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Immune-mediated necrotizing myopathy (IMNM) is a group of inflammatory myopathies 
showing necrotic and regenerating fibers without noteworthy inflammatory cell infiltration on 
pathology. The pathologic findings are different from those of dermatomyositis or sporadic in-
clusion body myositis. Furthermore, the discovery of myositis-specific antibodies in patients 
with IMNM, such as anti-signal recognition particle or anti-3-hydroxy-3-methylglutaryl-CoA re-
ductase antibodies, has enabled us to expand our knowledge of IMNM. However, the phenotype 
and pathological findings of IMNM are unremarkable; therefore, it is difficult to diagnose, and 
IMNM has been relatively unrecognized. In this review, we introduce the clinical features, diag-
nosis, pathomechanism, and treatment of IMNM for clinicians. 
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Immune-Mediated Necrotizing Myopathy: A Review for Clinicians 
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Department of Neurology, Kyungpook National University Hospital, School of Medicine, Kyungpook National University, Daegu, Korea 

Introduction 

Idiopathic inflammatory myopathy (IIM) is a heterogeneous 
disease group characterized by muscle weakness, elevated serum 
levels of creatine kinase (CK), and inflammatory features of mus-
cle pathology. Dermatomyositis (DM) and polymyositis (PM) 
were introduced by Bohan and Peter [1], and this classification 
was then widely recognized until sporadic inclusion body myosi-
tis (sIBM) was proposed in the 1990s. Starting in the 2000s, de-
bate ensued regarding the existence of PM, because many pa-
tients diagnosed with PM were later considered to have sIBM, 
DM, overlap syndrome with connective tissue disease, or im-
mune-mediated necrotizing myopathy (IMNM) [2,3]. DM, 
sIBM, and anti-synthetase syndrome have been well recognized 
as subtypes of IIM showing prominent lymphocytic infiltration 
on muscle biopsy [4]. However, in the last two decades, muscle 
pathologic findings showing many necrotic fibers without signif-
icant lymphocyte infiltration have been reported; this presenta-
tion is now widely recognized as IMNM [5]. 

To date, two different myositis-specific antibodies (MSAs) 
have been associated with IMNM: anti-signal recognition parti-
cle (SRP) and hydroxy-3-methylglutaryl-CoA reductase (HMG-
CR) antibodies. The SRP complex comprises a 7S RNA and six 
protein subunits with molecular weights of 9, 14, 19, 54, 68, and 
72 kDa [4]. SRP is essential for the translocation of nascent poly-
peptides into the endoplasmic reticulum and was first identified 
in the 1980s by RNA immunoprecipitation (RNA-IP) [6]. The 
anti-HMGCR antibody was first recognized in 2010 from necro-
tizing myositis as anti-200 kD/100 kD [7]. The 100 kDa protein 
was later identified as a monomer of HMGCR [8]. Furthermore, 
IMNM patients with anti-HMGCR antibodies were reported to 
show a homogeneous phenotype, and 63% of patients had been 
exposed to statins [7]. 

Distinct muscle pathology findings and the involvement of 
MSAs separated IMNM as a subtype of IIM. Here, we review 
how IMNM differs from other subtypes of IIM from a clinical 
standpoint.  

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which 
permits unrestricted non-commercial use, distribution, and reproduction in anymedium, provided the original work is properly cited.
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Epidemiology 

The incidence of IMNM has not been analyzed. The global 
incidence of IIM ranges from 1.16 to 19 per 1 million per-
son-years [9]. In Korea, the incidence of IIM was estimated at 2.9 
to 5.2 per 1 million person-years [10]. 

Anti-SRP IMNM accounts for 5% to 15% of patients with IIM 
[11]. Anti-SRP IMNM is common in patients in the fifth or 
sixth decades of life and is more frequent in women than in men 
[11]. Anti-HMGCR IMNM is present in 6%-10% of IIM cases, 
and it occurs more frequently in women older than 40 years 
[11]. The target of the anti-HMGCR antibody is also the target 
of statins, and exposure to a statin may be a trigger of the disease. 
However, anti-HMGCR IMNM in childhood has also been re-
ported [12], and statin exposure is not frequent in Asia [13]. 
Therefore, other factors may be able to provoke anti-HMGCR 
IMNM besides statin exposure. 

Clinical Features 

1) Muscular phenotype 
The main feature of IMNM is limb weakness. Most patients 

with IMNM exhibit limb weakness of subacute onset from sever-
al weeks to months. A few cases have been reported with a slowly 
progressive onset for several years [14]. The distribution of mus-
cle weakness in IMNM is similar to that in other idiopathic in-
flammatory myopathies, except for sIBM. Bilateral proximal limb 
weakness is notable, in which lower limb weakness precedes up-
per limb weakness [15]. Patients with anti-SRP antibody tend to 
have concomitant dysphagia (30%-70%), unlike those with an-
ti-HMGCR antibody (Table 1) [11,15–17]. Patients with an-
ti-SRP IMNM also show more severe muscle weakness and atro-

phy than those with anti-HMGCR IMNM [15,16]. The level of 
serum CK is high in both types of IMNM, ranging from 1,000 to 
10,000 IU/L, which is higher than in other IIM groups [11]. The 
serum level of lactate dehydrogenase is also elevated, ranging 
from 350 to 840 IU/L (normal range, 100-250 IU/L), but it is 
not as high as in patients with metabolic myopathy [18]. 

2) Extramuscular phenotype 
Interstitial lung disease has been reported to be present in 23% 

to 38% of patients with anti-SRP IMNM [11]. However, these 
patients did not complain of dyspnea. Myocarditis can also be 
seen in 2%-40% of these patients, presenting as chest pain, palpi-
tations, congestive heart failure, and electrocardiographic abnor-
malities [11]. The risk of malignancy is unclear, but was reported 
to be slightly increased in anti-HMGCR IMNM (Table 1) [19,20]. 
In seronegative IMNM, a high incidence of associated cancer 
was observed, with an incidence ratio of 8.35 (95% confidence in-
terval, 1.68-24.41; p <  0.01) [19]. Anti-SRP IMNM is not associ-
ated with cancer [15]. 

Diagnosis 

1) Myositis-specific antibody 
The identification of MSA is necessary to classify the subtype 

of IMNM. However, a uniform method to test MSA for IMNM 
has not been established. For anti-SRP IMNM, an anti-SRP anti-
body is screened by an enzyme-linked immunosorbent assay 
(ELISA) or the line blot technique, which detects only the 54-
kDa SRP subunit in the commercial kit [4]. Many patients with 
anti-SRP IMNM do not have reactivity against this protein. 
Thus, false negatives can result [14]. The presence of anti-SRP 
antibody can be confirmed by RNA-IP, the immunoprecipitation 
of radioactively labeled whole-cell extracts, or the in vitro tran-
scription and translation protein products, which enable the de-
tection of other subunits. However, RNA-IP is laborious, limiting 
its clinical applications. The anti-HMGCR antibody is screened 
by ELISA, the false positivity rate of which is only 0.7% [21]. 
Thus, ELISA is recommended to be performed when the proba-
bility of anti-HMGCR IMNM is high. In a research setting, im-
munoprecipitation of purified HMGCR protein is required for 
confirmation [4].  

2) Muscle magnetic resonance imaging  
Muscle magnetic resonance imaging (MRI) is an excellent 

non-invasive tool for measuring the extension of muscle damage. 
However, the MRI findings in patients with IMNM are not spe-
cific enough for diagnosis compared with the detection of MSA 

Table 1. Comparison Between Anti-SRP and Anti-HMGCR IMNM

Anti-SRP Anti-HMGCR
Statin exposure ± + to ++
Severe muscle weakness +++ ++
Dysphagia +++ ++
Muscle atrophy ++ +
Interstitial lung disease + ±

Cancer association - +
Treatment response ± +
MAC deposition on sarcolemma on histology + ++

SRP, signal recognition particle; HMGCR, anti-3-hydroxy-3-methylglu-
taryl-coA reductase; IMNM, immune-mediated necrotizing myopathy; 
+, ++, +++, less common to more common; -, none; MAC, membrane 
attack complex.
Modified from [15-17].
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or the findings of muscle biopsy [11]. Despite the limitation of 
muscle MRI in diagnosing IMNM, several studies have shown 
distinctive findings in IMNM compared to other types of IIM 
[22,23]. Muscle damage showed a tendency to affect the gluteus 
minimus, gluteus maximus, lumbar extensor, and subscapularis 
in patients with IMNM compared to those with sIBM [22]. In 
thigh muscle MRI, atrophy and fatty replacement were identified 
in the lateral rotators, glutei, and medial and lateral compart-
ments of IMNM patients [23]. Among IMNM patients, patients 
with anti-SRP IMNM showed more extensive edema, atrophy, 
and fatty replacement than those with anti-HMGCR IMNM 
[23]. 

3) Pathology 
On light microscopy, one of the features distinguishing IMNM 

from other types of IIM is the presence of necrotic and regener-
ating fibers without definite endomysial inflammatory cell infil-
tration on hematoxylin and eosin (H&E) staining (Fig. 1A). 
Those fibers are randomly scattered. Necrotic and regenerating 
fibers can exhibit different phases of necrosis, with paleness, 
coarseness, and phagocytosis [11]. The presence of perifascicu-
lar atrophy or lymphocytes surrounding non-necrotic fibers is 
uncommon [4]. On modified Gomori-trichrome (mGT) stain-
ing, necrotic and regenerating fibers can be seen in accordance 
with the findings of H&E staining [11]. However, rods or rag-
ged-red fibers are not evident on mGT staining. 

On immunohistochemistry, major histocompatibility complex 
(MHC) class I positivity is noted on the sarcolemma of scattered 

fibers in IMNM, but MHC class II is absent from the sarcolem-
ma [11]. Deposits of C5b-9 (membrane attack complex) on the 
sarcolemma can be observed, which is not unique for IMNM 
[11]. An autophagy marker, p62, can be highlighted in several fi-
bers showing fine granular or homogeneous staining (Fig. 1B) 
[11]. These findings are different from those of sIBM, which 
harbors fibers stained as plaque-like by p62 [11]. 

Pathomechanism 

The precise pathogenesis of IMNM is not fully understood 
[4]. However, several roles of anti-SRP and HMGCR antibodies 
have been clarified [4]. Clinically, the serum anti-SRP or HMG-
CR antibody titer correlates with disease activity. A previous 
study showed that the anti-SRP antibody level was reduced after 
plasma exchange [24]. Furthermore, the serum level of CK cor-
relates with anti-SRP and HMGCR autoantibody titers [20,24]. 
In vitro, both anti-SRP and HMGCR antibodies have been prov-
en to induce muscle fiber atrophy [25]. This study demonstrated 
that the transcription of genes encoding atrophic factors (muscle 
atrophy F-box protein and E3 ubiquitin-protein ligase TRIM63) 
increased [25]. Furthermore, the co-culture of muscle fibers 
with purified anti-SRP and HMGCR antibodies was associated 
with high levels of tumor necrosis factors and interleukin-6, re-
sulting in muscle atrophy. Simultaneously, reduced levels of the 
anti-inflammatory cytokines interleukin-4 and interleukin-13 in-
duced impaired muscle regeneration by myoblast fusion defects 
[25]. In a mouse model, Rag2-/- mice were injected with purified 

Fig. 1. Light microscopic findings from a patient with anti-SRP antibody. (A) A few scattered necrotic (black arrows) and regenerating 
(white arrows) fibers are seen on hematoxylin and eosin staining. (B) A fiber showing fine granular staining is noted using antibody tar-
geting p62 (sc-28359, 1:200 dilutions; Santa Cruz Biotechnology, Dallas, TX, USA). For the purpose of comparison, a plaque-like stain can 
be seen in sporadic inclusion body myositis (small box). Scale bar, 100 μm.
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immunoglobulin G (IgG) from patients with anti-SRP and 
HMGCR IMNM for 21 days. Grip strength was evaluated on 
days 8, 14, and 21. The strength significantly decreased in both 
anti-SRP and HMGCR IgG-injected mice [26]. The pathology 
of mice receiving purified IgG from anti-SRP IMNM showed 
multiple necrotic fibers and complement C5b-9 deposits [26]. 

Treatment 

No randomized, blinded, controlled trials of IMNM have been 
published. Most treatments rely on case reports or expert con-
sensus. However, corticosteroids remain the first line. Intrave-
nous methylprednisolone (1 g for 5 days) is followed by oral 
high-dose prednisone (1 mg/kg daily) [5]. Of note, oral cortico-
steroids must be tapered to the lowest dose as soon as possible 
[5,11]. Within 1 month after corticosteroid administration, oral 
methotrexate (0.3 mg/kg weekly, maximum dose 25 mg/week) 
or azathioprine (3 mg/kg daily) is highly recommended [5]. It is 
also necessary to monitor hepatic function and the blood count 
[5]. Many studies have warned against treatment with steroids 
alone. In pediatric patients with anti-HMGCR IMNM, no pa-
tients achieved clinical remission with only corticosteroid treat-
ment [12]. In a literature review, a mean number of 1.5 different 
additional immunosuppressants were needed in patients with 
anti-HMGCR IMNM [27]. The European Neuromuscular Cen-
ter guidelines recommend using rituximab as a second or third 
agent in patients with anti-SRP IMNM, which was also support-
ed in other reports [5,17]. However, rituximab did not show no-
table efficacy in patients with anti-HMGCR IMNM [28]. Intra-
venous immunoglobulin was reported to be efficacious both in 
patients with anti-HMGCR IMNM and in those with anti-SRP 
IMNM [5,11,29]. The prognosis of patients with IMNM is poor. 
Despite 4 years of immunotherapy, one-third and half of an-
ti-HMGCR and anti-SRP IMNM patients showed no recovery, 
respectively [11]. 

Conclusion 

We summarized the clinical features, phenotype, pathomecha-
nism, and treatment of IMNM. The phenotype and pathological 
findings of IMNM are not straightforward to diagnose, but some 
findings in the differential diagnosis for IMNM are evident, such 
as MSA specific to IMNM. Clinicians need to remain alert and 
should not overlook the diagnosis of IMNM. 
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Introduction 

Charcot-Marie-Tooth disease (CMT) is an inherited peripher-
al neuropathy that is genetically highly heterogeneous, with more 
than 140 different genes involved [1–3]. Classically, CMT can be 
divided according to clinical, histopathological, and electrophysi-
ological findings into three types: the demyelinating type 
(CMT1), with a median motor nerve conduction velocity 
(MMNCV) below 38 m/s; axonal neuropathy (CMT2), with an 
MMNCV above 38 m/s; and the intermediate type (CMTDID), 

Charcot-Marie-Tooth disease (CMT) is a spectrum of clinically and genetically heterogeneous 
peripheral neuropathies. CMT can be classified into demyelinating, intermediate, or axonal neu-
ropathy based on clinical, histopathological, and electrophysiological findings. Approximately 
140 genes have been reported to be associated with CMT. Mutations in the myelin protein zero 
(MPZ), ganglioside-induced differentiation related protein 1 (GDAP1), and neurofilament light-
chain polypeptide (NEFL) genes have been reported to cause all three types of CMT, which is 
noteworthy because most CMT-related genes cause a single type of neuropathy (either demye-
linating or axonal). In contrast, it remains unclear why these genes cause several types of CMT. 
CMT is presently incurable; however, ongoing attempts to treat CMT with various drugs, dietary 
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with an MMNCV lying between 25 and 45 m/s and nerve pathol-
ogy showing axonal and/or demyelinating features [4]. Muta-
tions in the myelin protein zero (MPZ), ganglioside-induced dif-
ferentiation related protein 1 (GDAP1) and neurofilament light-
chain polypeptide (NEFL) genes have been reported to cause all 
three CMT types (demyelinating, axonal, and intermediate) 
(Fig. 1). 

Strictly expressed in myelinated Schwann cells, MPZ is a trans-
membrane protein that is a major component of peripheral my-
elin [5]. Mutations in MPZ have been reported to cause demye-
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Table 1. Diseases Caused by Mutations in the MPZ, GDAP1, and 
NEFL Genes

Gene Locus Phenotype MIM number Heredity
MPZ 1q23.3 CMT1B 118200 AD

CMT2I 607677 AD
CMTDID 607791 AD

GDAP1 8q21.11 CMT4A 214400 AR
CMT2K 607831 AD, AR
CMTRIA 608340 AR

NEFL 8p21.2 CMT1F 607734 AD, AR
CMT2E 607684 AD
CMTDIG 617882 AD

AD, autosomal dominant; AR, autosomal recessive.
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linating CMT1B (MIM 118200), axonal CMT2I (MIM 607677), 
and intermediate CMTDID (MIM 607791) (Table 1) [6–11]. 
CMT1B patients generally exhibit an early onset, while CMT2I 
patients are characterized by a late onset [12,13]. MPZ-related 
CMT patients display a spectrum of diverse phenotypes, with phe-
notypic variations even in the same mutation. [8,14,15]. 

GDAP1 is mainly expressed in neurons, is located in the outer 
membrane of the mitochondria, and belongs to the glutathione 
S-transferase family [16]. Mutations in the GDAP1 gene were re-
ported for the first time in 2002 to cause autosomal recessive 
(AR) CMT4A (MIM 214400) in Tunisian families [17]. Since 
then, GDAP1 mutations have been reported to cause axonal 
forms (CMT2K; MIM 607831) [18,19], axonal forms with vo-
cal cord paresis (MIM 607706) [18] and intermediate forms 
(CMTRIA; MIM 608340) of disease (Table 1) [20]. GDAP1-re-
lated patients harboring AR inheritance exhibit severe clinical 
features with early onset, but autosomal dominant GDAP1 mu-
tations show mild clinical symptoms with an adult onset [17,18]. 

NEFL is the most abundant of the three neurofilament pro-
teins, which are major components of the axoskeleton that pro-
vide structural support for axons and regulate axon diameter. Pa-
tients with NEFL mutations exhibit a diverse phenotypic spec-
trum [21]. A mutation in NEFL was first reported to cause CM-
T2E (MIM 607684) in 2000, and several mutations were subse-

quently revealed to be associated with CMT1F (MIM 607734), 
CMTDIG (MIM 617882) (Table 1) [21–25]. 

Most CMT-related genes cause one CMT neuropathy sub-
type—demyelinating, axonal, or intermediate neuropathy. Thus, 
it is noteworthy when a single gene causes multiple subtypes of 
CMT. In this review, we introduce the various types of CMT in a 
Korean cohort, caused by mutations in MPZ, GDAP1, and 
NEFL, and describe their clinical, electrophysiological, and ge-
netic characteristics. 
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Myelin Protein Zero (MPZ) 

1) Clinical diversity of MPZ-related patients 
The frequency of Korean CMT families with the MPZ muta-

tion was found to be 3.2% in all independent patients and 4.7% 
in CMT families without PMP22 duplicates (Table 2) [21,23,26–
43]. These mutation frequencies were similar to those reported 
in China (3.3% and 6.4%, respectively) and Britain (3.1% and 
5.1%, respectively) but lower than those reported for most other 

investigated ethnic groups [26,27]. 
The mean age at onset was 9.3 ±  10.7 years for CMT1B pa-

tients, 21.2 ±  13.7 years for CMTDID patients, and 38.7 ±  13.6 
years for CMT2I patients (Table 3). The age at onset was signifi-
cantly different between CMT1B and CMTDID patients (p =  
0.025) or CMT2I patients (p <  0.001). However, the age at on-
set was not significantly different between CMTDID and CM-
T2I patients. Functional disability was significantly more severe 
in CMT1B patients than in CMT2I patients (CMT neuropathy 
score version 2 [CMTNS], p =  0.004, and functional disability 
scale [FDS], p =  0.022). The CMTNS and FDS values of the 
CMT1B patients were higher than those of the CMTDID pa-
tients, but the difference was not significant. When comparing 
the degree of disability based on CMTNS, most patients had 
moderate disease (53%), followed by those with severe disease 
(31%) and mild disease (17%) in CMT1B families. In CMT-
DID and CMT2I families, most patients had mild disease (75% 
and 80%, respectively). 

2) Electrophysiological findings in MPZ-related patients 
The mean MNCV of CMT1B patients was 12.2 ±  11.0 m/s, 

which was significantly lower than that of CMT2I patients (46.0 
±  6.6 m/s, p <  0.001) and CMTDID patients (41.3 ±  3.1 m/s, 
p <  0.001) (Table 3). The mean sensory nerve conduction ve-
locity (SNCV) (7.4 ±  11.7 m/s) of CMT1B patients was signifi-
cantly lower than that of CMTDID patients (18.0 ±  25.5 m/s, p 
=  0.021) and CMT2I patients (34.4 ±  4.3 m/s, p <  0.001). In 
addition, the peroneal MNCV and sural SNCV were significant-
ly reduced in CMT1B patients compared to CMTDID or CM-
T2I patients. The median motor nerve compound muscle action 
potential (CMAP) amplitudes (6.0 ± 5.6 mV) in the CMT1B pa-
tients were significantly lower in CMTDID (12.8 ± 1.9 mV, p =  
0.033) and CMT2I patients (13.0 ± 4.3 mV, p =  0.011). The pe-
roneal nerve CMAP and median and sural sensory nerve action 
potential (SNAP) amplitudes were also significantly lower in 
CMT1B patients than in CMTDID and CMT2I patients. 

Ganglioside-Induced Differentiation 
Related Protein 1 (GDAP1) 

1) Clinical diversity of GDAP1 mutations 
The GDAP1 mutation frequency rate was found to be 0.7% in 

all patients and 1.0% in patients negative for PMP22 duplication 
(Table 2). Similar frequencies have been reported in most Asian 
and Western countries, including Japan, China, Germany, the 
United States, and the United Kingdom [27–31]. However, high-
er frequencies of GDAP1 mutations have been reported in cer-

Table 2. MPZ, GDAP1, and NEFL Mutation Detection Rates in Vari-
ous Populations

Gene Population
Frequency

ReferenceTotal CMT  
patients (%)

CMT patients  
excluding CMT1A (%)

MPZ Korean 3.2 4.7 [34]
Chinese 3.3 6.4 [26]
Japanese 5.1 NA [29]
German 4.2 6.4 [31]
British 3.1 5.1 [27]
American 4.1 6.5 [35]
Spanish 4.3 7.5 [32]
Italian 4.3 12.3 [33]
Hungarian 4.5 7.5 [36]
Norwegian 6.0 NA [37]
Russian 3.5 5.2 [21]
Finnish 5.2 NA [38]
Austrian 4.0 NA [39]

GDAP1 Korean 0.7 1.0 [40]
Chinese NA 1.6 [30]
Japanese NA 0.9 [29]
British 0.5 0.8 [27]
American 0.7 1.6 [28]
Spanish 11.1 20.7 [32]
Italian 5.4 11.0 [33]

NEFL Korean 1.5 2.1 [41]
Chinese 1.9 3.7 [26]
Japanese 0.9 NA [29]

2.3 2.7 [23]
German 0.0 0.0 [31]

0.1 0.1 [42]
British 0.2 0.2 [27]
American 0.7 1.6 [28]

0.7 1.1 [35]
0.5 0.8 [43]

Spanish 0.9 1.6 [32]
Italian 0.6 1.8 [33]
Norwegian 0.7 NA [37]

CMT, Charcot-Marie-Tooth disease; NA, not available.
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tain regions in Italy and Spain [32,33]. 
The functional disabilities and clinical characteristics were dif-

ferent between CMT2K and CMTRIA patients. CMT2K pa-
tients exhibited mild to moderate disabilities, with a late age at 
onset (19.7 ±  7.7 years), but CMTRIA patients showed severe 
disabilities with an early age at onset (1.7 ±  0.6 years) (Table 4). 
Functional disability was significantly more severe in CMTRIA 
patients than in CMT2K patients. The mean value of the FDS 
[44] was 2.3 ±  1.4 in CMT2K patients and 5.3 ±  1.2 in CM-
TRIA patients (p =  0.010). The mean CMTNS score [45] was 
11.1 ± 6.6 in CMT2K patients and 24.7 ±  3.2 in CMTRIA pa-
tients (p =  0.011). High values of the FDS (scores of 6-7) were 
observed only in CMTRIA patients. In contrast, low values of 
the FDS (scores <  5) were observed in CMT2K patients. All 
three CMTRIA patients were classified in the severe category 
(CMTNS ≥  21). Foot deformities were frequent, and four pa-
tients had scoliosis. However, no wheelchair dependence, dia-
phragmatic weakness, vocal cord paresis, or hoarseness was ob-
served. 

Table 3. Clinical and Electrophysiological Features of Korean CMT Patients with MPZ Mutations

Item CMT1B CMT2I CMTDID
p-value

1B vs. 2I 1B vs. DID 2I vs. DID ANOVA
Patient number 48 7 5
Female ratio (%) 54 14 20
Examined age (y) 26.4 ±  19.6 51.1 ±  11.7 40.8 ±  23.3 0.002 0.129 0.332 0.005
Onset age (y) 9.3 ±  10.7 38.7 ±  13.6 21.2 ±  13.7 <  0.001 0.025 0.053 <  0.001
Disability score
 CMTNS 16.0 ±  7.4 8.0 ±  3.2 9.8 ±  1.0 0.004 0.102 0.326 0.023
 FDS 2.8 ±  1.3 1.3 ±  0.5 1.8 ±  0.4 0.022 0.092 0.092 0.004
Nerve conduction studies

Patient number 38 5 4
 Median motor nerve
  CMAP (mV) 6.0 ±  5.6 13.0 ±  4.3 12.8 ±  1.9 0.011 0.033 0.915 0.006
  MNCV (m/s) 12.2 ±  11.0 46.0 ±  6.6 41.3 ±  3.1 <  0.001 <  0.001 0.431 <  0.001
 Peroneal nerve
  CMAP (mV) 0.9 ±  2.0 2.1 ±  2.8 4.0 ±  3.1 0.231 0.001 0.132 0.002
  MNCV (m/s) 5.1 ±  9.0 20.4 ±  19.4 25.7 ±  17.2 0.004 <  0.001 0.278 <  0.001
 Median sensory nerve
  SNAP (μV) 2.3 ±  4.7 15.6 ±  12.5 10.8 ±  15.3 <  0.001 <  0.001 0.718 <  0.001
  SNCV (m/s) 7.4 ±  11.7 34.4 ±  4.3 18.0 ±  25.5 <  0.001 0.021 0.78 <  0.001
 Sural nerve
  SNAP (μV) 1.1 ±  3.5 5.4 ±  5.9 6.9 ±  9.7 0.059 0.001 0.346 0.002
  SNCV (m/s) 3.4 ±  9.0 17.2 ±  14.9 13.3 ±  18.7 0.02 0.016 0.643 0.007

All data are expressed as the mean ± standard deviation. Normal nerve conduction velocity values: motor median nerve ≥ 50.5 m/s; sensory median 
nerve ≥ 39.3 m/s; sural nerve ≥ 32.1 m/s. Normal amplitude values: motor median nerve ≥ 6 mV; sensory median nerve ≥ 8.8 μV; sural nerve ≥ 6.0 μV.
CMT, Charcot-Marie-Tooth disease; ANOVA, analysis of variance; CMTNS, CMT neuropathy score; FDS, functional disability scale; CMAP, compound 
muscle action potential; MNCV, motor nerve conduction velocity; SNAP, sensory nerve action potential; SNCV, sensory nerve conduction velocity.

2) Electrophysiological findings in GDAP1-related patients 
Electrophysiological findings verified that CMTRIA patients 

were more severely affected than CMT2K patients. In CMT2K 
patients, the conduction velocity mostly did not decrease, ex-
cluding nerves with a very low amplitude. In CMTRIA patients, 
the decreases in CMAP and SNAP amplitudes were even more 
pronounced, and these parameters were not measured when 
nerves were explored. These results were worse in the lower ex-
tremities than in the upper extremities. 

Neurofilament Light-Chain Polypeptide 
(NEFL) 

1) Clinical diversity of NEFL mutations 
The frequency of NEFL mutations was reported to range from 

0.9% to 2.3% in Japanese and Chinese cohorts and in Korea  
(Table 2). Data on the frequency of NEFL mutations are ex-
tremely limited, though the proportion of the NEFL mutation in 
CMT has rarely been reported to be below 1%. Therefore, the 
frequency of NEFL mutations observed in East Asian countries 
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is higher than that reported in other countries. 
The prevalence of NEFL mutations was 0.44% in CMT1F pa-

tients (5/1,137), 0.35% in CMT2E patients (4/1,137), and 
0.70% in CMTDIG patients (8/1,137). The age of onset was 
thus significantly earlier in CMT1F patients (10.2 ±  7.3 years, p 
=  0.013) and CMTDIG patients (12.7 ±  7.9, p =  0.007) than 
in CMT2E patients (24.2 ±  9.4 years) (Table 5). However, the 
CMTNS and FDS, as measures of disease-related disability, 
showed no differences among the NEFL-related CMT subtypes. 
Gait ataxia was identified as the most frequent symptom of NE-
FL-related CMT patients (78% of CMT1F patients, 50% of CM-
T2E patients, and 79% of CMTDIG patients). Patients were ge-
netically tested for spinocerebellar ataxia, but no associated mu-
tations were found. In CMT1F and CMTDIG patients, early-on-
set dementia was observed. Interestingly, ptosis was predomi-
nantly observed in CMT2E patients (50%).  

2) Electrophysiological findings in NEFL-related patients  
In CMT1F patients, the amplitudes of evoked peroneal motor 

responses were often markedly decreased, and the amplitudes 
were predominantly unrecordable in 6 of 8 patients (75%) (Table 
5). However, peroneal CMAP amplitudes in CMT2E patients 
could not be recorded in only 1 of 4 patients (25%). Interesting-
ly, peroneal CMAP amplitudes in CMTDIG patients (36%) oc-
cupied an intermediate position between the CMT1F and CM-
T2E patients. The mean MNCV of the median nerve was 16.1 
±  10.5 m/s in CMT1F patients and 47.7 ±  8.1 m/s in CMT2E 
patients. The mean MNCV of the median nerve was 39.6 ±  4.4 
m/s in CMTDIG patients . No SNAP amplitudes of the median 
nerve were observed in 63% of CMT1F patients, 32% of CMT-
DIG patients, and 25% of CMT2E patients. Furthermore, sural 
SNAP amplitudes were not evoked in any of the CMT1F pa-
tients, nor were they observed in 36% of CMTDIG patients and 
25% of CMT2E patients. 

Conclusion 

In this review, we described the clinical, electrophysiological, 
and genetic characteristics of various types of CMT caused by 
mutations in MPZ, GDAP1, and NEFL. CMT is a peripheral 
neuropathy with extreme clinical and genetic heterogeneity. Of 
the 140 causative genes for CMT and other related diseases, 
MPZ, GDAP1, and NEFL are the only genes that cause all three 
subtypes of CMT (demyelinating, axonal, and intermediate). 
CMT is presently incurable; however, the ongoing attempts to 
treat it with various drugs, dietary supplements, and increase the 
importance of an exact genetic diagnosis for precision medicine. 
Therefore, it is important to compare the genetic and clinical fea-
tures of patients with MPZ, GDAP1, and NEFL mutations. Tak-
en together, a comparison of the causative mutations and clinical 
features of patients with MPZ-, GDAP1-, and NEFL-related 
CMT will be the first step in understanding how the different 
types of CMT are caused, and will enable molecular genetic di-
agnosis. 
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Table 4. Clinical and Electrophysiological Features of Korean CMT 
Patients with GDAP1 Mutations

Item CMT2K CMTRIA p-value
Patient number 7 3
Female ratio (%) 29 67
Examined age (y) 42.6 ±  15.7 9.7 ±  4.2 0.009
Onset age (y) 19.7 ±  7.7 1.7 ±  0.6 0.004
Disability score
 CMTNS 11.1 ±  6.6 24.7 ±  3.2 0.011
 FDS 2.3 ±  1.4 5.3 ±  1.2 0.010
Nerve conduction studies

Patient number 7 3
 Median motor nerve
  CMAP (mV) 11.2 ±  5.8 1.4 ±  1.2 0.024
  MNCV (m/s) 52.0 ±  5.8 32.3 ±  28.0 0.092
 Peroneal nerve
  CMAP (mV) 1.8 ±  1.8 0.0 ±  0.1 0.127
  MNCV (m/s) 21.7 ±  20.4 0.0 ±  0.0 0.113
 Median sensory nerve
  SNAP (μV) 6.3 ±  3.0 0.9 ±  1.3 0.051
  SNCV (m/s) 38.2 ±  1.2 12.5 ±  17.7 0.005
 Sural nerve
  SNAP (μV) 0.2 ±  0.6 0.0 ±  0.0 0.604
  SNCV (m/s) 4.8 ±  11.8 0.0 ±  0.0 0.604

All data are expressed as the mean ± standard deviation. Normal nerve 
conduction velocity values: motor median nerve ≥ 50.5 m/s; sensory me-
dian nerve ≥ 39.3 m/s; sural nerve ≥ 32.1 m/s. Normal amplitude values: 
motor median nerve ≥ 6 mV; sensory median nerve ≥ 8.8 μV; sural nerve 
≥ 6.0 μV.
CMT, Charcot-Marie-Tooth disease; ANOVA, analysis of variance; CMTNS, 
CMT neuropathy score; FDS, functional disability scale; CMAP, compound 
muscle action potential; MNCV, motor nerve conduction velocity; SNAP, 
sensory nerve action potential; SNCV, sensory nerve conduction velocity.
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Introduction 

Carpal tunnel syndrome (CTS) is the most common focal en-
trapment mononeuropathy, affecting 1% of the population [1,2]. 
When patients do not improve with conservative treatment, car-
pal tunnel release (CTR) surgery is frequently performed. Ap-
proximately 70% to 90% of patients have good to excellent long-
term outcomes with CTR [3]. The remaining patients have poor 
outcomes, which can be classified into one of 3 categories: per-
sistent, recurrent, or new symptoms [4]. An understanding of 
the factors that predict a poor outcome after CTR would be ben-
eficial during preoperative counseling and provide more accurate 

Objective: We investigated the factors affecting electrodiagnostic (EDX) parameters after carpal 
tunnel release (CTR). 
Methods: Thirty-nine cases with clinically diagnosed carpal tunnel syndrome who received 
CTR and EDX studies before and after CTR were enrolled in this study. We analyzed EDX pa-
rameters such as distal onset latency and the amplitude of median compound motor action po-
tentials (CMAPs) and sensory nerve action potentials (SNAPs). 
Results: Among 39 cases, 24 (61.5%) showed improvement of at least 1 grade, based on Bland’s 
scale, after CTR. Follow-up EDX studies were performed 6 to 36 months after CTR. Improve-
ment on Bland’s scale was shown in 50% of patients who received follow-up EDX studies at 6 and 
12 months after CTR and in all patients who received follow-up at 24 and 36 months. The EDX 
parameters showed significant recovery. Younger patients showed greater recovery of SNAP am-
plitude (p = 0.021, r = -0.369) after CTR. The preoperative severe group showed greater recov-
ery of CMAP (both amplitude and latency) than the non-severe group (p = 0.011 and p = 0.038, 
respectively). 
Conclusion: We confirmed the effectiveness of CTR through EDX studies. Age and preopera-
tive EDX severity can affect the recovery of EDX parameters after CTR. 
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expectations for postoperative outcomes. 
Many existing studies on CTS have reported its risk factors, 

along with methods for its diagnosis and treatment; however, 
few have investigated the factors affecting the postoperative im-
provement of CTS. Even in studies that identified predictors of 
postoperative outcomes, the results were inconsistent. Previous 
studies have found that worse outcomes of CTR have been asso-
ciated with preoperative variables such as preoperative muscle 
weakness or atrophy [5–7], predisposing medical conditions [6], 
including diabetes and thyroid disease [8], heavy or repetitive 
manual work [9,10], and exposure to vibration [11]. However, 
other studies have found that predisposing medical comorbidi-
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ties [12–18], patient factors (age, sex) [19,20], duration of symp-
toms before surgery [19], neurophysiologic testing [19,21], 
physical examination findings [22], and body mass index [23] 
did not affect the postoperative outcomes. The severity of nerve 
conduction or electromyographic abnormalities is generally not 
associated with surgical outcomes [6,7,9,10]. 

Most previous studies have evaluated postoperative improve-
ments in CTS through patient-reported symptom relief and sat-
isfaction [24–30]. There have been few comparative studies on 
electrodiagnostic (EDX) studies before and after CTR in the 
same patients. Our study intended to analyze changes in EDX 
parameters after CTR instead of patient-reported symptom re-
lief. The aim of this study was to describe the quantitative chang-
es in EDX parameters after CTR and to clarify the factors affect-
ing the recovery of the EDX parameters. Our hypothesis was that 
older age, longer durations of symptoms, and greater preopera-
tive severity might negatively affect EDX recovery. An under-
standing of the factors that predict postoperative outcomes 
would be beneficial during preoperative counseling and provide 
more accurate expectations for the prognosis. 

Materials and Methods 

This retrospective study was approved by the ethics commit-
tee of Chung Ang University Hospital (approval number: 2109-
029-19386) and was performed in accordance with the Declara-
tion of Helsinki. 

1) Participants 
We retrospectively screened patients who visited an EDX labo-

ratory affiliated with the Department of Physical Medicine and 
Rehabilitation of a single tertiary hospital from January 2012 to 
January 2022 and who presented with hand tingling. Patients 
were eligible if they met all of the following criteria: (1) they 
were diagnosed with CTS based on an EDX study, (2) they re-
ceived CTR by a single orthopedic surgeon at the same hospital, 
and (3) they received a follow-up EDX study after CTR. 

Patients were excluded if (1) they had diabetes before CTR; 
(2) they had no medical records concerning their medical co-
morbidities, including diabetes and duration of symptoms at the 
time of CTR; (3) their EDX results suggested combined cervical 
myeloradiculopathy or ulnar neuropathy, generalized demyelin-
ating polyneuropathies, generalized axonal neuropathy related to 
end-stage renal disease, or trauma-related median neuropathy; or 
(4) they were on hemodialysis. A total of 39 cases in 35 patients 
were enrolled in this study. 

We expected that age, sex, duration of symptoms, and the se-

verity of findings on the preoperative EDX study might affect the 
results of the follow-up EDX studies. We surveyed these factors 
through a review of medical records. 

The performance of CTR was dependent on the surgeon’s de-
cision and based on each patient’s preoperative severity, duration 
of symptoms, previous history of treatments, comorbidities, and 
other factors. 

2) Electrodiagnostic studies and outcome measurements 
The EDX studies were performed using a Nicolet EDX EMG 

system (Natus, Pleasanton, CA, USA). In our EDX laboratory, 
the patient’s skin temperature was routinely maintained between 
31°C and 34°C. In nerve conduction studies (NCSs), the con-
ventional surface electrode technique was used. The active re-
cording electrode was placed on the belly of the abductor pollicis 
brevis muscle, and the reference electrode was attached distally 
to the insertion of the muscle during the motor NCSs. Wrist 
stimulation was performed 8 cm proximal to the active recording 
electrode. The onset latency (CMAPlatency) and baseline to peak 
amplitude (CMAPamplitude) values of the compound motor action 
potential (CMAP) were measured.  

Antidromic sensory nerve conduction was recorded from the 
index finger and stimulated in the wrist. The distance between 
the recording electrode and stimulator was 14 cm. Of the senso-
ry nerve action potentials (SNAPs), the onset latencies (SNAPla-

tency) and baseline to peak amplitudes (SNAPamplitude) were mea-
sured. 

In EDX studies, CTS was diagnosed when one or more of the 
following criteria were satisfied: (1) When the median CMAPla-

tency was 4.2 ms or more, (2) When the median SNAPlatency was 
3.2 ms or more [31,32]. 

Additive NCS of other nerves and needle electromyography 
ruled out CTS-mimicking diseases such as cervical radiculopa-
thy, motor neuron disease, and brachial plexopathy. 

The degree of the patient’s median nerve damage was classi-
fied into grades 1 to 6 according to Bland’s neurophysiologic 
grading scale (Table 1) [33]. The patient’s preoperative severity 
was classified as severe (Bland’s scale 4-6) or non-severe (Bland’s 
scale 1-3). Improvement was defined as at least a 1-grade positive 
change on Bland’s scale after CTR. We also evaluated the recov-
ery of EDX parameters by measuring the differences (ΔCMAPam-

plitude, ΔCMAPlatency, ΔSNAPamplitude, and ΔSNAPlatency) between 
the preoperative and postoperative CMAPamplitude, CMAPlatency, 
SNAPamplitude, and SNAPlatency values. 

3) Statistical analysis 
Statistical analyses were performed using IBM SPSS ver. 21.0 
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(IBM Corp., Armonk, NY, USA). The paired t-test was used to 
compare the differences between the preoperative and postoper-
ative ΔCMAPamplitude, ΔCMAPlatency, ΔSNAPamplitude, and ΔSNAPla-

tency values. The Mann-Whitney U-test and chi-square tests were 
used to identify significant variables in the univariate analysis of 
improvement according to Bland’s scale. Spearman’s correlation 
analysis was performed to examine the correlation between 
changes in EDX parameters (ΔCMAPamplitude, ΔCMAPlatency, 
ΔSNAPamplitude, and ΔSNAPlatency) and continuous variables (age 
and duration of symptoms). Point-biserial correlation analysis was 
conducted to assess the correlation between changes in EDX pa-
rameters and categorical variables (sex and preoperative severity). 

All statistical tests were conducted at a two-sided 5% signifi-
cance level, and all reported p-values were two-sided. Statistical 
significance was set at p <  0.05. 

Results 

1) Clinical characteristics of the study populations 
In total, 39 CTS cases from 35 patients were included in this 

study. Four patients had bilateral CTS and received bilateral 
CTR. The clinical characteristics of patients are summarized in Ta-
ble 2. The mean age of the patients was 56.3 ±  8.7 years, and the 
mean duration of symptoms at the first visit was 27.8 ±  38.7 
months. Four cases (10.3%) were in men and 35 cases (89.7%) 
were in men. Fifteen cases (38.5%) were on the right, 16 cases 
(41.0%) were on the left, and 4 cases were on both sides (Table 2). 

Based on Bland’s scale, 5 cases (12.8%) were classified as grade 
2 (mild), 20 cases (51.3%) were grade 3 (moderately severe), 2 
cases (5.1%) were grade 4 (severe), 7 cases (17.9%) were grade 5 
(very severe), and 5 cases (12.8%) were grade 6 (extremely se-

vere). Patients were classified into 2 subgroups according to their 
preoperative severity: severe (Bland’s scale 4-6) and non-severe 
group (Bland’s scale 1-3). The severe group accounted for 14 
cases (35.9%) and the non-severe group accounted for 25 cases 
(64.1%). The subgroups did not show significant differences in 
terms of the sex ratio (p =  0.123). However, there were signifi-
cant differences in age and duration of symptoms between the  
2 groups (age, p =  0.006; duration of symptoms, p =  0.028)  
(Table 3). 

Postoperative follow-up EDX studies were performed in 20 
cases (51.3%) at 6 months, 10 cases (25.6%) at 12 months, 6 
cases (15.4%) at 24 months, and 3 cases (7.7%) at 36 months.  

2) The changes in EDX parameters after CTR  
There was significant recovery of EDX parameters, such as 

ΔCMAPamplitude, ΔCMAPlatency, ΔSNAPamplitude, and ΔSNAPlatency 
(ΔCMAPamplitude, p =  0.024; ΔCMAPlatency, p <  0.001; ΔSNAPampli-

tude, p <  0.001; and ΔSNAPlatency, p <  0.001) after CTR (Table 4). 
Even in the cases with “no response” on the preoperative EDX 

studies, the recovery of obtainable EDX responses after CTR was 
reported in 25.0% of cases (1 of 4) for CMAP and 50.0% of cases 
(6 of 12) for SNAP, respectively. 

Table 1. Bland’s Neurophysiologic Grading Scale for Carpal Tunnel 
Syndrome

Grade EDX abnormality
1. Very mild CTS detected by only PWDSLD
2. Mild Median DML <  4.5 ms and sensory NCV <  40
3. Moderately severe Median DML >  4.5 ms and <  6.5 ms with pre-

served SNAP
4. Severe Median DML >  4.5 ms and <  6.5 ms with absent 

SNAP
5. Very severe Median DML >  6.5 ms with CMAP >  0.2 mV
6. Extremely severe Median CMAP from APB <  0.2 mV

EDX, electrodiagnostic; CTS, carpal tunnel syndrome; PWDSLD, palm wrist 
distal sensory latency difference; DML, distal motor latency; NCV, nerve 
conduction velocity; SNAP, sensory nerve action potential; CMAP, com-
pound motor action potential; APB, abductor pollicis brevis muscle.
Based on [33].

Table 2. Clinical Characteristics of the Study Population

Clinical characteristic Value
No. of patients 34
No. of CTS cases 39
Sex (male:female) 4:35
Age (y) 56.3 ±  8.7 (30–70)
Duration of symptoms (mo) 27.8 ±  38.7 (1–120)
Affected side of the CTS (no. of patients)
 Right 15
 Left 16
 Bilateral 4
Preoperative severity (Bland’s scale) (no. of cases)
 Grade 2: mild 5 (12.8)
 Grade 3: moderately severe 20 (51.3)
 Grade 4: severe 2 (5.1)
 Grade 5: very severe 7 (17.9)
 Grade 6: extremely severe 5 (12.8)
Period of follow-up EDX study (no. of cases)
 6 mo after surgery 20 (51.3)
 12 mo after surgery 10 (25.6)
 24 mo after surgery 6 (15.4)
 36 mo after surgery 3 (7.7)

Values are presented as mean ± standard deviation (range) or number (%).
CTS, carpal tunnel syndrome; EDX, electrodiagnostic.
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3) Changes in Bland’s scale after CTR 
We analyzed improvement patterns according to cases’ preop-

erative severity based on Bland’s scale. Of the 39 cases, 24 cases 
(61.5%) showed improvements (at least a 1-grade positive 
change on Bland’s scale) after CTR, and 15 cases (38.5%) 
showed non-improvement. 

The final change in each case’s Bland’s scale after CTR is pre-
sented in Fig. 1A. The line with a slope of 1 presents cases with 
the same Bland’s scale before and after CTR. The cases below 
the line are those in which improvement occurred, while those 
above and at the line comprise non-improvement cases. Im-
provement was observed in (60%) out of 5 cases with preopera-
tive Bland’s scale 2, 12 (60%) out of 20 cases with preoperative 
Bland’s scale 3, one (50.0%) out of 2 cases with preoperative 
Bland’s scale 4, 6 (85.7%) out of 7 cases with preoperative 
Bland’s scale 5, 2 (40%) out of 5 cases with preoperative Bland’s 
scale 6 (Fig. 1A). The overall patients were classified according to 
the timing of the follow-up EDX study. Follow-up EDX studies 
were performed 6 months to 36 months after CTR. Ten (50.0%) 
of 20 patients who received a follow-up EDX study at 6 months 
after CTR showed improvement on Bland’s scale (Fig. 1B). Five 
(50.0%) of 10 patients who received follow-up at 12 months af-
ter CTR revealed improvement on Bland’s scale (Fig. 1C). All pa-
tients who received follow-up EDX at 24 (n =  6) and 36 months 
(n =  3) after CTR demonstrated improvement on Bland’s scale 
(Fig. 1D, E). 

4) Analysis of the clinical factors affecting improvement 
based on Bland’s scale after CTR 

Univariate analysis revealed that improvements in Bland’s scale 
were not associated with any clinical factors (sex, p =  0.631; age, 
p =  0.875; duration, p =  0.598; preoperative severity, p =  
1.000; and period of follow-up EDX study, p =  0.051). The im-
provement group received follow-up EDX studies on average 

15.5 ±  10.8 months after CTR, and the non-improvement 
group had follow-up examinations at an average of 8.0 ±  2.9 
months after CTR. Even though no statistically significant differ-
ence in the timing of follow-up EDX studies was found between 
the improvement group and the non-improvement group (p =  
0.051), the follow-up period of the improvement group tended 
to be longer than that of the non-improvement group (Table 5). 

5) Analysis of clinical factors affecting the recovery of EDX 
parameters after CTR 

The quantitative analysis of changes in EDX parameters after 
CTR showed a significant inverse correlation between age and 
ΔSNAPamplitude, suggesting that younger age was associated with 
greater recovery of ΔSNAPamplitude after CTR (p =  0.021, r =  
-0.369). A significant correlation was found between preopera-
tive severity and recovery of both ΔCMAPamplitude and ΔCMAPla-

tency values after CTR, in which the preoperative severe group 
showed more recovery of ΔCMAPamplitude and ΔCMAPlatency val-
ues after CTR (ΔCMAPamplitude, p =  0.011, r =  0.403; ΔCMAPla-

tency, p =  0.038, r =  0.334) (Table 6). 

Discussion 

Among 39 cases, 24 (61.5%) showed improvement in CTS (at 
least a 1-grade positive change on Bland’s scale) in the follow-up 
EDX study after CTR. This was similar to the 70% to 90% im-
provement rates reported in other studies [3,34]. There was a sig-
nificant recovery of EDX parameters such as ΔCMAPamplitude, ΔC-
MAPlatency, ΔSNAPamplitude, and ΔSNAPlatency after CTR. No statisti-
cally significant associations were found between improvements 
on Bland’s scale and clinical factors (sex, age, duration of symp-
toms, and preoperative severity), whereas the quantitative analy-
sis of EDX parameters suggested that age and preoperative severi-
ty can affect the recovery of EDX parameters after CTR. 

Table 3. Baseline Characteristics of the Subgroups according to Pre-
operative Severity

Variable Severe group* Non-severe group p-value
Number 14 25
Sex (male:female) 3:11 1:24 0.123
Age (y) 61.6 ±  6.9 (52–70) 53.3 ±  8.3 (30–69) 0.006†

Duration of symptoms 
(mo)

46.0 ±  50.4 (4–120) 17.7 ±  26.4 (1–120) 0.028†

Values are presented as mean ± standard deviation, except for the num-
ber of patients and sex ratio.
*Preoperative severity classifications were based on Bland’s scale (severe 
[Bland’s scale 4-6] and non-severe [Bland’s scale 1-3]).
†p < 0.05, Mann-Whitney U-test.

Table 4. Changes in Electrodiagnostic Parameters after Carpal Tun-
nel Release

Parameter Preoperative Postoperative Difference (Δ) p-value
CMAP amplitude 

(mV)
7.5 ±  4.4 8.3 ±  4.5 0.8 ±  2.1 0.024*

SNAP amplitude 
(µV)

10.4 ±  11.8 17.2 ±  13.4 6.8 ±  9.1 <  0.001*

CMAP latency (ms) 6.1 ±  3.0 4.8 ±  2.6 1.2 ±  1.9 <  0.001*
SNAP latency (ms) 4.9 ±  1.5 3.8 ±  1.4 1.1 ±  1.2 <  0.001*

Values are presented as mean ± standard deviation.
CMAP, compound motor action potential; SNAP, sensory nerve action po-
tential.
*p < 0.05 by the paired t-test.
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Fig. 1. The changes in each patient’s Bland’s scale after carpal 
tunnel release (CTR) according to the timing of the follow-up 
electrodiagnostic (EDX) study. (A) Changes in Bland’s scale after 
CTR in all patients (n = 39). (B) Changes in Bland’s scale in pa-
tients who received a follow-up EDX study 6 months after CTR (n 
= 20). (C) Changes in Bland’s scale in patients who received a 
follow-up EDX study 12 months after CTR (n = 10). (D) Changes 
in Bland’s scale in patients who received a follow-up EDX study 
24 months after CTR (n = 6). (E) Changes in Bland’s scale in pa-
tients who received a follow-up EDX study at 36 months after 
CTR (n = 3).

Table 5. Analysis of Clinical Factors Affecting Improvement Based on Bland’s Scale after Carpal Tunnel Release

Variable Improvement group* Non-improvement group p-value
Number 24 (61.5) 15 (38.5)
Sex
 Female 22 13 0.631
 Male 2 2
Age (y) 56.4 ±  8.4 56.0 ±  9.4 0.875
Duration of symptoms (mo) 30.0 ±  42.8 24.3 ±  32.1 0.598
Preoperative severity
 Severe group 9 5 1.000
 Non-severe group 15 10
Timing of follow-up EDX study (mo) 15.5 ±  10.8 8.0 ±  2.9 0.051
Values are presented as number (%) or mean ± standard deviation.
EDX, electrodiagnostic.
*Improvement was defined as at least a 1-grade positive change on Bland’s scale after carpal tunnel release.
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This study aimed to describe quantitative changes in EDX pa-
rameters after CTR and to clarify the factors affecting the recov-
ery of EDX parameters. We analyzed the association between 
improvement based on Bland’s scale and each clinical factor (sex, 
age, duration of symptoms, and preoperative severity), as well as 
correlations between the recovery of quantitative EDX parame-
ters and clinical factors. A unique feature of our study was that 
surgical outcomes were quantified objectively by analyzing 
changes in EDX parameters instead of using patient-reported 
subjective symptoms and satisfaction. No statistically significant 
associations were found between improvements on Bland’s scale 
and clinical factors, whereas preoperative severity and age affect-
ed changes in quantitative EDX parameters. Younger patients 
showed greater recovery of ΔSNAPamplitude values after CTR. The 
degree of CMAP recovery was greater (for both ΔCMAPamplitude 
and ΔCMAPlatency) in the preoperative severe group. These re-
sults may be related to the relatively low granularity of Bland’s 
scale. For example, an improvement in ΔCMAPlatency values may 
not be reflected by a change on Bland’s scale. 

Our results showed significant differences in age and duration 
of symptoms between the preoperative severe (Bland’s scale 4-6) 
and non-severe (Bland’s scale 1-3) groups. The mean age and du-
ration of symptoms in the severe group were greater and longer 
than those in the non-severe group, respectively. Chronic entrap-
ment may cause severe nerve damage, such as irreversible axonal 
damage during a long disease period, which can affect severity. 

Our quantitative analysis of EDX parameters was consistent 
with our hypothesis that age can affect the recovery of EDX pa-
rameters after CTR, suggesting that younger patients showed 
greater recovery of ΔSNAPamplitude values after CTR. It is widely 
known that motor and sensory nerve conduction responses 
gradually decline with aging in the general population. Several 
studies also have reported a significant correlation between age 
and the course of entrapment neuropathy. Schwartz and Chan 
reported a progressive increase in distal motor latency and a pro-

gressive decrease in the CMAP amplitudes of older patients with 
CTS compared to younger patients; therefore, these older pa-
tients may require different therapeutic approaches [35]. Kim et 
al. [36] also compared NCS findings between younger and older 
groups and reported that CTS often has a progressive, non-re-
mitting course in elderly patients aged over 60 years, possibly 
due to different mechanisms according to age. Based on the cur-
rent evidence, elderly patients have less predictable symptomatic 
and functional improvements after CTR than younger patients 
[37]. These results are in line with our finding that EDX recovery 
after CTR was related to age. 

Regarding the effect of preoperative severity on surgical out-
comes, the recovery of CMAP after CTR was contrary to our hy-
pothesis that patients with severe CTS would have worse out-
comes. This result is probably due to the difference in the preop-
erative CMAPamplitude values between the severe and non-severe 
groups based on Bland’s scale. In our criteria for preoperative se-
verity, the severe group (Bland’s scale 4-6) had relatively low 
CMAPamplitude values in the preoperative EDX studies, and there 
was substantial potential for recovery after CTR. In contrast, in 
the non-severe group (Bland’s scale 1-3), the preoperative 
CMAPamplitude values were nearly normal in most cases, suggest-
ing a limited possibility for recovery after CTR. Although our re-
sults may have been influenced by the relatively low granularity 
of Bland’s scale, obtainable CMAP responses after CTR were re-
ported in 25.0% (1 of 4 cases) of the “no response” cases in pre-
operative EDX studies. Reversible demyelination and nerve re-
generation may be possible, even in extremely severe cases. 

We expected that a longer duration of symptoms would be re-
lated to poorer EDX recovery. Debate continues regarding how 
symptom duration affects surgical outcomes. Some studies have 
suggested that a longer duration is associated with worse out-
comes (i.e., less improvement in symptoms after surgery) 
[5,7,8,34]. Long-term exposure to entrapment can cause severe 
nerve damage, including irreversible axonal damage, leading to a 

Table 6. Analysis of Clinical Factors Affecting the Recovery of Electrodiagnostic Parameters After Carpal Tunnel Release

Variable
ΔCMAPamplitude ΔSNAPamplitude ΔCMAPlatency ΔSNAPlatency

r p-value r p-value r p-value r p-value
Age -0.023 0.890 -0.369 0.021* 0.055 0.741 -0.128 0.437
Sex 0.016 0.922 0.045 0.784 0.053 0.750 0.026 0.873
Duration 0.048 0.773 -0.169 0.303 0.127 0.443 0.122 0.458
Preoperative severity 0.403 0.011† -0.218 0.183 0.334 0.038† 0.029 0.862
Period of follow-up EDX study -0.007 0.966 0.233 0.153 0.185 0.261 0.183 0.265

Δ indicates the difference in each parameter between the preoperative and postoperative values.
CMAP, compound motor action potential; SNAP, sensory nerve action potential; EDX, electrodiagnostic.
*p < 0.05, Spearman correlation analysis.
†p < 0.05, point-biserial correlation analysis.
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poor prognosis. However, Porter et al. [19] reported that the pre-
operative durations of symptoms did not affect postoperative 
outcomes. Our study likewise revealed that symptom duration 
was not significantly associated with improvements in CTS 
based on both Bland’s scale and the quantitative analysis of EDX 
parameters after CTR, which was contrary to our hypotheses. 
We expected that chronicity might result in irreversible axonal 
loss, which therefore might lead to poor recovery, even with 
CTR. However, the pathological process of entrapment neurop-
athy can involve both axonal loss and reversible demyelination 
and remyelination [37]. Surgical decompression can be effective 
even in some cases of chronic advanced compressive neuropathy 
by enhancing the reversibility of the demyelination and axonal 
regeneration [37–42]. Therefore, surgery can be beneficial, re-
gardless of the duration of symptoms. 

Our results suggest that various clinical factors should be con-
sidered when making surgical decisions. Our quantitative analy-
sis of the recovery of EDX parameters revealed that younger pa-
tients showed more recovery of ΔSNAPamplitude values. This find-
ing suggests that age can affect EDX recovery after CTR and 
serve as a factor helping to determine whether surgery is indicat-
ed. Several studies have suggested that different therapeutic ap-
proaches are needed for older and younger patients, as these ages 
undergo different clinical courses via different mechanisms 
[35,36]. Elderly patients with CTS may develop severe motor 
impairment within a short period, so they should be promptly 
referred for surgical decompression [35]. However, our study 
also suggested that improvement after CTR occurred regardless 
of factors such as preoperative severity and duration of symp-
toms, although the severe group was relatively older. Patients 
with severe CTS also showed some improvement after CTR. 
Clinicians should decide on surgery with consideration of not 
only age, but also several other clinical factors. 

Postoperative follow-up EDX studies were performed 6 to 36 
months after CTR in previous several studies [43,44]. Interest-
ingly, our study showed that 9 (37.5%) out of 24 cases that 
showed improvement received follow-up EDX studies 24 to 36 
months after CTR. This result suggests that sustained EDX re-
covery is possible even more than 1 year after CTR. Although 
this trend was statistically marginal (p =  0.051), the interval of 
recovery after CTR tended to be longer in cases of improvement. 
A previous study reported that advanced CTS patients with se-
vere axonal damage took considerably longer to recover after 
CTR, and several months of follow-up did not suffice to evaluate 
postoperative EDX recovery in these patients [42]. Our results 
also suggest that the EDX parameters might gradually recover af-
ter CTR over a long period of time, and serial follow-up studies 

for sufficient periods are recommended to determine the effects 
of CTR [42,44]. 

However, this study has some limitations. First, the sample size 
was relatively small. Second, this was a retrospective study. This 
study only analyzed the EDX recovery after CTR, and could not 
investigate the correlation between EDX recovery and clinical 
symptoms. Third, the period of the postoperative follow-up EDX 
studies was not standardized. Fourth, there may have been selec-
tion bias because not all patients underwent a follow-up EDX 
study after CTR. Fifth, the composition of the patients was quite 
heterogeneous, as the patients had many different reasons for re-
ceiving follow-up EDX studies after CTR. Further prospective 
studies are required to obtain more accurate outcome measures. 

Conclusion 

We confirmed the effectiveness of CTR through EDX studies 
regardless of preoperative EDX severity, the duration of symp-
toms, and sex. Our results suggest that the EDX parameters 
might gradually recover after CTR over a long period of time. 
Significant recovery of EDX parameters, including ΔCMAPampli-

tude, ΔCMAPlatency, ΔSNAPamplitude, and ΔSNAPlatency, was noted af-
ter CTR. No statistically significant associations were found be-
tween improvements in Bland’s scale and clinical factors, whereas 
the quantitative analysis of EDX parameters suggested that age 
and preoperative severity can affect the recovery of EDX param-
eters after CTR. 
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Objective: Carpal tunnel syndrome (CTS) is the most common peripheral neuropathy affecting 
the upper limbs. Various treatment methods exist for this disease, but only a few reports have 
compared the effects of various treatments using objective indicators. This study analyzed the 
changes in electrophysiological parameters after carpal tunnel release. 
Methods: In patients planning to undergo surgical treatment for CTS, electrophysiological stud-
ies, including nerve conduction studies and electromyography (EMG), of both upper extremities 
were performed before and 6 to 8 weeks after mini-open transverse carpal ligament release and 
median nerve neurolysis. 
Results: After surgical intervention, the onset latency and amplitude of the sensory nerve action 
potential (SNAP) and the onset latency of the compound muscle action potential (CMAP) of 
the median nerve improved. Additionally, the grade of abnormal spontaneous activity in needle 
EMG of the abductor pollicis brevis (APB) and the severity of the electrodiagnostic study results 
significantly decreased after the intervention compared to the initial evaluation. 
Conclusion: This study shows that the onset latency of SNAP and CMAP, the amplitude of 
SNAP of the median nerve, and EMG findings in the APB can be useful electrodiagnostic pa-
rameters for postoperative monitoring in CTS patients. 

Keywords: Carpal tunnel syndrome; Electrophysiology; Surgical procedure  

pISSN: 2733-6581 ∙ eISSN: 2733-659X
J Electrodiagn Neuromuscul Dis 2022;24(3):79-83

https://doi.org/10.18214/jend.2022.00122

Received: July 25, 2022 
Revised: September 27, 2022 
Accepted: September 30, 2022  

Corresponding author: 
Ha Ra Jeon 
Department of Physical Medicine and 
Rehabilitation, National Health 
Insurance Service Ilsan Hospital, 100 
Ilsan-ro, Ilsandong-gu, Goyang 10444, 
Korea 
Tel: +82-31-900-0970 
Fax: +82-31-900-0028 
E-mail: jeon1021@nhimc.or.kr  

ORIGINAL ARTICLE

Electrophysiological Changes in Patients with Carpal Tunnel 
Syndrome after Open Carpal Tunnel Release 
Chaehyun Song1, Seung Jun Lee1, Seong Woo Kim1, Sung Hoon Kim2, Ha Ra Jeon1 
1Department of Physical Medicine and Rehabilitation, National Health Insurance Service Ilsan Hospital, Goyang, Korea 
2Department of Orthopedic Surgery, National Health Insurance Service Ilsan Hospital, Goyang, Korea 

Introduction 

Carpal tunnel syndrome (CTS) is the most common periph-
eral neuropathy affecting the upper extremities. This syndrome 
is characterized by median nerve entrapment at or around the 
wrist level, resulting in dysfunction of the median nerve [1,2]. 
CTS can be diagnosed based on clinical symptoms and physical 
examination findings. Patients often report pain and paresthesia 
in the distribution of the median nerve and show positive physi-
cal examination findings, such as the Tinel sign or Phalen ma-
neuver [1,2]. Ultrasonography and electrodiagnosis (EDx) are 
useful for confirming the diagnosis of CTS and ruling out other 

causes. Ultrasonography analyzes anatomical structures and 
nerves to assess the cross-sectional area of the median nerve, 
which is altered by the disease. However, in general, EDx is the 
gold-standard test for the diagnosis of CTS. Among various EDx 
methods, nerve conduction studies (NCS) can confirm CTS by 
detecting impaired median nerve conduction across the carpal 
tunnel, and electromyography (EMG) expresses pathological 
changes in the abductor pollicis brevis (APB) muscle innervated 
by the median nerve. EDx has the advantage of being able to clas-
sify the severity of the disease to determine the treatment strate-
gy and predict the prognosis after surgery. The severity is classi-
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fied into 4 categories: normal, mild, moderate, and severe. Pa-
tients with prolonged latency in median nerve sensory conduc-
tion, but normal motor conduction, are classified as mild. Mod-
erate disease is defined as prolonged latency in median motor 
nerve conduction. In patients with severe CTS, EDx shows (1) 
decreased sensory nerve action potential (SNAP) amplitude, (2) 
decreased compound muscle action potential (CMAP) ampli-
tude, or (3) the appearance of fibrillation potential or motor unit 
potential changes on needle EMG [2–5]. 

Several treatment options exist for CTS, including surgical and 
nonsurgical methods. In patients with moderate to severe CTS, 
surgical treatment is performed by dividing the transverse carpal 
ligament to increase the space of the carpal tunnel and reduce the 
pressure on the median nerve. Nonsurgical methods for patients 
with mild to moderate CTS include hand bracing, wrist splint-
ing, oral medications, and local corticosteroid injections [1,6]. 

Multiple treatment options can be considered for CTS, but 
only a few reports have compared treatment effectiveness using 
objective indicators [7–11]. Commonly used outcome assess-
ment tools include the visual analog scale (VAS) rating system, 
self-reported symptom questionnaires, follow-up NCS, and 
EMG. Previous studies mainly used self-reported function and 
symptom improvement questionnaires to investigate the preop-
erative and postoperative status of patients with CTS in terms of 
symptom improvement. Few reports have investigated the main 
neurophysiological changes after surgical interventions in pa-
tients with CTS [12,13]. In this study, we analyzed and com-
pared electrophysiological parameters and pain scale scores be-
fore and after carpal tunnel release (CTR) to determine whether 
any significant changes took place. 

Materials and Methods 

Among the patients with suspected CTS, those who met the 
following inclusion criteria and did not meet the exclusion crite-
ria were included in this study. The inclusion criteria were as fol-
lows: (1) electrophysiologically diagnosed CTS, (2) unilateral or 
bilateral involvement, and (3) no history of surgical intervention. 
The following cutoff values were applied for the diagnosis of 
CTS: 3.5 ms for SNAP onset latency, 20 μV for SNAP ampli-
tude, 4 ms for CMAP onset latency, and 5 mV for CMAP ampli-
tude [14]. The exclusion criteria were as follows: (1) no abnor-
mal EDx findings or other neurological problems such as cervical 
radiculopathy, polyneuropathy, or myelopathy; (2) discontinua-
tion of postsurgical follow-up; and (3) a requested to withdraw 
from the study. 

This study was conducted prospectively and approved by the 

Institutional Review Board (IRB) of National Health Insurance 
Service Ilsan Hospital (IRB no. 2015-06-019-008). Informed 
consent was obtained from all participants who agreed to partici-
pate in this study, and an initial clinical evaluation was performed 
by a specialist in physical medicine and rehabilitation. 

After the initial NCS and EMG were performed, the patients 
were referred to the Department of Orthopedic Surgery and un-
derwent surgical treatment by the same surgeon. After confirm-
ing the results of EDx and patient-reported symptoms, CTR was 
performed when the clinician determined that surgery was nec-
essary. The patients were followed up 6-8 weeks after surgery. 

Electrophysiological studies, including NCS and EMG, of 
both upper extremities were performed before and 6 to 8 weeks 
after the mini-open transverse carpal ligament release and neu-
rolysis of the median nerve. The objective of the NCS was to ex-
amine the onset latency and amplitude of the median SNAP and 
the onset latency and amplitude of CMAP. The objective of 
EMG was to assess the grade of abnormal spontaneous activity 
(ASA), which is reported as a gradation of either positive sharp 
waves (PSWs) or fibrillation potentials in the APB muscle. ASA 
was rated on a scale of 1 (transient but reproducible discharges) 
to 4 (abundant spontaneous potentials). All EDx cases were 
graded as electrophysiologically normal, mild, moderate, or se-
vere according to the criteria presented by Werner and Andary 
[5]. 

The pain scales reflecting patients’ subjective discomfort were 
also compared before and after surgery. In this study, the short-
form McGill Pain Questionnaire (SF-MPQ) and VAS were used 
to identify the quality of pain associated with CTS. The SF-MPQ 
is a shorter version of the original MPQ, which has 2 subscales 
(sensory and affective). The sensory subscale contains 11 items, 
and the affective subscale contains 4 items. Each item is rated on 
an intensity scale ranging from 0 (no pain) to 3 (severe pain). 
The VAS and present pain intensity (PPI) were also used to pro-
vide overall intensity scores [15]. 

Statistical analysis was performed using IBM SPSS ver. 26.0 
(IBM Corp., Armonk, NY, USA). Comparisons between groups 
were performed using the paired t-test for paired continuous and 
ordinal variables, and comparisons between categorical data 
were performed using the McNemar test. Any p-value <  0.05 
was considered significant. 

Results 

After screening, 49 wrists in 33 patients were included in this 
study. Twenty-nine female patients (87.9%) and 4 male patients 
(12.1%) were evaluated, and all completed the follow-up studies. 
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The mean age was 63.7 years, and the average disease duration 
was 21.6 months. Eleven (33.3%) patients underwent surgical 
intervention on the right hand, 6 (18.2%) on the left hand, and 
16 (48.5%) on both hands (Table 1). 

In the initial EDx, the onset latencies of the median SNAP and 
CMAP were prolonged, and the amplitudes of the median SNAP 
and CMAP were low. After surgical intervention, the onset laten-
cies and amplitudes of the median SNAP and the onset latencies 
of CMAP significantly improved (Table 2). 

In addition, the ASA grade on needle EMG observed in the 
APB was significantly better after the surgical intervention than 
on the initial needle EMG. The proportion of ASA grade 0 in-
creased, while those of ASA grades 1, 2, and 3 decreased after the 
surgical intervention (Table 3). 

The severity of EDx significantly improved after the surgical 
intervention. The proportion of patients with normal EDx in-
creased, and that of patients with severe EDx decreased after the 

surgical intervention (Table 4). 
The degree of pain significantly reduced after surgery. The 

scores of the sensory and affective subscales of the SF-MPQ sig-
nificantly improved after the surgical intervention. The VAS and 
PPI scores also significantly improved after the surgical interven-
tion (Table 5). 

Discussion 

Patients who undergo surgical intervention for CTS have been 
reported to show symptom improvement within 1 to 2 weeks af-
ter surgery [1]. The patients in our study also showed improve-
ments in the degree of VAS and PPI and severity of EDx 6 to 8 

Table 1. Demographic and Clinical Characteristics of Patients  
(n = 33)

Characteristic Value
Sex
 Male 4 (12.1)
 Female 29 (87.9)
Age (y) 63.7 ±  10.9
Affected side
 Right 11 (33.3)
 Left 6 (18.2)
 Both 16 (48.5)
Diabetes mellitus
 No 7 (21.2)
 Yes 26 (78.8)

Values are presented as number (%) or mean ± standard deviation.

Table 2. NCS of the Median Nerve before and after Surgical Inter-
vention

Median nerve Before After p-value
SNAP
 Onset latency (ms) 5.6 ±  2.9 3.7 ±  2.0 <  0.001*
 Amplitude (μV) 9.3 ±  9.1 15.6 ±  9.8 <  0.001*
CMAP
 Onset latency (ms) 5.3 ±  2.3 4.2 ±  1.2 0.002*
 Amplitude (mV) 6.9 ±  4.1 7.2 ±  3.6 0.508

Values are mean ± standard deviation. The cutoff values are 3.5 ms for 
SNAP onset latency, 20 μV for SNAP amplitude, 4 ms for CMAP onset la-
tency, and 5 mV for CMAP amplitude.
NCS, nerve conduction study; SNAP, sensory nerve action potential; 
CMAP, compound muscle action potential.
*p < 0.05.

Table 3. The Grade of ASA on Needle EMG Observed in the APB be-
fore and after Surgical Intervention (n = 49)

The grade of ASA Before After p-value
0 5 (10.2) 28 (57.1)
1 18 (36.7) 12 (24.5)
2 12 (24.5) 2 (4.1) <  0.001*
3 13 (26.5) 6 (12.2)
4 1 (2.0) 1 (2.0)

Values are presented as number (%).
ASA, abnormal spontaneous activity; EMG, electromyography; APB, ab-
ductor pollicis brevis.
*p < 0.05.

Table 4. The Severity of Electrodiagnostic Study Findings after Sur-
gical Intervention (n = 49)

Initial Follow-up p-value
Normal 0 (0) 13 (26.5)
Mild 1 (2.0) 1 (2.0) <  0.001*
Moderate 20 (40.8) 28 (57.1)
Severe 28 (57.1) 7 (14.3)

Values are presented as number (%).
*p < 0.05.

Table 5. The Degree of Pain before and after Surgical Intervention

Pain scale Before After p-value
MPQ
 MPQ-sensory 19.1±7.3 9.6±5.6 <  0.001*
 MPQ-affective 2.7±3.2 1.5±2.2 0.017*
 MPQ-total 21.8±9.8 11.1±7.4 <  0.001*
VAS 6.9±0.8 4.0±2.1 <  0.001*
PPI 2.9±1.0 1.6±0.8 <  0.001*

Values are mean ± standard deviation.
MPQ, McGill Pain Questionnaire; VAS, visual analog scale; PPI, present 
pain intensity.
* p < 0.05.
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weeks after surgery. 
CTR is the treatment for patients with severe sensory or motor 

impairments in the hand, worsening axonal loss, or findings indi-
cating denervation of the median nerve. Most patients who re-
ceived surgical intervention for CTS showed moderate or severe 
abnormal findings on EDx, and the severity of EDx after surgery 
improved. Previous studies categorized severity into 3 grades (1, 
normal to mild; 2, moderate; 3, severe), whereas our study con-
sidered 4 grades for a more detailed comparison. Earlier studies 
showed improvements in the Michigan Hand Outcomes Ques-
tionnaire score or subjective symptoms after surgery within each 
grade, but changes in the grade itself were not compared [16,17]. 
Other studies analyzed EDx before and after surgery, confirming 
that CMAP latency, amplitude, and sensory conduction velocity 
improved postoperatively; however, a comparative analysis of 
disease severity was not performed [18].  

This study presented the electrophysiological changes after 
surgical intervention in patients with CTS. All NCS and EMG 
parameters improved after the surgical intervention, and none of 
the participants showed any worsening findings on electrophysi-
ological studies or clinical symptoms at follow-up. In particular, 
the onset latency and amplitude of SNAP, onset latency of 
CMAP, and ASA grade on needle EMG of the APB significantly 
improved after the surgical intervention. In severe CTS, the APB 
and first and second lumbricals innervated by the median nerve 
may show abnormal findings, such as fibrillations or PSWs, on 
needle EMG. The ASA grade in the APB improved after surgery. 
The severity of CTS (i.e., the grade according to the criteria pre-
sented by Werner and Andary [5]) also showed a significant im-
provement after the surgical intervention. 

As pointed out in the Introduction section, various treatment 
methods exist for CTS, but only a few reports have compared the 
effects and predicted the outcomes of various treatments using 
objective indicators. Some studies have investigated neurological 
changes after surgery [12,13,18]. These studies mainly moni-
tored the SNAP latency, amplitude, and sensory conduction ve-
locity of the median or ulnar nerves and reported improvements 
in SNAP amplitude and conduction velocity of the median and 
ulnar nerves after intervention. In our study, we compared motor 
conduction study findings, EMG changes, and EDx severity be-
fore and after the surgical intervention. The results of our study 
suggest that the improvements in EDx severity can be attributed 
to improvements in SNAP onset latency, amplitude, and ASA 
grade. Based on the results of this study, the onset latency of 
SNAP and CMAP, amplitude of SNAP, and EMG findings can 
be useful parameters for monitoring patients with CTS after sur-
gery. 

Owing to the limited follow-up time and sample size, further 
studies with larger sample sizes and long-term follow-up are re-
quired to achieve more accurate and comprehensive results. In 
addition, as we evaluated the outcomes using electrophysiologi-
cal indicators before and after open CTR, the indicators can be 
used to compare the efficacy between different types of surgical 
approaches or between surgical and nonsurgical treatments for 
CTS. 

Conclusion 

Various EDx parameters and the patients’ symptoms improved 
after open CTR. In particular, the onset latency of SNAP and 
CMAP of the median nerve, amplitude of SNAP of the median 
nerve, and EMG findings of the APB can be used to assess out-
comes after surgical interventions in patients with CTS. 
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Objective: This study investigated whether the blink reflex could be substituted for the vestibu-
lar evoked myogenic potential (VEMP), which has some limitations for use in stroke patients. 
Methods: Thirty-four patients with cerebellar or brainstem ischemic stroke underwent VEMP 
and blink reflex testing. We compared the P13 latency of VEMP and the R1, R2, R2’ latency of 
the blink reflex in stroke patients. Statistical analysis was conducted using the Fisher exact test 
and independent t-test, with a p-value < 0.05 indicating statistical significance. 
Results: In 29 stroke patients, excluding those with bilateral lesions, the VEMP and the blink test 
did not show a statistically significant relationship (p = 0.27). In all 34 stroke patients participat-
ing in the study, including those with bilateral lesions, R2’ mean showed a statistically significant 
difference (p = 0.008) according to the presence of normal or abnormal VEMP. 
Conclusion: R2’ of the blink reflex passes through more neural pathways and polysynaptic path-
ways than R1 and R2; therefore, it showed a more prominent difference between the normal and 
abnormal VEMP groups. 

Keywords: Vestibular evoked myogenic potentials; Blink reflex; Brain Stem; Stroke; Poly-synap-
tic pathways  
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Introduction 

Patients with cerebellar and brainstem stroke often complain 
of dizziness, nausea, or loss of balance. These symptoms are 
known to result from the involvement of the vestibular pathway, 
which affects the sense of balance. The vestibular evoked myo-
genic potential (VEMP) is a test that can evaluate the vestibular 
system in these patients. VEMP is used to determine whether 
the vestibular nerve pathway is abnormal by examining the in-
hibitory electromyography (EMG) response in the neck muscle 
or the excitatory EMG response in the extraocular muscle caused 
by auditory stimulation [1].  

The blink reflex test is an electrodiagnostic test that can be 

used to precisely localize lesions in brainstem stroke patients. 
The blink reflex is a brainstem reflex triggered by electrical stim-
ulation of the trigeminal supraorbital nerve, eliciting contraction 
of the orbicular muscles by the facial nerve. The waves of the 
blink reflex consist of the ipsilateral R1 response recorded initial-
ly and the ipsilateral R2 and contralateral R2’ responses, which 
are recorded later [2,3]. 

To the best of our knowledge, the VEMP and blink reflex tests 
have not shown any relationship, since they test the vestibular 
nerve and trigeminofacial nerve pathways, respectively. However, 
the pathways of VEMP and the blink reflex share a common fea-
ture—namely, they pass through the brainstem. 

Therefore, we hypothesized that the VEMP and the blink re-
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flex tests might have a correlation with each other. Moreover, be-
cause there are more neural pathways and synapses along R2’ 
than R2 and along R2 than R1, we hypothesized that the differ-
ence between normal and abnormal findings would be most 
prominent in R2’, followed in descending order by R2 and R1. 

Because the VEMP test requires active cervical rotation or cer-
vical flexion, it is difficult to use in unconscious or hemiplegic 
patients, whereas the blink reflex does not have those limitations. 
Therefore, if a significant correlation between the blink reflex 
and VEMP is confirmed according to our hypothesis, then we 
could substitute the blink reflex for VEMP in patients who are 
unable to cooperate with VEMP testing. 

Materials and Methods 

Thirty-four patients with cerebellar or brainstem ischemic 
stroke were prospectively enrolled in this study. The Institutional 
Review Board (IRB) of Wonju Severance Christian Hospital ap-
proved the study (IRB no. CR317055). Written informed con-
sent was obtained. The patients were confirmed to have cerebel-
lar or brainstem infarction, using magnetic resonance imaging 
and computed tomography imaging. Patients were excluded 
from the study if they had hearing problems, abnormalities in the 
visual or somatosensory system, or difficulty in performing an 
appropriate test due to other conditions such as poor coopera-
tion or medications. 

The parameters used to determine whether the VEMP was 
normal or abnormal were the presence of a response, latency to 
P13, amplitude of the P13 wave, and lowering of the threshold. 
The measurements may be affected by several variables, such as 
the subject’s posture, age, muscle contraction degree, the posi-
tion of electrodes, and equipment [4]. 

The VEMP study was performed using a Nicolet Viking IV D 
device (Nicolet. Biomedical Inc., Madison, WI, USA). The pa-
tients were placed in a supine position, and then the active elec-
trode was attached to the center of the sternocleidomastoid mus-
cle, the reference electrode was attached to the sternum, and the 
ground electrode was attached to the center of the forehead. In 
order to reduce the false-positive rate due to muscle fatigue, the 
vestibular trigger potential on the contralateral side was mea-
sured in the same way following a 5-minute rest after testing the 
ipsilateral side. No response was defined as the inability to visual-
ly confirm a biphasic P13 to N23 waveform. A delay of latency 
was defined as an ipsilateral P13 latency longer than the normal 
control group by more than 2 standard deviations. No response 
or delayed latency was considered abnormal. 

The blink reflex study was performed using a Dantec Keypoint 

Medtronics device (Alpine BioMed, Skovlunde, Denmark). The 
patients were placed in a supine position, and then the cathode 
ray of the positive electric stimulator attached to the supraorbital 
notch stimulated the supraspinatus nerve. An absent waveform, a 
difference in R1, R2, or R2’ latency of more than 2 ms relative to 
the contralateral side, or a difference in the ipsilateral R1, R2, or 
R2’ latency of more than 2 ms from the reference data was de-
fined as abnormal. The reference data were obtained from previ-
ous studies [5,6].  

In the statistical analysis, the P13 latency of VEMP and the R1, 
R2, R2’ latency of the blink reflex were compared with the Fisher 
exact test and the independent t-test using SPSS for Windows 
ver. 11.0 (SPSS Inc., Chicago, IL, USA). A p-value of 0.05 or less 
was considered to indicate statistical significance. 

Results 

Pontine, cerebellar, medullar, and midbrain infarctions were 
diagnosed in 23 (67.6%), 6 (17.6%), 4 (11.8%), and 1 (2.9%) 
patients, respectively. Twenty-two patients were men (64.7%) 
and 12 (35.3%) were women. The patients ranged in age from 
33 to 100 years (mean age, 69.2 years). 

The VEMP and blink reflex tests were compared in 29 of the 
34 patients, with the exclusion of 5 patients with bilateral lesions. 
In the group with normal VEMP, 4 patients (25%) had normal 
blink reflexes, and 12 patients (75%) had abnormal blink reflex-
es. In the group with abnormal VEMP, 6 patients (46.2%) had 
normal blink reflexes and 7 patients (53.8%) had abnormal blink 
reflexes. These distributions did not show a statistically signifi-
cant difference (p =  0.27 by the Fisher exact test). Therefore, 
the VEMP and the blink reflex tests were independent, and there 
was no statistically significant relationship between the 2 tests 
(Table 1). 

Furthermore, as shown in Tables 2-4, the VEMP and blink 
tests showed no statistically significant relationships in sub-
groups defined according to the location of the infarction lesion 

Table 1. Comparison of Abnormalities in Stroke Patients Excluding 
Those with Bilateral Lesions (n = 29)

VEMP
Blink reflex test

Normal Abnormal Total
Normal 4 (13.8) 12 (41.4) 16 (55.2)
Abnormal 6 (20.7) 7 (24.1) 13 (44.8)
Total 10 (34.5) 19 (65.5) 29 (100)

Values are presented as the number (%). The comparison between the 
VEMP and the blink test in 29 patients did not show a statistically signif-
icant relationship by Fisher exact test, p = 0.27.
VEMP, vestibular evoked myogenic potential.
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(pons, medulla, or cerebellum) based on an analysis of 2 ×  2 
contingency tables using the Fisher exact test. 

All cerebral infarction patients (34 patients) were divided 
into normal and abnormal groups by VEMP results, and we 
compared the blink reflex latency between these 2 groups. Pa-
tients with abnormal VEMP findings (19 patients) showed no 
statistically significant difference in R1 latency compared with 
the normal VEMP group. (8.21 ±  2.10 ms vs. 7.32 ±  2.82 ms,  
p =  0.30). R2 latency also showed no statistically significant dif-
ference between the 2 groups. (36.85 ±  4.48 ms vs. 34.28 ±  
4.46 ms, p =  0.12). However, patients with abnormal VEMP 
findings showed significantly longer R2’ latency than those with 

normal VEMP findings (38.90 ±  3.22 ms vs. 34.90 ±  4.61 ms,  
p =  0.008) (Table 5). 

Discussion 

VEMP was first described by Colebatch and Halmagyi in 1992 
[7]. VEMP testing can be performed in 2 ways: cervical VEMP 
and ocular VEMP. Cervical VEMP is an inhibitory electromyo-
graphic response in the sternocleidomastoid muscle following 
auditory stimulation, and ocular VEMP is an excitatory electro-
myographic response in the extraocular muscle caused by audi-
tory stimulation [8]. 

Some previous studies have analyzed VEMP in patients with 
cerebral infarction or hemorrhage. One study identified abnor-
mal VEMP results in 12 of 29 patients with cerebral infarction 
[9]. In another study of 21 patients with lateral medullary infarc-
tion, abnormal VEMP results were confirmed in 9 patients [10]. 
However, a study investigating the correlation of VEMP with 
cerebellar lesions found that VEMP showed normal results in 
those patients [11]. 

A study investigated the association of the n10 component of 
ocular VEMP with R1 of the blink reflex, based on the fact that 
both the blink reflex and ocular VEMP are rested by applying 
electrical stimulation to the forehead and recording the response 
from the muscles of the infraorbital surface. That study did not 
find a statistically significant relationship between the 2 respons-
es [12]. 

The present study found a statistically significant difference in 
R2’ of the blink reflex between the normal and abnormal VEMP 
groups. We suggest that pathological electrical conductivity 
would be more distinct in R2’ than in R1 or R2 due to the com-
plex polysynaptic neurophysiologic pathway.  

R1 of the blink reflex emerges as it passes through the pons. R2 
and R2’ pass through the lateral aspect of the medulla, as well as 
the pons, and come out through complex synaptic reflexes [2,3]. 

Table 2. Comparison of Abnormalities in Cerebellar Infarction Pa-
tients (n = 5)

VEMP
Blink reflex test

Normal Abnormal Total
Normal 2 (40.0) 1 (20.0) 3 (60.0)
Abnormal 0 (0) 2 (40.0) 2 (40.0)
Total 2 (40.0) 3 (60.0) 5 (100)

Values are presented as the number (%). The comparison between the 
VEMP and the blink test in these 5 patients did not show a statistically 
significant relationship by Fisher exact test, p = 0.40.
VEMP, vestibular evoked myogenic potential.

Table 3. Comparison of Abnormalities in Medullar Infarction Pa-
tients (n = 4)

VEMP
Blink reflex test

Normal Abnormal Total
Normal 0 (0) 3 (75.0) 3 (75.0)
Abnormal 1 (25.0) 0 (0) 1 (25.0)
Total 1 (25.0) 3 (75.0) 4 (100)

Values are presented as the number (%). The comparison between the 
VEMP and the blink test in these 4 patients did not show a statistically 
significant relationship (p = 0.25*).
VEMP, vestibular evoked myogenic potential.
*Tested by the Fisher exact test, p = 0.25.

Table 4. Comparison of Abnormalities in Pons Infarction Patients  
(n = 19)

VEMP
Blink reflex test

Normal Abnormal Total
Normal 2 (10.5) 8 (42.1) 10 (52.6)
Abnormal 5 (26.3) 4 (21.1) 9 (47.4)
Total 7 (36.8) 12 (63.2) 19 (100)

Values are presented as the number (%). The comparison between the 
VEMP and the blink test in these 19 patients did not show a statistically 
significant relationship by Fishder exact test, p = 0.17.
VEMP, vestibular evoked myogenic potential.

Table 5. Comparison between VEMP and R1 mean, R2 mean, and 
R2’ mean of the blink reflex

Normal VEMP (n =  15) Abnormal VEMP (n =  19) p-value
R1 7.32 ±  2.82 8.21 ±  2.10 0.30
R2 34.28 ±  4.46 36.85 ±  4.48 0.12
R2’ 34.90 ±  4.61 38.90 ±  3.22 0.008*

Values are presented as mean ± standard deviation. In all cerebral infarc-
tion patients (34 patients) participating in the study, including those with 
bilateral lesions, a statistically significant result was found for the rela-
tionship of R2’ mean with abnormal or normal VEMP (p = 0.008).
VEMP, vestibular evoked myogenic potential.
*Tested by the independent t-test, p < 0.05.
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Therefore, R2 and R2’ pass through more neural pathways and 
synapses than R1, and patients with abnormal VEMP may show 
a more prominent difference from the normal VEMP group in 
R2 and R2’ than in R1 and in R2’ than in R2. Although the ana-
tomical structure of the VEMP neurotransmission process has 
not been fully elucidated, the most up-to-date knowledge on the 
neurotransmission pathway is that an electrical signal originating 
from the saccule is transmitted to the sternocleidomastoid mus-
cle via the vestibular nerve, the vestibular nerve nucleus, and the 
medial vestibulospinal tract [1]. The vestibular nucleus is divid-
ed into the superior vestibular nucleus, the inferior vestibular nu-
cleus, the lateral vestibular nucleus, and the medial vestibular nu-
cleus. Anatomically, the superior vestibular nucleus is located in 
the pons, and the rest of the inferior vestibular nucleus, the lateral 
vestibular nucleus, and the medial vestibular nucleus are located 
in the medulla oblongata [13]. Therefore, when the blink reflex 
test is performed in patients with abnormal VEMP, R2 and R2’, 
which pass through the medulla as well as the pons, would show 
a more prominent difference from the normal group than R1, 
which only passes through the pons. Furthermore, R2’ of the 
blink reflex passes through more neural pathways and polysynap-
tic pathways than R1 and R2; thus, the difference is more promi-
nent in patients with abnormal VEMP than in patients with nor-
mal VEMP. 

In this study, although the VEMP and blink tests were inde-
pendent in brainstem and cerebellar infarction patients, R2’ of 
the blink reflex showed a statistically significant difference ac-
cording to whether the VEMP was normal or abnormal. Addi-
tionally, R1 and R2 of the blink reflex showed prolonged latency 
in the abnormal VEMP group compared to the normal VEMP 
group, although the relationship was not statistically significant. 
Since this study was conducted in only 34 patients, more cases 
from multiple centers would be needed in further studies, and it 
is reasonable to predict that R1 and R2 of the blink reflex may 
show statistically significant relationships with the VEMP in a 
larger study. This research suggests that the blink reflex may be a 
complementary test for VEMP, rather than a replacement. Fur-
ther research should also compare the latency of VEMP and the 
blink reflex to show numerical correlations between these tests. 

The limitations of this study include the fact that it was con-
ducted at a single medical institution using a single machine 
among only 34 patients. In addition, the neurotransmission path-
ways of VEMP and the blink reflex have not been clearly identi-
fied. Finally, since this study was conducted with only cervical 
VEMP, it also seems necessary to conduct ocular VEMP in fu-
ture studies. 

Conclusion 

R2’ of the blink reflex passes through more neural pathways 
and polysynaptic pathways than R1 and R2; therefore, it shows a 
more prominent difference in patients with abnormal VEMP 
than in those with normal VEMP. The blink reflex can comple-
ment VEMP, but larger studies should be performed to clarify 
whether the blink reflex could substitute for VEMP. 
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Vertebral osteomyelitis (VO) is a rare, slowly progressing disease that often causes neuromuscu-
lar complications. Epidural block is a non-surgical treatment used in patients with radicular pain 
to deliver drugs to the epidural space; it is generally known to be a safe method, but it can occa-
sionally cause infection. Herein, we present a rare case of VO with severe neuromuscular compli-
cations that developed in a patient who underwent lumbar transforaminal epidural block for back 
pain. Imaging studies showed VO, multiple pyogenic abscesses, and compressive cervical my-
elopathy. Electrodiagnostic studies showed clear evidence of cervical myelopathy and polyradic-
ulopathy. With early treatment using a multidisciplinary approach, including medical treatment, 
surgery, and comprehensive rehabilitation, recovery of motor weakness and functional improve-
ment were achieved after 2 months of treatment. Electrodiagnostic studies are advantageous for 
localizing and determining the degree of neuromuscular damage following VO. A multidisci-
plinary approach to the diagnosis and treatment of VO could improve patients’ prognosis, func-
tional ability, and quality of life. 
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CASE REPORT

Extensive Neuromusculoskeletal Complications—Including Multi-
Level Vertebral Osteomyelitis, Myelopathy, Polyradiculopathy, and 
Multiple Muscle Abscesses—after Lumbar Transforaminal 
Epidural Block: A Case Report 
Ji Woong Park, Jeong Se Noh 

Department of Physical Medicine and Rehabilitation, Soonchunhyang University Seoul Hospital, Soonchunhyang University College of 
Medicine, Seoul, Korea 

Introduction 

Vertebral osteomyelitis (VO) is a rare disease that is character-
ized by infection of the vertebral body and adjacent interverte-
bral discs [1–3]. VO may cause neurological complications, such 
as motor weakness or sensory abnormalities [1,3,4]. 

Epidural block, which is commonly used in patients with ra-
dicular pain, allows the effective delivery of drugs to the epiradic-
ular space. Although epidural block is generally known to be a 
safe method, complications including infection occasionally oc-

cur [5–7]. 
Herein, we present a rare case of VO with serious neuromus-

cular complications, including cervical and lumbar radiculopa-
thy, myelopathy, and multiple pyogenic abscesses, which devel-
oped in a patient who underwent lumbar transforaminal epidural 
block for back pain. 

It is difficult for a physician to determine the exact cause of 
weakness when multiple etiologies are suspected. Electrodiag-
nostic studies such as nerve conduction studies (NCS) and nee-
dle electromyography (EMG) could enhance the differential di-

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which 
permits unrestricted non-commercial use, distribution, and reproduction in anymedium, provided the original work is properly cited.
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agnosis of the etiology. The use of electrodiagnostic studies in 
addition to imaging studies, such as computed tomography (CT) 
and magnetic resonance imaging (MRI), helped to determine 
the degree and locations of nerve and muscle damage and decide 
on a treatment strategy. 

Furthermore, the early application of a multidisciplinary ap-
proach, including medical treatment, surgery, and comprehen-
sive rehabilitation enhanced the patient's prognosis and func-
tional recovery. 

Case Report 

A 64-year-old man visited an outpatient clinic due to low back 
pain radiating to the left lower extremity that started 1 month 
ago. A neurological examination revealed no sensory deficit or 
motor weakness. MRI revealed herniation of the left L4-5 inter-
vertebral disc, and the patient underwent transforaminal epidural 
block on the left side at the L5 level. However, 2 days after the 
procedure, he developed general weakness. Since the symptoms 
worsened, he was admitted to the emergency department 5 days 
after the procedure. 

The patient had been diagnosed with diabetes mellitus (DM) 
10 years ago. He had been taking medication intermittently in 
the last year and stopped taking it entirely in the last 2 weeks. 

He complained of generalized weakness in the bilateral upper 
and lower extremities. In a manual muscle strength evaluation, 

the bilateral upper limb strength was measured as Medical Re-
search Council (MRC) grade 4-5/5 and bilateral lower limb 
strength as MRC grade 2-3/5. 

In a sensory evaluation, both light touch and pinprick tests 
showed no abnormalities. The deep tendon reflex was normal, 
and there were no pathological reflexes. The sensation of deep 
anal pressure was decreased and voluntary anal contraction was 
slightly weak, but the bulbocavernous reflex was preserved. 

His white blood cell count was 8,100 cells/µL with a neutrophil 
predominance, the serum C- reactive protein level was 43.05 mg/L 
(normal range, <  0.5 mg/L), and the erythrocyte sedimentation 
rate was 120 mm/h (normal range, 0-20 mm/h).  The procalci-
tonin level was 5.71 ng/mL (normal range, 0-0.5 ng/mL). The he-
moglobin A1C level was 8.4% (normal range, <  6.1%), which was 
consistent with an elevated estimated average glucose level of 
391 mg/dL. 

Lumbar spine MRI showed degenerative changes and VO 
with fluid collection at the L4-5 and L5-S1 levels, as well as ab-
scesses in the bilateral paraspinalis and left psoas muscles. Cervi-
cal spine MRI showed degenerative changes at the C4-5 level 
without any evidence of infection (Fig. 1). Decompressive lami-
nectomy and spinal abscess removal were performed the next 
day, and methicillin-susceptible Staphylococcus aureus was simul-
taneously identified in the tissue culture and blood culture. 

Intensive antibiotic therapy was started for 2 weeks, but the 
patient’s weakness progressed. A repeat neurological examina-

Fig. 1. Initial lumbar spine magnetic resonance imaging (MRI) showing degenerative changes and fluid collection at the L4-5 and L5-
S1 levels with high signal intensity on T2-weighted images, suggestive of vertebral osteomyelitis (A, arrow), and abscess formation in 
the bilateral paraspinalis and left psoas muscles (B, arrows). Cervical spine MRI showing degenerative changes at the C4-5 level, without 
infectious signs (C, arrow).
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tion was performed. In the sensory evaluation, both light touch 
and pinprick tests showed sensory deficits below the C3 level. 
The upper limb weakness worsened to MRC grade 3/5 on the 
right side and MRC grade 2-3/5 on the left side; therefore, we 
performed cervical spine MRI and abdominopelvic CT. Cervical 
spine MRI showed discitis at C4/5 and epidural abscesses at C1-
C4 with spinal cord compression (Fig. 2). Abdominopelvic CT 
showed bilateral abscesses in the iliopsoas, paraspinalis at L4-5, 
and the right gluteus maximus muscle (Fig. 3). Surgical decom-
pression of the cervical spine and CT-guided aspiration of the 
abscess in the right gluteus maximus muscle were performed. 

Electrodiagnostic studies were conducted to determine the 
cause of weakness. 

A sensory NCS showed delayed-onset latency of sensory nerve 
action potential in the bilateral median and sural nerves, and a 
motor NCS showed delayed distal latency of compound muscle 
action potentials in the bilateral median and tibial nerves, as well 
as the right ulnar and peroneal nerves.  

Somatosensory evoked potentials in both the median and tibi-
al nerves showed delayed response in all extremities. Motor 
evoked potentials showed more delayed responses in the left up-
per extremity compared to the right side. 

Needle EMG showed increased insertional activity and abnor-
mal spontaneous activity at rest (grades 2 to 3+) in the bilateral 
biceps, pronator teres, flexor carpi ulnaris, extensor digitorum 
communis, abductor digiti minimi, abductor pollicis brevis, tri-
ceps, deltoid, tibialis anterior, extensor hallucis longus, gastroc-

Fig. 3. Abdominopelvic computed tomography images obtained 2 weeks after admission showing abscess formation in the paraspinal 
muscle (A, arrow), left psoas muscle (B, arrow), right psoas muscle (C, arrow) and right gluteus maximus muscle (D, arrow).

Fig. 2. Cervical spine magnetic resonance imaging, with sagittal 
(A) and axial (B) views at the C4 level showing discitis at the C4/5 
level and multiple abscesses in the retropharyngeal space at C3-
T1 (A, arrow) and epidural space at the C1-4 levels with spinal 
cord compression (B, arrow).
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nemius, peroneus longus, iliacus, iliopsoas, and paraspinalis (C5-
T1, L2-S1) muscles. During minimal muscle contraction, 
polyphasic motor unit action potentials of large amplitude and 
long duration were observed, and the recruitment pattern gener-
ally decreased during maximum muscle contraction in the 

above-mentioned muscles (Tables 1, 2).  It revealed multiple eti-
ologies of weakness, including cervical and lumbar polyradicu-
lopathy, polyneuropathy, and cervical myelopathy. 

Treatment was started with an early multidisciplinary ap-
proach. Intravenous antibiotic therapy was applied for 6 addi-

Table 1. Nerve Conduction Studies at 2 Weeks after Admission

Side Nerve Stimulation site Recording site Latency (ms) Amplitude (μV) Distance (cm) Velocity (m/s)
Nerve conduction studies
 Sensory
  Rt. Median Wrist III digit 3.23 39.2 14 43.4*

Ulnar Wrist V digit 2.6 34.0 14 53.8
Sural Calf Ankle 3.39 34.1 10 29.5*
Superficial peroneal Leg Ankle 2.19 17.9 10 45.7

  Lt. Median Wrist III digit 3.39 29.2 14 41.4*
Ulnar Wrist V digit 2.34 25.3 14 59.7
Sural Calf Ankle 3.23 18.4 10 31.0*
Superficial peroneal Leg Ankle 2.03 19.2 10 49.2

 Motor
  Rt. Median Wrist APB 4.27* 7.0 NA NA

Elbow 9.43* 6.6 26 50.4
Ulnar Wrist ADM 4.11* 8.2 NA NA

Below elbow 8.18* 8.0 21 51.7
Above elbow 10.05* 7.4 10 53.3

Deep peroneal Ankle EDB 6.25* 2.5 NA NA
Fibular head 13.44* 2.0 30 41.7

Tibial Ankle AH 6.93* 12.4 NA NA
Knee 15.10* 11.6 33 40.4

  Lt. Median Wrist APB 5.26* 3.2* NA NA
Elbow 9.38* 2.8* 26 63.2

Ulnar Wrist ADM 3.65 7.1 NA NA
Below elbow 7.81 5.9 21 50.4
Above elbow 9.79 5.5 10 50.5

Deep peroneal Ankle EDB 5.52 2.5 NA NA
Fibular head 13.02 2.3 30 40.0

Tibial Ankle AH 7.71* 11.5 NA NA
Knee 15.89* 6.4 33 40.4

 Somatosensory evoked potential†

  Rt. Median Wrist Scalp 25.16* 32.71* NA NA
  Lt. 24.74* 31.15* NA NA
  Rt. Tibial Ankle Scalp NA NA 50.31* 73.65*
  Lt. NA NA 56.25* 73.54*
 Motor evoked potential
  Rt. Median Scalp APB 24.58 0.9 NA NA
  Lt. 29.69* 0.3* NA NA
  Rt. Tibial Scalp AH 49.48 2.3 NA NA
  Lt. 49.11 2.0 NA NA

Rt., right; Lt., left; APB, abductor pollicis brevis; ADM, abductor digiti minimi; EDB, extensor digitorum brevis; AH, abductor halluces; NA, not available.
*Abnormal values.
†Somatosensory evoked potentials are measured in N20 (ms), P25 (ms), P40 (ms), and P60 (ms).
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tional weeks. Strengthening exercises for both upper and lower 
extremities with progressive gait training were performed in ses-
sions. 

After 2 months of hospitalization, the patient’s functional state 
improved to achieve independent walker-assisted gait. 

Discussion 

VO is a rare disease that accounts for approximately 1% of all 
skeletal infections [2,8]. It mainly involves 2 vertebral bodies and 
the adjacent intervertebral discs [4]. Most cases involve a single 

Table 2. Needle Electromyography at 2 Weeks after Admission

Side Muscle
Spontaneous activity MUAP

Recruitment
IA Fib. PSW Amplitude Duration Poly.

Needle electromyography
 Rt. TA Inc. +++ +++ Large Long + Reduced

PL Inc. +++ +++ Large Long + Discrete
GCM Inc. +++ +++ Large Long + Discrete
EHL Inc. +++ +++ Large Long + Discrete
VM Normal None None Normal Long + Reduced
GM Inc. +++ +++ Large Long + Discrete
Gm Inc. ++ ++ Large Long + Discrete
IC Inc. ++ ++ Normal Long + Discrete
IP Inc. +++ +++ Normal Long + Discrete
LPS Inc. +++ +++ NA NA NA NA
APB Inc. +++ +++ Large Long + Reduced
PT Inc. +++ +++ Large Long + Discrete
ADM Inc. ++ ++ Large Long + Reduced
FCU Inc. ++ ++ Normal Long + Discrete
EDC Inc. +++ +++ Large Long + Discrete
TB Inc. ++ ++ Large Long + Discrete
BB Inc. +++ +++ Large Long + Reduced
CPS Inc. ++ ++ NA NA NA NA

 Lt. TA Inc. +++ +++ Large Long + Reduced
PL Inc. +++ +++ Large Long + Discrete
GCM Inc. +++ +++ Large Long + Discrete
EHL Inc. ++ ++ Large Long + Discrete
VM Normal None None Normal Long + Reduced
GM Inc. +++ +++ Large Long + Discrete
Gm Inc. ++ ++ Large Long + Discrete
IC Inc. ++ ++ Normal Long + Discrete
IP Inc. +++ +++ Normal Long + Discrete
LPS Inc. +++ +++ NA NA NA NA
APB Inc. +++ +++ Large Long + Reduced
PT Inc. +++ +++ Large Long + Discrete
ADM Inc. +++ +++ Large Long + Discrete
FCU Inc. +++ +++ Large Long + Discrete
EDC Inc. +++ +++ Large Long + Discrete
TB Inc. ++ ++ Large Long + Discrete
BB Inc. +++ +++ Large Long + Discrete
CPS Inc. ++ ++ NA NA NA NA

IA, insertional activity; Fib., fibrillation potential; PSW, positive sharp wave; MUAP, motor unit action potential; Poly., polyphasic motor unit action po-
tentials; Rt., right; TA, tibialis anterior; Inc., increased; PL, peroneus longus; GCM, gastrocnemius (medial head); EHL, extensor hallucis longus; VM, vastus 
medialis; GM, gluteus maximus; Gm, gluteus medius; IC, iliacus; IP, iliopsoas; LPS, lumbar paraspinalis; APB, abductor pollicis brevis; PT, pronator teres; 
ADM, abductor digiti minimi; FCU, flexor carpi ulnaris; EDC, extensor digitorum communis; TB, triceps brachii; BB, biceps brachii; CPS, cervical paraspi-
nalis; Lt., left; NA, not available.
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region (94%), and the most common location was reported to 
be the lumbar spine (58%) [3,8]. However, the involvement of 
multiple levels has rarely been reported in previous studies, ac-
counting for 4% of all VO cases, and only 3% of cases were skip 
lesions [2]. 

VO has an insidious onset, and its progression is slow [4]. 
Neurological deficits, including motor or sensory deficits and 
bladder or bowel dysfunction, were reported in one-third of cas-
es [3]. S. aureus is the most commonly isolated causative agent 
(32%-67%) [2]. VO is mostly caused by hematogenous seeding 
(50%), Direct inoculation after iatrogenic procedures (15%-40%), 
or contiguous spread from an adjacent area (3%) [1,4]. VO often 
causes myositis or abscess in surrounding structures, such as the 
paravertebral, epidural, or psoas abscesses [3,8]. In addition, cer-
vical involvement significantly increases the risk of spinal cord 
compression, according to Doutchi et al. [8]. The evaluation of 
VO should include a history, physical examination, laboratory 
results, and MRI [4]. MRI can diagnose VO with high accuracy 
(90%). 

Epidural injections are a widely used non-surgical treatment 
for patients with radicular pain by disc herniation. Transforam-
inal injection is a method that effectively delivers corticosteroids 
to the epiradicular space [6]. It is generally known to be a safe 
method, but epidural space infections, discitis, and osteomyelitis 
can occasionally occur [5–7]. Absolute contraindications in-
clude local infection around the injection site, anticoagulant use, 
uncontrolled DM, and congestive heart failure [6]. In this case, 
based on the patient's medical history, his DM was uncontrolled 
for the last 2-3 months. The patient was in an immunosup-
pressed state, which caused the disseminated infection.  

It is important to implement an intensive and early multidisci-
plinary approach, including medical treatment, surgery, and re-
habilitative treatment, to achieve favorable outcomes in VO. In 
the case presented herein, a rapid diagnosis and a multidisci-
plinary approach were applied to determine the focus of infec-
tion and causative organism, and early surgical and rehabilitative 
treatment was performed in parallel. 

Of particular note, a detailed rehabilitative approach and the 
identification of multiple causes of paralysis are essential for pa-
tients with VO. Since neurologic complications can cause func-
tional loss and low quality of life, the early application of compre-
hensive rehabilitation could be the key to a good prognosis, the 
recovery of functional ability, and improvement of the quality of 
life for patients with VO. 

Physicians often experience difficulty in the field when a pre-
cise differential diagnosis of weakness is necessary. Electrodiag-
nostic studies are advantageous for determining the degree of 

damage and for follow-up of improvement in patients with VO. 
Electrodiagnostic studies could be a good diagnostic tool for 
physicians in determining the etiology of weakness in patients 
with VO. 

There is a potential risk of iatrogenic complications when per-
forming needle EMG, including bleeding, infection, nerve injury, 
pneumothorax, and other local trauma [9]. In particular, the risk 
of seeding infection should be considered in patients with a sus-
pected infection [10]. There is no quantitative evidence on the 
theoretical risk of seeding infection according to previous studies 
[10]. To reduce this risk, sterilized, disposable concentric nee-
dles were used. The examiner washed hands before and after the 
procedure, ad patient's skin was cleaned with alcohol. It was clear 
in our case that a precise diagnosis was more important than the 
theoretical risk [9,10]. 
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An isolated musculocutaneous nerve (MCN) injury is a rare condition that can be easily missed 
if it presents late. A 28-year-old man reported painless and progressive wasting of the right arm 
for 6 months. On examination, there was visible wasting of the right biceps brachii muscle along 
with its slight weakness, depressed biceps jerk, and an impaired pinprick sensation in the lateral 
antebrachial cutaneous nerve distribution. He described a history of a road traffic accident 14 
months beforehand. Based on the history and clinical examination, the differential diagnosis in-
cluded an isolated MCN injury, upper trunk plexopathy, lateral cord plexopathy, C5/6 radiculop-
athy, and monomelic amyotrophy involving the C5/6 myotomes on the right side. The results of 
nerve conduction studies and electromyography were consistent with chronic proximal MCN 
neuropathy (right). In cases of arm wasting without pain or numbness, MCN injury should be 
included in the differential diagnosis, even in the presence of good power of the elbow flexors. 
The importance of detailed history-taking and clinical correlation cannot be over-emphasized in 
such cases. 

Keywords: Brachial plexus injuries; Electrodiagnosis; Peripheral nerve injuries; Proximal neu-
ropathies; Nerve conduction studies/electromyography  
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Chronic Musculocutaneous Nerve Injury: An Important 
Differential in Progressive Arm Atrophy 
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Introduction 

Traumatic injuries to the nerves in the upper limbs most fre-
quently involve the ulnar nerve [1]. In contrast, isolated muscu-
locutaneous nerve (MCN) injuries are rare [2]. The reported 
causes include direct stab injury, crush injury, strenuous activity, 
repetitive sports injury, and prolonged awkward positioning of 
the arm while asleep [2,3]. The MCN receives its nerve supply 
from the C5, C6, and C7 nerve roots. It arises from the lateral 
cord of the brachial plexus and supplies the muscles of the anteri-
or compartment of the arm. It also gives off a cutaneous supply 
to the lateral aspect of the forearm [4]. 

In addition to being rare, such injuries may remain unnoticed, 
as elbow flexors such as the brachioradialis muscle and pronator 

teres muscle, which are innervated by the radial and median 
nerves, respectively, compensate for the weakness of the biceps 
brachii and brachialis muscles. We present a rare case of an isolat-
ed MCN injury in a young man that remained undetected for a 
long period. 

The aim of reporting this case is to highlight the critical impor-
tance of taking a detailed medical history, performing a thorough 
clinical examination, and then ordering appropriate investiga-
tions to reach a correct diagnosis. 

Case Report 

A 28-year-old man presented to an electrodiagnostic clinic 
with the complaint of painless and progressive wasting of the 
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right arm for last 6 months. The referring physician had a query 
of cervical radiculopathy or monomelic amyotrophy. On initial 
history-taking, the patient stated that he had no significant past 
medical history or neck pain. An examination revealed visible 
wasting of the right biceps brachii muscle (Fig. 1), with an arm 
girth 1.5 cm less compared to the left side (10 cm proximal to 
lateral epicondyle). The active range of motion at the elbow was 
full, and the right biceps brachii muscle strength was grade 4 on 
the Medical Research Council (MRC) scale, with only mild el-
bow flexion and forearm supination weakness compared to the 
left side. A sensory examination revealed impaired dull and sharp 
pinprick sensations on the anterolateral aspect of the right fore-
arm. The deep tendon reflexes were intact (grade 2+), except 
right biceps jerk, which was grade 1+. The Hoffman, Lhermitte, 
Spurling, and Gower signs were negative, with a flexor plantar re-
sponse. The power in the other muscles of the upper limbs was 
graded 5 on the MRC scale. A neurological examination of the 
cervical spine, cranial nerves, and cerebellum (finger nose test, 
dysdiadochokinesia test, and heel-to-shin test) was unremark-
able. The patient was re-enquired to recall any significant events 
preceding his current complaints. As a result, the patient recalled 
that he was in a motorbike accident 14 months previously and 
sustained a right shoulder contusion due to an impact on the ce-
ment track. Immediately after the injury, patient experienced se-
vere pain, weakness, and numbness in the right upper limb. The 
patient stated that he had no history of an open or penetrating 
wound or head injury at the time of injury. He was evacuated to a 
local medical facility where plain X-rays of the cervical spine, 
right shoulder, and arm did not reveal any bony injury. The pa-
tient was discharged on oral painkiller medications and topical 

analgesics. Over the next month, his right arm pain decreased 
significantly. However, he had weakness of elbow flexion with an 
inability to lift objects and persistent numbness in the right fore-
arm. He visited a local medical facility, where he was advised on 
a home-based physiotherapy plan (hot pack and range of motion 
exercises) in addition to analgesics. He privately received mag-
netic resonance imaging of the cervical spine and right shoulder, 
which were reported as normal. Over the next few months, the 
patient had significant symptomatic relief and came up with trick 
movements to compensate for his elbow flexion weakness, rely-
ing basically on the brachioradialis muscle. However, mild 
numbness was present but now localized to the lateral aspect of 
the right forearm. Initially, he had a slight suspicion of arm asym-
metry in front of the mirror, which he ignored as he engaged in 
routine activities of daily living without any activity limitations 
or participation restrictions. Later, the right arm wasting gradual-
ly progressed without any associated pain, when he finally visited 
a tertiary care hospital. 

Following a correlation between the clinical history and physi-
cal examination, the differential diagnosis included isolated 
MCN injury, upper trunk plexopathy, lateral cord plexopathy, 
C5/6 radiculopathy, and monomelic amyotrophy involving the 
C5/6 myotomes on the right side. To confirm a definitive diag-
nosis, nerve conduction studies (NCS) and electromyography 
(EMG) were carried out. For motor NCS of the MCN, record-
ing and reference surface electrodes were placed on the belly of 
the biceps brachii muscle and biceps brachii tendon, respectively 
[5]. A side-to-side comparison showed a reduced compound 
muscle action potential amplitude and prolonged distal motor 
latency of the right MCN nerve (Table 1). For sensory NCS of 
the lateral antebrachial cutaneous nerve (LACN), a recording 
surface electrode was placed on the lateral forearm 12 cm distal 
to the cubital fossa and a reference surface electrode was placed 4 
cm distal to the recording electrode.5 A side-to-side comparison 
showed a reduced sensory nerve action potential amplitude of 
the right LACN. Needle EMG of the right biceps brachii muscle 
showed no abnormal involuntary activity, but large polyphasic 
motor unit action potentials with decreased recruitment result-
ing in incomplete interference, an EMG finding that is consistent 
with reinnervation. EMG of the cervical paraspinal muscles (to 
rule out cervical radiculopathy), deltoid, brachioradialis muscles 
(to rule out upper trunk plexopathy), pronator teres muscle (to 
rule out lateral cord plexopathy), triceps brachii, extensor digito-
rum and first dorsal interosseous muscles showed no abnormal 
involuntary activities, with normal motor unit action potentials 
and interference patterns. The clinico-electrophysiological cor-
relation was consistent with chronic, proximal MCN neuropathy Fig. 1. Relative muscle wasting of the biceps brachii (right).
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(right) with good recovery (right biceps brachii muscle strength 
of grade 4 on the MRC scale and the presence of recovery poten-
tials on needle EMG). 

The patient was advised to take a mecobalamin tablet (500 
μg) once daily. He was further advised to engage in a resistive ex-
ercise plan to strengthen the right biceps brachii muscle and 
scheduled for follow-up at 12 weeks. However, he was lost to fol-
low up.  

Discussion 

NCS/EMG is an extension of the clinical examination and it 
always starts with a brief history-taking and clinical examination 
[6]. It is the most important diagnostic test to confirm the diag-
nosis of peripheral neuropathy and to comment on whether pe-
ripheral neuropathy is acute or chronic, hereditary or acquired, 
and axonal or demyelinating [6]. In cases of peripheral mo-
no-neuropathies, NCS/EMG helps to localize the location of 
nerve damage [6]. 

MCN neuropathy commonly occurs due to trauma, iatrogenic 
causes (shoulder arthroplasty, rotator cuff repair, humeral shaft 
reconstruction, and shoulder arthroscopy) and idiopathic causes. 
It may be of mixed type, isolated motor neuropathy of the MCN, 
or isolated sensory neuropathy of the MCN [7]. Following an 
acute MCN injury, the patient might not present for medical care 
at all, as intact pronator teres and brachioradialis muscles also as-
sist in elbow flexion. If it remains undiagnosed, an atypical pre-
sentation of chronic MCN injury in later life might become a di-
agnostic challenge. 

Our patient had a motorbike accident during the peak of the 
second wave of coronavirus disease 2019 and could not access a 

tertiary care facility due to lockdown conditions. He was able to 
perform elbow flexion by contraction of the brachioradialis mus-
cle, which was also reported by Tinel [8]. Fortunately, the patient 
showed spontaneous, clinically significant motor recovery. How-
ever, based on an isolated complaint of painless progressive arm 
wasting, his primary physician referred him for NCS/EMG with 
differentials of cervical radiculopathy and monomelic amyotro-
phy. Visible atrophy of the arm warrants a detailed clinical histo-
ry and examination to search for the possible causes, including 
(but not limited to) central pathology, anterior horn cell disor-
der, radiculopathy, plexopathy, peripheral nerve injury, or atypi-
cal myopathy. This case report also highlights the need to keep 
unusually delayed presentations of such peripheral nerve injuries 
in mind while examining a patient with muscle wasting without 
any other marked neurological symptoms 

The management of MCN neuropathy includes conservative 
and surgical treatment. A comprehensive multidisciplinary reha-
bilitation plan formulated by a physiatrist facilitates recovery and 
prevents dependence in activities of daily living by avoiding or 
reducing possible complications secondary to immobility (such 
as muscle wasting, contracture, joint stiffness), neuropathic or 
musculoskeletal pain, and adhesive capsulitis. However, some 
cases, like our patient, recover on their own over time and use 
self-learned trick movements to assist in activities of daily living. 
Surgical options include conventional nerve transfer or double 
fascicular nerve transfer [9]. 

In conclusions, chronic isolated MCN injury is a rare presenta-
tion. Such cases may become a diagnostic challenge and warrant 
a meticulous clinical history and thorough physical examination, 
especially when an electrodiagnostic facility is not available. In 
most cases, conservative management is successful and is consid-

Table 1. Motor and Sensory Nerve Conduction Studies

Nerve sites
Latency (ms) Amplitude (mV) CV (m/s)

Right Left Right Left Right Left
Motor NCS
 Median 3.4 3.7 11.9 11.3 52 55
 Ulnar 2.5 2.7 10.2 11.8 51 53
 Radial 2.8 2.9 5.8 5.9 52 54
 Musculocutaneous 5.8 4.6 6.8 12.4 - -
Sensory NCS
 Median 2.9 2.8 40* 38* 52 55
 Ulnar 2.3 2.2 38* 37* 51 50
 Radial 1.8 2 40* 38* 52 51
 Lateral antebrachial cutaneous 1.8 1.5 7* 12* 50 58

NCS, nerve conduction studies; CV, conduction velocity; -, not applicable.
*Amplitudes are measured in microvolt (μV).
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ered the first line of treatment. If unsuccessful, a surgical inter-
vention is needed. An accurate and timely diagnosis with an ap-
propriate intervention ensures the best possible outcome. 
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Myotonic dystrophy type 1 (DM1) is a rare autosomal dominant disorder with various pheno-
types involving multiple systems. Stroke co-occurrence in DM1 is rare, but can cause severe dys-
function in a patient’s quality of life. However, the mechanism of stroke in patients with DM1 is 
poorly understood. In this case report, we present a patient who was diagnosed with DM1 while 
suffering from a brain embolic infarction due to antiphospholipid syndrome (APS). This is the 
first known case of DM1 with APS. The coexistence of these two multisystem diseases may make 
the diagnosis difficult, and there is the possibility of symptoms involving multiple organs. We 
should pay attention to the possibility of the coexistence of autoimmune disease and stroke in 
DM1 patients based on this rare case of a DM1 patient with stroke and an autoimmune disease. 

Keywords:  Myotonic dystrophy; Brain infarction; Antiphospholipid syndrome  
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Introduction 

Myotonic dystrophy type 1 (DM1) is considered the most 
common type of adult-onset muscular dystrophy and is known 
to be related to cytosine-thymine-guanine (CTG) repeat expan-
sion in the myotonic dystrophy protein kinase (DMPK) gene [1]. 
DM1 is a multisystem disease that presents with motor weak-
ness, including the distal limb muscles and facial muscles, with 
manifestations including ptosis, myotonia, cataracts, dyslipid-
emia, and cardiac involvement [2,3]. 

Due to the multisystem involvement of DM1, studies have re-
ported stroke occurrence in DM1 patients, including reports of 
cardioembolism [4,5] and stroke-like episodes [2]. However, the 
exact pathomechanism of stroke in DM1 patients has not been 
well established [2,5]. Additionally, antiphospholipid syndrome 
(APS) is a disease that can cause an embolic infarction, but there 
have been no reported cases of APS in DM1 patients [6]. Here, 
we introduce the rare case of a DM1 patient who suffered from a 

stroke co-occurring with APS. 

Case Report 

A 46-year-old woman visited the emergency department due 
to aphasia, urinary difficulty, and gait disturbance in June 2019, 
which occurred on the same day. Brain magnetic resonance im-
aging showed multiple embolic infarctions in the bilateral poste-
rior watershed zones (Fig. 1). The blood test results showed a 
fasting glucose level of 87 mg/dL, a total cholesterol level of 199 
mg/dL, a low-density lipoprotein level of 89 mg/dL, and a he-
moglobin A1c level of 5.4%, indicating that the patient did not 
have diabetes or hyperlipidemia. Furthermore, the laboratory re-
sults related to coagulation, including prothrombin time, activat-
ed partial thromboplastin time, and D-dimer level, which is 
known to be related to oral contraceptive medication, were nor-
mal. Electrocardiography also showed a normal sinus rhythm. 
She had previously taken oral contraceptives for several years af-
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Fig. 1. Brain magnetic resonance imaging shows high signal in-
tensities on both posterior watershed zones in a diffusion-weight-
ed image (A) with low signals on an apparent diffusion coefficient 
map (B).

AA BB
polyphasic motor unit action potentials were observed in the 
right FCR, EDC, TA, and medial head of GCM muscles. Fur-
thermore, the examination showed early recruitment patterns in 
the right biceps brachii, FCR, EDC, FDI, and the medial head of 
GCM muscles (Table 2). Based on the EDX, we concluded that 
the patient had myotonic dystrophy, mainly involving the upper 
and distal lower extremities (more involving the upper extremi-
ties), clinically corresponding to DM1. 

Currently, the patient is receiving neurorehabilitation at our 
outpatient clinic for the sequelae of cerebral infarction and DM1, 
including gait training and occupational therapy for weakness in 
both hands. Comprehensive physical and occupational rehabili-
tation therapy has ameliorated her balance and activities of daily 
living, with her Berg balance score improving from 49 to 53, and 
her Korean version of modified Barthel index improving from 68 
to 93. 

Discussion 

To the best of our knowledge, this is the first reported case of a 
DM1 patient with a stroke accompanied by APS. Sugie et al. [5] 
stated that cardiogenic embolism is a major cause of stroke in 
DM1 patients and emphasized that the CTG repetition numbers 
were generally higher (1,000-1,500) in DM1 patients with 
stroke. However, our patient showed a notably different risk fac-
tor, APS, which contributed to stroke through a thrombogenic 
mechanism [7]. 

According to Tieleman et al. [6], DM2 has a stronger associa-
tion with autoimmune disease than DM1. A few case reports 
have described stroke in DM1 patients [2,5], but no cases of 
APS-induced stroke have been reported to date in DM1 patients. 
Although there were previous reports of co-existing autoimmune 
diseases, these reports only involved Sjögren’s syndrome or 
Crohn’s disease in DM1 patients [6,8]. 

In a few cases of stroke occurrence in DM1, other risk factors 
such as dyslipidemia and arrhythmia were additionally identified 
[5], but it has yet to be elucidated how the DM1 disease entity 
affects the pathomechanism of stroke has not yet been elucidated 
[4,5]. Additionally, unlike DM2, it had not been confirmed 
whether DM1 co-existed with autoimmune diseases such as APS 
[6]. Finally, the rarity of this case is underscored by the fact that 
APS has not been reported among the causes of embolic stroke 
in DM1. 

In addition, when the patient visited the hospital, the bilateral 
distal dominant weakness was not related to the actual location 
of the infarction. Therefore, when these symptoms are present, a 
further study should be conducted to rule out the possibility of 

ter two miscarriages and menopausal transition symptoms. She 
was diagnosed with APS through three consecutive tests con-
firming antinuclear antibody, anti-β2-glycoprotein I antibody, 
and anticardiolipin antibody. After the diagnosis of cerebral em-
bolic infarction, she stopped using oral contraceptives, and start-
ed warfarin to prevent recurrence. 

She visited the Department of Rehabilitation Medicine for 
post-stroke rehabilitation. Physical examinations showed bilater-
al weakness of the upper and lower extremities, with generally 
good grades in the upper and lower extremities, except for both 
finger flexion, which had a fair-plus grade. According to the pa-
tient, the weakness in both hands started several decades ago, 
which did not match the patient's symptoms of cerebral infarc-
tion. Therefore additional history-taking and another examina-
tion were needed. Notably, in her family history, one of her five 
siblings (the first sister) had been diagnosed with DM1, with 
symptoms including difficulty walking up the stairs and weak-
ness in both upper and lower extremities. Therefore, we recom-
mended genetic testing and an electrodiagnostic (EDX) study 
for her. As a result of genetic testing, our patient, as well as her 
first and fourth older sisters, was newly diagnosed with DM1 
with the expansion of more than 150 repetitions of unstable 
CTG repeats in the DMPK gene. 

In EDX, a nerve conduction study showed decreased ampli-
tudes of compound muscle action potentials in the right com-
mon peroneal nerve recording at the tibialis anterior (TA) and 
the left common peroneal nerve recording at the extensor digito-
rum brevis and TA muscles (Table 1). On needle electromyogra-
phy, we found abnormal spontaneous activities, including prom-
inent myotonic discharges at rest, in the right biceps brachii, flex-
or carpi radialis (FCR), extensor digitorum communis (EDC), 
first dorsal interosseous (FDI), vastus medialis, TA, and medial 
head of gastrocnemius (GCM) muscles. Small, short, or 
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Table 1. Nerve Conduction Study

Stimulation Latency (ms)* Amplitude CV (m/s)
Sensory nerve
 Rt. median (digit III) Wrist 3.45 37.3 52.8

Palm 1.80 43.6 50.0
 Rt. ulnar (digit V) Wrist 3.30 40.8 57.1
 Rt. radial (Snuffbox) Forearm 2.15 30.9 62.5
 Rt. sural Calf 3.60 19.9 48.3
 Lt. sural Calf 3.40 23.5 51.9
 Rt. superficial peroneal Lateral leg 3.25 23.7 56.0
 Rt. superficial peroneal Lateral leg 3.15 21.5 60.9
Motor nerve
 Rt. median (APB) Wrist 300 8.2

Elbow 6.40 7.9 52.9
 Rt. ulnar (ADM) Wrist 2.75 13.2
 Rt. peroneal (EDB) Ankle 3.65 3.5

Fibular head 9.45 2.8 50.0
 Lt. peroneal (EDB) Ankle 3.55 2.2

Fibular head 9.80 1.7 46.4
 Rt. peroneal (TA) Fibular head 2.40 2.6
 Lt. peroneal (TA) Fibular head 2.40 3.0
 Rt. tibial (AH) Ankle 3.05 19.0

Popliteal 10.55 13.5 49.3
 Lt. tibial (AH) Ankle 3.10 17.3

Popliteal 10.45 13.3 49.0

Amplitudes are measured in microvolt (μV, sensory) and millivolt (mV, motor).
CV, conduction velocity; Rt., right; Lt., left; APB, abductor pollicis brevis; ADM, abductor digiti minimi; EDB, extensor digitorum brevis; TA, tibialis anteri-
or; AH, abductor; ms, millisecond; m/s, meter/second.
*Sensory nerve: peak latency, motor nerve: onset latency.

Table 2. Needle Electromyography

Muscle IA Fib PSW Myotonic discharge MUAP Recruitment pattern Interferential pattern
Rt. biceps NL 2+ 2+ + NL Early Full
Rt. flexor carpi radialis NL 1+ 2+ + Poly Early Full
Rt. extensor digitorum communis NL 2+ 2+ + Poly Early Full
Rt. first dorsal interosseous NL 4+ 4+ + NL Early Full
Rt. gluteus maximus NL None None None NL NL Full
Rt. vastus medialis NL None 1+ None NL NL Full
Rt. tibialis anterior Dec 2+ 2+ + Short, poly Early Full
Rt. gastrocnemius (medial head) Dec 2+ 2+ + Small, poly Early Reduced

IA, insertional activity; Fib, fibrillation; PSW, positive sharp wave; MUAP, motor unit action potential; Rt., right, NL, normal; dec, decreased; poly, 
polyphasic.

other concurrent diseases. In this case, the patient was addition-
ally diagnosed with DM1 and the etiology was identified; thus, 
surveillance education for possible complications and genetic 
counseling were possible [9]. 

As mentioned above, APS and DM1 are both multisystem dis-
eases and may be accompanied by various systemic symptoms. 

In particular, stroke can severely deteriorate function in daily life 
in APS or DM1 patients. Therefore, to predict and prevent stroke 
in DM1 patients, it is very important to pay attention to the rela-
tionship between APS and DM1. Based on this case, we can con-
sider the need for more early and active evaluation starting at the 
initial stage by considering the co-occurrence of autoimmune 
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diseases such as APS as a risk factor for stroke in DM1 patients. 
Furthermore, it is necessary to consider whether autoanti-
body-positive findings in APS are related to the genetic abnor-
malities seen in DM1. This case provides new insight into the 
clinical mechanisms underlying the association between DM1 
and APS from the standpoint of stroke occurrence. 
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Thoracic outlet syndrome (TOS) is caused by the compression of neurovascular structures in 
the thoracic cage. TOS can be classified into neurogenic TOS (NTOS) and vascular TOS. Con-
genital anomalies, such as cervical ribs and elongated C7 transverse processes, may be the cause 
of NTOS. NTOS can be subcategorized as either disputed NTOS or true NTOS. True NTOS, a 
very rare disease with a prevalence of about one in a million, is diagnosed by the weakness and at-
rophy of T1-innervated intrinsic muscles of the hand and corresponding electrodiagnostic ab-
normalities. We report a case of a 42-year-old patient, who presented with a 5-year history of 
clumsiness and 1-year history of weakness and atrophy in her right hand. The patient was diag-
nosed with true NTOS during comprehensive rehabilitation, which she received for left hemiple-
gia due to intracranial hemorrhage. Elongated bilateral C7 transverse processes were found on a 
radiological evaluation. True NTOS is often overlooked or mistaken for carpal tunnel syndrome, 
thus delaying the diagnosis and inevitably worsening outcomes. Therefore, an electrodiagnostic 
study is crucial for detecting true NTOS, rather than typical physical examinations such as the 
Roos stress test and Adson’s test. 

Keywords: Brachial plexus neuropathies; Thoracic outlet syndrome; Hemiplegia  
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Introduction 

Thoracic outlet syndrome (TOS) is a complex of symptoms 
caused by the compression or irritation of neurovascular struc-
tures in the thoracic cage [1]. TOS can be classified into neuro-
genic TOS (NTOS) and vascular TOS. NTOS is a compressive 
peripheral neuropathy—specifically, a type of entrapment neu-
ropathy caused by the compression of the brachial plexus. NTOS 
accounts for 95% of all TOS [1]. Congenital anomalies found in 
the cervical ribs and elongated C7 transverse processes may be 
the cause of NTOS [2]. NTOS can be subcategorized as either 
disputed NTOS or true NTOS [3]. Disputed NTOS occurs in a 
large group of patients with unexplained pain in the brachial, 
scapular, and cervical regions, with a rate that has been widely 

quoted as 3 to 80 per 1,000 people [3,4]. Disputed NTOS re-
quires a clinical diagnosis without standard diagnostic criteria 
that depends on symptoms and provocative maneuvers, such as 
the Roos stress test and Adson’s test, because nerve conduction 
studies and electromyography are commonly negative for disput-
ed NTOS [1,3]. In contrast, true NTOS, a very rare disease with 
a prevalence of about one in a million, resulting from the com-
pression of C8 and T1 roots (T1 dominant) or proximal lower 
trunk of the brachial plexus, is diagnosed on the basis of objec-
tive weakness and atrophy of T1-innervated intrinsic muscles of 
the hand and corresponding electrodiagnostic abnormalities [5–
7]. We report the case of a 42-year-old patient with progressive 
weakness and atrophic changes in the intrinsic muscles of the 
right hand, diagnosed with true NTOS during comprehensive 
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rehabilitation after intracranial hemorrhage (ICH).  

Case Report 

A 42-year-old woman was referred to our hospital with sud-
den-onset left-side weakness and an acute ICH of approximately 
3.8 cm in the right basal ganglia. She was transferred to the De-
partment of Rehabilitation Medicine after a month to start early 
comprehensive rehabilitation treatment. She demonstrated a full 
range of motion in all bilateral joints, with Medical Research 
Council (MRC) grade of 2 in her left upper and lower extremi-
ties. Meanwhile, atrophy and weakness of her right hand’s intrin-
sic muscles were remarkable (Fig. 1A, B), despite the lack of any 
lesion in the left brain on computed tomography (CT) scans. A 
physical examination revealed MRC grades of 0 in her right ab-
ductor pollicis brevis (APB) muscle and 2 in her abductor digiti 
minimi (ADM) and first dorsal interosseous (FDI) muscles. Ac-
cording to the patient, discomfort that disabled her from any fine 
movements in her right hand had gradually progressed for 5 
years. She visited an orthopedic center at the first onset of symp-
toms and was informed of the possibility of carpal tunnel syn-
drome (CTS). An electromyographic (EMG) study revealed that 
a differential diagnosis for brachial plexopathy was necessary. 

However, based on her clinical symptoms, she was given an ex-
planation of CTS and recommended to receive conservative 
treatment. The weakness and atrophy gradually progressed over 
the past years, making her daily activities, such as using a spoon, 
increasingly difficult, but were not aggravated within the last 3 
months. No changes in the sensation of light touch and tempera-
ture were observed on her right side. She also did not complain 
of any pain in the upper arm or cervical regions. Special physical 
examinations for median nerve lesions including Phalen’s test, 
Tinel’s sign, and the hand of benediction were all negative. 
During the ulnar nerve examination, Wartenberg’s sign was posi-
tive in her right hand (Fig. 1C), whereas Froment’s sign and Ti-
nel’s sign were negative. Additional examinations also revealed 
negative findings for the Roos stress test and Adson’s test. To de-
termine the cause of the weakness and atrophy, electrodiagnostic 
studies were conducted using the Viking Select EMG NCS Ma-
chine (NICOLET EDX; Natus, Pleasanton, CA, USA). No 
compound motor action potential (CMAP) response in the right 
median nerve and a low amplitude of sensory nerve action po-
tentials in the right ulnar and median antebrachial cutaneous 
(MABC) nerves were observed. The right median sensory nerve 
action potential was normal, and although the right ulnar CMAP 
amplitude was slightly decreased compared to that of the left 
side, it was still within the normal range (Table 1). In needle 
EMG, despite the lack of abnormal spontaneous activity, there 
was increased insertional activity, large motor unit action poten-
tials (MUAPs), and reduced recruitment in the right C8 and 
T1-innervated muscles, including the extensor indicis proprius, 
abductor pollicis longus, flexor carpi ulnaris, FDI, and ADM. No 
MUAP was observed in the right APB muscle (Table 2). The 
EMG findings suggested right brachial plexopathy involving the 
lower trunk level, clinically consistent with NTOS. We consulted 
a thoracic surgeon and performed plain radiography and chest 
CT, which revealed elongated bilateral C7 transverse processes, 
which were thought to be the cause of TOS (Fig. 2). She was di-
agnosed with true NTOS and the thoracic surgeon did not rec-
ommend surgical treatment due to the long period of onset, se-
vere atrophy, and the lack of recent exacerbation of symptoms. A 
month later, the symptoms of true NTOS did not show any fur-
ther deterioration. 

Discussion 

Congenital anomalies of bony, fibrous, or muscular structures 
are often reported as etiologies of NTOS and can be associated 
with traumatic or functional causes. Bony anomalies, including 
cervical ribs and elongated C7 transverse processes, are reported 

AA

BB CC

Fig. 1. Atrophic changes in (A) right abductor pollicis brevis, ab-
ductor digiti minimi, and (B) right first dorsal interosseous mus-
cles. (C) Positive Wartenberg’s sign in the right hand. We received 
the patient’s consent form about publishing all photographic ma-
terials.
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to account for 30% of NTOS cases [8]. Cervical ribs are known 
to have a prevalence of 0.5% to 2%, but they are rarely the cause 
of NTOS. Their prevalence in true NTOS, which requires a thor-
ough documentation of objective findings of nerve compression 
for diagnosis, is even rarer, with only 1 in 20,000 to 80,000 cervi-
cal ribs leading to true NTOS [8]. To our knowledge, the preva-
lence of elongation of the C7 transverse process has not yet been 
clearly reported. However, when clinical and electrodiagnostic 
findings suggest brachial plexopathy at the lower trunk level, the 
possibility of true NTOS caused by bony abnormalities increases 
[8]. In our case, the elongation of the bilateral C7 transverse pro-
cesses was confirmed by radiologic evaluations, in which the 
right transverse process was slightly longer than the left, corre-
sponding to the symptoms and signs of true NTOS found only 
on the patient’s right side. Because true NTOS, an extremely rare 
disease, exhibits clinical symptoms similar to those of CTS, ulnar 
neuropathy, and cervical radiculopathies, it is often misdiag-

nosed, as in our case. If a patient exhibits problems only in the 
hand, as reflected in our case, NTOS is often mistaken for CTS 
[6]. A physical examination of the median and ulnar nerves and 
special examinations for NTOS, such as the Roos stress test and 
Adson’s test, are helpful for establishing a clinical suspicion of 
NTOS. In the Roos stress test, the patient sits with full external 
rotation and 90° abduction of the shoulder joint and 90° flexion 
of the elbow joint, and repeatedly opens and closes the hand for 
3 minutes. The provocation of pain or paresthesia is defined as a 
positive test finding (sensitivity, 52%-84%; specificity, 30%-
100%). In Adson’s test, after the patient fully extends the elbow 
joint on the symptomatic side, the examiner palpates the radial 
pulse, as the patient turns the neck toward the symptomatic side 
while holding a deep breath. A change in the radial pulse indi-
cates a positive test (sensitivity, 79%; specificity, 74%-100%) 
[1,3]. In order to exclude other possibilities from the differential 
diagnosis and confirm true NTOS, an electrodiagnostic study is 

Table 1. Results of Nerve Conduction Studies

Nerve Stimulation site Recording site Latency (ms) Amplitude Conduction velocity (m/s)
Motor nerve conduction

Rt. median Wrist APB NR* NR* NR*
Elbow APB NR* NR* NR*

Lt. median Wrist APB 3.1 9.8 60
Elbow APB 7.1 7.5

Rt. ulnar Wrist ADM 3.0 5.9 56
Below elbow ADM 7.1 5.6 77
Above elbow ADM 8.4

Lt. ulnar Wrist ADM 2.0 8.7 68
Below elbow ADM 5.4 8.4 71
Above elbow ADM 6.8 7.8

Rt. radial Forearm EIP 2.5 3.4 NA
Lt. radial Forearm EIP 2.0 2.8 NA

Sensory nerve conduction
Rt. median Wrist Third digit 3.1 25 NA
Lt. median Wrist Third digit 2.8 26 NA
Rt. ulnar Wrist Fifth digit 2.9 8* NA
Lt. ulnar Wrist Fifth digit 3.0 38 NA
Rt. radial Forearm Snuffbox 2.7 31 NA
Lt. radial Forearm Snuffbox 1.9 25 NA
Rt. MABC Elbow Forearm 2.3 12 NA
Lt. MABC Elbow Forearm 2.1 18 NA
Rt. LABC Elbow Forearm 2.5 32 NA
Lt. LABC Elbow Forearm 1.9 32 NA

Amplitudes are measured in millivolts (mV, motor) and microvolts (μV, sensory).
Rt., right; APB, abductor pollicis brevis; NR, no response; Lt., left; ADM, abductor digiti minimi; EIP, extensor indicis proprius; NA, not applicable; MABC, 
medial antebrachial cutaneous; LABC, lateral antebrachial cutaneous.
*Abnormal findings are represented with asterisks; an abnormal finding was defined by a greater than 50% reduction of amplitude or 30% delay of la-
tency compared to the unaffected side, or no response of sensory nerve action potential and compound motor action potential.
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Table 2. Results of Needle Electromyography

Muscle Insertional  
activity

Spontaneous  
activity

MUAP
Recruitment pattern Volitional effort

Polyphasic Duration Amplitude (mV)
C6–7 paraspinal, R N -
C7–T1 paraspinal, R N -
C6–7 paraspinal, L N -
C7–T1 paraspinal, L N -
Sternal head of pectoralis major, R N - - N N Full Max
Deltoid, R Increased - - Slightly long N Slightly reduced Max
Triceps brachii, R Increased - - Slightly long N Slightly reduced Max
Pronator teres, R Increased - - Slightly long N Slightly reduced Max
Brachioradialis, R Increased - - Slightly long N Slightly reduced Max
Flexor carpi ulnaris, R Increased - - Slightly long Large (5–6) Slightly reduced Max
Extensor carpi ulnaris, R Increased - - N N Slightly reduced Max
Extensor digitorum communis, R Increased - - N N Slightly reduced Max
Extensor indicis proprius, R Increased - - Long Large (6–7) Reduced Max
Abductor pollicis longus, R Increased - - Long Large (7–8) Reduced Max
First dorsal interosseous, R Increased - - Long N Markedly reduced Max
Abductor digiti minimi, R Increased - - Long N Markedly reduced Max
Abductor pollicis brevis, R Increased - No MUAP

MUAP, motor unit action potential; R, right; N, normal; -, negative; L, left; Max, maximal.

essential [3]. In nerve conduction studies, reduced median 
CMAP, ulnar and MABC SNAP amplitudes, and normal median 
SNAP and ulnar CMAP amplitudes indicate chronic axonal loss 
at the lower trunk level of the brachial plexus [6,9]. On needle 
electromyography, denervation potentials in C8- and T1-inner-

Fig. 2. Elongation of bilateral C7 transverse processes confirmed 
by plain radiography (A) and chest computed tomography (B).

vated muscles (dominant T1), including the APB, ADM, FDI, 
and other hand intrinsic muscles, are typical findings of true 
NTOS [6,9]. Abnormal MABC SNAP (sensitivity, 95%) and ab-
normalities in the APB (sensitivity, 97%) on needle EMG are 
highly sensitive for true NTOS [7,10]. In our case, the electrodi-
agnostic findings were compatible with those of true NTOS. In 
addition, this case is noteworthy due to the mild decrease in the 
right ulnar CMAP amplitude, abnormalities in the C8-innervat-
ed muscles in needle electromyography, and evidence of chronic 
denervation, such as high MUAP amplitudes instead of abnor-
mal spontaneous activities, reflecting the patient’s long period of 
onset and severe atrophy. Based on the electrodiagnostic results 
and clinical findings that revealed no deterioration of symptoms 
in the past 3 months, it could be inferred that the denervation 
was not an ongoing process; thus, conservative treatment was 
recommended. 

This is a rare case in which true NTOS was diagnosed 5 years 
after the onset of symptoms, during comprehensive rehabilita-
tion that the patient received for left hemiplegia due to an unre-
lated cause. True NTOS is often overlooked or mistaken for 
CTS, thus delaying the diagnosis and inevitably worsening the 
outcomes. In addition to detailed history-taking and a physical 
examination, an electrodiagnostic study is crucial to detect bra-
chial plexopathy and rule out other possibilities in the differential 
diagnosis, and radiologic evaluations may also be helpful. 

AA
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Introduction 

The lumbar plexus is formed within the psoas major muscle 
anterior to the transverse process of the lumbar vertebrae, which 
lie along the ventral aspect of the pelvis. The terminal branches 
of the lumbar plexus, including the femoral nerve, emerge from 
the lateral border of the psoas muscle before passing the groove 
between the iliacus and psoas muscles [1]. Iatrogenic lumbar 
plexus injury can be caused by surgical intervention, producing a 
variety of neurological symptoms. The symptoms range from 
mild sensory loss at the thigh level to profound weakness of the 
proximal lower extremity muscles [2]. 

Liposarcomas are the most common soft tissue sarcomas of 

Liposarcoma is a rare malignancy that usually originates in the extremities or the retroperitone-
um. The lumbar plexus, a complex neural network formed by divisions of the first four lumbar 
roots, penetrates the psoas muscle before it exits the pelvis. Owing to their anatomical proximity, 
neoplasms in the vicinity of the psoas muscle may involve the lumbar plexus. We report a case of 
postoperative lumbar plexopathy involving the posterior divisions of the lumbar plexus, follow-
ing the resection of a recurrent retroperitoneal liposarcoma located in the dorsal aspect of the 
psoas muscle. A 50-year-old man visited a rehabilitation clinic for an evaluation of proximal 
weakness of the unilateral lower extremity after resection of a recurrent liposarcoma of the left 
psoas muscle. Physical examination showed weakness of left hip flexion and knee extension ac-
companied by sensory loss in the left anteromedial thigh and the medial lower leg. An electro-
physiological study revealed left lumbar plexopathy with selective involvement of the posterior 
divisions of the lumbar plexus. The patient could walk independently without a walking aid on 
level surfaces while he underwent exercise therapy. A comprehensive evaluation, including a 
physical examination, the use of imaging modalities such as computed tomography for anatomi-
cal characterization, and electrophysiological studies, is important for accurate diagnosis. 

Keywords: Liposarcoma; Lumbosacral plexus; Neoplasms
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mesenchymal origin, which may occur in any part of the body, 
including the extremities, retroperitoneum, pelvis, and inguinal 
region [3]. Retroperitoneal sarcoma accounts for 10% to 15% of 
all soft tissue sarcomas [4]. Retroperitoneal sarcoma originating 
from the psoas muscle is typically high-grade in nature, meaning 
that it is characterized by a high rate of distant and local recur-
rence. Therefore, retroperitoneal sarcoma should be managed 
with perioperative or postoperative radiation therapy or chemo-
therapy in many cases [5]. We report a case of postoperative 
lumbar plexopathy involving the posterior divisions of the lum-
bar plexus, following resection of a recurrent retroperitoneal li-
posarcoma located in the dorsal aspect of the psoas muscle.  

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which 
permits unrestricted non-commercial use, distribution, and reproduction in anymedium, provided the original work is properly cited.
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Case Report 

A 50-year-old man visited a rehabilitation clinic for an evalua-
tion of proximal weakness of the unilateral lower extremity. He 
underwent surgical resection of a very large (18 cm) retroperito-
neal liposarcoma of the left psoas muscle 1 year prior to presen-

tation (Fig. 1). The tumor recurred in the left psoas muscle 10 
months postoperatively. The size of the tumor was measured as 
4.5 cm on a contrast-enhanced computed tomography (Fig. 2). 
One month after the imaging study, he underwent repeat tumor 
resection. His surgical record revealed severe adhesions second-

AA BB CC

Fig. 1. Contrast-enhanced computed tomography scans of the abdomen and pelvis showing a well-defined, mildly enhancing soft tissue 
mass suggestive of a liposarcoma (arrows) in the left psoas muscle (maximal 14 cm) and the presumed location of the nerve structures 
within the psoas muscle (arrowheads). Coronal view (A), axial view at the level of L4 vertebral body (B), and sagittal view (C). The dotted 
line indicates the coronal plane corresponding to (A).

AA BB CC

Fig. 2. Contrast-enhanced computed tomography scans of the abdomen and pelvis showing a bulging soft tissue lesion suggestive of a 
recurrent liposarcoma (arrows) at the posterolateral aspect of the left psoas muscle (maximal 4.5 cm) and the presumed location of the 
nerve structures within the psoas muscle (arrowheads). Coronal view (A), axial view at the level of L4 vertebral body (B), and sagittal view 
(C). The dotted line indicates the coronal plane corresponding to (A).
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ary to previous surgery, and a well-circumscribed lobulated mass 
measuring 10 cm was found. The mass was firmly adherent and 
located inside the dorsal portion of the left psoas muscle at the 
ventral aspect of the pelvic bone, completely encasing the intra-
muscular nerves. A histopathological evaluation revealed recur-
rent myxoid liposarcoma with positive Ki-67 staining in 5% of 
tumor cells, reflecting rapid growth of the tumor. All resection 
margins were negative. 

The patient experienced proximal left lower extremity weak-
ness and left anterior thigh numbness after the second tumor re-
section surgery, and he was unable to climb the stairs using alter-
nate feet. A physical examination revealed sensory and motor 
deficits in the left lower extremity. Left-sided hip flexion and 
knee extension were classified as grade 3 and 0, respectively, on 
manual muscle testing using the Medical Research Council scale. 
Otherwise, normal strength was noted in other muscles of the 
left lower extremity. We observed hypesthesia in the left antero-
medial thigh and medial lower leg with absent left-sided knee 
jerk. Despite significant weakness of the unilateral proximal low-
er extremity muscles, the patient could walk independently 
(without a walking aid) on level surfaces. 

An electrophysiological study was performed approximately 
50 days after symptom onset; a compound motor action poten-
tial was not recordable in the left femoral nerve, and sensory 
nerve action potentials were undetectable in the left saphenous 

and lateral femoral cutaneous nerves on nerve conduction stud-
ies (Table 1). Other motor and sensory nerve action potentials, 
F-waves, and the H-reflex were normal. Needle electromyogra-
phy revealed abnormal spontaneous activity in the left vastus 
medialis, rectus femoris, and iliopsoas muscles, which showed no 
motor unit action potentials (MUAPs) (Table 2). The patient 
was diagnosed with postoperative lumbar plexopathy with selec-
tive involvement of the posterior divisions of the lumbar plexus 
after resection of retroperitoneal liposarcoma in the left psoas 
muscle. 

The patient received postoperative radiation therapy (50 
Gy/25 fractions) to the left retroperitoneum after the second 
surgery. His neurological deficits did not show any change after 
radiation therapy. The patient showed a slight improvement in 
left lower extremity weakness at a 2-year follow-up after his initial 
visit. His left-sided hip flexion was still classified as grade 3, while 
knee extension improved to grade 2 on a manual muscle test. He 
additionally developed significant quadriceps atrophy and neu-
ropathic pain in the left anteromedial thigh and medial calf over a 
period of 2 years. Fortunately, he showed no further deteriora-
tion in gait function while he received neuropathic pain medica-
tions. A follow-up electrophysiological study performed 2 years 
after the first study revealed findings similar to those observed 
on a previous nerve conduction study (Table 1). On needle elec-
tromyography, the iliopsoas and rectus femoris muscles showed 

Table 1. Nerve Conduction Studies

Nerve and site
Initial Follow-up

Latency (ms) Amplitude Conduction velocity (m/s) Latency (ms) Amplitude Conduction velocity (m/s)
Motor nerve conduction
 Rt. peroneal nerve (EDB) 5.26 3.2 NA 5.36 4.5 NA
 Rt. tibial nerve (AH) 4.11 16.4 NA 3.85 15.8 NA
 Rt. femoral nerve (VM) 5.31 11.9 5.26 14.1
 Lt. peroneal nerve (EDB) 4.11 3.4 46.1 3.80 5.0 46.9
 Lt. tibial nerve (AH) 4.43 15.1 44.7 3.70 15.0 45.0
 Lt. femoral nerve (VM) No response No response
Sensory nerve conduction
 Rt. superficial peroneal nerve 2.50 9.5 2.45 14.7
 Rt. sural nerve 2.71 20.5 2.60 16.3
 Rt. saphenous nerve 1.72 9.7 1.67 7.3
 Rt. LFCN 1.72 8.5 1.77 5.6
 Lt. superficial peroneal nerve 2.76 14.1 2.29 16.1
 Lt. sural nerve 3.02 18.2 2.76 16.2
 Lt. saphenous nerve No response No response
 Lt. LFCN No response No response

Amplitudes are measured in millivolt (mV, motor) and microvolt (μV, sensory).
Rt., right; EDB, extensor digitorum brevis; NA, not assessed (proximal stimulation was not performed); AH, abductor hallucis; VM, vastus medialis; Lt., 
left; LFCN, lateral femoral cutaneous nerve. 
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polyphasic MUAPs, reflecting evidence of reinnervation (Table 
2). Currently, he is receiving chemotherapy to manage a second 
relapse of liposarcoma with peritoneal seeding. 

Discussion 

In this report, we present a case of lumbar plexopathy that se-
lectively affected the posterior division of the lumbar plexus in a 
patient with retroperitoneal liposarcoma. The lumbar plexus is a 
distinct network of peripheral nerves derived from the L1 
through L4 nerve roots. These rami pass downward and laterally 
along the psoas major muscle, where they eventually form a plex-
us. During its intramuscular course through the psoas muscle, 
the lumbar plexus divides into anterior and posterior divisions. 
The posterior divisions unite to form the femoral nerve. The lat-
eral femoral cutaneous nerve also emerges from the posterior di-
visions [1]. In this case, liposarcoma recurred at a somewhat dif-
ferent location within the psoas muscle compared with that at 
initial diagnosis. Initially, the sarcoma developed at the ventral 
aspect of the psoas muscle, leaving the intramuscular nerve in-
tact, although the size of the tumor was larger. However, the re-
current sarcoma developed deep inside the psoas muscle, involv-
ing the dorsal portion of the psoas muscle just ventral to the ilia-
cus, and encased the intramuscular nerves. Despite meticulous 
fine dissection, it is presumed that the surgical removal of the tu-
mor inevitably caused nerve injury. 

Liposarcomas are soft tissue neoplasms that arise from adipose 
tissue. These are classified into several subtypes, and myxoid li-
posarcoma is the second most common subtype [6]. Complete 
surgical resection at the time of initial presentation is the most 
important prognostic factor for survival in patients with retro-

peritoneal sarcoma [7]. The risk of recurrence in myxoid liposar-
coma was reported to be low, even in large tumors. In contrast to 
extremity sarcomas, complete resection of a retroperitoneal tu-
mor along with an adequate resection margin is usually challeng-
ing owing to the large adjacent neurovascular structures, which 
frequently cause incomplete tumor resection. Consequently, 
nearly 70% of patients with retroperitoneal sarcomas develop re-
currence [8]. Despite frequent recurrence, palliative debulking 
surgery may serve as a useful therapeutic approach to improve 
symptoms and prolong survival in this patient population [7]. 
Unfortunately, the overall 10-year survival rate was reported to 
be approximately 60% in patients with metastatic and recurrent 
myxoid liposarcoma [6]. In the case reported herein, recurrence 
of the tumor was observed after the surgical removal of the very 
large initial sarcoma, although all resection margins were nega-
tive. A previous study has shown that tumor size and depth are 
more relevant for the recurrence or metastatic characteristics of a 
neoplasm than the resection margin status [9].

We observed significant weakness and atrophy of the iliopsoas 
and quadriceps muscles, and needle electromyography revealed 
no MUAPs in these muscles. The iliopsoas and quadriceps are 
the primary hip flexor and knee extensor muscles. The patient 
was able to produce partial movements of hip flexion and knee 
extension, and could walk without assistance, although the elec-
trophysiological study findings were compatible with no motor 
function in the anterior thigh muscles. This can be explained 
through compensatory action by the completely spared hip ad-
ductor and abductor muscles, which are known to play a second-
ary role in hip flexion and knee extension. 

Nerve structures can be directly injured by transection, stretch-
ing, suture ligation and diathermy. Several studies have reported 

Table 2. Needle Electromyography

Muscle
Initial Follow-up

IA Fibrillations & PSW MUAP Recruitment IA Fibrillations & PSW MUAP Recruitment
Lt. Iliopsoas - 3+ No MUAP - 2+ Polyphasic Reduced
Lt. adductor longus - - Normal Normal - - Normal Normal
Lt. rectus femoris - 3+ No MUAP - 3+ Polyphasic Reduced
Lt. vastus medialis - 3+ No MUAP - 3+ No MUAP
Lt. tibialis anterior - - Normal Normal
Lt. tensor fasciae latae - - Normal Normal
Lt. gluteus medius - - Normal Normal
Lt. gluteus maximus - - Normal Normal
Lt. medial gastrocnemius - - Normal Normal
Lt. mid lumbar paraspinalis - - - -
Lt. lower lumbar paraspinalis - - - -

IA, insertional activity; PSW, positive sharp wave; MUAP, motor unit action potential; Lt., left.
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lumbosacral plexopathy after renal transplantation, gynecological 
surgery, or spinal interbody fusion [10]. Additionally, an abscess 
or hematoma affecting the psoas muscle can cause lumbosacral 
plexopathy [1]. However, few reports have described neuropathy 
associated with the surgical removal of retroperitoneal sarcoma 
in the psoas muscle. Additionally, retroperitoneal liposarcoma 
showed frequent recurrence. Therefore, postoperative lumbar 
plexopathy following repeated surgery might occur inevitably as 
in this case.

In conclusion, we describe a case of lumbar plexopathy with 
selective involvement of the posterior divisions of the lumbar 
plexus after the repetitive surgical resections of a retroperitoneal 
liposarcoma. A comprehensive evaluation, including physical ex-
amination, use of imaging modalities such as computed tomog-
raphy for anatomical characterization, and electrophysiological 
studies, is important for an accurate diagnosis, planning treat-
ment, and prevention of complications. Additionally, this case 
report has significance of the following points. It objectively con-
firmed the extent and degree of postoperative lumbar plexopathy 
through an electrophysiological study, which is difficult to diag-
nose with images alone, reported the progress of recovery, and 
represents importance of detecting the occurrence of neurologi-
cal complications. 
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Thoracic outlet syndrome (TOS) occurs due to compression of the neurovascular bundle exit-
ing the thoracic outlet, through which the brachial plexus and subclavian vessels pass. Here, we 
report a case of venous TOS combined with brachial neuritis, which was caused by axillary 
lymphadenopathy after the first dose of the BNT162b2 vaccine against coronavirus disease 2019 
(COVID-19). A 17-year-old female patient presented with left upper extremity swelling and pain 
after inoculation with the BNT162b2 vaccine in the left deltoid muscle. Contrast-enhanced bra-
chial plexus magnetic resonance imaging revealed severe swelling of the left axillary and subclavi-
an lymph nodes, which lie immediately above the subclavian vein. An electrodiagnostic study re-
vealed left brachial plexopathy, mainly involving the lower trunk with mixed demyelinating and 
axonal injury. The patient received intravenous steroid pulse therapy and oral steroid therapy. A 
follow-up examination showed complete recovery of muscle strength and function, pain, and 
swelling in the left upper extremity within 3 months after vaccination against COVID-19. 

Keywords: Thoracic outlet syndrome; Vaccines; Brachial plexus neuropathies  
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Venous Thoracic Outlet Syndrome Combined with Brachial 
Neuritis Caused by Lymphadenopathy after Vaccination for 
Coronavirus Disease 2019: A Case Report  
Hyun Jeong Lee, Ingi Min, Hyun Sung Lee, Keewon Kim, Sung Eun Hyun 

Department of Rehabilitation Medicine, Seoul National University Hospital, Seoul National University College of Medicine, Seoul, Korea 

Introduction 

Thoracic outlet syndrome can occur from compression of the 
neurovascular bundle exiting the thoracic outlet, through which 
the brachial plexus and subclavian vessels locate. Entrapment of 
the axillary and subclavian vessels results in vascular TOS, which 
is subclassified into arterial and venous types [1]. Impingement 
of the brachial plexus results in neurogenic TOS. The reported 
incidence of TOS is 3–80/1000 (0.3–8%) and neurogenic TOS 
accounts for over 90% of all TOS cases [1].

There are a few case reports of acute brachial neuritis follow-
ing coronavirus disease 2019 (COVID-19) vaccination [2,3]. 
Several reports have also documented reactive axillary lymph-
adenopathy as a common adverse effect of mRNA COVID-19 
vaccines [4]. If lymphadenopathy is severe enough, subclavian 

and axillary vascular flow can be compromised, causing venous 
TOS [5]. No cases of combined venous TOS and brachial neuri-
tis after COVID-19 vaccination have been reported to date. In 
this case report, we present the clinical manifestations and elec-
tromyographic characteristics of a patient diagnosed with both 
venous TOS and brachial neuritis after receiving an mRNA vac-
cine against COVID-19. This study was approved by the ethics 
committee at the Seoul National University Hospi tal Institution-
al Review Board (2206-054-1331) and informed written consent 
was obtained from the patient. 

Case Report 

A 17-year-old female presented with left upper extremity 
swelling and pain after inoculation with the BNT162b2 vaccine 

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which 
permits unrestricted non-commercial use, distribution, and reproduction in anymedium, provided the original work is properly cited.
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against coronavirus disease 2019 (COVID-19) in the left deltoid 
muscle. Pain and swelling in the upper arm started approximately 
2 hours after the vaccination and spread to the lower arm and 
hand on the day after vaccination. However, she only observed 
this symptom and waited for it to subside, knowing that pain and 
swelling are very common side effects of mRNA vaccines. Al-
though the swelling improved slowly, left arm weakness newly 
developed 2 weeks later. At that time, only hand swelling below 
the wrist was noticed, with a reticulated erythematous patch on 
the dorsum of the hand, implying problems with the peripheral 
circulation (Fig. 1). 

She visited the Department of Pediatrics 2 weeks after the on-
set of left arm weakness. A neurological examination revealed 
motor weakness of grade 3 to 4 in the left upper extremity based 
on the Medical Research Council scale (left shoulder abductor 
grade 3-, elbow flexor grade 3-, elbow extensor grade 4, wrist 
dorsiflexor grade 3-, finger abductor grade 3, and finger flexor 
grade 3-). She reported hypesthesia in the entire left arm and 
paresthesia in the left palm. Adson’s test and Wright’s test were 
positive, while the costoclavicular test was negative. Laboratory 
investigations, including complete blood count, electrolytes, cre-
atine kinase, and lactate dehydrogenase, were within normal 
ranges. The results of other autoimmune-related laboratory tests, 
such as anti-double-stranded DNA, fluorescent antinuclear anti-
body, lupus anticoagulant antibody, and antiphospholipid anti-
body, were also unremarkable. Contrast-enhanced left brachial 
plexus magnetic resonance imaging (MRI) was performed 3 
weeks after the onset of left arm weakness. Brachial plexus MRI 

revealed bilateral—yet left upper extremity predominant—
lymphadenopathy, including severe swelling of the left axillary 
nodes and subclavian lymph nodes, which lie immediately above 
the subclavian vein (Fig. 2). 

A nerve conduction study (NCS) was performed 3 weeks after 
the onset of weakness to diagnose possible immune-mediated 
polyneuropathy at the Department of Rehabilitation Medicine. 
The latency and amplitude of the sensory nerve action potentials 
(SNAPs) and the compound muscle action potentials (CMAPs) 
of all examined muscles from bilateral upper extremity were all 
symmetric (Table 1). No prolongation of the F-wave or the H-re-
flex was observed. 

Fig. 1. A reticulated erythematous patch (arrows) and swelling on 
the dorsum of the left hand 1 month after a vaccine inoculation 
that was administered in the ipsilateral, left deltoid muscle.

Fig. 2. (A) Coronal view of brachial plexus magnetic resonance imaging (MRI) demonstrating an enlarged subclavian lymph node (straight 
arrow) compressing the subclavian vein (white arrowhead). An enlarged lymph node (curved arrow) near the left brachial plexus (empty 
arrowhead) is also apparent, but not compressing the brachial plexus. (B) Transverse view of brachial plexus MRI imaging demonstrating 
the relationship of the subclavian vein (white arrowhead) with the enlarged subclavian lymph node (straight arrow) and the brachial 
plexus (empty arrowhead).
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Needle electromyography (EMG) revealed prominent dener-
vation potentials and neuropathic motor unit action potentials 
(MUAPs) in the left extensor indicis, abductor pollicis brevis, 
and first dorsal interosseous muscles from the lower trunk (Table 
2, Fig. 3). The left biceps and deltoid muscles exhibited short du-
ration and polyphasic MUAPs, indicating nascent motor units 
with relatively less abnormal spontaneous activity than muscles 

from the lower trunk. These neuropathic MUAPs with denerva-
tion potentials indicated axonal injuries in the left brachial plex-
us. Compared to the symmetric CMAP amplitudes, however, 
the denervation potentials were extremely prominent, and the 
interference patterns of MUAPs were reduced, especially in the 
muscles from the lower trunk, suggesting that proximal demye-
lination lesions were also present in addition to axonal injuries. 

Table 1. Nerve Conduction Study Results

Nerve (recording) Stimulation
Latency (ms) Amplitude Duration (ms) Area (mV·ms) Conduction velocity (m/s)
Right Left Right Left Right Left Right Left Right Left

Motor NCS
 Median (APB) Wrist 3.07 3.54 9.9 9.6 21.3 20.16 52.2 60.6
 Elbow 6.67 7.14 9.9 9.7 21.25 20.99 50.1 56.5 55.7 61.2
 Erb’s point 11.93 9.3 - 21.82 - 52.6 - 71.0
 Ulnar (ADM) Wrist 3.03 2.55 5.6 5.9 25.99 28.91 28.30 55.3
 Below elbow 5.89 5.52 5.4 5.9 26.2 28.91 26.90 47.4 67.8 64.0
 Above elbow 7.5 7.14 5.3 5.8 26.3 29.90 27.40 53.3 61.9 61.9
 Axillary (deltoid) Erb’s point 3.07 3.02 16.9 14.8 26.2 31.65 182.80 189.80
 Suprascapular (SST) Erb’s point 1.82 2.50 10.8 9.4 26.25 24.79 130.90 117.50
 Musculocutaneous (biceps) Erb’s point 3.96 3.39 14.3 10.5 34.43 38.28 143.80 112.90
 Radial (EIP) Forearm 2.45 2.76 5.1 3.8 - - - -
 Elbow 5.47 5.99 4.0 3.1 - - - - 59.6 55.7
F-wave
 Median (APB) Wrist 22.50 22.66
 Ulnar (ADM) Wrist 24.32 23.44
Sensory NCS
 Median (digit II) Wrist 2.29 2.29 42.4 43.1
 Ulnar (digit V) Wrist 2.29 2.66 25.5 26.9
 Radial (snuff box) Forearm 1.88 1.72 37.5 33.5
 LAC (forearm) Forearm 1.20 1.41 26.7 29.2
 MAC (forearm) Forearm 1.56 1.35 14.9 13.5

Amplitudes are measured in millivolt (mV, motor) and microvolt (μV, sensory).
NCS, nerve conduction study; APB, abductor pollicis brevis; ADM, abductor digiti minimi; SST, supraspinatus; EIP, extensor indicis proprius; LAC, lateral 
antebrachial cutaneous; MAC, medial antebrachial cutaneous.

Table 2. Needle Electromyography Results

Muscle IA
Spontaneous MUAP

Recruitment pattern/IP
Fib/PSW Other Amplitude Duration Polyphasicity

Lt. extensor indicis Increased 3+/3+ None N N N Discrete
Lt. abductor pollicis brevis N 4+/4+ None No activity
Lt. first dorsal interosseous N 4+/4+ None N N Increased Discrete
Lt. biceps brachii N 2+/2+ None N Short Increased Reduced
Lt. deltoid N 1+/1+ None N Short N Reduced/complete
Lt. abductor hallucis Increased 0/0 CRD (1+) N N N Complete
Lt. vastus medialis N 0/0 None N N N Discrete
Rt. extensor indicis Increased 0/0 None N N N Reduced/complete

IA, insertional activity; Fib, fibrillation; PSW, positive sharp wave; MUAP, motor unit action potential; IP, interference pattern; Lt., left; Rt., right; N, nor-
mal; CRD, complex repetitive discharge.
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Therefore, the electrodiagnostic study concluded that the patient 
had left brachial plexopathy, mainly involving the lower trunk, 
with mixed demyelination and axonal involvement. 

After intravenous steroid pulse therapy for 3 days and mainte-
nance for 4 months, a follow-up examination showed complete 
recovery of muscle strength in the left upper extremity, pain, and 
swelling within 3 months after the vaccination. 

Discussion 

The clinical course of brachial neuritis consists of sudden, se-
vere neuropathic pain, fast multifocal weakness, and atrophy of 
the upper extremities [6], preceded by infection, trauma, or in-
flammation, including COVID-19 vaccination [2,6]. This patient 
first presented with left arm swelling and pain after the first dose 
of the BNT162b2 vaccine, followed by left arm weakness, which 
is a typical characteristic of brachial neuritis after vaccination. In-
terestingly, neurogenic motor and sensory symptoms, as well as 
lymphadenopathy, have been reported to occur more frequently 
on the same side of the vaccine injection [2,4]. Although there is 
no proven effective treatment of brachial neuritis, a retrospective 
study showed that corticosteroid administration in the acute 
phase shortened pain and accelerated recovery [7]. This patient 
was also treated with a corticosteroid to reduce pain and pro-
mote recovery. 

An electrodiagnostic study is one of the examinations for con-
firming brachial neuritis. Although sensory nerve conduction 
studies are useful for diagnosing peripheral neuropathies or bra-
chial plexopathies, the sensory NCS is reported to be normal in 
80% of patients with brachial neuritis [8]. Although the motor 
NCS can reveal axonal loss, needle EMG is more sensitive for 
detecting signs of denervation or reinnervation when clinically 
affected muscles are examined [9]. In this case, the patient 
showed nearly symmetric SNAP and CMAP amplitudes, and 
needle EMG showed an axonal neuropathic injury, which is 
comparable to brachial neuritis. Denervation potentials, ob-
served at the muscles innervated from lower trunk, could be seen 
not only in axonal injuries but also in pure peripheral demyelin-
ating neuropathy [10]. This electrodiagnostic study suggested 
axonal injuries were present, but not very severe depending on 
NCS result, and both EMG and the patient’s inconsistent weak-
ness compared to CMAP supported a presence of combined de-
myelinating lesions. 

The diagnosis of venous TOS requires a comprehensive con-
sideration of the patient’s history, a physical examination, and 
imaging techniques [1]. Venous TOS is characterized by the 
pathognomonic presentation of acute upper extremity swelling, 
cyanosis, heaviness, and ultimately pain [1]. This patient also 
presented with not only acute left upper extremity pain, but also 
extreme swelling of the entire arm and signs of vascular compro-
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Fig. 3. (A) Abnormal spontaneous activities in the left first dorsal interosseous muscle. (B) Abnormal spontaneous activities in the left ab-
ductor pollicis brevis muscle. EMG, electromyography.
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mise. She exhibited positive signs on Adson’s and Wright’s tests, 
which are provoked by an exaggerated blockage of vascular flow. 
Brachial plexus MRI confirmed prominent but asymmetric axil-
lary lymphadenopathy, and the swollen left subclavicular lymph 
node was located at the thoracic outlet (Fig. 2). Several previous 
studies have reported a correlation between axillary lymphade-
nopathy and COVID-19 vaccination [4]. Patients receiving the 
BNT162b2 vaccine demonstrated higher rates of palpable unilat-
eral axillary lymphadenopathy than those receiving placebo [11]. 
Enlarged subclavian lymph nodes, as in this case, could impede 
flow through the subclavian vein within the costoclavicular 
space, resulting in venous TOS. 

Although brachial neuritis is usually self-limiting, the previous-
ly reported recovery rate is 36% by 1 year, 75% by 2 years, and 
89% by 3 years [12], and no prognostic factors are known yet [2]. 
This case showed relatively early and complete recovery within 3 
months after vaccination. As the degree of axonal loss is correlat-
ed with CMAP or SNAP and determines the permanent impair-
ment of neuropathy, normal NCS from this case can explain the 
early recovery [6]. In addition, most cases of reactive ipsilateral 
axillary lymphadenopathy after COVID-19 vaccination recov-
ered within 10 weeks after vaccination [13]. With the rapid reso-
lution of lymphadenopathy and disrupted venous flow, the clini-
cal symptoms caused by venous TOS could improve within 
months, which might have also contributed to the patient’s early 
recovery. Since the clinical course could be different among pa-
tients, previously reported cases of brachial neuritis after vaccina-
tion should also include information about both the amount of 
axonal loss and any vascular compromise to reveal the possibility 
of concomitant venous TOS caused by lymphadenopathy. Any 
supportive evidence of combined venous TOS—more specifi-
cally, vascular symptoms, such as swelling, cyanosis, erythema-
tous skin change, and vascular compression provocation tests— 
should be evaluated to clarify whether brachial neurities with 
concomitant venous TOS has a different prognosis from brachial 
neuritis alone. 

In conclusion, brachial neuritis combined with an interruption 
of subclavian vessels and venous TOS followed by lymphade-
nopathy can occur after COVID-19 vaccination. Therefore, clini-
cians should evaluate vascular symptoms and neurological exam-
inations to consider the possibility of combined venous TOS be-
fore confirming post-vaccine brachial neuritis if sudden weakness 
with dominant swelling and erythema occurs after a vaccination. 
Although follow-up electrodiagnostic studies and MRI were not 
conducted in this study, which would have provided more accu-
rate evidence of the patient’s full recovery, this case report sug-
gests the possibility of different pathomechanisms correspond-

ing to diverse prognoses and recovery potentials of brachial neu-
ritis after vaccination. 
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without affecting the original contents.

The reviewer and Editorial Board can request correcting En-
glish 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 regula-
tions 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 cor-
rect 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 dou-
ble-spaced including tables and figure legends. The length of the 
manuscript should not exceed 20 pages in original articles, 7 pag-
es 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 or-
thography. 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 measure-
ments should be reported using the metric system, and hemato-
logic and biochemical markers should be reported in the Interna-
tional System (SI) of Units. (http://physics.nist.gov/cuu/Units/in-
dex.html)

2-3. Use of abbreviations
The use of abbreviations should be minimized and restricted to 

those that are generally recognized. When using an abbreviated 
word, it should be spelled out in full on the first usage in the man-
uscript, 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 brack-
ets. 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 man-
uscript 3) abstract and keywords, 4) introduction, 5) materials (or 
subjects) and methods, 6) results, 7) discussion, 8) conflict of in-
terest, 9) acknowledgements (if necessary), 10) references, 11) fig-
ure 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, insti-
tutional 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, tele-
phone, and fax numbers) should be listed, and if necessary, finan-
cial 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 expres-
sions, such as “study about---“ or “clinical study about---.“ The ti-
tle should contain less than 20 words. The first letter of words ex-
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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 200 words in the case report. 
In the original article, a structured abstract with the headings of 
Objective, Methods, Results, and Conclusion must succinctly de-
scribe 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-struc-
tured, with no more than 5 Keywords attached. Brief communica-
tions 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, divid-
ed 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 exclu-
sion criteria for both the experimental and control groups. Exper-
imental drugs should be stated in the generic name. When pro-
prietary brands are used, include the brand name and the name of 
the manufacturer in parentheses after the first mention of the ge-
neric name. When using experimental devices or other products, 
state the brand name then follow with the name of the manufac-
turer, city (state), and country in parentheses, e.g., Flow Cytome-
ter (Coulter Electronics Inc., New York, NY, USA). To ensure an-
onymity 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 par-
ticipants, the sex of animals or cells, and describe the methods 

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 signifi-
cant findings and trends observed in the results, giving the main 
or most important objective. Results can be sectioned by subsec-
tion titles listed in order to 1), (1), A), (A). Avoid extensive repeti-
tion 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 re-
peat 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 ad-
equately 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 sec-
tion. 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 recom-
mended that only important references are recorded, and the 
number of references is within 40. References should be num-
bered 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 man-
uscripts 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: rela-
tion 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.). Ta-
ble 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 arti-

cle, preposition, and conjunction, should be capitalized. The title 
of table is written above the table, and footnote should be de-
scribed 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 se-
quence (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 histo-
logic 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. 1A, Fig. 1B) 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 submis-
sion, 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 acknowl-
edged 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 200 words, with no more 
than 5 keywords attached. Introduction should be briefly written 
about background and significance of the case. Main texts are 
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composed of the course of clinical features, diagnosis, and treat-
ment. 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, excluding references, tables, and figure legends.

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

3. Copyright Transfer and Author Consent 
Form

Copyright Transfer and Author Consent must be used the official 
form made by the Korean Association of EMG Electrodiagnostic 
Medicine (available and posted at the journal on ‘www.kanem.
or.kr’ or ‘www.e-jend.org’). In addition, the title of the manuscript, 
date of submission, names of all authors, affiliation, and address, 
and phone number must be recorded with the handwritten signa-
ture of all authors. Also, the name and email address of corre-
sponding author should be recorded. Completed Copyright 
Transfer and Author Consent Form should be submitted at on-
line submission system to the Editorial Office.
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Research and  
Publication Ethics

The Journal of Electrodiagnosis and Neuromuscular Diseases ad-
heres to the guidelines and best practices published by profession-
al organizations, including ICMJE Recommendations and the 
Principles of Transparency and Best Practice in Scholarly Publish-
ing (joint statement by the Committee on Publication Ethics 
[COPE], Directory of Open Access Journals [DOAJ], World As-
sociation of Medical Editors [WAME], and Open Access Scholar-
ly Publishers Association [OASPA]; https://doaj.org/bestpractice). 
Further, all processes of handling research and publication mis-
conduct shall follow the applicable COPE flowchart (https://pub-
licationethics.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-helsin-
ki/). Clinical studies that do not meet the Helsinki Declaration 
will not be considered for publication. For human subjects, iden-
tifiable information, such as patients’ names, initials, hospital 
numbers, dates of birth, and other protected health care informa-
tion, 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 pro-
vide a certificate, an agreement, or the approval by the Institution-
al Review Board (IRB) of the author’s affiliated institution. For re-
search with animal subjects, studies should be approved by an In-
stitutional Animal Care and Use Committee (IACUC). If neces-
sary, the editor or reviewers may request copies of these docu-
ments to resolve questions regarding IRB/IACUC approval and 
study conduct.

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 con-
nections to companies, political pressure from interest groups, 
and academically related issues. In particular, all sources of fund-
ing 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 redun-
dant 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 dupli-
cate or redundant material to the editorial committee. If redun-
dant or duplicate publication is attempted or occurs without such 
notification, the submitted manuscript will be rejected immedi-
ately. If the editor was not aware of the violations and of the fact 
that the article had already been published, the editor will an-
nounce in the journal that the submitted manuscript had already 
been published in a duplicate or redundant manner, without seek-
ing the author’s explanation or approval.

It is possible to republish manuscripts if the manuscripts satisfy 
the conditions for secondary publication of the ICMJE Recom-
mendations (http://www.icmje.org/icmje-recommendations.pdf).
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Authorship and Author’s Responsibility

Authorship credit should be based on (1) substantial contribu-
tions 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 in-
vestigated and resolved. Authors should meet these four condi-
tions.

• 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-ar-
ranging the order of authors) after the initial manuscript sub-
mission 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 assign-
ment must be completed by every author.
• Role of the corresponding author: The corresponding author 
takes primary responsibility for communication with the jour-
nal during the manuscript submission, peer review, and publi-
cation 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 inter-
est 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 sub-
mission 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 re-
quests from the journal for data or additional information or 
questions about the article.
• Contributors: Any researcher who does not meet all four IC-
MJE criteria for authorship discussed above but contributes 
substantively to the study in terms of idea development, manu-
script writing, conducting research, data analysis, and financial 
support should have their contributions listed in the Acknowl-
edgments section of the article.

Registration of Clinical Trial

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 inter-
vention 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/ic-
trp/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), Nether-
lands 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.

Process for Managing Research and Publication 
Misconduct

When the journal faces suspected cases of research and publica-
tion misconduct, such as redundant (duplicate) publication, pla-
giarism, fraudulent or fabricated data, changes in authorship, un-
disclosed 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 stan-
dards; publishing corrections, clarifications, retractions, and apol-
ogies when needed; and excluding plagiarized and fraudulent 
data. The editors maintain the following responsibilities: responsi-
bility 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 Jour-
nal 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 experi-
mentation 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: ___________________________________________  FAX: ___________________________________

Author’s name (Korean)

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

Author’s name (English)

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

Signature
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