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Objective  To investigate whether motor evoked potential (MEP) amplitude ratio measurements are sufficiently 
objective to assess functional activities of the extremities. We also delineated the distribution between the pre-
sence or absence of MEPs and the Medical Research Council (MRC) scale for muscle strength of the extremities.
Methods  We enrolled 183 patients with first-ever unilateral hemiplegia after stroke. The MEP parameters were 
amplitude ratio (amplitude of affected side/amplitude of unaffected side) recorded at the first dorsal interosseous 
(FDI) and tibialis anterior (TA) muscles. We performed frequency analyses using the MRC scale for muscle 
strength and the presence or absence of evoked MEPs. Change on the MRC scale, hand function tests (HFTs), and 
the Modified Barthel Index (MBI) subscore were compared between the evoked MEP and absent MEP groups 
using the independent t-test. Receiver operating characteristic curves were used to determine the optimal cutoff 
scores for the MEP amplitude ratio using the HFT results and MBI subscores. Correlations between the MEP 
amplitude ratio and the MRC scale, HFTs, and MBI subscore were analyzed. 
Results  About 10% of patients with MRC scale grades 0–2 showed evoked MEPs at the FDI muscle, and 4% of 
patients with MRC scale grades 3–5 did not show MEPs. About 18% of patients with MRC scale grades 0–2 showed 
evoked MEPs at the TA muscle, and 4% of patients with MRC scale grades 3–5 did not show MEPs. MEP amplitude 
increased with increasing MRC scale grade. The evoked MEP group had more significant changes on the MRC 
scale, HFT, and the climbing stair score on the MBI than those in the group without MEPs. Larger MEP amplitude 
ratios were observed in patients who had more difficulty with the HFTs and ambulation. The MEP amplitude ratio 
was significantly correlated with the MRC scale, HFT, and MBI subscore.
Conclusion  We conclude that the MEP amplitude ratio may be useful to predict functional status of the extremities 
in patients who suffered stroke.
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INTRODUCTION

Motor impairment affects about two-thirds of patients 
after stroke [1-3]. Various clinical standards and tests 
are used to objectively assess these dysfunctions, which 
is the main target of rehabilitative therapy after stroke. 
Among others, an assessment of motor evoked potentials 
(MEPs) using transcranial magnetic stimulation (TMS) is 
widely used as a quantitative test to objectively evaluate 
the corticospinal pathway. MEPs can be used to follow-
up motor function and as a clinical predictor of func-
tional recovery by evaluating the early state of the corti-
cospinal pathway because it is a safe and easy method to 
perform with acute-phase patients [4-6]. By predicting 
the prognosis through MEPs, rehabilitation strategies can 
be individualized for each patient [7,8].

Many studies have reported that MEP parameters (pres-
ence or absence of MEPs, MEP amplitude, onset latency, 
motor threshold, and central motor conduction time) 
indicate the functional recovery prognosis of the upper 
and lower limbs [8-12], and that the prognosis is good 
with positive MEP responses and poor with negative MEP 
responses [12-17]. Previous MEP studies have focused 
on predicting the prognosis of positive or negative MEPs 
responses in patients with stroke, and only a limited 
number of studies have investigated the correlation be-
tween MEP amplitude and motor function. Furthermore, 
current disability assessments of patients with stroke in 
Korea rely mostly on subjective measures, such as the 
manual muscle test (MMT) and the Korea version of the 
Modified Barthel Index (K-BMI), and only a few objective 
indices reflect motor function.

We performed a MEP study in patients with stroke and 
obtained the MEP amplitude ratio in patients with posi-
tive MEP responses during stimulation of the affected 
side to examine whether the MEP amplitude ratio could 
be used as an objective motor function index of the up-
per and lower extremities. We also investigated the ac-
tual distribution of muscle power on the affected side in 
patients with positive and negative MEP responses. The 
aim of this study was to determine whether MEPs could 
be used to predict positive or negative MEPs responses 
but also to investigate whether MEPs could be used as a 
quantitative measure of the degree of motor function in 
patients with stroke.

MATERIALS AND METHODS

Subjects 
This was a retrospective study using medical records 

of patients who were diagnosed with stroke and hospi-
talized in the department of rehabilitation medicine of 
our hospital between June 2011 and May 2014. MEPs 
induced by TMS, a neurological examination, the MMT, 
hand function tests (HFTs), and K-BMI data were ana-
lyzed from the inpatient medical records. A total of 183 
patients with hemiplegia, who met the inclusion criteria, 
including first-attack stroke (infarction or intracranial 
hemorrhage) at the acute and subacute phase with clear 
consciousness were selected. Exclusion criteria were 
recurrent stroke, double hemiplegia from lesions in bi-
lateral hemispheres, subarachnoid hemorrhage, brain 
tumor, Moyamoya disease, ischemic brain injury, hydro-
cephalus, and missing medical records.

Methods
The MagPro X100 instrument (Medtronic Inc., Copen-

hagen, Denmark) with 70-mm, figure 8-shaped coils 
was used to stimulate the cortex. The electrodes were at-
tached to bilateral first dorsal interosseous (FDI) and tibi-
alis anterior (TA) muscles to stimulate the primary motor 
cortex. The stimulation point was set to see the lowest 
resting motor threshold (RMT), which was defined to 
produce >50 mV in at least five of 10 trials, and amplitude 
was measured from MEPs elicited by stimulating the pri-
mary motor cortex at 120% intensity of the RMT. The af-
fected and unaffected hemispheres were stimulated four 
times each, and peak-to-peak amplitudes were selected 
to estimate the amplitude ratio (amplitude of the affected 
side/amplitude of the unaffected side).

HFTs included grip strength, the nine-hole peg test 
(NHPT), and the Box and Block test. The JAMAR hand 
dynamometer (JAMAR, Chicago, IL, USA) was used to 
measure maximum grip power. The Box and Block test 
assesses gross manual dexterity by counting the number 
of blocks moved from one box to another for 1 minute. 
The NHPT assesses fine manual dexterity by measuring 
the time it takes to place nine pegs one by one into nine 
holes and then remove them one by one.

Activities of daily living were assessed using the K-BMI, 
which is the sum of all scores for 10 items, including per-
sonal hygiene, bathing, feeding, toileting, stair climbing, 
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dressing, bowel control, bladder control, ambulation or 
wheelchair, and chair-bed transfer.

The MMT assesses grades of finger flexion and exten-
sion, and ankle dorsiflexion strength was evaluated with 
the Medical Research Council (MRC) scale, which ranges 
from 0 to 5.

Statistical methods
SPSS ver. 18.0 for Windows (SPSS Inc., Chicago, IL, 

USA) was used for statistical analyses. The positive and 
negative MEP responses on the MRC scale and the dis-
tribution of the MEP amplitude ratios were analyzed us-
ing cross-tabulation. The independent t-test was used to 
determine significant differences in the functional test 
scores measured at the times of hospitalization and dis-
charge between patients with positive and negative MEP 
responses. Receiver operating characteristics curves were 
used to determine the cutoff values, and the area under 
the curve (AUC) was used to obtain the minimum MEP 
amplitude ratio for patients who performed the HFTs and 
were capable of ambulation and stair climbing. Spear-
man correlation test was used to assess the associations 
between the MEP amplitude ratio, MRC scale, the HFTs, 
and the K-MBI. The p-values less than 0.05 were consid-
ered significant. 

RESULTS

Demographic data 
The medical records of 183 patients with stroke, acute/

subacute hemiplegia, and clear consciousness were ana-
lyzed. Among the enrolled patients, 138 suffered an in-
farction (mean age, 64.1±13.9 years), 45 had an intracra-
nial hemorrhage (mean age, 53.7±13.4 years), 113 were 

male (mean age, 58.6±14.0 years), and 70 were female 
(mean age, 65.9±14.2 years). Left hemiplegia was ob-
served in 105 patients (57.4%) and right hemiplegia in 78 
patients (42.6%) (Table 1). A mean of 16.8±14.9 days was 
needed for patients to be transferred to the department 
of rehabilitation after stroke onset, 19.3±22.3 days for the 
MEP study, and 21.4±18.1 days for the HFTs (Table 2).

Positive or negative MEP responses and the distribution 
of MEP amplitude ratios using the MRC scale

MEP responses at the FDI were positive in 100% of pa-
tients with MRC grade 5 and negative in 100% with MRC 
grade 0. MEPs responses were positive in 95.2% and 

Table 1. Baseline characteristics of the subjects (n=183)

No. (%) Age (yr)
Sex 62.4±14.2

   Male 113 (61.7) 58.6±14.0

   Female 70 (38.3) 65.9±14.2

Diagnosis

   Infarction 138 (75.4) 64.1±13.9

   ICH 45 (24.6) 53.7±13.4

Hemiplegic site

   Right 78 (42.6) 59.6±14.8

   Left 105 (57.4) 63.0±14.1

Table 2. MEPs (–) and MEPs (+) patients and the MRC 
scale

MRC scale MEPs (–) MEPs (+)
FDI

   0 40 (100) 0 (0)

   1 29 (85.3) 5 (14.7)

   2 5 (62.5) 3 (37.5)

   3 2 (3.7) 52 (96.3)

   4 2 (4.8) 40 (95.2)

   5 0 (0) 5 (100)

   0–2 74 (90.2) 8 (9.8)

   3–5 4 (4.0) 97 (96.0)

TA

   0 27 (96.4) 1 (3.6)

   1 36 (85.7) 6 (14.3)

   2 7 (46.7) 8 (53.3)

   3 3 (8.3) 33 (91.7)

   4 1 (1.8) 54 (98.2)

   5 0 (0) 7 (100)

   0–2 70 (82.4) 15 (17.6)

   3–5 4 (4.1) 94 (95.9)

Days from onset to transfer - 16.8±14.9

Days from onset to MEPs - 19.3±22.3

Days from onset to HFT - 21.4±18.1

Days from MEP to HFT - 2.8±21.1

Values are presented as number (%) or mean±standard 
deviation.
MRC scale, Medical Research Council scale for muscle 
strength; MEPs (–), no motor evoked potentials; MEPs 
(+), motor evoked potentials; FDI, first dorsal interos-
seous muscle; TA, tibialis anterior muscle; HFT, hand 
function test.
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negative in 4.8% with grade 4, positive in 97.4% and nega-
tive in 3.7% with grade 3, positive in 66.7% and negative 
in 33.3% with grade 2, and positive in 23.1% and nega-
tive in 76.9% with grade 1. MEP responses were positive 
in 96.0% and negative in 4.0% with MRC grades 3–5 and 
positive in 9.8% and negative in 90.2% with MRC grades 
0–2. MEPs responses at the TA were positive in 100% with 
MRC grade 5, positive in 98.2% and negative in 1.8% with 
grade 4, positive in 91.7% and negative in 8.3% with grade 
3, positive in 53.3% and negative in 46.7% with grade 2, 
positive in 14.3% and negative in 85.7% with grade 1, 
and positive in 3.6% and negative in 96.4% with grade 0. 
The MEP responses were positive in 95.9% and negative 
in 4.1% with MRC grades 3–5 and positive in 17.6% and 
negative in 82.4% with MRC grades 0–2 (Table 2).

The mean MEP amplitude ratio was investigated us-
ing the MRC scale in patients with positive MEP re-
sponses. The mean MEP amplitude ratio for the FDI was 
20.9%±21.5% in patients with grade 1 (n=5), 26.9%±18.8% 
in those with grade 2 (n=3), 32.5%±24.5% in those with 
grade 3 (n=52), 63.8%±35.1% in those with grade 4 (n=40), 
and 77.2%±38.1% in those with grade 5 (n=5). The mean 
MEP amplitude ratios for the TA were 34.0% (n=1), 
29.4%±38.9% (n=8), 42.0%±22.2% (n=33), 65.9%±35.1% 
(n=55), and 94.3%±15.3% (n=6) (Fig. 1).

Differences in the MRC scale, the HFTs, and the K-MBI 
bet ween the positive and negative MEP response groups 

Changes in the MRC scale, the HFT, and K-MBI scores 
determined at referral and discharge were compared be-

tween the MEP-positive and MEP-negative groups. The 
MRC scale increased by 0.66±0.74 points for finger flex-
ion, by 0.63±0.75 points for extension, and by 0.55±0.69 
points for ankle dorsiflexion in the MEP-positive group, 
compared with 0.28±0.66, 0.26±0.65, and 0.31±0.72 
points, respectively, in the MEP-negative group. All com-
parisons were significantly different between the two 

Table 3. Differences in the MRC scale and functional 
scores between admission and discharge in the MEPs (–) 
and MEPs (+) patients

MEPs (-) MEPs (+) p-value
ΔFinger flexion  
   (MRC scale)

0.28±0.66 0.66±0.74 0.001

ΔFinger extension  
   (MRC scale)

0.26±0.65 0.63±0.75 0.001

ΔGrip power (kg) 0.74±2.49 3.01±8.10 0.018

ΔBox and block test
   (Number)

1.76±6.01 8.28±15.96 0.001

ΔAnkle dorsiflexion
   (MRC scale)

0.31±0.72 0.55±0.69 0.024

ΔWalking
   (MBI subscore)

4.00±3.57 3.44±3.55 0.255

ΔStair
   (MBI subscore)

1.81±2.64 2.86±2.68 0.015

Values are presented as mean±standard deviation.
MRC scale, Medical Research Council scale for muscle 
strength; Δ, difference in the score between admission 
and discharge; MEPs (–), no motor evoked potentials; 
MEPs (+), motor evoked potentials.
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Fig. 1. Amplitude ratio distribution using the Medical Research Council (MRC) scale for muscle strength for the first 
dorsal interosseous (FDI, A) and tibialis anterior (TA, B) muscles. 
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groups. Grip power increased by 3.01±0.81 kg and the 
Box and Block test score increased by 8.28±15.96 in the 
MEP-positive group, compared with 0.74±2.49 kg and 
1.76±6.01, respectively, in the MEP-negative group. All 
comparisons were significantly different between the two 
groups. When patients in the MEP-positive group with a 
<10% MEP amplitude ratio were compared with patients 
in the MEP-negative group, the MEP-positive group 
showed more significant improvements on the HFTs 
than those in the MEP-negative group. Ambulation based 
on the K-MBI score improved by 3.44±3.55 points and 
stair climbing improved by 2.86±2.68 points in the MEP-
positive group, compared with 4.00±3.57 and 1.81±2.64, 
respectively, in the MEP-negative group. Stair climbing, 
but not ambulation, was significantly different between 
the two groups (Table 3).

Cutoff values for the MEP amplitude ratio on the HFTs 
and ambulation in the K-MBI 

The MEP amplitude ratio of the FDI during the HFTs 
was 9.3% (sensitivity, 80.6%; specificity, 83.5%; AUC, 
0.873) among patients whose grip strength was measur-
able, 10.4% (sensitivity, 80.9%; specificity, 84.3%; AUC, 
0.891) among patients who could perform the Box and 
Block test, and 13.3% (sensitivity, 80.3%; specificity, 
75%; AUC, 0.819) among patients who could perform the 
NHPT (Table 4, Fig. 2).

The MEP amplitude ratio of the TA for the K-MBI was 
5.4% (sensitivity, 80.2%; specificity, 80.6%; AUC, 0.812) 
among patients with ambulation grade 3 or higher (score 

8, assistance required with reaching aids), and 15.3% 
(sensitivity, 80.0%; specificity, 73.1%; AUC, 0.809) among 
patients with ambulation grade 4 or higher (score 12, in-
dependent ambulation but unable to walk 50 m without 
help, or supervision needed for confidence or safety in 
hazardous situation). The ratio was 15.6% (sensitivity, 
80.7%; specificity, 71.0%; AUC, 0.798) among patients 
with stair climbing grade 3 or higher (score 5, able to 
ascend/descend but unable to carry walking aids and 
needs supervision and assistance), and 18.2% (sensitiv-
ity, 81.0%; specificity, 62.4%; AUC, 0.767) among patients 
with stair climbing grade 4 or higher (score 8, no as-
sistance required, but supervision may be required for 
safety due to morning stiffness, shortness of breath, etc.) 
(Table 4, Fig. 2).

Correlations between the MEP amplitude ratio and the 
MRC scale, HFTs, and K-MBI

The MEP amplitude ratio of the FDI was significantly 
correlated with the MRC grades for finger flexion and 
extension, the HFTs, and the total K-MBI score. The MEP 
amplitude ratio of the TA was also significantly correlated 
with MRC grade for ankle dorsiflexion, stair climbing, 
ambulation, and chair/bed transfers on the K-MBI, and 
the total K-MBI score (Table 5). 

DISCUSSION

We found that grip power was measurable when the 
MEP amplitude ratio of the FDI was at least 9.3%. The 

Table 4. Optimal cutoff scores for the MEP amplitude ratio when the hand function tests and MBI subscore could be 
determined

MEPs Amp. ratio Cutoff (%) Sensitivity (%) Specificity (%) AUC
Grip FDI 9.3 80.6 83.5 0.873

B&B test FDI 10.4 80.9 84.3 0.891

NHPG FDI 13.3 80.3 75.0 0.819

Ambulation(3) TA 5.4 80.2 80.6 0.812

Ambulation(4) TA 15.3 80.0 73.1 0.809

Stair(3) TA 15.6 80.7 71.0 0.798

Stair(4) TA 18.2 81.0 62.4 0.767

MEPs, motor evoked potentials; MBI, Modified Barthel Index; Amp. ratio, amplitude of affected side/amplitude of 
unaffected side; AUC, area under the curve; B&B test, Box and Block test; NHPG, nine-hole peg test; Ambulation(3), 
>grade 3 ambulation on the MBI; Ambulation(4), >grade 4 ambulation on the MBI; Stair(3), >grade 3 stair climbing 
on the MBI; Stair(4), >grade 4 stair climbing on the MBI; FDI, first dorsal interosseous muscle; TA, tibialis anterior 
muscle.
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Box and Block Test and the NHPT could be performed 
when the ratio of each of them were at least 10.4% and 
13.3%. K-BMI ambulation grade 3 (assistance required 
with reaching aids) was available at ≥5.4%. The MEP am-
plitude ratio of the TA and grade 4 (independent ambula-
tion but unable to walk 50 m without help, or supervision 
needed for confidence or safety in a hazardous situation) 

was available at ≥15.3%. The statistical results also indi-
cate that K-MBI stair climbing grade 3 (able to ascend/
descend but unable to carry walking aids, and needs 
supervision and assistance) was available at ≥15.6%, and 
grade 4 (generally no assistance required) was available 
at ≥18.2%. Patients in the MEP-positive group who scored 
higher on the MRC scale for the FDI and TA had higher 
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Fig. 2. Cutoff values of motor evoked potential (MEP) amplitude ratio for grip power (A), the Box and Block test (B), 
the nine-hole peg test (C), ambulation (D), and stair climbing (E). Larger MEP amplitude ratios indicated more diffi-
culties with the hand function tests and the level of ambulation.

Table 5. Correlations between the MEP amplitude ratio, the hand function tests, and the MBI

MEPs Amp. ratio FDI MRC scale Grip power Box & Block test NHPG Total MBI score
FDI r=0.814

p<0.001
r=0.671
p<0.001

r=0.684
p<0.001

r=0.493
p<0.001

r=0.406
p<0.001

MEPs Amp. ratio TA MRC scale Transfer score Ambulation score Stair score Total MBI score
TA r=0.796

p<0.001
r=0.552
p<0.001

r=0.585
p<0.001

r=0.576
p<0.001

r=0.551
p<0.001

MEPs, motor evoked potentials; MBI, Modified Barthel Index; FDI, first dorsal interosseous muscle; TA, tibialis ante-
rior muscle; MRC scale, Medical Research Council scale for muscle strength; NHPG, nine-hole peg test.
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MEP amplitude ratios, excluding MRC grades 2 and 3 
for the TA. In addition, when the differences in the MRC 
scale, the HFTs, and the K-MBI scores at hospitalization 
and discharge were compared between the MEP-positive 
and negative groups, scores on the MRC scale, the HFTs, 
and stair climbing on the K-MBI increased significantly 
in the MEP-positive group, excluding K-MBI ambulation. 
In particular, patients in the MEP-positive group with 
a <10% MEP amplitude ratio had significantly greater 
changes in the HFTs compared with those in the MEP-
negative group.

A higher MRC scale score was more frequently associ-
ated with positive MEP responses and a lower MRC scale 
score was more frequently associated with negative MEPs 
responses, which was also true in previous studies [8,10-
12]. However, MEPs were absent at the FDI in 4% of pa-
tients and at 4.1% of the TA in patient with MRC grades 3–5 
but evoked in 9.8% and 17.6% of patients, respectively, 
with MRC grades 0–2. Patients with detectable muscle 
strength but a negative MEP response underwent MEP 
evaluations 10.1±5.3 days after stroke. Perilesional edema 
or ischemic penumbra during the acute phase of stroke 
may temporarily increase the excitability threshold of the 
corticospinal tract or induce a conduction block [4,14]. 
Thus, the affected hemisphere in these patients often has 
a higher excitability threshold upon stimulation than that 
of the unaffected hemisphere. TMS intensity insufficient 
to activate the motor neurons in the affected hemisphere 
may not evoke MEPs, even in patients with some muscle 
strength [6]. Therefore, a negative MEP response after 
acute/subacute stroke may yield false-negative results 
[15], whereas positive MEP responses at a re-examination 
during recovery may indicate a good prognosis [4,16]. 
Thus, we compared thresholds of the unaffected hemi-
sphere between patients with muscle strength above 
MRC grade 3 but who were in the MEP-negative group 
with patients with muscle strength above MRC grade 3 in 
the MEP-positive group. The thresholds of the unaffected 
hemisphere in the MEP-negative group were 63.4±12.5% 
for the FDI and 77.2±17.9% for the TA, which were higher 
than the thresholds (FDI, 53.4±14.4%; TA, 67.8±16.1%) 
in the MEP-positive group. The differences were not sig-
nificant between the two groups, but the results suggest 
that the MEP-negative group had a higher excitability 
threshold than that in the MEP-positive group, indicating 
that TMS intensity was insufficient to activate the cortico-

spinal fibers in many cases. We also reviewed the medi-
cal records of patients with MRC grades 0–2 and positive 
MEP responses and identified improved muscle strength 
long after the MEP study, comorbidities, or causes of 
muscle weakness, such as general weakness, pain, and 
stiffness. Considering the positive MEPs responses at the 
lower MRC grade, clinicians should consider that a pa-
tient’s condition may affect MMT results.

The MRC scale, the HFTs, and K-MBI stair climbing 
changed significantly in the MEP-positive group com-
pared with those in the MEP-negative group, except for 
ambulation on the K-MBI. Particularly, patients in the 
MEP-positive group with a <10% MEP amplitude ratio 
had significantly greater changes on the HFTs compared 
with those in the MEP-negative group. Despite low cortex 
excitability, the excitability of the corticospinal tract by 
TMS was associated with better hand recovery than in 
the absence of excitability, suggesting that the presence 
or absence of the corticospinal pathway is essential for 
recovering hand function. In addition, the MEP ampli-
tude ratio cutoff values among patients who could per-
form all of the HFTs and the K-MBI ambulation test were 
higher for the more sophisticated movements of the HFTs 
and for more difficult ambulation. These results can be 
combined into a hypothesis that patients with a higher 
MEP amplitude ratio have greater muscle strength and 
perform more challenging functional activities with the 
upper and lower limbs, and that MEPs may be an indica-
tor of upper and lower limb function. Current disability 
assessments in Korean patients with stroke rely mostly 
on subjective measures, such as the K-MBI and MMT, 
but the MEP amplitude ratio appears promising as an 
objective parameter to reflect a patient’s functional ca-
pabilities and as an indirect predictor of muscle strength 
and functional capabilities. The MEP amplitude ratio 
may also be useful as an indirect tool to predict muscle 
strength and functional capabilities in patients with 
acute/subacute stage stroke and cognitive impairment or 
sensory aphasia, which are difficult to assess. To this end, 
further studies are required with larger samples of pa-
tients with acute/subacute stroke to assess a wide variety 
of variables, as well as chronic patients at the time of the 
disability diagnosis.

The MEP amplitude ratio of the FDI was significantly 
correlated with finger flexion and extension, all of the 
HFTs, and the total K-MBI score. The MEP amplitude 
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ratio refers to the relative difference in cortical excitabil-
ity in bilateral hemispheres, representing the degree of 
corticospinal connectivity [5,18]. Considering the close 
relationship between hand function and corticospinal 
connectivity [5,19], the MEP amplitude ratio measured 
19.3±22.3 days after stroke seemed to represent hand 
strength and dexterity well.

The absolute value of the MEP amplitude can vary de-
pending on the individual, test environment, and test de-
vice [20-22]. In a previous study, the MEP amplitude ratio 
was more significantly related with the HFTs and muscle 
strength than the MEP amplitude [8]. Thus, we used the 
MEP amplitude ratio, rather than the MEP amplitude, to 
investigate cutoff values when the HFTs and ambulation 
could be performed. We also evaluated the associations 
between the MEP amplitude ratio and the HFT, muscle 
strength, and K-MBI scores.

The limitations of this study include that MEPs were 
measured only once at the acute/subacute stage in 
most patients, and no follow-up MEP assessment was 
performed. Further studies on MEPs and functional as-
sessments at the time of the disability diagnosis will be 
required, as well as studies involving larger samples 
of acute/subacute and chronic patients to determine 
whether the MEP amplitude ratio represents upper and 
lower extremity function, as well as a patient’s progno-
sis. The absolute value of the MEP amplitude can vary 
depending on the individual, the test environment, 
and the test device. This 4-year retrospective study was 
performed using the same test device but not the same 
examiners. There was also lack of control for patient age 
and sex, test duration, degree of cerebral infarction and 
hemorrhage, and the affected cerebral hemisphere. Last-
ly, a corticospinal tract injured by stroke may be com-
pensated by the extra-corticospinal tract, allowing the in-
jured corticospinal tract to appear to function better than 
it actually is functioning. The extent of compensation by 
the extra-corticospinal tract could not be elucidated in 
this study.

In conclusions, positive MEP responses were more fre-
quently seen in patients with a higher MRC grade than in 
those with a lower MRC grade. The higher MEP ampli-
tude ratio in the MEP-positive group was associated with 
the possibility of conducting more sophisticated hand 
movements and more difficult ambulation activities, sug-
gesting that the MEP amplitude ratio may be useful to 

roughly estimate patient’s functional capabilities. How-
ever, there remains a lack of studies on whether the MEP 
amplitude ratio represents functional capabilities of pa-
tients with stroke; thus, more long-term, detailed studies 
are necessary.
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