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Objective: To develop reference standards for motor and sensory ulnar nerve conduction studies (NCSs) in
the South Korean population with a detailed consideration of uncertainty.
Methods: Standardized ulnar motor and sensory NCS results from healthy subjects were analyzed. Reference standards of NCSs were produced with uncertainty factors including intra- and inter-observer variability, instrumental variation, distance measurement with a tape ruler, skin surface temperature, and the resolution of NCS machines. We produced a reference value for each parameter with a mean value and expanded
uncertainty.
Results: Korean reference standards of motor and sensory NCSs for the ulnar nerve were presented with average measured quantities and expanded uncertainties. All NCS measurands except negative spike duration
in motor NCS and onset latency in sensory NCS showed a significant main age effect in two-way ANCOVA.
Only peak amplitude and negative spike area in motor NCS showed a main sex effect, which was not observed before adjustment for anthropometric factors. No measurands showed interaction effects between age
and sex.
Conclusion: This study presented reference standards of motor and sensory NCSs for the ulnar nerve with a
consideration of uncertainty. These standards are expected to improve the diagnostic reliability for ulnar
nerve abnormalities.
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서론

대상 및 방법

신경전도검사(nerve conduction study)는 말초신경을 전기
자극하여 신경 또는 근육에서 유발되는 활동전위를 얻는 검사

1) 대상

로, 신경의 전기생리학적 상태를 평가함으로써 말초신경질환의

는 것을 목적으로 하여, 건강한 20대, 50대 한국인을 연구대상

진단 및 추적관찰에 있어서 유용하며 널리 사용되고 있다[1]. 신

으로 하였다. 관찰 대상은 2018년 8월부터 2019년 11월까지 모
집하였으며, 신경전도검사에 영향을 줄 수 있는 당뇨, 갑상선기

경전도검사의 측정값은 단순한 병적 상태뿐만 아니라 측정하는

이번 연구는 한국인에서 신경전도검사의 참조 표준치를 만드

이, 성별, 체온 등과 같은 여러 생리학적 요인에 의하여도 영향

능저하증 혹은 항진증, 암 혹은 항암치료, 임신, 지난 3개월 중 1
개월 이상 상지 혹은 하지에서 발생한 감각저하 혹은 저림, 그

을 받게 된다[2-5]. 그렇기 때문에 정확한 판정기준을 위해서는

이외에 말초신경에 영향을 줄 수 있는 약 복용 혹은 내과적 질환

위와 같은 여러 가지 변수를 고려한 정상치가 필요하며, 지금까

이 있는 경우에는 제외하였다. 모든 연구 참여자로부터 사전 동

지 이러한 변수들을 고려하여 정상치를 구하기 위한 다양한 연

의 후 검사를 진행하였으며, 서울대학교병원 기관연구윤리심의

구들이 있었다[6-8]. 그중 하나로, American Association of

위원회의 승인을 받았다(IRB no. 1804-125-940).

Neuromuscular & Electrodiagnostic Medicine (AANEM)에서
는 신경전도 표준화 사업(Normative Data Task Force, NDTF)
을 구성하여 1990년도부터 2012년도까지 출판된 신경 및 운동

2) 신경전도기기 및 설정

신경전도검사에 대한 연구들을 검토하여 정상치를 제시한 바 있

전도기기를 사용하였으며, 모든 신경전도기기는 자극기, 기록

으나, 각 신경별 평가기준에 맞는 연구가 대부분 1개에 불과하
여 그 수가 불충분하였다[9,10].

전극, 증폭기, 주파수 여과장치, 아날로그/디지털 신호 변환기,

과정에서의 기계적, 기술적 요인에 의해 영향을 받게 되며, 나

3개의 병원에 있는 총 5개의 차폐된 방에 설치되어 있는 신경

®

신경전도검사뿐만 아니라 다양한 분야에서 참조 표준치를 제

모니터로 구성된 Nicolet EDX (Natus, Pleasanton, CA, USA)
를 사용하였다. 신경전도검사에 사용되는 신경전도기기, 줄자,

시하는 데 있어서 중요하게 고려해야 할 점 중 하나는 서로 다른

체온계, 온습도계는 국가공인교정기관의 교정을 통해 매년 교정

기관 및 장치로부터 측정된 값에 대한 정확성과 신뢰성을 확보하

을 시행하였으며, 운동신경전도검사에서 신경전도 측정기계의

는 것으로, 이에 대한 지표가 없다면 측정결과는 다른 측정결과

주파수 여과범위는 10-10,000 Hz, 기록 소인속도는 2-5 ms/

나 규격에서 정한 표준과 비교될 수 없다. 따라서 참조 표준치를
성(traceability)을 확보하고, 측정값에 대한 불확도(uncertainty)

division, 기록 감응도는 1-10 mV/division으로 하였으며, 감각
신경전도검사에서 주파수 여과범위는 20-2,000 Hz, 기록 소인
속도는 1-2 ms/division, 기록 감응도는 5-20 μV/division으로

의 평가가 필요하다[11]. 하지만 지금까지의 신경전도검사의 참

설정하였다.

제시하기 위해서는 측정과정에서 교정(calibration)을 통해 소급

조 표준치에 대한 연구에서는 이러한 소급성 및 불확도에 대한
고려가 전무하였고, 이러한 한계점으로 인해 지금까지 제시되었

3) 신경전도검사 방법

던 참조치는 엄밀한 의미의 참조 표준치라고 하기에는 한계점이

검사 시 피부온도는 33도에서 37도 사이를 유지하여 검사를
시행하였으며, 접촉을 좋게 하고 저항을 줄이기 위해 검사 전 피

있었다.
따라서 이번 연구의 목적은 한국인에서 신경전도검사의 방법

부의 땀, 화장품 등을 제거한 뒤 검사를 시행하였다. 방의 온도

및 기준을 표준화하여 병원 간, 검사자 간에 발생할 수 있는 결

와 습도는 일반적 실내 온도와 습도인 15-27도, 10-80% 습도
범위를 따르도록 하였으며, 이 과정에서 사용한 체온계와 온습

과값의 오차를 줄이고 측정값에 대한 신뢰도를 높이고자 하였
를 고려하여 신경전도검사의 참조 표준치를 제시하고자 하였

도계는 국가공인교정기관의 교정을 통해 12개월마다 교정성적
서를 발행 받아 소급성을 확보하였다.

고, 특히 상지에서 신경전도검사에서 흔하게 이용되는 신경 중

척골신경의 운동신경전도검사의 경우 활성전극을 원위부 손

하나인 척골신경(ulnar nerve)의 참조 표준치를 제시하고자 하
였다. 뿐만 아니라 아직까지 나이와 성별이 신경전도검사에 미

목주름과 손바닥면의 5번째 중수지관절(metacarpophalangeal

다. 이를 위해 기존 연구에서는 한계점으로 지적되었던 불확도

치는 영향에 대해서는 확실히 적립된 견해가 없는데, 이에 신경

joint) 사이의 중점에 부착하여 짧은손가락벌림근(abductor digiti quinti)의 가장 두드러진 부분에 위치하도록 하였으며, 신경

전도검사의 측정값에 나이와 성별이 어떤 영향을 미치는지도

자극 후 최적의 즉각적인 음의 편향을 얻을 수 있는 부위로 재배

살펴보았다.

치하였다. 참고전극은 새끼손가락의 근위부 혹은 중수지관절 바
로 넘어서 부착하였으며, 접지전극은 활성전극과 자극기의 음극
사이에서 활성전극 인접부에 부착하였다. 원위부 자극의 경우

2
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활성전극의 8 cm 근위부의 요측수근굴근(flexor carpi radialis)
건의 바로 바깥쪽에 자극기 음극을 위치시켜 자극하였다. 근위

pression of Uncertainty in Measurement (GUM)에 따라 시행하
였으며, 아래 같이 GUM에 근거하여 평가를 시행하였다[12].

부 자극은 팔을 90도 외전, 팔꿈치를 90도 굴곡, 전암을 회외시
킨 상태에서 검사를 시행하였으며, 첫 번째 근위부 자극은 내측

(1) 측정 모델식

상과(epicondyle)와 주두(olecranon)의 내측 첨단(medial tip)을

신경전도검사의 측정값은 신경전도기기로부터의 읽음값과 측

잇는 선의 중점으로부터 4 cm 원위부에서, 두 번째 근위부 자극

정기기의 교정을 통한 보정값에 의해서 그 모델식이 표현될 수

은 6 cm 근위부의 이두근(biceps brachii)과 삼두근의 내측두

있는데, 각 측정값에 대한 모델식은 Table 1과 같다.

(triceps medial head) 사이에서 시행하였다(Fig. 1). 자극의 강도
는 초최대자극(supramaximal stimulation)으로 자극하였으며,

(2) 불확도 평가 절차

측정변수는 원위부 자극의 기시잠시(onset latency, Lonset), 기저

측정값은 측정량(measurand)의 값에 대한 추정값으로, 측정
값의 완전한 보고를 위해서는 측정 불확도가 명시되어야 한다.

선에서 음성정점까지의 진폭(baseline to negative peak ampli-

tude, Ampbase-peak), 음성정점에서 양성정점까지의 진폭(negative
peak to positive peak amplitude, Amppeak-peak), 음성전위 면적
(negative spike area, Aneg), 음성극파 지속시간(negative spike
duration, Dneg), 그리고 원위부와 근위부 자극 사이의 거리와
잠시 차이를 이용하여 구한 신경전도속도(nerve conduction velocity, NCV)로 하였다.
감각신경전도검사의 경우 활성전극은 5번째 근위지골(proximal phalanx)의 중간에, 참고전극은 활성전극의 4 cm 이상 원위
부에 위치시켰으며, 활성전극의 14 cm 근위부의 척측수근굴근
(flexor carpi ulnaris)건의 바로 바깥쪽에서 자극하는 역방향성(antidromic) 검사법으로 시행하였다. 자극의 강도는 초최대자극으로
자극하였으며, 측정변수는 기시잠시, 기저선에서 음성정점까지의
진폭, 음성전위 면적, 음성극파 지속시간을 측정하였다.

측정값은 읽음값과 보정값으로 구성되기 때문에, 먼저 읽음값의
불확도 요소와 보정값의 불확도 요소를 구하여 각 요소에 대한
표준불확도를 계산하였다. 이번 연구에서 고려하였던 측정량에
대한 불확도 요소들은 Table 2와 같았는데, Aneg, Dneg에 대해
서는 신경전도기기의 교정이 어려운 상황을 고려해 보정에 의한
불확도는 생략하였다. 보정값을 구할 수 있을 경우라도, 측정대
상 집단의 표준편차가 포함된 읽음값의 불확도의 크기에 비해
매우 작을 것이라고 판단되었다.
다음으로 각 요소에 대한 불확도를 계산한 과정을 살펴보면,
불확도는 이유는 모르나 측정할 때마다 값이 다르게 나타나는
우연효과(random effect)와 참값과 측정결과의 차이에 의해 발
생한 계통효과(systemic effect)에 의해 발생할 수 있는데, 이번
연구에서 우연효과에 의한 불확도는 반복 측정에 따른 관측값을
기존 문헌에서 제시한 방법에 따라 통계적으로 분석하여 구하였
으며, 계통효과에 의한 불확도는 기존의 측정 데이터, 교정성적

4) 불확도 평가
불확도 평가는 특정 연령, 성별 집단에서의 신경전도검사 측정

서 등을 바탕으로 하여 구하였다[13,14]. 이 과정에서 불확도 구

값인 Lonset, Ampbase-peak, Amppeak-peak, Aneg, Dneg, NCV에 대해

성 요소와 측정량의 단위가 서로 다른 경우에는, 기존 문헌에 근

적용하였다. 불확도 평가는 국제적인 표준인 Guide to the Ex-

거하여 두 요소 사이의 관계를 나타내는 계수를 사용하여 표준

A

B

C

Fig. 1. Ulnar nerve motor nerve conduction study techniques. Stimulation sites at the wrist (A), across the elbow (B), and the arm (C),
with recording electrodes attached at the abductor digiti quinti. For proximal stimulation, the arm is abducted and externally rotated
with the elbow flexed and the forearm slightly supinated.
https://doi.org/10.18214/jend.2020.00157

3

Hyun Jun Chae et al. • Reference Standards for Ulnar Nerve Conduction in Korean

Table 1. Model Equation of Each Measurand
Measurand
Lonset (MLonset)

Model equation
MLonset = XLonset + CLonset

Ampbase-peak (MAmpbase-peak)

MAmpbase-peak = XAmpbase-peak + CAmpbase-peak

Amppeak-peak (MAmpbase-peak)

MAmppeak-peak = XAmppeak-peak + CAmppeak-peak

Aneg (MAneg)
Dneg (MDneg)
NCV (MNCV)

MCV =

MAneg = XAneg
MDneg = XDneg
, L = XL + CL

Description for variable
XLonset: instrument reading value of onset latency
CLonset: correction value of onset latency from calibration of instrument
XAmpbase-peak: instrument reading value of base to peak amplitude
CAmpbase-peak: correction value of onset latency from calibration of instrument
XAmpbase-peak: instrument reading value of peak to peak amplitude
CAmpbase-peak: correction value of onset latency from calibration of instrument
XAneg: instrument reading value of area
XDneg: instrument reading value of duration
L: distance between the proximal and distal stimulation sites
MLonset, p: proximal onset latency
MLonset, d: distal onset latency
XL: instrument reading value of distance
CL: correction value of distance from calibration of instrument

불확도를 구하였다.

결과

(3) 합성표준불확도 및 확장불확도 계산

1) 연구대상자의 일반적 특성

이번 연구에서 측정량에 대한 불확도 요소들은 독립적이었으

제외 기준에 해당하지 않는 건강한 20대와 50대 총 204명을

며, 각 요소들의 표준불확도를 구한 뒤 불확도 전파의 법칙(law

모집하였으나, 검사 중 통증 및 불편감 등의 이유로 5명이 검사

of propagation of uncertainty)에 따라 측정량의 표준불확도, 즉

를 중단하여, 총 199명으로부터 각각 오른쪽, 왼쪽 상지에서 총

합성표준불확도를 아래 식과 같이 계산하였다[12].

398번의 척골신경전도검사를 시행하였으며, 모든 대상자로부터
키, 몸무게, 그리고 생체전기저항분석기(bioelectric impedance

(1)
2

()

u Y =Σ

( ) u (X )
2

2

i

Y는 측정량을, 그리고 Xi는 입력량을 나타내며, 보고된 확장
불확도는 약 95%의 포함확률에서 합성표준불확도에 포함인자
2를 곱하여 구하였다.

analysis)를 이용하여 근육량, 체지방량을 측정하였다. 각 나이와
성별에 따른 각 그룹 간의 일반적 특성은 Table 3에 제시하였다.

2) 신경전도검사 측정값과 확장불확도
신경전도검사 측정값을 나이 및 성별에 따른 그룹으로 나누어
그 평균값과 확장불확도를 구하였고, 그것을 바탕으로 참조 표
준치를 Table 4에 제시하였다.

5) 통계
나이 및 성별에 따라 각 그룹의 운동 및 감각신경전도검사 측

3) 신경전도검사 측정값에 미치는 나이와 성별의 영향

정값의 평균과 확장불확도를 제시하였다. 또한 나이와 성별이라

신경전도검사 측정값에 나이와 성별 미치는 영향을 살펴보기

는 독립변수에 따른 그룹 간의 측정값의 차이를 살펴보기 위해

위해서 성별과 강한 상관관계를 보이는 키, 몸무게, 근육량을 공

모든 측정값에 대하여 나이와 성별과 상관성이 높은 키, 몸무게,
근육량을 공변량으로 하여 two-way analysis of covariance

변량으로 하여 two-way ANCOVA 검정을 시행하였다. 각 측정
값에 미치는 나이와 성별의 주효과는 Table 5에 제시하였으며, 나

(ANCOVA) 검정을 시행하였다. 나이, 성별 각각에 따른 주효과

이와 성별 사이의 교호작용은 모든 측정값에서 존재하지 않았다.

(main effect) 그리고 교호작용효과(interaction effect)를 살펴보

먼저 운동신경전도검사에서는 나이에 따라 Lonset, Ampbase-peak,

기 위해 f값을 제시하였으며, p값이 0.05 이하인 경우 통계적으

Amppeak-peak, Aneg, NCV에 영향을 미쳤으며, 성별에 따라서는
Ampbase-peak, Amppeak-peak, Aneg에 영향을 미쳤다. 감각신경전도
검사에서는 나이에 따라 Ampbase-peak, Aneg, Dneg에 영향을 미

로 유의한 것으로 판정하였다. 통계분석은 IBM SPSS Statistics

21.0 (IBM Corp., Armonk, NY, USA)을 사용하였다.

쳤으며, 성별은 어떠한 측정값에도 영향을 미치지 못했다. 또한
모든 운동 및 감각신경전도검사의 측정값에서 좌측과 우측 상지
에 따른 측정값의 유의미한 차이는 보이지 않았다.
4

https://doi.org/10.18214/jend.2020.00157

J Electrodiagn Neuromuscul Dis 2021;23(1):1-10

Table 2. The Uncertainty Components for Each Measurand
Measurand
MLonset

MAmpbase-peak

MAmpbase-peak

Uncertainty component
u(CLonset, rep)
u(CLonset, res)
u(CLonset, EPCs)
u(XLonset, t)
u(XLonset, l1)
u(XLonset, l2)
u(XLonset, s)
u(XLonset, res)
u(XLonset, p)
u(CAmpbase-peak, rep)
u(CAmpbase-peak, res)
u(CAmpbase-peak, EPCs)
u(XAmpbase-peak, s)
u(XAmpbase-peak, res)
u(XAmpbase-peak, p)
u(CAmpbase-peak, rep)
u(CAmpbase-peak, res)
u(CAmpbase-peak, EPCs)
u(XAmpbase-peak, s)

MAneg

u(XAmpbase-peak, res)
u(XAmpbase-peak, p)
u(XAneg, s)

MDneg

u(XAneg, res)
u(XDneg, s)

MNCV

u(XDneg, s)
u(Vs)

u(XL, res)
u(XL, s)
u(CL, s)
u(MLons, p)
u(MLons, d)
NCS, nerve conduction study.

Source of uncertainty
Coefficient for unit conversion
Repeated measurement with standard electric pulse generator
Resolution of NCS instrument for calibration
Resolution of standard electric pulse generator
Measurement of skin temperature
0.20 ms/°C
Measurement of tape measure
0.02 ms/mm
Difference of distance measurement between practitioner
0.02 ms/mm
Difference of onset latency measurement between subjects including repeated observation on a subject
Resolution of NCS instrument
Selection of point on waveform of active potential by practitioner
Repeated measurement with standard electric pulse generator
Resolution of NCS instrument for calibration
Resolution of standard electric pulse generator
Difference of baseline to peak between subjects including repeated observation on a subject
Resolution of NCS instrument
Selection of point on waveform of active potential by practitioner
Repeated measurement with standard electric pulse generator
Resolution of NCS instrument for calibration
Resolution of standard electric pulse generator
Difference of peak to peak between subjects including repeated observation on a subject
Resolution of NCS instrument
Selection of point on waveform of active potential by practitioner
Difference of area between subjects including repeated observation on a
subject
Resolution of NCS instrument
Difference of duration between subjects including repeated observation on
a subject
Resolution of NCS instrument
Difference of conduction velocity between subjects including repeated observation on a subject
Resolution of tape measure
Difference of distance measurement between practitioner
Measurement of tape measure
Measurement of proximal onset latency
Measurement of distal onset latency

Table 3. Demographic Data Stratified by Gender and Age
Characteristic
Age (y)
Height (cm)
Weight (kg)
SLM (kg)
BFM (kg)
SMM (kg)
BMI (kg/m2)

20s (n = 100†)
26.4 ± 2.2
174.8 ± 5.7
76.6 ± 10.5
55.1 ± 5.5
18.0 ± 6.9
33.1 ± 3.5
25.0 ± 3.0

Male
50s (n = 100)
54.9 ± 2.97
169.6 ± 6.1
71.3 ± 10.2
50.7 ± 6.3
17.4 ± 5.4
30.1 ± 4.0
24.7 ± 2.9

p-value
< 0.001*
< 0.001*
< 0.001*
0.507
< 0.001*
0.473

20s (n = 100)
25.9 ± 2.57
159.6 ± 4.8
53.9 ± 6.3
34.9 ± 3.5
16.7 ± 4.4
19.9 ± 2.2
21.1 ± 2.1

Female
50s (n = 98)
53.7 ± 2.74
158.4 ± 4.0
58.8 ± 7.1
36.5 ± 3.3
20.0 ± 5.6
20.9 ± 2.1
23.4 ± 2.5

p-value
0.045*
< 0.001*
0.001*
< 0.001*
0.002*
< 0.001*

Values are presented as mean ± standard deviation.
SLM, soft lean mass; BFM, body fat mass; SMM, skeletal muscle mass; BMI, body mass index.
*p< 0.05. Student t-test.
†
The total number is the number of nerve conduction studies which calculated as two cases for both arms in each person.
https://doi.org/10.18214/jend.2020.00157
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Table 4. Standard Reference of Ulnar Nerve Conduction Studies with Expanded Uncertainty
Measurand
Motor NCS
Lonset (ms)
  Mean (EU)
  Range
Ampbase-peak (mV)
  Mean (EU)
  Range
Amppeak-peak (mV)
  Mean (EU)
  Range
Aneg (mVms)
  Mean (EU)
  Range
Dneg (ms)
  Mean (EU)
  Range
NCV (m/s)
  Mean (EU)
  Range
Sensory NCS
Lonset (ms)
  Mean (EU)
  Range
Ampbase-peak (μV)
  Mean (EU)
  Range
Aneg (μVms)
  Mean (EU)
  Range
Dneg (ms)
  Mean (EU)
  Range

Male
20s (n = 100) 50s (n = 100)

Female
20s (n = 100) 50s (n = 98)

p-value†

p-value‡

p-value§

p-value||

2.7 (0.71)
2.0-3.4

2.8 (0.73)
2.0-3.5

2.6 (0.73)
1.9-3.3

2.7 (0.70)
2.0-3.4

0.185

0.146

0.044*

0.056

11.6 (4.0)
7.6-15.7

11.3 (4.0)
7.4-15.3

11.4 (4.7)
6.7-16.1

10.6 (3.5)
7.1-14.1

0.297

0.008*

0.425

0.006*

19.9 (7.1)
12.7-27.0

18.7 (5.9)
12.8-24.5

19.1 (7.4)
11.7-26.5

16.7 (5.7)
11.1-22.4

0.010*

< 0.001*

0.152

< 0.001*

37 (12)
25-49

35 (12)
22-47

34 (13)
22-47

30 (10)
20-41

0.002*

< 0.001*

0.143

< 0.001*

6.0 (1.2)
4.8-7.2

6.0 (1.2)
4.8-7.2

5.9 (1.4)
4.5-7.2

5.7 (1.0)
4.7-6.7

0.801

0.041*

< 0.001*

< 0.001*

61 (10)
50-71

60 (12)
48-73

61 (13)
48-73

60 (13)
47-73

0.439

0.055

0.786

0.392

2.7 (0.60)
2.1-3.3

2.7 (0.67)
2.1-3.4

2.6 (0.65)
2.0-3.3

2.7 (0.65)
2.0-3.3

0.388

0.548

0.119

0.097

42 (29)
13-71

29 (21)
8-50

57 (30)
27-87

41 (22)
19-64

< 0.001*

< 0.001*

< 0.001*

< 0.001*

39 (35)
4.2-74

27 (24)
3.1-52

57 (45)
13-100

41 (15)
11-70

< 0.001*

< 0.001*

< 0.001*

< 0.001*

1.8 (0.55)
1.3-2.4

1.9 (0.61)
1.3-2.5

1.9 (0.63)
1.3-2.6

1.9 (0.52)
1.4-2.4

0.032*

0.386

0.027*

0.442

NCS, nerve conduction study; Lonset, onset latency; EU, expanded uncertainty; Ampbase-peak, baseline to negative peak amplitude; Amppeak-peak,
negative peak to positive peak amplitude; Aneg, negative spike area; Dneg, negative spike duration; NCV, nerve conduction velocity.
*p<0.05, Student t-test.
†
p-value for comparison between 20s and 50s in male.
‡
p-value for comparison between 20s and 50s in female.
§
p-value for comparison between male and female in 20s.
||
p-value for comparison between male and female in 50s.

고찰

경전도검사의 참조 표준치를 제시하고자 하였고, 불확도를 고려
하여 나이, 성별에 따라 참조 표준치를 제시하였다.

신경전도검사결과의 정확한 판정을 위해서는 참조 표준치의

지금까지 제시되었던 척골신경의 운동신경전도검사에서의 참

확립이 중요하며 기존 연구들에서 NDTF에서 제시한 것을 비
롯해 다양한 표준치들이 제시된 바 있으나 한국인을 대상으로

조 표준치 중 NDTF 기준을 충족시켰던 연구는 Buschbacher
[15]의 연구가 유일했는데, 여기서 제시한 Lonset, Dneg의 상한

한 연구는 제한되었으며, 특히 측정값의 불확도를 고려한 표준

절단값(cuf-off value)은 각각 3.7 ms, 7.7 ms였으며, Amp-

치는 전무하였다. 이에 본 연구는 건강한 한국 성인에서 척골신

base - peak ,

6

Aneg, NCV의 하한 절단값은 각각 7.9 mV, 23.9
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Table 5. Effects of Age and Gender on Nerve Conduction Study Measurands
Measurand
Motor NCS
Lonset
Ampbase-peak
Amppeak-peak
Aneg
Dneg
NCV
Sensory NCS
Lonset
Ampbase-peak
Aneg
Dneg

Age effect
F (p-value)

Gender effect
F (p-value)

Interaction effect
F (p-value)

7.284 (0.007)†
6.525 (0.011)*
25.493 (< 0.001)‡
20.792 (< 0.001)‡
0.077 (0.782)
6.521 (0.011)*

0.485 (0.487)
6.917 (0.009)†
6.664 (0.010)†
15.745 (0.000)‡
0.000 (0.997)
3.456 (0.064)

0.005 (0.945)
0.088 (0.767)
1.217 (0.271)
0.005 (0.946)
2.358 (0.125)
0.251 (0.616)

2.853 (0.092)
148.864 (< 0.001)‡
65.667 (< 0.001)‡
5.400 (0.021)*

0.330 (0.566)
0.597 (0.440)
0.391 (0.532)
0.209 (0.648)

0.272 (0.603)
1.536 (0.216)
0.283 (0.595)
0.155 (1.964)

NCS, nerve conduction study; Lonset, onset latency; Ampbase-peak, baseline to negative peak amplitude; Amppeak-peak, negative peak to positive peak
amplitude; Aneg, negative spike area; Dneg, negative spike duration; NCV, nerve conduction velocity.
*p<0.05, †p<0.01, ‡p<0.001, two-way ANCOVA.

mVms, 52 m/s였다. 이것과 Table 4에서 제시한 이번 연구에서
의 참조 표준치의 절단값과 비교해보면 본 연구의 Lonset, Dneg
의 상한 절단값은 모든 연령 및 성별에서 더 낮은 경향을 보였으
며, Ampbase-peak, Aneg, NCV의 하한 절단값은 큰 차이는 나지
않으나 본 연구에서 조금 더 낮은 경향을 보였다. 한편 감각신경
전도검사에서 NDTF 기준을 충족시켰던 연구 역시 Buschbach-

er [16]의 연구가 유일했으며, 여기서 제시한 Lonset, Dneg의 상
한 절단값은 각각 3.1ms, 2.7ms였으며, Ampbase-peak, Aneg의 하
한 절단값은 각각 10 μV, 9 μVms였다. 이것을 이번 연구의 절
단값과 비교해보면 모든 연령 및 성별에서 본 연구의 Lonset의 상
한 절단값은 더 높은 경향을, Dneg의 상한 절단값은 더 낮은 경
향을 보였으며, Ampbase-peak의 하한 절단값은 50대 남성을 제외
하고 더 높은 경향을, Aneg의 하한 절단값은 남성에서는 더 낮
은 경향을, 여성에서는 더 높은 경향을 보였다. 하지만 Buschbacher [15,16]의 두 연구는 불확도를 고려하지 않았으며, 이
번 연구와 대상 인종, 나이, 절단값을 구하는 방법 등에서 다소
차이가 있었기 때문에 직접적인 비교는 다소 한계가 있었다.

에서 설정한 33-37°C의 범위에서는 대상자 간의 기시잠시는
최대 0.8 ms, 신경전도속도는 운동신경의 경우 8.4 m/s, 감각신
경의 경우 6.4 m/s까지 차이가 발생하였을 수 있어 이 역시 대
상자 간의 불확도에 영향을 미쳤을 것으로 생각된다[5]. 그 외의
불확도 요소 중에서는 신경전도검사과정에서 검사자가 검사 그
래프의 peak point를 이동함에 따라 발생하는 불확도가 나머지
값들 중 비교적 큰 값을 가졌는데, 이러한 불확도는 추후 검사자
가 지정하는 것이 아닌 알고리즘에 따라 자동으로 peak point를
지정하는 방법 등을 적용할 경우 개선될 것으로 보인다. 한편 표
준불확도 계산 과정에서 피부온도에 따른 기시잠시의 변화, 길이
측정에 따른 기시잠시의 변화의 요소를 고려하여 계산할 때 이미
이전 연구에서 알려진 값을 계수로 사용하였는데[5,18], 이러한
연구는 한국인이 아닌 서양인을 대상으로 한 연구로 인종에 따라
차이가 있을 수 있어 추후 한국인에서 적용할 수 있는 계수를 구
하여 사용할 경우 더 정확한 불확도를 구할 수 있을 것이다.
한편 나이와 성별이 신경전도검사에 미치는 영향에 대해서는
다양한 연구가 있었는데, 나이에 따라 신경섬유의 숫자, 직경 등

다음으로 불확도에 대해 살펴보면, Table 1에서 제시한 각 측

이 감소하면서 신경전도속도와 활동전위진폭이 감소한다는 사

정량에 따른 불확도 요소를 계산하는 과정에서 가장 큰 부분을

실은 비교적 많은 연구에서 확인된 바 있다[3,19]. 반면 성별에

차지한 요소는 측정대상자 간의 차이에 의한 불확도였다. 이전

따른 영향은 아직 확실하게 정립된 견해가 없는데, 여성에서 감

연구들에 따르면 나이와 성별 이외에 측정대상의 인종, 키, 손가

각신경 활동전위진폭이 더 크다는 보고도 있지만 키와 손가락

락 둘레, 흡연, 음주, 수입 등이 신경전도검사에 영향을 줄 수 있

둘레와 같은 신체적 요소를 배제하였을 때 남녀 간 차이가 없다

는 것으로 알려져 있어, 이러한 요소들이 대상집단의 불확도에

는 보고들이 있었다[20,21].

영향을 주었을 것으로 보인다[3,17]. 뿐만 아니라 기존 연구에

이번 연구에서는 먼저 기시잠시의 경우, 운동 및 감각신경전

따르면 피부온도가 1°C 변할 때, 기시잠시는 감각 및 운동신경

도검사에서 모두 20대와 50대 간에는 유의미한 차이가 없었으

에서 모두 0.2 ms, 신경전도속도는 운동신경의 경우 2.1 m/s,

나, 20대에서 여자보다 남자에서 조금 더 운동신경의 기시잠시
가 연장되었다. 그러나 Table 5에서 볼 수 있듯이 키, 몸무게, 근

감각신경의 경우 1.6 m/s가 변한다고 알려져 있으며, 이번 연구
https://doi.org/10.18214/jend.2020.00157
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육량 등의 신체적 특성을 공변량으로 하여 two-way ANCOVA
검정을 시행하여 신체적 특정을 보정하였을 때 남녀 간의 차이

구에서는 키만 공변량으로 고려하였기 때문에 그 외의 영향을

는 사라졌으며, 오히려 운동 신경전도검사에서 나이에 따라 기

양인을 대상으로 하였기 때문에

미치는 요소는 고려하지 못하였다는 한계점이 있으며, 또한 서

시잠시가 연장되어 이전 연구들과 비슷한 결과가 확인되었다.

인종적 차이로 인해 한국인에서의 결과값과 차이가 발생하였

원위부 운동신경전도속도의 경우, 성 별 및 나이에 따라 모두 차

을 수 있다. 실제 한국인을 대상으로 했던 다른 연구에서는 이번

이가 없었으나 신체적 특성을 보정하였을 때 기시잠시와 마찬가

연구와 동일하게 연령이 증가함에 따라 기시잠시와 전도속도가

지로 나이에 따라서 운동신경전도속도가 느려졌다.

느려지는 경향이 관찰된 바 있다[22].

활동전위진폭의 경우, 먼저 운동신경전도검사에서는 나이와

또한 이번 연구에서 확인된 성별에 따른 운동신경전도검사에

성별에 따라 일관된 유의미한 차이가 확인되지 않았으나, 신체

서 진폭과 음성전위 면적의 차이의 경우 키, 몸무게, 근육량이

적 특성을 보정하였을 때 성별과 나이에 따라 Ampbase-peak와

성별과 큰 상관관계를 갖고 때문에 신체적인 요소를 보정하기

Amppeak-peak 모두에서 유의미한 차이가 있는 것을 확인할 수 있

전에는 이로 인해 남녀 간의 차이가 발생하였을 것으로 생각할

었으며 성별과 나이 사이의 교호작용은 확인되지 않았다. 감각

수 있으나 보정한 이후에도 그 차이가 지속되었고, 결국 신체적

신경전도검사에서는 신체적 요소를 보정하기 전후 모두에서 20

인 요소를 배제한 다른 남녀 간의 차이가 진폭과 음성전위 면적

대에 비해 50대에서 진폭의 크기가 유의미하게 작았으며, 남녀
간에는 신체적 요소를 보정하기 전에는 유의미한 차이를 보였으

에 영향을 주었을 것이라고 생각할 수 있다. 이에 대한 기존 연

나 신체적 요소를 보정한 뒤에는 그 차이가 사라졌다. 비슷하게

요소를 보정하였을 때는 성별에 따른 차이가 사라졌다는 연구도

음성전위 면적은 탈분극되는 신경섬유의 수를 반영하기 때문에

있으나, 반대로 진폭의 차이는 지속되었다는 연구도 있다[3,23].

진폭과 비슷한 양상을 보였는데, 운동신경전도검사에서는 보정

신체적 요소 외에 흡연, 음주, 직업이나 신체적 활동으로 인한

후 성별과 나이에 따라 유의미한 차이가 관찰되었으며, 감각신

외상 등이 신경전도검사의 결과에 영향을 줄 수 있다고 알려져

경전도검사에서는 보정 전에는 나이와 성별에 따라 유의미한 차

있는데[17,24], 성별에 따른 이러한 추가적인 요인들이 이번 연

이가 있었으나 신체적 요소 보정 후에는 나이에 따른 차이만 확

구에서 신체적 요소의 보정 이후의 남녀 간의 차이를 유발했을

인되었다.

것으로 생각해볼 수 있다.

구들에서는 다소 상반된 견해들이 존재하여 키와 같은 신체적

음성극파 지속시간은 운동신경전도검사에서는 남녀 간에 유

본 연구의 한계점으로는 신경전도검사 대상이 20대와 50대에

의미한 차이가 있었으며, 감각신경에서는 20대에서만 남녀 간
차이가 있었는데, 신체적 특성을 보정한 이후에는 두 가지 모두

한정되었다는 점이 있다. 기존 NDTF 기준에 따라 선정되었던
연구들을 살펴보면, 상지의 경우 19-39세와 40-79세 두 그룹으

에서 남녀 간에 차이가 관찰되지 않았다.

로 나누거나 혹은 19-49세와 50-79세 두 그룹으로 나누어 나이

결과적으로 신체적인 요소를 보정하기 전에는 운동신경전도

에 따른 신경전도검사 결과의 차이를 살펴본 바 있으며[9], 뿐만

검사의 경우 20대에서 더 큰 진폭과 음성전위 면적을 보였으며,
성별에 따라서는 음성극파 지속시간만 유의미한 차이를 보였다.

아니라 2019년 보건의료빅데이터개방시스템 자료에 따르면 우

감각신경전도검사의 경우 20대 그리고 여성에서 더 큰 진폭과
음성전위 면적을 보였으며, 이외의 요소는 나이 및 성별에 따라

리나라 성인 중 50대 남녀가 신경전도검사를 가장 많이 받아 50
대 남녀의 신경전도 참조 표준치의 필요성이 우선시되었기 때문
에 이번 연구에서는 50대, 그리고 이에 대한 건강한 성인 집단

에는 운동신경전도검사에서는 보정전과 달리 나이가 증가할수

의 대표성이 있는 20대를 선정하여 비교하였다. 하지만 특정 연
령대를 대상으로 하였기 때문에 나이가 신경전도검사 측정값에

록 기시잠시와 전도속도가 느려졌으며, 성별에 따라서는 음성극

미치는 영향을 보는 데 한계가 있었고, 추후에 이러한 점을 보완

파 지속시간은 차이가 없어졌으나 오히려 진폭과 음성전위 면적

하여 다양한 나이대를 대상으로 한 추가적인 연구가 요구된다.

유의미한 차이를 보이지 않았다. 신체적인 요소를 보정한 이후

의 차이가 발생하였다. 감각신경전도검사에서는 신체적인 요소
보정 이후 나이에 따른 진폭과 음성전위 면적의 차이는 지속되
었으나, 성별에 모든 차이가 사라지게 되었다.

결론

이것을 모든 NDTF 기준을 충족시켰던 Buschbacher [15,16]
의 결과와 비교해보면, 감각신경전도검사의 경우 나이가 들수록

사의 측정값에 대한 정확성과 신뢰성 확보하고자 하였고, 이를

진폭과 음성전위 면적이 감소하는 동일한 결과가 관찰되었으나,

위해 교정을 통해 측정소급성을 확보하고 측정방법의 불확도를

운동신경전도검사의 경우 Buschbacher의 연구에서는 본 연구
와 달리 나이와 성별에 따른 어떠한 유의미한 차이도 관찰되지

평가함으로써 한국인의 척골신경전도검사의 참조 표준치를 제

않았다. 이러한 차이가 발생한 이유로는 우선 Buschbacher의 연

신뢰성과 정확성을 높일 수 있을 것으로 기대되며, 추후 다른 신

8

본 연구는 표준화된 신경전도검사법을 사용하여 신경전도검

시하였다. 이러한 참조 표준치는 신경전도검사에 있어서 진단적
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경에서도 참조 표준치에 대한 지속적인 연구가 이루어져야 할
것으로 생각된다.
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Cauda Equina Syndrome Caused by a Sacral Insufficiency
Fracture in the Lower Part of Zones 2 and 3: A Case Report
Jun Min Cha1, Namwoo Kwon1, Su Ji Lee2, Jang Woo Lee1
1
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2

Sacral insufficiency fractures (SIFs) often cause referred low back pain, and are rarely accompanied by cauda equina syndrome (CES). We report a case of CES caused by SIF in the lower part
of zones 2 and 3, which is not a typical location. A postmenopausal woman often sat on a chair
for long periods, and pain in the coccyx and perianal area occurred. After 4 years, during which
time the pain worsened and she developed urinary and fecal incontinence, magnetic resonance
imaging showed a SIF involving the S3-S5 vertebrae. Prolonged latency of the bulbocavernosus
reflex was confirmed through an electrodiagnostic study, and detrusor underactivity was confirmed through a urodynamic study, leading to a CES diagnosis. Unlike typical cases of osteoporotic SIF, the fracture occurred at an atypical location. We believe that long periods of sitting
caused a different weight-bearing pattern of the sacrum from that found in typical cases.
Keywords: Fractures, stress; Cauda equina syndrome; Osteoporosis

Introduction
Sacral insufficiency fractures (SIFs) occur when the sacral
bone deteriorates and becomes too weak for the stress of weight
bearing. With an incidence rate of only 1.0% to 1.8%, they are often missed due to nonspecific symptoms and variable X-ray findings. Since most SIF patients complain of low back pain, their exams are often focused on the lumbar region rather than the sa-
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crum, which leads to misdiagnosis [1].
Cauda equina syndrome (CES) is a disease in which impairment occurs in the cauda equina, a bundle of axons leading to
the distal end of the spinal cord. Symptoms include low back
pain, unilateral or bilateral sciatica, reduced sensation in the saddle area, reduced sexual function, fecal incontinence, bladder
dysfunction, and lower limb weakness. The most common cause
is a herniated lumbar intervertebral disc; various conditions such
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as epidural abscess, spinal epidural hematoma, diskitis, tumor,
spinal stenosis, and aortic obstruction can also cause CES. However, SIF is generally not included in the list of etiologies. It is
rarely considered when assessing the cause of CES [2].
We herein report a case CES caused by SIF in a middle-aged women who complained of sphincter dysfunction as a main symptom.

Case Report
A 56-year-old woman visited our outpatient clinic with coccyx
and perianal area pain accompanied by urinary and fecal incontinence. She had gone through menopause 4 years prior, just before the pain occurred, and had no history of pelvic radiation or
rheumatoid arthritis. Also 4 years prior, she began sitting in a
chair for long periods to study for exams; from that point on, she
experienced pain in the area where her hips touched the chair.
She received 12 steroid injections, including several caudal epidural injections, to improve her symptoms. When an injection
was given, the pain was relieved. However, the pain returned in
less than a week, and the injection was repeated. At the time,
lumbar spine magnetic resonance imaging (MRI) revealed no
specific findings. Two months before visiting the hospital, she reported an open feeling in her anus, and, when severe, she rated
her pain at 9 on the visual analog scale. According to the patient,
there was no history of trauma, and a physical examination revealed hypoesthesia in the S3 and S4 dermatomes. Voluntary
anal contraction also revealed a hypotonic pattern, and the bulbocavernosus reflex (BCRL) was decreased.
Due to suspicion of CES, electromyography, nerve conduction

A

study and BCRL study were conducted. Electrodiagnostic study
showed abnormal spontaneous activities in bilateral tensor fascia
lata, gluteus maximus, tibialis anterior, peroneus longus, extensor
hallucis longus, gastrocnemius and bulbocavernosus muscles.
Peripheral nerves conducted normally in both motor and sensory nerve fibers of bilateral lower extremities. BCRL study showed
prolonged latencies for both sides. In addition, an urodynamic
study showed a correlation between CES and 100 mL postvoid
residual urine and detrusor underactivity. A lumbar spine MRI
with contrast enhancement showed SIF involving the S3-S5 vertebrae and presacral soft tissue edema. According to the Denis
classification, SIF had occurred not only in bilateral zone 1 but
also in bilateral zones 2 and 3 (Fig. 1) [3]. The lumbar spine MRI
was not clear at the coccyx level, so an additional sacrum computed tomography scan with contrast enhancement was performed, revealing permeative bone destruction and sclerosis involving the S3 and S4 vertebrae and the coccyx with ill-defined
enhancing presacral soft tissue (Fig. 2). The patient’s bone mineral density was evaluated using dual energy X-ray absorptiometry; the femoral neck T-score was -0.7, and the lumbar spine L1L4 T-score was -3.3. The patient’s 25-hydroxy vitamin D was
32.3 ng/mL (25-80 ng/ mL), and her parathyroid hormone was
39 pg/mL (15-65 pg/mL), both of which were within the normal range.

Discussion
SIFs are less likely to be accompanied by neurological complications than sacral fractures caused by high-energy trauma.

B

Fig. 1. (A) Lumbar-spine magnetic resonance imaging (MRI) (coronal view) shows multiple sacral insufficiency fractures including all
bilateral zones 1, 2, and 3 (arrowheads). (B) Lumbar-spine MRI (sagittal view) shows no specific findings except for a mild degree of disc
bulging at L5-S1.
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A

B

Fig. 2. (A) Sacrum computed tomography (CT) (sagittal view) shows permeative bone destruction and sclerosis involving S3, S4, and
the coccyx with ill-defined enhancing presacral soft tissue (arrowheads). (B) Sacrum CT (coronal view) shows bilateral sacral fractures
(arrowheads).

Finiels et al. [4] found neurological complications in 14 of 493
SIF patients; however, in all of them, initial symptoms involved
some kind of pain, and neurologic symptoms were identified
only in the form of delayed complications. Later, Muthukumar et
al. [5] introduced four CES cases diagnosed with SIF, and these
patients commonly showed unilateral acute insufficiency fractures involving zone 1 from the S1 to S3 vertebrae, extending
from the sacroiliac joint to the lateral margin of the sacral foramen. This was the first published report of CES as a presenting
feature of SIF [3]. Therefore, the present case is unique in that,
unlike typical SIF cases, the fracture does not involve the sacral
ala and invades only the S3-S5 vertebrae, the lower part of the sacrum. In addition, CES was diagnosed more objectively than in
previous cases; the BCRL was numerically evaluated using an
electrodiagnostic study, and an urodynamic study confirmed the
urinary incontinence pattern to be overflow incontinence.
Insufficiency fractures are stress fractures that happen in everyday life without a high-energy trauma. They are more likely to
occur to sacra with reduced elastic resistance [6]. The sacroiliac
joint acts as a stress reliever between the trunk and the lower
limb, and it buffers the torsional stress caused by alternating
swing and stance phases while walking to prevent direct stress to
the sacrum [7].
Osteoporotic SIFs usually start from the sacral ala, which has
the highest ratio of trabecular to cortical bone [8]. According to
the Denis classification, this corresponds to zone 1, located between the neural foramina and the sacroiliac joint, and it usually
does not invade the neural foramina [6]. It is uncommon for
SIFs to first occur in zones 2 or 3, reflected in the rare occurrence
https://doi.org/10.18214/jend.2020.00101

of neurological complications in SIF [9].
Linstrom et al. [8] confirmed the fracture locations in 108 SIF
patients and most of them showed typical vertical parasagittal
plane fractures starting at the unilateral or bilateral sacral ala and
continuing to the sacroiliac joint, and the fracture progressed in a
characteristic “H” pattern over time, crossing at the upper S2 or
lower S1 levels. However, a few cases showed atypical fracture
patterns such as isolated transverse only sacral fractures. These
were explained by confounding factors such as extreme amounts
of sacral lordosis, unusual stress, or advanced osteoporosis.
In the present case, the fracture occurred at a location different
from typical osteoporotic SIF. In addition, a hip and lumbar
spine MRI taken 5 months before the start of sphincter dysfunction showed no fracture, but when the images were retaken after
only 7 months, both vertical and horizontal fractures were found
(this differs from the general course of SIF). Therefore, it can be
assumed that stress was caused by a mechanism different from
that caused by walking. This patient did not have severe sacral
lordosis or severe osteoporosis, and the fracture was not accompanied by the confounding factors mentioned by Linstrom et al.
[8] such as Tarlov cysts, sacral masses, or history of pelvic radiation. As to the characteristic history of this patient, over the
course of about four years, she studied for more than 8 hours a
day while sitting on a hard chair. This may have caused the
weight of her upper body to be applied downward instead of being distributed to the bilateral lower extremities. Also at that
time, she went through menopause and received 12 steroid injections, including repetitive caudal epidural injections, which may
have increase her risk of fracture by lowering the bone marrow
13
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density in the coccyx [10]. In this situation, we believe SIF occurred after coccyx fracture, as stress was applied vertically to the
coccyx and sacrum. This would explain the vertical and horizontal fractures that occurred at the S3-S5 level, unlike most SIFs
that usually start at the sacral ala.
The implications of this case are as follows. When patients at
high risk of osteoporosis complain of back and buttock pain, care
providers should check if there have been recent long periods of
sitting. If so, they should include the sacrum in the lumbar spine
MRI. CES must be differentiated because, as shown in this case,
unlike typical SIF, fracture can occur at the S3-S5 level including
zones 2 and 3. It should also be noted that, if multiple caudal epidural steroid injections are inevitably performed, the patient’s local and systemic bone marrow density may be reduced. Careful
attention should be given to the occurrence of osteoporotic fractures.
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Atypical Presentation of Hereditary Neuropathy with Liability to
Pressure Palsy: A Case Report
Hee Sup Chung, Hee Dong Shin, Seung Hwa Lee
Department of Physical Medicine and Rehabilitation, Veterans Health Service Medical Center, Seoul, Korea

Hereditary neuropathy with liability to pressure palsy (HNPP) is an autosomal dominant peripheral nerve disorder that typically presents clinically as recurrent painless numbness and
weakness at the entrapment site or areas susceptible to pressure. Less commonly, the disorder
may clinically present as progressive polyneuropathy, chronic polyneuropathy, Charco-Marie-Tooth disease-like symptoms, or chronic inflammatory demyelinating polyneuropathy-like
disorder. One case has been reported in which HNPP presented as progressive muscular atrophy
in old age. Herein, we report a late-onset HNPP patient who presented with slowly progressing
lower motor neuron-predominant motor neuron disease, which resulted in death due to bulbar
dysfunction 7 years post-diagnosis. Therefore, we propose that the clinical spectrum of HNPP
may be broader than current reports suggest.
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Introduction
Hereditary neuropathy with liability to pressure palsy (HNPP)
is an autosomal dominant peripheral nerve disorder caused by a
1.5 Mb deletion within chromosome 17p11.2 [1]. It is typically
diagnosed in adolescence [1]. Commonly affected nerves include the median nerve at the wrist, ulnar nerve at the elbow, radial nerve in the arm, peroneal nerve at the fibular head, or other
sites sensitive to pressure. In addition, other clinical phenotypes of
the disorder include progressive polyneuropathy, chronic polyneuropathy, Charco-Marie-Tooth disease (CMT)-like symptoms, and

chronic inflammatory demyelinating polyneuropathy (CIDP)-like
disorder [2].
There has been one report of an HNPP patient that presented
clinically with progressive muscular atrophy (PMA) after a 40-week
follow-up. However, the author mentioned that their case could involve a variant of HNPP with amyotrophic lateral sclerosis (ALS) if,
upon further follow-up, upper motor neuron (UMN) dysfunction is
identified [3]. Here, we present a case of HNPP that progressed like
PMA throughout a 7-year follow-up period. The patient eventually
died owing to bulbar dysfunction and respiratory insufficiency 7
years post-diagnosis.
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permits unrestricted non-commercial use, distribution, and reproduction in anymedium, provided the original work is properly cited.
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Case Report
We report a case involving a 60-year-old male patient who presented with a 6-month history of painless weakness in his left upper extremity. The patient had no history of diabetes, incontinence, dysphagia, or any family history of similar illnesses. An initial physical examination revealed mildly generalized atrophy and
medical research council (MRC) grade 4 motor weakness within
his left upper arm without any sensory symptoms. Deep tendon
reflexes were decreased at his biceps, triceps, knee, and ankle tendons, and no UMN dysfunction was observed. To identify the
likely cause of symptoms, an electrodiagnostic study, C-spine, and
brain magnetic resonance imaging (MRI) were performed.
Nerve conduction studies (NCS) revealed mixed sensori-motor polyneuropathy, which were mainly demyelinating. Multiple
entrapment neuropathies of the median nerve at the right wrist
and in the ulnar nerve at the left elbow were observed (Table 1).
Needle electromyography showed denervation potentials in
muscles of the left upper limb and polyphasic, or large amplitude
motor unit action potentials, in both upper limbs and the left
lower limb. There were no significant findings observed regarding paraspinal and facial muscle test (Table 2). The somatosensory evoked potential produced by median nerve stimulation was
normal. Imaging studies revealed no remarkable findings, aside
from disc protrusion at C4-5, degenerative spondylosis via cervi-

cal MRI and micro-angiopathy of periventricular white matter
via brain MRI. Based on observed polyneuropathy and multiple
entrapment neuropathies, further study to rule out HNPP was
recommended, but the patient refused at the time.
One year and eight months after his first visit, the patient experienced worsening weakness of his left arm to MRC grade 3 and
newly developed weakness in his right upper limb (MRC grade
3+) 2 years post-disease onset (Fig. 1) We received the patient’s
consent form about publishing all photographic materials. Since
the patient agreed to be further examined, laboratory tests, antibody testing for various autoimmune diseases, a cerebrospinal
fluid (CSF) test, and genetic testing for HNPP were performed.
Laboratory test results, including antibody testing for various autoimmune diseases and an anti-GM1 antibody test, were negative. Additionally, CSF results were all within normal range, with
the exception of a 58.8 mg/dL CSF protein concentration, which
was slightly elevated (normal range, 15-45 mg/dL). The genetic
assessment revealed a heterozygous deletion of the gene encoding PMP22, which confirmed the HNPP diagnosis. After the patient received his results, an additional genetic study revealed
that his youngest daughter also harbored a heterozygous deletion
of the gene encoding PMP22.
Six years post-diagnosis, weakness of both upper arms continued to progress and extended to both lower extremities. The patient had no UMN dysfunction or no remarkable findings on ad-

Table 1. Summary of Initial Nerve Conduction at 7 Months from Onset
Nerve

Stimulation site Recording site

Sensory nerve conduction studies
Median
Wrist
Palm
Ulnar
Wrist
LABCN
Elbow
Superficial radial
Forearm
Sural
Calf
Motor nerve conduction studies
Median
Wrist
Elbow
Ulnar
Wrist
Below elbow
Above elbow
Peroneal
Ankle
Fibular head
Tibial
Ankle
Knee

3rd finger
5th finger
Forearm
1st finger
Ankle
APB
ADQ

EDB
AH

Latency (ms)
Lt.
Rt.

Amplitude (mV)
Lt.
Rt.

3.7*
2.5*
3.4*
2.5
2.7
3.9*

6.4*
2.5*
3.2
2.6
3.3*
3.6

18.0
10.3
18.0
17.8
30.7
4.8*

3.8*
4.5*
15.6
18.2
17.0
7.7

5.2*
9.0
3.5
6.5
9.3
5.0
12.4
4.1
11.9

5.2*
11.4
3.9*
7.0

1.7*
1.2
3.7*
2.9*
2.8*
0.6*
0.2
11.4
7.0

4.1*
2.5
5.5
5.3

NE*
NE*
4.6
11.6

NE*
NE*
10.9
6.9

CV (m/s)
Lt.
Rt.

34.9*
35.3*
40.0
37.0
35.9*

36.5*
37.5
38.4
30.5*
38.9

44.0*

32.3*

58.3
35.7*

67.7

37.8*

NE*

47.3

45.7

F-wave (ms)
Lt.
Rt.

29.2

32.8*

25.1

*31.6

NE*

NE*

Lt., left; Rt., right; CV, conduction velocity; LABCN, lateral antebrachial cutaneous nerve; APB, abductor pollicis brevis; ADQ, abductor digiti quinti; EDB,
extensor digitorum brevis; AH, abductor hallucis; NE, not evoked.
*Abnormal findings.
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Table 2. Summary of Needle Electromyography at 7 Months from Onset
Muscle
BB
Infraspinatus
Deltoid
PT
EDC
FDI
TB
APB
UT
VM
TA
PL
TFL
Psoas
GCM
Tongue
O. oculi
Masseter
C-PVM
T-PVM
L-PVM

Fibrillation
Lt.
Rt.
+++
+
+++
+++
++
++
-

Spontaneous activities
PSW
Lt.
Rt.
+++
+
+++
+++
++
++
-

MUAP

CRD
Lt.
-

Rt.
-

-

Lt.
Poly
Large
Large
Poly
Large
Large
Large
Large
Large
Large
Large
Large
Large

Recruitment pattern
Rt.

Large
Large
Large
Large

Lt.
↓↓
↓
↓
↓
↓
↓↓
↓
↓↓
↓
↓
↓
↓
↓
Full
Full
Full
Full
Full

Rt.
Full

↓
↓
↓
↓

-

The number of down arrows (↓) indicates the degree of reduced recruitment pattern.
PSW, positive sharp waves; CRD, complex repetitive discharge; Lt., left; Rt., right; MUAP, motor unit action potential; BB, biceps brachii; PT, pronator
teres; EDC, extensor digitorum communis muscle; FDI, first dorsal Interosseous; TB, triceps brachii; APB, abductor pollicis brevis; UT, upper trapezius;
VM, vastus medialis; TA, tibialis anterior; PL, peroneus longus; TFL, tensor fasciae latae; GCM, gastrocnemius; C-PVM, cervical paraspinal muscle; T-PVM,
thoracic paraspinal muscle; L-PVM, lumbar paraspinal muscle.

ditional C-spine and L-spine enhanced MRI study which could
reveal alternative causes of the slowly progressive motor weakness. NCS revealed aggravation due to PMA (Table 3). Moreover, needle electromyography revealed newly detected fibrillation and positive sharp waves on cervical, thoracic, and lumbar
paraspinal muscles (Table 4).
Seven years post-diagnosis, the patient experienced swallowing difficulty. A video-fluoroscopic swallowing study revealed
decreased laryngeal elevation with moderate amount of vallecular and pyriform sinus residue. In addition, the patient required
continuous positive airway pressure due to nighttime dyspnea
and was not able to perform daily activities without full assistance. His muscle weakness continued to worsen to the point
that he required a mechanical ventilator as a result of respiratory
dysfunction. Despite these challenges, he signed a do-not-resuscitate form and died in the seventh year.
Fig. 1. A picture of the patient taken at the second year. Both
upper extremities showed gross muscle atrophy including shoulder
girdles.
https://doi.org/10.18214/jend.2020.00118
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Table 3. Summary of Nerve Conduction at 6 Years from Onset
Nerve
Sensory nerve conduction studies
Median
Ulnar
Sural
Motor nerve conduction studies
Median
Ulnar
Peroneal
Tibial

Stimulation site

Recording site

Wrist
Palm
Wrist
Calf

3rd finger
5th finger
Ankle

Wrist
Elbow
Wrist
Below elbow
Ankle
Fibular head
Ankle
Knee

APB
ADQ
EDB
AH

Latency (ms)
Lt.
Rt.

Amplitude (mV)
Lt.
Rt.

3.7*
2.5*
3.1
3.9*

18.9
16.3
18.1
10.3

3.77

5.9*
12.9
5.08*
10.6
NE*
NE*
4.6
12.6

0.3*
0.2
0.19*
0.17
NE*
NE*
1.64*
1.12

NE*
NE*
3.74
10.9

9.6

CV (m/s)
Lt.
Rt.

F-wave (ms)
Lt.
Rt.

38.6
35.9* 38.9
NE*
27.3*
NE*
34.4*

NE*
NE*
3.4*
2.2

NE*

NE*

NE*

56.2*

52.6*

NE*

40.0* 44.7

Lt., left; Rt., right; CV, conduction velocity; APB, abductor pollicis brevis; ADQ, abductor digiti quinti; EDB, extensor digitorum brevis; AH, abductor
hallucis; NE, not evoked.
*Abnormal findings.

Table 4. Summary of Needle Electromyography at 6 Years from Onset
Muscle
BB
FDI
VM
TA
GCM
O. oris
Masseter
C-PVM
T-PVM
L-PVM

Spontaneous activities
Fibrillation
PSW
Lt.
Rt.
Lt.
Rt.
+++
+++
++
++
+++
+++
+
++
++
++
++

++
++
++
+++

+
++
++
++
++

++

MUAP
Lt.
Two long dur.
Distant

Recruitment pattern
Rt.

Lt.

Rt.

↓↓↓
No
One or two

Long dur. large
Complex polyphasic
Large

↓↓↓
↓↓

++
++
+++

The number of down arrows (↓) indicates the degree of reduced recruitment pattern.
PSW, positive sharp waves; Lt., left; Rt., right; MUAP, motor unit action potential; BB, biceps brachii; FDI, first dorsal Interosseous; VM, vastus medialis;
dur., duration; TA, tibialis anterior; GCM, gastrocnemius; O. oris, orbicularis oris; C-PVM, cervical paraspinal muscle; T-PVM, thoracic paraspinal muscle;
L-PVM, lumbar paraspinal muscle.

Discussion
The patient described here had an unusual HNPP disease phenotype. He presented with asymmetric left upper arm muscle
weakness and atrophy and demyelinating polyneuropathy with
multiple entrapment neuropathies. Genetic analysis revealing a
deletion within the PMP22 gene was used to diagnose HNPP.
Additionally, the absence of UMN dysfunction, reduced reflexes
indicating lower motor neuron (LMN) dysfunction, unremarkable findings from image studies and fibrillation potentials, the
18

presence of positive sharp waves, large polyphasic motor unit potential with reduced recruitment in clinically affected and non-affected areas in needle electromyography indicated possible motor neuron disease (MND) such as PMA.
Typically, HNPP presents as recurrent sensory and motor
neuropathy in a single nerve with wax and wane symptoms that
occur in adolescence [1]. Other studies have shown various
atypical phenotypes including CIDP that resembles polyneuropathy [4], symptoms of generalized weakness and muscle cramps
[5], muscular pain [6], or low back pain with radicular symphttps://doi.org/10.18214/jend.2020.00118
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toms [7]. Few cases have revealed that HNPP may be associated
with MND such as ALS or PMA [3,8]. In contrast with other reports, the first episode experienced by our patient occurred at
the age of 60, and there was no history of transient muscle weakness in his adolescence. Additionally, his first episode included
progressive asymmetrical left upper arm muscle weakness, rather
than transient muscle weakness. Further, the muscle weakness
continued to worsen over time, and slowly spread to his other
limbs.
A previous report described a patient with progressive muscle
weakness, dysphagia, hand tremor and distal region dysesthesia
who was diagnosed with two rare diseases: spinobulbar muscular
atrophy (SBMA) and HNPP [9]. Similarly, our patient also possessed slowly progressive muscle weakness and swallowing difficulty at the final stage of disease. However, our patient did not
experience hand tremors, facial atrophy, or fasciculation nor did
he complain of any bulbar symptoms which would have caused
us to initially doubt SBMA. Further, facial and neck muscle atrophy and swallowing difficulty were identified in the seventh year
post-symptom onset and likely occurred as a part of disease progression.
Myelin protein, PMP22, controls Schwann cell proliferation
and apoptosis, which are needed to produce compact myelin
[10]. PMP22 deletion and/or cumulative nerve entrapment
could lead to secondary axonal loss and LMN apoptosis to produce PMA, since the expression of PMP22 mRNA occurs within
LMNs of the spinal cord and brain stem [10]. However, only one
case report has described HNPP with PMA, and it involved a
relatively short, 40-week follow-up [3]. And since the follow-up
period was short, the author stated that the possibility of UMN
dysfunction could not be ruled out [3]. In comparison, the weakness experienced by our patient continued to slowly progress for
seven years, and no UMN dysfunction was identified until his
death. Swallowing difficulty and dyspnea occurred, which indicated the possibility of bulbar dysfunction on later stage. Therefore, our case, which included a long-term follow-up, revealed
late onset HNPP that presented like slowly progressive PMA.
The patient died because of bulbar dysfunction and respiratory
insufficiency.
In conclusion, a review of our case indicates that the spectrum
HNPP clinical presentation may be much broader than previously known. Our case fell into neither a well-known nor atypical
spectrum of HNPP. Therefore, the description of this case may
help expand our knowledge of the spectrum of HNPP. Further
review studies involving a larger series of cases may be needed to
fully define clinical features of HNPP.

https://doi.org/10.18214/jend.2020.00118
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Bulbocavernosus Reflex and Pudendal Nerve Somatosensory
Evoked Potential in a Cauda Equina Syndrome with Only Lower
Sacral Nerve Root Symptoms
Yeon Wook Cho1, Tae Hee Kim2, Cheol Choi3, Ki Deok Park1, Ju Kang Lee1, Oh Kyung Lim1
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Cauda equina syndrome (CES) is a neurological condition involving low back pain, radiating
pain, sensory loss, motor weakness, bladder dysfunction, and bowel dysfunction. A 37-year-old
man was admitted with saddle-type hypesthesia, bladder dysfunction, and bowel dysfunction,
but without motor weakness and radiating pain. He was diagnosed with large sequestrated lumbar disc herniation at L5-S1 and underwent decompression surgery. The initial bulbocavernosus
reflex (BCR) and pudendal nerve somatosensory evoked potential (PSEP) on postoperative day
10 showed no response. After 1 month, bladder dysfunction and bowel dysfunction improved
and saddle-type hypesthesia slightly improved. We also observed improvement in the BCR and
PSEP during a follow-up evaluation on postoperative day 35. These results suggest that BCR and
PSEP can indicate improvements in clinical symptoms and improved prognoses for CES patients
with bladder dysfunction and bowel dysfunction.
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Introduction
Cauda equina syndrome (CES) is a rare but serious neurological disease resulting from compression of the cauda equina,

which comprises a bundle of nerves below the first lumbar vertebra. Its incidence is approximately 1 in 33,000 to 100,000 [1].
The most common cause of CES is herniation of the intervertebral disc; however, it occurs in only 1% to 3% of patients with a
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herniated disc [1]. The second most common cause of CES is
tumors, followed by infections, spinal stenosis, hematomas, inflammatory causes, and vascular causes [2]. Because the degree
of severity and manifestations of CES vary widely, and because
no clear diagnostic criteria exist, clinical suspicion of the condition is important. Clinical manifestations include low back pain,
radiating pain, lower limb motor weakness, saddle-type hypesthesia, bladder dysfunction, bowel dysfunction, and sexual dysfunction. The severity of CES symptoms is determined based on
the presence of sphincter dysfunction, and manifestations vary
accordingly. The bulbocavernosus reflex (BCR) and pudendal
nerve somatosensory evoked potential (PSEP) are two tools that
can be used to objectively assess the functions of the peripheral
pudendal nerve and sacral reflex arc. One study found these to
be helpful for determining the degree of severity of CES [3].
However, objective instruments to assess outcomes or improvements in symptoms are lacking. We report a rare case of non-typical CES with bladder dysfunction and bowel dysfunction, but
without lower limb motor weakness, radiating pain and low back
pain. Improvements in clinical symptoms were assessed using
BCR and PSEP in this case.

Case Report
A 37-year-old man had sudden bladder dysfunction, bowel
dysfunction and hypesthesia around the anus. He had no notable
medical history or trauma, motor weakness, or pain. Lumbosacral magnetic resonance imaging (MRI) performed 1 day after
symptom onset showed a sequestrated disc between the fifth
lumbar vertebra and the first sacral vertebra inferior migration to
infrapedicle level and severely compressed cauda equina nerve
roots (Fig. 1A, B). Laminectomy and discectomy were performed
3 days after symptom onset. Although the symptoms did not

A

B

worsen, bladder and bowel dysfunction persisted after surgery;
therefore, he was admitted to the rehabilitative medicine department on postoperative day (POD) 9. At the time of admission,
the patient had to use the Valsalva maneuver when urinating. He
had a weak urine stream, with 300 to 400 mL of self-voiding and
400 to 500 mL of residual urine. Before symptom onset, he had
normal bowel movements once per day; however, after symptom
onset, he experienced fecal impaction and incontinence. Physical
examination performed at the time of admission showed no abnormal sensory change in the posterior thigh and calf, but perianal hypesthesia in the S3-S5 dermatome. Manual muscle testing
revealed normal upper and lower limb muscle strength. The patient had normal patellar tendon and achilles tendon reflex without a pathologic reflex, but he had a weakened BCR. Sensory
and motor nerve conduction results for both lower limbs were
normal, and both Hoffmann reflexes were in the normal range.
During needle electromyography (EMG), all muscles in the lower limbs were normal, but insertion activity and abnormal spontaneous activity were increased in both bulbocavernosus muscles
(Table 1). Electrodiagnostic testing of the sacral reflex arc lesions
was performed. The BCR and PSEP were absent during the
nerve conduction study performed on POD 10 (Table 1). Physical examination results suggested saddle-type hypesthesia and a
reduced BCR, and urodynamic test results indicated hyporeflexia of the bladder; therefore, CES was diagnosed. Lumbosacral
MRI performed on POD 11 indicated that the cauda equine was
no longer compressed (Fig. 1C, D). To control bladder and bowel dysfunction, the patient was administered tamsulosin 0.4 mg,
bethanechol 100 mg, and magnesium hydroxide 2,000 mg every
day, starting from the day of admission. On POD 35, the patient
was able to urinate without using the Valsalva maneuver and did
not have the sensation of residual urine; less than 50 mL of residual urine was found after voiding. He regained the ability to have

C

D

Fig. 1. (A, B) Lumbar spine T2-weighted magnetic resonance imaging shows a sequestrated disc at L5-S1 and severe compression of the
cauda equina nerve roots (arrows) in the (A) sagittal view and (B) axial view. (C, D) After bilateral laminectomy and discectomy at L5-S1,
the decompressed cauda equina nerve roots (arrows) are observed in the (C) sagittal view and (D) axial view.
https://doi.org/10.18214/jend.2020.00066
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regular bowel movements without fecal incontinence. At that
time, delayed BCR latency and normal PSEP were observed.
Needle EMG revealed increased insertion activity and abnormal
spontaneous activity in both bulbocavernosus muscles (Table 1).
Worsening of symptoms was not observed during follow-up, and
the patient was able to resume normal daily living.

Discussion
Although disc herniation is the most common cause of CES, the
incidence of CES is low [4,5]. When the cauda equina is compressed, more than 85% of patients experience severe bilateral radiating pain, lower limb weakness, and bladder and/or bowel dysfunction within several hours. However, there have been rare cases
of non-typical CES caused by central disc herniation that have involved urinary retention and sphincter dysfunction without radiating pain or lower limb weakness [6].
CES caused by disc herniation may have variable symptoms
depending on the location and size of the protruding or sequestered disc. The condition may occur in the upper level (L2-4
nerve roots), middle level (L5-S1 nerve roots), or lower level
(S2-5 nerve roots). For example, when the lower level (S2-5
nerve roots) are compressed, saddle-type hypesthesia, decreased
anal reflex and BCR, and anal sphincter dysfunction may occur
[7]. Anatomically, the lower nerve roots (S2-5 nerve roots) are
in a centromedial position in the thecal sac; therefore, central
protruding L5-S1 lumbar disc herniation may cause saddle-type
hypesthesia, sphincter dysfunction, and decreased anal reflex and
BCR without lower limb weakness or radiating pain, as observed
in this case.
CES is classified into four stages according to the degree of severity: pre-phase, early-phase, mid-phase, and late-phase. Be-

cause sphincter dysfunction such as bladder and bowel dysfunction occur only during the mid-phase and late-phase, the presence of sphincter dysfunction serves as a criterion for determining the severity of CES [3]. However, instruments that enable
early diagnosis of CES severity, objective measurements of the
prognosis, and determination of improvements in clinical symptoms are lacking. Although physical examination and manual
BCR are used as early tools for determining the severity of CES,
these have been reported to be unreliable because the results are
subjective and vary according to the examiner [8]. Lee et al. [9]
reported that BCR and EMG may be useful for predicting the recovery of bladder function in CES patients with bladder dysfunction. Furthermore, BCR and PSEP have been reported to the
have the ability to objectively measure the conduction time of
the peripheral pudendal nerve and sacral reflex arc, and their latency has been shown to reflect the functions of the peripheral
pudendal nerve and sacral reflex arc [10]. Multiple previous
studies have used BCR and PSEP to diagnose sexual dysfunction, such as neurogenic erectile dysfunction, but few studies
have used BCR and PSEP to diagnose neurologic disorders such
as CES [3]. Niu et al. [10] found that BCR and PSEP significantly differed between a normal control group and a peripheral
group, including CES patients. Another study reported that BCR
and PSEP are helpful not only for diagnosing CES but also for
determining the severity of the condition according to the presence of sphincter dysfunction [3]; the results indicated significant differences in BCR and PSEP abnormality rates of CES patients compared to controls, thus confirming that these two parameters have diagnostic value for CES. Furthermore, when CES
patients were divided according to the presence or absence of
sphincter dysfunction, BCR abnormality rates significantly differed between the two groups.

Table 1. Results of Needle Electromyography, Bulbocavernosus Reflex, and Pudendal Nerve Somatosensory Evoked Potential
Fib
BC (Rt./Lt.)
Initial (POD #10)
Follow-up (POD #35)
BCR (Rt./Lt.)
Initial (POD #10)
Follow-up (POD #35)
Nerve
Pudendal
   Initial (POD #10)
   Follow-up (POD #35)

1+/1+
1+/1+

PSW
2+/2+
2+/2+

MUAP
N
N

Recruitment Latency (ms) Amplitude*

P37 (ms)

N45 (ms)

P60 (ms)

Single
Discrete
NR/NR
61.5/96.88

NR/NR
0.4/0.6

NR
44.69

NR
51.04

NR
62.08

Fib, fibrillation; PSW, positive sharp wave; MUAP, motor unit action potential; BC, bulbocavernosus; Rt., right; Lt., left; POD, postoperative day; N,
normal; BCR, bulbocavernosus reflex; NR, no response.
*Amplitudes are measured in millivolts (mV).
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The patient in the present case had a non-typical case of CES
caused by disc herniation that resulted in bladder and sphincter
dysfunction, but no lower limb weakness or radiating pain.
Therefore, this case highlighted the association between EMG,
bladder function, and sphincter function in the absence of other
symptoms. The absence of the initial BCR and PSEP response
appears to be due to conduction block by nerve compression.
The presence of abnormal spontaneous activities such as fibrillation or positive sharp wave indicates that muscle denervation is
still in progress. Axonal reinnervation is required for function recovery, but in this case, delayed BCR latency and normal PSEP
was observed as clinical symptoms recovered. In the previous
study, absent BCR response indicates severe injury of cauda
equina, which can lead to a poor outcome of bladder dysfunction
of CES [3]. However, the presence of the BCR, either delayed or
normal in latency, indicates preserved integrity of sacral arc,
which means recovery of bladder dysfunction in CES patients.
Therefore, serial follow-up electrodiagnostic study is required.
The patient’s clinical symptoms had further improved at follow-up on POD 45. We expected the EMG results to show corresponding improvements, but the patient refused to undergo an
additional EMG due to the discomfort of the test. Although the
patient reported sphincter dysfunction, anal sphincter needle
EMG could not be performed because he had hemorrhoids and
edema at the time. However, we were able to confirm that BCR
and PSEP can be indicators of improvements in clinical symptoms for patients with severe CES, bladder dysfunction and bowel dysfunction.
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Spontaneous Bilateral Femoral Neuropathy: A Case Report
Soo In Yun, Leechan Jo, Bo Young Hong, Joon Sung Kim, Bo Kyung Shin, Seong Hoon Lim
Department of Rehabilitation Medicine, St. Vincent’s Hospital, College of Medicine, The Catholic University of Korea, Seoul, Korea

Spontaneous femoral neuropathy rarely occurs in young, healthy men. Herein, we present the
first reported case of bilateral spontaneous femoral neuropathy. A 25-year-old man was admitted
to the neuropsychiatric inpatient clinic with drug intoxication and showed bilateral knee extensor
weakness. He had taken medication for several years for depression. He took an overdose of medication due to severe stress at the army recruit training center for beginning military service. He
had slept for over 24 hours. After waking up, bilateral lower extremity weakness had developed.
Magnetic resonance imaging showed a small hematoma between the left psoas and quadratus
lumborum muscles, and signal intensity changes in the left femoral nerve-innervated muscles. An
electrodiagnostic study demonstrated bilateral femoral neuropathy with axonal injury. Two
months later, his weakness had partially recovered, and a follow-up examination revealed partial
electrodiagnostic recovery. At a long-term third follow-up visit, both symptoms and electrodiagnostic findings had improved.

Received: July 28, 2020
Revised: September 21, 2020
Accepted: October 10, 2020
Corresponding author:
Seong Hoon Lim
Department of Rehabilitation Medicine,
St. Vincent’s Hospital, College of
Medicine, The Catholic University of
Korea, 93 Jungbu-daero, Paldal-gu,
Suwon 16247, Korea
Tel: +82-31-249-7650
Fax: +82-31-251-4481
E-mail: seonghoon@catholic.ac.kr

Keywords: Femoral neuropathy; Neuropathy; Electrodiagnosis

Introduction

Case Report

Femoral nerve originate from the L2, L3, and L4 nerve roots. It
has muscular branches in the psoas, iliacus, quadriceps femoris,
sartorius, and pectineus muscles, as well as thigh medial and intermediate cutaneous nerves and saphenous nerves. Isolated femoral
neuropathy rarely occurs due to abdomen, hip, or pelvis surgery or
stretch stress, compression by hematoma, tumor, abscess. Spontaneously occurring femoral neuropathy in young men is very rare,
and bilateral cases have not been reported. We report a case of
spontaneous bilateral femoral neuropathy with literature review.

A 25-year-old man suffering from depression was admitted to
the Department of Neuropsychiatry for drug intoxication and
was accompanied by weakness of bilateral knee extensors. He has
been taking depression medications (procyclidine, lamotrigine,
lorazepam, quetiapine, sertraline, escitalopram, propranolol) for
several years. He enlisted in the army recruit training center for
military service ten days before visiting the hospital, and took
about ten bags of psychiatric medication for stress and slept for a
day. Sleep was done in the supine position, and postures such as
the hip extension were not confirmed. After he woke up, he sud-
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denly complained of weakness and pain in both lower extremities and checked out the army recruit training center because he
was unable to walk. Afterward, he suffered sleep disorders and
suicidal thoughts and was admitted to the Department of Neuropsychiatry. In the blood test, creatine phosphokinase showed a
mild elevation of 214 IU/L (normal range, 60-190 IU/L), and
other abnormalities were not observed. On physical examination, there was no bruise, swelling, pain, or tenderness on the
flank, abdomen, buttocks and thigh that would suspect trauma.
Neurological examination showed that measurement of manual
strength of right hip with hip flexion 4/5, extension 4/5, right
knee with knee flexion 4/5, extension 3/5, left hip with hip flex-

ion 3/5, extension 4/5, and left knee with knee flexion 4/5, extension 2/5. On the 13th days of symptoms, nerve conduction
study (NCS) and needle electromyography (EMG) were performed. In the sensory NCS, the bilateral saphenous nerve sensory nerve action potential (SNAP) did not appear, and in the
motor NCS, the left femoral nerve compound muscle action potential (CMAP) did not appear. When measured on the extensor
digitorum brevis muscle, there was a decrease in the CMAP amplitude of both common peroneal nerves, which was considered
to be due to disuse atrophy or focal atrophy (Tables 1, 2). Abnormal spontaneous activity was observed in bilateral adductor
magnus, rectus femoris, vastus medilais, and left vastus medialis,

Table 1. Results of Sensory Nerve Conduction Studies
Nerve

Initial (13 HD)
Peak latency (ms) Amplitude (μV)

Stimulation

Rt. sural
Lt. sural
Rt. superficial peroneal
Lt. superficial peroneal
Rt. saphenous
Lt. saphenous
Rt. LFCN
Lt. LFCN

Lower leg
Lower leg
Ankle
Ankle
Knee
Knee
Above inguinal ligament
Above inguinal ligament

3.8
3.7
3.9
3.3

2.9
2.9

12
21.6
12.4
18.4
No response
No response
12.3
8.6*

CV (m/s)
47.9
49.6
46.6
45.4

-

Follow-up (204 HD)
Peak latency (ms) Amplitude (μV)
3.6
3.6
4.1
3.9
2.7
3.0
4.4
3.0

13.9
19.9
7.9
12.1
6.8
3.7
18.0
7.6*

CV (m/s)
49.2
50.3
45.1
45.1
70.0
66.6
-

HD, hospital day; ms, millisecond; μV, microvolt; CV, conduction velocity; m/s, meters per second; Rt., right; Lt., left; LFCN, lateral femoral cutaneous
nerve; -, the sensory nerve action potentials of bilateral saphenous nerves were not evoked at the initial test. The amplitude of left LFCN was reduced at
initial and follow-up tests.
*Decreased amplitude of sensory nerve action potential.

Table 2. Results of Motor Nerve Conduction Studies
Nerve
Rt. femoral
Lt. femoral
Rt. peroneal (EDB)
Lt. peroneal (EDB)
Rt. peroneal (TA)
Lt. peroneal (TA)
Rt. tibial
Lt. tibial

Stimulation
Above inguinal ligament
Above inguinal ligament
Ankle
Fibular (head)
Ankle
Fibular (head)
Fibular (head)
Popliteal fossa
Fibular (head)
Popliteal fossa
Ankle
Popliteal fossa
Ankle
Popliteal fossa

Initial (13 HD)
Onset latency (ms) Amplitude (mV)
5.9
9.4
No response
4.2
0.5*
10.8
0.8*
3.7
1.4*
10.1
0.9*
2.9
4.9
3.7
4.8
2.2
4.6
3.5
4.5
5.1
28.9
12.1
24.5
4.1
24.2
10.9
18.8

CV (m/s)
48.4
50.0
113.0
53.8
42.1
44.1

Follow-up (204 HD)
Onset latency (ms) Amplitude (mV)
7
9.9
No response
4.6
0.4*
12.5
0.4*
4.5
4.0
13.3
3.6
2.7
6.1
4.0
6.0
3.1
5.9
4.7
5.4
4.8
17.7
11.9
13.4
4.1
15.1
11.4
11.2

CV (m/s)
41.1
39.7
61.5
65.6
50.7
47.2

HD, hospital day; ms, millisecond; mV, millivolt; CV, conduction velocity; m/s, meters per second; Rt., right; Lt., left; EDB, extensor digitorum brevis;
TA, tibialis anterior; -, the compound muscle action potentials (CMAPs) of bilateral femoral nerves were not evoked at initial and follow-up tests. The
amplitudes of CMAPs of bilateral EDB muscles on peroneal nerve stimulation were reduced at initial and follow-up tests.
*Decreased amplitude of compound muscle action potential.
https://doi.org/10.18214/jend.2020.00129
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Table 3. Results of Needle Electromyography
Muscle
Both L2-S1 PSP
Both TFL
Both AL
Both TA
Both PL
Both GCM (medial)
Rt. AM
Rt. GMax
Rt. iliopsoas
Rt. RF
Rt. VM
Rt. BF
Lt. AM
Lt. GMax
Lt. iliopsoas
Lt. RF
Lt. VM
Lt. BF

IA
NL
NL
NL
NL
NL
NL
NL
NL
NL
NL
NL
NL
NL
NL
NL
NL
NL
NL

Fib
None
None
None
None
None
None
None
None
None
1+
None
None
None
None
1+
None
None
None

Initial (13 HD)
PSW
MUAP
Interfer.
None
None
NL
Full
None
NL
Full
None
NL
Full
None
NL
Full
None
NL
Full
1+
NL
Full
None
NL
Full
None
NL
Full
2+
Poly
Discrete
1+
Poly
Discrete
None
NL
Full
1+
NL
Full
None
NL
Poor volition
2+
NL
Reduced
2+
No MUAP
1+
No MUAP
None
NL
Poor volition

IA
NL

Fib
None

NL

None

NL
NL
NL
NL
NL

None
None
None
None
None

NL
NL
NL
NL
NL

None
None
None
None
1+

Follow-up (204 HD)
PSW
MUAP
Interfer.
None
NT
None
NL
Full
NT
NT
NT
None
NL
Full
None
NL
Full
None
NL
Full
None
NL
Discrete
None
NL
Discrete
NT
1+
NL
Full
None
NL
Full
None
NL
Full
2+
Poly
Full
3+
No MUAP
NT

HD, hospital day; IA, insertional activity; Fib, fibrillation; PSW, positive sharp wave; MUAP, motor unit action potential; Interfer., interferential
pattern; PSP, paraspinalis; NL, normal; TFL: tensor fasciae latae; NT, not tested; AL, adductor longus; TA, tibialis anterior; PL, peroneus longus; GCM,
gastrocnemius; Rt., right; Lt., left; AM, adductor magnus; GMax, gluteus maximus; RF, rectus femoris; Poly, polyphasic; VM, vastus medialis; BF, biceps
femoris.

and no motor unit action potential was observed in left rectus
femoris, vastus medialis (Table 3). Taking electromyographic
findings and clinical findings together, ‘bilateral femoral neuropathy, left side more severely involved’ was diagnosed.
Follow-up EMG was performed on the 59th day of symptom
onset and showed little interval change compared to the previous
test. Thoracic and lumbar spine magnetic resonance imaging
(MRI) was performed to differentially diagnose radiculopathy
on the 10th day. It showed increased signal intensity in T2
weighted image between left psoas and quadratus lumborum
muscles, suggesting hematoma. In addition, there was high signal
intensity indicating focal muscle fiber tear and strain in both
muscles in T2 weighted image. Due to cost problem, tests were
selectively performed in the early period. As weakness persisted,
hip MRI was performed late for differential diagnosis on the
82nd day of symptom development to check femoral nerve and
to identify other lesion that may cause neuropathy. It showed no
abnormality of lumbosacral plexus and proximal sciatic nerve,
but signal intensity change was observed in the left vastus intermedius, vastus lateralis, psoas, and pectineus muscles (Fig. 1).
Hematoma was treated conservatively. After three months of
symptom onset, muscle strength of right knee extension improved 3/5 to 4/5 in the outpatient clinic observation, but there
26

was still difficulty in walking and stair up and down due to muscle weakness, and bilateral anterior thigh muscle atrophies, left
side dominant, were observed (Fig. 2).
On the 204th day of symptom development, a third follow up
EMG was performed, and the SNAP of the bilateral saphenous
nerve, which was not previously induced, was observed. In needle EMG, the loss of denervation potential on the right side and
some improvement on the left rectus femoris were also observed
(Table 3). After about 13 months of weakness, muscle strength
of left knee extension improved from 2/5 to 3/5, and the gait restriction disappeared when observed in the follow-up outpatient
department.

Discussion
The femoral nerve originates from the L2, L3, and L4 nerve
roots and travels between the psoas and iliacus muscles, located
under the iliacus fascia in a retroperitoneal space and then under
the inguinal ligament. Motor branches innervate to muscles such
as iliacus, quadriceps, and sartorius, and sensory branches are responsible for the sense of anterior, medial area of the thigh, and
lower leg medial area. Isolated femoral neuropathy is uncommon
and rarely occurs bilaterally. Femoral nerve injury can be caused
https://doi.org/10.18214/jend.2020.00129
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A

B

Fig. 1. T2-weighted magnetic resonance image showing high signal intensity of a loculated hematoma (arrow) between the psoas and
quadratus lumborum muscles, a focal irregular discontinuity with feathery-like high signal intensity of a focal muscle fiber tear, and
strain in the left psoas and quadratus lumborum muscles (curved arrows) (A), and a high-signal-intensity lesion (arrowhead) in the left
vastus lateralis muscle (B).

Fig. 2. Clinical photography showing atrophy of the left quadriceps muscle, especially the vastus medialis muscle (arrows). The case
report and patient’s photographs were reviewed and approved by the Institutional Review Board of The Catholic University of Korea,
College of Medicine (Registry No. VC14ZISE0072); the requirement for informed consent was waived by the board.

by compression or entrapment, mainly in retroperitoneal space
and inguinal ligament [1]. Femoral neuropathy may cause pain
in the inguinal, femoral, and lower abdomen, and pain exacerbation may occur with hip movement. The hip flexor, knee extensor weakness, and gait disturbance may be accompanied, and hypoesthesia occurs in the thigh anterior, medial part, and lower leg
medial part.
Femoral neuropathy rarely occurs, and to our knowledge, no
spontaneous case has been reported. The reported causes of
femoral neuropathy can be classified as traumatic/nontraumatic
https://doi.org/10.18214/jend.2020.00129

injury or surgery/non-surgery injury. Surgery-related etiology
has been reported such as vaginal hysterectomy, radical retropubic prostatectomy, laparoscopic vaginal surgery, and suggested
mechanisms include microvascular injury, compression by retractor, and mechanical stretch due to posture during surgery [24]. Non surgery etiology includes blunt trauma, hematoma,
rhabdomyolysis, suicide attempt after anticoagulant use. Nerve
compression and excessive stretch such as hanging leg syndrome
have been suggested as mechanisms [5-9]. Mechanisms such as
ischemia, compression, and stretch have been suggested to cause
27
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nerve injury regardless of etiology.
In this case, symptoms occurred after an overdose of the drug.
Radiculopathy can also be considered as the cause of knee extensor weakness, but it was excluded from the electrical diagnosis.
In a similar case to this case, bilateral femoral neuropathy occurred after massive toxic ingestion in order to commit suicide. It
was considered that stretch injury occurred due to improper position [7]. Other mechanisms that should be considered to cause
nerve injury are compression and ischemia. In other case, bilateral femoral neuropathy also occurred after drug overuse. It is
thought that compression in the inguinal area or stretch injury
was caused by maintaining knee flexion, hip flexion, and hip external rotation posture [8]. In this case, the patient maintained
the supine position, and there was no cause for stretch injury or
nerve compression by position. A small loculated hematoma was
found between the left psoas and quadratus lumborum on the
MRI scan, but it was thought to be small, not enough to cause
compressive neuropathy. The risk factors for hematoma include
coagulation disorder, renal, cardiac, hepatic insufficiency, and anticoagulant therapy. Renal and hepatic insufficiency were not observed in the laboratory test performed at the time of hospitalization and he did not receive anticoagulant therapy. There were no
tests for coagulation disorder and cardiac insufficiency. Secondary nerve damage caused by vasculitis or vascular disease is not
completely excluded due to the absence of angiographic computed tomography or MRI, but no inflammatory sign was found in
laboratory findings, and no other signs or symptoms were observed. The bilateral femoral neuropathy in this case report is assumed to be spontaneous onset and is considered to be related to
critical illness polyneuropathy (CIP). The pathophysiology of
CIP is not yet clear, but microvascular alteration, metabolic alteration, and electrical alteration are known to be involved. CIP is a
length-dependent axonal polyneuropathy, showing a decrease in
the amplitude of SNAP and CMAP. It may be asymmetric and
more severe in the lower extremities than in the upper extremities [10].
We report bilateral femoral neuropathy that occurred spontaneously without specific mechanisms after drug intoxication
through hip MRI, NCS, and needle EMG [2-9].
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Critical Illness Neuromyopathy Involving the Unilateral Lower
Cranial Nerves: A Case Report
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Critical illness neuromyopathy (CINM) manifests as weakness of the limbs and failure to wean
from the ventilator as a complication of critical illness. It increases hospital mortality and causes
chronic disability. Electrodiagnostic studies for CINM show both distal axonal sensory-motor
polyneuropathy and myopathic motor unit action potentials. Invasion of the cranial nerves is unusual. We report the case of a patient who had CINM with left 11 and 12 cranial nerve palsies. A
62-year-old male patient received intensive care unit care for 21 days due to acute decompensated heart failure. His clinical features were weakness of the upper and lower extremities, decreased
deep tendon reflex, tongue deviation, and atrophy of the left sternocleidomastoid and trapezius
muscles. On electrophysiological studies, the compound motor action potentials of the left trapezius muscles were lower than those of the right trapezius muscles. The left upper trapezius and
genioglossus muscles also clearly showed abnormal spontaneous activity.

Received: August 20, 2020
Revised: October 29, 2020
Accepted: November 5, 2020
Corresponding author:
Seung Hak Lee
Department of Rehabilitation Medicine,
Asan Medical Center, 88 Olympic-ro
43-gil, Songpa-gu, Seoul 05505, Korea
Tel: +82-2-3010-3800
Fax: +82-2-3010-6964
E-mail: seunghak@gmail.com

Keywords: Polyneuropathies; Cranial nerve disease

서론

중환자 말초신경근육병증에서 패혈증, 전신염증반응증후군,
다발성 장기부전이 가장 중요한 위험인자이며, 그밖에 고혈당,

중환자 말초신경근육병증은 호흡근 침범 및 사지위약을 특징

저알부민혈증, 신부전 등이 알려져 있다[1,3]. 중환자 말초신경

으로 하며, 상지보다 하지에서 더 심한 증상을 보인다. 전기진단

근육병증의 예후는 다양하나, 중환자 근육병증이 중환자 말초신

학적 검사에서는 감각-운동신경의 축삭 손상 또는 근육병증 양

경병증 또는 중환자 말초신경병증과 근육병증이 동반된 경우에

상이 관찰된다[1]. 유병률은 연구 대상, 진단기준, 검사 시점에

비해 예후가 좋다고 알려져 있다[1,4,5]. 그리고 조기 진단이 장

따라서 다르게 보고되고 있으나[2], 대략적으로 중환자의 1/3에

기 예후에 중요하다[3].

서 1/2 가량이 중환자 말초신경근육병증을 겪고 있으며, 중환자
실에서 가장 흔한 다발성 신경병증이다[1].

중환자 말초신경근육병증 환자에서 뇌신경 침범은 흔하지 않
으며[1], 기존 문헌 고찰을 해보면 1개 사례가 보고되어 있다[6].

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.
Copyright © 2021 Korean Association of EMG Electrodiagnostic Medicine
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본 연구는 중환자 말초신경근육병증에서 편측 하부 뇌신경을 침
범한 사례로 현재까지 보고된 사례가 없다.

증례

좌측 승모근과 흉쇄유돌근에서 근위축이 관찰되었다(Fig. 1).
내원 49일째 시행한 뇌신경 자기공명영상검사에서 뇌신경

7-12번을 압박하거나 침범하는 병변은 없었다. 내원 50일째 전
기진단학적 검사를 시행하였다. 운동신경전도검사에서 양측 비
골신경에서 잠시 지연, 진폭 감소, 전도속도 감소가 확인되었으

62세 남자 환자로 타원에서 고혈압과 고지혈증으로 약물 치
료 및 1993년에 당뇨를 진단받고 15년 전부터 인슐린을 투약하
던 환자로, 2019년 10월 가슴통증으로 상급종합병원 내원하여
비ST절 상승 심근경색증 및 관상동맥질환으로 11월 5일 심장동
맥우회로 수술 후 퇴원하였다. 12월 11일 호흡곤란으로 응급실

며, 우측 경골신경에서 전도속도 감소, 좌측 경골신경에서 진폭

을 방문하였으며, 심방조동이 확인되어 약물 조절을 시작하였다.

가 관찰되지 않았다(Table 1). 침전극 근전도검사에서 좌측 승모

내원 2일째 호흡곤란 악화 및 빈호흡(> 40/분), 빈맥(> 125/분)

근, 이설근에서 섬유세동과 양성예파가 관찰되었으며, 좌측 승모

소견이 보여, 단순 흉부X선검사에서는 양측 흉막삼출 소견, 침상
에서 시행한 심초음파에서 좌심실 박출량이 감소하는 소견이 보

근에서 운동단위활동전위가 관찰되지 않았고, 좌측 이설근에서

여 급성 비대상성 심부전(acute decompensated heart failure) 의
심하 기관삽관 시행 및 기계환기를 시작하였다. 지속되는 빈맥

축 시 다상성 활동전위와 조기 점증양상이 확인되었다(Table 2).

감소, 전도속도 감소가 관찰되었다. 척수부신경에서 우측에 비
해 좌측에서 진폭 감소 소견이 관찰되었다. 감각신경전도검사에
서 우측 정중신경, 우측 척골신경, 양측 장딴지신경에서 잠시 지
연, 진폭 감소가 관찰되었으며, 양측 표재비골신경에서 활동전위

최대 수축 시 단일 간섭양상이 확인되었다. 우측 삼각근에서 수

( > 120/분)으로 심부전 악화가 우려되어 심장율동전환(cardio-

장요근에서 시행한 간섭양식 분석검사(IP analysis)에서 회전수
증가가 확인되었다. 따라서 전반적인 감각-운동 말초신경병증

version) 시행 후 내원 2일째 심장내과 중환자실로 입원하였다.
이후 심방조동으로 한차례 더 심장율동전환을 시행하였다. 중환

및 근육병증 소견과 함께 좌측 뇌신경 11번, 12번에 마비가 확
인되었다.

자실 입실 후 시행한 혈액검사에서 위약을 초래할 수 있는 혈액
내 전해질 수치는 정상이었으나, 백혈구증가증(15.0 × 103/μL),

C반응단백질 상승(12.19 mg/dL), 혈당 상승(400 mg/dL), 혈액
요소질소 49 mg/dL, 크레아틴 2.33 mg/dL, 사구체여과율 29
mL/min/1.73 m2이 확인되었다. 전신 염증성 반응증후군, 고혈

A

B

C

D

당, 급성신부전으로 진단하 항생제 투약, 정맥 내 지속적인 인슐
린 투약, 이뇨제 투약, 지속적 신대체요법(continuous renal re-

placement therapy)을 포함한 대증치료를 시행하였다.
내원 6일째 진정제 투약을 줄이면서 기계환기 중단을 시도하
였다. 우측 위약이 확인되어 뇌컴퓨터단층촬영 및 뇌자기공명영
상검사를 시행하였으나, 뇌출혈이나 뇌경색 소견은 관찰되지 않
았다. 내원 8일째 시행한 뇌파검사에서도 특이소견이 확인되지
않았다. 내원 15일째 흉막삼출에 대해 경피적 카테터 배액술을
시행하였다. 내원 16일째 기계환기를 중단하고 기관 제거하였
으나, 기침반사 감소로 객담제거가 원활하지 않아 흉벽진동조끼
를 적용하였다. 내원 22일째인 2020년 1월 1일 중환자실에서
일반병실로 전동하였으며 내원 29일째 재활의학과로 전과하여
재활치료를 지속하였다.
전과 당시 신체 진찰 상 대칭적 근력 약화가 있었으며, 상하지
근력은 전반적으로 III-IV로 확인되었고, 하지 근위부에서 원위
부에 비해 더 약하게 관찰되었다. 사지의 원위부, 특히 하지에서
근위축이 확인되었다. 또한 일어서기와 이동할 때 타인의 상당
한 도움이 필요하였다. 감각은 정상이었고, 심부건 반사는 감소
되었으며, 병적 반사는 없었다. 지남력은 정상이었으며 소뇌기
능 정상으로 실조증은 없었다. 뇌신경 기능검사에서 혀의 편위,
30

Fig. 1. Clinical photos show cranial nerve palsy, taken on January
29 (A, B) and May 18 (C, D). (A) Deviation of the tongue was
shown. (B) Atrophy of the left sternocleidomastoid muscle. (C) The
tongue deviation improved. (D) The bulk of the sternocleidomastoid
muscle was restored. We received the patient’s consent form about
publishing all photographic materials.
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Table 1. Nerve Conduction Study Findings
Stimulation site
Sensory
Rt. median
Rt. ulnar
Rt. superficial peroneal
Lt. superficial peroneal
Rt. sural
Lt. sural
Motor
Rt. median

Recording site

Latency (m/s)

Amplitude (µV)

Velocity (m/s)

Wrist
Wrist
Lateral leg
Lateral leg
Calf
Calf

3rd finger
5th finger
Ankle
Ankle
Lateral malleolus
Lateral malleolus

4.01
4.01
NR
NR
5.10
4.74

11.5
5.1
NR
NR
4.3
4.0

Wrist
Elbow

APB
APB

3.80
8.23

6.3
5.5

Wrist
Elbow
Ankle
Fibular head

ADM
ADM
EDB
EDB

3.23
7.50
6.41
13.91

5.3
5.1
0.3
0.3

Ankle
Fibular head
Fibular head
Fibular head

EDB
EDB
TA
TA

6.93
14.53
4.27
4.17

0.2
0.2
4.6
4.0

Ankle
Knee

AH
AH

3.80
14.27

6.1
4.0

36.3

Ankle
Knee

AH
AH

4.17
14.95

4.5
2.7

35.2

Upper trapezius
Middle trapezius
Lower trapezius

Trapezius
Trapezius
Trapezius

4.11
3.59
5.00

2.1
1.8
0.8

Upper trapezius
Middle trapezius
Lower trapezius

Trapezius
Trapezius
Trapezius

2.71
4.06
4.84

0.6
1.0
0.7

50.8

Rt. ulnar

Rt. deep peroneal

52.7
36.7

Lt. deep peroneal

Rt. common peroneal
Lt. common Peroneal
Rt. tibial

36.8

Rt. tibial

Rt. spinal accessory

Lt. spinal accessory

Rt., right; Lt., left; NR, no response; APB, abductor pollicis brevis; ADM, abductor digiti minimi; EDB, extensor digitorum brevis; TA, tibialis anterior; AH,
abductor hallucis.

내월 29일째인 2020년 1월 8일에는 앉았다 서기 운동, 상하

걸을 수 있을 정도로 호전되었다고 하였다. 신체 진찰 상 양측

지 근력 운동을 시행하였으며, 내원 34일째 보행기를 이용하여

하지 근육과 승모근을 포함한 근육 위축이 호전되었으며, 목 굴

타인의 도움 아래 총 30 m 보행이 가능하였다. 내원 57일째 측

곡 근력, 하지 근력 호전 중으로(Fig. 1C, D), 별도의 추가적인 전

정한 VO2 max는 8.91 mL/kg/min이었으며, 내원 64일째 타인

기진단학적 검사는 이루어지지 않았다.

의 도움 아래 보조기 없이 270 m 보행 가능한 상태로 호전양상
을 보였다. 내월 65일째인 2월 13일 집으로 퇴원하여 외래 기반
심장재활치료를 주 1-2회, 3개월간 지속하였으며, 3월 2일

VO2 max 12.17 mL/kg/min로 호전되었다. 5월 18일 외래 경
과 관찰하였으며, 10 kg 가량 체중 증가 및 20분 정도 쉬지 않고
https://doi.org/10.18214/jend.2020.00129.1

고찰
중환자 말초신경근육병증에서 뇌신경을 침범한 경우는 매우
드물다. 기존 문헌을 고찰해 보았을 때 얼굴신경을 침범한 사례
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Table 2. Electromyography Study Findings
Muscle
Rt. first dorsal interosseous
Rt. deltoid
Rt. iliopsoas
Rt. vastus medialis
Rt. tibialis anterior
Rt. abductor hallucis
Lt. upper trapezius
Lt. genioglossus

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

Amplitude
NL + Large
NL
NL
NL
NL + Large
NL
No MUAP
NL

MUAP
Duration
NL
NL
NL
NL
NL
NL

Phase
NL
NL + polys
NL
NL + polys
NL + polys
NL

NL

NL

Recruitment pattern
Early

Interference pattern
Discrete
NL
NL
NL
Reduced
Discrete
No MUAP
Single

Fib, fibrillation; PSW, positive shock wave; MUAP, motor unit action potential; Rt., right; Lt., left; NL, normal.

가 있으며, 다른 연구에서도 외안근과 얼굴근육은 드물게 침범

사에서 음성 소견일지라도 Guillain-Barré 증후군을 완전히 배제

한다고 알려져 있다[1,3]. 해당 환자는 신체 진찰과 전기진단학

할 수 없다고 알려져 있으나[8], 뇌척수액 및 혈청검사를 시행하

적 검사 상 편측 뇌신경 11, 12번 마비가 동반된 말초신경근육
병증으로 진단되었으며, 이는 첫 사례 보고이다.

지 않았다는 점은 제한점이다. Miller Fisher 증후군은 Guil-

lain-Barré 증후군의 변이형 중 하나로 실조증, 안근마비, 심부건

Gurjar 등[6]의 사례 연구를 보면 해당 사례는 45세 남자로,
폐렴과 성인호흡곤란증후군으로 중환자실 치료를 받았으며, 사

반사 소실을 특징으로 한다. 뇌신경을 침범하는 경우 안면근육,

지위약, 양측 얼굴근육 약화가 관찰되었고 기계환기 제거에 어

약이 발생할 수도 있다[8,9]. 본 사례에서는 실조증, 안근마비,

려움을 겪었다. 뇌척수액검사 및 뇌자기공명영상검사에서 정상

안면근육 마비 증상이 없고 사지위약 증상이 먼저 두드러지게

소견이었으나 전기진단학적 검사 상 운동 및 감각신경의 진폭이
감소되었고 전도속도에서는 정상 소견으로 중환자 말초신경병

발생하여 Miller Fisher 증후군의 가능성이 낮았다.
뇌, 척수의 손상에 의한 질병은 영상검사 및 뇌파검사를 통해

증으로 진단되었다. 재활치료는 시행하지 않고 대증치료만 시행

서 감별할 수 있었으며, 크레아틴 키나아제(1.9 ng/mL), 미오글

하였으며, 3개월 후에는 독립적인 일상생활이 가능할 정도로 호
전되었다. 이 사례는 본 연구 사례와 비슷하게 영상검사 상 특이

로빈(34 ng/mL)은 정상 소견으로 대다수 근육병 및 스타틴에
의한 횡문근융해증을 배제할 수 있었다. 그리고 스테로이드에

소견이 없었으며 2주간 기계환기를 시행하였다. 하지만 Gurjar
등[6]의 사례는 얼굴신경에 대한 전기진단학적 검사를 시행했는

의한 근육병증 또한 스테로이드를 사용하지 않아 배제할 수 있

지 명확히 기술하고 있지 않으며 신체 진찰에서 양측 얼굴근육

제는 사용하지 않아 이로 인한 질병 발생 가능성도 배제할 수 있

약화가 있었다고만 기술하였다. 하지만 본 연구는 신체 진찰뿐
만 아니라 전기진단학적 검사를 통해서 중환자 말초신경근육병

었다. 신경통근위축증(neuralgic amyotrophy)에서도 뇌신경을
침범한 사례가 있다[10]. 일반적으로 신경통근위축증은 어깨나

증으로 진단하였다.

견갑골 부위에 갑작스러운 통증이 발생한 후 상지 위약이 관찰

안구운동근육, 연수근육을 주로 침범하며, 진행되는 경우 사지위

었다. 신경근 전달에 영향을 줄 수 있는 신경근 차단제 및 항암

중환자 말초신경근육병증은 다른 질환과 감별이 필요하며, 대

된다. 하지만 본 사례는 어깨, 견갑골의 통증을 호소하지 않았으

표적인 것인 Guillain-Barré 증후군이다. Guillain-Barré 증후군
은 대칭적인 상하지 위약, 심부건 반사 감소 등의 증상을 보이

며 상하지에 전반적인 근력 약화가 관찰되어 신경통근위축증과

고, 뇌척수액검사에서 단백질이 상승하며, 뇌신경을 침범하기도

로 있을 가능성을 완전히 배제할 수 없으나, 이전에 당뇨병성 말

하는 특징을 보인다[7,8]. 전기진단학적 검사를 통해서 축삭형과

초신경병증 증상이 없었고 발병 전 전기진단학적 검사가 없으

탈수초형을 나눌 수 있다. 축삭 손상 유형의 경우 본 사례처럼

며, 이번 내원 후 급성 악화 소견을 보여서 당뇨병성 말초신경병

운동신경과 감각신경의 활동전위의 진폭이 감소가 관찰된다

증만으로 환자의 신경학적 생태를 설명할 수 없을 것으로 여겨

[8,9]. 다만, 축삭 손상 유형의 Guillain-Barré 증후군은 심한 증
상을 보이며 임상 경과 및 예후도 좋지 않다. 본 사례는 증상이

진다. 환자의 편측 하부 뇌신경 손상의 경우 기관삽관에 의한 독

경미하고 점차 호전 추세로 축삭 손상형의 Guillain-Barré 증후
군의 가능성이 낮아서 감별을 위한 뇌척수액 및 혈청검사는 실
시하지 않고 경과 관찰하기로 하였으며, 추후 악화 시 시행하기

10, 12번 손상은 알려져 있고[11], 혀신경 손상 사례도 보고되고
있으나[12], 뇌신경 11번 손상은 아직 보고되지 않았다. 따라서
기관삽관으로 인해 뇌신경 11, 12번이 함께 손상되었을 가능성

로 하였다. 뇌척수액검사에서 단백질 상승 소견이 없거나 혈청검

은 낮아서 배제할 수 있었다. 이와 같이 환자의 말초신경손상과
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는 다른 양상을 보였다. 당뇨병성 말초신경병증이 기저 질환으

립적인 뇌신경 손상일 수도 있다. 기관삽관으로 인한 뇌신경
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편측 뇌신경 손상의 병인이 여러 질환에 의한 것일 수 있으나 본
사례에서는 중환자 말초신경근육병증에 의한 것으로 여겨진다.
중환자 말초신경근육병증에서 전기생리학적 변화 및 임상 증
상이 매우 빠르게 나타나면서도 가역성을 갖는지 명확히 알려져
있지 않다. 병리 기전 또한 명확히 알지 못한다. 다만 미토콘드
리아의 기능 부전, 말초신경의 미세순환 부전, 이온 통로 이상,
근육의 미세순환 변화 등 여러 기전에 의해서 발생한다고 제시
되고 있다[1]. 그 중에서도 패혈증이 중환자 말초신경근육병증
의 주요 위험인자이고 아데노신 삼인산(adenosine triphos-

phate)이 패혈증 환자에서 대조군에 비해 낮게 나오는 것을 보
았을 때, 생체에너지의 변화가 주요 기전으로 보인다[13]. 다른
전신질환에서도 일측으로 침범하는 경우도 보고되고 있으며
[14], 중환자 말초신경근육병증에서 근육의 미세혈관 변화가 비
균일하게 발생하므로[1], 본 사례에서도 뇌신경 마비가 일측으
로 발생하였을 것으로 보인다.
본 사례는 중환자 말초신경근육병증에서 일측 하부 뇌신경을
침범한 것으로 이전에 보고된 적이 없는 사례이다. 사지위약 및
기계환기 제거에 어려움이 있는 환자의 경우 전기진단학적 검사
를 포함한 추가검사를 시행하고, 중환자 말초신경근육병증에서
도 드물지만 뇌신경을 침범할 수 있음을 알고 주의 깊게 살펴야
할 것이다.

Conflict of Interest
No potential conflict of interest relevant to this article was reported.

ORCID
Cheon Ji Kang, https://orcid.org/0000-0001-7950-7207
Won Kim, https://orcid.org/0000-0002-9331-9795
Seung Hak Lee, https://orcid.org/0000-0002-3017-8497

References
1. Latronico N, Bolton CF: Critical illness polyneuropathy and myopathy: a major cause of muscle weakness and paralysis. Lancet
Neurol 2011;10:931–941.

https://doi.org/10.18214/jend.2020.00129.1

2. Tankisi H, de Carvalho M, Z'Graggen WJ: Critical illness neuropathy. J Clin Neurophysiol 2020;37:205–207.
3. Lacomis D: Electrophysiology of neuromuscular disorders in critical illness. Muscle Nerve 2013;47:452–463.
4. Guarneri B, Bertolini G, Latronico N: Long-term outcome in patients with critical illness myopathy or neuropathy: the Italian multicentre CRIMYNE study. J Neurol Neurosurg Psychiatry 2008;
79:838–841.
5. Intiso D, Amoruso L, Zarrelli M, Pazienza L, Basciani M, Grimaldi
G, et al: Long-term functional outcome and health status of patients with critical illness polyneuromyopathy. Acta Neurol Scand
2011;123:211–219.
6. Gurjar M, Azim A, Baronia AK, Poddar B: Facial nerve involvement in critical illness polyneuropathy. Indian J Anaesth 2010;
54:472–474.
7. de Letter MA, Visser LH, van der Meché FG, Ang W, Savelkoul
HF: Distinctions between critical illness polyneuropathy and axonal Guillain-Barré syndrome. J Neurol Neurosurg Psychiatry 2000;
68:397–398.
8. Willison HJ, Jacobs BC, van Doorn PA: Guillain-Barré syndrome.
Lancet 2016;388:717–727.
9. van den Berg B, Walgaard C, Drenthen J, Fokke C, Jacobs BC, van
Doorn PA: Guillain-Barré syndrome: pathogenesis, diagnosis,
treatment and prognosis. Nat Rev Neurol 2014;10:469–482.
10. Genevray M, Kuchenbuch M, Kerbrat A, Sauleau P: Unusual presentation of neuralgic amyotrophy with impairment of cranial
nerve XII. Muscle Nerve 2016;54:335–336.
Coninckx
M, Cardoen S, Hemelsoet D: Tapia's syndrome in the in11.
tensive care unit: a rare cause of combined cranial nerve palsy following intubation. Acta Neurol Belg 2015;115:533–537.
12. Kim S, Chung SY, Youn SJ, Jeon Y: Dexamethasone treatment for
bilateral lingual nerve injury following orotracheal intubation. J
Dent Anesth Pain Med 2018;18:115–117.
13. Brealey D, Brand M, Hargreaves I, Heales S, Land J, Smolenski R,
et al: Association between mitochondrial dysfunction and severity
and outcome of septic shock. Lancet 2002;360:219–223.
14. Sevilla T, Jaijo T, Nauffal D, Collado D, Chumillas MJ, Vilchez JJ, et
al: Vocal cord paresis and diaphragmatic dysfunction are severe
and frequent symptoms of GDAP1-associated neuropathy. Brain
2008;131(Pt 11):3051–3061.

33

CASE REPORT
pISSN: 2733-6581 ∙ eISSN: 2733-659X
J Electrodiagn Neuromuscul Dis 2021;23(1):34-39
https://doi.org/10.18214/jend.2020.00136

성공적인 회복을 보인 한랭 노출 유발 말초 신경 손상: 증례 보고
이정재, 김세희, 이종인, 남경은
가톨릭대학교 서울성모병원 재활의학과

Successful Recovery of Peripheral Polyneuropathy from NonFreezing Cold Injury: A Case Report
Jungjae Lee, Sehee Kim, Jong In Lee, Kyung Eun Nam
Department of Rehabilitation Medicine, Seoul St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul, Korea

Non-freezing cold injury (NFCI) results from prolonged exposure to wet conditions at temperatures near or just above the freezing point. The clinically reported signs of NFCI are mostly sensory symptoms. In this case report, we present a young healthy woman who was presumed to
have developed cold-induced peripheral polyneuropathy following whole-body exposure to cold
temperatures for at least 48 hours. Our patient showed severe peripheral polyneuropathy in the
lower extremities during the initial nerve conduction study and electromyography. The findings
were consistent with her clinical symptoms of tingling sensation and gait disturbance. Serial electrodiagnostic studies demonstrated gradual improvement and eventually normalization. Her
clinical symptoms also significantly improved over several weeks of comprehensive rehabilitation. NFCI is a rare condition, and its pathophysiology and clinical course remain unclear. Nonetheless, it shows a reversible pattern early after the injury, and early diagnosis and treatment are
required.
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Introduction
The effect of temperature on the peripheral nerve has been
widely studied before. It has been confirmed that cold temperature has profound effects on the peripheral nervous system because it affects the voltage-gated ion channels, acetylcholinesterase,
and the contractile apparatus of muscle [1]. Exposure to cold temperature may result in several different neuropathies. Frostbite, for
example, is a local cold injury that occurs at temperature below
freezing point and may further lead to tissue necrosis due to direct

cell damage or vascular impairment caused by ice crystal [2].
Besides frostbite, non-freezing cold injury (NFCI) is another
type of damage in the peripheral nervous system that results
from exposed to low temperatures between 0°C and 15°C for
several hours or days [2]. Although NFCI is not commonly reported, it is a classic condition found among certain group of
people, including soldiers [3], mountain climbers, hikers, the
homeless, and those who have experienced drowning [1]. Clinically reported signs of NFCI are mostly sensory, which include
pain, numbness, tingling sensation of limbs [4], cold hypersensi-
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tivity, loss of thermal sensitivity, and allodynia [3]. In this case
report, we present a patient who was presumed to develop peripheral polyneuropathy from NFCI.

Case Report
A 20-year-old female came to our hospital presenting a tingling
sensation in her left thumb and both lower extremities. Two
weeks before visiting our hospital, the patient was robbed while
studying abroad in England, and suffered from a stab wound in
the epigastrium. It was a snowy winter day, and the outdoor temperature was near freezing point. It was estimated that she was
stunned for at least 48 hours outdoors before arriving at the
emergency room. In the initial evaluation at the hospital in England, computed tomography (CT) scans showed the stab
wound had reached the rectus sheath. Also, no definite features
of frostbite was shown on the inspection. Fortunately, it was a superficial wound that did not expand to the muscle layer and
healed well with simple suture. Although the stab wound recovered without complications, the feeling of numbness remained in
the left thumb and both lower legs below the knee since she arrived at the emergency room. Magnetic resonance image (MRI)
of the lumbar spine and brain CT were performed to evaluate the
tingling sensation in the lower extremities and the patient’s initial
loss of consciousness, but there were no abnormalities.
After returning to Korea, the symptoms of gait disturbance
and severe tingling sensation persisted, and the patient came to
our hospital. The patient complained that she felt a sense of electric shock in the bilateral soles of her feet. Sense of vibration and
proprioception at the great toes also decreased. Muscle strength
of lower extremities are generally grade 4+/5, except for right ankle dorsiflexion, which shows grade 3+/5, according to the Medical Research Council scale. Muscle atrophy of bilateral distal
lower extremities of the patient was observed. The patient’s deep
tendon reflex of bilateral biceps and knee jerk were normoactive.
The initial Berg Balance Scale was 52 out of 56 with impaired
one leg standing and tandem gait. She was able to walk a few
steps only under supervision due to impaired dynamic standing
balance.
The electrodiagnostic study was performed to differentiate the
cause of her sensory symptoms (Table 1). The initial sensory
nerve conduction study (NCS) showed absent sensory nerve action potential on the bilateral superficial peroneal, medial and
lateral plantar, and sural nerves. The initial motor NCS displayed
low amplitude of compound muscle action potential (CMAP) in
tibial nerve and no response of CMAP in common peroneal
nerve. The initial electromyography demonstrated denervation
https://doi.org/10.18214/jend.2020.00136

potential on the left extensor digitorum brevis, tibialis anterior,
and right extensor digitorum brevis muscles. Reduced recruitment patterns on minimal volition in the left extensor digitorum
brevis, tibialis anterior, gastrocnemius, peroneus longus, and
right tibialis anterior muscles were also shown. Long duration of
motor unit action potentials (MUAPs) on minimal volition in
left tibialis anterior and gastrocnemius muscles was observed.
Large amplitude of MUAPs on minimal volition in left gastrocnemius muscle was observed. No MUAPs was observed in the
right extensor digitorum brevis muscle (Table 2). F-waves were
not evoked in the bilateral common peroneal and posterior tibial
nerves. There was no definite abnormality in the bilateral upper
extremities (data not shown). Clinical and electrodiagnostic
findings were compatible with severe sensori-motor peripheral
polyneuropathy (mainly axonal injury) involving lower extremities.
Diagnostic blood work was done to exclude other causes of
peripheral polyneuropathy including serum vitamin level, lupus
anticoagulant antibody, anti-nuclear antibody, et cetera, and the
results presented within normal limit. Our patient had no underlying disease and no specific findings on blood test results, so
other causes of peripheral polyneuropathy were excluded from
the diagnosis. Critical illness polyneuropathy was less likely because of the short duration of her treatment in the intensive care
unit, no ventilator care, no history of sepsis, and no evidence of
multiple organ or brain damage. There were no abnormalities in
radiologic tests, including the MRI and CT. Based on our findings, comprehensive rehabilitation therapy including gait training, muscle strengthening exercise, and standing balance training
was continued for 3 weeks after hospital admission. We prescribed a combination of gabapentin, nortriptylline, and oxcarbazepine to control the sensory symptoms. Our patient gradually
improved so she was able to stand in one leg for about 10 seconds and walk heel-to-toe at the time of discharge. Muscle
strength of right dorsiflexion improved from 3+/5 to 4+/5. Follow-up electrodiagnostic study was performed 6 weeks after the
onset, which showed small responses in the sensory NCS; these
were notable results compared to our initial results, which presented no response (Table 1). Reinnervated features of MUAPs in left
tibialis anterior and bilateral gastrocnemius were shown in the follow-up study (Table 2).
Our patient continued rehabilitation therapy at the outpatient
clinic for more than 4 months. She showed enough improvement
to walk up the stairs by herself and could perform most activities
of daily living. A year after, her balance was restored enough to
do active outdoor activities such as running. The neuropathic
pain was resolved significantly, so she took only 10 mg of ami35

36
0.5*
0.3*
0.4*
0.2*

4.65
13.20
4.85
12.80
57.1

42.1
4.65
12.25

4.50
12.75
0.4*
0.2*

0.9*
0.7*

0.2*
0.2*

No response
No response

4.70
11.30

No response
No response

6.1*
Amplitude (mV)

5.0*

5.3*

7.2*

No response
No response

3.40
Onset latency (ms)

3.20

Not evoked

CV (m/s)

4.35

Not evoked

Not evoked
Onset latency (ms) Amplitude (mV)

4.70

48.7

44.8

45.5

53.8
CV (m/s)

48.9

40.0

38.8

2nd follow-up (6 weeks from onset)
Peak latency (ms)
Amplitude (µV)
CV (m/s)

Not evoked

Initial (2 weeks from onset)
Peak latency (ms) Amplitude (µV) CV (m/s)

2.80

2.90

3.10

4.10
12.00

3.70
12.60

3.35
9.75

3.50
10.85

8.5
7.0

11.5
7.2

4.7
3.9

4.0
2.9

17.0
Amplitude (mV)

6.4*

13.8

10.2

46.8

41.6

50.0

43.5

66.6
CV (m/s)

62.5

58.8

62.5

3rd follow-up (17 months from onset)
Peak latency (ms)
Amplitude (µV) CV (m/s)

2.70
Onset latency (ms)

ms, millisecond; μV, microvolt; CV, conduction velocity; m/s, meter per second; mV, millivolt; EDB, extensor digitorum brevis; AH, abductor halluces.
*Decreased amplitude of sensory nerve action potential or compound muscle action potential.

Time
Nerve/sites
Sensory nerve conduction studies
L sural (lower leg)
  Calf
R sural (lower leg)
  Calf
R superficial peroneal (ankle)
  Lateral leg
L SUP peroneal (ankle)
  Lateral leg
Nerve/Sites
Motor nerve conduction studies
R common peroneal (EDB)
  Ankle
  Fib head
L common peroneal (EDB)
  Ankle
  Fib head
R tibial (knee)-AH
  Ankle
  Popliteal
L tibial (knee)-AH
  Ankle
  Popliteal

Table 1. Result of Nerve Conduction Study
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Table 2. Result of Needle Electromyography
Muscle
Lt. L4-S1 PSP
Both GMax
Both GMed
Rt. VM
Rt. TA
Rt. PL
Rt. TP
Rt. GCM (medial)
Rt. EHL
Rt. EDB
Lt. VM
Lt. TA
Lt. PL
Lt. TP
Lt. GCM (medial)
Lt. EHL
Lt. EDB

IA
NL

NL

Increased
NL
Increased
Increased
Increased
Increased

Initial (2 weeks from onset)
Fib
PSW
MUAP
None
None
NT
NT
NT
None
None
NL
NT
NT
NT
NT
3+
3+
No MUAP
None
None
NL
1+
None
Long
None
None
None
NT
None
None
Large, Long
NT
3+
1+
NL

Recruitment

Reduced

Full
Reduced
Full
Full
Reduced

IA
NL
NL
NL
NL
NL
NL
NL
NL
NL
NL
NL
NL
NL
NL
NL

2nd follow-up (6 weeks from onset)
Fib
PSW
MUAP
Recruitment
None
None
None
None
NL
Full
None
None
NL
Full
None
None
NL
Full
None
None
NL
Full
None
None
NL
Full
None
None
NL
Full
None
3+
Poly
Reduced
None
3+
NL
Reduced
NT
None
None
NL
Full
None
None
Large
Full
None
None
NL
Full
None
None
NL
Full
None
1+
Poly
Full
None
None
NL
Full
NT

IA, insertional activity; Fib, fibrillation; PSW, positive sharp wave; MUAP, motor unit action potential; Lt., left; Rt., right; PSP, paraspinalis; NL, normal; NT,
not tested; GMax, gluteus maximus; GMed, gluteus medius; VM, vastus medialis; TA, tibialis anterior; PL, peroneus longus; TP, tibialis posterior; GCM,
gastrocnemius; Poly, polyphasic; EHL, extensor hallucis longus; EDB, extensor digitorum brevis.

triptyline at night. At 17 months after the onset, the electrodiagnostic study presented nearly complete recovery (Table 1).

Discussion
This case report highlights a case of peripheral polyneuropathy
as a clinical manifestation of NFCI. Initial electrodiagnostic
study demonstrated severe sensori-motor peripheral polyneuropathy (mainly axonal injury) in the lower extremities. Sensory
and motor responses were absent except for small response in
tibial nerves. Follow-up electrodiagnostic study was conducted
at 6 weeks and 17 months after the event. The patient’s recovery
was first shown in the sensory NCS, which was gradually reflected in the results of the motor NCS. At 17 months after the onset,
sensory and motor NCS results nearly returned to normal range.
Along with the improvement of these electrodiagnostic results,
clinical symptoms were also successfully recovered during 1 to 2
years.
The mechanisms for NFCI have not yet been established.
However, there have been several studies on the physiology of
these injuries. In a previous study examining rats, the authors
concluded that the mechanisms of cold injuries are mainly ischemic, and include slugging of blood, a symptom caused by decreased velocity due to vasoconstriction and vascular injury [5],
and formation of reactive oxygen species with repeated cold exhttps://doi.org/10.18214/jend.2020.00136

posure [6]. In another study examining rabbits’ hind limbs, the
author reported more pronounced nerve damage in large myelinated nerve fibers than in unmyelinated fibers as a consequence of
NFCI [7].
Only a few studies reported a clinical manifestation of NFCI
with electrodiagnostic findings. In a previous study of 31 soldiers
with persistent cold intolerance 3 to 4 years after cold injury, authors have presented findings compatible with a demyelinating
large-fiber neuropathy on NCS [8]. On the other hand, Vale et
al. [4] revealed evidence of small fiber pathology and normal result of large fiber NCS from a study of 42 patient with chronic
pain following NFCI. Jørum and Opstad [3] studied the 4-year
follow-up on NFCI. Of the 26 soldiers, 16 soldiers complained
of numbness in feet and cold hypersensitivity with significant
changes in function of both large and small nerve fibers. 16
showed sensory neuropathy in initial NCS. During the 4-year
follow-up, most of the soldiers improved clinical symptoms over
time and recovered from large and small fiber neuropathy except
for 7 soldiers who developed chronic symptoms of cold allodynia and hypersensitivity.
Løseth et al. [9] reported that a 29-year-old female who has
suffered from accidental hypothermia developed pronounced
axonal sensori-motor polyneuropathy, but with almost sparing of
the tibial nerves. In small nerve fiber testing, the results showed
normal. Sensory and motor amplitudes improved in the fol37
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low-up NCS during first 5 years, but did not normalize. The improvement of her clinical symptoms in the first 1 to 2 years was
similar to that of our patient. However, she had the sequelae of
persisting weakness, atrophy of her hand muscles. These were
different from the findings of our case patient, who did not show
any sequelae and showed normalized results in the follow-up
electrodiagnostic test. In Løseth et al. [9]’s case, the upper extremities were more severely damaged. This distinction may be
due to the difference in injury mechanisms. In addition, the upper limbs were soaked in the water and the lower limbs were located outside of the water.
Collier et al. [1] presented a similar case. A 6-year-old girl fell
through an ice-covered stock pond. After resuscitating from the
accident, she had clinical and electrophysiological findings consistent with cold-induced axonal peripheral polyneuropathy in
the bilateral upper and lower extremities. Signs of re-innervation
were seen after 28 weeks. A year after the accident, small sensory
and motor responses in the NCS were obtained. Although electrodiagnostic study remained abnormal, her clinical outcome
was excellent.
Although NFCI is a rare condition in a patient with a history
of prolonged cold exposure, if the patient shows any symptoms
suggestive of peripheral polyneuropathy, it is important to be
aware that cold injury can induce peripheral polyneuropathy. In
previous literatures, cold-induced polyneuropathy was reversible,
and its clinical symptoms improved over time. Thus, serial electrodiagnostic study may support early diagnosis for better outcomes and detect changes in the patient’s nerve functions.
In our study, patient showed severe peripheral polyneuropathy
in the bilateral lower extremities during initial electrodiagnostic
study. Compared to other cases, she recovered rapidly. These differences can be attributed to heterogeneous factors including
temperature, exposure time and frequency to cold temperature,
and location at the time of incident. We conducted serial electrodiagnostic study to confirm the large fiber function, but unfortunately did not conduct test for small fiber function. Therefore,
further studies are needed to elucidate the clear relationship between the patientÉs recovery and the test results of electrodiagnostic study, and clarify which areas are vulnerable to cold temperature, where the upper or lower limbs are affected, where
mainly invaded fibers are large or small, and whether the nerve
damage type is axonal or demyelinated. In Korea, only 1 case was
reported in which a 22-year-old man presented severe peripheral
neuropathy in a electrodiagnostic study 4 months after accidental exposure to cold temperature [10]. However, in the previous
case report, serial follow-up had not been done and only initial
data was available. Our case reported a series of electrodiagnostic
38

studies from acute period to recovery period with clinical improvement. And it is the first report to perform a serial follow-up
electrodiagnostic study to present severe peripheral polyneuropathy due to NFCI in Korea.
In summary, NFCI is not common. When dealing with patients
with distal symmetric neuropathic symptoms and polyneuropathy
after prolonged exposure to cold temperature, we should consider
the possibility of peripheral polyneuropathy from NFCI among
several differential diagnoses.
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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 detail
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
published 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 reviewing of the Editorial
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Board, and a manuscript that does not comply with the regulations for submission can be rejected or delayed the acceptance.
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 processes 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 persons 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.
Numbers should be written in Arabic numerals, and measurements should be reported using the metric system, 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
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those that are generally recognized. When using an abbreviated
word, it should be spelled out in full on the first usage in the manuscript, 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
following 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) conflict 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 exiii

cept article, preposition, and conjunction should be capitalized.
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
250 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 with a capital letter as the first letter
and then small letters for the rest and separate each word by a
semicolon (;). The abstract of the case report should be non-structured, with no more than 5 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 logical and systematic manner so that they can be reproducible
by another investigator. Explain in detail the inclusion and exclusion criteria for both the experimental and control groups. Experimental drugs should be stated in the generic name. When proprietary 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 experimental 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 Cytometer (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 contents of the tables and figures in the text. In statistical
expression, mean and standard deviation 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 references. 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, statistical 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 before 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
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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.)
4) Online resource
National Library of Medicine: Fact sheet: AIDS information
resources [Internet]. Bethesda: National Library of Medicine;
2003 [cited 2007 Mar 26]. Available from: http://www.nlm.
nih.gov/pubs/factsheets/aidsinfs.html.

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

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).

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
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
than 3 keywords attached. Introduction should be briefly written
about background and significance of the case. Main texts are
v

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.

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
not be written.
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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

