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Repetitive Transcranial Magnetic Stimulation in
Treatment of Levodopa-Induced Dyskinesia
in Parkinson’s Disease
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Abstract

Background: Dyskinesia is one of the major complications of long-
term dopaminergic treatment of Parkinson’s disease (PD), and deep
brain stimulation may be the only satisfactory treatment for it. This
study aims to search if there is any therapeutic effect of repetitive
transcranial magnetic stimulation (rTMS) for levodopa-induced dys-
kinesia (LID) in PD patients.

Methods: This study was conducted in Mansoura International Spe-
cialized Hospital in 43 complicated idiopathic PD patients. The pa-
tients with LID were divided into two groups matched in age, sex,
duration and stage of the disease. Dyskinesia was detected by the
Unified PD Rating Scale section IV. The patients of the study group
(20 patients) received active rTMS, 5 Hz was applied bilaterally over
the motor hand and leg areas of the cortex, in 20 trains, and each train
is formed of 100 pulses, with 20-s inter-train interval. Ten sessions
were administered once per day for 10 successive days for each pa-
tient. The patients of the control group (20 patients) received sham
rTMS.

Results: After rTMS, there was significant improvement in LID in
the study group (P < 0.001), while there was no improvement in the
control one (P = 0.585). As regards to the LID clinical presentations,
there was no significant difference between the two groups according
to dyskinesia duration (P = 0.246), disability (P = 0.425) and early
morning dystonia (P = 0.059), while there was significant improve-
ment of painful dyskinesia in the study group (P = 0.046).

Conclusions: The rTMS may have an additional therapeutic benefit
for LID. Further studies may put the best rTMS parameters to estab-

lish more prominent and longer-lasting clinical effects.
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Introduction

The incidence of Parkinson’s disease (PD) has been estimated
to be 4.5 - 21 cases per 100,000 population per year, and most
studies yield a prevalence of approximately 120 cases per
100,000 population [1]. In Egypt the crude prevalence rate of
PD was 557/100,000 [2]. Dyskinesia is one of the real compli-
cations of long haul dopaminergic treatment of PD. The patho-
physiology and the clinical risk factors causing dyskinesia in
PD are not completely comprehended, and their medical treat-
ment is still inadequate [3, 4]. The revealed incidence rates of
levodopa-induced dyskinesia (LID) demonstrate a wide range,
from 9-80% [5]. Deep brain stimulation surgery, which is af-
firmed by Food and Drug Administration for the intractable
complications emerging from long-standing dopaminergic
treatment [6], does not improve them in numerous patients
with PD [7]. Patients with LID have three main clinical pres-
entations: peak dose dyskinesia, wearing-off or off-period dys-
tonia, and diphasic dyskinesia. The peak dose dyskinesia is the
most widely recognized and diphasic dyskinesia is the least
common [8]. The response to therapy in PD is affected by the
age of onset and severity of PD, dose and duration of levodopa
(L-dopa) treatment, low body weight, L-dopa/carbidopa/en-
tacapone treatment, female gender, higher Unified PD Rating
Scale (UPDRS) score, and some genetic polymorphisms [9].
Some factors that affect both pre- and post-synaptic nigrostri-
atal dopamine transmission may prompt these motor compli-
cations [10].

Transcranial magnetic stimulation (TMS) was first intro-
duced by Barker et al, who scientifically proved the influence
of magnetic stimulation on motor cortex of the human brain in
1985 [11].

Repetitive TMS (rTMS) is an easy and noninvasive proce-
dure of brain stimulation in view of the hypothesis of electro-
magnetic induction. A review of the literature, including 2,228
patients, revealed that rTMS does not carry significant risk of
adverse events in the PD population [12]. It is the repetitious
application of TMS pulses over a predefined target with ability
to alter excitability at the site of stimulation of the brain [13],
and it also affects brain areas anatomically connected to the
stimulation site [14]. The rTMS at frequencies of 5 Hz and
higher noteworthily increases motor cortex excitability, while
the rTMS at frequencies of 1 Hz and lower depresses it [15].
It was found that in normal people, use of rTMS over the pri-
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mary motor area (M1) [16] or the dorsolateral prefrontal cortex
(DLPFC) [17] provoked ipsilateral dopamine discharge from
the putamen and caudate respectively. During the last two dec-
ades, rTMS has been inspected as a possible treatment for PD
[18]. Also, rTMS may help in improving some complications
of PD as it has a positive effect in on-freezers with advanced
PD with subsequent decrease of number of falls [19].

The outcomes are clashing, and no reasonable treatment
protocol has yet been characterized. Although some of the re-
searches that used high-frequency studies in the range of 25 Hz
demonstrated positive improvements [20], the study that used
theta burst stimulation (50 Hz) failed to exhibit this effect [21].

The aim of our study was to search if there is any helpful
therapeutic impact of rTMS on LID in PD patients.

Patients and Methods

This study was conducted from May 2016 to May 2017, in
Mansoura International Specialized Hospital in 43 patients
with idiopathic PD complicated by dyskinesia. The study pro-
tocol has been approved by the institute’s committee on hu-
man research. All patients fulfilled the UK PD brain bank cri-
teria. All patients subjected to the study were right handed and
above 50 years old with the presence of at least two of the three
cardinal signs (tremors, bradykinesia and rigidity) [22]. They
showed strong dramatic response to L-dopa initially, and then
the response started to wane with appearance of motor com-
plications. All patients were complaining of LID. It included
chorea, choreoathetosis, or dystonia [23].

The exclusion criteria included history of seizures, previ-
ous cerebral strokes, severe head trauma, anti-psychotic drugs
intake, substance or alcohol abuse, signs of serious cognitive
impairment (Mini-Mental State Examination score < 24), sub-
stance or alcohol abuse, deep brain stimulation, direct current
stimulation or electro-convulsive therapy. The patients with
secondary parkinsonism and parkinsonian plus syndromes
were excluded.

Proper history taking of general and neurological com-
plaints and full neurological examination were done. The UP-
DRS is used to follow the longitudinal course of PD. It is made
up of six sections: 1) Part I: evaluation of mentation, behav-
ior, and mood; 2) Part II: self-evaluation of the activities of
daily life (ADLs) including speech, swallowing, handwriting,
dressing, hygiene, falling, salivating, turning in bed, walking,
and cutting food; 3) Part III: clinician-scored monitored mo-
tor evaluation; 4) Part IV: complications of therapy; 5) Part
V: Hoehn and Yahr staging of severity of PD; and 6) Part VI:
Schwab and England ADL scale [22]. We used UPDRS section
IV to assess the duration of dyskinesia, and associated disabil-
ity and pain.

The duration of dyskinesia was calculated as: what pro-
portion of the waking day was dyskinesia present (historical
information)? The grades were: 0 = none, 1 = 1-25% of day, 2
=26-50% of day, 3 =51-75% of day and 4 = 76-100% of day.

The disability was evaluated as: how disabling was the
dyskinesia (historical information)? The grades were: 0 = not
disabling, 1 = mildly disabling, 2 = moderately disabling, 3 =
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severely disabling, and 4 = completely disabled.

Painful dyskinesia was estimated as: how painful was the
dyskinesia? The grades were: 0 = no painful dyskinesias, 1 =
slight, 2 = moderate, 3 = severe and 4 = marked.

The presence of early morning dystonia was taken from
the historical information and reported as: 0 =no and 1 = yes.

In this randomized, sham-controlled study, the 43 patients
were divided into a study group and a control one. The study
group included initially 23 patients. The patients received ac-
tive rTMS, 5 Hz bilaterally over the motor hand and leg areas
of the cortex. All patients were on both L-dopa and anticho-
linergic drugs for more than 5 years. All of them were on a
fixed dose of their anti-parkinsonian medication for at least
1 month before starting the study until the end of the study.
The doses varied between three and four tablets daily of L-
dopa/carbidopa 250/25 mg in each tablet. No anti-dyskinetic
medications were given before, during, or after TMS treat-
ment. Three patients could not tolerate the pain under the coil
and so they withdrew from the study. The control group com-
prises 20 complicated PD patients who received sham rTMS.
It is matched with the study group as regards to the age, sex,
duration, and staging of the disease. We chose sham stimula-
tion for the control arm to offset the potential placebo effect of
the rTMS intervention. The procedure was explained to both
groups and written informed consent was taken after approval
by the local ethical committee.

During the session, the patients were seated comfortably
in a reclining chair. The biphasic rTMS pulses were deliv-
ered through circular coil (outer diameter = 14 cm; maximum
field strength = 1.9 Tesla) attached to MagPro R30 stimula-
tor (MagVenture, Farum, Denmark) (Fig. 1). TMS pulses were
delivered through the coil which is positioned perpendicular to
the central sulcus line. The study group received 5 Hz applied
in 20 trains, and each train is formed of 100 pulses, with 20-s
inter-train interval. Ten sessions were administered once per
day for 10 successive days for each patient. The control group
could not tell which type of stimulation was active or sham.
The position of the sham coil was identical to that of the ac-
tive coil. The look and feel of the sham stimulation were very
similar but not identical to active stimulation. They incorrectly
picked sham stimulation as active.

Statistical analysis

Data was analyzed using Statistical Package for Social Scienc-
es (SPSS) version 15 (SPSS Inc., Chicago, IL, USA). Qualita-
tive data was presented as number and percent. Comparison
between groups was done by Chi-square test. Quantitative data
was presented as mean + SD. Paired #-test was used for com-
parison within groups. The P < 0.05 was considered statisti-
cally significant. Student #-test was used to compare between
two groups.

Results

Forty PD patients who complicated with LID have completed
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Figure 1. MagPro R30 magnetic stimulator (MagVenture, Farum, Den-
mark, 2012).

the study, and they were divided into two groups: study group
with 20 patients who were subjected to active rTMS, and the
control group with 20 patients who were subjected to sham
rTMS.

In the study group, nine patients were men and 11 patients
were women. Their age ranged between 60 and 75 years (66.65
+ 4.58). Their illness duration ranged between 62 - 80 (68.10 =
5.35) months. In the control group, 12 patients were men and
eight patients were women. Their age ranged between 58 and
78 years (66.60 £ 5.97). Their illness duration ranged between
63 - 80 (68.75 £ 5.30) months (Table 1).

Before stimulation, the study group was matched in every

aspect to the control one. There was no significant difference
in age, sex or duration of the disease. As regards to the clinical
staging of the disease before rTMS, there was no statistical
difference between both groups (Table 2).

According to the individual clinical presentations of pa-
tients with LID, active stimulation did not lead to much im-
provement regarding dyskinesia duration (P = 0.246), disabil-
ity (P = 0.45) or early morning dystonia (P = 0.059) at the end
of the study (Table 3), while it showed significant improve-
ment regarding painful dyskinesia (P = 0.046) (Table 4).

The results showed significant improvement in LID (as a
whole involving the total score of the four clinical parameters)
in the study group at the end of active rTMS, but no improve-
ment in the control group after sham stimulation (Table 5).

Discussion

Some controlled and uncontrolled researches have investi-
gated the therapeutic use of rTMS in PD and have discovered
advantageous impacts [24]. The results of our study about the
effect of rTMS on LID in patients with PD showed significant
improvement (P < 0.001). It did not show much improvement
regarding dyskinesia duration, disability or early morning
dystonia, while it showed significant improvement regarding
painful dyskinesia (P = 0.046).

Our outcomes were in concurrence with Filipovic et al
[25], who led a randomized controlled examination on 10 pa-
tients with severe LID using real and sham rTMS (1,800 puls-
es; 1-Hz rate more than 4 days). Despite the fact that the study
and control groups reacted in same extent, just the study group
showed significant changes toward the end of treatment. The
stimulation protocol and the overall dose used in the study may
be too low to give significant differences between the study
and control groups. Also, Brusa et al demonstrated that a low-
recurrence (rTMS) to the supplementary motor area (SMA)
diminished LID yet just for up to 30 min. In their consequent

Table 1. Comparison Between Demographic Data of the Study and Control Group Patients Before rTMS

Data Study group (n = 20) Control group (n =20) P
Age 66.65 +4.58 66.60 +5.97 t=0.030 0.976
Sex No % No %
Men 9 45% 12 60% x2 =0.902 0.342
Women 11 55% 8 40%
Duration of illness 68.10 £5.35 68.75 £5.30 t=0.386 0.702

This table shows no statistical difference between both groups regarding age, sex and duration of iliness.

Table 2. Comparison Between Both Groups as Regards to the Disease Staging Before rTMS

X X Study group Control group
Stage of Parkinson’s disease %2 P
No % No %
111 7 35% 9 45% 0.472 0.790
v 10 50% 40%
A% 3 15% 3 15%
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Table 3. The Comparison Between Clinical Presentations of LID in Study and Control Groups Before rTMS

Dyskinesia Study group (n = 20) Control group (n =20) t P

Dyskinesia duration (% of the day) 0.95+1.05 0.85+1.04 0.303 0.764
Dyskinesia disability 1.05+1.28 0.90 +1.29 0.369 0.714
Painful dyskinesia 0.50 £ 0.69 0.60 +0.82 0.418 0.679
Early morning dystonia 0.35+0.49 0.50 +0.61 0.860 0.395

Table 4. Comparison Between Individual Clinical Presentations of LID in Study and Control Groups After rTMS

Dyskinesia Study group (n = 20) Control group (n = 20) t P
Dyskinesia duration (% of the day) 0.50+0.89 0.85+0.99 1.178 0.246
Dyskinesia disability 0.60 +1.14 0.90+1.21 0.806 0.425
Painful dyskinesia 0.20 +0.41 0.60 +0.75 2.084 0.046*
Early morning dystonia 0.20 £ 0.41 0.55 £ 0.69 1.957 0.059

*Statistically significant P < 0.05.

study, they conveyed stimulation for 5 continuous days (every
day sessions for 15 min), but there was no cumulative im-
provement developed toward the end of treatment [26].

Similarly, our results were in the same direction of Elahi
et al [18], who found improvement of dyskinesia that went on
for around 30 min when they conveyed a low-frequency rTMS
(1-Hz frequency, 900 stimuli over 15 min) over the SMA.

Additionally, Wagle Shukla et al [27] used the param-
eters of 900 stimuli at 1 Hz more than 15 min for 2 weeks,
and focused on the primary motor cortex rather (M1) than the
SMA. They discovered significant improvement at 1 day and
2 weeks evaluation in the dyskinesia rating scale and in the
scores based off a diary maintained by patients.

Additionally, Rascol et al, who performed an investigation
of 10 day by day sessions of low frequency rTMS over motor
cortex, indicated reduction of peak dose dyskinesia, which was
quantifiable and huge a day after the last session [28]. As dys-
kinesia in PD by most accounts may be due to over-activity in
M1, this element of low frequency rTMS may well be behind
the watched clinical benefit in this study.

On the other hand, Wagle Shukla et al [27] found that
sham rTMS induced significant placebo effect on LID in some
patients, and even in few cases, the sham rTMS effect was
greater than the effect of active rTMS. These results raise the
possibility that the reduction in dyskinesia scores observed fol-
lowing the active rTMS may be due to placebo effect rather
than a genuine rTMS effect.

Also, a meta-analysis of pooled results from 10 controlled
trials found that there was a therapeutic effect for the use of

high-frequency rTMS, while there was no significant effect for
low-frequency rTMS studies [29].

The differences in the outcomes of different studies might
be because of the varieties in sample sizes, and rTMS dosing
regimens, result measures, inclusion and exclusion criteria,
use of sham TMS, brain side and sites of stimulation, medica-
tion use, disease stage, age, sex and side of onset of PD.

Compared with other rTMS protocols used for treatment
of patients with PD, we used circular coil for stimulation. This
produced diffuse effect in the nearby cortical areas. We stim-
ulated the site of M1 bilaterally similar to Khedr et al [30].
Regarding number of sessions we applied 10 sessions, while
others as Arias et al [29] and Benninger et al [31] applied seven
sessions, Bornke et al [32] and Koch et al [33] applied sin-
gle sessions. As regards frequency we used 5 Hz, while others
used frequency of 10 Hz or higher [34].

Ying-hui et al found that there were no significant differ-
ences in effect size between rTMS sites (M1 versus other fron-
tal regions) and between high-frequency and low-frequency
rTMS. However, there was a significant difference in effect size
among different combinations of rTMS frequency and rTMS
site. The effect sizes estimated from high-frequency rTMS tar-
geting M1 and from low-frequency rTMS applied over other
frontal regions were significant. The effect sizes obtained from
the other two combinations of rTMS frequency and rTMS site
were not significant [35].

The pathophysiology of LID may be related to the striatal
degeneration that depends on the dose and duration of L-dopa
treatment [36, 37]. Presynaptic disturbances generate large do-

Table 5. Comparison Between Dyskinesia Before and After rTMS in Each Group

Dyskinesia
P t Group
After stimulation Before stimulation
<0.001* 5.729 7.35+6.82 11.15+7.65 Study group
0.585 0.556 10.85 = 7.40 11.05 +7.57 Control group

*Statistically significant P < 0.05.
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pamine oscillation in the brain and postsynaptic changes lead-
ing to abnormal responses in dopaminergic neurons. Progres-
sive degeneration of presynaptic nigral neurons results in loss
of dopamine storage capacity causing sudden rise in dopamine
level leading to peak-dose dyskinesia and sudden decline in
dopamine level causing wearing-off dyskinesia [38]. A critical
number of patients do not create dyskinesia in spite of pro-
longed L-dopa treatment. Hereditary variables could assume
a part in deciding the event of peak-dose dyskinesia. Certain
kinds of hereditary polymorphism of the dopamine receptor
D2 quality have been related with a lessened danger of creat-
ing peak-dose dyskinesia [39].

Intermittent intake of L-dopa results in downstream
changes in proteins and genes, causing the changes in the stri-
atal output that induce the dyskinesia [40]. Disinhibition of the
primary and associated motor cortex secondary to increased
outflow (pallidothalamocortical motor pathway) may be re-
sponsible for LID [26].

A few other nondopaminergic frameworks including glu-
tamatergic, gamma-aminobutyric, serotonergic, histaminergic,
adenosine, and cannabinoid receptors have been hypothesized
to assume a vital part in the advancement of LID [41].

The literature on the mechanism of action of rTMS for
treatment of LID is scanty [42, 43]. Some studies demonstrated
a long-lasting beneficial effect of low-frequency rTMS target-
ed at the SMA. The increased levels of activity in these frontal
regions may result in the inhibition of action via a hyperdirect
pathway that connects several frontal regions (including the
SMA, DLPFC, and inferior frontal gyrus) and the subthalamic
nucleus [44]. A specific impairment in plasticity of the cortical
inhibitory mechanisms was demonstrated in PD patients with
dyskinesia [45]. The benefits of rTMS in treatment of LID are
sustained at a follow-up period of about 6 weeks [20].

Our study found that rTMS resulted in a statistically sig-
nificant improvement in painful dyskinesia but not in the other
three measures. TMS acts on pain-modulating systems in the
diencephalon and descending pain pathways from the brain-
stem to the spinal cord [46]. Several studies proposed hypothe-
ses for the mechanism of chronic pain management with TMS.
GABAergic inhibitory neurotransmission may play a role in
pain modulation with TMS [47]. Endogenous opioid systems
may also be affected by TMS-induced analgesia depending on
the stimulation site [48]. One of the suggested mechanisms is
the efficacy of rTMS in treating depression which is a common
co-morbidity in chronic pain [49].

One of the limitations of this study is the small number of
cases. Also, although the UPDRS is helpful in assessment of
different aspects of dyskinesia, it does not include the anatomi-
cal distribution of dyskinesia in different body parts [50]. Ad-
ditionally, the rTMS in this study was delivered with patients
on medication. It is yet unknown whether the effects may be
different and even stronger if rTMS is delivered off medica-
tion. But when therapeutic effect of rTMS was assessed in
many trials [31] during the off state and in others [30] during
the on state, the estimated effect sizes were not significantly
different between the off-state and on-state evaluations.

The encouraging results of this study, together with the
cumulative results from other researches, suggest a need for
further studies that would systematically evaluate relevant
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methodological features (e.g. more days of rTMS, strong-
er TMS pulses, bilateral stimulation, rTMS in on versus off
medication) to get more accurate protocols that may lead to
more prominent and longer-lasting clinical improvements in
LID. Other studies may evaluate the effect of rTMS on the
non-motor manifestations of PD, for example, the cognitive
functions which are affected early in the disease [51], or fa-
tigue and sleep disturbances [52], and may evaluate the effect
of rTMS on the non-dopaminergic extra-striatal sites that may
be involved in PD as the centromedian-parafasicular complex
of the thalamus [53].

Conclusions

The rTMS showed therapeutic effect on LID in PD. Although
the improvement was not significant regarding dyskinesia du-
ration, disability or early morning dystonia, it was significant
regarding painful dyskinesia.

Informed Consent

Subjects have given their informed consent.
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