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EMG / EP SYSTEM
Model: Nicolet EDX
l 최신 Windows OS환경
l 최신의 하드웨어에 의한 신속한 신호처리와 빠른 분석 가능
l 2ch~ 8ch 검사용도 및 사용자 요구에 맞게 선택 구입 가능
l Medelec Synergy 전용 검사 프로그램 또는 Viking 전용
검사 프로그램 설치 사용
l 검사 중인 화면을 실시간 저장하는 Producer 기능
l Roll back/Roll forward 기능 사용으로 최적의 데이터 선택
l Tremor analysis software 기능 선택
l Special Tests;
- Triple Stimulation Technique (TST)
- MUNE
- Autonomic analysis
- Collision & Refractory
- IOM with EEG
l Magnetic Stimulator 등 주변 장치와의 연동 사용을
위한 각 2개의 트리거 입력과 출력단 보유
l

외부 분석장치로의 실시간 analog EMG를 8채널 출력 가능

Transcranial Magnetic Stimulator
Model: Magstim Rapid2
l 독립적인 2ch. 증폭기를 구비하여 근전도계 없이
MEP측정 가능 [근전도계와 연결 사용 가능]
l LCD상의 Touch Screen 동작
l 1Hz에서 100Hz까지 자극 주파수 설정 가능
l 환자 정보 입력 가능
l 자극 주기 및 환자 정보 자료의 Disk backup 가능
l 내장된 File Management 프로그램
l 환자 측정 데이터 저장 능력
l Coil Probe상에서 자극 강도 조절 및 remote 자극
기능 보유
l 빠른 Cooling을 위한 공냉식 (Airfilm)코일 채택
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Intraoperative Neurophysiological Monitoring during
Microvascular Decompression Surgery for Hemifacial Spasm
Byung-Euk Joo
Department of Neurology, Soonchunhyang University Seoul Hospital, Soonchunhyang University College of Medicine, Seoul, Korea

Hemifacial spasm (HFS) is due to the vascular compression of the facial nerve at its root exit
zone (REZ). Microvascular decompression (MVD) of the facial nerve near the REZ is an effective and curative treatment for HFS. In MVD for HFS, intraoperative neurophysiological monitoring (IONM) has two purposes. The first purpose is to prevent injury to neural structures such
as the vestibulocochlear nerve and facial nerve during MVD surgery, which is possible through
IONM of brainstem auditory evoked potentials and facial nerve electromyography (EMG). The
second purpose is the unique feature of MVD for HFS, which is to assess and optimize the effectiveness of the vascular decompression. The purpose is achieved mainly through monitoring of
abnormal facial nerve EMG that is called as lateral spread response (LSR) and is also partially
possible through Z-L response, facial F-wave, and facial motor evoked potentials. Through
IONM mentioned above, MVD can be developed as a more safe and effective treatment for
HFS.
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서론

변의 뇌혈관이 압박하여, 얼굴신경 혹은 얼굴신경핵(facial nucleus)의 기능적 변성이 발생하여 생기는 것으로 알려져 있다

반쪽얼굴연축(Hemifacial spasm, HFS)은 반쪽얼굴근육이

[1,4,5]. HFS의 치료는 얼굴신경과 얼굴신경을 압박하는 혈관을

불수의적, 간헐적 그리고 불규칙적으로 수축하는 질환으로서,

분리시키는 미세혈관감압술(microvascular decompression,

보통 눈둘레근육(orbicularis oculi muscle)에서 시작되어 점

MVD)이 근본적인 치료법으로 알려져 있고, 이는 대략 80 %에

차 반쪽얼굴의 모든 근육이 불수의적으로 수축하는 질환이

서 100% 사이의 높은 완치율을 보인다[6,7].

다.[1-4] 병리적으로, 이 질환은 뇌줄기로부터 얼굴신경(facial

HFS에 대한 MVD 중 시행되는 수술 중 신경계감시(intraop-

nerve)이 나오는 얼굴신경 기시부(Root exit zone, REZ)를 주

erative Neurophysiological Monitoring, IONM) 검사는 크
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게 2가지의 유용성이 있다. 첫째는 IONM 검사 통해 MVD 시행

1. 검사 방법

중 발생할 수 있는 신경계 손상을 막을 수 있다. 전정와우신경

BAEPs는 음향 신호를 생성하는 트랜스듀서에 100 msec의 전

(vestibulocochlear nerve, CN VIII)이 얼굴신경 REZ에서 얼

기 펄스를 전달하여 발생하는 클릭 자극에 의해 유발된다. 자극

굴신경과 인접해 있기 때문에, HFS에 대한 MVD 중에 CN VIII

세기는 명확한 BAEPs를 생성하기에 충분히 높게 설정해야 하지

이 손상될 위험이 높다. 그러므로, 뇌줄기청각유발전위(brain-

만, 청각 손상을 일으킬 정도로 높게 설정할 수 없다. 일반적으로

stem auditory evoked potentials, BAEPs) 검사를 이용하여

100 dB sound pressure level (SPL) 또는 60-70 dB hearing

수술 중 청각신경경로를 감시할 때, CN VIII 손상으로 인한 수

level (HL)의 자극세기가 이용되고, 교차반응(crossover re-

술 후 청력 소실(postoperative hearing loss)를 막을 수 있다.

sponses)를 막기 위해 검사를 행할 때 반대측 귀에는 검사측 귀

또한, 수술 중 얼굴근육의 근전도(electromyography, EMG)

보다 30-40 dB 정도 낮은 60 dB SPL 또는 30-35 dB HL의 백

검사를 통해서도, 수술 중 발생하는 얼굴신경의 손상을 감시할

색소음(white noise)을 적용한다[10]. 자극 방식은 트랜스듀서

수 있다. 두번째는 IONM 검사를 통해 HFS에 대한 MVD의 성

다이어프램의 초기 움직임에 따라 응축(condensation)과 희석

공률을 높일 수 있다. HFS에서는 측면전파반응(lateral spread

(rarefaction)이라는 2가지 방식이 가능한데, IONM 에서는 자

response, LSR)이라는 특징적인 전기생리학적 이상소견이 관

극 잡파를 최소화하는 것이 중요하므로 응축과 희석을 번갈아 사

찰된다. 이는 하나의 얼굴신경 분지를 자극하였을 때 그 신경에

용하는 교대극성(alternating polarity) 자극 방식이 선호된다.

서 지배받는 근육뿐 아니라, 같은 쪽 얼굴의 다른 얼굴신경 분지

우리가 일반적으로 신경생리검사에서 사용되는 BAEPs는 한

로부터 지배받는 근육에서도 전기적 반응이 관찰되는 것이다.

번의 자극으로 얻어진 하나의 BAEP 파형이 아니라, 여러 번의

HFS에 대한 MVD 중, LSR이 소실되거나, 혹은 LSR의 진폭이

자극으로 얻어진 복수의 BAEP 파형을 합쳐서 얻어지는 것이다.

감소될 경우, 얼굴신경을 압박하던 문제의 혈관(offending ves-

그렇기에, 활용 가능한 BAEPs를 얻을 때, 검사자가 조작할 수

sel)에 대한 감압이 적절하게 이루어진 것을 의미한다. 그러므

있는 주요한 변수 2 가지가 있는데, 이는 자극빈도(stimulus

로, 이 LSR을 이용하여 HFS을 유발시킨 문제의 혈관을 확인하

rate)와 평균화횟수(averaging trials)이다. 2006년 미국임상신

여 MVD의 정확도를 높이고, 성공률을 향상시킬 수 있다. 그 외

경생리학회(American Clinical Neurophysiology Society,

에도 Z-L 반응(Z-L response), 얼굴신경 F 파(facial F-waves)

ACNS)는 BAEPs 검사를 시행할 때[10], Hz 이상의 자극은

및 얼굴 신경 운동 유발 전위(facial motor evoked potentials)

BAEPs 파형의 진폭을 감소시킬 우려가 있어서 8-10 Hz의 낮은

검사 등이 HFS에 대한 MVD의 정확도 및 안정성에 기여하는 것

자극빈도를 권장했다[11,12]. 또한 ACNS에서는 해석 가능하고

으로 알려져 있다.

재현성 있는 BAEPs를 얻기위해, 1000-4000회의 높은 평균화

본문에서는 HFS에서 사용되는 대표적인 IONM 방법인

횟 수가 필요하다고 제시했다. 만일 하나의 해석가능한 BAEPs

BAEPs, LSR을 중심으로 기술하고, 그 외 Z-L 반응, 얼굴신경 F

를 얻는데, 10 Hz의 자극빈도와 1000회의 평균화횟수를 적용

파 및 얼굴 신경 운동 유발 전위 검사에 대해서도 소개하겠다.

한다면, 한번 의 BAEPs의 파형을 얻는데 100초의 시간이 소요
된다. 외래검사와 같이 질환의 유무를 확인하기 위해 시행하는

수술 중 신경계감시

검사라면, 오랜 시간이 걸려도 정확한 파형을 얻는 것이 보다 좋

뇌줄기 청각유발전위(Brainstem auditory evoked potentials)

신경손상 유무를 빨리 확인하고 이를 막아야 하기 때문에, 상대

은 검사방법이다. 하지만, IONM에서는 수술 중 발생할 수 있는

HFS에 대해 MVD를 시행할 때, 가장 심각한 합병증은 CN

적으로 오랜 시간이 걸린다면 이는 유용한 검사방법이라고 말하

VIII의 손상으로 인한 수술 후 청력 소실이다. CN VIII 손상은

기 어렵다. 해석가능한 BAEPs를 얻는데 상대적으로 오랜 시간

MVD 중 다음과 같은 여러 가지 이유로 발생할 수 있다: 소뇌 뒤

이 걸릴 경우, 이는 신경손상 여부를 늦게 발견하여 청력 소실을

당김(cerebellar retraction) 중 CN VIII의 당김에 의한 손상,

막을 수 있는 적정시기를 놓칠 가능성이 있기 때문이다(Fig. 1).

신경-혈관 감압 중 혈관 연축(vasospasm)으로 인한 허혈성 손

하지만, 과거와 달리 IONM 장비의 발전으로 신호-잡음 비(sig-

상, 수술 중 기계적 혹은 열 손상, 삽입된 테플론 패드(Teflon

nal to noise ratio)가 개선되었고, 고빈도(high frequency) 자

pad)의 압박 등등[8]. MVD 중 수술 후 청력 소실 발생률은 과거

극이 가능할 뿐 아니라, 고빈도 자극시 발생하던 신호 왜곡 문제

연구에서 BAEPs 이용한 IONM 검사를 시행하지 않을 경우,

가 크게 개선되었다. 실제로, 2016년 저자를 포함한 국내 연구

7.7%에서 20%까지 보고되었다[3]. 하지만, BAEPs를 이용한

진은 43.9 Hz의 자극빈도와 400회의 평균횟수를 적용하였을

IONM 검사가 도입된 이후, 수술 후 청력 소실은 2% 이하로 크

때, 신뢰할 수 있는 BAEPs를 지속적으로 얻는 것이 가능한 것으

게 감소하였고, 현재는 BAEPs를 이용한 IONM는 HFS에 대한

로 제시하였고, 하나의 해석 가능한 BAEPs 얻는데 걸리는 시간

MVD 시행시 필수적인 검사로 여겨지고 있다[6,9].

을 10초 미만으로 단축시켰다[13]. 더 나아가, BAEPs 측정의 새
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Fig. 1. Example of consecutive IONM of the BAEPs using a stimulation rate of 10 Hz/sec and 1000 averaging times: (A) First BAEPs
showing minimal wave V change; (B) Second BAEPs showing a slight change in wave V (the latency of wave V was delayed by 0.70 msec
with a minimal decrease in the amplitude); (C) Third BAEPs showing that the wave V latency was delayed by 1.44 msec and the wave V
amplitude decreased by about 70%; IONM: Intraoperative neurophysiological monitoring; BAEPs: Brainstem auditory evoked potentials
Gray line: Baseline BAEPs; Black line: Obtained BAEPs.

로운 방식을 적용하였을 때, 이전 방식과 비교시에 수술 후 청력
소실을 크게 감소시킬 수 있음을 증명하였다. (4.02% vs 0.39%,
p = 0.002) (Table 1)

2. 경계 기준(Warning criteria)
BAEPs의 IONM을 사용할 때, BAEPs의 여러 파형 중 주로 파
형 V이 이용된다. 이는 파형 V이 중간뇌(midbrain)에서 얻어진
파형 임에도 불구하고, 다른 파형에 비해 상대적으로 진폭이 크고

https://doi.org/10.18214/jend.2020.22.1.1
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Table 1. Comparison of the Protocol of BAEPs and Postoperative Hearing Loss
BAEPs
자극빈도 (Stimulus rate)
평균화횟수 (Averaging trials)
1회 BAEPs 얻는데 걸리는 시간
파형 V의 경계 기준 (Warning criteria)
수술 후 청력 소실

이전 방식a

현재 방식b

26.9 Hz
1000-2000 회
약 37.1 -74.3 초
1 ms latency prolongation or a 50%
decrease in amplitude
0.0402

43.9 Hz
400 회
약 9.1 초
50% decrease in amplitude
0.0039

p value

0.002

a

protocol used in our previous study (Jo KW et al. Acta Neurochir (Wien) 2011;153:1023-1030).
protocol used in our recent study (Joo BE et al. J Neurosurg 2016 Nov;125(5):1061-1067).

b

분명하며, 또한 수술 중 적용되는 마취에 대해서도 상대적으로 영

후 청력 소실이 관찰되었다[13]. 수술 중 BAEPs 의 최대 변화를

향을 덜 받기 때문이다. 지난 40년간 BAEPs를 이용한 IONM 적

기준으로 분석하였을 때, 파형 V의 영구적인 소실을 보인 환자가

용할 경우, MVD 중 수술 후 청력 소실을 예방할 수 있다는 분명

11명이었는데, 이중 6명(54.5%)이 수술 후 청력 소실을 보였고,

한 증거들이 많이 있었다. 하지만, 여전히 수술 후 청력 소실을 예

파형 V의 일시적인 소실을 보인 환자 27명 중 2명(7.4%), 그리고

측하는 BAEPs의 경계 기준(Warning criteria)에 대한 합의가 이

파형 V의 잠복기 1msec 연장 혹은 진폭 50% 감소를 보인 환자

루어지지 않았다[14]. 과거, Polo 등은 파형 V의 잠복기가 0.6

96명 중 2명(2.0%)의 환자가 청력 소실로 이어졌다(Table 2) [19].

msec 연장되는 것이 수술 후 청력 소실과 연관성이 높다고 제시

반면, 파형 V의 진폭 감소 없이 잠복기만 1 msec 이상 연장된

하였다[15]. Grundy 둥은 wave V의 잠복기가 1.5 msec 연장될

환자는 총 194명이었는데, 모두 수술 후 청력 소실로 이어지지

경우를 경계 기준으로 사용해야한다고 제시했다[16]. 반대로, Ha-

않았다. 심지어 이 중 30명의 환자는 2 msec 이상의 잠복기 연

tayama와 Møller 등은 파형 V의 잠복기 연장은 항상 파형 V의

장으로 보였으나, 모든 환자가 수술 후 청력 소실로 이어지지

진폭 감소와 동반되고, 수술 후 청력 소실을 보였던 환자에서 파

않았다. 그들은 MVD 중 수술 후 청력 소실을 예측하기 위한

형 V 진폭 감소가 잠복기 연장보다 보다 유의한 차이를 보였기에,

BAEPs 경계 기준의 타당성을 계산하였고, 파형 V의 영구적인

파형 V의 진폭 감소가 보다 유용한 경계 기준이라고 주장하였다

소실은 99.4%의 높은 특이도를 보였고, 일시적인 소실은

[17]. 최근, Thirumala 등은 파형 V의 잠복기 연장 혹은 진폭의

96.7%, 진폭 50% 감소를 동반한 잠복기 1 msec 연장은

감소보다는 파형 V가 일시적 혹은 영구적으로 소실된 경우가 수

86.5%의 특이도를 보였다. 이런 연구 결과를 바탕으로, 그들은

술 후 청력 소실과 직접적인 연관성이 있다고 보고하였다[18]. 그

현재 통용되고 있는 파형 V의 잠복기 1 msec 이상 연장 혹은

들은 파형 V의 잠복기 5 msec 연장 혹은 진폭의 50% 감소를 보

진폭 50% 이상 감소의 알람 기준은 수술 후 청력 소실을 예방

인 환자 중 10.2%, 일시적인 파형 소실을 보인 환자는 25%, 그리

하는데 부적절하다고 주장하였다. 그리고, 더 나아가 MVD 중

고 영구적인 소실을 보인 환자들 중 60%가 청력 소실로 이어졌다

수술 후 청력 소실을 예방하기 위한 경계 기준에 대해 다음과

고 보고하였다. 위와 같이 과거 유용한 경계 기준에 대한 많은 연

같은 ‘단계적 등급 (Sliding scale)’이 보다 적절하다고 제안하

구가 있음에도 불구하고, 이에 대한 공통된 기준이 부재했었다.

였다(Table 3). 1) 관찰 징후 (Observation sign): 파형 V의 진

여전히 많은 연구자들은 경험적으로 2회 연속 BAEPs 상 파형 V

폭 50% 감소 없이 잠복기만 1 msec 이상 연장; 2) 경계 징후

의 잠복기 1mec 연장 혹은 진 폭 50% 감소를 알람 기준으로 사

(Warning sign): 파형 V의 진폭 50% 이상 감소와 함께, 잠복

용하였다[11,12].

기 1 msec 이상 연장; 3) 위험 징후(Critical sign): 파형 V의

하지만, 부정확한 경계 기준은 매우 심각한 문제이다. 경계 기

소실. MVD 수술 중 관찰 징후(observation sign)가 관찰될 경

준이 부정확할 경우, 이를 확인하고 교정하기 위해 불필요하게

우, 검사자는 이를 집도의에게 바로 알리나, 집도의가 이에 반

수술시간이 지연되고, 더 나아가 불필요한 조작으로 수술 중 합

응하여 교정하기 위해 조치를 취하기 않는다. 하지만 경계 징후

병증을 유도할 우려가 있기 때문이다. 이에 대해 국내에서 수술

(Warning sign) 혹은 위험 징후(Critical sign)가 발생시에는

후 청력 소실과 연관된 경계 기준을 확립하기 위해, 932명의

검사가 이를 바로 집도의에게 전달하고, 집도의는 이에 반응하

HFS 환자를 대상으로 시행된 MVD 중 기록된 BAEPs와 수술

여, 진행 중인 수술을 중단하고, 이를 교정하기 위해 조치를 취

후 청력 소실과의 연관성을 분석하였다. 그들은 해석가능한 하

하는 것을 제안하였다.

나의 BAEPs를 얻기 위해 43.9 Hz 자극 빈도와 400회의 평균횟
수를 시행하여 약 9.1초 만에 BAEPs 파형을 얻었고, 이를 적용
했을 경우 총 932명의 환자 중 11 명(1.2 %)의 환자에서 수술
4
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Table 2. Comparison of Postoperative Hearing Loss According to the Maximal Changes of BAEPs
Groups
A
B
C
D

Maximal change of BAPEs (wave V)
No change
Only latency prolongation (≥ 1ms)
Only amplitude decrement (≥ 50%)
Latency prolongation (≥ 1ms)
With amplitude decrement (≥ 50%)
Transient loss
Permanent loss

E
F
Total

Patients n (%)
596 (63.9)
194 (20.8)
8 (0.9)
96 (10.3)

Postoperative hearing loss n (%)
1 (0.1)
0
0
2 (2.0)

27 (2.9)
11 (1.2)
932

2 (7.4)
6 (54.5)
11 (1.2)

p value

< 0.001

Group A: no significant changes, Group B: greatest latency prolongation greater than 1 ms without amplitude reduction greater than 50%, Group C:
amplitude reduction greater than 50% without greatest latency prolongation greater than 1 ms, Group D: greatest latency prolongation greater than 1.0
ms and amplitude reduction greater than 50%; Group E: transient loss of wave V; and Group F: Permanent loss of wave V.

Table 3. The Sliding Scale of Warning Criteria of BAEPs
Name

BAEPs change

관찰 징후(Observation sign) Latency prolongation (≥ 1ms) Without amplitude decrement (≥ 50%)
경계 징후(Warning sign)
위험 징후(Critical sign)

Latency prolongation (≥ 1ms) With amplitude decrement (≥ 50%)
Wave V loss

얼굴신경 근전도(Facial nerve Electromyography)

Measures
&
Notification No surgical corrective measures
Notification & Rapid surgical corrective measures
Notification & Rapid surgical corrective measures

로 설정하고, 자극 지속시간은 0.3-0.5 mec 정도로 적용되며,
기록 전극은 입둘레근(orbicularis oris muscle) 혹은 턱끝근육

1. 측면전파반응(Lateral spread response: LSR)

(mentalis muscle)에 삽입하여 측정한다. 위와 같이 얼굴신경

LSR은 하나의 얼굴신경 분지를 자극하였을 때, 그 신경에서

의 위쪽 분지(upper branch)의 아닌 아래쪽 분지(lower

지배받는 근육 뿐 아니라, 같은 쪽 얼굴의 다른 얼굴신경 분지로

branch)를 자극해도 LSR이 유발될 수 있는데, 아래쪽 분지를

부터 지배받는 근육에서 유발되는 파형을 말한다. 이는 HFS의

자극할 경우에는, 볼 신경(buccal branch) 혹은 턱 가장자리 신

매우 특징적인 전기생리학적 이상 반응이고, HFS를 대상으로

경(mandibular marginal branch)에 자극 전극을 두고, 이마

한 기존의 많은 연구에서 MVD 중 LSR의 소실은 offending

근육(frontalis muscle) 혹은 눈둘레근육(orbicularis oculi

vessel 의 적절한 감압 및 수술 후 좋은 예후와 연관성이 높다고

muscle)에서 LSR 측정이 가능하다. 사람마다 얼굴 신경의 분지

알려져 있다[20,21]. 이런 이유로, HFS 에 대한 MVD 중 LSR의

는 매우 다양한 것으로 알려져 있다[27,28]. 그러므로, 환자들 간

소실 혹은 진폭의 감소는 얼굴신경에 대한 offending vessel의

의 얼굴신경 분지의 해부학적 변이를 고려하여, 얼굴신경 분지

적절한 감압이 이루어졌음을 나타내는 지표로 사용되고 있다

를 보다 정확하게 자극할 때, LSR 또한 보다 정확하게 얻을 수

[21-24]. 하지만, 몇몇 환자들은 MVD 중 offending vessel를 감

있다. 국내의 한 연구진들은 이를 확인하기 위해, 수술 전 외래

압하기 전에 이미 LSR이 소실되거나, 혹은 offending vessel 을

검사실에서 LSR 측정하여 LSR이 가장 잘 유발되는 얼굴 신경

충분히 감압 했음에도, LSR이 사라지지 않고 지속되는 경우가

분지의 위치를 확인하여, 얼굴신경 분지를 지도화(mapping) 하

있음을 보고하였고, 이런 이유로 적절한 감압이 이루어졌음을

였고, 이를 고려하여 IONM를 시행하였을 때, LSR의 효율이 보

의미 하는 지표로서 LSR의 실제적인 가치에 대해 여전히 논란이

다 높일 수 있다고 발표하였다[29]. 또한, 그들은 자극의 방향 을

있다[21,25,26].

뇌줄기와 멀어지는 뱡향(음극이 양극보다 보다 원위부)으로 시

1) 검사 방법

합근육활동전위(Compound muscle action potential)를 확

행하였는데 (Fig 2), 자극 방향을 이와 같이 반대로 시행하여 복
일반적으로 LSR을 기록할 때, 자극 전극은 눈 바깥가장자리
에서 약 3 cm 떨어진 부위의 얼굴신경의 이마신경(frontal

인하면서 얼굴신경분지를 적절하게 자극할 수 있었고, LSR의
효율 또한 높일 수 있었다고 보고하였다.

branch) 혹은 광대 신경(zygomatic branch)에 삽입하고, 자극
의 방향은 뇌줄기를 향하도록 음극(Cathode)이 양극(Anode)보
다 보다 근위부에 위치하게 된다[1,2]. 자극의 세기는 5-25 mA
https://doi.org/10.18214/jend.2020.22.1.1

2) 임상적 적용
LSR를 이용한 IONM은 offending vessel을 확인하고, 안면
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A

B

F
F-O
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O

Facial
nerve

Conventional
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Facial
nerve

Fig. 2. A: Facial nerve mapping performed preoperatively. The locations of maximal LSR elicitation were divided into three regions: F (the
direction towards the frontalis muscle, which was almost vertical with respect to the anode), O (the direction towards the orbicularis oculi
muscle), and F-O (in between F and O). B: The direction of stimulation in the conventional and the new methods. In the conventional
method, electrodes are placed in the temporal or zygomatic branch of the facial nerve, about 3 cm lateral to the lateral margin of the orbit,
and centripetal impulses are transmitted towards the brainstem with the cathode positioned proximally (Black arrow). In contrast, electrodes
were inserted intradermally with the anode located proximally over the area just anterior to the mandibular fossa and the cathode located
distally in the temporal branch of the facial nerve in the new method (Red arrow) The direction of stimulation was centrifugal outwards from
the brainstem. LSR: Lateral spread response, S: Stimulator.

신경에 대해 offending vessel의 충분한 감압이 이루어졌는지

에서 잔류 LSR 이 관찰되고, HFS 증상이 관찰될 수 있는 것으로

확인하는 유용성 검사 방법이다[30]. 일부 저자는 LSR이 완전히

생각된다. 그러므로, MVD 중 offending vessel을 확인하고, 충

사라지지 않는다 해도, LSR의 진폭이 감압 전보다 감소하는 것

분한 감압이 이루어졌는지 알아보는 지표로 LSR를 활용하지만,

도 좋은 예후와 연관이 있다고 보고하였다[31]. 또한, 다른 일부

MVD 중 관찰되는 LSR의 변화(소실 혹은 잔류)를 해석할 때, 검

연구자들은 HFS의 호전과 연관된 장기적인 예후(long-term

사자와 집도의 간에 긴밀하게 소통하며, 충분한 감압을 이루어

outcome)과 MVD 중 LSR 소실과는 연관성이 적어, LSR 효용

가는 것이 중요하다고 생각된다.

성에 대해 의문을 제기하였다[32]. 그들은 MVD를 시행한 72명
의 HFS 환자를 분석하였는데, 이 중 40명이 MVD 중 LSR 이 소

2. Z-L 반응(Z-L response)

실되었지만, 퇴원할 때 5명은 경미한 HFS이 지속되었고, 이 중

Z-L 반응(ZLR)은 HFS에 MVD 수술을 할 때, LSR 과 더불어

4명은 6개월 뒤 추적시에도 증상이 지속되었다고 보고하였다.

offending vessel을 확인 및 감압 여부를 확인하는 검사방법으

Thirumala 등도 MVD 중 LSR의 소실이 HFS의 단기적인 예후

로, 이는 offending vessel의 벽을 전기로 자극할 때 유발되는

와는 연관성이 있지만, 일부 환자에서는 LSR이 소실되지 않아

반응이다[34,35]. ZLR은 REZ에 위치한 offending vessel의 벽

도 장기적으로 추적하였을 때, HFS이 호전될 수 있다고 제시하

을 자극하여, 인접한 얼굴신경이 함께 자극되어 유발되는 근전

며, MVD 중 LSR 소실과 장기적인 예후와는 연관성이 적다고

도 반응이기에, offending vessel의 감압이 성공적으로 이루어

보고하였다[33].

졌을 경우, 바로 소실된다. 앞부분에 서 언급했듯이, 일부 HFS

이런 잔류 LSR(residual LSR) 은 HFS의 병리 기전 중 얼굴신

환자에서는 LSR이 offending vessel을 감압하기 전에 소실되

경핵의 과항진성(hyperexcitability)를 포함하는 중추성 기전

거나, 반대로 충분한 감압이 시행했음에도 LSR이 지속적으로

(central mechanism)를 뒷받침하는 증거이다[4,5]. MVD를 통

관찰될 경우가 있다. 이런 경우 LSR만 단독으로 의존할 경우

해 얼굴신경에 대한 offending vessel의 직접적인 압박 문제는

IONM를 시행할 경우 offending 확인하거나, 충분한 감압 여부

해결되었지만, 얼굴 신경핵의 변성된 과항진성이 정상화되는데

를 판단하는데 한계가 있다. 또한 일부 환자는 offending ves-

수 개월 혹은 수 년의 시간이 걸리므로, 그 기간 동안 일부 환자

sel이 1개 아닌 2개 이상일 수 있다. 이처럼 LSR를 이용하는데
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한계가 있을 경우, MVD 시 ZLR를 병합하면, offending vessel

(mandibular marginal branch)의 말단 부위에 위치시켜 유발

를 보다 확실하게 확인하고, 감압을 시행할 수 있게 된다.

한다.

1) 검사 방법
기록전극은 눈둘레근육, 입둘레 근육 그리고 턱끝근육에 삽입

얼굴운동 유발전위(Facial motor evoked potentials: Facial
MEP)

한다. 자극전극은 두개강내 수술에서 사용되는 비침습형 동심형

흔히 시행되지만, 경두개 전기자극(transcranial electric

전극(concentric electrode)을 사용하고, 양극방식(bi-polar

stimulation)을 통해 얻어진 얼굴운동유발전위(facial MEP)을

mode)의 자극이 가능하도록 한다. 얼굴신경에서 offending

이용하여 MVD 중 HFS의 얼굴신경핵의 기능적 속성을 측정할

vessel을 감압하기 전에, 자극전극을 REZ의 접촉부위의 5mm

수 있다. HFS 환자에서 얼굴신경핵의 과항진성으로 인해 경두

안에 해당하는 offending vessel에 위치시키고, 전기자극(1-

개전기자극을 시행할 때, 병변측에서 facial MEP의 진폭과 지

2mA, 0.2msec)을 약 3 Hz 속도로 자극할 때, 해당 얼굴신경분

속시간이 비병변측과 비교시 항진되어 있고, facial MEP를 유

지에서 지배받는 근육에서 근전도 파형이 유발된다. Offending

발하기 위해 역치(threshold) 또한 감소되어 있다고 보고 되었

vessel을 확인하고, 완전히 감압할 때까지, 위의 작업을 반복하

다[39,40]. 또한, MVD를 통해 offending vessel의 감압을 시행

고, offending vessel에 대한 충분한 감압이 이루어지면, ZLR

한 경우, facial MEP의 진폭 및 지속시간이 유의하게 감소된다

은 더 이상 유발되지 않게 된다.

고 보고 되었다.

2) 임상적 적용

결론

ZLR은 앞서 언급했듯이 LSR을 활용하기 어려울 경우 매우
유용한 검사방법이다. Zheng 등은 LSR과 ZLR를 복합해서 시

HFS에 대해 MVD 시행할 때, CN VIII의 손상으로 인한 수술

행할 경우, LSR만 단독으로 사용하는 것보다 유용하다고 제안

후 청력 소실은 가장 심각한 합병증 중 하나였으나, BAEPs를 이

하였다. 또한, ZLR은 offending vessel이 2개 이상의 여러 개

용한 IONM으로 발생률을 크게 감소하게 되었다. IONM에 대

가 의심될 때, offending vessel을 확인하는데, 특히 유용하다.

한 경험과 지식이 증가하면서, 과거에 비해 수술 후 청력 소실을

그러나, ZLR은 사용할 때, 몇 가지 주의가 필요하다. ZLR은 of-

보다 감소시키기 위한 BAEPs의 검사방법 및 경계기준 등에 많

fending vessel을 자극한 뒤, 인접한 얼굴신경으로 전기자극이

은 변화가 있어 왔다. 또한, HFS의 특징적인 전기생리학적 반응

전달되어 유발되는 반응이기 때문에, REZ의 HFS 병변 위치 외

인 LSR에 대해서도 검사 방법의 변화가 있었고, MVD 시행 후

에도 offending vessel과 얼굴신경의 접촉이 있다면, ZLR은 유

에도 지속되는 잔류 LSR의 의미에 대해서도 HFS의 병리기전과

발될 수 있다[36]. 예를 들어, REZ의 접촉부위 뿐 아니라, of-

함께 많은 진보가 이루어졌다. 또한, LSR 뿐만 아니라, HFS의

fending vessel의 말단 부위와 얼굴신경의 말단부위의 접촉이

offending vessel을 확인하거나 충분한 감압 여부 판단에 활용

있을 경우, offending vessel의 충분한 감압이 이루어지고, LSR

할 수 있는 Z-L 반응이라는 검사방법이 개발되어 활용되고 있

이 소실되어도, ZLR은 사라지지 않고 지속될 수 있다.

고, 얼굴신경핵의 과항진성을 평가할 수 있는 얼굴신경 F파 검
사와 얼굴운동유발전위의 유용성 또한 입증되어 활용되고 있다.

얼굴신경 F 파(Facial F-wave)
얼굴신경 F 파 검사는 얼굴 신경을 전기자극 했을 때, 뇌줄기
방향으로 전달된 자극이 얼굴신경핵까지 전달된 후, 다시 반대

이처럼 다양한 IONM 검사방법과 의미에 대한 지식과 이해를
통해, HFS에 MVD 수술은 보다 안정하고, 효과적인 수술방 법
으로 발전해갈 수 있을 것이다.

방향으로 얼굴신경으로 통해 전달되어 발생하는 지연성 근전도
파형이다. F 파 활동은 운동신경의 흥분성을 나타내는 지표로
알려져 있고[37], 얼굴신경을 자극하였을 때는 얼굴신경핵으로
포함하여 얼굴신경의 흥분성을 기록할 수 있는 것으로 알려져

ORCID
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있다. 실제 HFS 환자에는 얼굴신경 F 파 검사 시행할 때, MVD
시행 전에는 증상이 있는 쪽에서 증상이 없는 쪽보다 F파가 더
자주 유발되었고, MVD 시행 후 유의한 차이를 사라지는 것이
보고되었다[38]. 얼굴신경 F파 검사를 시행할 때는 직접적으로
유발되는 M파와 겹침을 방지하기 위해, 기록전 극은 턱끝근육
(mentalis muscle)에 삽입하고, 자극 전극은 턱 가장자리 신경
https://doi.org/10.18214/jend.2020.22.1.1

References
1. Nielsen VK: Pathophysiology of hemifacial spasm: I. Ephaptic
transmission and ectopic excitation. Neurology 1984: 34: 418426
7

Byung-Euk Joo. • Intraoperative monitoring during MVD for HFS

2. Moller AR, Jannetta PJ: Hemifacial spasm: results of electrophysiologic recording during microvascular decompression operations.
Neurology 1985: 35: 969-974
3. Wilkins RH: Hemifacial spasm: a review. Surg Neurol 1991: 36:
251-277
4. Moller AR: Vascular compression of cranial nerves: II: pathophysiology. Neurol Res 1999: 21: 439-443
5. Moller AR, Jannetta PJ: Microvascular decompression in hemifacial spasm: intraoperative electrophysiological observations. Neurosurgery 1985: 16: 612-618
6. Barker FG, Jannetta PJ, Bissonette DJ, Shields PT, Larkins MV, Jho
HD: Microvascular decompression for hemifacial spasm. J Neurosurg 1995: 82: 201-210
7. Sindou M, Mercier P: Microvascular decompression for hemifacial
spasm: Surgical techniques and intraoperative monitoring. Neurochirurgie 2018: 64: 133-143
8. Legatt AD: Mechanisms of intraoperative brainstem auditory
evoked potential changes. J Clin Neurophysiol 2002: 19: 396-408.
9. Acevedo JC, Sindou M, Fischer C, Vial C: Microvascular decompression for the treatment of hemifacial spasm. Retrospective study
of a consecutive series of 75 operated patients--electrophysiologic
and anatomical surgical analysis. Stereotact Funct Neurosurg 1997:
68: 260-265
10. Legatt AD: Electrophysiology of Cranial Nerve Testing: Auditory
Nerve. J Clin Neurophysiol 2018: 35: 25-38
11.American Clinical Neurophysiology S: Guideline 9C: Guidelines
on short-latency auditory evoked potentials. J Clin Neurophysiol
2006: 23: 157-167
12. Martin WH, Stecker MM: ASNM position statement: intraoperative monitoring of auditory evoked potentials. J Clin Monit Comput 2008: 22: 75-85
13. Joo BE, Park SK, Cho KR, Kong DS, Seo DW, Park K: Real-time
intraoperative monitoring of brainstem auditory evoked potentials
during microvascular decompression for hemifacial spasm. J Neurosurg 2016: 125: 1061-1067
14. James ML, Husain AM: Brainstem auditory evoked potential monitoring: when is change in wave V significant? Neurology 2005: 65:
1551-1555
15. Polo G, Fischer C, Sindou MP, Marneffe V: Brainstem auditory
evoked potential monitoring during microvascular decompression
for hemifacial spasm: intraoperative brainstem auditory evoked
potential changes and warning values to prevent hearing loss--prospective study in a consecutive series of 84 patients. Neurosurgery
2004: 54: 97-104; discussion 104
16. Grundy BL, Jannetta PJ, Procopio PT, Lina A, Boston JR, Doyle E:
Intraoperative monitoring of brain-stem auditory evoked potentials. J Neurosurg 1982: 57: 674-681
8

17. Hatayama T, Moller AR: Correlation between latency and amplitude of peak V in the brainstem auditory evoked potentials: intraoperative recordings in microvascular decompression operations.
Acta Neurochir (Wien) 1998: 140: 681-687
18. Thirumala PD, Carnovale G, Habeych ME, Crammond DJ, Balzer
JR: Diagnostic accuracy of brainstem auditory evoked potentials
during microvascular decompression. Neurology 2014: 83: 17471752
19. Park SK, Joo BE, Lee S, et al: The critical warning sign of real-time
brainstem auditory evoked potentials during microvascular decompression for hemifacial spasm. Clin Neurophysiol 2018: 129:
1097-1102
20. Kong DS, Park K, Shin BG, Lee JA, Eum DO: Prognostic value of
the lateral spread response for intraoperative electromyography
monitoring of the facial musculature during microvascular decompression for hemifacial spasm. J Neurosurg 2007: 106: 384-387
21. Kim CH, Kong DS, Lee JA, Kwan P: The potential value of the disappearance of the lateral spread response during microvascular decompression for predicting the clinical outcome of hemifacial
spasms: a prospective study. Neurosurgery 2010: 67: 1581-1587;
discussion 1587
22. Huang BR, Chang CN, Hsu JC: Intraoperative electrophysiological
monitoring in microvascular decompression for hemifacial spasm.
J Clin Neurosci 2009: 16: 209-213
23. Sekula RF, Bhatia S, Frederickson AM, et al: Utility of intraoperative electromyography in microvascular decompression for hemifacial spasm: a meta-analysis. Neurosurg Focus 2009: 27: E10
Thirumala
PD, Shah AC, Nikonow TN, et al: Microvascular de24.
compression for hemifacial spasm: evaluating outcome prognosticators including the value of intraoperative lateral spread response
monitoring and clinical characteristics in 293 patients. J Clin Neurophysiol 2011: 28: 56-66
25. Tobishima H, Hatayama T, Ohkuma H: Relation between the persistence of an abnormal muscle response and the long-term clinical
course after microvascular decompression for hemifacial spasm.
Neurol Med Chir (Tokyo) 2014: 54: 474-482
26. Hatem J, Sindou M, Vial C: Intraoperative monitoring of facial
EMG responses during microvascular decompression for hemifacial

spasm. Prognostic value for long-term outcome: a study in a 33-patient series. Br J Neurosurg 2001: 15: 496-499

27. Katz AD, Catalano P: The clinical significance of the various anastomotic branches of the facial nerve. Report of 100 patients. Arch
Otolaryngol Head Neck Surg 1987: 113: 959-962
Kopuz
C, Turgut S, Yavuz S, Ilgi S: Distribution of facial nerve in
28.
parotid gland: analysis of 50 cases. Okajimas Folia Anat Jpn 1994:
70: 295-299
29. Lee S, Park SK, Lee JA, et al: A new method for monitoring abnorhttps://doi.org/10.18214/jend.2020.22.1.1

J Electrodiagn Neuromuscul Dis 2020;22(1):1-9

mal muscle response in hemifacial spasm: A prospective study.
Clin Neurophysiol 2018: 129: 1490-1495
30. Mooij JJ, Mustafa MK, van Weerden TW: Hemifacial spasm: intraoperative electromyographic monitoring as a guide for microvascular decompression. Neurosurgery 2001: 49: 1365-1370. discussion 1370
31. Shin JC, Chung UH, Kim YC, Park CI: Prospective study of microvascular decompression in hemifacial spasm. Neurosurgery 1997:
40: 730-734. discussion 734
32. Joo WI, Lee KJ, Park HK, Chough CK, Rha HK: Prognostic value
of intra-operative lateral spread response monitoring during microvascular decompression in patients with hemifacial spasm. J Clin
Neurosci 2008: 15: 1335-1339
33. Thirumala PD, Wang X, Shah A, et al: Clinical impact of residual
lateral spread response after adequate microvascular decompression for hemifacial spasm: A retrospective analysis. Br J Neurosurg
2015: 29: 818-822
34.Yang M, Zheng X, Ying T, et al: Combined intraoperative monitoring of abnormal muscle response and Z-L response for hemifacial
spas m with tandem compression type. Acta Neurochir (Wien)
2014: 156: 1161-1166. discussion 1166

https://doi.org/10.18214/jend.2020.22.1.1

35.Zheng X, Hong W, Tang Y, et al: Discovery of a new waveform for
intraoperative monitoring of hemifacial spasms. Acta Neurochir
(Wien) 201 2: 154: 799-805
36. Son BC, Ko HC, Choi JG: Intraoperative monitoring of Z-L response (ZLR) and abnormal muscle response (AMR) during microvascular decompression for hemifacial spasm. Interpreting the
role of ZLR. Acta Neurochir (Wien) 2018: 160: 963-970
37. Kimura J: Current understanding of F-wave physiology in the clinical domain. Suppl Clin Neurophysiol 2006: 59: 299-303
38. Ishikawa M, Ohira T, Namiki J, et al: Electrophysiological investigation of hemifacial spasm after microvascular decompression: F
waves of the facial muscles, blink reflexes, and abnormal muscle responses. J Neurosurg 1997: 86: 654-661
39. Wilkinson MF, Kaufmann AM: Facial Motor Neuron Excitability
in Hemifacial Spasm: A Facial MEP Study. Can J Neurol Sci 2014:
41: 239-245
40. Wilkinson MF, Kaufmann AM: Monitoring of facial muscle motor
evoked potentials during microvascular decompression for hemifacial spasm: evidence of changes in motor neuron excitability. J
Neurosurg 2005: 103: 64-69

9

ORIGINAL ARTICLE
pISSN: 2733-6581 ∙ eISSN: 2733-659X
J Electrodiagn Neuromuscul Dis 2020;22(1):10-14
https://doi.org/10.18214/jend.2020.22.1.10

젊은 건강한 성인에서 액와신경 체성감각유발전위 및 임상적 적용
박찬혁, 김창범, 김재홍, 김명옥

Axillary Nerve Somatosensory Evoked Potentials in Young Healthy
Individuals with Clinical Application
Chan Hyuk Park, Chang Beom Kim, Jae Hong Kim, Myeong Ok Kim
Department of Physical and Rehabilitation Medicine, Inha University School of Medicine, Incheon, Korea

Objective: To determine the role of somatosensory evoked potential (SEP) study for axillary
nerve and confirm clinical usefulness through case studies.
Method: Fifteen healthy volunteers were recruited for the axillary nerve SEP study. The stimulation site is located on the posterior edge of the lateral deltoid muscle. The active recording electrode is placed over the contralateral C3’ or C4’ scalp area. Fz was used as the reference. The latency and amplitude of axillary nerve SEP were estimated. SEP data was compared by gender
and correlation with height and age was also analyzed. Two patients diagnosed with axillary
nerve injury through a nerve conduction study were collected for the axillary nerve SEP.
Results: In healthy subjects, N1 latency was 13.8±0.9 msec, and P1 latency was 20.1±1.8 msec.
The amplitude was 1.35±0.53 ㎶. The average amplitude difference between right and left sides
was 0.26±0.20 uV. In patients with axillary nerve injury, the axillary nerve SEP was found to be
absent or significantly reduced in amplitude. Female subjects showed larger amplitudes and
shorter N1 and P1 latencies than male subjects. There was no significant correlation between
height and SEP data.
Conclusion: It is meaningful that our study is the first study to make the normal value of axillary
nerve SEP and apply it to patients with axillary nerve injury. The axillary nerve SEP study may
be helpful for patients with axillary nerve injury who have discomfort in the shoulder or impaired
sensation on the lateral side of the upper arm.
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Introduction
The axillary nerve arises from the posterior cord and lies on
the side of the radial nerve and proceeds behind the shoulder
joint. Then the nerve passes through the quadrilateral space and

moves around the posterior and lateral sides of the proximal humerus. A muscular branch is given off to the teres minor muscle.
The axillary nerve ends in two muscular branches, anterior and
posterior, and innervates the deltoid muscle. An upper lateral cutaneous nerve of the arm arises from the posterior branch of axil-
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lary nerve. This nerve provides cutaneous sensation to the region
of skin overlying the deltoid muscle [1].
Most evaluation of the axillary nerve are limited to motor conduction studies. There have been few studies of sensory nerves
in the axillary nerve. Because the sensory nerve action potential
of axillary nerve is little known [1]. Somatosensory evoked potential (SEP) studies, as well as nerve conduction studies, can
help diagnose peripheral neuropathy [1-4]. Clinical use of peripheral nerve SEP is increasing because monitoring of SEP of
peripheral nerves during limb surgery such as limb lengthening
and deformity correction is popular [5].
If it is possible to pick up the SEP study for axillary nerve, it
will help you evaluate the pure injury of sensory branch of axillary nerve.
Therefore, this study was performed to determine the role of
axillary nerve SEP and to confirm its clinical usefulness through
a case study.

Materials and methods
In this study, 15 healthy volunteers (8 males and 7 females)
without a history of stroke, spinal cord injury, or peripheral neuropathy were recruited to measure the normal value of axillary
nerve SEP. The mean age of the subjects was 28.1 ± 3.5 years
(27.8 males, 28.6 females, range 24-38 years). The average height
was 168.7 ± 7.9 cm (174.5 males, 162.0 females, range 157.0180.0 cm). All subjects were described and agreed to the study
and the IRB approved the study.
For the potential analysis, an electromyography recording system, DantecTM KEYPOINT (Alpine Biomed Aps, Skovlunde,
Denmark) was used. The active recording electrode is placed
over the contralateral C3’ or C4’ scalp area. Fz was used as a reference recording site. In a preliminary study, C1’/C2’ and C3’/
C4’ were compared as active recording sites. According to the
neuroanatomical location, C1’/C2’ was expected to be superior
to C3’/C4’ because the shoulder sensory cortical area is medial
to hand sensory cortical area. However, in this study, we were
able to find the largest amplitude when using C3’/C4’ as the active recording sbibrite. A stimulus duration of 0.2 msec is used at
3.2 Hz. Bandwidth was 3 Hz - 3 KHz. Anatomically, the sensory
branch of the axillary nerve is behind the deltoid muscle. The
stimulation site is localized on the posterior edge of the lateral
deltoid muscle (Fig. 1). The stimulus intensity was adjusted to
about 2-3 times the sensory threshold, and could produce a visible twitch in the deltoid muscle. Negative peak latency, positive
peak latency and peak to peak (N1-P1) amplitude of axillary
nerve SEP were estimated. SEP waves were averaged with 300

®
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Fig. 1. Stimulation site for sensory branch of axillary nerve: at the
posterior margin of the lateral deltoid muscle. (Yellow triangular
area).

stimuli, and two waves were acquired on each side of the arm.
After measuring the control value of the axillary nerve SEP, it
was applied to patients diagnosed with axillary neuropathy
through a nerve conduction study.

Statistical analysis
SPSS 16.0 software was used for statistical analysis. Parametric
t tests were analyzed to find the difference between latency and
amplitude in both sides of axillary SEP study in healthy controls.
The Mann-Whitney test between gender and SEP data was analyzed. The non-parametric correlations were analyzed to evaluate
the relationship between height and SEP data. The results were
found to be statistically significant at p＜ 0.05.

Results
In healthy subjects, the N1 latency was 13.8 ± 0.9 msec, and
the P1 latency was 20.1 ± 1.8 msec. Peak to peak amplitude (N1P1) was 1.35 ± 0.53 ㎶. The difference in amplitude was not statistically significant on the right and left sides (Table 1).
In axillary SEP latency and amplitude by gender in healthy
controls, female subjects appeared to have larger amplitudes and
shorter N1 and P1 latencies than male subjects. It was statistically significant (p < 0.05) (Table 2).
In axillary SEP latency and amplitude according to the height
of the healthy control group, the height showed a positive correlation with N1 and P1 latency in right side, N1 latency in left
side, but it showed a negative correlation with amplitude in both
11
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Table 1. Normal Value of Axillary Nerve Somatosensory Evoked
Potential
N1 Latency (msec) P1 Latency (msec) Amplitude (㎶)

L-R amplitude
difference
0.26 ± 0.20
(0.04-0.76)

13.8 ± 0.9
20.1 ± 1.8
1.35 ± 0.53
(12.6-15.3)
(16.5-22.6)
(0.55-2.60)
Values are mean ± standard deviation (range).
L-R amplitude difference: difference of amplitude between left to right.

Table 3. Correlation between the Height, Age, and Somatosensory
Evoked Potentials Data
Right
N1 latency

Right
Right
Left
Left
Left
Amplitude
P1 Amplitude N1
P1
latency
latency latency
Height
0.566*
0.519* -0.550* 0.710** 0.227
-0.543*
Age
0.510
0.219
-0.067
0.225 0.394
0.300
All values are Spearman non-parametric correlation coefficient.
*p value<0.05.
**p value<0.01.

Table 2. Amplitude and Latency in Each Gender
Right

Right

Right
Amplitude
(㎶)
1.06 ± 0.38
1.67 ± 0.49
0.021
1.35 ± 0.52

Left

N1 (msec)
P1 (msec)
N1 (msec)
Male
14.3 ± 0.9
21.0 ± 1.3
14.2 ± 0.6
Female
13.3 ± 0.7
18.7 ± 1.4
13.1 ± 0.6
p value*
0.035
0.015
0.005
Total
13.8 ± 0.9
19.9 ± 1.8
13.7 ± 0.8
Values are mean and standard deviation.
*p value means statistical significance of difference of parameters between male & female.

sides. It was statistically significantly (p < 0.05) (Table 3). There
was no significant relation between age and SEP data. The Spearman non-parametric correlation coefficient study analyzed the
correlation between age and SEP data, such as N1, P1 latency, or
peak-to-peak amplitude, and all correlations were not significant
(Table 3).
Two patients with axillary nerve injury showed abnormalities
in the axillary nerve SEP study (Figs. 2, 3). One patient did not
show the evoked potential in axillary nerve SEP on the lesion
side, so a complete axillary nerve palsy was suggested. (Fig. 2).
Other patient showed a decrease in amplitude on the lesion side,
thus suggesting partial axillary nerve palsy (Fig. 3).

Case studies
Case 1: A 14-year-old boy visited the clinic with pain and
weakness in his right shoulder. Four months ago, his right shoulder hit a lurching bus. After trauma, weakness in the right shoulder and numbness around the deltoid muscle occurred. In an
MRC manual muscle test in upper limb, he showed zero in right
shoulder abduction. In nerve conduction studies, the right axillary nerve compound muscle action potential was not evoked,
but other examined nerves were within normal limit. In needle
electromyography, teres minor and deltoid muscles innervated
by axillary nerve were completely denervated, but all examined
muscles innervated by other nerves were normal. He was diag12

Left
P1 (msec)
21.1 ± 1.2
19.2 ± 2.2
0.048
20.2 ± 1.9

Left
Amplitude(㎶)
1.10 ± 0.44
1.66 ± 0.56
0.043
1.36 ± 0.56

nosed with complete peripheral neuropathy of right axillary
nerve. In the axillary SEP study, it did not show any remarkable
potential in right axillary nerve stimulation, Nl latency 13.6
msec, P1 latency 20.9 msec, and the amplitude 0.83 uV in left
side (Fig. 2).
Case 2: A 73-year-old woman was transferred to Department of
Rehabilitation Medicine after a surgery for the humeral neck facture. Two months ago, she slipped and injured, and after the operation, pain and weakness in the left shoulder occurred. In an MRC
manual muscle test in upper extremity, he showed 3 in left shoulder abduction. The sensory around the deltoid muscle have been
reduced. In the motor nerve conduction study, the latency was
within normal limit in both axillary nerves, but the left axillary
nerve compound muscle action potential amplitude was halved
compared to the right. In the needle electromyography, there was a
finding of partial denervation potential in the deltoid muscle on
the lesion side. She was diagnosed with partial peripheral neuropathy of the left axillary nerve with a nerve conduction study and
electromyography. In the axillary nerve SEP study, Nl latency 14.6
msec, P1 latency 19.7 msec, amplitude 1.18 uV on the right, Nl latency 15.0 msec, P1 latency 22.2 msec, amplitude 0.67 uV on the
left side. The N1-P1 amplitude decreased on the left (Fig. 3).

Discussion
The majority of closed axillary nerve injury occurs in association with a glenohumeral dislocation and/or fracture of the surhttps://doi.org/10.18214/jend.2020.22.1.10
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B

Fig. 3. Axillary nerve SEP in Case 2. (Fig. 3-A) Affected side, (Fig.
3-B) Sound side. In affected (left) side, N1-P1 amplitude was
markedly reduced compared to sound (right) side, but N1 & P1
latency was not significantly different in both sides.

Fig. 2. Axillary nerve SEP in Case 1. (Fig. 2-A) Sound side, (Fig.
2-B) Affected side. In affected side, there weren’t any remarkable
waveforms.

gical neck of the humerus [6]. Trauma due to blunt damage directly to the nerves has also been reported, also. When the patient visits the clinic with such a medical history, the clinician
should propose axillary nerve injury, and conduct an electrodiagnostic evaluation to differentiate the axillary nerve injury from
other neuropathies. Axillary nerve lesions are the most common,
but posterior cord level of brachial plexopathy can develop.7
Sometimes, the patient may have separated the motor branch injury of the axillary nerve [8]. In addition, some athletes with axillary nerve injury or suprascapular nerve injury may have asymptomatic even if complete or incomplete lesions persist [9].
Pain is not a prominent complaint, and deltoid weakness is often
masked by compensation from surrounding muscle groups [10].
Uncommonly but, there is a pure sensory neuropathy in axillary nerve, such as sharp cutting injury by knife to the lateral arm.
In such a case, conventional nerve conduction study and electromyography will be normal. In this case, axillary nerve SEP can be
done for more exact approach of nerve injury. In addition to pure
sensory neuropathy, axillary nerve SEP used to identify abnormalities in the central nervous system pathway expected from
medial and tibial nerve SEP, and to utilize it in incomplete brahttps://doi.org/10.18214/jend.2020.22.1.10

chial plexopathy, proximal cervical radiculopathy or other proximal peripheral neuropathies.
The diagnostic value of somatosensory evoked potentials in
the diseases of peripheral nervous system is increasing. Especially, in pudendal neuropathy, diabetic neuropathy, and trigeminal
neuropathy, SEP study seems to be helpful to assess the degree of
peripheral neuropathy [4,11,12].
Female subjects showed larger amplitude and shorter latency
of axillary nerve SEP than male. Such findings represent in other
SEP or sensory nerve conduction study also [13-15]. However,
it was too narrow age spectrum and small sample size of control
group to know the correlation between the age and the latency of
axillary SEP. In the further study, the study should be done in
more broad range of age.
Limitation of this study was as follows; at first, small sample
size, second, a technical difficulty of axillary SEP study arise from
relatively short distance between stimulating and recording electrode. However, we expect that the axillary nerve SEP developed
in this study will provide more options for diagnosing axillary
nerve injury. Axillary nerve SEP study would not be an essential
method to diagnose axillary neuropathy. But if you consider axillary nerve SEP technique, it will be a helpful method to diagnose
axillary nerve injury.

Conclusion
It is meaningful that this study was the first study making nor13
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mal value of axillary nerve SEP and applying it to the patients
with axillary nerve injury. Although we couldn’t find the patient
who experiences just only reduced sense in axillary nerve territory of lateral upper arm, the axillary nerve SEP study might be
useful in the patients whose are suggestive of a pure sensory type
of axillary neuropathy, brachial plexopathy, proximal cervical radiculopathy, or other proximal peripheral neuropathies. In such
case, we could find clinical usefulness and auxiliary role of the
axillary SEP study.
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Changes in Surface Electromyography Signal according to
Severity in Patients with Carpal Tunnel Syndrome
Chang Beom Kim, Chan Hyuk Park, Chang Hwan Kim, Hyun Sung Lee, Myeong Ok Kim
Department of Physical and Rehabilitation Medicine Inha University School of Medicine, Incheon, Korea

Objective: To assess whether surface electromyography (SEMG) can provide additional information to conventional nerve conduction studies (NCS) in patients with mild Carpal tunnel
syndrome (CTS).
Method: Patients with CTS were classified into mild and moderate-to-severe groups based on
conventional NCS. Healthy subjects served as the control group, and NCS were performed on
them. The root mean square (RMS), median power frequency (MDF), mean power frequency
(MNF), and neuromuscular efficiency (NME) values were obtained using SEMG. We observed
significant changes in the SEMG signals in CTS patients compared to healthy subjects. We also
examined the correlation between SEMG signal changes and conventional NCS according to the
severity of CTS in the patients.
Results: The moderate-to-severe group showed significantly lower RMS values than the control
group, but there was no difference between the other groups. RMS values were associated with
mid-palm-to-wrist sensory nerve conduction velocity in the mild group. However, there was a
significant correlation between RMS and all NCS parameters in the moderate-to-severe group.
Simple linear regression showed that the finger-to-wrist sensory nerve conduction velocity
among the NCS parameters affecting RMS had the strongest effect.
Conclusion: SEMG does not supplement conventional NCS in patients with mild CTS. SEMG
can support conventional NCS to some extent for moderate-to-severe CTS patients.
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Introduction
Carpal tunnel syndrome (CTS) is one of the most common
entrapment neuropathies. It is prevalent among middle-aged
women and workers exposed to repetitive tasks, forceful exer-

tions, and awkward postures [1,2]. Previous investigators have
suggested that increased carpal tunnel pressure during repetitive
hand activity may contribute to the development of CTS by initiating a cascade of events leading to median nerve entrapment
[3,4]. In the early stages of CTS, the patient experiences numb-
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ness in the hand. As the disease progresses, symptoms such as
pain in the forearm and hand, and thenar muscle atrophy could
occur [5]. Tissue degeneration occurs more frequently than inflammation in overuse syndrome. Hence, a diagnosis of overuse
syndrome may be established in patients with physical dysfunction [6]. Moreover, the treatment of Carpal tunnel syndrome depends on its severity. Symptoms can be improved with conservative treatment in mild cases, but decompression surgery should
be performed in severe cases or axonal degeneration [7], and
therefore, early diagnosis is crucial.
Repetitive tasks and awkward postures can trigger both ischemic and mechanical local damage mechanisms that may lead to
temporary changes in membrane excitability and decreased
nerve conduction velocity, thus causing conduction block.
Nerve conduction studies (NCS) have been the gold standard
in the diagnosis of CTS. Many studies have determined the severity of CTS using NCS [8]. NCS can evaluate the location and
severity of nerve damage. However, alterations in NCS are undetectable until some degree of demyelination or axonal damage
has occurred in the large myelinated nerve fibers [9,10]. Needle
electromyography (EMG) may be useful in the thenar muscles
in patients with a high probability of a clinical diagnosis of CTS,
even if NCS results are normal. As needle EMG is invasive, it is
not necessarily used in CTS studies [11]. Therefore, a study on
surface electromyography (SEMG) signal acquisition and processing has been underway for the last several years.
SEMG is a noninvasive technique that uses surface electrodes
attached to the skin to measure the activity of the muscle. Root
Mean Square (RMS) that can reflect muscle conduction amplitude, and median power frequency (MDF) and mean power frequency (MNF) from frequency spectrum analysis are used as a
fatigue index in the muscle fatigue analysis based on SEMG [12].
There are few studies on the application of SEMG in patients
with CTS. Rainoldi et al. investigated SEMG signal alterations of
the thenar muscle in patients with severe CTS [6]. They found
lower SEMG parameters in subjects with severe CTS compared
to controls. There has been no study on the correlation between
SEMG signal change and NCS of the thenar muscle according to
the severity in patients with CTS.
The purpose of this study is to
(a) examine the correlation between SEMG signal change and
conventional NCS according to the severity in patients with
CTS
(b) identify whether SEMG shows significant signal changes
in patients with CTS compared to healthy subjects
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Based on these results, we aimed to determine if SEMG could
provide additional information to conventional NCS in patients
with mild CTS.

Materials and methods
1)Subjects
We prospectively studied patients who showed symptoms of
numbness, pain in the hands, or thenar muscle weakness at a single
center (Department of Physical & Rehabilitation Medicine, OO
University School of Medicine, Korea) from November 2019 to
February 2020. NCS was performed to exclude patients with radiculopathy, polyneuropathy, and motor neuron disease, and target
patients diagnosed with CTS. We excluded patients with a history
of wrist surgery, wrist fracture, chronic alcohol use, or the use of
medication, including chemotherapy. We recruited asymptomatic
age and sex-matched individuals as controls. The study protocol
was approved by the OO University Hospital Institutional Review
Board (IRB number: 2019-10-070) on December 23, 2019. We
received written consent from all subjects before the study.
2)Electrophysiological evaluation
We conducted motor-sensory NCS of the median and ulnar
nerve in each patient using the Keypoint(Skovlunde, Denmark).
The skin temperature was set to 32°C. Percutaneous stimulation
was performed by the standard method using a stimulator and a
surface electrode. The median motor NCS was conducted by attaching an active recording electrode to the center of the abductor pollicis brevis (APB), stimulating the point 7 cm proximal to
determine the onset latency and the amplitude from the baseline
to the peak. Sensory NCS was conducted as an antidromic nerve
conduction study. We attached an action recording electrode to
the proximal phalanx of the third digit, applied stimulation at a
14 cm proximal point to the wrist and 7 cm proximal point to the
palm, and measured the sensory nerve action potentials antidromically. Needle EMG was performed to exclude radiculopathy, motor neuron disease, and myopathy.
From the NCS values for sensory and motor nerves, the neurophysiological severity was divided into a scale of 0-6, where 0 corresponds to normal, and higher scale points correspond to more
severe damage [13] (Table 1). We used this scale to categorize the
subjects into the control group (Grade 0), the mild group (Grade
1-2), and the moderate-to-severe group (Grade 3-6).
3)Surface EMG study
We measured electromyography signals using the SEMG measuring system (BTS FREEEMG 300, BTS Bioengineering, Italy).
https://doi.org/10.18214/jend.2020.22.1.15
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We set the gain to 500 and the sampling rate to 1,000 Hz. We
eliminated noise by bandpass-filtering at 50-500 Hz. A 3 cm-diameter AgCl electrode was used to record the electrode of the
APB muscle.
We measured the SEMG signals and the thumb abduction
force for each patient by collecting the signals from the APB
muscle during isometric contraction using a custom-made isometric device in a seated position (Fig. 1). It equipped a pinch
gauge with a full scale of 22.5 kg that can be oriented and placed
laterally to the head of the proximal thumb phalanx during the
abduction tasks. Raw EMG signals were amplified, concurrently
digitized, and obtained by the Myolab software (BTS
FREEEMG 300, BTS Bioengineering, Italy).

4)Experimental protocol
We wiped the skin with alcohol, dried it to minimize resisTable 1. Carpal Tunnel Syndrome Severity Grade according to Nerve
Conduction Study Results
Grade

Description
Then denotes no neurophysiological abnorNormal (grade 0)
mality
Detected only in two sensitive tests (e.g.,
Very mild (grade 1)
inching, palm/wrist median/ulnar comparison, ring finger “doublepeak”)
Median SNAP is recordable; median DML is
Mild (grade 2)
prolonged but < 4.5 ms
Median SNAP is recordable; median DML is
Moderate (grade 3)
prolonged but > 4.5 ms and < 6.5 ms
Median SNAP is unrecordable; median DML is
Severe (grade 4)
prolonged but > 4.5 ms and < 6.5 ms
Median CMAP is recordable but DML is > 6.5
Very severe (grade 5)
ms
Surface motor potential from APB < 0.2 mV,
Extremely severe (grade 6)
peak-to-peak
DML: distal motor latency, SNAP: sensory nerve action potential, CMAP:
compound motor action potential, APB: abductor pollicis brevis.

tance, and attached the electrode with a flexible adhesive tape.
The subject exerted the maximal voluntary contraction (MVC),
and we offered verbal stimuli as feedback to measure the isometric contraction. The maximal voluntary contraction was performed three times for thirty seconds, with a five-minute interval
between each maximal voluntary contraction. Of these, we chose
the highest value for analysis. We excluded the unstable data
from the first and last 5 seconds and collected signals from the
remaining 20 seconds to save on the computer. The force of the
APB muscle was measured using the pinch gauge instrument.
The value of the pinch gauge measured in kilograms was converted into Newton (1 Kilogram = 9.81 Newtons).

5)Data Management
The SEMG variables of interest were root mean square
(RMS), mean (MNF), and median (MDF) frequencies of the
power spectrum. These variables reflect the functional capabilities of the neuromuscular system during a voluntary task. RMS
distributions explain the action potential energies during the
contractions. RMS is defined as

where ί represents the procedure number of the processing
sample point, raw data ί is the value of the ί th sample point, and
n is the total number of the data points [14].
MNF and MDF are the most valuable frequency-domain characteristics and frequently used for the evaluation of muscle fatigue in SEMG signals. MDF and MNF are defined as

where p(t, ω) shows the power spectrum of EMG signals based
on wavelet packet transformation [14].
Neuromuscular Efficiency (NME) was calculated as the ratio
between force and the corresponding RMS and measured in
N/mV. It is defined as the quotient of force and the integrated
EMG. Using this deÄnition, NME can be considered an estimate
of the force generated per unit of EMG amplitude.6
Fig. 1. The figure shows mechanical devices designed to fix the
wrist in a neutral position and allow isometric contractions of the
thenar abductor muscle.
https://doi.org/10.18214/jend.2020.22.1.15

6)Statistical analysis
The SPSS 21.0 statistical analysis program was used for statisti17
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cal analysis. The one-way ANOVA (analysis of variance) was used
to compare SEMG and NCS parameters between the control
group, the mild group, and the moderate-to-severe group. When
the one-way ANOVA showed a significant difference, post-hoc
testing was performed using Bonferroni correction. The relationship between the SEMG parameters and NCS parameters was
studied using the Pearson correlation coefficient. Simple linear regression was used to assess the effect between the correlated parameters. Statistical significance was defined as a p-value < 0.05.

Results
1)Subjects’ characteristics according to the presence or
absence of CTS
A total of 78 subjects (53 women) participated in the study and
were included for analysis. The demographic data and clinical
characteristics of the subjects are summarized in Table 2. Mean
patient age was 55.94 ± 9.92 years (range: 32-79). A comparison
of patient characteristics among the 3 groups is summarized in
Table 3. NCS parameters and RMS of SEMG parameters showed
significant differences between the 3 groups. Post-hoc analysis revealed statistically significant differences (p < 0.01) in NCS parameters and RMS values between the control group and the
moderate-to-severe group. However, while RMS values did not ex-

hibit a significant difference between the control and the mild
group, or between the mild group and the moderate-to-severe
group (P > 0.05), some of the NCS parameters showed significant
differences between the 3 groups.

Table 2. Patients’ Characteristics (n=78)
Characteristics
Value
Mean age (years)
55.94 ± 9.92
Sex (N.)
Male
25 (32%)
Female
53 (68%)
DML (ms)
4.18 ± 1.97
CMAP (mV)
7.17 ± 2.59
Motor velocity (m/s)
53.12 ± 9.27
SNAP (μV)
23.09 ± 18.16
Mid Palm to Wrist SV (m/s)
30.09 ± 14.50
Finger to Wrist SV (m/s)
34.63 ± 14.17
RMS (μV)
518.35 ± 185.67
MDF (Hz)
102.46 ± 21.46
MNF (Hz)
116.26 ± 22.16
NME (N/μv)
0.11 ± 0.06
Data are presented as mean ± standard deviation.
DML: distal motor latency, CMAP: compound muscle action potential,
SNAP: sensory nerve action potential, SV: sensory nerve conduction
velocity, RMS: root mean square, MDF: median frequency, MNF: mean
frequency, NME: neuroromuscular efficiency.

Table 3. Comparisons of Patient Characteristics among 3 Groups
Control (n = 26)

Mild (n = 18)

Moderate to
severe (n= 34)

p-value
Control vs Mild vs
Moderate to
Control vs Mild
severe

Sex
Age
DML (ms)
CMAP (mV)
Motor velocity (m/s)
SNAP (mV)
Mid Palm to Wrist
SV (ms)
Finger to Wrist SV
(ms)
RMS (mV)
MDF (Hz)
MNF(Hz)
NME (N/mV)

Mild vs Moderate
to severe

Control vs
Moderate to
severe

M:F 9:17
54.04 ± 9.43
2.92 ± 0.33
8.83 ± 1.98
59.28 ± 4.25
39.49 ± 16.18

M:F 4:14
58.22 ± 11.82
3.73 ± 0.46
7.31 ± 1.72
52.94 ± 5.32
19.03 ± 14.02

M:F 12:22
56.18 ± 9.20
5.39 ± 2.46
5.84 ± 2.68
48.51 ± 10.99
12.71 ± 11.76

0.06
0.00*
0.00*
0.00*
0.00*

0.35
0.09
0.03*
0.00*

0.00*
0.08
0.19
0.36

v
0.00*
0.00*
0.00*

48.56 ± 4.81

31.00 ± 6.24

22.56 ± 13.66

0.00*

0.00*

0.02*

0.00*

47.57 ± 5.36

33.60 ± 4.73

25.29 ± 14.61

0.00*

0.00*

0.02*

0.00*

0.01*
0.36
0.23
0.30

0.42

0.69

0.00*

599.03 ± 172.89 515.82 ± 211.99 458.01 ± 160.52
107.05 ± 21.53 102.33 ± 20.17 99.02 ± 22.03
122.23 ± 21.25 114.82 ± 20.52 112.47 ± 23.32
0.11 ± 0.03
0.14 ± 0.08
0.12 ± 0.06

Data are presented as mean ± standard deviation
DML: distal motor latency, CMAP: compound muscle action potential, SNAP: sensory nerve action potential, SV: sensory nerve conduction velocity, RMS:
root mean square, MDF: median frequency, MNF: mean frequency, NME: neuroromuscular efficiency.
*p < 0.05.
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2)Correlation of SEMG parameters and NCV parameters
in CTS patients
In our findings, while RMS values were associated with NCS parameters (mid-palm-to-wrist sensory velocity) in the mild group,
there was a significant correlation between RMS values and all
NCS parameters in the moderate-to-severe group (Table 4). The
strongest correlation coefficient was found in the finger-to-wrist
sensory nerve conduction velocity of NCS parameters (r = 0.744,
p < 0.05), and the smallest correlation coefficient was found in
the motor velocity of NCS parameters (r = 0.502, p < 0.05).
However, all NCS parameters showed no correlation with MDF
and MNF in all three groups.
3)Linear regression analysis for the risk of decreased
muscle characteristics
Linear regression was performed with the finger-to-wrist sensory
nerve conduction velocity, mid-palm-to-wrist sensory nerve conduction velocity, sensory nerve action potential (SNAP), distal motor latency (DML), compound motor action potential (CMAP),
and motor velocity as factors affecting RMS value. Linear regression

analysis identified finger-to-wrist sensory nerve conduction velocity (β = 0.720, p < 0.01), mid-palm-to-wrist sensory nerve conduction velocity (β =0.692, p <0.01), SNAP (β = 0.631, p <0.01),
DML (β= -0.631, p <0.01), CMAP (β = 0.59, p < 0.01), and motor
velocity (β = 0.515, p < 0.01) (Table 5). Finger-to-wrist sensory
nerve conduction velocity (β = 0.720, p < 0.01) was revealed as
a significant contributing factor for RMS.

Discussion
The purpose of this study was to determine if SEMG could
provide additional information to NCS in patients with mild
CTS by investigating whether there are significant changes in
SEMG signals in patients with mild CTS and sensory abnormalities, and examining the correlation between changes in SEMG
signals and conventional NCS, according to the severity in CTS
patients.
CTS responds well to early diagnosis and treatment, while irreversible injury to the median nerve can result in permanent sequelae. Thus, early diagnosis is crucial to prevent irreversible

Table 4. The Correlation between Parameters in Patients with CTS

DML (ms)
CMAP (mV)
Motor velocity (m/s)
SNAP (μV)
Mid Palm to Wrist SV (m/s)
Finger to wrist SV (m/s)

r
r
r
r
r
r

RMS
-0.155
0.264
0.346
0.068
-0.031
0.225

Control (n = 26)
MDF
MNF
0.194
0.132
-0.449
-0.319
-0.322
-0.253
-0.379
-0.351
-0.399
-0.316
-0.129
-0.089

RMS
-0.356
0.291
0.454
0.397
0.681*
0.583

Mild (n= 18)
MDF
-0.073
0.178
0.008
0.02
-0.225
-0.015

MNF
-0.08
0.244
0.115
0.107
-0.184
0.058

Moderate to severe (n = 34)
RMS
MDF
MNF
-0.614*
0.132
0.170
0.591*
-0.237
0.256
0.502*
0.372*
0.357
0.655*
-0.999
-0.136
0.720*
0.045
0.007
0.744*
0.057
0.016

CTS: carpal tunnel syndrome, DML: distal motor latency, CMAP: compound muscle action potential, SNAP: sensory nerve action potential, SV: sensory
nerve conduction velocity, RMS: root mean square, MDF: median frequency, MNF: mean frequency.
*p < 0.05.

Table 5. The Simple Linear Regression between RMS and NCS Parameters in Moderate to Severe Group
Dependent variable

Independent variable

RMS

Finger to Wrist SV (m/s)
Mid Palm to Wrist SV (m/s)
SNAP (μV)
DML (ms)
CMAP (mV)
Motor velocity (m/s)

R2
0.519
0.479
0.398
0.361
0.348
0.265

B
7.912
8.139
8.618
-39.132
35.382
7.528

Simple linear regression
β
t-value
0.720
5.870
0.692
5.429
0.631
4.603
-0.6
-4.247
0.59
4.135
0.515
3.401

p-value
0.00*
0.00*
0.00*
0.00*
0.00*
0.00*

*p < 0.05
*DML: distal motor latency, CMAP: compound muscle action potential, SNAP: sensory nerve action potential, SV: sensory nerve conduction velocity,
RMS: root mean square.
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nerve damage [15]. Provocative tests such as Phalen’s test and
Tinel’s test are used to diagnose CTS. The sensitivity of Phalen’s
test varies from 67-83% and the specificity varies from 40-98%.
The sensitivity of Tinel’s test ranges from 48-73% and the specificity ranges from 30-94%. However, the prognostic and diagnostic values of these tests are questionable. Thus, NCS is combined
with provocative tests [16].
Electrophysiological studies help to differentiate other diseases
associated with symptoms of pain, numbness, and paresthesia. It
has been reported that an increase in carpal tunnel pressure due
to biomechanical overload leads to structural and functional abnormalities in nerve fibers [17]. Standard NCS usually reveals
the effect of demyelination of the median nerve at the wrist by
showing reductions in nerve conduction velocity. In our study,
the results of conventional NCS conirmed signifficant differences between the control and CTS groups. A worsening trend of
median nerve conduction values was observed going from the
control to the CTS group. This finding can be explained by the
damage to the myelin sheath across the carpal tunnel due to patient exposure to biomechanical overload of the hand-wrist segment.
For the SEMG parameter, significant differences in amplitude
signals (RMS) between the moderate-to-severe group and the
control group were found. The RMS value is a frequently selected parameter because it reflects the level of the physiological activities of the motor unit during contraction [18]. The RMS value in the moderate-to-severe group correlated with all NCS parameters in this study. These changes in RMS values in CTS patients indicate decreased motor unit recruitment. This result implies the loss of ability to recruit available motor units due to a
decrease in muscle power from motor unit loss or defensive behavior against movement-evoked pain.
Among NCS parameters, the finger-to-wrist sensory nerve
conduction velocity was found to be the most influential in the
simple linear regression analysis between the RMS and the NCS
parameters. It is known that sensory NCS showed abnormalities
in the earlier stage compared to motor NCS studies. Previous research has verified that decreased sensory velocity showed the
highest sensitivity among various NCS parameters in CTS patients [19]. Moreover, the palmar branch of the median nerve innervates the APB muscle. The sensory nerve may be activated
when the thumb is abducted, thus influencing the SEMG results.
The NME value is higher in the mild group than in the control
group. We assume that this finding could be due to fewer subjects in the mild group. Moreover, changes in NME values were
not statistically significant, and although the NME value implemented at 100% MVC was lower in the moderate-to-severe
20

group than in the mild group, it was similar to that in the control
group.
This result is consistent with the findings of Rainoldi et al.’s
study that showed a significant difference in NME values in the
control group and the CTS group at 10% MVC and 20% MVC,
but the difference in NME values was not significant at 30%
MVC and 80% MVC [6]. Lower NME values observed in the
moderate-to-severe group (compared with the mild group)
could suggest an effective loss of motor units. The reduced capacity of the muscle to generate force for a reference amount of
electrical activity has been related to an impairment of excitation-contraction coupling and can be considered as further evidence of the pathology effect [20].
Alterations of MDF and MNF obtained by analyzing muscle
electrical signals by surface EMG spectrum are frequently used
as fatigue indices in EMG. In this study, the value of MDF and
MNF decreased in the order of the control group, the mild
group, and the moderate-to-severe group. However, this decrease
did not show statistical significance.
Muscle fatigue is defined as the failure to maintain the desired
or expected force, or a decrease in neuromuscular function when
performing work or exerting force [21,22]. MDF and MNF are
proportional to the action potential conduction velocity and the
recruitment and proportion of fast-twitch fiber [23,24]. Local
muscle fatigue slows the action potential conduction velocity,
followed by a decrease in the recruitment of fast-twitch fibers
and an increase in the recruitment of slow-twitch fibers. The
MDF and MNF slide to the low-frequency range as a consequence [25]. As a result, APB muscles can better withstand fatiguing contractions over time. This hypothesis can be supported
by observations that muscle fibers can change the phenotype under different conditions, such as mechanical loading, denervation, and aging. These factors can lead to adaptations in muscle
composition by inducing a fast-to-slow shift of fiber-type [26].
In CTS, the damage mainly affects fast nerve fibers (large myelinated fibers). Thus, in the event of an axial loss, subsequent
muscle damage may be an effective loss of fast-twitch fiber.
There are some limitations to this study. First, the amplitude
values are affected by several factors, such as the thickness of the
subcutaneous layer, anatomic location of the recruited motor
unit associated with the electrode position, and the motor unit
discharge rates [27]. Second, large-scale studies are needed to
confirm the results of this study as the control group and the
mild group had fewer subjects than the moderate-to-severe
group. Third, SEMG outcomes may vary depending on the degree of patient volition and may be more sensitive to the influence of surrounding muscles than conventional EMG [28].
https://doi.org/10.18214/jend.2020.22.1.15
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Conclusion
In conclusion, the contributions of this study can be summarized as follows: (a) Only RMS of the SEMG parameters showed
a significant reduction in value compared to the moderate-to-severe CTS group and the control group, but not the mild group.
(b) For SEMG parameters and NCS parameters, a significant
correlation was established between RMS values and the midpalm-to-wrist sensory nerve conduction velocity in the mild
group. RMS and all NCS parameters showed a significant correlation in the moderate-to-severe group. Based on the results of
this study, SEMG does not supplement conventional NCS in patients with mild CTS. However, SEMG can support conventional NCS to some extent in patients with moderate-to-severe CTS.
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근전도를 이용한 신경내 결절종에 의한 족하수의 조기진단 및 성공
적 치료
정다휘, 신용범, 이병주
부산대학교병원 재활의학과

Early Diagnosis with Electrodiagnostic Study and Successful
Treatment of Foot Drop Caused by Intraneural Ganglion cyst
Da Hwi Jung, Yong Beom Shin, Byeong-Ju Lee
Department of Rehabilitation Medicine, Pusan National University School of Medicine, Pusan National University Hospital, Busan, Korea

Foot drop is a commonly encountered symptom in electrodiagnostic lab. It is uncommon for peroneal nerve to be compressed by ganglion cyst around the fibular head, but it is important to
differentiate peroneal lesion from lumbar radiculopathy which occurs more often. With treatment followed by prompt and exact diagnosis, we can minimize motor weakness due to nerve
damage. We report a case in which a 60-year-old woman who complained of right foot drop was
diagnosed with peroneal nerve palsy caused by intraneural ganglion cyst around the fibular head.
In comparison with other case reports about peroneal nerve palsy caused by ganglion cyst, the
diagnosis of this case was made immediately after onset of the foot drop by electromyogram and
the patient recovered from motor weakness after surgery.
Keywords: Peroneal neuropathies, Ganglion cysts, Electromyography

Introduction
Foot drop is a common symptom encountered by physiatrists
in the electrodiagnostic lab. Lesions causing the foot drop could
arise from the anterior horn cell at the lumbar spinal cord
through lumbosacral plexus to the peroneal nerve. Physiatrists
should differentiate foot drop caused by lumbar radiculopathy
from peroneal nerve palsy. The former would have a chronic
course and often involve back pain and radiating pain on lower
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extremity, while the latter may have a sudden onset by trauma or
may occur with pain and mass around the fibular head. Since the
anatomical characteristic of the peroneal nerve, which winds
around the fibular head and divides into the superficial peroneal
nerve (SPN) and deep peroneal nerve (DPN) from the common
peroneal nerve (CPN)Ä, foot drop can occur by lesion around
the fibular head. Intraneural or extraneural ganglion cyst around
the fibular head can cause foot drop, but its prevalence is very
rare [2]. This is why it is difficult to diagnose peroneal nerve le-
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sion around the fibular head. We report a case of early diagnosis
of peroneal nerve palsy due to intraneural ganglion cyst around
the fibular head using electrodiagnostic test, which resulted in
successful motor recovery.

Case report
A 60-year-old woman visited the local medical center because
of sudden onset of right foot drop. Magnetic resonance imaging
(MRI) revealed mild lumbar spinal stenosis. She was referred to
the emergency room (ER) for further evaluation and management 3 days after onset of symptoms. She had a medical history
of diabetes mellitus, hypertension, and Graves¹ disease and had
undergone bilateral total knee replacement 5 years prior. She denied history of any trauma. The primary physician and neurosurgeon suspected lumbar radiculopathy as the cause of her symptom. However, there was no evidence of any root compression or
spinal cord injury on MRI, and she did not complain of any low
back pain or sciatica. Computed tomography (CT) of the right
lower extremity did not show any suspicious lesions. For evaluation of her foot drop, she was referred to the Department of Rehabilitation Medicine for nerve conduction study (NCS) and
electromyography (EMG) during admission in the ER.
Manual muscle test (MMT) for grading of strength revealed a
score of 1/5 on right ankle dorsiflexion, 2/5 on ankle eversion,
and 1/5 on extension of the great toe and the other toes. Hypoesthesia on the 1st dorsal webspace of the right foot was also
noted. There was a palpable mass around the right fibular head,
and Tinel¹s sign was positive. To localize the lesion, EMG was
performed 3 days after the onset of the symptoms (Table 1).
Compound motor action potentials (CMAPs) of the right
DPN revealed that there was a 55% conduction block of the amplitude across the fibular head and 45.9% of axon loss compared
to that in the CMAPs of the left DPN. Sensory nerve action potentials (SNAPs) of the right SPN showed normal range of latency and amplitude (3.03 msec, 15.2 ²V), same as the left superficial peroneal sensory nerve (3.1 msec, 13.8 ²V). Deep peroenal
sensory conduction study was not done. EMG of the right TA
and PL showed increased insertional activity with some positive
sharp waves and fibrillations at rest and decreased recruitment of
motor units with long duration and increased polyphasic patterns on volition (Table 2). Ultrasonography revealed a multiseptated cystic mass along the right CPN around the right fibular
head (Fig. 1).
Since the lesion to cause conduction block of the peroneal
nerve was suspected, the physiatrist recommended to arrange
operation of excision of the cyst immediately. However, the op24

eration was delayed for 10 days after the diagnosis because of the
risk of thyrotoxicosis and poor control of the blood sugar levels.
To minimize muscle atrophy, she was prescribed electrical stimulation therapy (EST) on right TA, EDL, and PL. To prevent heel
cord tightness, ankle-foot-orthosis (AFO) and stretching exercise for the Achilles tendon were prescribed. The operation was
performed 13 days from the onset of the symptoms. In the operative field, a bulging cyst was found on the fascia as well as the
cystic mass inside the nerve sheath along the CPN. No atrophic
change was seen on the nerve. The cyst was dissected from the
nerve, revealed as ganglion, previously fragmented, filled with
mucoid yellow fluid, 1.3g in weight, 7.6É1.3É0.2cm in dimensions for the largest one.
Twenty-five days after excision of the cyst, MMT improved to
3/5 on the right ankle dorsiflexor from 1/5 initially. The CMAP of
the right DPN showed decreased amplitude compared to that in
Table 1. Findings of Motor Nerve Conduction Study before and after
Excision of the Cyst
Nerve
(recording site)
Left deep peroneal
(EDB)

Right deep peroneal (EDB)

Right deep peroneal
(EDB)

Distance
NCV (m/s)
(cm)
Before excision (3 days from onset)
4.3
3.8 (Ankle)
28.0
40.3 (Ankle-BF)
11.25
3.7 (BF)
4.0
39.2 (BF-AF)
12.27
3.6 (AF)
4.00
2.3 (Ankle)
28.0
41.8 (Ankle-BF)
10.70
2.0 (BF)
4.0
12.5 (BF-AF)
11.02
0.9 (AF)
25 days after excision (38 days from onset)
4.30
0.6 (Ankle)
28.0
40.8 (Ankle-BF)
11.98
0.3 (BF)
4.0
24.8 (BF-AF)

DML (ms)

Amp (mV)

13.59
0.3 (AF)
DML: distal motor latency, Amp: amplitude, NCV: nerve conduction
velocity, EDB: Extensor digiti brevis, BF: below fibular head, Popl:
popliteal fossa, AF: above fibular head, ms: millisecond, mV: millivolt, cm:
centimeter, m/s: meter per second.

A

B

Fig. 1. A cystic mass (solid white line) around the right fibular
head along with peroneal nerve (white arrow) is shown. A) axial
view, B) longitudinal view.
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the first EMG. The axon loss progressed to 94.8% compared with
45.9% initially, and the conduction block was not demonstrated.
EMG of the right TA also showed 4 to 5 motor units recruited on
volition compared with only 1 at the first study (Table 2). EMG of
the right EHL and PL showed no recovery. After 38 days from
onset, she was able to walk without foot drop. Follow-up EMG
was to be performed when axonal regeneration was suspected to
take place. However, she did not visit the hospital.
This study was approved by the Institutional Review Board for
the exemption of written informed consent (IRB number:H-1902-011-076).

Discussion
This study reported a case of sudden onset of right foot drop.
Since the patient was referred to department of rehabilitation
medicine to perform NCS and EMG during admission in the
ER, peroneal nerve palsy around the fibular head could be diagnosed by EMG. It helped the physician to perform early intervention, which was fundamental to preventing permanent gait
abnormality.
Owing to low prevalence of peroneal nerve palsy caused by intraneural or extraneural ganglion cyst, it is not easily diagnosed
[2]. One study revealed that the prevalence of ganglion cyst at
the proximal tibiofibular joint (PTFJ) was only 0.76% [3]. With
low prevalence of the ganglion cyst involving the peroneal nerve,
a misdiagnosis can easily be made.
To detect ganglion cysts, MRI is preferred as it provides good
contrast of soft tissue [4]. However, in this case, MRI was not
done because the patient had undergone total knee replacement.
Metallic artifact was suspected to limit cyst detection. Because of
limitation in demonstrating soft tissue contrast, CT was not useful. Hence, electrodiagnostic test and ultrasonography were the
next choices. Electrodiagnostic test is one of the most useful diagnostic tools to reveal any radiculopathy or peripheral neuropa-

thy without exposure to radiation or invasive techniques. It can
localize the lesion effectively combined with ultrasonography as
useful as MRI for soft tissue lesion.
Most case reports claim that surgical dissection is the treatment of choice and that it reduces the rate of recurrence. As the
ganglion cyst is considered to arise from the PTFJ, it is important
to completely dissect the base of the stalk from its origin [5]. Excision should ideally be performed between 3 and 4 months after
the onset [4]. In a recent study, the outcome of surgical excision
of peroneal neuropathy revealed a trend toward greater improvement with shorter time to surgery [6].
Several reports about peroneal nerve palsy owing to ganglion
cyst report misdiagnosis and delayed treatment. In one study, a
45-year-old man complained of right foot drop with a 2-month
history and was diagnosed via MRI and EMG and got surgical
excision to regain full motor recovery after 4 months. For this
case, tenderness and gradual development of swelling around the
fibular head were noted [4]. In another case, a 57-year-old man
with acute lower limb pain and sudden foot drop visited a clinic
and misdiagnosis made him revisit after 4 weeks with no clinical
improvement. EMG and MRI of left knee revealed a cystic lesion
at the fibular head and he gained almost full recovery of muscle
function at 2 months postoperatively [7]. In these two cases, the
ganglion cyst causing foot drop was an extraneural lesion. Obvious mass with pain around the fibular head could lead physicians
to diagnose lesion around the fibular head However, we usually
encounter more common symptom such as motor weakness and
numbness in the lateral aspect of lower extremity, as seen in the
latter study. As many patients often involve degenerative disc disease of lumbar spine, it is more ambiguous to diagnose individual
nerve lesion from root lesions.
The difficulty in differential diagnosis of peroneal nerve palsy
from lumbar radiculopathy is also seen in another report. A
69-year-old woman with no history of trauma complained of
right foot drop with intermittent radiating pain to the right calf.

Table 2. Findings of Needle Electromyography before and after Excision of the Cyst
Muscle
Insertional Activity Rest Activity (PSW/Fibrillation)
Recruitment
Volitional Activity
Before excision (3 days from onset)
Right TA
Increased
2+
Reduced
LP, MU = 1
Right EHL
Increased
3+
MU = 0
Right PL
Increased
1+
Reduced
MU = 3
25 days after excision (38 days from onset)
Right TA
Increased
1+
Reduced
P, MU = 4~5
Right EHL
Increased
2+
MU = 0
Right PL
Increased
1+
Reduced
MU = 3
PSW: positive sharp waves, TA: tibialis anterior, EHL: extensor hallucis longus, PL: peroneus longus, LP: long duration and polyphasic wave, MU: motor
unit, P: polyphasic wave.
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Misdiagnosis was made as lumbar radiculopathy and it took 5
months until diagnosis and surgical excision of intraneural ganglion cyst around her fibular head was made. Her motor function
did not recover at 6 months postoperatively [8]. In our case, the
patient was diagnosed as early as 3 days after onset and underwent surgery 13 days after onset, the fastest intervention among
similar cases. With negative radiologic findings in the ER, she
was referred to the EMG room and prompt diagnosis was made.
It is not well known whether there is a difference between intraneural and extraneural lesions regarding their effect on nerve
damage and recurrence. Intraneural cyst would consistently
compress the nerve fiber inside the nerve sheath, could resulting
in permanent nerve damage. In contrast, nerve compression owing to extraneural lesion might be not inconsistent, resulting in
less axonal damage. Compared to the intraneural case with no recovery8, the first two extraneural cases showed complete motor
recovery despite the delay in surgical intervention [4,7]. In our
case report, she was able to walk after 1 month because of early
diagnosis by EMG.

Conclusion
As ganglion cyst in the lower extremity is very rare, the diagnosis of the ganglion cyst around the fibular head would have been
very difficult.
However, proper history taking, physical examination, EMG
as well as appropriate imaging tool helped in accurate and immediate diagnosis.
Early diagnosis with EMG in this case report made early intervention possible and the patient could recover from permanent
motor weakness.
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Motor Dominant Polyneuropathy with Subacute Combined
Degeneration of the Spinal Cord following Nitrous Oxide Abuse
Eun-Young Lee, Ahry Lee, Hee-kyu Kwon, Yoon-Koo Kang
Departments of physical Medicine and Rehabilitation, Korea University Anam Hospital, Korea

Nitrous oxide (N2O) is known to induce cobalamin (vitamin B12, Cbl) deficiency, leading to
myeloneuropathies. We describe two patients who present Cbl deficiency after N2O abuse for
several months. They complained weakness of both lower limbs and gait disturbance. Their magnetic resonance imaging demonstrated high signal intensities on the dorsal columns of the spinal
cord at C2-C5 on T2 weighted images, suggestive of subacute combined degeneration (SCD).
Initial electrodiagnostic studies resulted in demyelinating and axonal motor dominant polyneuropathies (PNs). In these cases, Cbl deficiency due to N2O inhalation was suspected as the primary cause for SCD. Cbl deficiency, however, is mainly known to affect sensory nerves, and
therefore difficult to account for the motor dominant PNs in our cases. Based on such fact, we
suggested that N2O-induced motor dominant PN may occur independently from Cbl deficiency
in SCD patients.
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Introduction
Nitrous oxide (N2O) is utilized mainly for anesthetic purposes. However, these days the gas is abused in a form dubbed ‘happy balloon’ among the young generation for recreational purposes in nightclubs or bars. N2O gas interferes with cobalamin (Cbl)
metabolisms, leading to axonal degeneration and a failure of my-

elin maintenance in the spinal cord [1]. This process results in
subacute combined degeneration (SCD) of the spinal cord. SCD
is characterized by demyelination and axonal loss in the dorsal
and lateral columns and can usually cause dorsal column dysfunctions, such as ataxic gait and loss of vibratory and proprioceptive sense [1,2].
Cbl deficiency derived peripheral polyneuropathies (PPN) are

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 anymedium, provided the original work is properly cited.
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mostly symmetrical, length-dependent axonal sensory neuropathies, or less commonly sensorimotor neuropathies [3,4]. Patients with PPN due to Cbl deficiency were less likely to have
pain or lower limb weakness [4].
We report two cases of SCD concomitant with motor dominant polyneuropathies (PNs), who present motor weakness, especially in bilateral lower extremities, as well as sensory abnormalities.

Case report
Case 1
A 22-year old female patient was admitted to another hospital
due to weakness of both lower limbs, gait disturbance and urinary incontinence for 2 weeks. She was taking anti-depressant
and had habit of inhaling N2O daily more than 100 ‘happy balloon’s for the past 6 weeks. She was transferred to our hospital 3
weeks after symptom onset. Physical exams showed lower limbs
motor grades of 3 (fair), bilateral hypoesthesia of the T4 dermatomes and below, impaired proprioception and vibration, hyperactive knee and ankle jerks, positive Romberg sign and ataxic

gait. Pathologic reflexes were absent. Her standing and gait balance was poor, resulting in a Berg balance scale (BBS) of 32
points out of 56.
Serologic tests conducted 2 weeks after onset revealed a mean
corpuscular volume (MCV) 95 fL (normal range 81-99 fL); hemoglobin 10.9 g/dl (12-15g/dL); Cbl level 165 pg/ml (2001000 pg/ml); homocysteine 20.9 umol/L (3.7-13.9 umol/L).
She received intramuscular (IM) injection of Cbl in previous
hospital. Follow-up serologic tests at admission showed normal
range of Cbl (530.4 pg/ml), folic acid and other vitamins. Autoantibodies were negative.
Initial whole spine magnetic resonance imaging (MRI) was
taken 2 weeks after initiation of symptoms and showed no spinal
cord signal abnormalities. However, follow-up MRI taken 1 week
later demonstrated high signal intensities on the dorsal columns
of the spinal cord at C2-C5 on T2 weighted images (Fig. 1A, B),
suggestive of SCD.
Initial electrodiagnostic studies (EDX) was conducted 3 weeks
after symptom onset. Motor nerve conduction studies (NCS)
demonstrated prolonged latencies and low amplitudes of the
right peroneal and bilateral tibial compound motor unit action

A

B

C

D

Fig. 1. Sagittal (A) and axial (B) spine MRI images of case 1, taken 3 weeks after symptom onset. Sagittal (C) and axial (D) spine MRI
images of case 2, taken 5 months after symptom onset. Swelling of myelin sheaths and patchy myelopathic spongy vacuolation of the
posterior columns are shown as hyper-intense lesion on T2-weighted MRI in the form of typical inverted V signs (arrows).
28
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potentials (CMAPs). The left peroneal CMAP revealed low amplitude and decreased nerve conduction velocity. Sensory NCS
were within normal limits, except low amplitude of the left superficial peroneal sensory nerve action potential (SNAP). The
F-waves were prolonged with the bilateral peroneal and tibial
nerves stimulation. The H-reflexes were prolonged, bilaterally
(Table 1). Needle electromyography (EMG) demonstrated abnormal spontaneous activities (ASA) and reduced motor unit
recruitments in the right first dorsal interosseous, gastrocnemius,
and tibialis anterior muscles. Initial EDX resulted in demyelinating and axonal PNs, mainly involving the motor nerves.
Additional treatment were administered after admission; daily
intramuscular (IM) injections of cobamamide (1 mg) for 12
days and daily oral Cbl supplementation (1.5 mg) for the follow-

ing 20 days. Her urinary incontinence and sensory symptoms at
all dermatome levels resolved 7 weeks after symptom onset. Although she had improvement of motor grade of the both lower
extremities improved to grade 4+ (good +) and gait performance
(BBS 40), she still had difficulties to keep dynamic standing balance. Follow-up EDX exhibited some improvements: normalization of the H-reflex latencies, amplitude increments of CMAPs
of the median nerve (Table 1).

Case 2
A 33-year old male with a history of N2O abuse two or three
times a week (about 20 ‘happy balloon’s at a time) for 7 months
complained gait difficulty and weakness of bilateral lower limbs
for 1 months. At the first time, he only complained numbness of

Table 1. Motor and Sensory Nerve Conduction Study Results of Case 1
Motor NCS

Sensory NCS

M
U
S
S.P
S
S.P

Digit III
Digit V
Ankle
Ankle
Ankle
ankle

M
U
T
P
P

Stimulation site
Wrist
Wrist
Ankle
Ankle
Fibular head

Initial (3 weeks after symptom onset)
Recording site
Latency (msec)
Amplitude (mV)
APB
2.7
8.2
ADM
1.9
15.5
AH
5.8*
2.3*
EDB
6.4*
1.0*
AH
5.6*
7.1
EDB
4.4
1.3*
36.1*
Left
36.2*
Recording site
Peak latency
Amplitude (uV)
(msec)
Wrist
2.7
28.0
Wrist
2.4
36.5
Leg
2.6
9.9
Leg
2.3
7.4
Leg
2.1
15.3
Leg
2.6
4.2*
Follow up (7 weeks after symptom onset)
Recording site
Latency (msec)
Amplitude (mV)
APB
3.5
13.2
ADM
2.9
12.4
AH
5.5*
2.6*
EDB
NR*
TA
4.2
1.0*

Right
Stimulation site

34.9*
Recording site

Stimulation site
Right
M
Wrist
U
Wrist
T
Ankle
P
Ankle
Left
T
Ankle
P
Ankle
H-reflex
Right
Stimulation site
Right

Left

Motor NCS
Right

H-reflex

NCV (m/sec)
52
56
44
42
43
33*

F wave (msec)
24.8
25.8
55.8*
54.6*
55.8*
56.0*

Distance
12.0
11.0
10.5
9.5
8.0
10.5
NCV (m/sec)
52
50.0
47.0

F wave (msec)
28.0
27.0
54.0*

9.0

43.0

Left
34.2*
Peak latency
Amplitude (uV)
Distance
(msec)
Right
M
Wrist
Digit III
3.6
49.0
14
U
Wrist
Digit V
3.9*
44.0
14
S
Leg
Ankle
4
14.0
14
S.P
Leg
ankle
4
6.0
14
NCS: nerve conduction study, NCV: nerve conduction velocity, M: median nerve, U: ulnar nerve, T: tibial nerve, P: peroneal nerve, S: sural nerve, S.P:
superficial peroneal nerve, APB: Abductor pollicis brevis, ADM: abductor digiti minimi, AH: abductor hallucis, EDB: Extensor digitorum brevis, NR: no
response.
*Abnormal values are presented with an asterisk.
Sensory NCS
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trunk and below and ataxic gait. After 3 months, weakness and
gait disturbance developed and he admitted another hospital. Serologic test conducted 3 months after symptom onset showed
that increased MCV (106 um3) and decreased hemoglobin
(10.2 mg/dL) and Cbl level (130 pg/ml). Spine MRI taken 3
months after symptom initiation revealed high signal intensities
on the dorsal columns of the spinal cord C2-C6 on T2 weighted
images. He was diagnosed with SCD and received mecobalamin
IM injection (1mg) for 5days. After treatment, Cbl level (617.3
pg/ml) was normalized and numbness had improved. He admitted to our hospital and took further evaluations since weakness
and gait disturbance persisted 5 months from the initial symptom onset.
Physical exams showed motor grades of 2 (Poor) for both ankle and below, bilateral hypoesthesia of the C5 dermatomes and
below, impaired proprioception and vibration, hyperactive knee

and ankle jerks and positive Romberg sign. His dynamic standing and gait balance was poor (BBS 37).
Serologic examination at admission showed normal levels of
hemoglobin, MCV, folic acid and various vitamins including Cbl.
The anti-intrinsic factor antibody was negative. Compared to initial MRI, follow-up spine MRI still showed abnormalities of spinal cord C2-C6 (Fig. 1C, D).
EDX were also performed upon admission. Motor NCS revealed prolonged latencies and low amplitudes of the right median and left tibial CMAPs. The right tibial and the bilateral peroneal CMAPs were unobtainable. The superficial peroneal SNAP
showed low amplitude on the right side, and was unobtainable
on the left side. The F-waves were unobtainable with the bilateral
tibial and peroneal nerves stimulation. The bilateral H-reflexes
were prolonged ( Table 2 ). On the needle EMG, ASA and
polyphasic motor unit potentials with reduced recruitments

Table 2. Motor and Sensory Nerve Conduction Study Results of Case 2
Initial (4 weeks after symptom onset)
Recording site
Latency (msec)
Amplitude (mV)
NCV (m/sec)
F wave (msec)
APB
4.5*
1.9*
52
29.5
ADM
2.5
5.5
56
28.3
AH
NR*
NR*
EDB
NR*
NR*
AH
5.9*
0.2*
54
NR*
EDB
NR*
NR*
32.3*
Left
32.9*
Sensory NCS
Recording site
Peak latency
Amplitude (uV)
Distance
(msec)
Right
M
Digit III
Wrist
2.9
48.3
13
U
Digit V
Wrist
2.7
20.3
12
S
Ankle
Leg
2.7
8.5
9.5
S.P
Ankle
Leg
2.3
5.8
9
Left
S
Ankle
Leg
2.5
10.8
9
S.P
Ankle
Leg
NR*
Follow up (8 weeks after symptom onset)
Motor NCS
Stimulation site
Recording site
Latency (msec)
Amplitude (mV)
NCV (m/sec)
F wave (msec)
Right
M
Wrist
APB
3.9
3.7*
50
28.6
U
Wrist
ADM
3.5
6.1
55
29
T
Ankle
AH
4.8*
0.2*
40
NR*
P
Ankle
EDB
NR*
NR*
H-reflex
Right
32.2*
Left
32.0*
Sensory NCS
Stimulation site
Recording site
Latency (msec)
Amplitude (mV)
Distance
Right
M
Wrist
Digit III
3.3
26.0
14
U
Wrist
Digit V
3.7
27.0
14
S
Leg
Ankle
3.9
5.0
14
S.P
Leg
ankle
3.9
5.0
14
NCS: nerve conduction study, NCV: nerve conduction velocity, M: median nerve, U: ulnar nerve, T: tibial nerve, P: peroneal nerve, S: sural nerve, S.P:
superficial peroneal nerve, APB: Abductor pollicis brevis, ADM: abductor digiti minimi, AH: abductor hallucis, EDB: Extensor digitorum brevis, NR: no
response.
*Abnormal values are presented with an asterisk.
Motor NCS
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Stimulation site
Right
M
Wrist
U
Wrist
T
Ankle
P
Ankle
Left
T
Ankle
P
Ankle
H-reflex
Right
Stimulation site
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were noted in the right flexor carpi radialis and first dorsal interosseous muscles and the bilateral tibialis anterior, peroneus longus and gastrocnemius muscles. EDX were suggestive of motor
dominant PNs.
Additional treatment including daily IM injections of cobamamide (1 mg) for 13 days and oral Cbl supplement (1.5 mg) and
folic acid (3 mg) for the following 32 days were administered. Six
months after symptom onset, his gait balance (BBS 46) and motor grades bilateral lower extremities (grade 4, Good) were improved. In spite of clinical improvements, follow-up EDX
showed not significant change except for some improvement in
the right median CMAPs (Table 2).

Discussion
Cobalamin (Cbl) plays a key role in the synthesis and maintenance of the myelin sheath, because it is an important cofactor of
methionine synthases and L-methyl-malonyl-coenzyme A mutase [3].
N2O inhibits the function of Cbl by oxidizing the cobalt, resulting in the failure of myelin maintenance and axonal degeneration in the spinal cord, finally leading to SCD [1]. SCD refers to
a demyelination of the dorso-larteral columns and especially involves the fasciculus gracilis, which is a nerve tract in the dorsal-medial leminiscus pathway and carries sensory inputs from
the legs [2,5]. The commonest clinical symptom of SCD is symmetrical distal sensory symptoms manifested by diminished vibration and proprioception, usually beginning in the lower limbs.
Ataxic gait, positive Romberg’s signs and Lhermitte’s sign and
hyper- or hypo-reflexia can also manifest [2].
Many SCD cases with typical sensory deficits similar to our
patients have been reported in previous literature [1,2,6], but
there are only few SCD cases showing severe motor weakness
[7]. As our two patients presented low Cbl levels and typical sensory deficits of SCD, Cbl deficiency would be suggested as a
main cause of SCD. Meanwhile, they also complained severe
weakness of the bilateral legs and motor symptoms were persisted even after sensory symptoms were resolved following repletion of Cbl and discontinuance of N2O inhalation. Motor dominant PNs were suggested on EDX of two patients, accounting for
the weakness of the bilateral lower limbs. As myeloneuropathies
resulting from Cbl deficiency are known to predominantly involve the sensory nerves, not the motor nerves [3,4], there is
possibility of other causes of motor dominant PNs of axonal type
in our patients.
Increased homocysteine (Hcy) levels are known to be related
to PN, especially in diabetes mellitus patients. Some argues that
https://doi.org/10.18214/jend.2020.22.1.27

high Hcy may cause worse motor peripheral nerve functions in
old ages [8], but another review revealed that sensory deficits are
predominant in Hcy-related PN [9].
One study evaluating the clinical and EDX findings of N2O-induced PN suggested that N2O-induced PPN were usually an axonal type, showing marked reductions of CMAPs in lower extremities compared to other toxic related PPNs [10]. They also
reported that N2O-induced axonal PPN were unaffected by Cbl
or Hcy levels.
There is limitation that we did not know homocysteine level of
case 2. However, considering that our patients were young and
had no diabetes history, the EDX of our cases (motor dominant
axonal type PNs) hinted towards the possibility that N2O-associated motor neuropathies can develop besides Cbl deficiency induced SCD following N2O abuse.
We described two cases of SCD concomitant with motor
dominant PPN. Through these cases, N2O induced motor dominant PN may occur irrespectively of Cbl deficiency in SCD patients. Therefore, when a SCD patient showing motor weakness
has a history of N2O exposure, it is highly recommended to
check for the possibility of N2O-induced PN. Furthermore, clinicians have to alert that motor syndrome could persist after normalization of Cbl level and last much longer than just Cbl deficiency-induced SCD symptoms.
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A Case of Bilateral Cubital Tunnel Syndrome Associated with
Ganglion Cysts in Medial Elbow
Cheol Choi1, Jung Wook Park1, Hui Jung Kim1, Je Hyun Yoo1, Tae Hee Kim2, Ki Deok Park3, Ju Kang Lee3, Oh Kyung Lim3
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2

Here, we report a patient with bilateral cubital tunnel syndrome caused by both medial elbow
ganglion cysts. The patient complained of paresthesia in the ring and small finger with weakness
in both the hands caused by the gradual enlargement of a soft mass that was felt in both medial
elbows for about three years. The patient complained of difficulty in using chopsticks and bringing the fingers together. Electrodiagnostic study revealed bilateral ulnar neuropathy at elbow level. Suspecting a ganglion cyst, an ultrasound and magnetic resonance imaging studies were performed. Aspiration of these cysts (a yellow jelly-like fluid) had improved patient’s symptom and
electrodiagnostic findings in follow-up study. It is rare that a medial elbow ganglion leads to ulnar
neuropathy. We report a case where the patient’s symptoms improved with conservative treatment without surgical excision.
Keywords: Ganglion cyst, Medial elbow, Cubital tunnel syndrome

Introduction
Cubital tunnel syndrome is the second most common compressive peripheral neuropathy occurring in the upper limbs.1
There are five areas in all where the ulnar nerve can be compressed. Among them, the cubital tunnel has the most frequent
incidence of compression (arcade of Struthers, the medial inter-
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muscular septum, the medial epicondyle, the cubital tunnel, and
the deep flexor pronator aponeurosis) [1]. A ganglion cyst is a
tumor-like lesion of unknown origin, which is surrounded by
compact connective tissues filled with gelatinous fluid [2].
Symptomatic ganglion cysts are common in wrist and knee,
however, medial elbow ganglion cysts are also infrequently reported [3]. Ganglion cysts may cause compressive peripheral
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neuropathy at several sites [3]. Of the total cases exhibiting cubital tunnel syndrome, those caused by a medial elbow ganglion
cyst account for only 8% of the cases [3]. Although, compressive
ulnar neuropathy by a medial elbow ganglion cyst has been reported, bilateral ganglion cyst compression of the ulnar nerve occurring in the cubital tunnel is not reported [1,3]. Here, we report a case of bilateral cubital tunnel syndrome caused by medial
elbow ganglion cysts in bilateral elbows observed in a 62-yearold male patient, which showed improvement with mass aspiration alone without surgical treatment.

Case report
A 62-year-old male patient with a history of diabetes was visited to the outpatient clinic complaining of gradual deterioration
of senses and weakness in both hands that had lasted since the
last 2 years. The patient noticed a mass on the medial side of
both elbows 3 years ago. He complained of pain (visual analog
scale, VAS: Right, 10; Left, 9) and paresthesia in the ring finger,
small finger, and medial palm of both the hands which started 2
years ago. In addition to atrophies of hypothenar muscle and first
dorsal interosseous muscle, he complained of weakness that
made it difficult for him to use chopsticks. He also complained
of tingling sense in both 1st to 4th finger. The patient had a history of diabetes but no history of injury to the elbows or hands. He
ran a restaurant where it is inevitable to use his elbows and hands
in order to cook meat. His mother and brother had similar symptoms with mass development on both elbows, and these masses

were aspirated with a syringe.
Palpable masses were observed from the nuchal area and both
elbows medially (Fig. 1). There was no tenderness around the
masses. Neurological examination revealed paresthesia in the
ring finger, small finger, and the medial area of the palm in both
the hands. The grasping power had been weakened to Grade 4 in
both hands and mild atrophy was observed in the intrinsic and
hypothenar muscles. However, wrist flexion power was normal
in both the hands. Claw hand or Froment sign was not observed,
but Wartenberg’s sign was observed in both the hands. The Tinel
sign was positive at both the elbows. There was no sensory abnormality in the lower extremities and the deep tendon reflexes
of both upper and lower extremities were normoactive.
In the nerve conduction study (NCS), the peak latency of sensory nerve action potentials (SNAPs) were delayed in the both
median and ulnar nerves with decreased amplitude. In the compound muscle action potentials (CMAPs) of the both median
and ulnar nerves, a decrease in velocity was observed in the wrist
and elbow area, respectively (Table 1). Needle electromyography
(EMG) showed abnormal spontaneous activity in the abductor
digiti minimi (ADM) and the first dorsal interosseous muscle
from both sides and a decreased recruitment pattern. In flexor
carpi ulnaris, however, EMG findings were normal. Based on the
NCS and EMG results, median neuropathies and ulnar neuropathies were confirmed at the wrists and elbows, respectively. Since
a hypoechoic mass was observed along the ulnar nerve at both
the elbows in the ultrasound study (Fig. 2), magnetic resonance
imaging (MRI) was conducted for more accurate diagnosis. MRI

Table 1. Result of Nerve Conduction Study
Nerve

Initial
Amp*

CV (m/s)

Lat (ms)

3 weeks after aspiration
Amp*

CV (m/s)
Sensory
Median R/L
  Midpalm
1.93/2.14
15.0/16.6
60.6/56.0
2.08/2.40
10.7/15.1
61.1/58.4
  Wrist
5.26/5.63
3.9/6.0
20.7/22.0
4.79/5.47
7.2/4.9
23.2/23.6
Ulnar R/L
  Wrist
7.19/6.25
1.8/3.3
4.01/6.25
3.2/7.4
Motor
Median R/L
  Wrist
5.42/8.49
14.9/7.4
4.84/8.02
14.5/7.4
  Elbow
9.53/13.13
14.1/5.1
51.0/49.6
9.06/12.86
13.7/6.5
49.8/49.5
Ulnar R/L
  Wrist
3.59/3.75
5.6/4.0
3.07/3.39
5.5/5.4
  B.Elbow
6.82/6.98
5.1/3.4
52.6/52.6
3.66/6.82
4.9/3.9
51.4/55.3
  A.Elbow
11.04/14.79
3.6/3.2
28.4/15.4
11.04/9.38
4.1/3.8
28.1/43.1
  Axilla
13.07/16.82
3.5/3.2
54.2/54.2
13.28/11.30
3.8/3.5
53.6/57.1
*Amplitudes are measured in microvolt (µV, sensory) and in millivolt (mV, motor). Lat, latency; Amp, amplitude; CV, conduction velocity; R, right; L, left; B,
below; A, above.
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of the right elbow showed a lobulated extraneural mass with a
maximal size of 1.3 * 2.9 * 3.8 cm, which was observed up to the
cubital tunnel, with compression of the ulnar nerve (Fig. 2). This
was indicative of an ulnar neuropathy caused by a ganglion cyst.
To release the compression, percutaneous aspirations were
done around the masses from both sides using a 22-gauge needle
with ultrasound induction. 2 cc and 3 cc of the fluid were removed from the right and left side respectively. These generated
a yellowish jelly-like fluid from both the masses (Fig. 3). The
mass was almost invisible to the naked eye from the left side after

A

aspiration. The mass was still visible to the naked eye from the
right side; however, further aspiration was not possible. Cytopathological examination conducted on the aspirated product
revealed no malignancy.
The patient revisited our outpatient clinic 3 weeks after the aspiration and the size of mass had not increased. Pain and paresthesia from both hands still remained but their intensity had decreased. The paresthesia was partially improved in the both
hands. The pain showed improvement from VAS 10 to 4 in the
right hand and VAS 9 to 3 in the left hand. The left hand showed

B

Fig. 1. Palpable masses on the both medial elbows: A, Right; B,
Left.

Fig. 3. The jelly-like fluid after aspiration of the cysts on both
elbows: Rt, Right; Lt, Left.

A

B

C

D

Fig. 2. (A/B) Ultrasound images of both medial elbows. (A) right elbow, (B) left elbow. (C/D) T2-weighted MRI images of right elbow
showed compressed ulnar nerve by surrounded cysts. Arrows mean ulnar nerve. (C) coronal view, (D) axial view.
https://doi.org/10.18214/jend.2020.22.1.33
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greater improvement in general and the intensity of the Tinel
sign also decreased. However, there was no clear motor recovery.
In the follow-up analysis of nerve conduction study, the delay of
peak latency from the SNAP decreased and the amplitude increased in the right ulnar nerve. The peak latency from the
SNAP was the same on the left side but the amplitude increased.
CMAP amplitude did not show a significant difference in the
right ulnar nerve, but the conduction velocity increased in the
section the elbow from the CMAP of the left ulnar nerve (Table 1).

Discussion
Cubital tunnel syndrome is a second-most common peripheral neuropathy of the upper limbs following carpal tunnel syndrome. Cubital tunnel syndrome can be caused by the mechanical or dynamic compression of the ulnar nerve and has various
symptoms [4,5]. Cubital tunnel syndrome associated with medial elbow ganglion cyst has been rarely reported. Although the origin of a ganglion cyst is controversial, it has a strong association
with osteoarthritis [4]. According to a case series regarding the
compression of the ulnar nerves, a ganglion cyst originates entirely from the medial side of the ulnohumeral joint [4]. Ganglion cysts are either bilobular or multilobular and cubital tunnel
syndrome caused by a ganglion cyst shows rapid deterioration.
Therefore, ultrasound or MRI images are crucial for determining
the location of the compressed nerves [4,6].
Ganglions causing peripheral neuropathy are intraneural or extraneural cysts [7]. Intraneural ganglions are mucinous cysts that
develop within epineurium of nerves [8]. Extraneural ganglions
are common mucinous cysts outside of the epineurium of peripheral nerve [8]. The extraneural cysts are connected to joints
through capsule tears which is located separate from an articular
branch [8]. To treat the intraneural ganglions, articular branch ligation and nerve decompression were recommended [1]. Treatment
of extraneural cysts is total resection [1]. Surgical treatment was
more effective than conservative managements such as aspiration,
intralesional steroid injection, sclerotherapy, hyaluronidase, and
threat technique [9].
However, conservative managements had fewer complications,
which can be used to relieve symptoms if the patient deos not want
surgery [9].
Aspiration alone method is one of conservative managements
and the simplest to management ganglion cyst [9].
In our case, ganglionic cysts which caused bilateral ulnar neurop-
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athy were treated with percutaneous aspirations. Recurrence of
mass was not observed for 3 weeks after the aspiration and there
was also no clinical deterioration. In addition to improvement in
symptoms, the results of NCS showed an increase of the left
CMAP velocity around the elbow joint. This indicates that the
compression caused by the mass was partially released as a result of
aspiration. The symptoms remained as the cyst could not be aspirated fully, but the patient’s discomfort was largely resolved.
We report a case of bilateral cubital tunnel syndrome caused by
ganglion cysts in both elbows that have not been reported. The
primary treatment for cysts is surgical excision. However, we
demonstrate here that aspiration of the medial elbow ganglion cyst
alone can be effective as a conservative treatment. Further follow-ups are warranted to clarify long term prognosis of conservative treatment.

References
1. Tong J, Xu B, Dong Z, Liu J, Zhang C, Gu Y: Cubital tunnel syndrome caused by ganglion cysts: a review of 59 cases. Acta Neurochirurgica 2017: 159: 1265-1271
2. Beaman FD, Peterson JJ: MR Imaging of Cysts, Ganglia, and
Bursae About the Knee 2007: 15: 39-52
3. Kim JH, Cho WC, Son BC: Cubital Tunnel Syndrome Caused by
a Ganglion Cyst Originating from the Ulnohumeral Joint: A Case
Report. Nerve 2018: 4: 86-89
4. Kato H, Hirayama T, Minami A, Iwasaki N, Hirachi K: Cubital
tunnel syndrome associated with medial elbow Ganglia and osteoarthritis of the elbow. J Bone Joint Surg Am 2002: 84-a: 1413-1419
5. Yoon SH, Hong YH, Chung YS, Yang HJ: The Cubital Tunnel
Syndrome with Medial Ganglion Cyst. J Korean Neurosurg Soc
2007: 42: 141-144
6. Manninger J, Renner A, Zimmermann I: Ganglion in the ulnar
nerve sulcus as a cause of ulnar nerve irritation. Handchirurgie
1980: 12: 7-9
7. Zumrut M, Demirayak M, Kucukapan A: An unusual cause of
Foot Drop: Peroneal extraneural ganglion cyst. Pak J Med Sci
2016: 32: 1047-1050
8. Chang W, Li Y, Zhang D: The cubital tunnel syndrome caused by
the intraneural or extraneural ganglion cysts: cases report and review of the literature. J Plast Reconstr Aesthet Surg 2017: 70:
1404-1408
9. Suen M, Fung B, Lung C: Treatment of Ganglion Cysts. ISRN Orthop 2013: 2013: 940615

https://doi.org/10.18214/jend.2020.22.1.33

CASE REPORT
pISSN: 2733-6581 ∙ eISSN: 2733-659X
J Electrodiagn Neuromuscul Dis 2020;22(1):37-41
https://doi.org/10.18214/jend.2020.22.1.37

다발성 요천추 신경근병증으로 오인된 다발성단일신경염
장윤정, 김형섭, 민회식, 이창한, 오민균, 이은신, 신희석, 윤철호
경상대학교 의과대학 재활의학교실, 경상대학교병원 재활의학과

Mononeuritis Multiplex Misdiagnosed as Multiple Lumbosacral
Radiculopathies
Yun Jeong Jang, Hyeong Seop Kim, Hoisik Min, Chang Han Lee, Min-Kyun Oh, Eun Shin Lee, Heesuk Shin,
Chulho Yoon
Department of Rehabilitation Medicine, Gyeongsang National University college of Medicine and Gyeongsang National University Hospital,
Jinju, Korea

We report a case involving a 71-year-old female patient with rheumatoid arthritis who presented
with severe back pain, symmetrical distal lower limb pain and sensory abnormalities in her distal
lower limbs for 2 months. Electrodiagnosis was performed and then diagnosed as multiple lumbosacral radiculopathies and peripheral polyneuropathy. After about
2 weeks, motor weakness and sensory loss in the lower extremities worsened. Mononeuritis multiplex was diagnosed on a follow up electrodiagnosis. Thereafter, the patient was transferred to
rheumatology department for treatment. Steroid pulse therapy was attempted, however, due to
complication after the first session, the treatment was not completed. After 10 months, there has
been no change in the patient symptoms of distal limb weakness and sensory loss. This is a case
of mononeuritis multiplex that was misdiagnosed multiple lumbosacral radiculopathies in a patient with rheumatoid arthritis.
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서론

이미 전신성 혈관염을 진단받은 환자에서 혈관염신경병증의
진단은 어렵지 않으나 혈관염의 첫 증상으로 혈관염신경병증이

혈관염신경병증(Vascultic neuropathy)은 말초신경의 신경

나타나는 경우에는 진단이 어려울 수도 있다[1]. 혈관염신경병

외막 혈관(epineural artery)인 신경혈관의 염증반응으로 인해

증의 질병 초기에 수근관증후군으로 오인되어 정중신경 감압술

혈전이 생성되어 허혈성 손상이 초래되어 발생하는 질환이다

을 시행한 사례가 있다. 이 사례의 환자는 감압술 이후에도 증상

[1]. 말초신경계 침범은 전신성 혈관염(Systemic vasculitis) 환

의 호전이 보이지 않고, 하지 원위부 위약감 및 감각저하가 동반

자에서 흔하며 약 30%까지 나타난다[2]. 이러한 혈관염신경병

되어 시행한 추적 근전도 검사에서 다발성단일신경염으로 진단

증은 때때로 전신성 혈관염에서 첫 번째 증상으로 나타날 수 있

되었다. 이후 환자는 치료를 받았으나 치료에 대한 반응이 없었

다[3].

고 결국 진단 4개월 후 심장 합병증으로 사망하였다[4].
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본 증례는 다발성 요천추 신경근병증으로 오인된 초기 혈관염

측 및 복측 굴곡근과 양측 족지관절의 배측 및 복측 굴곡근은 각

신경병증으로, 진행성 임상양상과 추적 근전도검사를 통해 다발

각 4등급이였다. 상지 근력은 정상 이었으며, 양측 발등 부위의

성단일 신경염으로 진단된 사례이다. 이에 본 사례를 통해 류마

감각저하가 있었다. 심부건반사에서 양측 무릎반사가 저하된 소

티스병을 가진 환자에서 하지통증 및 저린감을 호소하는 경우

견이 관찰되었다. 관절 기능 검사 상 양측 고관절, 무릎관절, 발

혈관염신경병증 을 의심하여 적절한 진단을 통해 조기에 치료를

목관절의 운동범위에는 제한이 없었다.

받을 수 있도록 해야 한다는 점을 공유하고자 보고하는 바이다.

증상 발생 2개월 째 시행한 신경전도검사상 우측 정중신경 및
척골신경과 좌측 비복신경의 감각신경전도 검사에서 이상 소견

증례

이 관찰되지 않았으며, 우측 비복신경과 좌측 표재비골신경의
진폭이 저하된 소견과 우측 표재비골신경과 양측 내측 및 외측

71세 여자 환자가 2개월 전부터 발생한 허리통증 및 양측 다

족저신경에서 반응이 유발되지 않았다. 운동신경전도검사에서

리 통증으로 류마티스내과에서 척추관협착증으로 의심되어 재

양측 비골신경에서 복합근육활동전위 진폭의 감소 소견이 관찰

활의학과로 의뢰되었다. 환자는 양측 하지의 저린감 및 통증을

되었다. 양측 비골신경 및 좌측 경골신경에서 후기반응

호소하였고 우측보다 좌측 다리의 증상이 더 심하였다. 약 16년

(F-wave) 및 양측 H-reflex 반응이 유발되지 않았다. 침근전도

전 류마티스관절염을 진단받아 스테로이드 및 면역억제제를 복

검사상 좌측 단지신근 및 장비골근과 양측 무지내전근에서 다상

용 중이었다. 내원 당시 시행한 도수근력검사상 양측 고관절과

활동전위 소견과 양측 무지내전근에서 비정상 자발전위가 관찰

슬관절의 굴곡근/신전근은 모두 정상이었고, 양측 족관절의 배

되었다(Table 1, Table 2). 체성감각유발전위 검사에서 양측 표재

Table 1. Nerve Conduction Studies
Initial NCS
Amplitude (Right/Left)
Velocity (Right/Left)
Motor
(mV)
(m/s)
Median
10.2/No test
56.0/No test
Ulnar
5.8/No test
54.5/No test
Peroneal - EDB
*1.5/*1.8
43.6/42.0
Peroneal - TA
6.3/6.5
Tibial - AH
5.5/3.4
Sensory
(μV)
Median
23.9/No test
Ulnar
23.9/No test
Superficial peroneal
*NR/*3.4
Sural
*4.0/6.7
Medial plantar
*NR/*NR
Lateral plantar
*NR/*NR
Second NCS
Nerves
Latency (Right/Left)
Amplitude (Right/Left)
Velocity (Right/Left)
Motor
(msec)
(mV)
(m/s)
Median
3.33/3.59
4.4/*0.3
51.0/46.3
Ulnar
*NR/3.96
*NR/*0.1
*NR/54.5
Peroneal - EDB
*NR/*NR
*NR/*NR
*NR/*NR
Peroneal - TA
*NR/*NR
*NR/*NR
*NR/*NR
Tibial - AH
*NR/*NR
*NR/*NR
*NR/*NR
Sensory
(msec)
(μV)
Median
3.18/3.44
*6.1/*5.4
Ulnar
*NR/*NR
*NR/*NR
Radial
1.93/2.03
17.0/*6.7
Musculocutaneous
1.56/2.19
18.2/13.4
Superficial peroneal
*NR/*NR
*NR/*NR
Sural
*NR/*NR
*NR/*NR
NCS: Nerve Conduction Studies, EDB: Extensor pollicis brevis, TA: Tibialis anterior, AH: abductor hallucis, NR: No response.
*Abnormal finding.
Nerves
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Latency (Right/Left)
(msec)
3.13/No test
1.98/No test
3.07/3.07
3.13/3.49
4.48/4.22
(msec)
3.02/No test
2.40/No test
*NR/4.11
3.85/3.91
*NR/*NR
*NR/*NR
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비골신경과 복재신경의 잠시의 지연소견이 관찰되어 좌측 요추

에서 요추 5번 및 천추 1번 척추관협착증과 경도의 추간판탈출

5번 신경근병증과 양측 후경골신경병증 또는 천추 1번 신경근

소견이 관찰되었다(Fig. 1A, B). 추적 신경전도검사를 시행하였고

병증, 하지를 주로 침범한 말초 다발신경병증으로 진단하였다.

이전 검사와 비교하여 감각신경전도 검사에서 양측 척골신경, 비

약 2주 뒤 진행성의 원위부 상하지 위약감과 감각저하의 악화

복신경, 표재비골신경에서 반응이 유발되지 않았으며 양측 정중

로 정밀검사위해 입원하였다. 양측 손, 발의 심한 통증을 호소하

신경과 좌측 요골신경에서 진폭이 저하된 소견이 관찰되었다. 운

였고 통 증 및 위약감으로 보행이 불가능한 상태였다. 입원 시

동신경전도 검사상 좌측 정중신경 및 척골신경에서 진폭이 저하

시행한 도수근력검사 상 양측 견관절 및 주관절의 굴곡근/신전

된 소견과 우측 척골신경, 양측 비골신경, 경골신경 모두에서 반

근은 모두 정상이 었고, 손목관절 이하로는 각각3등급의 근력이

응이 유발되지 않았다. 침근전도 검사상 우측 단무지외전근, 첫

측정되었다. 양측 고관절 및 무릎관절의 굴곡근/신전근은 4등

번째 등쪽뼈사이근, 요측수 근굴근, 전경골근, 장딴지근, 내광근

급, 발목관절 이하로는 3등 급의 근력이 측정되었다. 양하지 전

과 양측 후경골근에서 비정상 자발전위가 관찰되고 양측 전경골

체적으로 감각저하가 관찰되었고 심부건반사에서 양측 무릎 및

근, 후경골근과 우측 장딴지근, 첫 번째 등쪽뼈사이근에서 운동

발목반사 모두 저하된 소견이 관찰 되었다. 일반혈액검사, 일반

단위활동전위가 관찰되지 않았다. 요추 5번 및 천추 1번 척추주

화학검사 상 백혈구 13210개/mm3 (정상치: 4,000~10,000),

위근에서 이상소견은 발견되지 않았다 (Table 1, Table 2). 체성감

적혈구침강속도(erythrocyte sedimentation rate) 99mm/hr

각유발전위 검사에서 양측 표재비골신경의 반응이 유발되지 않

(정상치: 0~20), C-반응단백질(c-reactive protein) 117mg/L

고 양측 비복신경에서 잠시의 지연이 관찰되 었다. 증상 발생 후

(정상치: 0~5)로 증가되어 있었다. 요추 및 천추 자기공명영상

검사까지의 기간이 짧고 침근전도 검사를 위한 선택된 근육의

Table 2. Findings of Needle Electromyography
Muscle
L Tibialis anterior
L Peroneus longus
L Extensor digitorum brevis
L Gastrocnemius
L Abductor hallucis
L Vastus medialis
L Rectus femoris
L Gluteus maximus
R Gastrocnemius
R Abductor hallucis
L Paraspinal muscle L5
L Paraspinal muscle S1

Initial EMG
Fib
None
None
None
None
3+
None
None
None
None
2+
None
None

PSW
None
None
None
None
3+
None
None
None
None
2+
None
None

MUAP
N
Long Polyphasic
Polyphasic
N
Polyphasic, giant
N
N
N
N
Polyphasic

Interference pattern
Complete
Complete/Reduced
Reduced
Reduced
Reduced
Complete
Complete
Complete
Complete/Reduced
Complete/Reduced

Second EMG
Fib
PSW
MUAP
Interference pattern
R Tibialis anterior
3+
3+
None
R Tibialis posterior
3+
3+
None
R Gluteus medius
None
None
N
Complete/Reduced
R Gastrocnemius
3+
3+
None
R Vastus medialis
1+
1+
N
Complete/Reduced
R Semitendinosus
None
None
N
Complete
L Tibialis anterior
None
None
None
L Tibialis posterior
2+
2+
None
L Gluteus medius
None
None
N
Complete/Reduced
R Abductor pollicis brevis
3+
3+
Polyphasic
Complete/Reduced
R First dorsal interosseous
3+
3+
None
R Flexor carpi radialis
1+
1+
Polyphasic
Reduced
R Biceps
None
None
N
Complete/Reduced
R Deltoid
None
None
N
Complete/Reduced
R Paraspinal muscle L5
None
None
R Paraspinal muscle S1
None
None
EMG: Needle Electromyography, R: Right, L: Left, Fib: fibrillation potential, PSW: positive sharp wave, MUAP: motor unit action potential, N: normal.
Muscle
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않던 정상운동단위 활동전위가 관찰되고, 양측 정중신경에서 잠
시의 지연이 관찰되나 진폭이 증가되었다. 감각신경전도 검사
에서 우측 정중신경의 잠시의 지연이 관찰되나 양측 정중신경의
진폭이 약간 증가되었다. 침근전도 검사에서 우측 장딴지근 및
전경 골근에서 다상성 운동단위 활동전위와 감소된 동원양상이
확인되었다. 좌측 첫 번째 등쪽뼈사이근, 단무지외전근, 요측수
근굴근에서 다상 및 거대 운동단위 활동전위가 관찰되었다. 이
전 검사와 비교하여 일부 호전된 소견이 관찰되었다.

고찰
본 증례에서 내원 초기에 진단이 오인되고 늦어진 몇 가지 이

B

유가 있다. 첫째, 환자가 전형적인 혈관염신경병증의 증상보다
는 요천추 신경병증에서 나타나는 증상을 호소하였다. 초기 내
원 당시 환자의 주 호소는 허리통증과 양측 하지 통증이었고, 신
체진찰 결과 하지 의 위약감은 저명하지 않은 상태였다. 둘째,
초기 진단 시에 혈관염신경병증의 특징인 급성의 경과를 보이지
않았다. 오래 전부터 허리 통증이 간간히 있었고 최근 2개월 전
부터 증상이 악화되었다고 호소하였다. 셋째, 초기 신경전도검
사에서 다발성단신경염을 진단할 수 있는 다발성 축삭손상의 증
거가 관찰되지 않았다. 우측 비복신경과 양측 표재비골신경 외
에는 이상소견이 없었다. 넷째, 류마티스 관절염 환자들에서 혈
관염과는 관계없이 진행성의 양측성 원위부 감각 혹은 감각운동
신경의 말초 다발신경병증이 대개 동반될 수 있다[5]. 이러한 이

Fig. 1. Spine MR images of a patient. (A) Sagittal T-2 weighted
MR images show bulging disc, L3-4 to L5-S1 and bilateral
spondylolysis of L5 with mild spondylolisthesis, L5 on S1. (B) Axial
T-2 weighted images show bilateral foraminal narrowing, L5-S1.

유로 초기 진단 당시 다발성 요천추 신경근병증과 말초 다발신경
병증의 가능성을 우선적으로 생각하였다. 초기 진단 후 급성의
진행경과를 보여 시행한 추적 신경전도검사 및 근전도 검사에서
양측 비골신경, 경골신경, 척골신경, 정중신경에서 축삭손상의
증거가 관찰되어 다발성단일신경염으로 진단 내릴 수 있었다.

수가 충분하지 못하였으나 첫 번째 검사와 비교해 볼 때, 진행성

전신성 혈관염은 원인을 알 수 없는 일차성 혈관염과 자가면

의 사지 원위부에 걸친 다발성단일신경염으로 진단할 수 있었다.

역 또는 감염성 질환, 악성 종양, 약물에 의한 이차성 혈관염으

이후 환자는 혈관염신경병증을 치료하기 위해 류마티스 내과

로 분류된다[2]. 중증도의 혈청항원 양성인 류마티스 관절염에

로 전과되었다. 스테로이드 충격요법을 시행하려 하였으나 1회

서 후기 증상으로 혈관염신경병증이 나타날 수 있다[6]. 일반적

시행 후 다량의 혈변이 발생하여 치료를 더 이상 진행하지 못하

으로 혈관염신경병증 의 임상양상은 급성 혹은 아급성의 경과를

였다. 이후 재활의학과로 재전과되어 통증 조절 및 기능적 재활

가지며, 통증을 유발하는 감각 혹은 감각운동신경의 손상이 나

치료 후 퇴원하 였다. 환자는 이후 10개월 경과 시점에 재활의

타나며 주로 다발성단일신경 염 혹은 비대칭적인 말초 다발신경

학과 외래를 방문하였다. 원위부의 상하지 위약감 및 감각저하

병증의 형태로 나타난다[3,7]. 조직검사로 확진되는 약 10-40%

는 남아 있으며 이전의 통 증은 많이 줄어든 상태였다. 당시 시

에서 원위부의 대칭적인 신경병증의 형태로 나타날 수 있다[8].

행한 도수근력검사 결과상 상 양측 견관절, 주관절과 양측 고관

혈관염으로 인한 신경 경색은 축삭손상을 유발하며 주로 침범되

절 및 무릎관절의 굴곡근/신전근은 각각 5등급, 손목관절 굴곡

는 신경은 비골신경(90%), 경골신경(38%), 척골 신경(35%), 정

근/신전근 4등급, 수지 굴곡근/신전근은 3등급, 발목관절 이하

중신경(26%)이다[3]. 혈관염신경병증의 진단을 위해 임상양상

로는 1 등급으로 확인되었다. 양측 전경골근, 가자미근의 근위

및 혈액검사를 통한 항체 확인과 근전도검사를 통해 감각 및 운

축이 관찰되었다. 두번째 추적 신경전도검사 상 운동신경전도

동신경의 축삭 손상을 확인할 수 있으며 앞의 검사로 불분명한

검사에서 좌측 소지외전근에서 근위부 자극 시 이전에 보이지

경우 비골신경 조직검사를 시행할 수 있다[1]. 하지만 임상적으
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로 환 자의 절반은 다발성단일신경염의 형태가 아닌 다른 형태

증상이 요천추 신경근병증을 의심할 수 있는 경우에도 다발성단

로 나타나며 질병 진행과정의 초기 단계에서는 증상이 애매하거

일신경 염의 가능성을 생각하고 신경전도검사 및 근전도검사를

나 다양하기 때문에 진단의 어려움이 있다[1,7]. 본 증례 환자에

해석하고 추후 반복적인 검사를 고려하는 것이 필요했다. 즉, 이

서도 질병의 초기 단계에서 시행한 신체진찰 및 검사실 소견은

차성 혈관염의 위험인자를 가진 환자가 양측 하지 통증 및 모호

다른 진단으로 오인되어져, 적절한 치료가 늦어지게 되었다.

한 증상으로 내원하는 경우 급성 혹은 아급성의 질병 진행 상황

현대에는 류마티스관절염 치료의 발달로인해 류마티스관절염
과 관련된 혈관염신경병증의 발생율이 낮다. 그러므로 류마티스

을 관찰하고 반복적인 검사를 시행하여 적절한 진단이 조기에
이루어지도록 해야 한다.

인자 양성인 환자에서 혈관염신경병증의 원인을 고려할 때 우선
적으로 한랭글로불린혈증(cryoglobulinemia)과 쇠그렌증후군
(Sjogren syndrome) 등 다른 결합조직병(connective tissue
disease)을 감별해야 한다[6]. 본 증례 환자의 경우 이러한 원인
을 배제하기위해 C3, C4, Anti-ds DNA Ab (Anti-double
stranded DNA antibody) IgG, Anti ds DNA Ab IgM, Anti-Rnp Ab (Anti-ribonucleoproteins antibody) 검사를 시
행하였고 이상소견은 나타나지 않았다. 환자의 증상과 혈액 및
항체검사를 토대로 류마티스관절염과 관련된 혈관염신경병증으
로 진단할 수 있었다. 하지만 확진을 위한 비골신경의 조직검사
는 시행하지 못하였다.
중증의 혈관염신경병증의 치료 방법으로는 고용량스테로이드
(1000mg/daily)를 3~5일간 복용하고 이후 하루 1mg/kg로 감
량하는 스테로이드 충격요법이 있다[1]. 대부분 치료 몇 주 후부
터 근력의 회복 및 통증의 감소를 관찰할 수 있으며, 신경의 축
삭 재생 과정이 느리기 때문에 몇 년에 걸쳐 최대의 회복이 나타
날 수 있다[9]. 증례 환자의 경우 고용량스테로이드 치료의 합병
증인 직장출혈로 인해 치료를 진행하지 못하였고, 직장출혈 호
전 후 스테로이드를 20mg으로 감량하여 시작하였다. 이후 환자
의 통증은 호전을 보였으나 상지 및 하지 위약은 호전이 미미하
였다. 발병 10개월 후 시행한 두번째 추적검사에서도 하지 근력
의 회복은 거의 관찰되지 않았다.
오인되거나 지연된 진단은 주요 장기의 침범이 있는 혈관염의
경우 예후에 상당한 영향을 미칠 수 있으며, 덜 주요한 장기의
침범이 있을 때에도 영향을 미칠 수 있다[7]. 적절한 혈관염신경
병증의 진단은 조기 치료를 가능하게 하여 전신적인 합병증을
예방할 수 있다. 전신성 혈관염을 치료하지 않는 경우 1년 사망
률은 약 80% 이며, 치료하는 경우 사망률을 12-20%로 줄일 수
있다[10]. 지연된 진단으로 인해 적절한 치료가 늦어져, 합병증
발생 및 사망률이 증가될 수 있기 때문에 조기 진단이 중요하다.
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Atypical Carpal Tunnel Syndromes Related to Selective Fascicular
Involvement of the Median Nerve and Concurrent Recurrent
Median Motor Neuropathy
Hae In Lee, Soon Woo Kwon, Ahry Lee, Hee-Kyu Kwon
Departments of Physical Medicine and Rehabilitation, Korea University Medical Center, Seoul, Korea

Carpal tunnel syndrome (CTS) being the most common entrapment neuropathy makes physicians to easily overlook CTS variants. Here we report two cases of atypical carpal tunnel syndromes which were correctly diagnosed with precise electrodiagnostic findings. One patient
seemed moderate to severe degree of CTS at first, but careful electrodiagnostic analysis proved
predominant involvement of fascicles of motor nerve and sensory fibers to the thumb, which are
located in the radial side of the median nerve. Sonographic findings and MRI demonstrated a
mass arising from the median nerve compressing the radial side of the nerve at the wrist. Another
patient at a glimpse seemed as mild degree of CTS, but deliberate analysis of electrodiagnostic
findings showed separate severe neuropathy of recurrent motor branch of the median nerve. Surgical findings proved these findings and the patient received appropriate surgical treatment, leading to complete resolution of symptoms. Precise analysis of electrodiagnostic findings helped
physicians to correctly diagnose these atypical CTS and lead to proper management.
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Introduction
Carpal tunnel syndrome (CTS) is one of the most common
entrapment neuropathies [1]. Selective fascicular involvement of
median nerve or separate injury to the recurrent motor branch
(RMB) of median nerve have been reported, but the incidence is
rare with less than 1% [2]. Due to its rare incidence, physicians

are prone to overlook atypical carpal tunnel syndromes and misdiagnose which can lead to mistreatment. Here we report 2 cases
of atypical CTS, one of which demonstrated selective fascicular
involvement and the other which revealed concomitant RMB
neuropathy besides the CTS. Precise electrodiagnostic study was
able to distinguish these atypical CTS and lead to appropriate
treatment.
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Case Report
Case 1
A 64-year old female presented with 3-month history of left
hand tingling sensation. She has worked in a restaurant for more
than 20 years and has overused her hands for dishwashing and
chores. The symptom started gradually, with a remote onset of
10 years but quickly aggravated 3 months before her visit. On
physical examination, Medical Research Council (MRC) grades
of left thumb abduction was grade 2/5 whereas the other muscles were normal. She complained hypoesthesia from her thumb
to the middle finger, but the symptom was most severe in her
thumb. Left thenar muscle atrophy accompanied. Electrodiagnostic examination was performed in bilateral upper extremities
(Table 1). The left median motor response showed prolonged latency and low amplitude (5.1msec, 0.2mV) with abductor pollicis brevis muscle recording. The left “median-second-lumbrical

and ulnar-interossei latency comparison study (M2L-PI) revealed negative finding in latency, but the amplitude recorded
with second lumbrical muscle was low (3.5msec, 0.1mV with 2L
recording; 3.3msec, 6.8mv with PI recording). The left median
sensory responses showed prolonged latencies and low amplitudes with the thumb, index and middle finger recordings, but
was substantially lower in the thumb (middle finger 11µV, index:
9µV, thumb: 2µV). Needle electromyography (EMG) in the left
abductor pollicis brevis (APB) showed abnormal spontaneous
activities and polyphasic motor unit potentials with discrete recruitment patterns. This patient was diagnosed moderate to severe degree of left CTS with predominant involvement of fascicles to motor nerve and sensory nerve to the thumb. The patient
additionally underwent sonography and magnetic resonance imaging, and a 2x1x8cm mass arising from the median nerve was
compressing the volar-radial portion of the nerve (Fig. 1). These
findings were compatible with electrodiagnostic findings consid-

Table 1. Motor and Sensory Nerve Conduction Study of Case 1
Side
Left
Left

Side

Nerve
Median
Ulnar
Median
Ulnar

Stimulation site
wrist
wrist
wrist
wrist

Nerve

Stimulation site

Motor nerve conduction
Recording site
Latency (msec)
Amplitude (mV)
APB
5.1*
0.2*
ADM
2.9
13.8
2nd lumbrical
3.5
0.1*
1st palmar interosseous
3.3
6.8
Sensory nerve conduction
Recording site
Onset/peak latency (msec)

Distance
18
17

NCV (m/sec) F wave (msec)
53
27.2
65
25.5

Amplitude
Distance
(µV)
(cm)
Left
Median
wrist
III digit
3.6/4.4*
11*
14
palm
III digit
0.9/1.6
20
7
wrist
II digit
2.9/3.8*
9*
14
wrist
I digit
3.0/4.2*
2*
10
Ulnar
wrist
V digit
2.8/3.6
24
14
NCV: nerve conduction velocity, APB: abductor pollicis brevis, ADM: abductor digiti minimi, Abnormal cutoff value based on median-to-2nd lumbrical
compared with ulnar-to-palmar interosseous > 0.6 msec.
*Abnormal values are represented with asterisk.

A

B

C

Fig. 1. The median nerve (arrowhead, A) is being compressed by a mass arising from the median nerve, especially in the radial-volar side
of the nerve (arrow, B, C) (D=dorsal, V=volar, R=radial, U=ulnar).
https://doi.org/10.18214/jkaem.2020.22.1.42
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Table 2. Motor and Sensory Nerve Conduction Study of Case 2
Side
Right
Right

Left

Nerve

Stimulation Recording site
site
Median
wrist
APB
Ulnar
wrist
ADM
Median
wrist
2nd lumbrical
Ulnar
wrist
1st palmar interosseous
Median
wrist
2nd lumbrical
Ulnar
wrist
1st palmar interosseous

Latency
(msec)
4.2
3.3
3.9*
2.9

Motor nerve conduction
Amplitude
(mV)
2.2*
8.2
1.8
4.9

3.5
3

Distance (cm)
17.5
15

NCV (m/sec) F wave (msec)
58
65

25.2
23.6

2.4
6.7

Sensory nerve conduction
Stimulation Recording site
Onset/peak latency (msec)
Amplitude
Distance (cm)
site
(µV)
Right Median
wrist
III digit
2.6/3.3
24*
14
palm
III digit
1.0/1.8
28*
7
wrist
II digit
1.8/2.4
31*
14
wrist
I digit
2.4/3.0
28*
10
Ulnar
wrist
V digit
2.4/3.2
22
14
Left
Median
wrist
III digit
2.3/3.0
45
14
NCV: nerve conduction velocity, APB: abductor pollicis brevis, ADM: abductor digiti minimi, Abnormal cutoff value based on median-to-2nd lumbrical
compared with ulnar-to-palmar interosseous > 0.6 msec.
*Abnormal values are represented with asterisk.
Side

Nerve

ering the fascicle distribution of the median nerve, in which the
motor nerve and sensory fibers to the thumb is located in the radial side of the median nerve [3,4].

Case 2
A 66-year old female patient presented with 1-month history
of right thumb weakness. She had no history of trauma or overuse. MRC scale for right thumb abduction was grade 3/5. She
complained no sensory symptoms. Tinel’s sign was equiovocal in
the right side. Electrodiagnostic examination was performed in
bilateral upper extremities (Table 2). The right median motor response showed prolonged latency and low amplitude (4.2msec,
2.2mV) with abductor pollicis brevis muscle recording. M2L-PI
study revealed positive findings for right CTS but the amplitude
ratio between second lumbrical and palmar interossei showed insignificant differences in both sides (right side: 3.9msec, 1.8mV
with 2L recording and 2.9msec, 4.9mV with PI recording; left
side: 3.5msec, 2.4mV with 2L recording and 3.0msec, 6.7mV
with PI recording). The right median sensory response showed
low amplitude compared to the left side, but the amplitude itself
was within normal range (wrist 24µV, palm 28µV) [5]. In needle
EMG, abnormal spontaneous activities and polyphasic motor
unit potentials with reduced recruitment patterns were noted in
the APB muscle and polyphasic motor unit potentials with reduced recruitment patterns were noted in the second lumbrical
44

muscle. According to the sensory conduction study and M2L-PI
study, the patient was diagnosed as mild degree of right CTS, but
additionally the findings suggested severe neuropathy of the right
RMB of the median nerve. Sonography was performed on the
same day and no swelling of the median nerve was found. Surgical findings revealed RMB trespassing the transverse carpal ligament was being compressed by an aberrant vessel (Fig. 2). The
orthopedic surgeon ligated the aberrant vessel and released the
fascia compressing the RMB, performed RMB neurolysis. Open
carpal tunnel release was additionally performed. After, the patient no more complained of right thumb weakness. If the patient
was solely diagnosed as mild degree of CTS and had received no
surgical treatment or if the patient received endoscopic surgery
instead of open carpal tunnel release, the patient would have not
recovered.

Discussion
Until now, electrophysiologic study remains the gold standard
for CTS diagnosis. The median sensory conduction study recorded from digit III is most commonly used since the median
sensory conduction study is generally considered more sensitive
in diagnosing CTS than motor conduction study [6]. Moreover,
other comparison studies are additionally conducted to allow a
more accurate and detailed diagnosis: median-radial sensory lahttps://doi.org/10.18214/jkaem.2020.22.1.42
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Fig. 2. Surgical findings of Case 2 confirmed RMB (arrow)
trespassing the transverse carpal ligament being compressed by
an aberrant vessel (arrowhead).

tency difference to the thumb, median-ulnar sensory latency difference to the ring finger, median-ulnar mixed nerve latency difference from palm to wrist and second lumbrical-palmar interossei latency comparison study [6,7]. These additional studies help
physicians to accurately diagnose CTS variants.
Isolated RMB involvement or selective fascicular involvement
of the median nerve is reported but the incidence is rare [8-10].
In the first case, a mass arising from the median nerve was compressing the median nerve the most at the radial-volar side. According to Planitzer et al., the majority of the motor fascicles of
the thenar eminence originates in the radial quadrants and the
sensory fascicles of the thumb lies in the radial quadrants, mostly
the radial-palmar side [3]. Stewart et al has also discovered the
fascicular arrangement of the median nerve at the carpal tunnel
and found that the motor fascicles are located in the radial-volar side and the sensory fascicles to the thumb are located in the
radial side [4]. This fascicular structure of the median nerve may
cause diverse sensory patterns, which can be misleading to the
examiner. The first patient suffered sensory loss in the median
nerve innervated territory, the thumb, index and middle finger,
https://doi.org/10.18214/jkaem.2020.22.1.42

but she complained sensory loss in her thumb the most. Also, although her main complaint was sensory symptoms, on physical
examination thumb abduction weakness was noted. The electrodiagnostic findings were compatible with the patient’s symptoms
and signs: sensory changes especially in the thumb and weakness
and atrophy of the thenar muscle.
In the second case, RMB neuropathy was the main problem
rather than the mild degree of CTS. In the nerve conduction
study, although the M2L-PI study revealed positive results, the
amplitude of the second lumbrical was normal. Also, the sensory
conduction study revealed low amplitude of the right median response compared to the other side, but the amplitude itself was
considered normal [5]. To rule out the selective fascicular involvement of the median nerve, sensory nerve conduction study
to the index and thumb was additionally done and revealed insignificant results. These findings lead us to make the diagnosis of
only mild degree of right CTS, but separate severe neuropathy of
the RMB of the median nerve. Surgical findings confirmed RMB
trespassing the transverse carpal ligament. There are 3 anatomical courses of RMB of median nerve innervating APB, opponens
pollicis, and superficial head of flexor pollicis brevis: extraligamentous, subligamentous and transligamentous courses [8,10].
This patient was surgically proven as transligamentous type. The
RMB was being compressed by an aberrant vessel and the surrounding fascia. Ligation of the aberrant vessel and releasing fascia, and additional open carpal tunnel release resolved the patient’s motor weakness. If the patient was assumed only mild degree of CTS and had underwent endoscopic surgery or had not
received any treatment, the neuropathy might have progressed
and eventually lead to poorer prognosis.
Identifying atypical CTS is difficult because the cases are rare
and they are unexpected. Through various electrodiagnostic
methods, physicians are able to accurately diagnose different
types of CTS variants. In these cases, we compared not only the
motor and sensory nerve conduction studies, but also sensory
nerve recordings in the index and thumb finger and M2L-PI
study. Through correct diagnosis, proper management could be
made, leading to a favorable outcome.
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Anterior Interosseous Nerve Syndrome due to Extravasation of
Intravenous Infusion
Soo Jin Choi, Seong Woo Kim, Ha Ra Jeon
Department of Physical Medicine and Rehabilitation, National Health Insurance Service Ilsan Hospital, Goyang , Korea

Anterior interosseous nerve is a motor branch from median nerve. It innervates three muscles,
the flexor pollicis longus, the flexor digitorum profundus, and the pronator quadratus muscles in
the forearm. Anterior interosseous nerve syndrome refers to a neuropathy affecting this nerve, to
develop weakness of innervated muscles. The etiology can be diverse and the pathophysiology is
not clearly documented. We report a case of a 67-year-old male patient with diabetes, who presented symptoms of right thumb and index finger weakness, forearm pain, which was in conclusion diagnosed as anterior interosseous nerve syndrome through electrodiagnostic studies. His
anterior interosseous nerve syndrome was revealed as due to fluid extravasation. Fluid extravasation can cause various side effects, and peripheral nerve injury is an uncommon side effect. This
is a rare case of anterior interosseous nerve syndrome developed from fluid extravasation.
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Introduction
Anterior interosseous nerve (AIN) is a pure motor branch of
the median nerve. AIN arises just below the elbow at the forearm
level, and courses distally on the volar side of the interosseous
membrane [1]. It innervates the flexor pollicis longus (FPL), the
flexor digitorum profundus (FDP) to the index finger and the
middle finger, and the pronator quadratus (PQ) in the forearm.
AIN syndrome is an isolated palsy of these supplied muscles [1].
Extravasation injury is the damage of subcutaneous or perivascular tissues during intravenous infusion, caused by the efflux of

solutions from a vessel into surrounding tissue spaces [2]. Signs
and symptoms of extravasation injury include pain, erythema,
swelling, tenderness, local blistering, skin darkening, firm induration, ulceration, or full-thickness skin damage and injury can
vary from minor to severe damages [2].
This case study represents a patient who developed AIN syndrome after intravenous fluid injection.

Case report
A 67-year-old male with past history of diabetes, visited the
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outpatient clinic with complaint of edema and pain of right forearm and weakness of right thumb. He could not flex his right
thumb and the distal phalanx of right index finger. One week before the visit, he was carried to a local clinic due to hypoglycemic
shock, and had intravenous dextrose fluid injection. After the fluid injection, he developed symptoms and signs of right forearm
edema, erythema, heating sensation, and pain at the infusion site.
On the physical examination, he still had pain on his forearm and
edema without clear margin at the volar side of forearm below elbow. Neither heating sensation nor redness was observed, but
general induration at the upper region of forearm could be palpated. He had weakness with motor grade 1 on Medical Research
Council (MRC) scale in his interphalangeal flexor of right thumb
and distal phalanx flexor of right index finger. Also, he could not
make an “OK” sign with his right thumb and index finger.
Damage of anterior interosseous nerve was suspected, and
nerve conduction studies (NCS) and needle electromyography
(EMG) test were performed to confirm the AIN syndrome.
NCS and EMG test was performed 15 days after the onset.
The sensory NCS revealed decreased amplitudes of sensory
nerve action potentials in bilateral median and ulnar nerves, and
the motor NCS revealed decreased conduction velocities in bilateral ulnar, peroneal and tibial nerves (Table 1).3 The needle
EMG revealed abnormal spontaneous activities, increased insertional activities and reduced interference pattern in right flexor
digitorum profundus, flexor pollicis longus and pronator quadratus muscles (Table 2). The patient was diagnosed with right anterior interosseous nerve lesion, concurrent with peripheral sensorimotor polyneuropathy of bilateral upper and lower extremities,
which seemed to be diabetic polyneuropathy considering the patient’s medical history. The results satisfied the simplified criteria
for the electrodiagnostic confirmation of distal symmetric polyneuropathy with abnormal values in peroneal motor NCS, and
abnormal contralateral median and ulnar sensory NCS and ulnar
motor NCS [4]. We could conclude that AIN injury was attributed to intravenous fluid injection.
After confirming the diagnosis, physical therapy of stretching
and strengthening exercise was done to recover strength and
function. Also, physical modalities of ultrasound, hot pack and
interferential current therapy were applied and oral nonsteroidal
anti-inflammatory drug was prescribed for pain management.
After one month of therapy, the symptoms of forearm edema
and pain improved, and the patient showed improvement of
muscle strength in interphalangeal joint flexor of thumb and distal phalanx flexor of index finger from MRC scale 1 to 2. He
showed spontaneous recovery to some extent without surgical or
aggressive interventions.
48

Discussion
Peripheral nerve damage is not a common complication of extravasation injury. According to a retrospective analysis of 67
adult patients who developed intravenous catheters related complications, hand was a common site for minor and major complications [5]. The most frequently reported complications of extravasation were phlebitis and cellulitis, and two patients developed compressive neuropathies due to infiltration in hand and
wrist, which were median nerve palsy and AIN palsy [5]. One of
them required nerve decompression and tendon transfer [5].
Puhaindran, et al. introduced a case of AIN syndrome in a 42year old male, after peripherally inserted central catheter insertion into a brachial vein for the administration of intravenous antibiotics [6]. He had the catheter for a long course of intravenous
antibiotics, and eventually developed pain of burning nature and
edema in his forearm. The EMG confirmed the AIN palsy which
was attributed to the line insertion and infusion [6]. It has been
estimated that between 10% and 30% of patients receiving intravenous therapy may experience AIN palsy as complication [7].
In our case, the patient may have been injected intravenously
with median cubital vein and AIN palsy have developed due to
extravasation of the fluid.
Even though AIN is a pure motor nerve, and no sensory loss
occurs, pain may be present in the forearm. Patients with AIN
syndrome are unable to make an “OK” sign with thumb and index finger, due to paralysis of FPL and the radial FDP.1 This was
also consistent with our subject. The most definite confirm of
the diagnosis and disease severity is evaluation by electrodiagnostic studies. No optimal treatment of AIN syndrome has been
established, but once the diagnosis is made, avoidance of aggravating activities, rest, and anti-inflammatory medication has been
recommended. Most of the patients with AIN syndrome have
improvement in symptom without any surgical intervention.
Non-surgical conservative management for at least 12 weeks are
still recommended. This was also true for our patient. Physiotherapy specifically towards pain, and soft tissue massage, stretch
and strengthening exercises may be used, and it brought improvement of pain and motor scale in our patient.
The AIN palsy comprises less than 1% of upper extremity
nerve palsies [6]. Etiology of AIN palsy can be categorized into
traumatic and non-traumatic/spontaneous causes, and common
factors of the non-traumatic factors include neuralgic amyotrophy, isolated neuritis such as brachial plexus neuritis, and entrapment neuropathy, since the nerve is susceptible to compression
by soft tissue, vascular or bony structures [1]. Collins and Weber
considered entrapment as by far the most common cause of AIN
https://doi.org/10.18214/jend.2020.22.1.47
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Table 1. Nerve Conduction Study
Sensory
Rt. Median
Lt. Median
Rt. Ulnar
Lt. Ulnar
Rt. Peroneal
Lt. Peroneal
Rt. Sural
Lt. Sural
Motor
Rt. Median

Stimulation site
Recording site
Latency (ms)
Amplitude(uV)
Wrist
3rd finger
3.1
7.9*
Wrist
3rd finger
3.1
6.9*
Wrist
5th finger
2.3
5.2*
Wrist
5th finger
2.3
4.6*
Ankle
Lateral ankle
2.4
4.5
Ankle
Lateral ankle
3
4.7
Calf
Lateral ankle
3.2
6.3
Calf
Lateral ankle
2.3
6.7
Stimulation site
Recording site
Latency (ms)
Amplitude (mV)
Velocity (m/s)
Wrist
APB
3.8
10.8
Elbow
APB
7.9
10.5
53.7
Lt. Median
Wrist
APB
3.8
10.9
Elbow
APB
8.0
9.4
52.4
Rt. Ulnar
Wrist
ADM
3.0
6.0
Below elbow
ADM
7.2
5.7
47.6*
Lt. Ulnar
Wrist
ADM
3.0
5.8
Below elbow
ADM
7.3
5.9
46.5*
Rt. Peroneal
Ankle
EDB
4.7
5.3
Below fibular head
EDB
12.5
4.7
38.5*
Lt. Peroneal
Ankle
EDB
4.7
5.0
Below fibular head
EDB
12.4
4.8
38.9*
Rt. Tibial
Ankle
AH
3.7
8.5
Knee
AH
13.3
6.8
34.4*
Lt. Tibial
Ankle
AH
3.7
11.7
Knee
AH
13.2
8
34.7*
Rt.: right, Lt.: left, APB: abductor pollicis brevis, ADM: abductor digiti minimi, EDB: extensor digitorum brevis, AH: abductor hallucis.
*Abnormal value.

Table 2. Electromyography Study
Muscle
IA
Fib
PSW
IP
Paravertebral Rt. C5-T1
Normal
Paravertebral Lt. C5-T1
Normal
Rt. Deltoid
Normal
Complete
Rt. Biceps
Normal
Complete
Rt. Triceps
Normal
Complete
Rt. FCR
Normal
Complete
Rt. APB
Normal
Complete
Rt. 1st DI
Normal
Complete
Rt. FDP
Increased
+
+
Single
Rt. FPL
Increased
+
+
Single
Rt. PQ
Increased
+
+
Single to partial
Lt. Deltoid
Normal
Complete
Lt. Biceps
Normal
Complete
Lt. Triceps
Normal
Complete
Lt. FCR
Normal
Complete
Lt. APB
Normal
Complete
Lt. PQ
Normal
Complete
Lt. 1st DI
Normal
Complete
IA: insertional activity, Fib: fibrillation, PSW: positive sharp wave, IP: interference pattern, Rt.: right, Lt.: left, FCR: flexor carpi radialis, APB: abductor
pollicis brevis, DI: dorsal interosseous, FDP: flexor digitorum profundus, FPL: flexor pollicis longus, PQ: pronator quadratus.
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palsy [8]. Neuropathies such as brachial neuritis mimic the clinical manifestations of an AIN neuropathy, so differential diagnosis
and confirmation is needed.
Extravasation is not a known common cause for AIN palsy. All
fluids can cause tissue damage, but certain substances may cause
damage with greater risks. Soft tissue damage due to extravasation depends on the type of the agent, which can be classified as
irritants or vesicants. For some known potential causes of severe
tissue necrosis, there are parenteral alimentation fluids, antibiotics, calcium, potassium, and sodium bicarbonate solutions [2].
Any hyperosmolar solutions with osmolarity greater than plasma, including parenteral nutrition solutions can cause tissue
damage by osmotic pressure [7].
There are some identified risk factors for extravasations. Patients at risk of extravasation injuries, include those with small,
fragile or thrombosed veins increasing the risk of leakage, with
chronic diseases, those who are unable to communicate due to
confused state or language issues, those on anticoagulants, or
those who are obese which makes detection of misplacement
difficult, or have undergone multiple intravenous cannulations
or venepunctures [9]. Patients with fragile veins include conditions such as cancer, whose veins are more fragile, mobile and
difficult to cannulate, peripheral vascular diseases, or patients
with diabetes [9]. Diabetic patients with peripheral neuropathy
may not be aware of pain or discomfort of an infusate leakage
which will as a result, increase risk of extravasation injujries [2,7].
Other patient risk factors involve the elderly because of fragile
skin and veins, or neonates and infants with small veins difficult
to cannulate [7].
The etiology of tissue damage resulting from extravasation can
be categorized into following pathophysiological mechanisms ;
vasoconstriction and ischemic necrosis, direct toxicity to the tissue, osmotic damage, extrinsic mechanical compression by large
solution volumes, or superimposed infection [7]. The severity of
the result varies from minor symptoms to serious sequelae such
as necrosis, tissue loss or contractures or deformities of joints,
and we introduced a case of peripheral neuropathy. The past history of diabetes and injection of hyperosmolar solution would
have increased the risk of extravasation in our subject. Our patient may have been injected dextrose fluids over 20% for hypoglycemia. There are some reports of extravasation injuries after
dextrose infusion and in many cases dextrose exceeded 10%
[10]. In our case, hyperosmolar dextrose solution and increased
pressure of the interstitial space have led to nerve injury. The
leakage of hyperosmolar dextrose leads to fluid shifting from intracellular to extracellular tissue spaces, and thus drawing fluid
from the neighboring cells and blood cells [10]. This increased
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osmotic pressure can compress and damage blood vessels,
nerves, and muscle tissues [10]. Furthermore, increased fluid
and pressure can also lead to compartment syndrome, damaging
the surrounding muscles and nerves.
The patient developed anterior interosseous nerve injury after
dextrose administration through the median cubital vein. Anatomically, the anterior interosseous nerve accompanies the anterior interosseous artery along the interosseous membrane and
supplies the deep muscles on the anterior forearm. The median
cubital vein generally runs just below the cubital region, connecting the basilic and cephalic vein. The anterior interosseous nerve
lies deeper than the median cubital vein, but it can be assumed
that the pressure via extravasation caused injury to the nerve in
this case.
The AIN injury in our case was confirmed by the electrodiagnostic study. However, since the study was performed 15 days after the onset, it had limitations in detecting abnormalities. If follow up electromyography was performed more than three weeks
after the injury, further recovery information such as large motor
units or polyphasic potentials would have been revealed. Also,
electromyography of pronator teres muscle would have been
helpful to localize and to rule out more proximal lesions of the
median nerve, such as pronator teres syndrome. Another limitation to our case is that no imaging studies were performed. Forearm imaging evaluations such as magnetic resonance imaging,
ultrasonography, or computed tomography would have been
helpful to confirm nerve compression or soft tissue injury.
This is a case of AIN syndrome which occurred after intravenous fluid injection in a diabetic patient due to extravasation.
The peripheral neuropathy could have been caused by direct
compression from the fluid or inflammatory reactions. To prevent such neurological injury, special caution is needed when fluid is infused through intravenous line, especially on fragile sites,
in high risk patients or with substances with higher risks.
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Complete Conduction Block of the Thenar Motor Branch
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Thenar motor neuropathy is a rare, pure motor neuropathy of the median nerve with delayed
motor latency in electrophysiological studies. We present an extremely rare case of idiopathic
thenar motor neuropathy with complete median motor conduction block at the carpal tunnel
level, which was confirmed by ultrasonographic and surgical findings. Right median nerve conduction studies demonstrated normal sensory responses and no motor response in the abductor
pollicis brevis (APB). Needle electromyography of the right APB showed no recruitment of motor unit action potentials. Ultrasonographic examination demonstrated enlarged and swollen
median nerve fascicles within the carpal tunnel. A carpal tunnel release operation was performed;
the median nerve underneath the transverse carpal ligament was swollen and blanched due to
decreased vascularity, suggesting the presence of compression. Pain in the thenar area improved
2 weeks after surgery. Herein, we emphasize the usefulness of ultrasonographic evaluations in determining the level of the nerve injury in cases with doubtful electrophysiological results.
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Introduction
Thenar motor neuropathy (TMN) is a rare disorder presenting as a motor neuropathy involving the thenar muscles without
sensory disturbance, and is commonly confirmed by electrophysiological studies. In most previously reported cases of TMN,
the level of the median nerve injury was evident from the results
of electrophysiological studies, or the causative lesion, such as

iatrogenic injury, trauma, or presence of compressive mass, was
obvious [1–3]. However, in case of idiopathic TMN with the
complete conduction block on nerve conduction study (NCS),
ultrasonographic evaluation may be the key to identifying the
cause of TMN. Herein, we describe a rare case of TMN due to
median nerve compression at the level of the carpal tunnel,
which was confirmed by electrophysiological, ultrasonographic,
and surgical findings.
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Case report
This study was approved by the Institutional Review Board
and the requirement for informed consents were waived.

Patient History and Physical Examination
A 56-year-old woman presented with pain and weakness in the
thenar area of the dominant right hand. The symptoms started 1
month earlier without any history of trauma. She was working as
a surveyor and handled repetitive manual paperwork. Clinical
examination revealed severe paresis of right thumb abduction
and opposition with no visible contraction of the thenar muscle.
On manual muscle examination, the patient’s right finger flexors,
wrist volar flexor, and wrist dorsiflexor were normal. There was
no atrophy of the right thenar muscles or other intrinsic hand
muscles; the right hand showed no hypoesthesia. Phalen’s test
was positive in the right wrist.
NCS
The right median motor NCSs showed no motor response in the
right abductor pollicis brevis (APB). Median motor NCSs at the
pronator quadratus showed no abnormal findings bilaterally. The
second lumbrical/dorsal interossei technique, a sensitive test for
carpal tunnel syndrome (CTS), was performed; there was no significant difference in the median and ulnar nerve latencies (Table 1).
Results of motor NCSs of the bilateral ulnar nerves and orthodromic sensory NCSs of the bilateral median, ulnar, and radial nerves
were normal. The median and ulnar sensory latencies recorded on
the 4th finger were not significantly different (Table 2). Skin temperature measured during the study was > 32°C.
Needle Electromyography
Needle electromyography of the right APB showed no evidence of abnormal spontaneous activities at rest and no recruitment of motor unit action potentials during volition. There were
no abnormal findings in the flexor carpi radialis and the flexor
pollicis longus, which are innervated by the median nerve and
the anterior interosseous branch, respectively. No abnormal findings were observed in the muscles innervated by the C8-T1
roots, namely, the first dorsal interosseous, abductor digiti minimi, and extensor indicis proprius. Because the patient had pain
in the thenar area, the muscles innervated by the C5-6 roots were
also evaluated; there were no abnormal findings in the biceps
brachii and deltoid muscles.
Ultrasonography
Ultrasonographic evaluation was performed using the GE
https://doi.org/10.18214/jend.2020.22.1.52

LOGIQ P6 Pro (General Electric, Milwaukee, WI, USA) with a
3.42–10.85-MHz linear probe. No direct compressing mass-like
lesion was observed around the right median nerve and the recurrent motor branch (RMB). Compared to the left, the right
median nerve, proximal to the carpal tunnel (cross-sectional
area, 13.60 vs. 7.17 mm 2 ) and within the carpal tunnel
(cross-sectional area: 11.45 vs. 7.89 mm2), was enlarged. The
median nerve fascicles within the carpal tunnel showed significantly lower echogenicity on the radial side. On ultrasonographic
examination, the RMB was observed to originate from the radial
side of the median nerve and passed extraligamentously. RMB
thickness was 0.60 mm in the right and 0.52 mm in the left side
Table 1. Motor Nerve Conduction Studies
Recording sites Nerve

Stimulat- Latency Amplitude Velocity
ing sites
(ms)
(mV)
(m/s)
Rt. APB
Median
Wrist
No response
Elbow
No response
Lt. APB
Median
Wrist
2.5
22.5
Elbow
5.99
22.2
60.2
Rt. 2L-DI
Median
Wrist
2.6
5.2
Ulnar
Wrist
2.76
13.4
Lt. 2L-DI
Median
Wrist
2.55
6.8
Ulnar
Wrist
2.6
10.5
Rt. PQ
Median Elbow
3.02
8.8
Lt. PQ
Median Elbow
2.6
5.3
Rt. ADQ
Ulnar
Wrist
2.08
13.6
Elbow
5.31
12.6
65
Lt. ADQ
Ulnar
Wrist
2.29
15.8
Elbow
5.31
15.7
66.2
ADQ: abductor digiti quinti, APB: abductor pollicis brevis, DI: dorsal
interosseous, L: lumbrical, PQ: pronator quadratus

Table 2. Sensory Nerve Conduction Studies
Nerve

Stimulating site
Rt. Median
Digit II
Wrist
Palm
Lt. Median
Digit II
Wrist
Palm
Rt. Ulnar
Digit V
Wrist
Lt. Ulnar
Digit V
Wrist
Rt. Median
Digit IV
Rt. Ulnar
Digit IV
Lt. Median
Digit IV
Lt. Ulnar
Digit IV
Rt. Superficial radial Snuff box
Lt. Superficial radial Snuff box

Record- Latency Ampli- Velocity
ing site
(ms) tude (mV) (m/s)
Wrist
2.81
16.9
46.2
Elbow
4.17
52
51.6
Wrist
1.98
74.5
42.9
Wrist
2.66
24.4
48.9
Elbow
3.91
50.2
53.8
Wrist
1.88
67.3
45.3
Wrist
2.5
12.8
46
Elbow
4.22
25.8
52.1
Wrist
2.55
16.7
47
Elbow
3.59
18.9
52.9
Wrist
3.07
34.5
45.6
Wrist
3.07
18.6
45.6
Wrist
3.02
36.3
46.3
Wrist
3.02
31.3
46.3
Forearm
2.4
33.8
41.7
Forearm
2.4
42.1
41.7
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(Fig. 1). There was no evidence of thenar muscle atrophy

Surgery
The symptoms showed no relief despite therapeutic administration of injectables from the local clinic and prescription of oral
medication for a month; therefore, surgical treatment was decided. An extended carpal tunnel release operation of the right hand
was performed. Intraoperatively, the median nerve underneath
the transverse carpal ligament appeared blanched (due to decreased vascularity) and swollen proximally, suggesting the presence of a compressive lesion at the carpal tunnel (Fig. 2). The
RMB (arrow) had an extraligamentous course after branching
from the main median nerve, with no definite swelling or presence of adjacent tumorous lesion. The thenar area pain improved
2 weeks after surgery. A follow-up electrophysiological evalua-

A

B

C

D

E

F

Fig. 1.Ultrasonographic findings of the median nerve. The median
nerve (dotted) is enlarged at the proximal carpal tunnel level
in the right (A) as compared to the left (B). Swollen radial side
motor fascicles (asterisk) within the median nerve are observed on
the right side in the distal carpal tunnel (C, D). Recurrent motor
branch originates from the median nerve distal to the transverse
carpal ligament (extraligamentous course) in the right (C) and left
(D) sides without the presence of compressive lesion in the right (E)
or left (F) sides.
APB, abductor pollicis brevis; AP, adductor pollicis; FDP, flexor
digitorum profundus; FDS, flexor digitorum superficialis; FPL,
flexor pollicis longus; OP, opponens pollicis.
54

tion was scheduled 3 months after the surgery, but the patient refused further follow-up because the pain had subsided.

Discussion
CTS is reportedly the most common entrapment neuropathy.
Sensory symptoms predominate in early CTS. As the disease
progresses, there are continuous and severe sensory symptoms
in combination with motor symptoms. Sensory fibers are more
vulnerable to early nerve injuries and are usually affected first
and more severely than motor fibers.
TMN is an isolated compression of the motor fibers and characterized by weakness of the median nerve-innervated thenar
muscles without sensory disturbance. TMN is extremely rare
and accounts for only 1.2% of all median neuropathies of the
wrist [4]. It is diagnosed by electrophysiological examination,
and shows prolonged distal motor latency and normal sensory
conduction velocities [1].
In our case, sensory NCSs were normal, but there was no thenar
muscle response on motor NCSs. We stimulated the median nerve
at the wrist and recorded the response in the 2nd lumbrical muscle;
the response was normal. These findings are contrary to that observed in typical CTS, and can be explained by complete conduction block of the median motor fibers to the thenar muscles. However, it was difficult to determine whether TMN occurred from the
median nerve or the RMB only with the result of NCS.

Fig. 2. An incision was made across the wrist crease and the
flexor retinaculum was retracted to expose the median nerve
(arrowhead). The median nerve underneath the transverse carpal
ligament (asterisk) was blanched due to decreased vascularity,
suggesting the presence of a compressive lesion. The recurrent
motor branch (arrow) had an extraligamentous course after
branching from the main median nerve, with no definite swelling
or surrounding tumorous lesion.
https://doi.org/10.18214/jend.2020.22.1.52
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TMN is usually considered as an isolated neuropathy of the
RMB caused by direct traumatic or iatrogenic damage [2];
space-occupying masses, such as ganglion cysts [3]; or isolated
compression of the RMB [1]. Besides definitive nerve injury,
some authors have proposed that occupational activities could
influence the incidence of TMN. In previous studies, the prevalence rate of TMN was higher in the Korean population [5],
vineyard workers, and Brazilian hand-milkers [6]. These higher
prevalence in specific populations indicated that the occupations
and lifestyles, such as repetitive manual work, cause minimal but
chronic direct trauma, which leads to TMN.
Anatomical variations in the course and branching of the median nerve have been reported, and extraligamentous course of
the RMB is the most frequent anatomical variation [7-8], Subligamentous or transligamentous course could be potential risk factors for isolated compression of the RMB [1]. Moreover, previous studies have reported that motor fascicles oriented in the extreme radial side of the median nerve in most cases (60%), and
consequentially, the RMB was frequently observed to originate
on the radial aspect [9]. In our case, there was no evidence of alterations in the RMB; moreover, the median nerve was swollen
and blanched, suggesting a compressive lesion at the carpal tunnel. Thus, our case was presumptively diagnosed as idiopathic
TMN at the median nerve due to CTS.
Ultrasonographic evaluation may be the key to identifying the
obscure cause of TMN. Pathological information, such as ganglion cyst and schwannoma, can be assessed using ultrasonography.
Ultrasonography is a reliable tool for diagnosing CTS, with cutoffs for median nerve cross-sectional areas ranging from 8.5-10
mm [2,10]. Ultrasonography can also indicate the characteristics
of RMB, such as severely thickened RMB or its anatomical
course [8]. In our case, ultrasonography showed an extraligamentous course of RMB without thickening or surrounding
compressing mass. Median nerve swelling on the radial side was
identified, which corresponded to the previous finding of anteroradially-located thenar motor fascicles in the median nerve
[3,8,9]. Since most previous cases of TMN occurred at the level
of RMB, evident from the findings of NCS or etiology, our unusual case of idiopathic TMN at the carpal tunnel level and its diagnostic process are noteworthy.
Our study had the following limitations. First, stimulation at
the palm in the median motor study, recorded at the APB, need
to be conducted to confirm the level of nerve injury. Second, although the right thenar pain subsided 2 weeks after surgery, we
could not evaluate the patient using electrophysiological and ultrasonographic studies postoperatively.
Delayed distal latency in the motor nerve conduction study of
https://doi.org/10.18214/jend.2020.22.1.52

the median nerve with normal sensory response is the key finding to diagnose idiopathic TMN. In the absence of motor response with normal sensory stimuli, diagnosis of TMN is challenging and ultrasonographic evaluation of the median nerve and
the RMB is useful to assess the presence, location, and cause of
nerve compression. We suggest the combined use of electrophysiological study and ultrasonography for the diagnostic evaluation
of TMN with complete motor conduction block.
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A Rare Case of Lateral Pectoral Nerve Injury Associated with
Endoscopic Thoracic Sympathectomy for Primary Hyperhidrosis
Jungin Kim, Jung Joong Kang, Dong Kyu Kim, Tae Hee Kim
Department of Rehabilitation Medicine, Konkuk University Chungju Hospital, Chungju, Korea

Complications may arise following an endoscopic thoracic sympathectomy; however, these are
rare. Here, we report a case of isolated damage to a muscle branch of the lateral pectoral nerve in
a patient who underwent endoscopic thoracic sympathectomy to treat hyperhidrosis. Eight
weeks after the operation, the patient came to our clinic complaining of numbness and a tingling
sensation in the left anterior chest wall, with asymmetric atrophy in the left areolar area. We performed a nerve conduction study and needle electromyography for suspected brachial plexopathy or pectoral nerve injury. These results showed an isolated left lateral pectoral nerve injury,
which we attributed to the endoscopic thoracic sympathectomy. This is the first case to report an
isolated lateral pectoral nerve injury after endoscopic thoracic surgery.
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Introduction
The main symptom of primary hyperhidrosis is excessive
sweating of the palms, axilla, and upper extremities [1]. Endoscopic thoracic sympathectomy, which is considered to be the
most effective treatment of primary hyperhidrosis, is known to
be relatively inexpensive and uncomplicated. There have only
been few reports of complications arising from surgery, such as
Horner's syndrome, hemothorax, pneumothorax, Raynaud phenomenon, intercostal neuralgia, and brachial plexus injuries [2].
The lateral pectoral nerve arises from the lateral cord of the

brachial plexus and controls the pectoralis major muscle. Isolated
injury of the lateral pectoral nerve represents a rare injury to the
branch of the brachial plexus [3]. According to a few reports, injury of the lateral pectoral nerve occurs due to a traction injury
from trauma caused by a seat belt or sports activities [3-4]. There
have been no previous reports on lateral pectoral nerve injury after endoscopic surgery for hyperhidrosis [3-4]. In this report, we
present a case of lateral pectoral nerve injury after endoscopic
thoracic sympathectomy with clinical symptoms of focal muscle
atrophy, tingling sensation, and numbness.
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Case report
A 61-year-old male came to our outpatient clinic with chief
complaints of left anterolateral chest wall tingling and numbness
following a surgery 8 weeks ago. The patient had no previous issues in this region. Furthermore, he did not experience any physical activity related to heavy lifting. He previously underwent bilateral endoscopic thoracic sympathectomy due to primary hyperhidrosis. A 5mm trocar was inserted in the left 6th midaxillary
line, and the left upper lobe was detached using an Endo-peanut,
endograsper, and Ligarsure. An incidental laceration of left 4th
intercostal artery occurred which was clipped using endoclips.
On physical examination, the patient was found to have asymmetry of the areolar level due to mild to moderate atrophy of the
left pectoralis major muscle (Fig. 1). The proximal portion of the
manual muscle test, such as flexion, adduction, and internal rotation of left shoulder were given a grade of 3, and other motions
of the left extremity were normal. Hypoesthesia around the left
anterior chest wall was detected; however, sensations in other areas, including weakened shoulder, were unremarkable. No specific findings were observed on chest x-rays immediately after
surgery and 4 weeks after surgery (Fig. 3).
We performed an electromyography (EMG) and nerve conduction study (NCS) immediately, which suggested brachial
plexopathy or pectoral nerve injury. NCS demonstrated prolonged compound muscle action potentials (CMAP), and a decreased amplitude of the left lateral pectoral nerve.(Fig. 2)
CMAPs of other nerves of both upper extremities were within
normal limits, including the left medial pectoral nerve. All sensory nerve action potentials studied were also within normal limits
(Table 1).
EMG of the atrophic pars clavicularis of the left major pectoral
muscle revealed prominent denervation activity such as fibrillation potentials and positive sharp waves, and markedly decreased
voluntary motor unit action potentials. However, EMGs of the
other muscles, MUAP morphology and interference patterns
were normal (Table 2). Therefore, we diagnosed the patient with
an isolated injury of the left lateral pectoral nerve.

Discussion
Endoscopic thoracic sympathectomy has been reported to
have a 90.9% success rate for treating primary hyperhidrosis of
the upper extremities since its introduction by Kotzareff in 1920
[5]. In addition, this minimally invasive method poses a lower
risk than surgery, provides a relatively good view of the thoracic
sympathetic nerve, allows operation of both sides with a single
58

anesthesia, shortens the hospitalization period, and has an economic advantage [8].
The anti-Trendelenberg posture is commonly used in patients
during surgery, where the head is elevated by 20 degrees, with a
90-degree abduction of both arms, and shoulders rolled back to
raise the rib cage, exposing the thoracic wall and axilla [1,9]. For
this posture, patients are in a supine position during abduction to
postulate and elevate arms on the side to be operated. Furthermore, a raised position was taken on the left side by the patient,
and the upper arm was abducted and elevated by about 150 degrees during surgery. These postures are non-physiological and
can be applied to the brachial plexus for a long time. In our case,
the operation lasted approximately 5 hours and 10 minutes,
which is considerably longer than average surgery time [1]. We
inferred that a prolonged duration of operation and the position
taken by the patient might have caused excessive traction injury.
We could not determine the exact cause of nerve injury since
we were unable to confirm the surgical site by endoscopy. Typically, brachial plexus injuries commonly occur during surgery in
the upper cervical nerve roots and the musculocutaneous nerve.
The 5th and 6th cervical nerve roots mostly become damaged as
the upper cervical roots are most likely pulled by abduction of
the upper arm [6]. However, in this case, NCS and EMG findings showed a very rare isolated lateral pectoral nerve injury. The
injury of lateral pectoral nerve causes atrophy, areolar asymmetry, and weakness of the pectoralis major muscle, and anterolateral chest wall tingling and hypoesthesia. The lateral pectoral nerve
Table 1. Nerve Conduction Studies in the Upper Extremities
Nerve
Motor
Median R/L
Ulnar R/L
Radial R/L
Axillary R/L
Musculocutaneous R/L
Lateral pectoral R/L
Medial pectoral R/L
Sensory
Median R/L
Ulnar R/L
Radial R/L

Latency (ms)
Onset latency
3.2/3.3
2.9/2.8
2.1/2.2
2.2/2.2
2.1/2.1

Amplitude

Velocity (m/s)

15.1/15.0
16.7/16.5
7.8/7.7
9.5/9.4
8.4/8.5

59/58
61/61
58/59

2.3/4.5

7.8/2.2

2.2/2.2

7.7/7.6

Peak latency
2.9/3.0
2.9/2.9
2.3/2.2

31.9/32.1
32.8/33.1
25.8/24.9

48/47
48/48
52/52

*Amplitudes are measured in millivolt (mV, motor) and in microvolt (µV,
sensory). R, right; L, left Pectoral nerve conduction study : surface stimulation was at Erb’ point, The reference recording electrode was placed
at the ipsilateral lateral clavicle head. The active recording electrode was
placed at the bulk of the pectoralis major muscle medially, laterally.
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arises from the lateral cord of the brachial plexus and is composed of C5, C6, and C7 branches. This runs across the lower
third of the pectoralis major muscle and varies widely around the
pectoralis minor muscle; therefore, pectoralis minor muscle
damage can easily occur if this is not taken into account during
surgery [10]. Especially given that there was an incidental injury
of the left 4th intercostal artery during the surgery and that the
possibility of damage to the lateral pectoral nerve branch cannot
be completely rule out. Considering this, the possibility of direct
injury due to technical factors during surgery seems more likely
than injury caused by posture traction in our case.
We suggest that the isolated injury of the lateral pectoral nerve
could be caused by traction or direct injury from intraoperative
procedures; therefore, this requires the attention of surgeons [7].
After confirming the lateral pectoral nerve injury using the
electrodiagnostic results, a follow-up was scheduled a few weeks
later to investigate the changes in NCS and EMG. Unfortunately,
we were unable to perform this as the patient did not return to
hospital. This is a limitation of our case report.
Although endoscopic thoracic sympathectomy is a relatively
safe and economical procedure, it is important to have an anatomical understanding of the surrounding nerves of the surgical
area, and pay attention to the non-physiological postures, that
can compress and insult these nerves. It is necessary to avoid

Fig. 1. Pronounced areolar asymmetry due to atrophy of left
pectoral muscle.

Table 2. Needle Electromyography in the Upper Extremities
Muscle

Fib

PSWs
-/-

Morphology
of MUAP
N/N

Recruitment
pattern
NC

Paravertebral
C5-T1
Deltoid R/L
Supraspinatus
R/L
Infraspinatus
R/L
Pectoralis
major R/L
Pectoralis minor R/L
Upper trapezius R/L
Serratus anterior R/L
Biceps R/L
FCR R/L
FCU R/L
APB R/L
ADM R/L

-/-/-

-/-/-

N/N
N/N

Full/Full
Full/Full

-/-

-/-

N/N

Full/Full

-/+

-/2+

N/Polyphasic Full/Reduced

-/-

-/-

N/N

Full/Full

-/-

-/-

N/N

Full/Full

-/-

-/-

N/N

Full/Full

-/-/-/-/-/-

-/-/-/-/-/-

N/N
N/N
N/N
N/N
N/N

Full/Full
Full/Full
Full/Full
Full/Full
Full/Full

flexor carpi ulnaris; APB, abductor pollicis brevis; ADM, Adductor digiti
minimi; R, right; Lt, left; N, Normal; NC, not checkable
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Fig. 2.Motor conduction study of bilateral lateral pectoral nerve.
Blue line indicates the right side and purple line indicates the left
side. Left lateral pectoral nerve’s latency is delayed and amplitude
is diminished compared to the right side.
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Fig. 3. Chest x-rays immediately after surgery(A) and 4 weeks after surgery(B). No specific findings were observed on chest x-rays
immediately after surgery and 4 weeks after surgery.

maintaining postures which causes the nerve to be pulled for a
long time, and to take precautionary measures so that treatments
procedures such as drainage and hemostasis does not compress
the nerve.
While there have been previous reports of various complications arising from endoscopic thoracic surgery, there have been
no reports of an isolated lateral pectoral nerve injury caused by
surgery. Therefore we report a rare electrodiagnostic case of isolated lateral pectoral nerve injury after surgery for treatment of
hyperhidrosis. This report highlights precautionary measures
that need to be considered during treatment procedures to prevent nerve injury.
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Common Peroneal Neuropathy Caused by Intraneural Ganglion
Cyst, Electrophysiological Findings Related to Fascicular
Involvement and Operative Findings in Two Cases
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Foot drop can occur as a manifestation of a number of pathological and clinical conditions and is
a fairly common disability encountered in electrodiagnostic clinics. This report describes two
cases of atraumatic foot drop. Both cases were electrophysiologically diagnosed as common peroneal neuropathy around the fibular head. Radiographic and surgical findings confirmed intraneural ganglion cyst of common peroneal nerve and the surgical resection was performed. Although the radiographic and surgical findings were compatible with the lesion of common peroneal nerve, the precise analysis of the electrophysiologic findings could differentiate the fascicular
involvement in two cases.
Keywords: Common peroneal neuropathy, Electrodiagnosis, Intraneural ganglion cyst

Introduction
The common peroneal nerve (CPN) is the most commonly
damaged nerve in the lower extremity [1]. The nerve damage
mostly occurs around the fibular head level, where the nerve is
the most vulnerable as it passes through fibular tunnel and due to
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its superficial location. Common peroneal neuropathy at the fibular head can result from various causes such as trauma (e.g. fracture, forcible stretch injury), prolonged compression (e.g. casting, surgical procedure under heavy sedation) and structural
mass lesions, either intrinsic or extrinsic [1]. Although it is a rare
entity, ganglion cyst can act as a mass lesion that can lead to pe-
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ripheral neuropathies. Hereby, we report two cases of common
peroneal neuropathy caused by intraneural ganglion cyst (IG)
and their detailed neurophysiological findings.

Case reports
Case 1
A 60-year old male patient presented with 2-month history of
atraumatic right foot drop. Before the foot drop started, he had
experienced pain in the right upper lateral calf region 3 months
ago but did not seek medical attention then. He had no history of
low back pain nor the radiation of pain into his hip or thigh. On
the physical examination, the Medical Research Council (MRC)
scale for right ankle dorsiflexion and great toe extension were
grade 0 and right ankle inversion, knee extensor and hip abductor were grade 5. Diminished light sensation on the right first
webspace was noted but other areas of the right foot dorsum and
the distributions of sural and saphenous nerve were intact. There
was no palpable mass lesion but the Tinel’s sign over the right
fibular head was positive. The straight leg raise (SLR) test was

A

B

C

D

Fig. 1. T2-weighted magnetic resonance images of the knee in
case 1 (A) axial, (B) coronal view and case 2 (C) axial, (D) coronal
view. MRI of case 1 (A and B) demonstrates the lobulated cystic
lesion of intraneural ganglion cyst (arrowhead) extending along
the right common peroneal nerve and arising from the proximal
tibiofibular joint (arrow). MRI of case 2 (C and D) demonstrates
the multi-lobulating cystic lesion of intraneural ganglion cyst
(arrowhead) extending along the left common peroneal nerve and
arising from the proximal tibiofibular joint (arrow).
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negative, bilaterally.
The electrophysiologic study was examined in the standard
method with the segmental conduction study of CPN. In the
nerve conduction study (NCS) (Table 1), right peroneal compound muscle action potential (CMAP) and deep peroneal sensory nerve action potential (SNAP) were unobtainable. Right
mixed common peroneal and superficial peroneal SNAPs were
within the normal range. In needle electromyography (EMG)
(Table 1), fibrillation potentials, positive sharp waves (F&P) and
no motor unit potential were noted in the deep peroneal nerve
(DPN) innervated muscles but superficial peroneal nerve innervated muscles, peroneus longus, revealed normal findings. Sonography and magnetic resonance image (MRI) demonstrated
lobulating cystic lesion along the course of CPN and the proximal portion of DPN around the fibular head (Fig. 1A and B).
Electrodiagnostic examination (EDX) combined with radiographic findings suggested right complete neuropathy of deep
peroneal portion of CPN. Excision of the IG, resection of the articular branch of CPN, and neurolysis were performed. And the
surgery confirmed the articular branch to the proximal tibiofibular joint and the stage III peroneal IG, which extended proximally to the above fibular head level (Fig. 2) [2]. In a follow-up study
at 3-month after the surgery, there was no interval change in
NCS, but electrophysiological evidence of reinnervation taking
place at the right extensor digitorum longus was noted in the
needle EMG. In addition, the MRC scale of right ankle dorsiflexion and great toe extension were improved to grade 2. In the follow-up study at 6-month after the surgery, the peroneal motor
response at tibialis anterior recording was evoked with prolonged
latency and low amplitude and reinnervation evidences were

Fig. 2. Intraoperative clinical photographs of case 1, showing the
right common peroneal nerve trifurcating into superficial peroneal
nerve (triangle), deep peroneal nerve (cross) and enlarged articular
branch (arrow) and intraneural ganglion invading the common
peroneal nerve (square), intraneural ganglion cyst stage III.
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Table 1. Nerve Conduction and Needle Electromyography Data (Case 1)
Nerve conduction (Pre-operation)
Motor
Side
Right

Nerve
Peroneal
Peroneal
Tibial
Sensory
Side
Nerve
Right
SPN
DPN
MCPN
Sural

Stimulation site

Recording site

Ankle
Fibular head
Ankle

EDB
TA
AH

Stimulation site

Recording site

Calf
Calf
Popliteal fossa
Calf

Ankle
1st web space
Fibular neck
Ankle

Latency (msec)

Amplitude (mV)

4.5
Latency (msec)
Onset
Peak
2.7
3.5
1.0
2.5

1.6
3.7

NCV (m/sec)

NR*
NR*
16.5
Amplitude
(uV)
10.6
NR*
21.5
13.1

46
Distance
(cm)
14
14
6
14

Follow-up study: 6-months after the surgery
Motor

Stimulation site

Recording site

Peroneal

Ankle

EDB

Peroneal

Fibular head

TA

Side

Nerve

Right

Latency (msec)

Amplitude (mV)

NCV (m/sec)

NR*

Popliteal fossa

4.0

3.0*

6.0

2.9*

35

Needle Electromyography
Motor Unit Action Potentials
Side

Muscle

Insertional Activity Spontaneous Activity Normal

Polyphasia

Amplitude

Duration

RP

Pre-Operation
Right

Tibialis anterior

IIA

F&P(++)

No MUAP

Ext. digitorum longus

IIA

F&P(++)

No MUAP

Ext. hallucis longus

IIA

F&P(++)

No MUAP

Ext. digitorum brevis

IIA

F&P(++)

No MUAP

Peroneus longus

N

-

N

F

Tensor fascia lata

N

-

N

F

Follow-up study: 3-months after the surgery
Right

Tibialis anterior

IIA

F&P(++~+++)

No MUAP

Ext. digitorum longus

IIA

F&P(++~+++)

Ext. hallucis longus

IIA

F&P(+++)

No MUAP

Ext. digitorum brevis

IIA

F&P(+++)

No MUAP

Biceps femoris (short)

N

-

N

F

Tensor fascia lata

N

-

N

F

P

2-3 MUAPs

Follow-up study: 6-months after the surgery
Right

Tibialis anterior

IIA

F&P(+++)

Multiphasic P

Ext. digitorum longus

IIA

F&P(+++)

Multiphasic P

IIA

F&P(++)

IIA

F&P(+++)

Ext. hallucis longus
Ext. digitorum brevis

4 MUAPs
Large

4-5 MUAPs

Small

1-2 MUAPs
No MUAP

*NR: no response, EDB: extensor digitorum brevis, TA: tibialis anterior, AH: abductor halluces, SPN: superficial peroneal nerve, DPN: deep peroneal nerve,
MCPN: mixed common peroneal nerve
Ext: extensor, N: normal, IIA: increased insertional activities, F&P: fibrillation potentials & positive sharp wave, P: polys, RP: recruitment pattern, F: full,
MUAP: motor unit action potentials
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shown in the tibialis anterior, extensor digitorum longus, extensor hallucis longus but not at the extensor digitorum brevis in the
needle EMG (Table 1). Clinically, the MRC scale of right ankle
dorsiflexion was improved to grade 3.

Case 2
A 62-year old female patient presented with a 6-week history
of left foot drop. The symptom started after the abrupt pain in
the left upper lateral calf region, with no clear history of a traumatic event. She had no history of low back pain nor the radiation of pain into her hip or thigh. The MRC scale for left ankle
dorsiflexion and great toe extension were grade 0 and ankle eversion was grade 1. All the other muscles of left lower limb were
normal. Hypoesthesia on the left foot dorsum was observed but
the sural and saphenous nerve distributions were intact. There
was no palpable mass lesion but the Tinel’s sign over the left fibular head was positive. The SLR test was negative bilaterally.
In the NCS (Table 2), although the peroneal motor response
with tibialis anterior recording was evoked with low amplitude,
the left peroneal CMAP with extensor digitorum brevis recording and mixed common peroneal and superficial peroneal
SNAPs were unobtainable. In needle EMG (Table 2), F&P were
noted in all the CPN innervated muscles with predominant involvement of deep peroneal portion, such as tibialis anterior and
extensor digitorum brevis. Sonography and MRI demonstrated
lobulating cystic lesion along with the CPN around the fibular
head with increased signal intensity of adjacent CPN (Fig. 1-C
and D). EDX combined with radiographic findings suggested left
incomplete but severe common peroneal neuropathy with predominant involvement of deep peroneal portion. Excision of the
IG and resection of the articular branch of CPN was performed.
And the surgery confirmed the articular branch to the proximal
tibiofibular joint and the stage III peroneal IG, which extended
proximally to the above fibular head level (Fig 3) [2]. In addition,
IG was found to have been ruptured, forming the adhesion
around the nerve to tibialis anterior, DPN and CPN with the
ruptured cystic material. A follow-up study at 4-month after the
surgery showed clinical and electrophysiological improvement.
There was no significant interval change in NCS. But in needle
EMG, recruitment patterns were improved in the tibialis anterior
and reinnervation has been taking place down to the left extensor
hallucis longus (Table 2). In the follow-up study at 1-year after
the surgery, previously unobtainable peroneal motor response
was evoked in the extensor digitorum brevis with prolonged latency, low amplitude, and decreased conduction velocity but the
superficial peroneal and mixed peroneal sensory responses were
unobtainable. In needle EMG, reinnervation evidence to the ex64

tensor digitorum brevis was observed (Table 2). Two years after
the surgery, she was almost fully recovered with the left ankle
dorsiflexion and great toe extensor muscle strength with the
MRC scale of grade 5 and only mild paresthesia remained on the
left foot dorsum.

Discussion
Ganglion cysts are cystic lesions that originate from tendon
sheath or joint capsule. IGs are fluid-filled formations within the
epineural sheath of peripheral nerves and can cause nerve compression as in our cases [3,4]. Although the mechanism is not
fully understood, the most accepted hypothesis on formation of
the peroneal IG is the ‘articular theory’ by Spinner et al. [2].
CPN has been reported to branch out at least three articular
branches during its course and one of which provides sensory information from the proximal tibiofibular joint [5]. According to
the ‘articular theory’, the IG is formed by one-way communication between the proximal tibiofibular joint and the articular
branch of CPN. Due to predisposing conditions such as a traumatic event or abnormal joint pathology, the capsular defect at
the proximal tibiofibular joint might have been formed and the
articular branch of CPN becomes a conduit. Consequently, the
cystic fluid enters the epineurium of the articular branch of CPN
and extends towards the less resistant CPN and its branches as
pressure is applied. And it has been reported that IG can even extend proximally to the sciatic nerve [2]. In both of our cases, the
articular branch of CPN was observed in the radiographic imaging studies and confirmed intraoperatively. Resection of the ar-

Fig. 3. Intraoperative clinical photographs of case 2, showing the
left common peroneal nerve trifurcating into superficial peroneal
nerve (triangle), deep peroneal nerve (cross), enlarged and fibrosed
articular branch (square), branches to the tibialis anterior muscle
(arrowhead) and the intraneural ganglion invading the common
peroneal nerve (arrow), intraneural ganglion cyst stage III.
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Table 2. Nerve Conduction and Needle Electromyography Data (Case 2)
Nerve conduction (Pre-operation)
Motor
Side Nerve
Left

Stimulation site

Recording site

Peroneal

Ankle

EDB

Peroneal

Fibular head

TA

Sensory

0.68*

TA

5.0

0.46*

3.5

7.8

SPN

Calf

Ankle

MCPN

Popliteal fossa

Fibular neck

Sural

Calf

Ankle

NCV (m/sec)

NR*

AH
Recording site

Left

3.6

Ankle
Stimulation site

Nerve

Amplitude (mV)

Popliteal fossa
Tibial
Side

Latency (msec)

Latency (msec)
Onset

50.0
49.2

Amplitude (uV)

Distance (cm)

NR*

14

Peak

2.8

3.5

NR*

6

11.3

14

Follow-up study: 1-year after the surgery
Motor
Side

Nerve

Left

Peroneal
Peroneal

Stimulation site

Recording site

Latency (msec)

Amplitude (mV)

NCV (m/sec)

Ankle

EDB

6.3*

0.2*

20.0*
56.0

Fibular head

TA

2.9

4.3

Popliteal fossa

TA

3.8

4.0

Needle Electromyography
Motor Unit Action Potentials
Side

Muscle

Insertional Activity

Spontaneous Activity

Normal

Polyphasia Amplitude

Duration

RP

Pre-Operation
Left

Tibialis anterior

IIA

F&P(++~+++)

P

1-2 MUAP

Ext. digitorum brevis

IIA

F&P(++)

Peroneus longus

IIA

F&P(++~+++)

Biceps femoris (short)

N

-

N

F

Tensor fascia lata

N

-

N

F

Flexor digitorum longusensor fascia laFlexor digitorum longusFlex. digitorum longus

N

-

N

F

No MUAP
P

R

Follow-up study: 4-months after the surgery
Left

Tibialis anterior

N

F&P(++)

P

IIA

F&P(+)

P

Ext. digitorum brevis

IIA

F&P(+)

Peroneus longus

IIA

F&P(++)

Ext. hallucis longus

Large

R
DIS
No MUAP

P

Large

R

Follow-up study: 1-year after the surgery
Left

Tibialis anterior

N

-

P

Ext. digitorum longus

IIA

P(+)

P

Ext. digitorum brevis

IIA

F&P(+)

P

Peroneus longus

IIA

P(+)

P

Large

Long

R

Long

R
DIS

Long

R

*NR: no response, EDB: extensor digitorum brevis, TA: tibialis anterior, AH: abductor hallucis, SPN: superficial peroneal nerve, MCPN:
mixed common peroneal nerve
Ext: extensor, N: normal, IIA: increased insertional activities, F&P: fibrillation potentials & positive sharp wave, P: polys, RP: recruitment
pattern, F: full, R: reduced, DIS: discrete, MUAP: motor unit action potentials
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ticular branch stalk to the proximal tibiofibular joint was performed and no sign of recurrence was observed during the follow
up period.
In both cases, patients experienced pain in the upper lateral
calf region before the foot drop symptom started. Young et al. reported that the patients with common peroneal neuropathy due
to the IG were significantly associated with pain at the lateral
knee in comparison with the patients with no evidence of IG on
MRI [6]. Spinner et al. described that this poorly localized lateral
knee pain can be caused by pathologic conditions of the proximal tibiofibular joint [2]. Although it is a rare disease entity, the
history of upper lateral calf pain may be the clinical feature that
requires further evaluation such as sonography or MRI, if there is
no clear proximate cause for common peroneal neuropathy.
The CPN derives from the dorsal branches of L4, L5, S1 and
S2 and it descends as a main division of the sciatic nerve. It
courses obliquely along the lateral side of the popliteal fossa and
winds around the fibular head where it is vulnerable [1]. When
exiting the fibular tunnel, the CPN is generally known to bifurcate into the DPN and SPN. However, some studies report that
the CPN bifurcation be trifurcation, by including the articular
branch. The idea of trifurcation is based on the cadaveric study
on branching patterns of CPN. In the study, the articular branch
branched out from DPN just within 3mm distal to the bifurcation point in all the limbs examined [2].
At the fibular head level, the intraneural topography of CPN is
that the fascicles destined for DPN has tendency to lie more medial, whereas the fascicles destined for the SPN are more lateral.
And the fascicles to the articular branch is situated medially,
close to the DPN and it sometimes merges with the fascicles to
the tibialis anterior and even innervates the tibialis anterior alone
in some cases [2,7]. Due to this proximity, predominant involvement of DPN innervated muscles such as tibialis anterior muscle
has been reported on previous cases of peroneal IG [3,8]. And
this also applies to our cases and supports the previous observations that fascicles of the CPN comprising the DPN may be
more vulnerable than those of the SPN. In case 1, IG extended
proximally up to 5 centimeters of the CPN portion (Stage III),
but only the DPN innervated muscles showed denervation potentials in needle EMG and the mixed and superficial peroneal
sensory responses were within the normal range in NCS. Predominant involvement of the fascicles to DPN is also shown in
the case 2. However, the ankle eversion was weak and involvement of the SPN was also observed in the NCS and needle
EMG. The surgical findings with diffuse adhesion of the CPN
and SPN due to the ruptured IG and the mixed common peroneal SNAP abnormality which indicate the lesion extending
66

proximally to the fibular head might explain the involvement of
the laterally located fascicles of SPN in the CPN.
As mentioned ahead, CPN originates from the sciatic nerve
with the root values of L4, L5, S1 and S2 [1]. As a result, foot
drop may result from the proximal lesions such as sciatic neuropathy, lumbosacral plexopathy and radiculopathy. In a retrospective series of 217 patients presented with foot drop, common peroneal nerve lesions (30.6%), L5-radiculopathies (19.7%) were
the two most common subgroups among the peripheral neurogenic origin group [9]. Therefore, to accurately distinguish the
causes of foot drop is often difficult. Both of our patients had no
history of low back pain nor the radiating pain and SLR was negative in the initial physical examination. NCS of the tibial motor
and sural sensory responses were within the normal range and
the peroneal division of the sciatic nerve innervated muscle
(short head of biceps femoris muscle) and non-peroneal L5-innervated muscles (tensor fascia lata and flexor digitorum longus)
showed normal EMG potentials.
A very few cases of CPN due to IG have been reported with
detailed neurophysiology. This case report emphasizes correct
diagnosis based on electrophysiologic, radiographic and operative findings with the follow up studies. Although the radiographic and surgical findings were compatible with the lesion extending into the CPN, the precise analysis of the electrophysiologic findings could differentiate the fascicular involvement
within the CPN in two cases, deep peroneal portions only versus
predominant involvement of DPN of CPN.
Intraneural ganglion cyst (IG) is not an entity that we encounter often. However, an early diagnosis of the IG and to rule out
the other general causes of common peroneal neuropathy is important, because early surgical treatment of the IG is crucial to
the prevention of the neurological deterioration with improved
outcomes. In our cases, no recurrence was observed and improvement in the clinical symptom and the electrophysiologic
findings were obtained in the follow-up studies after the surgery.
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Unilateral Pseudohypertrophy of Calf Muscles as a Clinical
Manifestation of Lumbosacral Radiculopathy
Sehee Kim, Yongjun Jang
Department of Rehabilitation Medicine, Seoul St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul, Korea

Chronic lumbosacral radiculopathy usually presents with neurogenic muscular atrophy. Hypertrophic changes in accordance with neuropathy are rare. This case report introduces a case of
unilateral pseudohypertrophy of calf muscle as a clinical manifestation of chronic lumbosacral radiculopathy due to denervation. The patient presented pseudohypertrophy of muscle resulting
from right L5 and S1 radiculopathy due to idiopathic spinal epidural lipomatosis (SEL). Physicians should be aware that muscle hypertrophy, which usually has been regarded as a sign of myopathy, may denote the clinical sign of radiculopathy. Electromyography can be a valuable tool
for differential diagnosis in such cases.
Keywords: Muscle denervation, Radiculopathy, Muscular diseases

Introduction
Radiculopathy commonly presents as pain in dermatomal distribution of involved nerve roots. It is often accompanied by sensory deficit such as paresthesia, hypesthesia, and/or weakness.
Neurogenic muscular atrophy is also frequent. However, hypertrophic changes may develop because of denervation in rare cases [1]. Some cases of muscle hypertrophy have been reported for
neurogenic causes such as lumbosacral radiculopathy [2-4]. This
unusual clinical manifestation most frequently occurs in the calf
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muscles [2]. The underlying pathophysiologic mechanisms of
this neurogenic hypertrophy are unclear, yet some mechanisms
have been postulated [2].
This case report introduces a case of unilateral pseudohypertrophy of calf muscle as a clinical manifestation of chronic right
L5 and S1 radiculopathy caused by idiopathic spinal epidural lipomatosis (SEL). From our knowledge, no other cases have been
reported unilateral pseudohypertrophy of calf muscle after SEL.
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Case report
A 65-year-old man (172cm, 82kg, BMI 27.7) visited the rehabilitation medicine department with a chief complaint of swelling of the right lower extremity, which slowly progressed for
about three years. The patient had no significant past and family
history or underlying diseases. The patient complained of low
back pain with limping gait, which began 5 years before the visit.
Two years before the visit, the patient experienced subjective
weakness of right lower extremity and underwent multiple spinal
nerve block procedures including caudal steroid injections. He
underwent x-ray imaging of his lumbar spine at the time of the
visit for spinal nerve block interventions. He was told that there
was a narrowing of the lower lumbar segments which may have
caused the mild weakness. It is unknown whether magnetic resonance imaging (MRI) was performed at that time. The symptoms showed wax and wane pattern throughout the multiple trials of nerve blocks, which led him not to take his symptoms seriously. About a year later, the patient noticed the enlargement of
his right lower extremity, especially of the calf muscles. A private
clinic prescribed the patient with vasoprotectives (Entelon®, vitis
vinifera extract) under the diagnosis of dependent edema or
lymphedema of undetermined etiology. The prescribed drugs
were only helpful for transient resolution of symptoms. He experienced progressive weakness of the right lower extremity, which
impeded him from stable walking and tiptoeing. The patient
wandered around several hospitals and clinics to find the cause
of his enlarged and weakened right leg. The patient refused further evaluation regarding his spine since he presented a new

A

symptom of swollen unilateral leg. Moreover, most of the clinics
considered his symptoms to be of vascular origin, because the
previous spinal injections did not completely relieve his symptoms. One of the private clinics recommended cardiovascular
evaluation at a tertiary hospital; thus, he was referred to our hospital. Cardiovascular evaluation including echocardiography,
low-dose chest computed tomography (CT), and ankle-brachial
index was performed. The results were all within normal limits.
Thyroid function test was performed to exclude hypothyroidism, which can also cause edema of the lower extremity, and the
results were normal. Contrast-enhanced CT of the lower extremity artery showed no evidence of significant stenosis or occlusion
along the arteries of both lower extremities. However, it revealed
the denervation hypertrophy involving the right calf and fatty infiltration in between the muscle fibers of right soleus and gastrocnemius muscles (Fig. 1). After excluding the possible systemic causes of low extremity edema such as hypothyroidism, neoplasm, amyloidosis, or sarcoidosis, the patient was referred from
cardiology department to rehabilitation medicine department
for further evaluation of possible myopathy.
Neurologic examination including mental status and cranial
nerve examinations showed normal results. Physical examination
showed hypertrophy of the right calf muscles with the right calf
circumference measuring up to 38 cm, whereas his left calf circumference measured up to 33 cm at resting state although not
distinct visually. The circumference of both calves was measured
at 10cm below the tibial tuberosity. There was no bulging of the
right gastrocnemius muscles at tiptoe position (Fig. 2). There
was no pitting edema, color change or skin turgor of his lower

B

Fig. 1. A CT scan shows denervation hypertrophy of right calf muscle.
There is no evidence of significant stenosis or occlusion along both lower extremity arteries. Fatty infiltration in between muscle fibers of
right soleus and gastrocnemius muscles is present, which is suggestive of denervation pseudohypertrophy or infiltrating lipoma.
https://doi.org/10.18214/jend.2020.22.1.68
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extremity. Dorsalis pedis pulsation of the patient was intact on
bilateral feet. The manual muscle test revealed weakness of right
ankle dorsiflexion (4/5), great toe extension (3+/5) and plantarflexion (3/5). Sensory examination showed mild hypesthesia
over the sole of the right foot with decreased proprioception of
bilateral toes. Serum blood test was performed and muscle enzymes including creatine phosphokinase (CPK), lactate dehydrogenase (LDH) and CPK isoenzymes were all elevated. The
CPK level was 601 units per liter(U/L) (normal range: 26-200
U/L) and LDH level was 575 U/L (normal range 250-450 U/
L). The CPK isoenzyme pattern can be an indication of muscle
damage such as crush injuries, muscle infarction or necrosis, alcoholism, or other muscular disorder including muscular dystrophy, viral myositis, polymyositis, and et cetera. All other laboratory results including inflammatory markers and complements
were within normal range. The possibility of myopathy was increased, but the patient denied of muscle pain, history of trauma,
travel, heavy exercise or alcohol consumption. Moreover, the patient showed weakness and swelling of the unilateral leg alone.
In order to exclude spinal lesions, the patient was persuaded to
undergo MRI of the lumbar spine. The MRI showed an incidental finding of spinal canal lipomatosis extending from L5 to S2
level, mostly abutting the right S1 nerve root, which may be due
to obesity or chronic use of steroid injection (Fig. 3).
Nerve conduction studies (NCS) and Electromyography
(EMG) were performed for differential diagnosis of myopathy
and neuropathy. The NCS showed slightly decreased amplitudes
of sensory nerve action potential (SNAP)s in bilateral superficial
peroneal and sural nerves (Table 1). Motor nerve action potential (CMAP)s showed no definite right to left discrepancy. The
EMG depicted abnormal spontaneous activities in the right tibialis anterior, peroneus longus, gastrocnemius, soleus, and bilateral lower lumbar paraspinal muscles (Table 2). Polyphasic configuration of motor unit action potentials (MUAP) on minimal volition in right gluteus maximus, peroneus longus and soleus muscles were observed. There was no definite electrodiagnostic evidence of myopathy. Quantitative EMG was performed on the
right vastus medialis, tibialis anterior and left tibialis anterior
muscles. Turns and amplitude patterns were within reference
limits and showed neuropathic patterns. Right peroneus longus,
gastrocnemius, soleus, abductor hallucis and extensor hallucis
longus muscles depicted discrete to reduced interferential patterns on maximal volition. Complex repetitive discharges were
seen in right lower lumbar paraspinal, soleus and abductor hallucis muscles. Decreased insertional activities were obtained in the
right soleus muscle. Above EMG/NCS showed MUAPs of neuropathic pattern, in which profuse denervation potentials were
70

Table 1. Nerve Conduction Study Result
Sensory Nerve Conduction Studies
Onset Lat Peak Lat Amp
Vel.
ms
ms
µV
m/s
L SURAL - Lat Mal
Calf
2.70
3.75
7.7
51.9
R SURAL - Lat Mal
Calf
2.60
3.65
7.7
53.8
R SUP PERONEAL - Ankle
Lat Leg
2.75
3.70
8.0
50.9
L SUP PERONEAL - Ankle
Lat Leg
2.85
3.75
7.3
49.1
Motor Nerve Conduction Studies
Nerve/Sites
Onset Lat Peak Lat. Amp.
Dur.
ms
ms
mV
ms
R COMM PERONEAL - (EDB)
Ankle
2.85
5.05
5.0
3.90
Fib Head
9.85
13.25
4.5
4.90
L COMM PERONEAL - (EDB)
Ankle
3.10
5.30
4.3
4.50
Fib Head
9.80
13.10
3.8
5.90
R TIBIAL (KNEE) - AH
Ankle
2.95
6.70
5.9
4.85
Popliteal
11.85
16.55
2.8
6.70
L TIBIAL (KNEE) - AH
Ankle
3.35
6.55
4.6
4.40
popliteal
12.85
15.80
2.8
6.00
R COMM PERONEAL - Tib Ant
Fib Head
3.30
9.05
2.9
8.90
Knee
4.40
9.95
2.8
8.70
L COMM PERONEAL - Tib Ant
Fib Head
2.15
5.20
4.9
12.40
Knee
3.35
7.20
4.9
12.25
EDB: extensor digitorum brevis, AH: abductor hallucis,
anterior
Nerve/Sites

A

Dist.
cm
14
14
14
14
Dist.
cm

Vel.
m/s

33

47.1

33

49.3

43

48.3

43

45.3

6

54.5

6
50.0
Tib Ant: tibialis

B

Fig. 2. Clinical photos of the patient’s calf muscles.
Physical examination shows (A) hypertrophy of the right calf
muscles compared to the left side. The right calf diameter
measured up to 38 cm and his left calf diameter measured up to
33 cm at resting state. (B) Patient of tiptoe position: There is no
bulging of the right gastrocnemius muscles.
https://doi.org/10.18214/jend.2020.22.1.68
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B

A

Fig. 3. MRI of the lumbar spine of spinal canal lipomatosis: A) Sagittal T1-weighted-image shows a bright signal intensity posterior
epidural mass extending from L5 to S2 level, which is suggestive of spinal lipomatosis B) axial T2-weighted-image shows the epidural
lipomatosis abutting the right S1 nerve root.

Table 2. Needle Electromyography Study Result
Needle Electromyography

B. Cerv(C4-T1) PSP
R. LUMB PSP (U)
R. LUMB PSP (M)
R. LUMB PSP (L)
L. LUMB PSP (U)
L. LUMB PSP (M)
L. LUMB PSP (L)
R. GLUTEUS MAX
R. GLUTEUS MED
R. VAST MEDIALIS
R. RECT FEMORIS
R. ADD MAGNUS
R. ILIOPSOAS
R. BIC FEM (L HEAD)
R. BIC FEM (S HEAD)
R. TIB ANTERIOR
R. PERON LONGUS
R. GASTROCN (MED)
R. SOLEUS
R. ABD HALLUCIS
R. EXT HALL LONG
L. GLUTEUS MAX
L. GLUTEUS MED
L. ILIOPSOAS
L. VAST MEDIALIS
L. TIB ANTERIOR
L. GASTROCN (MED)
L. SOLEUS

IA
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
Dec
N
N
N
N
N
N
N
N
N

Fib
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
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Spontaneous
PSW
None
None
None
1+
None
None
1+
None
None
None
None
None
None
None
None
1+
1+
1+
1+
None
None
None
None
None
None
None
None
None

Fasc
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

CRD
None
None
None
CRD
None
None
None
None
None
None
None
None
None
None
None
None
None
None
CRD
CRD
None
None
None
None
None
None
None
None

Amp

MUAP
Dur.

PPP

Interferential
pattern

7m V
7m V
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

Poly
N
N
N
N
N
N
N
N
Poly
N
Poly
N
N
N
N
N
N
N
N
N

N
N
N
N
N
N
N
N
N
Discrete
Discrete
Discrete
Reduced
Reduced
N
N
N
N
N
N
N
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observed in the sampled L5 and S1 innervated muscles. The
findings of EMG/NCS correlated with the findings on MRI.
It was concluded that the patient had pseudohypertrophy of
the right lower extremity due to chronic L5 and S1 radiculopathy. The patient was referred to the department of neurosurgery
for a second opinion for the prognostic value of operative management. Conservative care was recommended by the neurosurgeon due to the slow progressive nature of the symptoms. Conservative management including administration of non-steroid
anti-inflammatory medications, analgesics, and physical therapy
was started. Despite the subtle but progressive improvements of
his pain and weakness, the patient desired rather rapid improvements of his symptoms. The patient was referred to the pain clinic of the anesthesiology department and underwent neuroplasty
of right L5 and S1 nerve roots by using the epidural catheter. The
patient’s pain and hypesthesia improved after about two months
of strengthening exercise, physical therapy modalities, and neuroplasty. The patient no longer had limping gait and began to
work out in the gym with gradual improvements of his weakness.

Discussion
This report highlights a case of pseudohypertrophy as a clinical manifestation of lumbosacral radiculopathy. The patient presented muscle pseudohypertrophy resulting from a neurogenic
cause, which was L5 and S1 radiculopathy in this case.
Pathologic muscle hypertrophy is known to be most commonly associated with myopathic disorders. Myopathic muscular hypertrophies, such as muscular dystrophy, hypothyroidism induced Hoffman syndrome, and inflammatory myopathies, usually manifest in diffuse and symmetric pattern unlike the muscular
hypertrophy of neuropathy origin, which is not focused on muscles of dermatomal distribution [5]. Moreover, myopathic muscle hypertrophy shows elevation of the muscular enzymes, but
the neurogenic cause cannot be ruled out solely based on CPK
levels [2]. Analyses of motor unit potentials via EMG are crucial
in the diagnosis of myopathy [6], but MRI of suspected muscle
lesion and corresponding muscle biopsy may be required in
some cases.
Neurogenic denervation pseudohypertrophy usually manifests
with a painless, gradual onset of swelling of the limb without paresis. The affected muscles are usually innervated by the same
nerve roots of specific myotome [5]. Moreover, pseudohypertrophic muscles are frequently paradoxically weak. The underlying
pathophysiological mechanism of neurogenic muscle pseudohypertrophy remains unclear. However, it is suggested that the
mechanism may involve compensatory hypertrophy of remain72

ing healthy muscles, sprouting and synapsing of remaining axons
with denervated fibers, which results in abnormal spontaneous
electrical activity of denervated muscle fibers [7]. In cases of unilateral hypertrophied muscles, EMG frequently demonstrates
complex repetitive discharges (CRD). This may be due to the
overuse of partially denervated muscle fibers and it may be the
result of a neurogenic process [8]. Therefore, a diagnosis of neurogenic muscle hypertrophy secondary to radiculopathy was
made, and EMG played a crucial role in differential diagnosis.
Unlike previously published cases, the merit of this case report
lies in the fact that it reports a patient with symptomatic swelling
of the unilateral leg which resulted from SEL. Although not rare,
SEL is usually underestimated because it is usually regarded as a
benign radiologic finding. Despite that it is believed to be mainly
associated with obesity and endocrinopathies, exogenous steroid
injection is an important risk factor of SEL as seen in the present
case [9]. Identifying the possible cause of SEL of the present
case is beyond the scope of this report. However, it is important
for clinicians to recognize that patients with SEL, which is usually asymptomatic, can present with symptoms resulting from
nerve or spinal cord compression.
The treatment guidelines of neurogenic muscle hypertrophy
have not yet been established. Treatment can either be surgical
or conservative. Oral corticosteroids with prednisone or prednisolone at a dose of 15-45 mg per day has been reported for its effectiveness in cases of unilateral calf hypertrophy induced by radiculopathy with combined focal myositis [3]. Early detection is
critical in deciding the proper treatment option and necessary
for preventing deleterious effects of progressive muscle pseudohypertrophy.
In conclusion, this case addresses the clinicians to be alert for
the possibility of neurogenic conditions when dealing with unilateral hypertrophy of muscles. Thorough history taking with the
use of NCS/EMG has an important role in revealing the underlying pathology involving spinal nerve roots. Physicians must be
aware of the variability in muscle response to denervation for
prevention of unnecessary delays for proper diagnosis.
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publication shall be the day when the manuscript is completed of
its reviewing.

1-7. Submission of manuscripts
All submitted manuscripts must be accompanied by the official
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Copyright Transfer and Author Consent Form of JEND and must
contain the title page, the title of the manuscript, manuscript, tables, and figures. The files of the title page, main text (the title of
the manuscript, manuscript, and figure legends), tables, and figures must be submitted with the online submission system
(https://submit.e-jend.org). The official Copyright Transfer and
Author Consent Form must be submitted with the online submission system to the Editorial office. This form also should contain
the title of the manuscript, date of submission, names of all authors, and written signatures. Note the corresponding author and
provide his/her affiliation, email, telephone and fax numbers, and
mailing address. Figures should be submitted as an original image
(5x7 inches) or jpg file (at least 600 dpi, dots per inch).
Editorial office information (contact us):
Journal of Electrodiagnosis and Neuromuscular Diseases
Department of Physical Medicine and Rehabilitation, Korea University Ansan Hospital, 123, Jeokgeum-ro, Danwon-gu, Ansan-si
15355, Gyeonggi-do, Korea
Tel: 82-31-412-5330
Fax: 82-31-412-4215
E-mail : editjend@gmail.com

1-8. Review and revision of manuscripts
Submitted manuscripts will be reviewed by three peer reviewers
selected from the Board’s database of expert reviewers. Following
review, the Editorial Board will decide whether the manuscript
will be 1) accepted for publication 2) publication with minor revision, or accepted for publication following revision, 3) subject to
major revision, or 4) denied publication.
For manuscripts which are either accepted for publication following revision or subject to major revision, the corresponding
author must reply to reviewers’ comments point by point and revise the manuscript with changes in red color and explain in
de¬tail what changes were made in the manuscript in “summary
of revision” as soon as possible.
A manuscript that does not comply with the regulations for
submission can be suggested to be adjusted or be reserved to be
pub¬lished or can be adjusted by the Editorial Board, if necessary,
without affecting the original contents.
The reviewer and Editorial Board can request correcting English of the manuscript to a considerable level, and the author
should accept it.
The manuscripts which are completed reviewing process shall
be decided of its publication after re¬viewing of the Editorial
Board, and a manuscript that does not comply with the regulations for sub¬mission can be rejected or delayed the acceptance.
e-jend.org

When a manuscript is not resubmitted within two months of
notification, it will be considered that the authors have withdrawn
the manuscript from submission.
Manuscripts accepted for publication are generally published in
order of submission, depending on the category of the manuscript
and the date of acceptance for publication.

1-9. Charges for reviewing, publication and printing
There are no charges for reviewing, publication and printing, but
illustrations that require extraordinary printing pro¬cesses will be
charged to the authors. The corresponding author is also charged
a fee for the plate, English proof leading, offprints, and specialty
printing.

2. Preparation of the Manuscript
2-1. Forms of the manuscript
Use Microsoft Office Word (versions after 2003) and ensure correct spelling and grammar. Set up the MS Word document for
1-inch margins on a letter or A4-sized paper. The manuscript
must be written in 12-point font, and the sentences must be double-spaced including tables and figure legends. The length of the
manuscript should not exceed 20 pages in original articles, 7 pages in the case report, and 30 pages in review article except for the
tables and figures.

2-2. Use of language and unit
Draw up a manuscript in proper and clear English as per the orthography. When there is no appropriate translation of foreign
medical terms, proper nouns, drug names, units, etc., use their
originals in the manuscript. If foreign-language words are needed,
capital and small letters should be clarified: in principle, proper
nouns, place names, and names of per¬sons should be written
with a capital letter as the first letter and then small letters for the
rest. If an original term has its translation whose meaning is unclear, place the original in a small parenthesis after its translation
when it appears for the first time and then uses its translation
alone.
Num¬bers should be written in Arabic numerals, and measurements should be reported using the metric sys¬tem, and hematologic and biochemical markers should be reported in the International System (SI) of Units. (http://physics.nist.gov/cuu/Units/index.html)

2-3. Use of abbreviations
The use of abbreviations should be minimized and restricted to
those that are generally recognized. When using an abbreviated
e-jend.org

word, it should be spelled out in full on the first usage in the
manu¬script, followed by the abbreviation in parentheses.

2-4. Word-spacing
In manuscripts, leave one space for each side, using arithmetic
marks as ± , = , +, - (minus), × , etc. (ex. 25.3 ± 1.2). Leave no
space for “-” (hyphen) between words (ex. post-stroke). Leave one
space after “,”, “;“, “.” and “:”. Using parentheses, leave 1 space each
side in English. And brackets in parentheses, apply square brackets. Ex) ([ ])

2-5. Order of manuscripts for original articles
The manuscript for original articles should be organized in the
follow¬ing order: 1) title page as a separate file, 2) Title of the
manuscript 3) abstract and keywords, 4) introduction, 5) materials (or subjects) and methods, 6) results, 7) discussion, 8) con¬flict of interest, 9) acknowledgements (if necessary), 10) references, 11) figure legends 12) tables as separate files, and 13) figures as
separate files.
Figures should be submitted with an online submission system
as separate files, named as the number of figures of the text and
figure legends in JPEG, TIFF, GIF format (ex: Fig1.jpg)..

Title page

The title page should be uploaded online as a separate file and
should describe the title of the article, full names of authors, institutional affiliation(s) with each author. English names should not
be described in initials. All authors’ ORCIDs should be described.
If authors belong to different organizations, the chief research
organization should be specified in the first place, and the other
one’s shoulder is specified in the order of Arabic numerals (e.g.,
1,2,3).
In the title page, the corresponding author must be identified,
and his or her contact information (postal address, e-mail, telephone, and fax numbers) should be listed, and if necessary, financial support might be described as a footnote. Running title with
50 spaces maximum should be described.

Title of the manuscript

The title of the manuscript page should contain the only title. Do
not include author information on the title page for a blind peer
review. The author names should not appear on this page.
The title should be short, specific, and informative to present
clearly the objective of the study and should not use the expressions, such as “study about---“ or “clinical study about---.“ The title should contain less than 20 words. The first letter of words except article, preposition, and conjunction should be capitalized.
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Drug names in the title should be written with generic names, not
product names.

Title of the manuscript

Abstract should summarize the content and should not exceed
200 words in the original article and 150 words in the case report.
In the original article, a structured abstract with the headings of
Objective, Methods, Results, and Conclusion must succinctly describe the paper. Use complete sentences and do not number the
results. At the end of the Abstract, list up to 5 relevant Keywords
which are in accordance with the Medical Subject Headings
(MeSH) in the Index Medicus (http://www.nlm.nih.gov/mesh).
Keywords should be written in small alphabetic letters and separate each word by a comma (,). The abstract of the case report
should be non-structured, with no more than 3 Keywords attached. Brief communications should not describe abstract and
keywords.

Introduction

Introduction should clearly present the objective of the study, and
a brief background to inform the readers of the relevance of the
study may be necessary.

Materials & Methods

Describe the participants or research materials of the study, divided by subsection titles, and describe the experimental methods in
a logi¬cal and systematic manner so that they can be repro¬ducible by another investigator. Explain in detail the inclusion and
ex¬clusion criteria for both the experimental and control groups.
Experimental drugs should be stated in the generic name. When
propri¬etary brands are used, include the brand name and the
name of the manufacturer in parentheses after the first mention
of the generic name. When using ex¬perimental devices or other
products, state the brand name then follow with the name of the
manufacturer, city (state), and country in parentheses, e.g., Flow
Cy¬tometer (Coulter Electronics Inc., New York, NY, USA). To
ensure anonymity during the peer review process, the authors’ affiliations or the institutional setting of the study should not be revealed. Subsection titles should be listed in order to 1), (1), A),
(A).
Precisely describe the statistical analysis methods, computer
programs, and criteria for determining significance.
(Description of participants)
Ensure correct use of the terms sex (when reporting biological
factors) and gender (identity, psychosocial or cultural factors),
and, unless inappropriate, report the sex or gender of study participants, the sex of animals or cells, and describe the methods
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used to determine sex or gender. If the study was done involving
an exclusive population, for example, in only one sex, authors
should justify why, except in obvious cases (e.g., prostate cancer).
Authors should define how they determined race or ethnicity and
justify their relevance.

Results

Results should be summarized and described logically the significant findings and trends observed in the results, giving the main
or most important objective. Results can be sectioned by subsection titles listed in order to 1), (1), A), (A). Avoid extensive repetition of con¬tents of the tables and figures in the text. In statistical
expression, mean and standard devia¬tion should be described as
mean ± SD, and mean and standard error as mean ± SE. The letter
‘p’ in p-value is written in the lower case.

Discussion

Refrain from an excessive review of historical studies, textbook
facts, or irrelevant referenc¬es. Interpret the results with respect
to the objective of the study, and describe differences with previous studies and significant findings, which lead to the deduction
of the conclusion. Accentuate newly obtained observations from
the study and include significant limitations of the study. Do not
repeat the results in detail or other information that is given in the
Introduction or the Results section.

Conclusion

Conclusions should avoid unqualified statements that are not adequately supported by the data and describe briefly novel findings
of the study, according to the purpose of the study.

Acknowledgment

If necessary, persons who have made contributions to the study,
but who are not eligible for authorship may be named in this section. Their contribution must be specified, such as data collection,
financial support, statisti¬cal analysis, or experimentation.

References

References must be written only to the cited body. It is recommended that only important references are recorded, and the
number of references is within 40. References should be numbered in order of appearance in the text using Arabic numerals in
square brackets such as [1], [2-4], and [5,7,9]. A bracket is placed
after the author’s name, or after the period in a sentence. In case
the author should be mentioned, write only “last name” and list
the first two author and add “et al.” if the authors are more than
three (e.g., one author: Kim, two: Park and Jeong, more than
e-jend.org

three: David et al.). The English name is written the last name in
conjunction with capital letters of first and middle names. If the
reference is Korean, then list the English version in the reference
section. List all authors when they are six or fewer; when there are
seven or more, list only the first six and add ‘et al.”. If an article has
been accepted but not yet published, the assigned month to be
published could be written. Journal titles should be abbreviated in
style used in the Index Medicus. If the reference is not listed in
Medicus, use the full name of the journal. All other references
should be listed, as shown in the “Uniform Requirement for manuscripts submitted to Biomedical Journals” (2008).
Sample References
1) Journals:
Authors: full title of the article, journal name, year: volume:
the first and last page number
(e.g., Curr A, Dietz: Traumatic cervical spinal cord injury: relation between somatosensory evoked potentials, neurologic
deficit and hand function. Arch Phys Med Rehabil
1996:77:48-53)
2) Book:
Authors: Book title, edition, place: publisher, year, the first and
last page number
(e.g., Cailliet R: Shoulder pain, 3th ed, Philadelphia: FA Davis,
1991, pp32-35)
3) Book chapter
Authors: title of the chapter. In: editor. The book title, edition,
place: publisher, year, the first and last page number
(e.g., Kottke FJ: The neurophysiology of motor function. In:
Kottke FJ, Lehmann JF, editors. Krusen’s handbook of physical
medicine and rehabilitation, 4th ed, Philadelphia: Saunders,
1990. pp234-269)

cle, preposition, and conjunction, should be capitalized. The title
of table is written above the table, and footnote should be described below the table. All abbreviations should be spelled out in
footnote in order of abbreviation, colon, and unabbreviated name
(e.g., NCS: nerve conduction study). The symbols (*, †, ‡, §, ||, ¶,
**, ††, ‡‡) should be superscripts and be used in the indicated sequence (e.g., * p < 0.05). Horizontal lines should be only above
and below column headings and at the bottom of a table, with a
double line in the first one. Vertical lines should not be used at all.

Figure legends

Figure legends must appear on a separate page at the end of the
manuscript written in the Microsoft Word file. Write sentences to
be understood fully without relying on the main text. Only the
first sentence written in capital letters. The second sentence
should be set on the starting line of the first sentence. Explain any
abbreviation and symbol in the legend. Figures containing histologic slides should be accompanied by legends explaining tissue
origin, stain method, and microscopic amplification.

Figures

Figures should be uploaded online as separate files and numbered
in order of appearance in the main text (e.g., Fig. 1). If more than
two figures are used in the same number, insert the alphabet after
Arabic number (e.g., Fig. 1-A, Fig. 1-B) and record as a single file.
Arrows should be inserted to be easily understood. All images
should be saved in JPEG, TIFF, GIF or PPT format within 3 MB.
The minimum resolutions required are 300 dpi. At online submission, set a file name as the same title as written in main text and
legends (e.g., Fig1.jpg).
When already published figures or graphs are inserted, the
written consent of the author should be attached and acknowledged in the manuscript.

2-6. Articles other than the original manuscript
4) Online resource
Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis [serial online] 1995 Jan-Mar [cited 1996 Jun
5]; 1(1): [24 screens]. Available from: URL:http://www.cdc.
gov/ncidod/EID/eid.htm

Tables

Tables should be uploaded online as separate files and numbered
in order of appearance in the main text (Table 1, Table 2, etc.). Table should be easy to understand and unique. The total number of
tables should not exceed more than five. Title of table should be
briefly written as a phrase or sentence. The first letter except artie-jend.org

The general guidelines abide by the original article section.

Invited review

An invited review is a contemplation focused on a certain topic
appointed by the Editorial Board. The abstract is limited to less
than 250 words, the number of main text less than 30 pages, and
the references no more than 60.

Case Report

Case report deal with any unique features, novel diagnosis or
treatment, or others accepted in Editorial Board. The abstract
should be non-structured and limited to 150 words, with no more
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than 3 keywords attached. Introduction should be briefly written
about background and significance of the case. Main texts are
composed of the course of clinical features, diagnosis, and treatment. Discussion should focus on the significance of the case, and
tedious review should be avoided. The number of table and figure
is limited to five in total, and the number of references should not
exceed more than ten. The maximum word count is limited to
1,500 words, including references and figure legends.

Brief communication

Brief communication deal with already reported findings or cases,
but with any unusual features, or features that are considered to
be important. Abstract and keywords are not required. The text is
limited to 700 words. Up to seven references should be listed.
Only one table or figure is allowed, and acknowledgment should
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not be written.

3. Copyright Transfer and Author Consent
Form
Copyright Transfer and Author Consent must be used the official
form made by the Korean Association of EMG Electrodiagnostic
Medicine (available and posted at the journal on ‘www.kanem.
or.kr’ or ‘www.e-jend.org’). In addition, the title of the manuscript,
date of submission, names of all authors, affiliation, and address,
and phone number must be recorded with the handwritten signature of all authors. Also, the name and email address of corresponding author should be recorded. Completed Copyright
Transfer and Author Consent Form should be submitted at online submission system to the Editorial Office.
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Research and
Publication Ethics
The Journal of Electrodiagnosis and Neuromuscular Diseases adheres to the guidelines and best practices published by professional organizations, including ICMJE Recommendations and the
Principles of Transparency and Best Practice in Scholarly Publishing (joint statement by the Committee on Publication Ethics
[COPE], Directory of Open Access Journals [DOAJ], World Association of Medical Editors [WAME], and Open Access Scholarly Publishers Association [OASPA]; https://doaj.org/bestpractice).
Further, all processes of handling research and publication misconduct shall follow the applicable COPE flowchart (https://publicationethics.org/resources/flowcharts).

Statement of Human and Animal Rights
Clinical research should be conducted in accordance with the
World Medical Association’s Declaration of Helsinki (https://
www.wma.net/what-we-do/medical-ethics/declaration-of-helsinki/). Clinical studies that do not meet the Helsinki Declaration
will not be considered for publication. For human subjects, identifiable information, such as patients’ names, initials, hospital
numbers, dates of birth, and other protected health care information, should not be disclosed. For animal subjects, research should
be performed based on the National or Institutional Guide for the
Care and Use of Laboratory Animals. The ethical treatment of all
experimental animals should be maintained.

Statement of Informed Consent and
Institutional Approval
Copies of written informed consent should be kept for studies on
human subjects. Clinical studies with human subjects should provide a certificate, an agreement, or the approval by the Institutional Review Board (IRB) of the author’s affiliated institution. For research with animal subjects, studies should be approved by an Institutional Animal Care and Use Committee (IACUC). If necessary, the editor or reviewers may request copies of these documents to resolve questions regarding IRB/IACUC approval and
study conduct.
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Conflict of Interest Statement
The author is responsible for disclosing any financial support or
benefit that might affect the content of the manuscript or might
cause a conflict of interest. When submitting the manuscript, the
author must describe the conflict of interest statement. Examples
of potential conflicts of interest are financial support from or connections to companies, political pressure from interest groups,
and academically related issues. In particular, all sources of funding applicable to the study should be explicitly stated.

Originality, Plagiarism, and Duplicate
Publication
Redundant or duplicate publication refers to the publication of a
paper that overlaps substantially with one already published.
Upon receipt, submitted manuscripts are screened for possible
plagiarism or duplicate publication using Crossref Similarity
Check. If a paper that might be regarded as duplicate or redundant had already been published in another journal or submitted
for publication, the author should notify the fact in advance at the
time of submission. Under these conditions, any such work
should be referred to and referenced in the new paper. The new
manuscript should be submitted together with copies of the duplicate or redundant material to the editorial committee. If redundant or duplicate publication is attempted or occurs without such
notification, the submitted manuscript will be rejected immediately. If the editor was not aware of the violations and of the fact
that the article had already been published, the editor will announce in the journal that the submitted manuscript had already
been published in a duplicate or redundant manner, without seeking the author’s explanation or approval.
It is possible to republish manuscripts if the manuscripts satisfy
the conditions for secondary publication of the ICMJE Recommendations (http://www.icmje.org/icmje-recommendations.pdf).
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Authorship and Author’s Responsibility

Registration of Clinical Trial

Authorship credit should be based on (1) substantial contributions to conception and design, acquisition of data, and analysis
and interpretation of data; (2) drafting the article or revising it
critically for important intellectual content; (3) final approval of
the version to be published; and (4) agreement to be accountable
for all aspects of the work in ensuring that questions related to the
accuracy or integrity of any part of the work are appropriately investigated and resolved. Authors should meet these four conditions.

Clinical trial defined as “any research project that prospectively
assigns human subjects to intervention and comparison groups to
study the cause-and-effect relationship between a medical intervention and a health outcome” is recommended to be registered
to the primary registry to be prior publication. ARM accepts the
registration in any of the primary registries that participate in the
WHO International Clinical Trials Portal (http://www.who.int/ictrp/en/), NIH ClinicalTrials.gov (http://www.clinicaltrials.gov/),
ISRCTN Resister (www.isrctn.org), University Hospital Medical
Information Network (www.umin.ac.jp/ctr/index/htm), Netherlands Trial Register (http://www.trialregister.nl/trialreg/index.asp)
or The Clinical Research Information Service (http://cris.nih.
go.kr/). The clinical trial registration number will be published at
the end of the abstract.

• A list of each author’s role should accompany the submitted
paper.
• Correction of authorship: Any requests for such changes in
authorship (adding author(s), removing author(s), or re-arranging the order of authors) after the initial manuscript submission and before publication should be explained in writing
to the editor in a letter or e-mail from all authors. This letter
must be signed by all authors of the paper. A copyright assignment must be completed by every author.
• Role of the corresponding author: The corresponding author
takes primary responsibility for communication with the journal during the manuscript submission, peer review, and publication process. The corresponding author typically ensures
that all of the journal’s administrative requirements, such as
providing the details of authorship, ethics committee approval,
clinical trial registration documentation, and conflict of interest forms and statements, are properly completed, although
these duties may be delegated to one or more coauthors. The
corresponding author should be available throughout the submission and peer review process to respond to editorial queries
in a timely manner, and after publication, should be available
to respond to critiques of the work and cooperate with any requests from the journal for data or additional information or
questions about the article.
• Contributors: Any researcher who does not meet all four ICMJE criteria for authorship discussed above but contributes
substantively to the study in terms of idea development, manuscript writing, conducting research, data analysis, and financial
support should have their contributions listed in the Acknowledgments section of the article.
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Process for Managing Research and Publication
Misconduct
When the journal faces suspected cases of research and publication misconduct, such as redundant (duplicate) publication, plagiarism, fraudulent or fabricated data, changes in authorship, undisclosed conflict of interest, ethical problems with a submitted
manuscript, appropriation by a reviewer of an author’s idea or
data, and complaints against editors, the resolution process will
follow the flowchart provided by COPE (http://publicationethics.
org/resources/flowcharts). The discussion and decision on the
suspected cases are carried out by the Editorial Board.

Editorial Responsibilities
The Editorial Board will continuously work to monitor and
safeguard publication ethics: guidelines for retracting articles;
maintenance of the integrity of academic records; preclusion of
business needs from compromising intellectual and ethical standards; publishing corrections, clarifications, retractions, and apologies when needed; and excluding plagiarized and fraudulent
data. The editors maintain the following responsibilities: responsibility and authority to reject and accept articles; avoid any conflict
of interest with respect to articles they reject or accept; promote
the publication of corrections or retractions when errors are
found; and preserve the anonymity of reviewers.
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Copyright Transfer and
Author Consent Form
Title of manuscript: _________________________________________________________________________________
__________________________________________________________________________________________________
I agree to transfer the copyright of this article to the Korean Association of EMG Electrodiagnostic Medicine if it is published in the Journal of Electrodiagnosis and Neuromuscular Diseases.
I warrant that the article is original work that has not been published before and is not being considered for publication elsewhere in its
final printed form or electronic form.
I certify that all authors contributed to this manuscript actually and intellectually and have responsibility to this manuscript.
I also declare that my institution has approved the protocol for any investigation involving human subjects or animals and that all experimentation was conducted in conformity with ethical and humane principles of research.
I further attest that we have disclosed any and all financial and other relationships that could be construed as a conflict of interest and
that all funding sources supporting the work are disclosed in the manuscript.

Date: ___________________________________
*

Corresponding author: ____________________________		

E-mail: _________________________________

Address: ________________________________________________________________________________________
TEL: ___________________________________________		

Author’s name (Korean)
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Author’s name (English)

FAX: ___________________________________

Signature

