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Objective To investigate the clinical significance of quantitative parameters in transcranial magnetic stimulation
(TMS)-induced motor evoked potentials (MEP) which can be adopted to predict functional recovery of the upper
limb in stroke patients in the early subacute phase.

Methods One hundred thirteen patients (61 men, 52 women; mean age 57.8+12.2 years) who suffered faiarst-ever
stroke were included in this study. All participants underwent TMS-induced MEP session to assess the corticospinal
excitability of both hand motor cortices within 3 weeks after stroke onset. After the resting motor threshold (rMT) was
assessed, five sweeps of MEP were performed, and the mean amplitude of the MEP was measured. Latency of MEP,
volume of the MEP output curve, recruitment ratios, and intracortical inhibition and facilitation were also measured.
Motor function was assessed using the Fugl-Meyer Assessment scale (FMA) within 3 weeks and at 3 months after
stroke onset. Correlation analysis was performed between TMS-induced MEP derived measures and FMA scores.
Results In the MEP response group, tMT and rMT ratio measures within 3 weeks after stroke onset showed a
significant negative correlation with the total and upper limb FMA scores at 3 months after stroke (p<0.001).
Multiple regression analysis revealed that FMA score and rMT ratio, but not rMT within 3 weeks were independent
prognostic factors for FMA scores at 3 months after stroke.

Conclusion These results indicated that the quantitative parameter of TMS-induced MEP, especially rtMT ratio in
the early subacute phase, could be used as a parameter to predict motor function in patients with stroke.
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INTRODUCTION

Stroke is one of the most important issues encountered
by the world’s aging population and it is a leading cause
of long-term disability [1]. Among many symptoms of
stroke, motor recovery may be the most important aspect
in stroke patients for performing functionally indepen-
dent activities of daily life. Actually, it has been reported
that motor impairment is one of the most serious dis-
abling sequelae of stroke, with more than 50% of stroke
patients experiencing a residual motor deficit [2]. To
establish a proper rehabilitation plan for motor impair-
ment, many studies were conducted to predict outcomes
of motor function using various tools. Lesion localization
and functional reorganization revealed possible predic-
tive tools using various imaging studies [3-5]. Usefulness
of diffusion tensor tractography to predict motor recovery
has also been investigated in many studies [6]. Further-
more, transcranial magnetic stimulation (TMS)-induced
motor evoked potentials (MEP) performed during hos-
pital admission can be the method to predict functional
recovery [7-10]. In general, responsiveness of MEP is an
important prognostic factor to predict motor recovery in
stroke patients [7-14].

TMS-induced MEP can provide several quantitative
parameters such as resting motor threshold (rMT), am-
plitude, volume of the MEP output curve, intracortical
inhibition (ICI) and intracortical facilitation (ICF). Previ-
ous studies revealed that a high rMT could be associated
with poor motor functional outcomes [15]. Several stud-
ies showed that the amplitude or amplitude ratio could
be used for predicting motor functional outcomes [9,10].
The MEP amplitude has been used as a neurophysiologi-
cal measure of corticomotor excitability [16]. The MEP
output curve refers to the increase in MEP amplitude
with increasing stimulus intensity of MEP. It can assess
neurons that are intrinsically less excitable or spatially
further from the center of activation by TMS [17]. As
compared with many studies indicating a correlation
between functional outcome and responsiveness or rMT
of MEP, there have been few studies investigating other
quantitative parameters of MEP as predictors of motor
functional outcome and their results were incongruent.
Therefore, the objective of this study was to reveal the us-
ability of TMS-induced MEP in the early subacute phase
to predict motor functional outcomes. For this purpose,

we analyzed the relationships between the results of
TMS-induced MEP in the early subacute phase and mo-
tor function at 3 months in stroke patients.

MATERIALS AND METHODS

Subjects

This study was a retrospective study performed using
medical records of patients who suffered a stroke and
were admitted to Samsung Medical Center. Inclusion cri-
teria were patients who had (1) unilateral stroke lesions,
(2) undergone motor functional evaluation at 3 months
after stroke, (3) been transferred to the department of re-
habilitation within 3 weeks after stroke onset, and (4) re-
ceived TMS-induced MEP to evaluate cortical excitability
within 3 weeks after stroke onset. In the present study,
the ‘early subacute phase’ is defined as from 1 week to 3
weeks after stroke onset.

The exclusion criteria were patients who (1) suffered
recurrent stroke, (2) were diagnosed with bilateral lesions
by MRI or CT, (3) had other major neurological disease
which could affect the patients’ function. A total of 113
patients (61 men, 52 women; mean age 57.8+12.2 years)
who suffered a first-ever stroke were included in the
study.

TMS-induced MEP

For performing single-pulse TMS-induced MEP, the
patients were seated in a reclining armchair with both
hands pronated. Electromyography (EMG) data were
recorded from the contralateral first dorsal interosseous
muscle via surface electrodes. EMG activity was ampli-
fied using the Medelec Synergy EMG/EP system (Me-
delec, Oxford, UK), and the data were bandpass filtered
at 10-2,000 kHz. Using a TMS system (Magstim BiStim2;
Magstim Ltd., Carmarthenshire, UK) and a 70-mm figure-
of-eight coil, the optimal scalp location was determined.
The electromagnetic current would flow perpendicular
to the central sulcus because the handle of the coil was
oriented 45° posterior to the midline [18,19]. Next, a
single-pulse TMS was repeatedly applied to that location
to determine each patient’s rMT, defined as the lowest in-
tensity of stimulus necessary to produce a MEP peak-to-
peak amplitude =50 pV in five out of the 10 consecutive
trials. The rMT provides information about a central core
of neurons in the muscle representation in the motor
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cortex and it likely reflects neuronal membrane excitabil-
ity [20]. To verify whether the patient was relaxed prior to
stimulation, the examiner monitored muscle activity by
real-time EMG. Absent MEP was defined when it failed to
appear after 3 successive discharges with maximal out-
put.

We also evaluated the amplitude of MEP at 100%, 110%,
120%, 130%, 140%, and 150% of the rMT, latency of MEP,
volume of the MEP output curve, and recruitment ratios
by applying various stimulation intensities, respectively.
For each intensity of the rMT, five sweeps of the MEP
were collected, and the mean amplitude of the MEP was
calculated [21]. In all patients, each single-pulse TMS-
induced MEP was performed in both the affected and
unaffected hemispheres using the same protocol.

For paired-pulse TMS-induced MEP, MEP amplitude
could be changed depending on the interval between
conditioning stimulus and test stimulus. In the present
study, paired stimulations were delivered at 2 ms and
4 ms intervals for triggering ICI and at 10 ms and 15 ms
intervals for triggering intracortical facilitation (ICF), re-
spectively. Intensities of conditioning and test stimulus
were 80% and 120% of the rMT. Reductions or increases
in the test stimulus by conditioning pulse were expressed
as a percentage of the unconditioned MEP amplitude [22].

Motor function assessment

Primary outcome of this study was each patient’s motor
function, which was measured by Fugl-Meyer Assess-
ment scale (FMA). The FMA used in our study consisted
of an upper extremity score (FMA-UL), a lower extremity
score (FMA-LL), and the total score (FMA-T; the sum of
both the upper and lower extremity scores). We assessed
each participant’s motor function in the early subacute
phase and at 3 months after stroke.

Statistical analysis

Data analysis was carried out using IBM SPSS ver. 22
software (IBM, Armonk, NY, USA). We classified stroke
patients into the MEP response group and the MEP non-
response group according to the presence of MEP in the
affected hemisphere. In the MEP response group, we also
calculated the ratio of parameters of TMS-induced MEP
between both sides to evaluate the imbalance of cortical
excitability. We defined the ratio of each parameter by
calculating the difference between both sides (value of
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the affected side/value of the unaffected side). The Sha-
piro-Wilk test was used to determine the distributional
normality of all continuous variables (all variables were
found to be normally distributed; p<0.05). Independent
t-tests and chi-square tests were used to compare the
parameters between the MEP response and MEP non-
response groups. In the MEP response group, correla-
tion analysis was used to assess the correlation between
motor function and MEP parameters. After correlation
analysis, multiple regression analysis with significant
variables was used to identify the meaningful indepen-
dent prognostic factor. The p-values less than 0.05 were
considered statistically significant.

RESULTS

The clinical characteristics of patients are shown in
Table 1. Of the 113 patients, 84 patients suffered an
ischemic stroke and the other patients suffered a hem-
orrhagic stroke. With respect to the lesion location of
stroke, 21, 75, and 17 patients were diagnosed as having
cortical, subcortical, and brainstem lesions, respectively.
After performing TMS-induced MEP, 40 patients and 73
patients were included in the MEP response group and
the MEP non-response group, respectively. Comparison
according to the responsiveness of MEP revealed that the
FMA-T and FMA-UL were significantly higher in the MEP
response group than in the MEP non-response group
in both the early subacute phase and at 3 months after
stroke onset (p<0.05) (Table 2).

In the MEP response group, the mean MEP amplitude
at 120% of the rMT was 411.9£376.5 uV and the mean
rMT was 50.6+16.7 (Table 1). For the correlation analysis
between MEP parameters and FMA score, in the affected
hemisphere, the rMT showed negative relationships with
FMA-T (Pearson coefficient=-0.437, p=0.005) and FMA-
UL (Pearson coefficient=-0.418, p=0.007). The rMT ratio
also showed a negative relationship with FMA-T (Pearson
coefficient=-0.621, p<0.001) and FMA-UL (Pearson coef-
ficient=-0.623, p<0.001). Other MEP parameters such as
MEP amplitude at any intensity, volume of the MEP out-
put curve, recruitment ratio, latency, ICI or ICF showed
no significant relationship with motor function at 3
months after stroke. In addition, each FMA score in the
early subacute phase after stroke onset showed a posi-
tive relationship with each FMA score at 3 months after
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Table 1. Clinical characteristics, cortical excitability mea-
surements, and functional assessments of patients with

Table 2. Comparison between the MEP response group
and the MEP non-response group

stroke

Parameter Value
Age (yr) 57.8+12.2 (28-80)
Sex
Male 61
Female 52
Stroke type
Ischemic 84
Hemorrhagic 29
Stroke lesion
Cortical 21
Subcortical 75
Brainstem 17
Duration after stroke to 12.1+3.6 (7-21)
initial MEP (day)
TMS-induced MEP study
Responsiveness
Response 40
Non-response 73
Amplitude (pV) 411.9£376.5 (27-1,285)

Resting motor threshold (%)
Functional assessments
FMA-T 38.0+26.7 (0-96)
FMA-UL 22.1+18.8 (0-64)
FMA-LL 15.9£10.2 (0-32)
Values are presented as meantstandard deviation (range)
or number of patients.
MEP, motor evoked potential; TMS, transcranial mag-
netic stimulation; FMA, Fugl-Meyer Assessment scale;
FMA-T, total scores of FMA; FMA-UL, upper limb scores
of FMA; FMA-LL, lower limb scores of FMA.

50.6+16.7 (27-92)

stroke, respectively (Table 3).

In the multiple regression analysis, FMA score and
rMT ratio, but not rMT in the early subacute phase were
found to be independent prognostic factors for FMA-
T (R*=0.633, p<0.001, F=0.011) and FMA-UL (R*=0.604,
p<0.001, F=0.012) at 3 months after stroke (Table 4).

In the analysis according to the stroke type, the isch-
emic stroke group showed similar results. For the cor-
relation analysis, the rMT in the affected hemisphere
showed negative relationships with FMA-T (Pearson
coefficient=-0.401, p=0.02) and FMA-UL (Pearson coeffi-
cient=-0.371, p=0.04). The rMT ratio also showed a nega-
tive relationship with FMA-T (Pearson coefficient=-0.628,

MEP MEP
response non-response
group group
(n=40) (n=73)

FMA-T

Early subacute phase 55.4+26.8* 28.5+21.4

At3 months after stroke ~ 78.4+22.3* 49.4+30.0
FMA-UL

Early subacute phase 36.9+19.0% 14.0£12.9

At3 months after stroke  52.1+14.8* 27.9421.0
FMA-LL

Early subacute phase 18.5%£9.1* 14.5£10.5

At3months after stroke ~ 26.3+8.4* 21.5+10.4
Lesion site

Cortex 9(22) 12 (16)

Subcortex 25 (63) 50 (68)

Brainstem 6 (15) 11 (15)
Stroke type

Infarction 31(77) 53 (73)

Hemorrhage 9(23) 20 (27)

Values are presented as meantstandard deviation or
number (%).

MEP, motor evoked potential; FMA, Fugl-Meyer Assess-
ment scale; FMA-T, total scores of FMA; FMA-UL, upper
limb scores of FMA; FMA-LL, lower limb scores of FMA.
*p<0.05 compared with the MEP non-response group C.

p<0.001) and FMA-UL (Pearson coefficient=-0.629,
p<0.001) (Table 5). However, multiple regression analy-
sis revealed that the initial FMA score and rMT ratio, but
not rMT were independent prognostic factors for FMA-T
(R’=0.717, p<0.001, F=0.040) at 3 months after stroke. On
the other hand, the hemorrhagic stroke group showed no
relationship between MEP parameters and motor func-
tional outcome. With respect to the stroke lesion classi-
fied as cortical, subcortical and brainstem, the result also
showed no significant difference between each lesion
site.

DISCUSSION
In the current study, we investigated the potential of
TMS-induced MEP in the early subacute phase to predict

motor function at 3 months after stroke onset. We could
demonstrate two findings: (1) the MEP responsiveness
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Table 3. Correlations between MEP and functional assessments at 3 months after stroke

FMA-T FMA-UL FMA-LL
Affected hemisphere
Resting motor threshold (%) -0.437 (0.005)** -0.418 (0.007)** -0.421 (0.007) **
Amplitude (uV)

At 100% of the IMT -0.046 (0.77) -0.031(0.85) -0.068 (0.67)

At 110% of the IMT 0.251 (0.17) 0.284 (0.12) 0.148 (0.43)

At 120% of the IMT 0.217 (0.22) 0.275 (0.12) 0.084 (0.64)

At 130% of the IMT 0.317 (0.11) 0.360 (0.07) 0.161 (0.43)

At 140% of the rMT 0.292 (0.17) 0.335 (0.11) 0.108 (0.62)

At 150% of the rMT 0.168 (0.48) 0.283 (0.23) 0.091 (0.70)
Volume of the MEP output curve -0.196 (0.25) -0.241 (0.16) -0.076 (0.66)
Recruitment ratio 0.226 (0.18) 0.233 (0.17) 0.192 (0.26)
Latency of MEP (ms) 0.067 (0.68) 0.056 (0.73) 0.077 (0.63)
ICI 2 ms (%) 0.141 (0.58) 0.088 (0.73) 0.178 (0.48)
ICI 4 ms (%) 0.094 (0.71) 0.034 (0.90) 0.154 (0.54)
ICF 10 ms (%) 0.164 (0.52) 0.041 (0.87) 0.294 (0.24)
ICF 15 ms (%) 0.243 (0.33) 0.201 (0.42) 0.238 (0.34)

Unaffected hemisphere
Resting motor threshold (%) 0.149 (0.35) 0.171 (0.29) 0.093 (0.57)
Amplitude (pV)

At 100% of the IMT -0.189 (0.24) -0.213 (0.18) -0.125 (0.44)

At 110% of the rMT ~0.198 (0.25) -0.246 (0.16) -0.085 (0.63)

At 120% of the rMT -0.053 (0.74) -0.091 (0.57) 0.020 (0.90)

At 130% of the rMT -0.181 (0.31) -0.204 (0.25) -0.111 (0.53)

At 140% of the rMT -0.300 (0.09) -0.328 (0.06) -0.202 (0.25)

At 150% of the rMT -0.257 (0.16) -0.269 (0.14) -0.195 (0.29)
Volume of the MEP output curve 0.249 (0.08) 0.215(0.14) 0.280 (0.05)
Recruitment ratio -0.001 (0.99) -0.013(0.94) 0.022 (0.90)
Latency of MEP (ms) 0.096 (0.55) 0.081 (0.61) 0.113 (0.48)
ICI2 ms (%) 0.146 (0.47) 0.108 (0.59) 0.200 (0.32)
ICI 4 ms (%) 0.165 (0.41) 0.131 (0.52) 0.210 (0.29)
ICF 10 ms (%) -0.094 (0.64) -0.085 (0.68) ~0.102 (0.61)
ICF 15 ms (%) -0.028 (0.89) -0.051 (0.80) 0.013 (0.95)

Ratio
Resting motor threshold -0.621 (<0.001)** -0.623 (<0.001)** -0.546 (<0.001) **
Amplitude at 120% of the rMT 0.161 (0.27) 0.141 (0.33) 0.023 (0.90)
Volume of the MEP output curve -0.245 (0.15) -0.309 (0.07) -0.084 (0.63)
Latency of MEP -0.048 (0.77) -0.045 (0.78) -0.048 (0.77)
FMA in the early subacute phase
FMA-T 0.750 (<0.001)** 0.760 (<0.001)** 0.647 (<0.001)**
FMA-UL 0.704 (<0.001)** 0.727 (<0.001)** 0.584 (<0.001)**
FMA-LL 0.737 (<0.001)** 0.718 (<0.001)** 0.686 (<0.001)**

Values are presented as correlation coefficients (p-values).

FMA, Fugl-Meyer Assessment scale; FMA-T, total scores of FMA; FMA-UL, upper limb scores of FMA; FMA-LL, lower
limb scores of FMA; MEP, motor evoked potential; rMT, resting motor threshold; ICI, intracortical inhibition; ICEF, in-
tracortical facilitation.

**p<0.01.
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Table 4. Stepwise multiple regression analyses

Independent variable R R’ Adjusted R®> p-value  F-value
FMA-T at 3 months after stroke
Step 1: FMA-T in the early subacute phase 0.750 0.563 0.551 <0.001 0.000
Step 2: FMA-T, rMT ratio in the early subacute phase 0.796 0.633 0.613 <0.001 0.011
FMA-UL at 3 months after stroke
Step 1: FMA-UL in the early subacute phase 0.727 0.529 0.517 <0.001 0.000
Step 2: FMA-UL, rMT ratio in the early subacute phase 0.777 0.604 0.583 <0.001 0.012

FMA, Fugl-Meyer Assessment scale; FMA-T, total scores of FMA; FMA-UL, upper limb scores of FMA; FMA-LL, lower

limb scores of FMA; rMT, resting motor threshold.

was one of the strong tools to predict motor function at
3 months after stroke, (2) the rMT ratio in the early sub-
acute phase was a significant independent prognostic
factor for motor function at 3 months after stroke.

The MEP responsiveness as a parameter for predict-
ing motor outcome was comparable with the results of
previous studies [7-12]. MEP responsiveness showed
high positive predictability of motor functional recovery
compared to diffusion tensor tractography which showed
high negative predictability [6]. Song et al. [12] reported
that the low limit value of fractional anisotropy in the ce-
rebral peduncle on the affected side was correlated with
the poor hemiplegic limb motor function recovery in
MEP non-responsive stroke patients because Wallerian
degeneration of the cerebral peduncle occurred in accor-
dance with changes in motor evoked potentials. However,
there is no specific clue to reveal how MEP measures can
be used as a predictive tool for motor recovery in MEP-
responsive patients.

The results of this study revealed that the tMT and rtMT
ratio of MEP are significant tools for predicting motor
functional outcome in MEP-responsive stroke patients.
Furthermore, the multiple regression analysis revealed
that rtMT ratio in the early subacute phase was an inde-
pendent prognostic factor for motor functional recovery.
On the other hand, it showed no significant differences
depending on the stroke type and lesion location, which
could have been caused by the small number of patients.
Motor function in the subacute phase is the strongest
predictor for motor functional outcome in stroke patients
[8]. rMT means threshold of the pyramidal tract respond-
ing to the magnetic stimulus which can reflect neuronal
membrane excitability, thus a higher rMT ratio can be
interpreted as an imbalance of motor threshold between
bilateral primary motor cortices [23,24]. In addition,

Takechi et al. [25] showed that higher rMT may predict
poor clinical recovery. In this context, this result suggests
that the imbalance of motor threshold between bilateral
primary motor cortices can be an important factor as-
sociated with late motor recovery. In stroke patients,
neuronal excitability decreases, which leads to higher
motor threshold in the affected side causing an imbal-
ance of motor threshold [20,26]. Furthermore, several
studies postulated that the interhemispheric balance is
disrupted in stroke patients and this caused suppression
of ipsilesional cortical excitability by the contralesional
hemisphere [27-29]. Prashantha et al. [26] described that
disruption of the transcallosal interaction could be the
possible mechanism causing an imbalance of rtMT. Con-
sidering these findings together, we can postulate that the
patients with a higher rMT ratio may present lower corti-
cal responsibility in the lesioned hemisphere, indicating
lower cortical excitability. Therefore, it can be inferred
that interhemispheric inhibition could be the possible
mechanism of imbalance of bilateral hemispheres, in-
terfering with motor recovery in stroke patients. In other
words, the contralesional hemisphere may provide more
suppression via the transcallosal inhibitory circuit, and
consequently inhibit the recovery of ipsilesional motor
cortical function.

With respect to the other MEP parameters such as am-
plitude or latency as prediction tools for motor recovery,
several studies reported on the amplitude or amplitude
ratio of MEP and they showed incongruent results [9,10].
Choi et al. [9] indicated that MEP responsiveness and
amplitude ratio are significantly associated with the up-
per extremity function evaluated by Brunnstrom stage
of hand recovery and the Modified Barthel Index at the
time of admission. However, in this study, we could not
reproduce the relationship between amplitude or ampli-
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Table 5. Correlations between MEP and functional assessments at 3 months after ischemic stroke

FMA-T FMA-UL FMA-LL
Affected hemisphere
Resting motor threshold (%) -0.401 (0.02)* -0.371 (0.04)* -0.405 (0.02)*
Amplitude (uV)
At 100% of the IMT -0.025 (0.89) -0.018 (0.92) -0.036 (0.85)
At 110% of the IMT 0.262 (0.24) 0.293 (0.19) 0.161 (0.48)
At 120% of the tMT 0.130 (0.53) 0.190 (0.35) 0.003 (0.99)
At 130% of the IMT 0.197 (0.43) 0.261 (0.30) 0.023 (0.93)
At 140% of the tMT 0.098 (0.72) 0.178 (0.51) ~0.087 (0.75)
At 150% of the rMT 0.007 (0.98) 0.174 (0.55) -0.273 (0.35)
Volume of the MEP output curve 0.424 (0.17) 0.032 (0.91) 0.346 (0.16)
Recruitment ratio 0.150 (0.41) 0.132(0.47) 0.164 (0.37)
Latency of MEP (ms) ~0.008 (0.98) 0.009 (0.97) -0.034 (0.91)
ICI 2 ms (%) 0.058 (0.84) 0.032 (0.91) 0.080 (0.79)
ICI 4 ms (%) ~0.009 (0.98) -0.117 (0.69) 0.166 (0.57)
ICF 10 ms (%) 0.404 (0.15) 0.322 (0.26) 0.396 (0.16)
ICF 15 ms (%) 0.424 (0.17) 0.032 (0.91) 0.346 (0.16)
Unaffected hemisphere
Resting motor threshold (%) 0.240 (0.19) 0.277 (0.13) 0.146 (0.43)
Amplitude (pV)
At 100% of the rMT -0.223 (0.22) -0.253 (0.16) -0.145 (0.43)
At 110% of the rMT -0.208 (0.31) -0.252 (0.21) -0.095 (0.65)
At 120% of the rMT -0.251 (0.23) -0.267 (0.20) -0.179 (0.39)
At 130% of the rMT -0.181 (0.31) -0.204 (0.25) -0.111 (0.53)
At 140% of the IMT -0.339 (0.10) -0.360 (0.08) -0.242 (0.24)
At 150% of the rMT -0.278 (0.19) -0.283 (0.18) -0.221 (0.29)
Volume of the MEP output curve
Recruitment ratio 0.269 (0.38) 0.325 (0.26) 0.252 (0.12)
Latency of MEP (ms) 0.154 (0.40) 0.137 (0.46) 0.167 (0.36)
ICI2 ms (%) 0.126 (0.58) 0.095 (0.67) 0.170 (0.45)
ICI 4 ms (%) 0.117 (0.60) 0.088 (0.70) 0.159 (0.48)
ICF 10 ms (%) -0.081 (0.72) -0.071 (0.75) -0.092 (0.68)
ICF 15 ms (%) 0.041 (0.86) 0.006 (0.98) 0.099 (0.66)

Ratio
Resting motor threshold

-0.628 (<0.001)**

-0.629 (<0.001)**

-0.551 (<0.001) **

Amplitude at 120% of the rMT 0.071 (0.73) 0.117 (0.57) -0.021 (0.92)
Volume of the MEP output curve -0.267 (0.17) -0.342(0.11) -0.108 (0.86)
Latency of MEP -0.024 (0.90) -0.029 (0.88) ~0.012 (0.95)

FMA in the early subacute phase
FMA-T
FMA-UL
FMA-LL

0.824 (<0.001)**
0.784 (<0.001)**
0.760 (<0.001)**

0.825 (<0.001)**
0.799 (<0.001)**
0.732 (<0.001)**

0.724 (<0.001)**
0.664 (<0.001)**
0.719 (<0.001)**

Values are presented as correlation coefficients (p-values).

FMA, Fugl-Meyer Assessment scale; FMA-T, total scores of FMA; FMA-UL, upper limb scores of FMA; FMA-LL, lower
limb scores of FMA; MEP, motor evoked potential; rMT, resting motor threshold; ICI, intracortical inhibition; ICEF, in-
tracortical facilitation.

*p<0.05, **p<0.01.
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tude ratio of MEP and motor functional outcome such
as FMA scores. Kim et al. [10] also indicated that MEP
responsiveness and amplitude ratio are significantly
correlated with the MRC scale and the Modified Barthel
Index. However, both these studies investigated the cor-
relation between MEP parameters and motor function
and both studies assessed patients in the subacute stage
of stroke, which was different from the present study
which investigated long-term functional outcomes. In
addition, considering that the amplitude of MEP repre-
sents the corticospinal excitability of the M1 [23], it can
be affected by temporal dispersion of corticospinal fiber
tract conduction, which can confound the results [23].
In addition, the amplitude of MEP can be influenced by
other contributing factors such as height or status of pe-
ripheral nerves and muscles [30]. Moreover, amplitude
of MEP in the affected hemisphere may not represent the
absolute value of cortical excitability. The latency of MEP
might be influenced by peripheral nerve conduction time
as well as central conduction time [23]. Because cortical
motor output is the net result of the interplay between
multiple systems that exert excitatory or inhibitory influ-
ences on the corticospinal neurons, ICI and ICF could
represent intrinsic intracortical connectivity and cortical
plasticity. ICI is suppressed on the affected side in the
first few weeks after the ictus [15,27,31,32], whereas ICF is
consistently normal [27,31,32]. This suggests that the bal-
ance of excitability in intracortical circuits shifts towards
excitation. Whether the reduction of ICI relates to the
degree of disability is rather controversial [31,32]. Several
studies showed that interventions such as motor task
training, active or passive training, transcranial direct
current stimulation could be related to reduced ICI, thus
facilitating motor recovery [22,25,33-38]. However, the
exact mechanism and causality of the correlation remain
unclear and interpretation of ICI and ICF is complicated
because they could be affected by various factors like po-
sition, intensity of test stimulus, and medication [39,40].
Taking all these aspects together, we can postulate that
the rMT ratio may better reflect the changes in the motor
cortical excitability after stroke than the other parameters
of MEP.

This study has some limitations. First, this study retro-
spectively analyzes the patients who were transferred to
our hospital and underwent inpatient rehabilitation ther-
apy after stroke; therefore, there may be a bias of analyz-

ing significantly affected patients. Second, the initial time
period for obtaining first MEP data is rather variable,
ranging from 1 to 3 weeks after stroke. Finally, the present
study cannot identify whether stroke type or lesion loca-
tion could affect the relationship between MEP param-
eters and motor functional outcomes. Clinical recovery
after stroke depends on the ability to activate intrinsic
cortical connections in the most efficient manner as well
as the activation of corticospinal excitability itself. Some
insight into the mechanisms of recovery in these individ-
uals could be provided by more complex TMS measures
that examine function of the intrinsic cortical pathways.
Therefore, prospective investigations are required in fu-
ture to overcome these limitations and to obtain a better
predictive value of MEP parameters for motor recovery
after stroke.

In addition to the responsiveness of MEP being an im-
portant factor for predicting motor function, the rMT
ratio in the early subacute phase was also significantly
correlated with motor recovery of the upper limb at 3
months after stroke onset. The quantitative measure of
TMS-induced MEP could be used as a parameter to pre-
dict motor recovery in patients with stroke.
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