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Objective  To investigate the clinical significance of upper and lower extremity transcranial magnetic stimulation 
(TMS)-induced motor evoked potentials (MEPs) in patients with parkinsonism.
Methods  Twenty patients (14 men, 6 women; mean age 70.5±9.1 years) suffering from parkinsonism were 
included in this study. All participants underwent single-pulse TMS session to assess the corticospinal excitability 
of the upper and lower extremity motor cortex. The resting motor threshold (RMT) was defined as the lowest 
stimulus intensity able to evoke MEPs of an at least 50 μV peak-to-peak amplitude in 5 of 10 consecutive trials. 
Five sweeps of MEPs at 120% of the RMT were performed, and the mean amplitude and latency of the MEPs were 
calculated. Patients were also assessed using the Unified Parkinson’s Disease Rating Scale part III (UPDRS-III) and 
the 5-meter Timed Up and Go (5m-TUG) test. 
Results  There was a significant positive correlation between the RMTs of MEPs in the upper and lower extremities 
(r=0.612, p=0.004) and between the amplitude of MEPs in the upper and lower extremities (r=0.579, p=0.007). 
The RMT of upper extremity MEPs showed a significant negative relationship with the UPDRS-III score (r=–0.516, 
p=0.020). In addition, RMTs of lower extremity MEPs exhibited a negative relationship with the UPDRS-III score, 
but the association was not statistically significant (r=–406, p=0.075).
Conclusion  These results indicated that the RMT of MEPs reflect the severity of motor dysfunction in patients with 
parkinsonism. MEP is a potential quantitative, electrodiagnostic method to assess motor function in patients with 
parkinsonism.
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INTRODUCTION

Transcranial magnetic stimulation (TMS)-induced mo-
tor evoked potentials (MEPs) have been widely used in 
various fields of neuroscience [1-3]. TMS-induced MEPs 
allow for the detection of corticospinal pathway disorders 
such as stroke, motor neuron diseases, multiple sclerosis, 
and spinal cord diseases [4,5]. Normative parameters of 
TMS-induced MEPs can be used to define a cutoff value 
that separates normal and abnormal measurements [6]. 
In addition, some parameters of TMS-induced MEPs are 
reported to correlate with motor cortical excitability [6,7]. 
Therefore, TMS-induced MEPs have been used to quan-
titatively assess the human motor system.

Parkinsonism is a clinical syndrome characterized by 
tremor, bradykinesia, rigidity, and postural instability due 
to various causes [8,9]. The most common diseases that 
manifest with parkinsonism are idiopathic Parkinson’s 
disease (IPD) and other neurodegenerative diseases such 
as multiple system atrophy, progressive supranuclear 
palsy, and corticobasal degeneration [8,9]. Several func-
tional assessment tools have been used to assess motor 
function in patients with parkinsonism, such as the Uni-
fied Parkinson’s Disease Rating Scale part III (UPDRS-III), 
timed finger tapping task, and the Timed Up and Go test 
[10-12]. However, all functional assessment tools are lim-
ited in that they require patients to initiate effortful tasks.

TMS-induced MEPs have the potential to assess motor 
function in patients with parkinsonism; however, there is 
a lack of studies on the quantitative measurement poten-
tial of TMS-induced MEPs in patients with parkinsonism. 
The objective of this study was to investigate the clinical 
significance of upper and lower extremity TMS-induced 
MEPs in patients with parkinsonism.

MATERIALS AND METHODS

Participants
Twenty patients suffering from parkinsonism partici-

pated in this study. Diagnoses were based on medical 
history, physical examination, and neuroimaging studies 
conducted by experienced neurologists who specialize 
in movement disorders. We excluded patients with major 
psychiatric disease and those with pre-existing and active 
major neurological diseases other than parkinsonism.

This study was approved by the Institutional Review 

Board of Samsung Medical Center, and written informed 
consent was obtained from all participants.

Cortical excitability measurement
During the TMS-induced MEPs, patients were seated 

comfortably in an armchair with their eyes open. Single-
pulse TMS was applied over the dominant upper and 
lower primary motor cortex (M1) with a Magstim Rapid2 
stimulator (Magstim, Carmarthenshire, UK). A Medelec 
Synergy electromyography/evoked potentials system 
(Oxford Instruments, Oxfordshire, UK) was used for mon-
itoring and recording the activity of the dominant first 
dorsal interosseous muscle and tibialis anterior muscle 
in order to assess the upper and lower extremity motor 
cortical excitability, respectively. For the upper extremity 
M1, a 70-mm figure-of-eight coil was held tangentially 
to the scalp, with the handle pointing backward and 
laterally at 45o from the mid-sagittal line. For the lower 
extremity M1, a double-cone coil was held tangentially 
to the scalp, with the handle pointing laterally at 90o from 
the mid-sagittal line. Using TMS, the optimum position 
(hot spot) was defined as the site where the TMS-induced 
MEPs produced a maximum peak-to-peak amplitude in 
the dominant first dorsal interosseous and tibialis ante-
rior muscle. The resting motor threshold (RMT) was de-
fined as the lowest stimulus intensity able to evoke MEPs 
with an at least 50 μV peak-to-peak amplitude in 5 of 10 
consecutive trials [13,14]. Five sweeps of MEPs at 120% of 
the RMT were performed, and the mean amplitude and 
latency of the MEPs were calculated [13,14]. 

Functional assessments
Participants were evaluated using the UPDRS-III, which 

includes 14 items to assess the motor function of pa-
tients with parkinsonism [12,15]. In addition, the 5-meter 
Timed Up and Go (5m-TUG) test was conducted to mea-
sure ambulatory function. In patients with parkinsonism, 
a temporary and/or involuntary stoppage of movement is 
observed in the execution phase of walking and in turn-
ing movements [16]. Participants were asked to rise from 
a chair, walk forward for 5 m, turn around, and walk back 
and sit in the same chair as fast as possible. This trial was 
video recorded, and the average time of 2 trials was cal-
culated. Each functional assessment was performed by 
a single examiner who was blinded to the cortical excit-
ability assessments.
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Statistical analysis
SPSS ver. 21.0 (IBM SPSS, Armonk, NY, USA) was used 

to perform statistical analyses. The Shapiro-Wilk test was 
used to determine the distributions of all continuous 
variables. The parameters of the TMS-induced MEPs did 
not showed a normal distribution (p<0.05 by the Shapiro-
Wilk test). Therefore, the Spearman correlation analysis 
was used to determine the relationships between corti-
cospinal excitability and functional assessments. Differ-
ences were considered significant when p-values were 
<0.05.

RESULTS

Clinical characteristics
The clinical characteristics of patients were shown in 

Table. 1. The study group was composed of 14 men and 6 
women, with a mean age of 70.5±9.1 years who were suf-
fering from parkinsonism.

Six and 14 patients were diagnosed with IPD and atypi-
cal parkinsonism, respectively. Their mean age was 70.5 
years, and the mean duration of disease was 4.9 years. All 
participants exhibited a modified Hoehn and Yahr scale 
[17] >2.

Relationship between upper and lower extremity cor­
tical excitability measurements 

Fig. 1 showed the results of TMS-induced MEPs in the 
upper and lower extremities. There was a significant pos-
itive correlation between the RMTs of MEPs in the upper 
and lower extremities (r=0.612, p=0.004) and between the 
amplitudes of MEPs in the upper and lower extremities 
(r=0.579, p=0.007) (Fig. 1). However, there was no signifi-
cant correlation between latency of the upper and lower 
extremity MEPs.

Relationships between cortical excitability measure­
ment and functional assessments

For the correlation analysis between MEP parameters 
and functional assessments, the RMT of upper extrem-
ity MEPs showed a significant negative relationship with 
the UPDRS-III score (r=–0.516, p=0.020). In addition, the 
RMT of lower extremity MEPs showed a negative rela-
tionship with the UPDRS-III score, but this result was not 
statistically significant (r=–406, p=0.075). There were no 
significant correlations between the other MEP param-

eters and functional assessments (Table 2).

DISCUSSION

We investigated the potential of TMS-induced MEPs to 
assess functional levels in patients with parkinsonism. 
The results of this study demonstrated that the RMT of 
upper MEPs have a significant relationship with mo-

Table 1. Clinical characteristics, cortical excitability mea-
surements, and functional assessments of patients with 
parkinsonism

Parameter Value
Age (yr) 70.5±9.1 (46–81)

Sex (male:female)

   Male 14

   Female 6

Diagnosis

   IPD 6

   Atypical parkinsonism 14

Disease duration (yr) 4.9±2.6 (1–11)

Modified Hoehn 
  and Yahr scale

   2 1

   2.5 0

   3 11

   4 8

Motor evoked potentials

   Upper extremity

     Resting motor 
       threshold (%)

36.8 ± 9.5 (24–65)

     Amplitude (μV) 587.77 ± 376.35 (166.9–1,844.2)

     Latency (ms) 23.65 ± 3.02 (20.6–34.1)

   Lower extremity

     Resting motor 
       threshold (%)

43.6±10.1 (30–60)

     Amplitude (μV) 426.74±212.02 (112.3–945.5)

     Latency (ms) 31.71±2.45 (27.6–36.0)

Functional assessments

   UPDRS-III (score) 21.8±10.9 (7–43)

   5m-TUG (s) 59.80±63.69 (13.7–270.1)

Values are presented as mean±standard deviation (range) 
or number.
IPD, idiopathic Parkinson’s disease; UPDRS-III, Unified 
Parkinson’s Disease Rating Scale part III; 5m-TUG, 5-me-
ter Timed Up and Go test.
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tor function in patients with parkinsonism. Thus, TMS-
induced MEPs could be a used as a quantitative tool to 
assess motor function in patients with parkinsonism.

TMS-induced MEPs are a noninvasive and simple me
thod for evaluating motor cortical excitability [6]. Recent-
ly, TMS-induced MEPs have become more popular to as-
sess many CNS diseases. TMS-induced MEPs can be used 
as a tool to predict functional motor outcomes of stroke 
patients [18] and to monitor drug responses in neurologi-
cal and psychiatric patients [19]. Atypical parkinsonism 
shares a similar set of symptoms with IPD, although the 
underlying causes of parkinsonism are numerous [8,9]. 
The primary pathophysiology of IPD is related to reduced 

activity of dopamine-secreting cells caused by cell death 
in the pars compacta region of the substantia nigra [9]. 
Due to increased activity of compensatory mechanisms, 
motor symptoms in IPD emerge only after a prolonged 
period of dopaminergic loss [20]. These compensations 
likely involve cerebral circuits outside of the basal ganglia 
including thalamocortical connections, the cerebellum, 
and sensorimotor cortex [21,22]. Therefore, TMS-induced 
MEPs allow analysis of changes in the motor cortex due 
to basal ganglia diseases such as IPD [22].

There are several parameters associated with TMS-in
duced MEPs, such as RMT, amplitude, and latency of 
MEPs [7]. RMT is defined as the lowest stimulus inten-
sity of a single-pulse TMS that elicits a predefined, small 
motor response in the contralateral targeted muscle 
[3,19,23]. It has been hypothesized that motor thresholds 
depend on the excitability of the associated neural ele-
ments, which are excited by TMS and propagate the elic-
ited action potential [19]. Therefore, RMT is considered 
as an excitability marker for the motor cortex [6]. UPDRS-
III is a widely used measurement tool to assess the severi-
ty of motor dysfunction in parkinsonism patients because 
it provides a highly reliable and valid comprehensive as-
sessment of motor symptoms [15]. In this study, the RMT 
of upper extremity MEPs exhibited a significant, negative 
relationship with the UPDRS-III score in patients with 
parkinsonism. These findings suggest that motor cortex 
excitability correlates with severity of motor dysfunction 
in patients with parkinsonism. The results of the present 
study were consistent with findings of previous studies 

Table 2. Correlations between motor evoked potentials 
and functional assessments

UPDRS-III 5m-TUG
Upper extremity

   Resting motor threshold –0.516 (0.020)* –0.145 (0.542)

   Amplitude 0.111 (0.642) –0.214 (0.366)

   Latency 0.194 (0.413) 0.319 (0.171)

Lower extremity

   Resting motor threshold –0.406 (0.075) 0.257 (0.273)

   Amplitude 0.108 (0.649) –0.355 (0.125)

   Latency –0.297 (0.204) –0.068 (0.774)

Values are correlation coefficients (p-values).
UPDRS-III, Unified Parkinson’s Disease Rating Scale part 
III; 5m-TUG, 5-meter Timed Up and Go test.
*p<0.05.
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Fig. 1. Correlations between motor evoked potentials (MEPs) in upper and lower extremities. (A) Resting motor 
threshold and (B) amplitude.
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on cortical hyper-excitability and reduced inhibition of 
the motor cortex in IPD [24-28]. Some studies have also 
reported that the motor threshold is associated with a 
lower RMT in IPD patients, as compared to the healthy 
population [24,27,28]. Therefore, the RMT of upper ex-
tremity MEPs could allow for quantitative measurement 
of motor dysfunction in patients with parkinsonism.

Upper and lower limb motor representations share 
similar mechanisms according to the study with paired 
pulse TMS paradigms [29], although intrinsic hand 
muscles with strong corticospinal projections have lower 
RMT than lower limb muscles with weaker corticospinal 
projections [30]. TMS-induced MEPs study in patients 
with IPD showed that there are similar abnormalities in 
intra-cortical facilitation and inhibition between the up-
per and lower extremity motor cortex [24]. A significant 
correlation between RMTs of MEPs in upper and lower 
extremities was consistent with previous studies [24,29]. 
Conversely, the RMT of MEPs in the lower extremity did 
not significantly correlate with severity of motor dysfunc-
tion, despite a significant relationship between RMT of 
MEPs in upper and lower extremities. The small number 
of participants in the study might be a possible reason 
of the tendency toward correlation between the RMT of 
MEPs in the lower extremity and severity of motor dys-
function, without statistical significance. However, func-
tional activation across brain motor areas during lower 
extremity movements are similar but differ substantially 
from activation related to upper extremity movements 
[31]. Therefore, another reason might be that 2 kinds of 
movement differently recruit the central nervous system. 
Therefore, additional studies are needed to determine 
the precise relationship between the RMT of MEPs in the 
lower extremity and the severity of motor dysfunction.

The amplitude and latency of MEPs exhibited no sig-
nificant relationship with functional assessments in pa-
tients with parkinsonism. In addition, there was no sig-
nificant relationship between the latency of MEPs in the 
upper and lower extremities. The amplitude and latency 
of MEPs represent the corticospinal excitability of the M1 
and the conduction time from the M1 to the target mus-
cle, respectively [6]. The interpretation of MEP amplitude 
is complicated due to the influence of temporal disper-
sion of corticospinal conduction [6]. The latency of MEP 
might also be influenced by peripheral nerve conduction 
time, as well as central conduction time [6]. Therefore, 

the amplitude and latency in TMS-induced MEPs can be 
influenced by parameters such as height, functional sta-
tus of peripheral nerves, and muscles [32]. This is one of 
limitations in the present study. Further studies to assess 
the exact relationship of the amplitude and latency of 
MEPs with functional assessments are needed. The RMT 
of MEPs is the most reliable parameter for assessing cor-
ticomotor excitability in TMS-induced MEPs, as the RMT 
of MEPs is relatively less influenced by other factors of 
corticomotor excitability [6,33]. This finding is consistent 
with previous studies.

This study had several limitations. By recruiting pa-
tients with the clinical syndrome of parkinsonism, we 
did not limit selection to a single disease entity [8,9]. The 
pathophysiological mechanisms of parkinsonism might 
differ according to disease, despite similar clinical fea-
tures. Although the results of the present study were used 
to assess motor function in patients with parkinsonism, 
the power to draw conclusions based on disease entity is 
insufficient. In addition, most participants scored 3 or 4 
on a modified Hoehn and Yahr scale. We did not enroll 
patients with mild or severe disease status. Therefore, the 
results of this study cannot be generalized to all patients 
with parkinsonism. Further investigations are required to 
supplement these limited findings.

In this study, RMT of upper extremity MEPs was sig-
nificantly correlated with the UPDRS-III score in patients 
with parkinsonism. This result indicated that MEPs re-
flect the severity of motor dysfunction in patients with 
parkinsonism. This suggests that MEPs provide a quanti-
tative, electrodiagnostic method to assess motor function 
in patients with parkinsonism.
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