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Abstract
Background: Electrodiagnostic study is sometimes required for patients with stroke, which can develop various abnormalities.
Objectives: As there are little studies in this field, we designed a study to assess electro-diagnostic findings in cases with different
post-stroke durations.
Methods: This cross-sectional study was conducted on 30 cases at Imam Hospital between March 2016 and March 2018. We conducted electrodiagnostic tests such as SNAPs and CMAPs of all four limbs and electromyography of at least three muscles per limb.
The electrodiagnostic findings are reported for all cases and non-diabetic cases only.
Results: Among the patients, 28 (93.3%) were male and two (6.7%) were female. The mean age was 58 ± 8.3 years, and the mean
duration of acute cerebrovascular (CVA) event was 5.9 ± 4.1 months. Ten patients (33.3%) had diabetes. Moreover, 42% of the patients
suffered peripheral polyneuropathy with different severities. Entrapment neuropathy was seen in the median nerve in 47% and in
the ulnar nerve in 3% of the patients at the wrist. Seven cases with diabetes had carpal tunnel syndrome (CTS) (70%) and the only
patient with ulnar neuropathy had diabetes, too. In needle electromyography at rest, spontaneous activity was not detected in the
examined muscles of the cases. Inactivity, upper motor neuron pattern was the prominent finding.
Conclusions: Electrodiagnostic evaluation should be considered for patients with stroke to distinguish upper and lower motor
neuron patterns or peripheral neuropathy.
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1. Background
Stroke, a cerebrovascular (CVA) disease, has an increasing incidence and mortality rate worldwide (1). Near 85%
of CVA-related deaths occur in low or middle-income countries (2). Hypertension, diabetes, older age, smoking, obesity, lack of exercise, alcohol, atrial fibrillation, and contraceptive pill usage are among the possible risk factors of
stroke (3). Cerebral damage in patients who had a stroke
can cause motor dysfunction and abnormal muscle activation (4). The combination of brain and spinal circuitry is
crucial for muscle synergies to show wide ranges of movement patterns. Neural pathway disorders, corticospinal
drive reduction, and disuse atrophy may be found after
stroke in affected people (5-7). Patients with stroke may
also develop peripheral nerve injuries; however, some of
them are at higher risk of peripheral nerve injuries due to
underlying diseases such as diabetes (8).
Conditions such as malpositioning, traction, and using an assistive device or sustained pressure will make
stroke patients prone to compression neuropathy or neuronal plexuses insult (9). There are controversies regard-

ing electromyographic examination results post-stroke
that are more prominently present in upper limbs than in
lower limbs.
2. Objectives
As there are limited studies evaluating electrodiagnostic test results in people after stroke, we designed this
study to assess electrodiagnostic findings in cases with different post-stroke durations.
3. Methods
This cross-sectional study was conducted at Imam Hospital between March 2016 and March 2018. The inclusion
criterion was age between 18 and 75 years. All participants
were asked to sign informed consent forms before enrollment.
The gathered data included age, sex, the time since
stroke, medical history (diabetes, hypertension, and thyroid disorders), and drug history. Moreover, we recorded

Copyright © 2019, Archives of Neuroscience. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0
International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the
original work is properly cited.

Uncorrected Proof

Emami Razavi SZ and Azadvari M

deep tendon reflex of all four limbs and the results of manual muscle testing examination. Electro-diagnostic tests
were conducted by a single expert with more than five-year
experience. A two-channel EMG device (Nihon-Kohden,
Japan) was used and limb’s temperature was kept at > 32°C.
Nerve conduction studies (NCS) of the median, ulnar, sural, tibial, and deep peroneal nerves were carried
out by means of surface bar electrodes. The electrodes
were placed at a distance of 4 cm of each nerve using
supra-maximal electrical stimulation. Compound motor
action potentials (CMAPs) of the median, ulnar, radial, tibial, sural, and deep peroneal nerves were recorded when
the machine was set at the sensitivity of 2 mv/div, lowfrequency filter of 8 Hz, high-frequency filter of 8 kHz, and
sweep speed of 5 ms/division. Sensory nerve action potentials (SNAP) of the median, ulnar, radial, tibial, sural, and
deep peroneal nerves were recorded by proximal stimulation and distal recording (antidromic method) when the
machine was set the at the sensitivity of 10 µv/div, lowfrequency filter of 20 Hz, high-frequency filter of 2 kHz, and
sweep speed of 1 ms/division. The onset latency of CMAP
and the peak latency of SNAP were recorded at the midpoint of the first negative peak.
All cases underwent both right and left muscle evaluations by electromyogram (tibialis anterior, peroneus
longus, gastrocnemius, quadriceps, deltoid, biceps, flexor
carpi radialis, extensor digitorum, 1st dorsal interosseous).
A 26-G Ambu Neuroline Concentric needle was used with a
ground electrode.
Data analysis was conducted by SPSS version 23 software (IBM, Chicago, IL, USA). The data were presented as
mean ± SD for continuous variables and frequencies for
categorical variables. The chi-square test and Fisher’s exact
test were used for the comparison of categorical variables.
The independent samples t-test was used to compare continuous variables. A P value of less than 0.05 was considered significant.

4. Results
We enrolled 30 patients in this study, including 28
(93.3%) men and two (6.7%) women. The mean age was 58
± 8.3 years and the mean duration since CVA was 5.9 ±
4.1 months. Half of the patients had right and half had
left hemiplegia. Ten patients (33.3%) had diabetes with the
mean duration of 12.5 ± 5.3 years. Moreover, 42% of the patients suffered peripheral polyneuropathy with different
severities (Table 1).
Entrapment neuropathy was seen in 47% of the cases
in the median nerve and 3% in the ulnar nerve at the
wrist. Seven cases with diabetes had CTS (70%) and the
2

Table 1. The Frequency of Electro-Diagnostic Findings
Findings

Percentage

Upper motor neuron pattern
Mild

63

Moderate

30

Severe

3

Peripheral polyneuropathy
Mild

16

Moderate

10

Severe

16

Upper limb root lesion
Mild

10

Moderate

3

Severe

0

Lower limb root lesion
Mild

13

Moderate

16

Severe

6

CTS
Mild

11

Moderate

33

Severe

3

Ulnar neuropathy (at the elbow)

3

Myopathy

3

only patient with ulnar neuropathy had diabetes, too. Nondiabetic patients had no ulnar neuropathy (Table 2).
In needle electromyography at rest, spontaneous activity was not detected in the examined muscles of the cases.
In activity except neurogenicity due to radiculopathy or
entrapment neuropathy, we found upper motor neuron
pattern (decreased recruitment) in almost all cases with
normal morphology of MUAP. The duration of CVA was not
significantly related to the severity of neuropathies (Table
3).

5. Discussion
To our knowledge, this is the first study evaluating electromyography findings in patients with stroke in Iran. It
is important to evaluate the signs of the central nervous
system during needle EMG (10). Denervation activity starts
two-three weeks after stroke mostly in the muscles of arms
(distal part) and hands (11). However, this important role
of needle EMG has not been emphasized in the literature
(12). The results showed that half of the enrolled cases had
Arch Neurosci. In Press(In Press):e83417.
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Table 2. The Frequency of Electro-Diagnostic Findings in Non-Diabetic Cases
Findings

Table 3. Comparison of CVA Duration According to the Severity of Neuropathies

Percentage

Upper motor neuron pattern

Duration (Months)

635

Moderate

30

Severe

5

Mild

8.7 ± 8.9

Moderate

8.6 ± 5.9

Mild

15

Moderate

Severe

15

Severe

Upper limb root lesion

0.7

Left upper motor neurons
Mild

Peripheral polyneuropathy

Mild

0.9

Right upper motor neurons

Mild

34.7 ± 54.8
5 ± 1.4
8
0.2

Polyneuropathy
10

Lower limb root lesion
Mild

10

Moderate

20

Severe

20

CTS
Mild

25

Moderate

85

Severe

60

P Value

Mild

16.3 ± 6.6

Moderate

50 ± 71.2

Severe

4.6 ± 2.7

Cervical radiculopathy
Mild

36

Moderate

5

-

Severe
0.2

Left upper root
Mild
Moderate

30 ± 8.4
5

Severe

peripheral neuropathy and the upper motor neuron pattern was the most common finding in the enrolled cases.
The results also showed that most cases with CTS suffered
a moderate form of neuropathy. In addition, our results
indicated that the mean duration of CVA was independent
of neuropathy severity. A previous study conducted by Dozono 28 evaluated patients with a history of CVA. Their results showed that 12 (43%) had peripheral neuropathy (13).
Using ambulatory devices, such as canes and crutches,
may prone patients to develop neuropathies after CVA (9).
If these devices are not used correctly, a wide range of neuropathies could occur such as ulnar nerve paralysis and
carpal tunnel syndrome (14, 15). In this study, we found
that one patient had ulnar neuropathy and 14 (47%) had
CTS. Hemiparetic patients who use wheelchairs or canes
will suffer the overuse syndrome due to repetition, high
force, difficult, and long constrained posture (16). On the
other hand, gripping the cane or crutch will bring extra
force on the wrist and hand, leading to ulnar neuropathy
or CTS (13).
Our results also showed that 70% of diabetic cases had
CTS and the only patient with ulnar neuropathy was diabetic, as well. Diabetes is a devastating disease that affects
the peripheral nervous system (17, 18). It is reported that
diabetes may increase the risk of CTS up to 40% (19).
Patients with stroke may show a wide range of electrodiagnostic abnormalities. They also are prone to develop
Arch Neurosci. In Press(In Press):e83417.

0.6

Lumbosacral radiculopathy
Mild
Moderate
Severe

62.6 ± 81.2
4
6 ± 1.4
0.5

Left lower root
Mild

90 ± 92.3

Moderate

10.5 ± 9.1

Severe

5
0.8

Right CTS
Mild

22.3 ± 14.5

Moderate

28.7 ± 56.2

Severe

4.5 ± 0.7
0.5

Left CTS
Mild
Moderate

9.7 ± 9.6
28.8 ± 56.2

Severe
Ulnar neuropathy (one case)

36

peripheral nerve injuries (8). The electro-diagnostic abnormalities may also occur due to underlying diseases such
as diabetes. In stroke patients, needle electromyographic
examinations may show normal findings or abnormalities
3
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(e.g. positive sharp waves or fibrillation potentials that are
more common in upper limbs than in lower limbs) (10). In
this study, none of the patients showed abnormal needle
findings. The reduced number of MUAPs may be found in
stroke cases, as found in our study (20).
5.1. Conclusions
The electro-diagnostic evaluation should be considered in patients with stroke to distinguish upper and lower
motor neuron patterns or peripheral neuropathy.
Footnotes
Authors’ Contribution: Study concept and design, acquisition of data, analysis and interpretation of data, drafting of the manuscript, critical revision of the manuscript
for important intellectual content, statistical analysis, administrative, technical, and material support, study supervision: Seyede Zahra Emami Razavi and Mohaddeseh Azadvari.
Conflict of Interests: No conflict of interest are reported
by the authors.
Ethical Considerations: It is not declared by the authors.
Funding/Support: It is not declared by the authors.

References
1. Corsalini M, Rapone B, Grassi FR, Di Venere D. A study on oral rehabilitation in stroke patients: Analysis of a group of 33 patients.
Gerodontology. 2010;27(3):178–82. doi: 10.1111/j.1741-2358.2009.00322.x.
[PubMed: 20735492].
2. Lopez AD, Mathers CD, Ezzati M, Jamison DT, Murray CJ. Global and
regional burden of disease and risk factors, 2001: Systematic analysis of population health data. Lancet. 2006;367(9524):1747–57. doi:
10.1016/S0140-6736(06)68770-9. [PubMed: 16731270].
3. Daneshfard B, Izadi S, Shariat A, Toudaji MA, Beyzavi Z, Niknam L. Epidemiology of stroke in Shiraz, Iran. Iran J Neurol. 2015;14(3):158–63.
[PubMed: 26622981]. [PubMed Central: PMC4662689].
4. Jian C, Wei M, Luo J, Lin J, Zeng W, Huang W, et al. Multiparameter electromyography analysis of the masticatory muscle activities
in patients with brainstem stroke at different head positions. Front
Neurol. 2017;8:221. doi: 10.3389/fneur.2017.00221. [PubMed: 28611725].
[PubMed Central: PMC5447052].
5. Safavynia SA, Torres-Oviedo G, Ting LH. Muscle synergies: Implications for clinical evaluation and rehabilitation of movement. Top
Spinal Cord Inj Rehabil. 2011;17(1):16–24. doi: 10.1310/sci1701-16. [PubMed:
21796239]. [PubMed Central: PMC3143193].

4

6. Werring DJ, Toosy AT, Clark CA, Parker GJ, Barker GJ, Miller DH, et al. Diffusion tensor imaging can detect and quantify corticospinal tract degeneration after stroke. J Neurol Neurosurg Psychiatry. 2000;69(2):269–
72. [PubMed: 10896709]. [PubMed Central: PMC1737065].
7. Ramsay JW, Barrance PJ, Buchanan TS, Higginson JS. Paretic muscle atrophy and non-contractile tissue content in individual muscles of the post-stroke lower extremity. J Biomech. 2011;44(16):2741–
6. doi: 10.1016/j.jbiomech.2011.09.001. [PubMed: 21945568]. [PubMed
Central: PMC3208767].
8. Moskowitz E, Porter JI. Peripheral nerve lesions in the upper extremity in hemiplegic patients. N Engl J Med. 1963;269:776–8. doi:
10.1056/NEJM196310102691503. [PubMed: 14053564].
9. Laufer Y. The effect of walking aids on balance and weight-bearing
patterns of patients with hemiparesis in various stance positions.
Phys Ther. 2003;83(2):112–22. [PubMed: 12564947].
10. Alpert S, Jarrett S, Lerner IM, Rosenthal AM. Electromyographic findings in early hemiplegia. Arch Phys Med Rehabil. 1973;54(10):464–5.
[PubMed: 4743415].
11. Benecke R, Berthold A, Conrad B. Denervation activity in the EMG
of patients with upper motor neuron lesions: Time course, local
distribution and pathogenetic aspects. J Neurol. 1983;230(3):143–51.
[PubMed: 6197509].
12. Goodman BP, Smith BE, Ross MA. Electromyographic findings in central nervous system disorders: Case series and literature review. J Clin
Neurophysiol. 2008;25(4):222–4. doi: 10.1097/WNP.0b013e31817f367d.
[PubMed: 18677187].
13. Dozono K, Hachisuka A, Wada F, Hachisuka K. Peripheral neuropathies in nonparetic upper extremities of stroke patients induced by excessive use of a walking device. J Stroke Cerebrovasc
Dis. 2015;24(8):1841–7. doi: 10.1016/j.jstrokecerebrovasdis.2015.04.022.
[PubMed: 25997977].
14. Sato Y, Kaji M, Tsuru T, Oizumi K. Carpal tunnel syndrome involving unaffected limbs of stroke patients. Stroke. 1999;30(2):414–8.
[PubMed: 9933281].
15. Kellner WS, Felsenthal G, Anderson JM, Hilton EB, Mondell DL. Carpal
tunnel syndrome in the nonparetic hands of hemiplegics. Stressinduced by ambulatory assistive devices. Orthop Rev. 1986;15(9):608–
11. [PubMed: 3453491].
16. Verdon ME. Overuse syndromes of the hand and wrist. Prim Care.
1996;23(2):305–19. [PubMed: 8784932].
17. Tesfaye S, Selvarajah D. Advances in the epidemiology, pathogenesis and management of diabetic peripheral neuropathy. Diabetes
Metab Res Rev. 2012;28 Suppl 1:8–14. doi: 10.1002/dmrr.2239. [PubMed:
22271716].
18. Callaghan BC, Cheng HT, Stables CL, Smith AL, Feldman EL. Diabetic neuropathy: Clinical manifestations and current treatments.
Lancet Neurol. 2012;11(6):521–34. doi: 10.1016/S1474-4422(12)70065-0.
[PubMed: 22608666]. [PubMed Central: PMC4254767].
19. Solomon DH, Katz JN, Bohn R, Mogun H, Avorn J. Nonoccupational risk factors for carpal tunnel syndrome. J Gen Intern Med.
1999;14(5):310–4. [PubMed: 10337041]. [PubMed Central: PMC1496575].
20. Li X, Wang YC, Suresh NL, Rymer WZ, Zhou P. Motor unit number reductions in paretic muscles of stroke survivors. IEEE Trans Inf Technol Biomed. 2011;15(4):505–12. doi: 10.1109/TITB.2011.2140379. [PubMed:
21478079].

Arch Neurosci. In Press(In Press):e83417.

