps were thickly lifted along the incision line, and the ulnar

A

B

nerve was identified and protected. Although no patient complained of ulnar nerve symptoms preoperatively, the cubital
tunnel was sufficiently released to avoid iatrogenic ulnar neuropathy caused by extensive contracture release. The heterotopic ossification of the posteromedial aspect of the capsule was
removed along with the thickened posterior capsule, taking
care not to damage the anterior band of the medial collateral
ligament (Fig. 1). The triceps was elevated from the posterior
surface of the humerus and heterotopic ossification with the fibrotic posterior capsule was removed to expose the olecranon
fossa (Fig. 2). When impinging extension was still observed,
olecranoplasty was additionally performed. An increase in the
range of motion was confirmed at each step, and if necessary,
the dissection was extended radially to excise the posterolateral
joint capsule and heterotopic ossification around the radial
head. In most cases, a sufficient range of motion was not
achieved, even after releasing the posterior and posteromedial
aspects of the capsule. The goal of the anterior approach was to
sufficiently excise the thickened anterior joint capsule with heterotopic ossification of the coronoid fossa while protecting the
neurovascular structures and minimizing damage to medial
and lateral musculatures. A zigzag incision was made to avoid
longitudinal scarring of the anterior elbow crease. The brachial
artery running along the medial border of the biceps was identified and protected, and the brachialis was exposed by dissecting into the intervening interval. The brachialis was split or re-

C

D

Fig. 1. A 51-year-old man with heterotopic ossification that occurred after a burn (patient 5). (A) Massive heterotopic ossification was
observed in the olecranon fossa and posteromedial aspect of the elbow on preoperative X-rays. (B) The posterior incision was designed
on the lateral side, avoiding an extensive burn scar at the medial aspect of the elbow. (C) The ulnar nerve (asterisk) was released, and the
posteromedial aspect of the capsule was excised. (D) After removal of the large heterotopic ossification, the olecranon fossa (arrow) was
exposed.
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A

B

C

D

Fig. 2. A 25-year-old man with juvenile rheumatoid arthritis (patient 6) underwent extensive synovectomy through a combined anterior
and posterior approach. (A) The thickened joint capsule was exposed via an anterior approach. (B) After synovectomy, the coronoid fossa
(arrow) was exposed. (C, D) The triceps was detached from the posterior aspect of the humerus. Synovectomy was performed on the
lateral side (B) and medial side (C), and the olecranon fossa (asterisk) was exposed (D).
tracted laterally to fully expose the anterior capsule, and the
thickened capsule was sufficiently excised (Fig. 2). In cases of
severe adhesions, the median and radial nerves were identified
and protected during the process (Fig. 3). After release of the
contracture, the final range of motion was confirmed using the
force of two fingers. We checked if there was subluxation of the
ulnar nerve or excess tension on the ulnar nerve during maximum flexion after arthrolysis, and none of the patients underwent anterior translocation of the ulnar nerve.

3. Postoperative management

Postoperatively, a long arm splint was applied at a slightly extended from neutral position, considering the posterior incision. Active-assisted range of motion exercise was started 2 or 3
days postoperatively, and a night splint was applied depending
on the contracture pattern of the patient. We did not routinely
apply continuous passive motion to all patients but applied it
for several days in patients who struggled with active exercise.
All patients were advised to exercise on their own, and passive
manipulation by the physical therapist was not performed in
any case. A nonsteroidal anti-inflammatory drug was prescribed to patients who needed pain control during the exercise. Two patients received a 7-gray dose of radiation within 72
hours after the surgery as prophylaxis for heterotopic ossification.
Six months after the surgery, when the patient’s range of motion reached a plateau, the flexion and extension arc were measured by the same surgeon. The Wilcoxon signed-rank test was
used to evaluate improvements in the range of motion and the
https://doi.org/10.12790/ahm.22.0001

functional outcomes after surgery.

Results
There was no significant difference in passive range of motion under anesthesia compared to preoperative measurement.
In seven patients, contracture release was performed by a combined anterior and posterior approach, and in one patient who
had only flexion contracture without extension contracture,
only the anterior approach was used (Table 2). The location
and pattern of heterotopic ossification in intraoperative findings were consistent with those confirmed by preoperative
X-ray and CT.
There were three cases of stiff elbow related to trauma. One
patient visited our hospital with severe stiffness that occurred
after radial-head replacement due to a comminuted fracture
(patient 3). X-ray showed a highly positioned radial-head prosthesis and heterotopic ossification in the olecranon fossa. The
thickened capsule was excised and the prosthesis was removed
with the adjacent fibrotic tissues. Another patient presented
with complete ankylosis of the elbow after conservative treatment for a non-displaced fracture of the distal humerus (patient 1). By the anterior and posterior approach, heterotopic ossification of the olecranon fossa, posteromedial aspect of the
capsule, and around the radial head were removed, and the
range of motion was fully restored. The other patient had heterotopic ossification that occurred after surgical treatment for
fractures of the distal humerus and the olecranon (patient 2).
The preoperative range of motion was 50° of flexion contrac143
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A

B

C
Fig. 3. A 21-year-old woman with 60° flexion contracture (patient 8) underwent contracture release by an anterior approach. (A) The
thickened lacertus fibrosus (arrow) was incised and anterior capsulectomy was performed. (B) During the process, the median nerve
(asterisk) was identified and protected. (C) A full range of motion was achieved postoperatively.

ture and 90° of further flexion. After surgical release by the anterior and posterior approach, the range of motion was restored
to close to the normal range (Fig. 4).
A patient who had for more than 20 years suffered from sequelae of a septic elbow (patient 4) had complete ankylosis with
the radial head impacted on the distal humerus. The radial
head was excised by osteotomy of the lateral condyle, and internal fixation using a dual plate was performed. Six months postoperatively, a flexion contracture of less than 10° and a further
144

flexion of 130° were obtained. In one patient with stiffness due
to rheumatoid arthritis (patient 6), extensive synovitis was observed in the anteroposterior joint space and around the radial
head. Open synovectomy by the combined anterior and posterior approach was performed (Fig. 2). Although this patient
achieved a net improvement of 30° postoperatively, the arthritis
was not controlled by medical treatment and stiffness recurred
2 years after the surgery.
In one patient with massive heterotopic ossification that ochttps://doi.org/10.12790/ahm.22.0001
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Table 2. Treatment summary
Patient No.

Approach

Preoperative (°)

1
2
3
4
5
6
7

Anterior + posterior
Anterior + posterior
Anterior + posterior
Anterior + posterior
Anterior + posterior
Anterior + posterior
Anterior + posterior

FC
80
50
30
85
30
50
40

8

Anterior only

60

FF
80
90
90
85
35
120
120

FC
0
0
20
5
5
40
30

140

0

Postoperative (°)
FF
130
130
105
130
130
100
120

140

MEPS
100
100
95
80
100
70
70

100

Additional treatment
NSAID
NSAID

NSAID
NSAID
Revision surgery
Radiotherapy
Radiotherapy

FC, flexion contracture; FF, further flexion; MEPS, Mayo Elbow Performance Score; NSAID, nonsteroidal anti-inflammatory drug.

A

B

C

D

Fig. 4. A 35-year-old woman with heterotopic ossification in her left elbow that occurred after surgical treatment for fractures of the
distal humerus and the olecranon (patient 2). (A, B) Heterotopic ossification of the olecranon fossa and coronoid fossa was sufficiently
removed. (C) Postoperatively, a range of motion close to normal was obtained.
https://doi.org/10.12790/ahm.22.0001
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curred after a burn (patient 5), the range of motion was measured to be less than 5°. Because there was an extensive burn
scar on the medial side of the elbow, the posterior incision was
designed on the lateral side. The thickened anteroposterior
capsule and heterotopic ossification were sufficiently resected,
and a range of motion close to the normal range was obtained
(Fig. 1).
One patient had stiffness caused by birth palsy (patient 8).
The operative findings revealed severe contracture of the biceps
muscle and fibrotic changes in the anterior capsule. By an anterior approach, resection of the thickened capsule and lengthening of the biceps tendon were performed, and the lacertus fibrosus was incised (Fig. 3). The other patient presented with
stiffness, probably associated with a derotational osteotomy for
congenital torsional deformity of the humerus 17 years prior
(patient 7). Because contracture of the triceps muscle was observed in this patient, a posterior approach was made by triceps
splitting, and aponeurotic lengthening was performed at the
end of the procedure. Unfortunately, heterotopic ossification
was observed on plain radiographs obtained 1 month postoperatively. Additional surgical release and postoperative radiotherapy were performed after maturation of the heterotopic ossification.
The mean follow-up period was 22.3 months (range, 12.1–
36.9 months). In six patients, there was no further change from
the range of motion measured 6 months after surgery, but in
two patients the range of motion decreased at the last follow-up
as a result of heterotopic ossification and the recurrence of
rheumatoid arthritis, respectively. At the last follow-up, the average range of motion was 13° of flexion contracture (range,
0°–40°) and 123° of further flexion (range, 100°–140°). The average net improvement in total arc compared to preoperatively
was 68° (range, –10°–130°). The mean MEPS was 89 points
(range, 70–100 points), with the results rated as excellent in
five, good in one, and fair in two patients at the time of the final
follow-up, indicating significant improvement compared to the
preoperative assessment (p = 0.012). The two patients with fair
results complained of mild pain, and their range of motion did
not improve much due to heterotopic ossification and recalci-

trant rheumatoid arthritis (Table 3).

Discussion
The anterior approach, which was introduced first, cannot
theoretically solve the loss of flexion. Because the anterior capsule can also be accessed by the medial or lateral approach, the
anterior approach is not commonly used alone, unless only
flexion contracture is a problem or biceps lengthening is required [4,7,8,11,12]. The procedure for accessing the anterior
capsule by medial and lateral approaches is basically the same,
only the direction is different. During the procedure, the common muscular origin of the epicondylar area is partially divided, and the anterior capsule is carefully detached from the brachialis so as not to injure the neurovascular structures.
Although the incidence of heterotopic ossification according
to approach has not been investigated, new-onset or recurrent
heterotopic ossification is a poor prognostic factor for the outcome of surgical treatment for stiff elbow [17]. Abrams et al.
[19] reported on risk factors for the development of heterotopic
ossification after fracture fixation of the elbow. They found that
a soft tissue insult, whether due to surgical dissection or the
trauma itself, is often related to the development of heterotopic
ossification, and that detaching or splitting the flexor-pronator
musculature causes surgical trauma to the tissue, increasing the
risk of ectopic bone formation. In this study, heterotopic ossification occurred in one patient who underwent aponeurotic
lengthening due to triceps contracture (patient 7). Furthermore, there was a pronounced lack of cooperation in the rehabilitation process, and the final outcome was poor compared to
the intraoperative findings.
Nerve complications are one of the most common complications of the open release of stiff elbow, and ulnar neuropathy
accounts for the majority [20]. Known causes of ulnar nerve
complication include iatrogenic injury during meticulous dissection and stretching due to postoperative improvement in the
range of motion [21-23]. Aldridge et al. [1] reported that the
median nerve was embedded in the anterior capsule due to severe scar formation in three out of 106 patients who underwent

Table 3. Preoperative and postoperative range of motion of the elbow
Variable
Flexion contracture
Further flexion
Total arc

Preoperative (°)
53 (30–85)
95 (35–140)
42 (0–80)

Postoperative (°)
13 (0–40)
123 (100–140)
111 (60–140)

Gain (°)
41 (10–80)
28 (–20–95)
68 (–10–130)

p-value
0.01*
0.08
0.02*

*p<0.05.
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anterior surgical release for elbow contracture. Haapaniemi et
al. [24] reported a case of complete transection of the median
and radial nerves during arthroscopic release of posttraumatic
elbow contracture. Although nerve injury after arthroscopic
anterior capsular release is rare, attention should be paid not to
injure the median nerve, posterior interosseous nerve, and brachial artery beyond the anterior capsule. Some of the patients
included in this study had severe contractures of 60° or less,
and three had complete ankylosis. In the anterior approach for
these patients, we identified and preserved the neurovascular
structures of the cubital fossa, and no neurological complications were reported in any of the patients.
This study was limited by the small number of patients and
the heterogeneity of the study group. However, all surgeries
were performed by one surgeon, and all patients were managed
with the same postoperative rehabilitation protocol. Another
limitation is that we performed radiotherapy in only two patients. We did not perform postoperative prophylactic radiotherapy at the early stage of the study, but we started doing so
after experiencing a case of heterotopic ossification (patient 7).
The other limitation is the short follow-up period. In the case
of the most recently included patient, the follow-up period was
12.1 months, but the patient’s range of motion reached a plateau, showing good functional results. Considering these limitations, additional studies are needed to verify the safety and
effectiveness of the combined anterior and posterior approach
for releasing stiff elbow.

Conclusion
A thorough physical examination and surgical planning must
precede the determination of a surgical approach for stiff elbow. When an extensive surgical release is required for severe
contracture, a combined anterior and posterior approach may
be helpful, allowing safe access with good visibility while minimizing the risk of neurovascular injury and preserving the medial and lateral muscles.
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Purpose: Surgical site infection is a serious postoperative complication. Most surgical
site infections after distal radius fracture (DRF) surgery are superficial and early-onset,
and they can be prevented by prophylactic antibiotics. The erythrocyte sedimentation
rate (ESR) and C-reactive protein (CRP) are representative inflammatory markers. The
aim of this study was to compare serial serum ESR and CRP levels in DRF patients according to the period of prophylactic antibiotic use.
Methods: A retrospective study was conducted on 46 patients with DRF treated with
internal fixation. Twenty-two patients treated between September 2019 and March
2020 were in group A and 24 patients who underwent treatment from September
2020 to March 2021 comprised group B. The patients in group A were administered
the first-generation cephalosporin for 1 week, as was customary. Group B received
1-day antibiotic prophylaxis. Surgery was performed by a single surgeon using volar
locking plates. The surgical wounds and serum ESR and CRP levels were examined before surgery, 2 days after surgery, and 1 week after surgery and compared between the
two groups.
Results: The CRP level, but not the ESR, changed significantly over time within each
group. However, no statistically significant difference was observed between the two
groups, and there were no surgical site infections.
Conclusion: The use of prophylactic antibiotics for 1 week had no significant effect on
reducing ESR and CRP compared to 1-day prophylactic antibiotics in patients with
DRFs.
Keywords: Radius fractures, Surgical wound infection, Antibiotic prophylaxis
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Surgical site infection (SSI) is one of the serious postoperative complications.
SSIs not only increase morbidity but also have an economic burden on patients
and society. If prophylactic antibiotics are administered appropriately, the incidence rate can be reduced by 35% [1]. Antibiotic prophylaxis is widely used and it
has been shown to lower infection rates in closed fracture surgery and arthroplasty [2,3]. The first-generation cephalosporin, such as cefazolin, is used as a prophylactic antibiotic.
The SSI of distal radius fractures (DRFs) is known to be 4.25% among patients
who were treated with volar plate fixation [4]. A widely used classification system
for SSI after fracture fixation is based on the time of onset after surgery: early ( < 2
weeks), delayed (2–10 weeks), and late ( > 10 weeks) [5,6]. Early-onset SSIs are
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mostly caused by the high-virulence pathogen Staphylococcus
aureus, followed by infectious symptoms such as pain, swelling,
redness, and so on. Most SSIs after DRF surgery are superficial,
early-onset, and could be treated with proper antibiotics [7,8].
The use of antibiotic prophylaxis is recommended within 24
hours after wound closure. Use longer than 24 hours may not
only be beneficial but also contribute to antibiotic resistance.
However, domestic studies evaluating the appropriateness of
preventive antibiotic use have shown poor compliance [9,10].
We used preventive antibiotics for 1 week before the antibiotic
adequacy evaluation in 2020, but prophylactic antibiotics have
been administered only for 1 day after the evaluation. We
sought to identify differences between 1-day and 1-week use of
prophylactic antibiotics in DRFs by checking serial surgical
wound, erythrocyte sedimentation rate (ESR), and C-reactive
protein (CRP) level, which help to detect early-onset SSIs.

Methods
Ethics statement: The study was approved by the Institutional
Review Board of the Soonchunhyang University Gumi Hospital (No.
2021-04) and informed consent was waived due to the retrospective nature of this study.

We used prophylactic antibiotics for 1 week before the antibiotic adequacy evaluation as usual, but prophylactic antibiotics
have been administered only for 1 day from one month before
the evaluation. The ninth antibiotic adequacy evaluation in
2020 was performed from October 2020 to December 2020.
Therefore, we set study periods such as September 2020 to
March 2021 and September 2019 to March 2020.
Patients were included if they were over 20 years old with
one side DRF, not both sides. Also, they were excluded if they
had cancer, liver cirrhosis, other hematologic illness, or multiple fractures that required surgery.
Group A patients were administered the first-generation
cephalosporin (cephazedone sodium 1 g, twice a day) for 1
week. We have used 1-day antibiotic prophylaxis (before incision and 12 hours after surgery) in group B since September
2020, when the antibiotic adequacy evaluation was performed.
The operations were performed by a single surgeon. The
modified Henry approach was used, and then volar locking
plates were applied. ESR and CRP levels were examined before
surgery, day 2 after surgery, and week 1 after surgery, including
complete blood count with differential count, chemistry. Surgical wounds were dressed every other day and checked by grade
150

according to a surgical wound classification system [11]. If SSI
symptoms such as swelling, redness, heating sense or discharge,
etc. occurred in a surgical wound and ESR or CRP was elevated, antibiotics should be used until the wound was clear and
ESR or CRP was normal.
The IBM SPSS Statistics ver. 25.0 (IBM Corp., Armonk, NY,
USA) was used for statistical analysis of clinical results. The
p-values were calculated using the Student t-test, Mann-Whitney U-test, Pearson chi-square test, and Fisher exact test. The
statistical significance was assumed at p < 0.05. To compare repetitive values of ESR and CRP, log transformations were performed on non-normative variables and then compared by repeated measures analysis of variance.

Results
The study included a total of 49 patients who underwent
open reduction and internal fixation due to DRFs, 25 patients
(group A) from September 2019 to March 2020 and 24 patients
(group B) from September 2020 to March 2021. Three patients
were excluded from group A because one patient had metastatic cancer and two patients had liver cirrhosis. Finally, 22 patients in group A and 24 patients in group B were involved in
the study (Table 1). The mean age of patients was 62.5 ± 12.4
years in group A and 64.7 ± 11.7 years in group B. The proportion of female patients was 72.7% in group A and 79.2% in
group B. The mean body mass index (BMI) was 23.3 ± 2.3 kg/

Table 1. Demographic profile of the patients
Characteristic
No. of patients
Age (yr)
Sex
Male
Female
Fracture site
Right
Left
Body mass index (kg/m2)
Operation time (min)
Time to surgery (day)
AO classification
Type A
Type B
Type C

Group A
22
64.7± 11.7

Group B
24
62.5± 12.4

6
16

5
19

11
11
24.0± 3.3
36.4± 9.6
8.0± 4.0

12
12
23.3± 2.3
33.5± 5.5
6.3± 2.6

7
3
12

7
4
13

p-value
0.541
0.609

> 0.999

0.408
0.342
0.154
0.866

Values are presented as number only or mean±standard deviation.
Group A, the group administered antibiotic prophylaxis for 1 week; group
B, the group administered antibiotic prophylaxis for 1 day.
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m2 in group A and 24.0 ± 3.3 kg/m2 in group B. According to
the AO classification, there were seven cases of type A, three
cases of type B, and 12 cases of type C. Group B had seven cases of type A, four cases of type B, and 13 cases of type C; and
there was no statistically significant difference between the two
groups.
The surgery was performed on the right wrist in 23 patients
and on the left wrist in 23 patients in both groups. The median
operation time was 34.9 minutes (range, 23–57 minutes). The
median time to surgery was 7.1 days (range, 1–17 days). Patient
demographics for each group are summarized in Table 1. There
was no statistically significant difference in patient demographics between the two groups (p > 0.05).
In all cases in group B and 21 cases in group A, surgical
wounds were clean. Only one case in group A, surgical wound
was clean-contaminated 2 days after surgery. However, antibiotics were used until the first week of surgery in group A, and
the surgical wound was clean after the first week of surgery.
The mean ESR levels on the day before surgery, day 2 after
surgery, and week 1 after surgery were 22.3 ± 15.9 mm/hr,
20.2 ± 17.0 mm/hr, and 18.9 ± 13.5 mm/hr in group A and
12.8 ± 8.9 mm/hr, 11.6 ± 7.0 mm/hr, and 13.3 ± 9.8 mm/hr in
group B (Fig. 1). There was no significant difference in the
change of ESR over time (p = 0.393).
The mean CRP levels on the day before surgery, day 2 after
surgery, and week 1 after surgery were 0.3 ± 0.2 mg/dL, 1.9 ± 1.4
mg/dL, and 0.5 ± 0.7 mg/dL in group A and 0.5 ± 0.7 mg/dL,
3.3 ± 3.3 mg/dL, and 0.6 ± 0.8 mg/dL in group B (Fig. 2). There
was a statistically significant difference in CRP changes over
time (p < 0.001); however, there was no statistically significant

difference between the two groups (p = 0.076).

Discussion
One of the complications in DRF surgery is infection. According to the multicenter retrospective study, 4.25% in total
were almost superficial infections and then required antibiotic
treatment for more than 7 days [4]. A nationwide cohort study
revealed that about 5% of patients treated with plate fixation
were SSIs [12].
A meta-analysis revealed that prophylactic antibiotics reduced SSIs after hip fracture surgery [13]. Also, antibiotic prophylaxis has been effective for reducing SSIs related to internal
fixation of other closed fractures [14]. This antibiotic prophylaxis after surgery is administered not to sterilize the tissues but
to modulate intraoperative contamination of the surgical
wound to a level that will not overwhelm the host defenses [15].
Continuing prophylactic antibiotics longer than 1 day after
wound closure has not proven beneficial [16]. There was also
the first study on the duration of prophylactic antibiotics in
DRF, and the use of prophylactic antibiotics for more than 24
hours was of little benefit in reducing the infection rate compared to those used more than that [17].
A study on antibiotic prophylaxis before Kirschner wire
(K-wire) fixation for DRFs showed that the use of preventive
antibiotics did not affect the rate of infection [18]. However, infection rate of DRF patients treated with external fixation was
much higher than that of DRF patients treated with internal
fixation [19,20]. Persistent pin exposure could be an infection
source, so prophylactic antibiotics might be useless. Some stud-
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Fig. 1. Erythrocyte sedimentation rate (ESR) values over Group A,
the group administered antibiotic prophylaxis for 1 week; group B,
the group administered antibiotic prophylaxis for 1 day.
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Fig. 2. C-reactive protein (CRP) values over Group A, the group
administered antibiotic prophylaxis for 1 week; group B, the group
administered antibiotic prophylaxis for 1 day.
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ies recommend that all pins and K-wire be buried under the
skin to prevent infection [8,21].
ESR and CRP are representative inflammatory markers. CRP
is an acute-phase protein synthesized by hepatocytes and it is a
sensitive laboratory parameter for bacterial infection [22,23]. A
continuous or new increase in CRP level after the initial peak
could be a signal of an infectious complication [24]. Therefore,
CRP screening is a simple and reliable test for the detection of
early infectious complications after spinal surgery [25]. On the
other hand, the ESR peak occurs on approximately the 5th
postoperative day and decreases more slowly and with a more
irregular pattern than CRP. ESR has limitations in detecting
early wound infection [26]. These trends are also seen in this
study. CRP is a good and reliable marker for detecting early
SSIs for DRFs.
For the proper use of prophylactic antibiotics, there is a
guideline that (1) antibiotic prophylaxis is used 30 to 60 minutes prior to incision, (2) first-generation cephalosporin is
used, (3) prophylactic antibiotic administration period is limited to 1 day after surgery, (4) the dosage should be increased in
obese patients, and (5) the administration should be redosed
during surgery if the surgery time is longer or the blood loss
exceeds 1,500 mL during surgery [15,27-29]. However, in the
evaluation of the adequacy of preventive antibiotics, it was
clearly revealed that surgery that was not subject to evaluation
did not use properly according to the preventive antibiotic
guidelines [30]. Therefore, it is necessary to follow the guidelines for preventive antibiotics as much as possible in surgery
that usually requires the use of prophylactic antibiotics.
There are several limitations to our studies. First, it is a retrospective study, not a prospective. Second, the number of patients included in this study was not large. In the future, we will
conduct research on preventive antibiotics for many DRF patients.
There was no difference in CRP levels between 1-day and
1-week antibiotic prophylaxis in DRFs. Herein, 1-day the
first-generation cephalosporin usage could be sufficient for
prophylactic antibiotic.

Conclusion
The use of antibiotics for more than 1 day after DRF surgery
is not very effective in reducing ESR and CRP or lowering the
infection rate compared to the use of antibiotics for only 1 day.
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Purpose: The excision of subungual glomus tumors on the distal phalanx may cause
nail deformities. Herein, we report our nail-sparing and sub-nail bed approach for the
excision of subungual glomus tumors, which enables subungual glomus tumor excision without removal of the nail plate and further allows access to the tumor mass by
dissecting beneath the nail bed and germinal matrix to minimize postoperative pain
and nail bed injury. Therefore, the present article describes this operative approach and
reports surgical outcomes with respect to patient satisfaction, pain, and the final
postoperative nail shape.
Methods: Thirty-two cases of clinically diagnosed subungual glomus tumors treated
with this approach were retrospectively evaluated. Mean pain scores were measured
at 1 week postoperatively and at the last follow-up. Patients were asked for their subjective opinion regarding the final nail shape, and their responses were assessed as
“satisfied” or “unsatisfied.” The objective results for the final nail shape were graded as
“excellent,” “good,” or “poor” by two orthopedic hand surgeons.
Results: The mean postoperative pain score (visual analog scale) at 1 week was 1.8.
No patients reported pain at the last follow-up. Subjectively, 96.6% of patients were
satisfied with the operation. Objectively, the postoperative nail shape was excellent in
9.3% of cases, good in 87.5%, and poor in 3.1%.
Conclusion: This approach provides minimal postoperative pain, high patient satisfaction, and favorable cosmetic outcomes with respect to the nail shape by avoiding removal of the nail plate and incision of the nail bed and germinal matrix.
Keywords: Subungual glomus tumor, Nail bed injury, Nail deformity, Sub-nail bed approach
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Glomus tumors are benign hamartomas of the glomus body typically found in
the distal phalanx or the subungual region in the reticular layer of the dermis. It is
characterized by intractable pain around the nail and about 75% of glomus tumors are observed at the subungual area [1,2].
The specific location of glomus tumors within the finger has traditionally dictated the surgical approach for its eradication. Among the various surgical approaches devised for complete excision, the transungual approach is a common
choice of tumors located in the subungual area [3]. In this approach, the nail plate
is partially or completely removed, and excision is made by cutting through the
nail bed over the tumor and repairing it after the eradication of the tumor. It may
provide a good visual field to the tumor itself, however, yield cosmetically unsatisfying results with nail deformity if the nail bed is injured while removal of tumors or when suturing of the nail bed is made without care. Furthermore, when
www.handmicro.org
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the incision site on the nail bed is not exactly matched over the
tumor, it should be extended to find very tiny tumor [4].
Anatomically, the germinal matrix, which is located proximal
to the nail bed, is responsible for 90% of nail growth [5]. Due to
the characteristic location of the subungual glomus tumor, surgical excision of this tumor by cutting through the nail bed and
matrix after the removal of the nail plate may cause injury to
the nail bed and germinal matrix. Furthermore, the nail plate
plays a pivotal role in protecting the underlying structures of
the nail bed, germinal matrix, and bone. When the nail plate is
removed and thus injured, the underlying structures are more
prone to be exposed to the risk of infection, and the exposed
structures may present as a source of postoperative pain.
Many surgical approaches to subungual glomus tumors have
been introduced such as modified transungual and periungual
approaches to skillfully remove the tumor [6–10]. In this study,
we modified the traditional transungual approach not to need
of removal of the nail plate and to avoid nail bed repair. The
nail sparing and sub-nail bed approach may contribute to minimizing nail deformity by elevating the nail plate and the nail
bed as a whole in an antegrade fashion.

either “satisfied” with the outcome of the surgery or “unsatisfied.” Objective grading was performed by two orthopedic
hand surgeons using preoperative and final follow-up photographs of the nails. They were classified as “excellent,” if there
were improvements in nail shape after surgery (Fig. 1A). They
were classified as “good,” if preoperatively normal nail shape remained normal after surgery or if there was no significant

A

Methods
Ethics statement: The medical records of patients were retrospectively reviewed after obtaining the Institutional Review Board’s approval of Korea University College of Medicine (No. 2021AN0180).
The study was performed in accordance with the Declaration of
Helsinki, and written informed consent was waived due to its retrospective nature.

1. Patients and clinical assessment

Inclusion criteria were patients with subungual glomus tumor of the finger who were treated with nail-sparing and subnail bed approach. All included patients presented with at least
one of the classic symptom triad of glomus tumor. Pinpoint
tenderness was assessed with Love’s pin test, and pain score was
assessed using a visual analog scale (VAS, 0–10) [11]. Paroxysmal pain and the presence of cold insensitivity were assessed by
asking the patient of pain and history of elicited pain in low
temperatures. The subjective and objective results and final nail
deformities were classified according to the grading system
with respect to the nail deformity. Subjective grading was performed using a survey via telephone or outpatient visit, and the
respective shapes of nails were photographed for evaluation at
the time of the survey. The patient was asked if he or she were
https://doi.org/10.12790/ahm.22.0003

B

C
Fig. 1. Objective cosmetic grading. (A) A cosmetic grade of
“excellent” was given if the nail shape improved after surgery. (B)
A cosmetic grade of “good” was given if the preoperatively normal
nail shape remained normal after surgery or if no significant
change in the nail deformity was seen postoperatively. (C) A
cosmetic grade of “poor” was given if worsening of the nail shape
was observed after surgery.
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change in nail deformities seen postoperatively after surgery
(Fig. 1B). They were classified as “poor,” if worsening of the nail
shape was observed after surgery (Fig. 1C).

1. Surgical technique

The preoperative diagnosis and approximation of the size
and location of the glomus tumor were performed with the aid
of 3.0-tesla magnetic resonance imaging (MRI). The area of
most tenderness or discomfort was identified preoperatively
and marked before the operation. All of the surgical procedures
were performed under brachial plexus block anesthesia or local
digital nerve block. Tourniquets were applied, limiting exsanguination to elevation of the extremity preventing the loss of
color of the tumor from the normal surrounding tissue. Preoperative incision drawing was initially performed. A longitudinal
incision from the proximal corner of the nail folds was created
extending distally and proximally along the lateral border of
the nail fold. This incision was made either on the radial or ulnar side of the finger depending on the eccentric location of the
subungual tumor (Fig. 2A, 2B). Upon the exposure of the underlying structures, care was taken not to damage the underlying germinal matrix and nail bed as they are located slightly

lateral to the proximal nail fold. The skin flap was further elevated until the proximal end of the nail bed and germinal matrix was fully exposed and the skin flap was subsequently fixed
with a stay suture (Fig. 2C). The proximal end of the germinal
matrix, nail bed, and nail plate were elevated in one layer from
the underlying bone until complete exposure of the glomus tumor was achieved (Fig. 2D). After complete exposure of the tumor, no further elevation of germinal matrix, nail bed, and nail
plate was needed. The tumor was then identified with the help
of magnifying loupes with light. Typically, the margin of the
glomus tumor is well-distinguished from the surrounding loose
areolar tissue with its shiny and pinkish round contour. With a
no. 15 blade, dissection of the tumor from the surrounding soft
tissue was performed (Fig. 2E). After complete removal of the
tumor, the germinal matrix, nail bed, and nail plate were placed
back in their original position and the incised nail fold was repaired using a 4-0 nonabsorbable suture over the repositioned
nail plate (Fig. 2F).
In cases where the tumor was located rather centrally, two
horizontal and longitudinal incisions were created along both
sides of the nail folds (Fig. 3A). Skin flaps were elevated until
the exposure of the proximal nail bed and germinal matrix was

A

B

C

D

E

F

Fig. 2. Operative technique. (A) A longitudinal incision from the proximal corner of the nail fold is created, extending distally and
proximally along the lateral border of the nail fold. (B) A proximal skin flap is elevated along with the extension of the nail fold and the
base of the nail plate. (C) The skin flap is further elevated until the proximal end of the nail bed and germinal matrix is fully exposed and
the skin flap is subsequently fixed with a stay suture. (D) The proximal end of the germinal matrix, nail bed, and nail plate are elevated
in one layer from the underlying bone until complete exposure of the glomus tumor is achieved. (E) With a no. 15 blade, the tumor is
excised from the surrounding soft tissue. (F) After complete removal of the tumor, the germinal matrix, nail bed, and nail plate are placed
back in their original positions, and the incisions are repaired using 4-0 nonabsorbable sutures. The asterisks indicate the nail bed; the
dagger signs indicate the germinal matrix.
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A

B

C

Fig. 3. The operative technique for centrally located subungual glomus tumors. (A) Two horizontal and longitudinal incisions are made
along both sides of the nail folds. (B) A skin flap is elevated until the exposure of the proximal nail bed and germinal matrix is achieved. (C)
From the proximal end of the germinal matrix, the nail bed and nail plate are elevated until full exposure of the underlying glomus tumor
is obtained. The asterisks indicate the nail bed; the dagger signs indicate the germinal matrix.
achieved (Fig. 3B). From the proximal end of the germinal matrix, the nail bed and nail plate were elevated from the bone
until full exposure of the underlying glomus tumor was obtained (Fig. 3C). After removal of the tumor, the elevated nail
plate, nail bed, and germinal matrix were repositioned to their
original sites and both nail folds were sutured meticulously
with 4-0 nonabsorbable sutures.

Results
1. Patient demographics and clinical characteristics

Between June 2006 to May 2021, 29 patients were enrolled
and treated using the nail-sparing and sub-nail bed approach
for the excision of subungual glomus tumors and followed up
for an average of 49.5 months (range, 6–179 months after surgery). One patient presented with tumors on four different fingers. Therefore, a total of 32 cases were evaluated. There were
11 male and 18 female patients in this study with ages ranging
from 26 to 74 years (mean, 43.4 years). Preoperatively, all the
patients complained of at least one of the classic symptom triads of glomus tumors, and 13 cases (40.6%) presented with
various combined nail deformities. Cold intolerance was seen
in 71.9% and paroxysmal pain was seen in 68.8% of patients.
The glomus tumor was located eccentrically in the subungual
area in 28 cases (87.5%), while four (12.5%) were located centrally. Twenty-one cases (65.6%) were located under the nail
matrix, whereas the remaining 11 cases (34.4%) were located
under the nail bed. The mean tumor diameter was 4.5 mm
(range, 0.6–9.8 mm) (Table 1).

2. Preoperative and postoperative pain evaluation

All patients showed positive Love’s pin test. The mean VAS
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Table 1. Demographic and clinical characteristics of patients and
tumors
Characteristic
No. of patients:cases
Sex, male:female
Age (yr)
Clinical manifestation, No. of cases
Pinpoint tenderness
Cold intolerance
Paroxysmal pain
Preoperative nail deformity (total cases)
Location
Eccentrical:central
Nail matrix:nail bed
Tumor diameter (mm)
Follow-up (mo)

Data
29:32
11:18
43.4 (26–74)
32 (100)
23 (71.9)
22 (68.8)
13 (40.6)
28 (87.5):4 (12.5)
21 (65.6):11 (34.4)
4.5 (0.6–9.8)
49.5 (6–179)

Values are presented as number only, mean (range), or number (%).

Table 2. Mean pain scores in patients preoperatively, 1 week after
surgery, and at final follow-up
Variable
Preoperative, baseline
Postoperative, 1 week after surgery
Last follow-up, mean of 49.5 mo

VAS score,
mean
7.0
1.8
0

VAS reduction,
mean
5.2
7.0

VAS, visual analog scale.

pain score before surgery was 7.0 (range, 5−9). All patients
showed symptom relief after surgery, with a mean VAS pain
score of 1.8 (range, 1–3) 1 week after the operation. At a mean
follow-up of 49.5 months (range, 6–179 months), all patients
showed pain relief with a mean VAS score of 0 (Table 2). There
were no signs of any surgical complications such as any recur157
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rence of tumors, digital nerve injury, and resultant paresthesia
of the fingers after surgery at final follow-up.

3. Postoperative outcomes

All patients had complete recovery without recurrence of tumors. With respect to subjective cosmetic grading, 31 cases (28
patients) out of the 32 cases indicated the postoperative nail to
be “satisfied”. One patient reported the postoperative nail to be
“unsatisfied.”
Objective cosmetic gradings performed by two orthopedic
hand surgeons were as follows: three out of the total cases
(9.3%) were graded as “excellent” with marked improvement in
nail shape after surgery and 28 cases (87.5%) were graded as
“good.” All of the preoperatively normal shaped nails (n = 19)
remained normal after surgery; nine out of 10 cases with preoperative longitudinal grooves remained as longitudinal
grooves after surgery. One case (3.1%) with preoperative longitudinal groove worsened as a longitudinal groove with streak
and was graded as “poor.” This patient was the same person
who subjectively claimed his nail shape to be “unsatisfactory”
(Table 3).

Discussion
Glomus tumors are vascular neoplasms arising from a contractile neuromyoarterial structure found in the reticular dermis called the glomus body [12]. It is known to be only curable
by the complete excision of the tumor. Depending on the location of the tumor, it can be approached and removed by ipsilateral or bilateral mid-lateral excisions if located in the pulp area
[8]. However, approximately 75% of the tumors are located in
the subungual area, and its proximity to the nail matrix and
germinal matrix complicates surgical excision because it is likely to be damaged during the excision when using the traditional transungual approach [13–15]. Germinal matrix, which is
located proximal to the nail bed, is responsible for 90% of nail
growth. Although the classical direct transungual approach has
been known to provide good visualization and easy access to
the tumor [16], removal of nail takes time to regrow into a nor-

mal nail and risks further damaging the germinal matrix and
nail bed [17]. In an attempt to avoid nail bed injury, lateral subperiosteal approach has been introduced where the tumor is
removed by elevating a flap under the periosteum through a
lateral incision of the nail bed [18]. However, this method is
limited by the location of the tumor, and it may injure the digital nerves. Although the modified transungual nail preserving
approach introduced by Lee et al. [17] offers preservation of the
nail plate, recurrence of pain in some cases and surgical procedure of meticulous nail bed repair were limitations [17]. The
modified periungual approach may be associated with a significant injury to the germinal matrix [8].
As described, the location of the tumor usually dictates the
surgical approach. In this study, all of the tumors were located
either peripherally or centrally near the germinal matrices in
the more proximal aspect of the nail plate; therefore, the approach introduced in this study was adequate. We did not have
any cases where the tumors were located far distally in the subungual area. For glomus tumors located rather distally in the
subungual regions; we would assume that a similar approach
starting distally beneath the nail bed could be utilized. If the
tumor is located somewhere other than the subungual area
such as in the pulp, a mid-lateral approach would be appropriate [8]. Patients with glomus tumors in the pulp were not enrolled in this study because the approach would not be indicated in such cases [8,19].
The nail-sparing and sub-nail bed approach that was used in
this study lifted the germinal matrix and the nail plate as a
whole and did not require suturing of the nail bed, and resulted
in satisfactory cosmetic outcome without significant nail deformities after the operation. Nail bed sutures that are not performed meticulously may contribute to subsequent deformities
and furthermore, foreign body reaction by the suture material
increases the risk of infection [4]. Most importantly, nail regrowth due to nail removal and suturing of the germinal matrix
as performed in the traditional transungual approach were
avoided which may have contributed to higher patient satisfaction and decreased postoperative pain and infection. The elevation of the germinal matrix, nail bed, and the nail plate as a

Table 3. Preoperative and postoperative nail shape description and objective grading (total of 32 cases)
Preoperative
Longitudinal splitting (n = 2)
Longitudinal grooves (n = 10)
Longitudinal streaks with cracks (n = 1)
Normal (n = 19)
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Postoperative
Improved to near normal (n= 2)
Remained as longitudinal grooves (n= 9)
Worsened to longitudinal grooves with streaks (n= 1)
Improved to longitudinal grooves (n= 1)
Remained normal (n= 19)

Objective grading
Excellent
Good
Poor
Excellent
Good
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whole from the underlying bony cortex typically provided sufficient exposure of the tumor. With respect to postoperative recovery time, patients returned to normal daily activity after 2
weeks postoperative which is comparable to traditional 5 weeks
with the transungual approach [20].
One case that was graded as “poor” objectively seemed to
have had a couple of preoperative features that may have caused
worsening of the cosmetic outcome. The size of the tumor was
relatively large (approximately 0.7 × 0.5 × 0.3 cm3), and the nail
bed and significant part of the germinal matrix were invaded,
and underlying distal phalanx bony erosion was noted by the
longstanding tumor mass. Furthermore, the patient’s duration
of symptoms (pain and nail deformity) was approximately 7
years which is comparably longer than the mean duration of
symptoms of 3.8 years as reported in a previous study [21].
Postoperative patient satisfaction and resultant nail deformity
in one patient that presented with glomus tumors on four different fingers were excellent as she did not complain of any significant nail deformities in all four fingers and was satisfied
with the cosmetic outcome. In general, solitary glomus tumors
are known to be more common, while multiple glomus tumors
can occur rarely in the digits [12].
There are several limitations to this study. We were unable to
directly compare the results of other methods of operation such
as the classical transungual approach performed by the same
surgeon at one institution. Secondly, tumor recurrence was
only defined based on the lack of persistent or recurring pain
of the patient without comparing the preoperative and final
follow-up MRIs. Finally, our data analyses may have contained
recall bias as the medical records were retrospectively reviewed.

Conclusion
The nail-sparing and sub-nail bed approach to glomus tumor
is a good operation technique for removing subungual glomus
tumors with minimal postoperative nail deformities and pain
through its advantage of the minimized manipulation of the
nail plate, nail bed, and germinal matrix.
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Snake bite may be observed from localized symptoms to systemic complications. In
most cases, the symptoms as well as the lab course improved by conservative treatment. Therefore, it is recommended that enough of the antivenom be administered
initially, and the hospital should be aware of the most common envenomations to obtain the most needed antivenoms. A case of 22-year-old woman bitten on her finger
by a estern diamondback rattlesnake. In Korea, there is no antivenom for rattlesnake,
so freeze-dried Agkistrodon halys antivenom was used alternatively. After 10 days of
the injury, laboratory finding was almost normalized. At that time, the digit had undergone massive skin necrosis. The wound achieved total healing at postoperative 2
months after flap coverage. This case of rattlesnake bite, which was first described in
Korea, present a management with antivenom to other family of snake, and successful
surgical treatment.
Keywords: Fingers, Snake bites, Surgical flaps

Introduction
Snakebite is not common, however, may be observed from localized symptoms
such as pain, swelling, infection, delayed wound healing, and skin necrosis at the
injury site, to systemic complications including hypotension, neurotoxicity, acute
kidney injury, acute respiratory failure, myocardial infarction, disseminated intravascular coagulation, and death. In most cases, the symptoms, as well as the lab
processes, were improved by the use of antivenom and conservative treatment.
Multiple studies support the use of early and sufficient doses of antivenom administration to reduce the need for surgical intervention. So, a hospital should be
aware of the most common envenomations to obtain the most needed antivenoms.
Snakebite is a worldwide specialized form of injury but an underreported issue
in Korea because there are few venomous snake species existing. In Korea, only
four species are known as poisonous snakes, and hands are the most common
sites of snakebite [1].
In the United States, the majority of snakebites (56.3%) occur from rattlesnakes,
existing in almost every state [2]. Because rattlesnakes don’t exist naturally in Korea, no case of rattlesnake bites has been reported in Korea. Unfortunately, snakebites often result from improper handling by professional snake handlers [3].
Here we describe a rare case of 22-year-old woman bitten by a rattlesnake
working in the aquarium. The study was performed in accordance with the principles of the Declaration of Helsinki. The patient provided written informed consent for the publication and the use of his images.
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Case report
A 22-year-old woman without underlying medical conditions was bitten on the distal phalanx of her right index finger
by an eastern diamondback rattlesnake (Crotalus adamanteus)
while working in an aquarium (Fig. 1A). After the injury, she
went emergency center in our hospital. At the time of initial
examination, the injured finger showed moderate tenderness,
swelling and bullae formation, progressive skin necrosis 12
hours after the injury (Fig. 1B). In laboratory finding, shortening of prothrombin time and decreased fibrinogen and platelet
was shown. She was treated with empirical antibiotics, immobilization, pain control, and simple wound dressing using povidone-iodine. In Korea, there is no antivenom for rattlesnake, so
Kovax (freeze-dried Agkistrodon halys antivenom injection
6,000 IU/vial; Korea Vaccine, Ansan, Korea) was used alternatively within 24 hours after the injury. Ten days after the injury,
laboratory finding was almost normalized without any systemic complication, so she was referred to our department for further surgical debridement. At that time, the digit was desiccated
and mummified (Fig. 2). On 3 weeks of hospitalization, the
complete debridement for removal of nonviable tissue was performed under general anesthesia. Removal of dry eschar tissue
was performed, and exploration of the deep tissue structure
was done using mosquito forceps and Metzenbaum scissors.
The focal distal parts of flexor tendon and bony structure including distal phalanx and partial head of middle phalanx were
nonviable. After removal of the devitalized tissue including the
bony tissue of middle phalanx head, the defect was reconstructed using homodigital artery-based island flap and the donor

A

site was covered with a full-thickness skin graft (Fig. 3). The
flap showed good healing, and no further operation was needed. One week after the surgery, she was transferred to outpatient treatment. The wound achieved total healing at postoperative 2 months (Fig. 4).

Discussion
Snakebite envenomation is of concern as a worldwide health
threat. In a 2019 World Health Organization report, 5.4 million
snakebites occur annually, resulting in 2.7 million cases of envenomings (poisoning from snakebites) [4]. However, snakebites rarely occur in South Korea. In South Korea, 192 to 621
cases of snakebite occur annually with five cases of fatality [5].
And distal parts of the upper extremities are the most common
sites in South Korea.
There are four species of venomous snakes that exist in Korea: three species in Gloydius genus (Gloydius blomhoffii, Gloydius saxatilis, Gloydius ussuriensis), and one species in Rhabdophis genus (Rhabdophis tigrinus) [1]. The venom from these
snakes is usually not toxic and systemic derangement from the
response to the injected toxin is rare. In contrast to reports
from Southeast Asian countries, where 70% of injuries are to
the lower extremity, the percentage of upper extremity injuries
is 69.6% in Korea. However, rattlesnakes are the most common
cause of snakebite in the United States, and the mortality rate is
higher compared to other snakebites [2]. The rattlesnake’s venom, consisting of a mixture of over 50 different proteins, cause
local, hematologic, neurologic, and systemic effects. Because
each component affects multiple organ systems, it is hard to

B

Fig. 1. (A) Rattlesnake (Crotalus adamanteus). (B) Initial presentation of the patient. The digit had a dusky appearance in 12 hours after
injury. Reused from the public domain of TimVickers via Wikimedia Commons.
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Fig. 2. The appearance of skin necrosis 10 days after injury.

Fig. 3. Intraoperative finding. After the amputation of the middle
phalanx head, the reverse homodigital artery-based island flap
was performed for resurfacing with the identification of the
pedicle.

https://doi.org/10.12790/ahm.22.0008

rigidly classify them as tissue-toxic or neurotoxic. Two of the
major components include phospholipase A2 toxin and metalloproteinases. Phospholipase A2 toxins are thought to have
myotoxic, anticoagulant, and neurotoxic effects, by inhibiting
neuromuscular transmission by blocking presynaptic calcium
channels. They are also thought to damage platelet membranes,
resulting in thrombocytopenia [6]. Metalloproteinases are supposed to be contributors to local tissue destruction and hemorrhage. They alter the morphology of endothelial cells of capillary vessel by cleaving peptide bonds of basement membrane,
resulting in hemorrhage. Snakebites show common symptomatology including local tissue damage and systemic manifestations.
However, each species has a variable level of gene expression,
controlling the level of proteins and enzymes. Despite previous
many studies, many aspects of snake venom toxicity are not
still clearly defined.
After field management, the mainstay of medical management of a rattlesnake bite is antivenom administration, which is
made up of purified immunoglobulin (Ig) G antibodies. Two
antivenoms are available for rattlesnake envenomations. Cro163
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Fig. 4. Postoperative 2 months finding. The wound was totally healed.
talidae polyvalent immune fab (CroFab; BTG, London, UK) is
purified ovine-derived immunoglobulin for four snakes (western diamondback, eastern diamondback, Mojave rattlesnake,
and cottonmouth). Crotalidae Immune F(ab)2 (Anavip; Bioclon, Mexico City, Mexico) is equine-derived IG for two snakes
(Bothrops asper and Crotalus durissus), usually not requiring
repeat maintenance dosing due to the longer duration of activity [7]. Proper antivenom administration within 4 hours of envenomation offers a decreased risk of requiring surgical intervention. In many cases, however, patients could not identify the
snake species that bit them. So, knowing the common snakes in
the locality may help find the real culprits.
In our case, the patient with a rattlesnake bite was given the
Agkistrodon halys antivenom, because it is the only commercial
antivenom in Korea. As a result, the patient had no systemic
complication including respiratory distress, coagulation impairment, or neurologic symptoms. The local tissue damage
was not further aggravated and stabilized within 1 week. It is
widely known that a monovalent or polyvalent antivenom is effective in the family of snakes causing the bite. Because there
are common antigens between the venoms of snakes in the
same genus, there may be cross-reaction against another genus
[1]. The Kovax is a whole IgG antibody derived from Agkistrodon halys, which exists in China. And it is proved that this antivenom is effective in Gloydius blomhoffii, Gloydius saxatilis,
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Gloydius ussuriensis, because of cross-reaction; but not in
Rhabdophis tigrinus [8]. For rattlesnakes, the commercial antivenom for rattlesnake in the United States is not recommended for snakes outside the United States. In contrast, the effect of
Kovax on rattlesnake is not studied [9]. We guessed that the antivenom used for the patient affect the toxin envenomated by
other families of snakes. The further study on immunoreactivity is needed.
So far, there have been no reports of rattlesnake bite in Korea.
Here, we present a case of a rattlesnake bite managed with antivenom to other families of snakes and successful surgical
treatment. This case may be helpful to physicians fronting a patient bitten by an uncommon viper, or plastic surgeons agonizing the surgical options.
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Few cases of bilateral axillary extramammary Paget’s disease (EMPD) have been reported. We performed surgical excision and reconstruction in a patient with bilateral
axillary EMPD after consultation with dermatology. A dermatologist determined the
boundaries of the lesion through Mohs micrographic surgery, and a plastic surgeon
excised the lesion and reconstructed the resulting defect. Skin grafts were simultaneously performed to reconstruct the bilateral axillae. After the operation, the reconstructed site healed well, but the range of motion of both shoulders was reduced. After referral to a doctor specializing in rehabilitation, the patient was diagnosed with
adhesive capsulitis and received additional treatment. Since no previous reports have
presented a case of adhesive capsulitis after the reconstruction of bilateral axillary
EMPD using skin graft, this case is noteworthy.
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Introduction
Extramammary Paget’s disease (EMPD) is characterized by erythematous lesions with clear borders and commonly occurs on the genitalia, perianal region,
scrotum, penis, and axillae. EMPD accounts for 6% to 7% of all cases of Paget’s
disease, and only hundreds of cases have been reported worldwide [1,2]. Furthermore, axillary EMPD is exceedingly rare, and, to date, very few reports have presented cases of bilateral axillary EMPD. In particular, no published studies have
described the postoperative complications of surgery to treat bilateral axillary
EMPD.
Adhesive capsulitis (AC) is a shoulder disease characterized by pain and reduced motor function [3]. Pathologically, it involves chronic inflammation of the
synovial capsular layer that leads to capsular thickening and fibrosis. AC affects
3% of the world’s population and is disproportionately common among women
aged 40 to 70 years [3]. Although the etiology of AC remains unclear, orthopedic
shoulder surgery following trauma has been suggested as a potential cause [3].
This report presents a case of AC that occurred after surgical treatment of bilateral axillary EMPD, a very rare disease. Through this case, we hope to raise clinicians’ awareness regarding the possible occurrence of AC as a complication after
surgical treatment of bilateral axillary EMPD. Informed consent was obtained
www.handmicro.org
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from the patient for data publication, including the use of images.

Case report
A 49-year-old female patient had erythematous patches on
both axillae about 1 to 2 years ago that suddenly grew, prompting her to visit our dermatology department (Fig. 1). The patient was diagnosed with EMPD based on biopsy findings and
was promptly referred to the plastic and reconstructive surgery
department for surgical excision and reconstruction of the bilateral axillae. The patient had no other abnormalities or diseases. After a discussion with the patient, the authors decided
to reconstruct both axillae by skin grafting at the same time after removing the lesions. On the day before surgery, the authors
removed the lesions based on the margin confirmed by the
dermatologist through Mohs micrographic surgery. After excision, the lesions were sent for permanent biopsy. The histologi-

cal and immunohistochemical findings are presented in Fig. 2.
Microscopically, single or clustered cells confined to the epidermis—usually above the basal layer of the epidermis—called
Paget cells were identified. These cells can be morphologically
distinguished from squamous epithelial cells by the presence of
a pale to eosinophilic cytoplasm and large, pleomorphic nuclei
with conspicuous nucleoli (Fig. 2A, 2B). Immunohistochemical
staining for cytokeratin 7 also visualized them with positive cytoplasmic staining (Fig. 2C). The histologic findings of both lesions (left and right) were identical to each other. The defect in
the right axilla measured 9 × 8 cm and that in the left axilla
measured 8 × 8 cm. Reconstruction was performed using
split-thickness skin grafts after applying a SureDerm acellular
dermal matrix (Hans Biomed Corp., Seoul, Korea) to reduce
postoperative contracture. As dressing for the skin graft site, an
ointment-impregnated gauze was first applied, and then negative-pressure wound therapy (Curavac; Daewoong Bio, Inc.,
Seoul, Korea) was applied. To promote engraftment, the pa-

Fig. 1. Preoperative picture showing extramammary Paget’s disease in the bilateral axillae. The patient visited our clinic with bilateral
axillary erythematous brownish patches that had developed 1 to 2 years ago.

A

B

C

Fig. 2. Microscopic findings of extramammary Paget’s disease. (A, B) Hematoxylin and eosin-stained slides (A, ×100; B, ×400). (C)
Immunohistochemical staining for cytokeratin 7 (×400).
https://doi.org/10.12790/ahm.22.0007

167

Seong Hwan Bae et al. Adhesive capsulitis after reconstruction for EMPD

tient’s shoulders were kept elevated and abducted by placing
both hands above her head for 7 days (Fig. 3). After surgery,
the patient started to report shoulder pain, but the posture was
maintained for 7 days. After removing the Curavac on the 7th
day after surgery, the range of motion (ROM) was checked, and
it was confirmed that the ROM had decreased. One month after surgery, the patient’s right shoulder showed angles of forward flexion, abduction, internal rotation, and external rotation
of 80°, 45°, 50°, and 0°. The corresponding values for the left
shoulder were 150°, 150°, 40°, and 0°. The patient was referred
to a physician specializing in rehabilitation medicine and was
diagnosed with AC based on the clinical and ultrasound findings (Fig. 4).

The grafted sites successfully healed within 3 months after
surgery (Fig. 5). At 6 months after surgery, in the right shoulder, the angles of forward flexion, abduction, internal rotation,
and external rotation were 150°, 120°, full, and 45°, respectively.
The corresponding values for the left shoulder were 150°, 120°,
full, and 45°, respectively. EMPD did not recur during the
1-year follow-up period. The patient was treated with nerve
blocks, steroid injections, medications, physiotherapy, and
manual therapy for AC as prescribed by the rehabilitation specialist. At 1 year postoperatively, the patient’s restricted ROM
had not completely resolved (Fig. 6).

Discussion
EMPD is a type of intraepithelial adenocarcinoma. The first
reported case of EMPD was detected on the male genitalia by

Fig. 3. Posture of the patient maintained for 7 days after skin
graft surgery. The patient maintained shoulder elevation and
abduction with both hands above the head.
Fig. 5. A photograph taken 3 months after surgery, showing
successful healing of the skin grafts in both axillae.

Fig. 4. Ultrasonography of the shoulder area performed 1 month
after surgery. On ultrasonography, capsular thickening in the
synovial capsular layer was confirmed, and adhesive capsulitis was
diagnosed with physical symptoms.
168

Fig. 6. After 1 year of treatment at the Department of Rehabilitation
Medicine, the range of motion had still not fully recovered.
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Crocker in 1889 [4]. It usually occurs in the perineum, which
contains abundant apocrine sweat glands. The most commonly
affected sites vary between Western and Asian populations. In
Western populations, EMPD most commonly occurs on the labia majora, followed by the perianal region, scrotum, penis,
and groin. However, in Asians, EMPD is more common among
men and most commonly affects the scrotum and penis [5].
EMPD confined to the axilla is very rare; only three cases of bilateral axillary EMPD have been published worldwide, and no
previous cases from Korea have been reported [6].
AC, also known as “frozen shoulder,” is pathologically characterized by contracture of the glenohumeral capsule accompanied by pain and reduced ROM in the glenohumeral joints.
The disease course of AC is traditionally divided into the painful, freezing, and recovery stages; however, there is no evidence
to support this staging, and its clinical utility is questionable.
Although the causes of AC are unclear, it is associated with diabetes mellitus, rotator cuff tendinopathy or tears, subacromial
bursitis, biceps tendinopathy, recent shoulder surgery or trauma, and inflammatory diseases [3,7]. The accurate diagnosis
and early treatment of AC help to reduce pain and increase
ROM. Therefore, physicians must be aware of the possibility of
AC in patients with a history of the aforementioned diseases or
in those who have undergone surgery around the glenohumeral joint. Before undergoing surgery, patients should also be informed of the risk of AC. In addition, postoperative shoulder
abduction and elevation were performed to promote stability of
the skin grafts. A previous study reported that the axillary
nerve shortened when shoulder abduction and elevation position were performed. In this case, the patient experienced pain
in the shoulder abduction and elevation posture, which induced axillary nerve stretching, potentially leading to neuropathy. However, it would be difficult to prove a clear causal relationship [8].
Skin grafts or flaps can be used to reconstruct axillary defects. The thoracodorsal artery perforator (TDAP) flap can be
considered as the first option to preserve full ROM of the
shoulder and obtain satisfactory cosmetic outcomes. However,
since it is difficult to maintain the necessary posture during
surgery when reconstructing a defect in the bilateral axillae, a
TDAP flap may not be an appropriate choice when both sides
are to be operated at once. Therefore, the authors planned reconstruction with skin grafts, and used acellular dermal matrix
to prevent scar contracture after skin grafting. After surgery,
both hands were placed above the head and the shoulder was
maintained in elevation and abduction for 7 days, and the skin
was successfully engrafted.
https://doi.org/10.12790/ahm.22.0007

Although a previous study reported that AC occurred in 11%
of cases after shoulder surgery, the mechanisms underlying
postoperative AC remain unclear [7]. Postoperative AC has
been an important topic of discussion among orthopedic surgeons. Another study reported that approximately 7% to 10%
of patients developed AC after breast cancer surgery, and the
risk of AC was found to be higher in patients aged 50 to 59
years [9]. As in this case, the prolonged maintenance of shoulder abduction to prevent scar contracture may be a cause of
AC. However, after reconstructing EMPD in both axillae at
once with skin grafts, as in our case, maintaining shoulder fixation to prevent scar contracture was necessary.
AC significantly compromises the patient’s quality of life by
causing pain and reduced motion. Early diagnosis and treatment can help reduce pain and increase ROM. Thus, an awareness of the possibility of AC can positively contribute to its
management. Given that bilateral axillary EMPD is rare, with
no existing reports on the use of skin grafts for the reconstruction of such cases, we were not able to predict the development
of AC in our patient. However, in light of our experiences, in
subsequent cases where an attempt is made to reconstruct
EMPD that occurred in both axillae by skin grafts, it is necessary for the operator to recognize the risk of AC occurrence
and to provide a sufficient explanation to the patient.
We reported a case of EMPD confined to both axillae that
was successfully treated by the surgical removal of lesions and
reconstruction using skin grafts; however, postoperative AC
developed. The present case, therefore, demonstrates the need
to consider the possibility of AC following bilateral axillary
EMPD removal and reconstruction using skin grafts.
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Forearm replantation is a challenging procedure for both patients and medical professionals. High survival rates are now being achieved owing to developments in microsurgical techniques. However, patient expectations for a “functional hand” are ever-increasing. To obtain satisfactory functional results following major limb replantation, it is important to reduce the ischemic time. During forearm replantation, the
time from the beginning of surgery to the anastomosis of the artery should be minimized. This step includes anesthesia, wound debridement, and bone fixation, which
are key factors in choosing the most efficient method and reducing the time needed.
Herein, we review the prognostic factors and report the general operative procedures
for forearm replantation using our proposed surgical technique.
Keywords: Forearm, Upper extremity, Prostheses and implants, Replantation, Amputation

Introduction
The first replantation was performed in 1962 for amputation near the shoulder
in a 12-year-old boy [1]. Since then, replantation techniques have continued to
develop and improve. Currently, repair of vessels with a diameter as small as 1
mm is possible using super-microsurgery techniques, and replantation is performed for a wide range of injuries, including fingertip replantation and limb amputation. However, the surgical outcomes of upper-limb replantation have been
unsatisfactory compared to those of digit replantation, which has led to doubts
regarding the efficiency of upper-limb replantation surgeries [2-5].
Limb amputations are commonly accompanied by crushing injuries, leading to
unsatisfactory replantation outcomes. However, patients demand better cosmetic
and functional results than that associated with prostheses. Traumatic limb loss
causes major functional deficits and is associated with negative psychological outcomes (including feelings of low self-esteem, loss of motivation, and negative
quality of life). The objectives of upper- and lower-limb replantation should be
discrete; lower-limb replantation is performed with the objective of helping patients walk without pain, which increases patient satisfaction related to functional
recovery, in consideration of the high surgical costs. In a study involving belowthe-knee amputations, satisfaction with functional recovery with the use of a
prosthesis was higher than that in other cases [3,6,7]. With replantation of upper-limb amputation, functional and esthetic recovery is possible, and the satisfaction of those who experience replantation is higher than when implanting a
less developed/premature electric prosthesis. An expensive electric prosthesis is
not widely used in South Korea because of cost issues. It is also a highly modern171
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ized design that does not sufficiently meet the patients’ esthetic
recovery requirements compared with the normal upper limb.
Moreover, the multiple degrees of freedom and agility of the artificial limb are not comparable to those of the normal limb, especially with the current prosthetic technologies. Hence, the
use of a prosthesis following upper-limb amputation can result
in lower functional and psychological satisfaction outcomes
[3,6-8].
Graham et al. [2] evaluated the functional outcomes of 22
successful upper-limb replantation cases performed near the
wrist level. They compared the functional outcomes of amputated arms with those of replantation or prostheses and reported excellent outcomes of replantation. These results implied
that a “bad hand” had higher functionality than that of a “good
amputation” [8]. It is still questionable whether the recently
performed arm re-transplantation is superior to the patient’s
safety and high surgical cost following immunosuppressive administration, ethical issues according to donor’s choice, and the
results compared to amputation with an appropriate implanted
prosthesis. devices [8]. Therefore, we suggest that surgeons perform replantation more aggressively in patients with upper-extremity amputation.
Traditionally, replantation of upper-limb amputation has focused on the survival rate. Current advances in technology,
healthcare systems, and resources have shifted the focus to
maximizing the surgical efficiency and functional outcomes of
replantation [4,5,9,10]. This article discusses methods for
achieving better outcomes of forearm replantation that are associated with a high frequency of upper-limb replantation.

Preoperative assessment of limb amputation
patients in the emergency department
1. Life before limb

Medical professionals who assess patients with forearm amputation must be aware of the “life before limb” principle that
unreasonable limb replantation can lead to patient death.
Therefore, for patients in the emergency department, advanced
trauma and life support systems, typically associated with traumatic injuries, should be provided. This helps identify accompanying injuries and diseases and, most importantly, maintains
hemodynamic stability. This also helps determine the need for
replantation while considering the ischemic time, degree of
contamination, and severity of injuries. A tourniquet can be
applied to amputated limbs to minimize blood loss; however,
there is a risk of metabolic acidosis due to ischemic injury in
the amputated part [11,12]. Once patients have achieved hemo172

dynamic stability, radiologic assessment is necessary, as well as
an evaluation of whole-body status, age, occupation, and injury
characteristics to determine the need for replantation surgery
[11,12].

Replantation of forearm amputation
1. Objective

The goals of replantation are function preservation, independence of movement, and chronic pain prevention [12]. In particular, recovering protective sensations in the upper limb significantly affect patient satisfaction, increases the efficacy of rehabilitation, and promotes functional recovery of the digits. In
addition, the recovery of nerves and muscles is necessary for
the resumption of functional capacity. However, this is difficult
to achieve. Surgeons and patients undergoing replantation of
forearm amputation should be aware that the part of the limb
being operated on will never be the same as the normal limb.
This surgery was performed to improve functional, aesthetic,
and psychological outcomes [13].

2. Surgical indications

Surgical indications for forearm replantation are similar to
those for the replantation of an amputated digit. When deciding
whether to perform replantation, the patient’s age, injury mechanism, degree of injury, functional outcomes, and motivation for
replantation should be considered before surgery [5]. Replantation cannot be performed for severely crushed or mangled injuries, multilevel amputation, prolonged normothermic ischemic
time, or in cases of accompanying life-threatening injuries [14].

3. Prognostic indicators
Injury type

The mechanism of limb amputation injury is the most influential factor for survival and functional outcomes after replantation. Previous research found better outcomes in cut-type
amputated digits compared to those in avulsion and crushing
injuries [13], although it is difficult to compare results according to the mechanism of injury due to the small number of
studies. Based on our experience, most forearm amputations
are cases of avulsion amputations with crushing injuries, whose
postoperative outcomes are unsatisfactory.

Ischemic time and degree

Ischemic time is an important factor for limb replantation.
Unlike finger replantation, major limb replantation is significantly affected by the ischemic time in terms of postoperative
https://doi.org/10.12790/ahm.22.0006
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prognostic factors, which can confer a risk of injury-associated
fatality in severe cases. In a few reported cases, the muscle mass
was directly related to ischemic time [7,9]. Many successful
cases of finger replantation 24 hours after injury have been reported, depending on the storage conditions of the amputated
part [15]. Nonetheless, recovering blood circulation following
limb replantation within 4 to 6 hours is vital for obtaining good
outcomes [4,14]. For example, in amputation of the distal part
of the forearm, revascularization should be performed within 6
hours after injury, and amputation in the proximal part of the
forearm should recover circulation within 4 hours to obtain acceptable postoperative outcomes. To obtain a better prognosis,
the operative time should be shortened to minimize the ischemic time and recover the maximum amount of muscle. Hence,
experienced surgeons, who are familiar with the surgical procedures based on the time of arrival in the emergency room following an amputation accident, perform an initial assessment
of patients, prepare for surgery, and transport patients to the
surgery room to prevent delays and minimize ischemic time.
Even if the amputated part is properly stored, core cooling of
the extremity is insufficient to prevent muscle dysfunction.
Therefore, circulation should be established by anastomosis of
an artery in a short period of time.
During forearm replantation, the time from surgery onset to
the anastomosis of the artery should be minimized. This includes the time needed for anesthesia administration, wound
debridement, and bone fixation, which are key factors in
choosing the most efficient method and reducing the time. Sabapathy et al. [7,14] aimed to complete bone fixation in 20
minutes by avoiding complex procedures and bone grafting.
We agree with these principles and performed bone fixation
within 30 minutes using a two-stage bone fixation method,
which will be described later, with which a good result was obtained.
The guidelines followed during major replantation were adopted from Sabapathy et al. [7,14].

Other factors

1) Anticoagulation
In replantation, thrombosis may affect short-term outcomes.
Most thromboses occur in the veins and are related to a lowflow state. Generally, low-dose aspirin or antiplatelet and antithrombotic treatments, such as intravenous (IV) heparin,
low-molecular-weight heparin, dextran, and prostaglandin, are
used postoperatively. Aspirin effectively reduces the occurrence
of venous and arterial thrombosis with a low complication rate
and is widely used [16].
https://doi.org/10.12790/ahm.22.0006

No significant benefit was found with the administration of
aspirin with other heparin-related products, including subcutaneous and IV heparin [16,17]. Administering IV heparin had
no significant effect on the survival rate of the replanted parts
[18]. After replantation, IV heparin is administered only occasionally for severely atherosclerotic vessels, unresectable intimal damage, and intraoperative thrombosis [18,19]. During
vessel anastomosis, heparin irrigation reduces platelet aggregation and prevents arterial thrombus formation [19].
2) Smoking
Smoking impairs microcirculation in replanted digits [20];
however, its effect on the actual survival rate remains unknown
[4]. Some reports have shown that smoking is related to the
survival rate [21,22], while others have shown that smoking
history does not affect replantation survival [23,24]. However,
one of these studies reported that postoperative smoking negatively affected surgical outcomes [24]. Therefore, surgeons need
to notify patients regarding the effect of smoking on limb replantation [4,9]. Other prognostic indicators of poor outcomes
after replantation are shown in Table 1.

Operative procedures
1. Wound debridement and exploration

Debridement should be performed on the amputated limb.
Contaminated tissues or foreign bodies should be removed as
quickly as possible without interfering with function. Incisions
should be made such that the anastomosis site remains covered
at the end of all procedures. If the contamination level of the
injuries is high, the major nerves and arteries should be tagged
and debrided to minimize the loss of non-injured nerves or
Table 1. Prognostic indicators for poor outcomes after replantation
Prognostic indicators for poor outcomes after replantation
Crush/avulsion injury
“Red line” sign
Ribbon sign
Warm ischemia > 6 hours
Cold ischemia > 12 hours
Multilevel injury
Extensive bone loss
Nerve loss
Multiple joint disruption
Advanced age
Poor candidated for immobilization
Psychosocial disturbance
Rehabilitation compliance concerns
173
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vessels [7,14].
During debridement, the small and minor vessels of the
muscle should be thoroughly ligated to control bleeding after
the tourniquet is released. Additional debridement is necessary
after connecting the artery to reduce contamination after final
replantation.

2. Bone shortening and fixation

Bone shortening is mandatory for the successful replantation
of forearm amputations. When performing bone shortening,
the goal is to perform primary repair of the blood vessels and
nerves with minimal nerve grafts or vein grafts. This procedure
relieves the strain on the artery to be repaired and prevents
possible secondary conditions caused by the thrombus, such as
arterial spasm and arterial insufficiency.
There is no literature on the maximum possible length that
can be considered for shortening, but a 5 to 10-cm shortening
in the upper extremity is possible. Because replantation should
be performed within a short time, bone fixation using a simple
method is preferred. Internal fixation is a technical option involving the use of a Kirschner-wire or plate, depending on the
osteotomy site. In the case of a radioulnar fracture at a different
site, one of the fractured bones can be fixed in a primary operation. Assessment of bone length, rotation, and congruency of
the distal and proximal radioulnar joints of both the bones of
the forearm using intraoperative and perioperative plain radiography is required. Radical debridement and periosteum-damaged bone fragments are removed because of bone
shortening; so that, chances of nonunion can be low [25].
Author’s surgical tip: As mentioned above, due to the delay in
transferring patients to the hospital and preparing for surgery,
debridement and arterial anastomosis after bone fixation
should be completed within 2 hours. The bone fixation procedure should be simplified to reduce the duration of ischemia
while providing sufficient fixation power for stable artery-to-artery anastomosis. The two-stage bone fixation technique was performed in two steps: (1) arterial anastomosis after
bone fixation using a small plate by adding an external fixator;
(2) then after 4 to 6 weeks, removing the external fixator with
change of a long plate instead of a short plate. This method allowed for initial bone fixation within 30 minutes. During the
first stage, we decided which bone to fix first, depending on the
fracture severity in the radius and ulna. The length of the plate
used during surgery was determined based on the length of the
exposed bone after shortening. A long plate is useful for
strengthening the fixation power for a better bone union. However, the amputated site should be dissected further, which
174

consumes more operative time and causes more tissue injury to
the amputated part. The crushed or fractured bone was sawed
vertically and a plate with four to six holes was fixed. Subsequently, the radius, ulna, and connecting arteries were serially
fixed to ensure recovery of blood circulation. After replantation, external fixation was performed to ensure a strict bone
fixation. The second operation is usually performed after 4 to 6
weeks. The external fixator was removed and replaced with a
long plate, depending on the condition, or the previous plate
was left as it was. In the case of bone defects, a bone graft was
performed during the second operation. Based on our experience, using a short plate during the initial surgery shortened
the fixation time and enabled a stable anastomosis. Even if this
short plate cannot be replaced with a longer one, there is no
problem in achieving bone union with good fixation power.
This method can achieve revascularization within one hour after the induction of anesthesia (Fig. 1).

3. Vessel repair

The survival of the replanted arm depends on vessel anastomosis and maintenance of circulation. A technique involving
vein repair can avoid venous stasis. In addition, a bloodless
field should be created for an easier operation. However, in
crushing or avulsion amputation, it is better to first connect the
artery to find a suitable vein that functions well. At least one
major artery should be repaired and connected to the maximum possible number of veins to reduce bleeding after release
of the clamp. The comitant vein transfers a large amount of
blood and should be restored as much as possible.
Author’s surgical tip: There are two arterial reconstruction
approaches; direct anastomosis and saphenous vein graft. We
preferred direct anastomosis because of its shorter procedural
time. A direct anastomosis usually connects the radial and ulnar arteries. In contrast, our researcher selected an approach
wherein anastomosis of the radial and ulnar arteries was performed depending on the status of the vessel injuries. When
these two arteries are cross-connected, the duration of the
bone-shortening procedure can be further shortened.
Because the upper extremity does not require a lengthening
procedure to match the length of both arms, proper bone
shortening is the best way for artery anastomosis to reduce the
ischemic time. After the arteries are connected and the blood
circulation is recovered, vein repair is performed. Commitment
venae flowing parallel to the artery should be connected as well
as superficial veins in the skin, which can be injured by contamination or hemolysis. Therefore, every possible vein should
be reconnected.
https://doi.org/10.12790/ahm.22.0006
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Fig. 1. Forearm amputation. (A) Photograph showing a 24-year-old male with an amputated forearm after a car accident. (B) We used
a 5-hole reconstruction plate and external fixator for bone fixation during replantation surgery. It took 120 minutes from the start of
the operation to artery anastomosis, and the total ischemia time was 7 hours. The time required for bone shortening and plate fixation
was 30 minutes. (C) The external fixator was removed 6 weeks after surgery and followed by skin grafting. (D) For hand function, a
free functional muscle graft using the gracilis muscle was performed 15 months after surgery. (E). Bone union was achieved without
secondary bone fixation. (F) At the last follow-up at 19 months, Chen Grade II success (total range of motion, ≥60%; muscle strength,
≥M4; sensibility, ≥2; back to work) was observed. Written informed consent for publication of the clinical images was obtained from the
patient.

4. Muscle and tendon repair

The tendon should be repaired during the initial surgery. As
bone shortening is usually performed, primary tendon repair
becomes easier. If possible, both the muscle belly and the
epimysial repair should be sutured. In avulsion amputation,
rupture frequently occurs at the musculotendinous junction.
Even in this case, connecting the amputated tendon end to the
proximal part of the muscle belly resulted in good functional
outcomes. If there is a large defect, tendon transfer, tendon
graft, or free muscle flap can be considered in the first or second stage.
Author’s surgical tip: As the muscle of the amputated limb
may be necrotic and increase the risk of infection, we decided
https://doi.org/10.12790/ahm.22.0006

to remove the muscle as much as possible. The proximal muscle was used to cover the vessel-connected area to prevent
damage. In addition, we chose the proximal muscle in good
condition to connect the tendon of the amputated part with the
flexor and extensor. We performed tenorrhaphy of the 2nd
through 5th finger flexors together and tenorrhaphy of the
thumb separately. The entire extensor is connected to the muscle once.

5. Nerve repair

It is preferable to perform neurorrhaphy of the major nerves
during the primary repair without a nerve graft. Bone shortening was performed to avoid nerve graft. If primary repair is not
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possible, the nerve should be tagged in the appropriate area to
ease operation of the nerve graft.

sary for massive hemorrhages. Hemoglobin and electrolyte levels should also be periodically measured and corrected [14].

Skin cover

Secondary surgery

Additional debridement can lead to skin or soft-tissue defects. A skin graft can be performed if there is a good muscle
bed and blood vessels, tendons, bones, and plates are not exposed. A vacuum-assisted device (VAC) can temporarily protect the injured part and help achieve successful secondary reconstruction. The VAC should avoid vessel anastomosis and
apply a low vacuum of 70 mmHg.

Fasciotomy

If the duration of cold and warm ischemia exceeds 6 hours or
in cases of crushing amputation, a fasciotomy should be performed. Before performing the fasciotomy, the overall condition should be assessed for tension or hardness in the affected
limb following surgery.

Postoperative monitoring and care

The risk of thrombosis until postoperative day 2 increased to
80%, and then decreased by 10% on postoperative day 3 [7].
However, no commonly accepted anticoagulation protocol is
available, and antithrombotic treatment is widely used postoperatively. Intraoperative heparinized saline irrigation was recommended. Alternatively, heparinized saline irrigation should
be performed before releasing the clamp, and a 50–100 IU/kg
of heparin bolus should be injected. Following surgery, a continuous IV infusion of a combination of 5,000-IU heparin and
500-mL saline was recommended. Otherwise, 0.4 mL/kg/hr
dextran can be administered until postoperative day 5, or
chlorpromazine with a sedative can be infused for peripheral
vasodilation [7]. Importantly, aspirin was prescribed for postoperative 3 to 4 weeks. However, the use of antithrombotic
drugs has not been reported to increase survival rates [4].
For the early detection of arterial and vein thrombosis in the
anastomosis area, the junction should be monitored. Temperature-probe transcutaneous sensors and laser Doppler flowmetry are useful for detecting arterial or venous thrombi. Doppler
ultrasonography is another useful modality for visualizing
blood flow and detecting dynamic changes in tissues. However,
such systems are complex and uncommon. The most important aspect is clinical assessment. The color of the fingertips
should be compared with that of normal fingers. In general, a
pale fingertip indicates arterial compromise and a blue/purple
color change of fingertip implies venous congestion. Urine output and continuous electrocardiogram monitoring are neces176

For forearm replantation, good functional results are seldom
achieved. Most patients require secondary surgery for soft-tissue contractures, joint stiffness, and malunion or nonunion
[26]. Furthermore, tendon transfer, selective arthrodesis, and
soft-tissue augmentation or scar correction, including flaps, are
required to improve the functional defects caused by failure of
tenorrhaphy or neurorrhaphy. Splinting and physical therapy
are required to treat the joint stiffness. Secondary surgery is not
necessary for the first web space release or capsulotomy because the splint is replaced periodically, and the fingers are corrected. Secondary surgery can be scheduled after evaluation of
rehabilitation status, soft-tissue condition, and overall physical
condition. Three months after the first surgery, a secondary
surgery for the nerves and tendons can be performed. Additionally, a tourniquet can be used in the amputated limb, depending on the condition of the soft tissue to be opened, although its safety outcomes remain unproven. Tagging or charting the location of the tendons and nerves during the initial
surgery should be useful in reducing the dissected area during
the secondary surgery.

Difference between forearm replantation
and major limb replantation
For anatomical reasons, a lower success rate and worse functional outcomes have been reported in association with proxi-

Fig. 2. Forearm amputation.
https://doi.org/10.12790/ahm.22.0006
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mal amputation of the forearm [27]. Forearm amputation following an avulsion injury is associated with tearing such as
crushing, twisting, and bending injuries. These injury patterns
are discontinuous and unpredictable with respect to the area of
injured tissue and the degree of injury [28] (Fig. 2).
The 20 muscles of the proximal forearm are innervated by
most blood vessels and motor nerves, which are usually within
10 cm of the cubital crease. If amputation occurs in these areas,
the nerves and vessels of the injured part must be anastomosed
or transplanted, and ischemic or crushed muscles can cause
contamination or fibrosis. Fibrous scar tissue and large-area
nerve injuries cause muscle dysfunction and poor recovery of
distal sensations [28].

Functional assessment and outcomes of
forearm replantation
Survival rates of 74% to 100% have been reported for patients
with upper-limb replantation, and only a few studies have discussed the outcomes of major upper-extremity replantation at
the proximal area of the wrist. Some studies published after
2000 reported survival rates of 94% to 100% for major upper-extremity replantation [10,16,28-30].
However, as mentioned earlier, functional assessment of upper-extremity replantation is vital. Chen’s criteria were used to
assess the surgical outcomes of upper-extremity replantation
[31,32]. These criteria evaluate functionality in four aspects: (1)
ability to work, (2) range of joint motion, (3) recovery of sensation, and (4) muscle power [32]. Grades I (excellent) and II
(good) indicate good functionality, grade III indicates fair functionality, and grade IV indicates poor functionality.
Previous studies reported contrasting findings regarding the
injury mechanism of the functional limb; Chen grade I or II was
reported in > 30% of cases after replantation of the proximal
arm [28,33]. In relatively recent studies on upper-extremity replantation, high grades were reported in 40% to 77.7% of cases
of significant functional impairment [5,10,34-36]. Despite poor
functionality, patients reported higher satisfaction scores; these
inconsistencies were explained by emotional factors, such as
preservation of integrity with respect to body image [28].
Recently, the Disabilities of the Arm, Shoulder, and Hand
Questionnaire (DASH) or the Michigan Hand Outcome Questionnaire (MHQ) has been commonly used for patient-reported
outcome measures [36]. These questionnaires can be used for
the assessment of hand functionality and symptoms. The MHQ
is a commonly used outcome evaluation questionnaire for hand
surgery, based on symptoms, functionality, aesthetics, and pahttps://doi.org/10.12790/ahm.22.0006

tient satisfaction [37]. These tools evaluate the surgical outcomes of hand disabilities with high credibility and validity [38].

Conclusions
Functional recovery is the main goal following amputated
forearm replantation and can be achieved by shortening the
ischemic time until arterial anastomosis. The factors affecting
ischemic time include patient transport time after amputation,
preparation for surgery by the professional surgical team, and
bone fixation time for the amputated part during surgery.
During forearm amputation replantation, the time from the
injury to anastomosis of the artery should be minimized. Surgeons need to focus on reducing the time by selecting the most
efficient methods for wound debridement and bone fixation
before vascular anastomosis.
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Purpose: The reconstruction of defects resulting from spinal surgery poses a challenge
to plastic surgeons due to the curved contour and strong skin tension of the back. Implant and metal exposure can also increase the difficulty of covering such defects. This
study presents our experiences of covering defects after spinal surgery using dorsal intercostal artery perforator (DICAP) flaps.
Methods: From November 2018 to August 2021, 14 patients with spinal soft tissue
defects underwent DICAP flap reconstructive surgery at our department. The mean
age of the patients was 54.3 years (range, 35–70 years). Age, sex, etiology, the dimensions of the defect and the flap, the site of the defect, surgical technique, and postoperative complications were recorded.
Results: All flaps survived, with no major complications such as total flap necrosis.
Minor complications were observed in four cases. One patient developed an infection
with erythematous changes and another developed partial flap necrosis. Two patients
experienced wound dehiscence. These minor complications were all resolved with
conservative treatment. No additional complications occurred during the follow-up
period.
Conclusion: The use of DICAP flaps was successful in all cases. DICAP flaps can adequately cover defects following spinal surgery and have a low complication rate. Thus,
DICAP flaps are a good choice for covering defects resulting from spinal surgery.
Keywords: Soft tissue, Intercostal atery, Perforator flap

Introduction
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Spinal soft tissue defects resulting from spinal surgery complications are a major concern for reconstructive surgeons since they are difficult to reconstruct due
to the low degree of vascularity in the area, strong skin tension, lack of tissue, and
the curved contour of the back [1].
The standard procedure for addressing spinal soft tissue defects is first to administer conservative treatment including dressing and negative pressure treatment so that the defects reduce in size and can be surgically cleaned [2]. These
defects are then covered with skin grafts, which are typically used to cover simple
defects. However, when defects are located in a deep layer of tissue and neural
structures or prosthetic materials are exposed, such treatment options are not effective. Traditionally, muscle or musculocutaneous flaps have been used to provide stable coverage for soft tissue defects [3]. The use of muscle flaps, however,
can result in morbidity of the donor site [4].
www.handmicro.org
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Dorsal intercostal artery perforator (DICAP) flaps, which do
not include muscle and cover well-vascularized tissue, have become a preferred option in reconstructive surgery [5,6]. DICAP
flaps have the advantage of allowing large quantities of healthy
vascular tissue to be transferred without damaging important
underlying muscles. DICAP flaps have shown excellent results
both functionally and cosmetically [7,8]. In this study, we described our experiences of using DICAP flaps to cover defects
resulting from spinal surgery and its outcomes for treating spinal soft tissue defects.

Methods
Ethics statement: This study was approved by the Institutional
Review Board of the Jeonbuk National University Hospital (No.
2022-05-032). All patients provided written informed consent to
be included in the study and for their images to be used.

We performed a retrospective chart review of patients with
spinal soft tissue defects resulting from spinal surgery between
November 2018 and July 2021. For all 14 patients, data were collected on sex, age, etiology of their condition, the dimensions of
the defect and the flap, and the site of the defect (Table 1). The
defects were covered with DICAP flaps after the wounds were
cleaned using debridement and irrigation.

1. Surgical technique

All patients underwent surgery under general anesthesia in a

prone position. For the first stage of the operation, unhealthy
granulation tissue was carefully debrided and irrigated with saline solution to obtain a surgically clean wound. A hand-held
Doppler (8 MHz, Bidop ES-100V3; Hadeco, Kawasaki, Japan)
was used to mark the DICAP near the area of the defect. Next,
we designed a boat-shaped DICAP flap using the tissue around
the area of the defect. Careful dissection was then undertaken
until the pedicle was revealed, and the DICAP flap was harvested. When elevating flap, we should take care not to dissect the
pedicle and check pedicle with the hand-held Doppler if it is
intact. In cases when there were large subcutaneous defects, the
flaps were designed to be slightly larger than the size of the defect. Parts of the flaps were then deepithelized and used to fill
the dead space.
The flap was then rotated 90° clockwise or counterclockwise
and inset into the area of the defect, and a Hemovac drain was
inserted. The flap was sutured and the donor site was primarily
closed using the layer-by-layer technique.
The patients were instructed to avoid direct pressure on the
reconstructed area for 2 weeks following the surgery. Conservative treatment was then undertaken and included antibiotics
and dressing.

Results
The patients with spinal soft tissue defects resulting from spinal surgery all received conservative treatment, including
dressing with irrigation and antibiotics. After the wounds were
surgically cleaned, all of the patients underwent reconstructive

Table 1. Clinical analysis of patients
Patient
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Age
(yr)
43
59
60
35
59
51
64
65
57
49
61
57
65
44

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

Defect and flap Hardware Follow-up
size (cm2)
exposure
(mo)
HTN, DM
T10–T12 screw fixation due to HLD
Thoracic region
8× 4
Yes
25
DM
T12–L2 screw fixation due to HLD
Lumbar region
10 × 4
Yes
23
DM
L2–L5 screw fixation due to spinal stenosis Lumbar region
12× 4
Yes
19
HTN
T12–L5 screw fixation due to HLD
Thoracic region
15 × 10
Yes
17
NS
L2–L4 screw fixation due to HLD
Lumbar region
10 × 5
Yes
16
HTN, rheumatic arthritis L4–L5 OLM due to HLD
Lumbar region
7.5× 3
Yes
16
HTN, DM, liver cirrhosis C5–C6 screw fixation due to HLD
Cervical region
5× 3
No
13
DM
L2–L4 screw fixation due to HLD
Lumbar region
7× 5
No
10
Gastric cancer
L1–L4 screw fixation due to HLD
Lumbar region
10 × 6
Yes
10
HTN
L2–L3 screw fixation due to HLD
Lumbar region
9× 7
Yes
7
DM, liver cirrhosis
T10–L12 screw fixation due to HLD
Thoracic region
8× 3
No
6
NS
L1–L4 screw fixation due to HLD
Lumbar region
10 × 4
Yes
3
HTN
L2–L4 screw fixation due to HLD
Lumbar region
9× 4
Yes
2
HTN
L3–L4 screw fixation due to HLD
Lumbar region
8× 4
Yes
1
Underlying disease

History

Defect location

HTN, hypertension; DM, diabetes mellitus; HLD, herniated lumbar disease; NS; non-specific; OLM, open lumbar microdiscectomy.
https://doi.org/10.12790/ahm.21.0144
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surgery using DICAP flaps.
All 14 patients were 11 males and three females, and the
mean age was 55 years (range, 35–65 years). The average defect
size was 46.25 cm2 (range, 15–150 cm2). The defects were located in the lumbar (10 patients, 71.4%), thoracic (three patients,
21.4%), and cervical (one patient, 7.1%) regions.
Postoperative flap complications were assessed for infection,
wound dehiscence, partial necrosis, total necrosis, and the need
for reoperation. The average length of hospital stay after wound
closure was 12 days (range, 7–21 days). The mean follow-up
period was 12 months (range, 1–25 months) (Table 1).
Stable wound healing was observed in all patients, with no
instances of flap failure or necrosis after the completion of
postoperative treatment. An infection developed in one case
accompanied by erythematous change and discharge. Other
complications included two cases of partial flap necrosis and
one case of wound dehiscence. All complications were completely healed with conservative treatment. Aseptic dressing
and intravenous antibiotic treatment were done to solve these
minor complications. And necrotic tissues were debrided aseptically. With these treatments, infection subsided.
No indications of recurrence of infection were observed
during the follow-up appointments of any of the patients, including through clinical signs, laboratory tests, and radiologic
images. In all cases, the surgical site remained stable with durable coverage. No patients reported functional loss or discomfort at the donor site during the follow-up period.

2. Case presentations
1) Case 1

A 51-year-old man visited our hospital due to operation site
wound dehiscence after L4–L5 open lumbar microdiscectomy.
Implant was used to fix vertebra exposed for 21 days after
wound dehiscence. During the time, the patient received conservative treatment including dressing and intravenous antibiotics, and we planned to undertake an operation to cover the
paraspinal defect after the wound cleared. The size of the defect
was 8 × 4 cm2. DICAP flap surgery was therefore selected to
cover the paraspinal defect.
The perforators were traced in the paraspinal area using a
hand-held Doppler device. The flap was then dissected, rotated
90° clockwise, and inset into the area of the defect. The patient
recovered without major complications, and 2 months after the
surgery, the patient’s wound area had an acceptable cosmetic
appearance (Fig. 1).
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2) Case 2

A 59-year-old man visited our hospital due to wound dehiscence after incision and drainage of a spinal abscess following
T12–L2 screw fixation. The abscess that had formed around
the operation site was incised for drainage to occur. However,
the abscess recurred repeatedly due to the presence of the
screw, and the patient was referred to our department for
wound management. The implant was exposed for 30 days and
we continued conservative treatment such as dressing and antibiotics during the time. The wound cleared, and we planned to
undertake an operation to cover the paraspinal defect. We decided to perform DICAP flap surgery. The screws were removed, exposing dead space and the defect. The defect size was
large, at about 10 × 4 cm2. The flap was designed, and part of
the flap was deepithelized to fill the dead space at the metal removal site. The deepithelized flap was then buried and closed.
The patient recovered without major complications, and 6
months after the surgery, the patient’s wound area was stable
(Fig. 2).

3) Case 3

A 60-year-old man visited our hospital due to wound dehiscence after L2–L5 screw fixation. For 15 days, the implant was
exposed and we continued conservative treatment. After that,
the wound cleared, but an 8 × 4-cm2 defect remained. DICAP
flap surgery was planned and performed.
After the surgery, we treated the site of the operation with
dressing and intravenous antibiotics. However, partial necrosis
was observed at the tip of the flap, and debridement of necrotic
tissue was performed. The patient remained at the hospital for
2 weeks following the surgery with no complications. The patient was then discharged uneventfully, and 6 months after the
surgery, the site of the operation was well-healed (Fig. 3).

Discussion
After spinal surgery, there can be many complications such
as wound necrosis and metal exposure that cause postoperative
wound dehiscence and require coverage. In particular, patients
with risk factors such as alcohol abuse, smoking, advanced age,
steroid use, diabetes, obesity, and malnutrition are more likely
to experience complications. Traditionally, complex soft tissue
defects of the back have been reconstructed using muscle or
musculocutaneous flaps, which are superior to random-pattern
fasciocutaneous flaps [9]. Muscle flaps, including paraspinal
muscle flaps, latissimus muscle flaps, trapezius muscle flaps,
and pedicled flaps such as omental and superior gluteal flaps,
https://doi.org/10.12790/ahm.21.0144
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Fig. 1. A dorsal intercostal artery perforator (DICAP) flap in a 51-year-old man. (A) DICAP flap design using a hand-held Doppler device.
(B) After dissection including thoracolumbar fascia, the flap was elevated. (C) The flap was rotated 90° clockwise. (D) Results at 2 months
postoperative.
have been widely used to cover defects. Reconstruction of soft
tissue defects that occur after spinal surgery poses a challenge
for reconstructive surgeons due to the low degree of vascularity
in the area, strong skin tension, lack of tissue, the curved contour of the back, and the underlying diseases of patients. Moreover, when the implant is exposed, it is harder to cover areas of
wound dehiscence, and defects can cause spinal instability, infection, and neurological deficits.
Accordingly, infection control before wound closure is important for reducing the risk of reconstructive failure. In the
cases included in this study, infection was controlled using conservative treatment, and defects with spinal implants were covered using well-vascularized tissue and tension-free closure. In
some studies, fasciocutaneous flaps are superior to muscle or
musculocutaneous flaps in infection control. As such, fasciocuhttps://doi.org/10.12790/ahm.21.0144

taneous flaps are appropriate for reconstruction and treatment
of spinal surgery [10].
DICAP flaps present a new surgical option for treating paraspinal soft tissue defects, replacing muscle or musculocutaneous
flaps as the preferred flaps in reconstructive surgical procedures
[11]. DICAP flaps are vascularized using the intercostal perforator arteries. DICAP flaps are based on the perforators of the
dorsal, dorsolateral, and lateral branches of the posterior intercostal artery in its vertebral, costal, intermuscular, and rectus
segments, as well as the anterior intercostal branches of the internal mammary artery. DICAP flaps penetrate the intercostal
muscles, and the perforators bifurcate into medial and lateral
branches. Lateral branches are found on the midscapular line 5
to 8 cm from the midline. The medial branches are rooted within 5 cm of the spinous process and descend to the angle of the
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A

B

C

D
Fig. 2. A dorsal intercostal artery perforator (DICAP) flap in a 59-year-old man. (A) DICAP flap design using a hand-held Doppler device.
(B) After dissection including thoracolumbar fascia, the flap was elevated. (C) The flap was de-epithelized. (D) Immediate postoperative
images.
corresponding rib for 4 to 6 cm in a parallel manner (Fig. 4).
As there are many connected perforators around the DICAP
flap, it can be extended to capture adjacent perforasomes [12].
Some research has been conducted on the use of pedicled
DICAP flaps. Infants with meningomyelocele, for example,
have received DICAP flap surgery to cover large defects [13]. In
addition, patients with latissimus dorsi donor-site wound dehiscence, dermatofibrosarcoma protuberans, and defects secondary to wound dehiscence after spinal surgery have, like in
the present study, received DICAP flap surgery and have had
good prognoses except for minor complications such as marginal necrosis [14].
We first debrided the unhealthy tissues and designed the DICAP flap containing the perforator of the dorsal intercostal artery, tracing it with a hand-held Doppler ultrasound device. We
then dissected the flap until the pedicle was revealed and inset
the DICAP flap into the defect area.
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This flap preserves muscle function and minimizes morbidity at the donor site. In addition, it can be effectively used to
treat more complicated defects such as soft tissue defects that
include bone hardware exposure, providing well-vascularized
flaps that are similar in color to the surrounding skin, satisfying
patients both cosmetically and functionally.
This study has certain limitations, and further studies are
needed that use a randomized, larger population and compare
treatment options. Due to the relatively small number of cases,
we could not identify the extent of complications or the limitations of the perforator flap. In addition, patients with underlying risk factors such as alcohol abuse, smoking, advanced age,
steroid use, diabetes, obesity, and malnutrition are more likely
to experience complications. In those patients, it is much more
difficult to perform surgery and ensure appropriate wound hygiene. Some patients also had diabetes mellitus, which is known
to affect the wound healing process. Since other risk factors
https://doi.org/10.12790/ahm.21.0144
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were not controlled, this study had a limited ability to identify
whether patients with diabetes mellitus were more likely to experience complications related to wound healing.

A

B

D
C
Fig. 3. A dorsal intercostal artery perforator (DICAP) flap in a
60-year-old man. (A) DICAP flap design using a hand-held Doppler
device. (B) After dissection including thoracolumbar fascia, the
flap was elevated. (C) The flap was rotated 90° clockwise. (D)
Partial necrosis was observed at the tip of the flap.

In cases where there is substantial dead space after spinal
surgery, such as due to metal removal, the dead space can be
filled with a deepithelized flap designed to be larger than the
defect. The flap is then buried into the defect. A muscle flap, of
course, is easier and more effective than a DICAP flap to fill
dead space [15,16]. However, as deepithelized DICAP flaps
have cosmetic advantages and lower donor-site morbidity, they
can also be considered when there is substantial dead space following spinal surgery [17].
A paraspinal perforator flap enables the treatment of complex defects that either arise after spinal surgery or are associated with surgical site infections [18,19].
Spinal soft tissue defects and the surgical procedures used to
treat them can have a major impact on patients’ quality of life.
In our retrospective study of 14 patients, soft tissue defects
around the spinal area were successfully treated using DICAP
flaps with low donor-site morbidity.

Conclusion
There are many options for covering spinal area defects.
However, covering defects after spinal surgery, especially when
implants are exposed, requires the consideration of many problems. After DICAP flap surgery to cover spinal defects after
spinal surgery, only minor complications were observed, and
these complications healed well with conservative treatment.
DICAP flaps are superior to muscle flaps since they have low
donor-site morbidity and cosmetic advantages. DICAP flaps
can be a useful option for covering spinal area defects.

Dorsal branch (DICAP flap)
Medial Lateral
Medial

PICA

Lateral branch
(LICAP flap)

Lateral

Dorsal branch
(DICAP flap)

Lateral branch
(LICAP flap)

Dorsal branch
Thoracic aorta

Fig. 4. Schematic illustration of the cross-section of an intercostal space. DICAP, dorsal intercostal artery perforator; LICAP, lateral
intercostal artery perforator; V, vertebra; A, aorta; PICA, posterior intercostal artery.
https://doi.org/10.12790/ahm.21.0144
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Purpose: Failed carpal tunnel surgery poses a challenge for the attending surgeon(s).
Numerous revision techniques have been reported in the literature, with evidence of
long-term improvement. However, studies exploring how early could symptomatic improvement be detected are scarce. The objective of this study was to identify the speed
of symptom(s) recovery after a repeated decompression technique using an open standard incision and median external nerve neurolysis with no supplemental procedures.
Methods: Nine patients who underwent revision carpal tunnel surgery involving standard incision, external median neurolysis, and no supplemental techniques between
June 2017 and June 2020, were included. Data regarding the preoperative Boston Carpal Tunnel Syndrome Questionnaire (BCTQ) score, Disabilities of the Arm, Shoulder and
Hand score, visual analogue score, and grip strength were collected and compared
with evaluation results at 3 months postoperatively.
Results: In all patients, severe adhesion of the median nerve with the surrounding soft
tissue was confirmed intraoperatively. Compared with preoperative findings, 3-month
evaluation of patients demonstrated a statistically significant improvement in the
BCTQ symptoms score and pain score. All nine patients were satisfied with the procedure.
Conclusion: Standard incision and median nerve external neurolysis can be a good
option for recalcitrant carpal tunnel syndrome patient who has an adhesion of the
median nerve with surrounding soft tissue.
Keywords: Carpal tunnel syndrome, Recurrence, Reoperation
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Carpal tunnel syndrome (CTS) is the most common compressive neuropathy
[1]. Surgical release of the transverse carpal ligament is successful in alleviating
symptoms in 75% of patients, with minimal complications [2-5]. However, a subset of patients (3%‒20%) requires secondary surgery [6]. Indications for secondary surgery are related, in large part, to the persistence of preoperative symptoms
and/or their recurrence [6,7]. While patient symptoms improve over the long
term, management of failed carpal tunnel release (CTR) is challenging due to two
major factors. First, despite the absence of comparative studies investigating the
outcomes of primary and revision CTR, success rates following revision are assumed to be inferior [1,6,8,9]. Second, there is a lack of consensus regarding the
optimal surgical management, evidenced by the various surgical techniques re187
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ported in the literature, ranging from simple release to those
using complicated flaps and interposing tissue [6,8,10,11].
These perioperative challenges affecting patient consultation
are also encountered when opting for the simplest technique—
namely, repeated decompression without added procedures—
due to the limited number of studies exclusively addressing its
outcomes [6,12].
Despite the positive outcomes in the long-term improvement
of patients, there have been few studies reporting the speed of
postoperative recovery of symptoms and functional recovery
following a revision surgery, which both constitute an important aspect of patient satisfaction and preoperative consultation
owing to loss of function reflected in the presenting symptoms
[1,6,8-11]. Therefore, the present study aimed to determine the
speed of symptom(s) improvement and early functional recovery pattern(s) following a simple revision technique that included repeated decompression through a standard incision
and median nerve external neurolysis without any additional
procedures. Accordingly, we performed a case series study involving patients who underwent a revision CTR surgery using
this technique and compared their baseline preoperative findings with 3-month postoperative outcomes according to various clinical and scoring systems.

Methods
Ethics statement: This study was approved by the Institutional
Review Board of Asan Medical Center in Seoul, Korea (No. 30103523). The study was performed in accordance with the Declaration of Helsinki and written informed consent was waived due to
its retrospective nature.

A

1. Study design and patient characteristics

From the authors’ database of CTS patients, 16 patients who
presented to the outpatient clinic with recurrence or persistence
of symptoms after undergoing primary CTR were identified.
Adult patients aged > 18 years who underwent repeated decompressive surgery through a standard incision with external
median nerve neurolysis without supplemental procedures and
had a complete electronic chart (specifically, 3-month postoperative follow-up) were included. Individuals with incomplete
data (n = 4), presence of degenerative cervical spine disease,
history of rheumatoid arthritis, history of trauma to the wrist,
or revision surgery using a different technique (n = 2) were excluded. Of the remaining 10 patients, one was excluded due to
an intraoperative finding, which was a median nerve neuroma
requiring excision and nerve grafting. Therefore, the case series
included nine patients who underwent surgery using this technique between June 2017 and June 2020. Electronic charts were
reviewed and the following information was collected: age, sex,
hand dominance, classification of patients (recurrent or persistent), intraoperative findings during revision surgery, and
clinical assessment notes.

2. Operative procedure

Surgical procedures were performed as day-surgery cases
under loupe magnification and local anesthesia. The surgical
technique was identical in all included patients. The choice of
incision was a standard incision as described by Taleisnik (Fig.
1A) [13,14]. After skin incision, the transverse carpal ligament
and palmar aponeurosis were completely released to gain full
exposure of the carpal tunnel contents, where potential causes
of recurrence and persistence could be identified and ad-

B

Fig. 1. Intraoperative photographs of case 7. (A) A standard incision described by Taleisnik; a reformed transverse carpal ligament
was observed (black arrow). (B) External neurolysis involves freeing the median nerve from an adhesion; palmaris longus tendon was
transected for opponensplasty.
188

https://doi.org/10.12790/ahm.21.0147

Arch Hand Microsurg 2022;27(2):187-192

dressed. During the procedure, the median nerve and its palmar cutaneous branch were identified and examined for laceration, evidence of ongoing compression, or presence of neuromas. This was followed by external neurolysis of the median
nerve; external neurolysis involved liberating of the median
nerve by extensive dissection from the scar tissue or adhesion
(Fig. 1B). In this procedure, the epineurium is not dissected.
The procedure was completed by skin closure and application
of compressive dressing.

3. Assessment

At both the preoperative and 3-month postoperative evaluations, the grip strength and Patient Reported Outcome Measures (PROMs) were collected from clinical assessment notes.
Assessment of grip strength was measured using a dynamometer and reported in kilograms. The PROMs utilized included
the Boston Carpal Tunnel Questionnaire (BCTQ), the visual
analogue score (VAS) and the Disabilities of the Arm, Shoulder,
and Hand (DASH) score. The BCTQ is a self-administered
form developed specifically for CTS. The BCTQ included two
subsections for symptoms (BCTQ-SS) and function (BCTQFS). The DASH score consists of 30 items that evaluate abilities
to perform specified activities (21 items) or symptoms (9 items)
[15,16]. Patient satisfaction was also scored on a 5-point scale,
in which a score of 1 indicated being very unsatisfied and a
score of 5 indicated being very satisfied. In the authors’ practice, a follow-up nerve conduction study is usually not requested unless new symptoms emerge in patients during follow-up,
indicating persistence or a new complaint.

4. Statistical analysis

Data are expressed as medians and interquartile ranges

(IQRs). The Wilcoxon test for paired samples was used to compare preoperative and postoperative PROMs and grip strength
in the patients. Differences with p-values of < 0.05 were considered to be statistically significant.

Results
1. Patient characteristics and operative findings

For this study, nine consecutive patients (10 hands) who underwent revision CTR at the authors’ center were recruited,
among whom three were male and six female, with an average
age of 60 years (range, 45‒85 years). The affected side was left
in six hands and right in four.
The patients’ demographic characteristics and operative findings were described in Table 1. For all patients, intraoperative
findings included diffuse adhesions and synovitis around the
median nerve. Four of five patients with persistent type had a
reformed transverse carpal ligament. We identified hourglass
constriction (hourglass sign) in one patient with recurrent type
(Fig. 2).

2. Postoperative outcomes

A statistically significant improvement was observed in the
median values of two outcome measures; the BCTQ-SS and
VAS. The median preoperative BCTQ-SS score changed from
2.6 (IQR, 1.9–2.9) to 1.8 (IQR, 1.4–2.0) at the 3-month evaluation (p = 0.01). The median preoperative VAS changed from 5
(IQR, 4–6) to 2.5 (IQR, 2–4) (p = 0.007). Although other outcome measures demonstrated improvement, the differences
were not statistically significant. The median BCTQ-FS improved from 2.4 (IQR, 1.8–3.9) to 1.8 (IQR, 1.8–2.3) (p = 0.8).
The DASH score improved postoperatively, as the median

Table 1. Demographic characteristics and operative findings of all patients
Case no.
1
2
3
4
5
6
7
8
9

Sex

Age (yr)

Symptom time

Type

Side

Male
Female
Female
Female
Female
Male
Female
Female
Male

64
80
56
55
59
54
45
85
52

10 yr
3 yr
5 yr
3 yr
20 mo
2 yr
12 mo
14 mo
16 mo
16 mo

Recurrent
Recurrent
Recurrent
Recurrent
Persistent
Recurrent
Persistent
Persistent
Persistent
Persistent

Left
Left
Left
Right
Left
Right
Left
Right
Right
Left

Operative findings
Adhesions, fibrotic scar changes
Adhesions, fibrotic scar changes
Adhesions
Adhesions, hourglass sign
Adhesions
Adhesions
Adhesions, compression under TCL
Adhesions, compression under TCL
Adhesions, compression under TCL
Adhesions, compression under TCL

No. of satisfied
patients
5
5
5
4
4
5
5
4
5

TCL, transverse carpal ligament.
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Table 2. Summary of outcomes
Outcome measure
BCTQ-SS
BCTQ-FS
DASH score
VAS
Grip strength (kg)
Total No. of hands

Preoperative
2.6 (1.9–2.9)
2.4 (1.8–3.9)
46 (20–64)
5 (4–6)
13 (10–32)
10

After 3 mo
1.8 (1.4–2.0)
1.8 (1.8–2.3)
31 (27–41)
2.5 (2–4)
18 (12–30)
10

p-value
0.01*
0.8
0.16
0.007*
0.9

Values are presented as median (interquartile range) or number only.
BCTQ-SS, Boston Carpal Tunnel Syndrome Questionnaire symptoms score;
BCTQ-FS, Boston Carpal Tunnel Syndrome Questionnaire functional score;
DASH, Disabilities of the Arm, Shoulder and Hand; VAS, visual analogue
score.
*p<0.05 indicating a statistically significant difference.

Fig. 2. Intraoperative photograph of case 4. After external
neurolysis, hourglass constriction of median nerve was observed.

changed from 46 (IQR, 20–64) to 31 (IQR, 27–41); however,
this change was not statistically significant (p = 0.16). Median
grip strength changed from 13 kg to 18 kg; however, this also
was not a significant change (p = 0.9). Nevertheless, all nine patients were satisfied with the procedure (Table 2).

Discussion
In the present case series, we found that for revision CTR, repeated decompression using a standard incision with median
nerve external neurolysis was a satisfactory procedure and was
associated with early improvement in patient symptoms. This
was evident in the 3-month postoperative evaluation, which
exhibited a statistically significant improvement in symptom-related PROMs (the BCTQ-SS and VAS). This procedure
was also associated with considerable satisfaction among patients, despite incomplete functional recovery.
In general, management of patients with failed CTR is much
more challenging than that of patients with primary CTS [6]. If
surgery is planned, careful council should be performed to emphasize the possibility of incomplete relief of symptoms and
even worsening neurologic symptoms. Furthermore, the optimal surgical method should be selected after careful consideration of each patient’s condition. Although our study revealed
satisfactory outcomes using a standard incision with median
nerve external neurolysis, this procedure should be used only
after other techniques have been ruled out as options. When
neuroma is suspected due to definite iatrogenic nerve injury,
internal neurolysis under microscope in addition to external
neurolysis is almost always required. After meticulous internal
190

neurolysis of the injured fascicle, the transected nerve is transposed to the muscle interface or reconstructed with a short
nerve graft [17].
As an alternative surgical option, tissue interposition flaps
may be considered for patient who has previously undergone
multiple surgical attempts or is suspected of having profound
soft tissue problem. Despite the increased complexity of procedure and donor-site morbidity, those procedures provide a barrier between the median nerve and overlying soft tissue, effectively preventing adhesion and scarring of the median nerve
[1,8,18-20]. Supplemental procedures, such as pedicled hypothenar fat flaps based on ulnar artery perforators, were used in 45
patients during a median follow-up of 45 months, with excellent/good outcomes reported in 94% of these patients despite
resultant hyperesthesia at the incision site in all patients [18].
Alternatively, flexor tendon tenosynovial vascularized flaps
were described recently as another option to prevent adhesion
and scarring and were reported to have long-term outcomes of
resolved pain in 98% and an improvement in tingling in 80%.
As a complication, they were associated with flexor tendon adhesions and scarring [19]. Distant autologous means of covers
were also described, with saphenous vein wraps being the most
common. Although these wraps carried the risk for donor-site
discomfort, they were reported to lead to pain relief in 100% of
patients [20].
Subsequently, our revision technique, aiming to avoid donor-site morbidities, was devoid of additional procedures and
relied on a standard incision providing appropriate exposure
for assessment and management of the most common reported
etiologies of persistent and recurrent CTS—namely, incomplete
release of the transverse carpal ligament and scar formation
[6,7,21,22]. Operative findings from our study strongly supported those etiologies of recalcitrant CTS. In our study, the
https://doi.org/10.12790/ahm.21.0147
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most common intraoperative findings of patients with persistent type remained transverse carpal tunnel ligament. In patients with recurrent type, a compression of the median nerve
due to adhesion and scar formation was observed intraoperatively. Long-term improvement of symptoms following a standard incision with median nerve external neurolysis has been
reported in other studies. In a homogenous case series involving 13 patients with recurrent symptoms who underwent surgery using a similar technique, Duclos and Sokolow [23] reported a symptom(s) disappearance rate of 92% over an average of 27.5-month follow-up. More recently, over an average of
20-month follow-up of 14 patients with recurrent CTS treated
with a similar technique, other authors reported a statistically
significant improvement in QuickDASH scores, improvement
in mean EuroQol 5-Dimension 3-Level (EQ-5D-5L) general
health questionnaire scores, satisfaction among 13 patients, a
net promoter score of 85, and lack of complications [11]. Neither of these studies, however, assessed the speed of symptom(s) recovery, which was the focus of the present investigation.
Our evaluation of patients 3 months postoperatively demonstrated a significant improvement in symptoms and pain. However, this was associated with no change in the BCTQ-FS,
DASH score, or grip strength. Because we performed complete
sectioning of the transverse carpal ligament, the mechanics of
gripping and pinching were expected to be affected, thus limiting significant early improvement of function in our patients.
Therefore, this incomplete recovery is not different from immediate and early postoperative function recovery following
primary CTR [24,25]. In a prospective study by Katz et al. [24]
involving 35 patients with a mean follow-up of 27 months following primary CTR, the assessment of function included grip
strength and the BCTQ-FS. For these patients, the functional
recovery at 3 months was characterized by a gradual improvement in the mean BCTQ-FS (2.79–2.10) and a decline in the
mean grip strength, from a baseline of 21.8 to 11.8 kg. Additionally, a randomized controlled trial comparing the outcomes
of open and endoscopic CTR reported that, at 3 months following open CTR, the grip strength had declined in a statistically
nonsignificant manner from a preoperative mean of 31.2 to
29.9 kg [25].
Our study was limited by its retrospective design and small
number of patients. However, because the rates of revision CTR
are low in both the literature and at our center, the number of
included patients was inherently small and the study design
had to be retrospective. Another limitation was that long-term
outcomes were not reported because we focused on addressing
the speed of recovery and symptomatic improvement.
https://doi.org/10.12790/ahm.21.0147

Conclusion
In patients with severe adhesion of the median nerve with
surrounding soft tissue, a simpler approach for repeated decompression that includes a standard incision and external median nerve neurolysis with no added procedures was associated
with a significant and rapid improvement in symptoms detectable at 3 months, and with considerable satisfaction. However,
surgical candidates should be determined carefully after meticulous preoperative evaluation.
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익성을 고려해야 합니다. 이 약의 복용량과 노출기간이 증가할수록 심혈관계 위험도가 커지므로 가능한 최단기간 동안 투여합니다. 이 약은 6주 이상의 유효성 및 6개월 이상의 장기 투여 안전성은 확립되어 있지 않으며, 이 약 투여 시 고혈압, 협심증, 부
종 등의 이상반응이 나타날 수 있습니다. 따라서, 이 약의 투여 시 최소한 매달 정기적으로 환자의 증상경감에 따른 투여 지속 여부 및 치료에 대한 반응을 재평가하여야 합니다. 성인 : 권장용량은 1일 1회 2mg이며, 식후에 투여하도록 합니다. 1일 복용량
2mg을 초과해서는 안 됩니다. 권장용량에서 치료적 유익성이 없는 경우 이 약의 투여를 중단하고, 적절한 대체치료법을 고려하여야 합니다. 간장애 및 신장애 환자 : 투여경험이 없으므로 이 약을 투여해서는 안 됩니다.
서울특별시 동대문구 천호대로 64 ｜ 고객만족팀 080-920-1001 ｜ www.donga-st.com
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LOGIQ™ P9 XDclear™
LOGIQ™
P9
XDclear™
MAKE IT EASY. MAKE
IT YOUR
OWN.
MAKE IT EASY. MAKE IT YOUR OWN.
XDclear™Platform
XDclear™ 프로브. Advanced
XDclear™Platform
Image
Processing Engine
XDclear™ 프로브. Advanced
Image Processing Engine

LOGIQ™Apps
LOGIQ Photo
LOGIQ™Apps
Remote
Control
LOGIQ Photo
Remote Control

Shearwave
Elastography
Shearwave
조직 경화도 측정
Elastography
조직 경화도 측정

B-Steer+
(Convex & Linear)
B-Steer+
선명한 Needle tip display
(Convex
신속한
검사 & Linear)
선명한 Needle tip display
신속한 검사

High frequency
Probe
High frequency
L10-22-RS (~22MHz)
Probe
L10-22-RS (~22MHz)
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