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ABSTRACT
Objectives: Needle electromyography (EMG) has an important role in the diagnosis of poliomyelitis. Since
needle EMG is a painful and time consuming procedure, selecting the most effective muscles for needle EMG
is important. We aimed to determine the clinically or subclinically affected regions in polio survivors by
examining the minimum number of muscles with EMG. 
Methods: Polio survivors with weakness in at least one limb were included in this retrospective cohort study.
The extremities were divided into two groups: 1) Group 1: The extremities with Medical Research Council
score of ≤ 1 in at least one muscle, 2) Group 2: Clinically unaffected or mildly to moderately affected
extremities that do not meet the criteria of Group 1. The needle EMG findings of the muscles were analyzed. 
Results: Twenty-nine polio survivors were included in the study. Needle EMG findings of 352 muscles were
reviewed. Needle EMG findings in 57 lower extremities and thirty-two upper extremities were analyzed. There
was no upper extremity meeting the criteria of Group 1. Thirty-eight lower extremities were included in Group
1. The amplitudes and durations of motor unit action potentials (MUAPs) were not different between the
muscles of the Group 1 lower extremities (p > 0.05). Among the muscles of Group 2 upper and lower
extremities, the amplitude and duration of MUAPs were higher in the deltoid and the vastus lateralis muscles
compared to the other muscles, respectively (p = 0.002 and p = 0.003 for upper extremity muscles; p = 0.005
and p < 0.001 for lower extremity muscles). 
Conclusions: Using the needle EMG findings, an algorithm was made to determine the affected regions. Thus,
the affected regions can be identified by applying needle EMG to a minimum number of muscles.
Keywords: electrodiagnosis, needle electromyography, poliomyelitis, polio survivors

Poliomyelitis is a disease caused by RNA en-
terovirus affecting the brain and the motor neu-

rons of the spinal cord and brainstem. Poliovirus
caused many deaths and disabilities in the 1940s and
1950s; fortunately, it is rarely seen today with the de-
velopment of vaccines [1, 2]. On the other hand, pa-
tients with polio sequelae continue to have health

problems such as musculoskeletal problems or late
neuromuscular deterioration. Poliovirus affects most
motor neurons and destroys about 50% of these motor
neurons [1, 3, 4]. After this acute phase, the disease
may remain stable over the years. In some patients,
late neuromuscular deterioration or post-polio syn-
drome may develop in addition to the polio sequelae
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after years. 
      The cause of the neuromuscular deterioration is
unknown, but it is thought that factors such as exces-
sive exercise, chronic poliovirus infection, changes in
muscle fiber metabolism, or immune-mediated mech-
anisms may be triggers [1, 5, 6]. Regardless of the
cause, motor neurons are damaged faster than normal
aging [7, 8]. 
      It may be important to demonstrate the clinical and
subclinical involvement with needle electromyogra-
phy (EMG) [9]. Thus, protection of motor neurons or
axons can be provided by physical therapy strategies.
Needle EMG is a painful and time-consuming electro-
diagnostic test, so it is not possible to evaluate all the
muscles of a polio survivor with needle EMG. There-
fore, it was aimed to select the most effective muscles
for needle EMG examination and find the clinically /
subclinically affected extremities in polio survivors by
examining the minimum number of muscles with nee-
dle EMG.

METHODS

Subjects
      Patients with polio sequelae admitted to EMG lab-
oratory between July 2018 and December 2019 were
included in this retrospective cohort study. Ethics com-
mittee approval was received from the ethics commit-
tee of Adana City Training and Research Hospital
(number: 46/636). The clinical features and electrodi-
agnostic findings of patients with a history of po-
liomyelitis and weakness in at least one limb were
reviewed. The patients who had polyneuropathy or a
disease that could cause polyneuropathies such as di-
abetes mellitus and those with a history of surgery due
to lumbosacral and cervical radiculopathy or findings
suggesting significant cervical or lumbosacral radicu-
lopathy in magnetic resonance imaging or computer
tomography were excluded from the study. Medical
research council (MRC) scale was used for muscle
strength assessment [10, 11]. The MRC scores of arm
abduction, elbow flexion, elbow extension, wrist ex-
tension, and finger abduction were analyzed in the
upper extremities. MRC scores of hip flexion, knee
flexion, knee extension, ankle flexion, and ankle dor-
siflexion were analyzed in the lower extremities. The

muscles with an MRC score of 0 and 1 cannot resist a
force [10, 11]. For this reason, it is difficult to obtain
the motor unit action potential (MUAP) with needle
EMG in muscles with MRC scores ≤ 1. Therefore, the
extremities were divided into two groups: 1) Group 1
was defined as clinically severely affected extremities
with an MRC score of ≤ 1 in at least one muscle ex-
amined, 2) Clinically unaffected or mildly to moder-
ately affected extremities that did not meet the criteria
of Group 1 were defined as Group 2. 

Electrodiagnostic Tests 
      The nerve conduction studies and the needle EMG
were performed with the Cadwell Sierra Summit EMG
unit (Cadwell Laboratories, Kennewick, Washington,
USA). Electrodiagnostic tests were performed when
the extremity temperature was ≥ 32 ºC; otherwise, the
extremities were heated. Surface electrodes were used
for stimulation and recording. Median, ulnar, posterior
tibial, peroneal, sural sensory, and motor nerve con-
duction studies were performed using conventional
methods. Band-pass filters for sensory and motor
nerve conduction studies were set at 20 Hz to 2 kHz
and 20 Hz to 10 kHz, respectively. For the reference
values of nerve conduction studies, the reference val-
ues recommended by the American Association of
Neuromuscular & Electrodiagnostic Medicine were
considered [12]. Needle EMG was performed with a
concentric needle electrode (length = 50mm, diameter
= 0.46mm, Bionen Medical Devices, Florence, Italy).
Low and high-frequency filters for needle EMG were
10 Hz and 10 kHz, respectively. For the analysis of
spontaneous activity, sensitivity and sweep speed were
set to 100 uV/division and 10 ms/division, respec-
tively. The low and high filters for the analysis of the
MUAPs were 200-1000 uV/division and 10 ms/divi-
sion, respectively. In polio survivors with lower limb
weakness, needle EMG was applied to the muscles of
both lower extremities and the muscles of one upper
extremity. In addition, if upper extremity weakness
was present, needle EMG was applied to the muscles
of both upper extremities. Although the trapezius mus-
cle is innervated by both the 11th cranial nerve and the
cervical segments, needle EMG was applied to the
trapezius muscle to determine cranial nerve involve-
ment. Needle EMG was performed visually. Positive
sharp waves (PSWs) and fibrillation potentials (FP)
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and fasciculation potentials were carefully examined.
The severity of PSWs and FPs were evaluated as fol-
lows [13]: (0) Absence of PSWs and FPs, (1) Single
PSW or FP in at least two areas, (2) A moderate num-
ber of PSWs or FPs in three or four areas, (3) PSWs
or FPs in all areas and (4) PSWs or FPs filling the
screen in all areas. During mild muscle contraction, at
least 10 MUAPs were analyzed. If the amplitude of
the MUAPs were > 4 mV or the duration of the
MUAPs was > 15 ms, the MUAPs were considered
neurogenic. At least 10 MUAPs were attempted to be
analyzed from one muscle, but if the MUAPs were
few, these MUAPs were taken into account. Among
the MUAPs obtained from a muscle, those with the
highest amplitude and longest duration were analyzed.
In the case of neurogenic needle EMG findings in two
muscles innervated by different segments and different
nerves, this region was considered to be affected. 

Statistical Analysis 
      The Shapiro-Wilk test was used to determine the
distribution of the data. Comparisons were made using
the Friedman test and Wilcoxon signed-rank test for
dependent samples. Bonferroni correction was used as
post hoc analysis. Pearson’s Chi-squared test was used
to analyze categorical variables. Mean ± standard de-
viation (SD) and median of numeric data were calcu-
lated for descriptive statistics. Statistical Package for
the Social Sciences (SPSS IBM Corp; Armonk, NY,
USA) 22.0 was used to perform the statistical analysis. 

RESULTS

      Thirty-two patients with polio sequelae were eval-
uated. Two patients with diabetes mellitus and one
with a history of surgery due to lumbosacral radicu-
lopathy were excluded, so twenty-nine polio survivors
were included in the study. The clinical findings of
seven patients were compatible with post-polio syn-
drome. Clinical findings and nerve conduction studies
of two patients were consistent with carpal tunnel syn-
drome, and the needle EMG findings of the abductor
pollicis brevis muscles of these patients were ex-
cluded. Nineteen patients (66%) were male. The mean
age of the patients was 45.6 ± 7.5 (range 31-59) years.
The mean age of the patients with acute poliomyelitis
was 2.0 ± 1.2 (range 1-5) years. There was no patient
with nerve conduction finding consistent with
polyneuropathy. Fourteen patients had weakness in
only one lower extremity, while 12 patients had weak-
ness in both lower extremities. Ten of 12 patients with
bilateral lower limb weakness had an asymmetric
weakness. There were two patients with weakness in
one upper and bilateral lower extremities and one pa-
tient with weakness in the left upper and right lower
extremities. The compound muscle action potential
(CMAP) of 56 posterior tibial nerves and 54 peroneal
nerves were evaluated. The CMAP amplitude was re-
duced in 13 (23%) of 56 posterior tibial nerves and not
obtained in 14 (26%) of 54 peroneal nerves. Seventeen
(59%) of 29 patients had reduced CMAP amplitude or
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absent CMAP of the peroneal or posterior tibial nerve. 
Fifty-seven lower and 32 upper extremities were eval-
uated with needle EMG. Needle EMG could not be
applied to one lower limb of a patient due to edema.
Needle EMG findings of 352 muscles were analyzed.
There was no upper extremity meeting the criteria of
Group 1. Thirty-eight lower extremities were included
in Group 1, and the needle EMG findings in the mus-
cles of these extremities are shown in Table 1. In lower
extremities included in Group 1, MUAP was not ob-
tained in 13 (37%) of 35 tibialis anterior, 21 (57%) of
37 medial gastrocnemius, 3 (50%) of 6 peroneus
longus, 16 (50%) of 32 vastus lateralis and 11 (34%)
of 32 iliopsoas muscles. Table 2 shows the needle
EMG findings in the muscles of the Group 2extremi-
ties. The muscles with a higher rate of needle EMG

abnormalities in the upper and lower extremities in-
cluded in Group 2 were deltoid (60%) and vastus lat-
eralis (94%) muscles, respectively. The MUAP
duration of the deltoid muscle was significantly longer
than the MUAP duration of the first dorsal in-
terosseous (FDI) and biceps brachii muscles (p =
0.001 and p < 0.001). The MUAP duration of the vas-
tus lateralis muscle was longer than the MUAP dura-
tion of the tibialis anterior and medial gastrocnemius
muscles (p = 0.005 and p < 0.001). Table 3 shows the
needle EMG findings obtained from the analysis of
two muscles together. Needle EMG was performed on
the trapezius muscle in 27 of 29 patients. The needle
EMG of 4 (15%) of 27 patients revealed neurogenic
findings in the trapezius muscle. PSWs or FPs were
seen in 22 muscles of 8 patients (Two patients had
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post-polio syndrome). The severity score of PSWs and
FPs was at most grade two. PSWs or FPs were ob-
served in 10 medial gastrocnemius muscles of 7 pa-
tients (Two patients had post-polio syndrome).
Fasciculation potentials were present in two tibialis
anterior muscles of two patients. The findings of these
two patients were not compatible with post-polio syn-
drome.

DISCUSSION

      Late neuromuscular deterioration may occur later
in polio survivors. Although the reason for this is un-
known, excessive exercise or immune mechanisms, or
chronic poliovirus infection may cause late neuromus-
cular deterioration [1, 5, 6]. Moreover, the death of
motor neurons is thought to be faster than normal
aging [7, 8]. Physical therapy strategies to protect
motor neurons or axons may provide protection from
neuromuscular deterioration. Excessive effort and im-
mobility leading to weight gain can trigger neuromus-
cular deterioration [1, 5]. Patients should receive
sufficient but not excessive physical therapy. Physical
therapy strategies can be developed by considering the
affected regions. Needle EMG can help identify clin-
ically or subclinically involved regions [9]. It is not
practical to examine all the muscles of a polio survivor
with needle EMG as it is painful and time-consuming.
Our primary goal in this study was to identify the re-
gions involved in polio survivors by applying needle
EMG to as few muscles as possible. 
      MUAPs are difficult to obtain from the plegic limb
muscles. For this reason, we classified the extremities
according to MRC scores. Among the muscles of the

extremities with a mean MRC score of 2 or less,
MUAP was not obtained in mostly vastus lateralis,
medial gastrocnemius, and peroneus longus muscles.
Therefore, iliopsoas and tibialis anterior muscles can
be used primarily in detecting neurogenic MUAP. If
neurogenic MUAP is present in these two muscles, it
can be stated that the lumbosacral region is affected.
Otherwise, other muscles can be examined with needle
EMG. The low number of MUAPs obtained in some
muscles of severely affected extremities was one of
the limitations of this study, because the amplitude and
duration of the MUAPs were analyzed from these few
MUAPs. 
      In the Group 2 lower extremities, the muscle with
the highest rate of neurogenic MUAPs was vastus lat-
eralis followed by the iliopsoas and tibialis anterior
muscles. Therefore, it may be an option to start the
needle EMG study with the tibialis anterior muscle
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Fig. 1. Algorithm for muscle selection for needle EMG in the
unaffected or mildly to moderately affected lower extremities
of polio survivors. IP = iliopsoas, MG = medial gastrocne-
mius, PL = peroneus longus, TA = tibialis anterior, VL = vas-
tus lateralis.
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and to continue the test with the iliopsoas muscle if a
neurogenic abnormality is found in the tibialis anterior
muscle. However, neurogenic needle EMG abnormal-
ities were more common in the vastus lateralis muscle.
In the case of neurogenic MUAP in two different mus-
cles of an extremity innervated by different nerves and
segments, we mentioned that this region was affected
in the method section. Considering this principle, the
algorithm for muscle selection for needle EMG in the
clinically unaffected or mildly to moderately affected
lower extremity is shown in Fig. 1. A similar algorithm
for the muscles of the clinically unaffected or mildly
to moderately affected upper extremity is shown in
Fig. 2. Among the upper limb muscles, the highest rate
of neurogenic MUAPs was present in the deltoid mus-
cle followed by the triceps brachii and FDI muscles.
Since the C6 segment innervates both the deltoid and
triceps muscles, it is not practical to start needle EMG
with deltoid and triceps brachii muscles. We think it
would be appropriate to start needle EMG with deltoid
and FDI muscles. Since this study was carried out in
patients without peripheral nerve damage, it is useful
to consider this situation when using these algorithms. 
According to histopathological and clinical studies, in-
volvement patterns by regions and muscles have been
discussed in the literature [14, 15]. Similar to our
study, in the literature, the involvement of the lower
extremities was higher than the upper extremities [16].
It was reported that the upper lumbar spinal segments
were affected more than the sacral segments [14].
Similarly, in this study, the muscles with the most neu-
rogenic findings were the vastus lateralis, iliopsoas,
and tibialis anterior muscles, respectively. In addition,

the presence of abnormal posterior tibial or peroneal
nerve CMAP in 59% of patients and approximately
25% of the extremities where the nerve conduction
study was performed may also support that the upper
lumbar spinal segments were affected more than sacral
segments. While Sharrard reported the most affected
muscles in the upper extremity to be deltoid, triceps
brachii, and pectoralis major muscles [14], another
study stated that deltoid, triceps brachii, and biceps
brachii muscles were mostly affected in the upper ex-
tremity [15]. Similarly, in our study, the most affected
muscle in the upper extremity was the deltoid muscle.
More neurogenic abnormalities in the deltoid muscle
may indicate that the upper cervical segment is more
affected than the lower cervical segment [14]. Con-
trary to this finding, the involvement of the biceps
brachii muscle was less. This may be due to the shoul-
der muscles being prone to damage for carrying the
hanging limb [15]. Another reason may be that the
length of the spinal nuclear column for each muscle is
different [14, 15]. The muscle supplied by the short
spinal nuclear column was more affected in po-
liomyelitis [14]. None of the patients had clinical in-
volvement of cranial nerves. However, four patients
had neurogenic needle EMG findings in the trapezius
muscle. This finding was important since it showed
that the bulbar region was affected slightly. Similar to
the literature, in our study, 28% of patients and 6% of
the muscles examined showed signs of active dener-
vation [17]. Active denervation findings were mostly
observed in the medial gastrocnemius muscle. We
could not explain why this muscle was more involved,
and this finding needs to be confirmed by further stud-
ies. This finding may be explained by the fact that the
most common radiculopathies are L5 and S1 radicu-
lopathies [5, 18]. 

Limitations 
      As we mentioned, the evaluation of a small num-
ber of MUAPs in some muscles of the severely af-
fected extremities was one of the limitations of the
study. The absence of needle EMG findings of mus-
cles such as abductor digiti quinti, pronator teres, ad-
ductor magnus, or sternocleidomastoid was another
limitation. In addition, the number of peroneus longus
and abductor pollicis brevis muscles examined by nee-
dle EMG was low. We think that this algorithm can be
improved with further studies in which more muscles
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Fig. 2. Algorithm for muscle selection for needle EMG in the
unaffected or mildly to moderately affected upper extremities
of polio survivors. APB = abductor pollicis brevis, BB = bi-
ceps brachii, EIP = extensor indicis proprius, FDI = first dor-
sal interosseous, TB = triceps brachii.
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are analyzed with needle EMG in polio survivors. Fi-
nally, since the trapezius muscle is innervated by both
the 11th cranial nerve and the cervical segments, nee-
dle EMG abnormalities in the trapezius muscle may
not indicate bulbar involvement. A study of po-
liomyelitis involving muscles that clearly indicate bul-
bar involvement, such as the tongue muscle, may be
interesting.

CONCLUSION

      We presented an algorithm for the muscle selec-
tion for needle EMG in polio survivors. Thus, clini-
cally or subclinically affected regions and muscles can
be determined practically. 
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