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Outcomes in spasticity after repetitive transcranial 
magnetic and transcranial direct current stimulations
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Introduction
Spasticity is one of the features of upper motor neuron syn-
drome and an important cause of disability in patients with 
central nervous system (CNS) disorders affecting the motor 
cortex or corticospinal tract. Examples of such disorders 
include multiple sclerosis (MS) (Oreja-Guevara et al., 2013), 
spinal cord injury (SCI) (Levi et al., 1995; Skold et al., 1999), 
brain injury due to stroke (Wissel et al., 2013) or cerebral 
palsy (CP) (Reid et al., 2011). Spasticity is defined as a ve-
locity-dependent increase in muscle tone, and presents with 
exaggerated tendon jerks, clonus, and spasms, which result 
from hyperexcitability of the stretch reflex (Lance, 1980). 
Spasticity may be generalized, focal or multifocal. It may 
restrict range of movements, dexterity and may cause ab-
normal postures and pain which may interfere with patients’ 
activity of daily living or maintenance of hygiene (Zorowitz 
et al., 2013). Other problems caused by spasticity like fatigue, 
psychosocial and behavioural limitations further increase the 
disability. Spasticity affects approximately 50–80% of patients 
with muscle spasticity (Barnes et al., 2003; Oreja-Guevara et 
al., 2013), 4–50% of patients with stroke (Wissel et al., 2013), 
20–50% of patients with CP and 60–80% of patients with 
SCI patients (Levi et al., 1995; Skold et al., 1999). There are 
different pharmacological management strategies for spas-
ticity control, and  non-invasive brain stimulations could be 
one of various non-pharmacological management strategies 

for spasticity control (Centonze et al., 2007; Mori et al., 2009; 
Kumru et al., 2010). 

Transcranial magnetic stimulation (TMS) is a neurostim-
ulation and neuromodulation technique, based on the prin-
ciple of electromagnetic induction of an electric field in the 
discrete brain regions (Kobayashi and Pascual-Leone, 2003; 
Rossi et al., 2009). Repetitive TMS (rTMS) is a non-invasive 
technique that induces changes in cortical excitability at the 
site of stimulation and transsynaptically at distant sites. Mod-
ulation of excitability at the directly targeted brain region 
depends on the frequency, intensity and the pattern of stim-
ulation. The induced effects promote inhibition or excitation 
of the stimulated area (Berardelli et al., 1998; Pascual-Leone 
et al., 1994, 1998; Wassermann and Lisanby, 2001; Romero 
et al., 2002; Kobayashi and Pascual-Leone, 2003; Siebner and 
Rothwell, 2003; Rossi et al., 2009). Trains of rTMS pulses can 
induce modification of activity in the targeted brain region, 
which can last for minutes or even hours. 

When multiple stimuli of TMS are delivered in trains, one 
can differentiate ‘‘conventional” and ‘‘patterned” protocols of 
repetitive stimulation (Rossi et al., 2009). The term ‘fast’ or 
‘high-frequency’ rTMS refers to stimulus rates of more than 
1 Hz, and the term ‘slow’ or ‘low-frequency’ rTMS refers to 
stimulus rates of 1 Hz or less. Such a classification is based 
on the different physiological effects and degrees of risk as-
sociated with low- and high-frequency rTMS stimulation.
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Patterned rTMS refers to repetitive application of short 
rTMS bursts at a high inner frequency interleaved by short 
pauses of no stimulation. Theta burst stimulation protocols 
in which short bursts of 50 Hz rTMS are repeated at a rate in 
the theta range (5 Hz) as a continuous (cTBS), or intermit-
tent (iTBS) train (Huang et al., 2005; Di Lazzaro et al., 2008).

rTMS or TBS can be directly used to facilitate recovery. 
Lasting inhibitory after-effects of 1 Hz rTMS and cTBS and 
facilitatory after-effects following high-frequency rTMS and 
iTBS were found on motor corticospinal output in healthy 
subjects (Kobayashi and Pascual-Leone, 2003; Rossi et al., 
2009). Various mechanisms have been considered, including 
synaptic changes resembling experimental long term depres-
sion (LTD) and long term potentiation (LTP) mechanisms, 
as well as shifts in network excitability, activation of feedback 
loops, and activity-dependent metaplasticity (Gentner et al., 
2008; Iezzi et al., 2008). LTP is a long-lasting enhancement 
in signal transmission between two neurons that results 
from stimulating them synchronously (Matsuzaki et al., 
2004; Cooke and Bliss, 2006). LTP is widely considered to be 
one of the major cellular mechanisms that underlie learning 
and memory (Cooke and Bliss, 2006).

tDCS is a non-invasive technique of neuromodulation, 
which passes low amplitude direct electrical current (1–2 
mA) through pad electrodes placed on the scalp to alter neu-
ronal firing. The term ‘direct’ means the electrical flow trav-
els from one electrode (anode, positive electrode) towards 
the other (cathode, negative electrode) (Nitsche and Paulus, 
2000; Lefaucheur, 2008).  

Neuronal changes in the underlying cerebral tissue start a 
few minutes after tDCS and the duration of the effects out-
lasts the period of stimulation (Nitsche and Paulus, 2000). 
Transcranial direct current stimulation (tDCS) is classified 
as anodal or cathodal according to the type of electrode ap-
plied over the target in cerebral cortex. While anodal tDCS 
elicits prolonged increases in the cortical excitability of the 
underlying brain area, cathodal stimulation shows opposite 
effects (Nitsche and Paulus, 2000, 2001). However, direction 
of polarising effects is strictly influenced by the orientation 
of dendrites and axons in the electrical field further (Nit-
sche and Paulus, 2000; Priori, 2003; Lefaucheur, 2008). Both 
animal and human studies showed approximately 50% of 
transcranially applied current passes through the skull (Rush 
and Driscoll, 1968; Dymond et al., 1975).

tDCS differs from other transcranial stimulation tech-
niques as it does not trigger an action potential because of 
low current density. Therefore, it exerts modulation of spon-
taneous neuronal excitability. The mechanisms are believed 
to be changes in spontaneous neuronal firing rates, synaptic 
plasticity and non-synaptic plasticity and result in change 
of resting polarization of neurons. However, the evidence 
indicates that non-synaptic mechanisms, specifically shifts 
in resting membrane potential of pre- and post-synaptic 
neurons are responsible for the major effect (Nitsche et al., 
2003). Overall, tDCS features highly portable and safe. It 
permits modulation of cortical excitability with reasonable 
topographic resolution and reliable experimental blinding. 

tDCS is a painless technique for electrically stimulating the 
brain with mild side effects such as a mild headache or itch-
ing on the electrode site.  

Non-invasive brain stimulations could be one of various 
non-pharmacological management strategies for spasticity 
control (Centonze et al., 2007; Mori et al, 2009; Kumru et al., 
2010). This review aimed to evaluate effectiveness and safety 
of non-invasive brain stimulations in neurological disorders. 

Data Source and Methodology
A literature search was performed using the words “non-in-
vasive brain stimulation (repetitive transcranial magnetic 
stimulation [rTMS] or theta burst stimulation or transcra-
nial direct current stimulation [tDCS]” and “spasticity”. The 
search was limited to literatures published in English until 
October 2013 in Pubmed, Cochrane, MEDLINE, Embase, 
Scopus, Web of Science and PICARTA Databases. Included 
in this review were published papers that studied the effect 
of noninvasive brain stimulation on spasticity alone or in 
combination of any other treatment (e.g., physiotherapy and 
medication) in adult or pediatric patients. 

The following information was extracted from each study: 
publication details, study design, patient population (age, 
aetiology, disease duration, and disability), details on spas-
ticity (localization, severity), details of intervention, outcome 
measures, method of follow-up, and withdrawals. 

There were several clinical and electrophysiological out-
come measures, which were used by the authors in those 
reviewed papers. 

For the clinical outcome measures:
(1) Spasticity evaluation: Ashworth or modified Ashworth 

scale (MAS), Spinal cord injury spasticity evaluation tool 
(SCI-SET); Spinal Cord Assessment Tool for Spastic Reflexes 
(SCAT); modified Penn spasm frequency scale (MPSFS); 
Leeds arm spasticity impact scale, visual analogue scale 
(VAS) for spasticity, Tardieu scale.

(2) Upper limb functioning: Fugl-Mayer Assessment 
(FMA), Wolf motor function test (WMFT).

(3) Gait: Timed up and go test, 10 meters walk test 
(10MWT), walking index for spinal cord injury (WISCI), 
Barthel test.

(4) Activities of daily living (ADL).
Electrophysiological measures were:
(1) Maximum H reflex and M wave amplitude ratio: gives 

information about the excitability changes in the spinal cord.
(2) T reflex: gives information about excitability changes 

in the spinal cord.
(3) Withdrawal reflex (nociceptive or flexor withdrawal 

reflex): spinal reflex intended to protect the body from dam-
aging stimuli.

(4) Motor evoked potential (MEP) amplitude: shows in-
tegrity and excitability of corticospinal motor pathway.

Results
Effects of rTMS and tDCS on spasticity 
The effect of rTMS on spasticity was studied in patients with 
MS, stroke, SCI and CP. There were no studies regarding 
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non-invasive brain stimulation on spasticity in ALS or after 
traumatic brain injury. Table 1 shows, patient population 
(age, aetiology, disease duration, and disability) and Table 
2 shows details of non-invasive brain stimulation, outcome 
measures, results of changes especially in spasticity, side ef-
fects, follow-up, and withdrawals.

MS
Eight articles were found in the database after a search with 
the keywords: spasticity, MS and rTMS (Amatya et al, 2013; 
Centonze et al 2007; Mori et al, 2010; Mori et al; Nielsen et 
al, 1997; Nielsen et al, 1995a; Nielsen et al, 1995b; Nielsen 
et al, 1996). Only two of these articles explored the effect of 
rTMS in MS spasticity (Centonze et al., 2007; Mori et al., 
2010). Centonze et al. (2007) evaluated the effect of rTMS in 
19 patients with relapsing remitting MS and with spasticity 
which affected exclusively or predominantly one lower limb. 
rTMS protocol included stimulation with figure-of-eight coil 
over primary motor cortex. They showed improvement of 
MAS after the last session of 15-daily rTMS stimulation at 5 
Hz which was maintained for 1 week. They also found that a 
single session of 5 Hz stimulation inhibited H reflex (reduc-
tion of reflex activity in the spinal cord level) and increased 
MEP amplitude whereas 1 Hz had the opposite effect. 

Mori et al. (2010) studied effectiveness of iTBS in 20 re-
lapsing remitting MS patients with spasticity affecting ex-

clusively or predominantly one lower limb. Study protocol 
included 2-week daily sessions of real or sham iTBS (10 
bursts, composed of three stimuli at 50 Hz, repeated at a the-
ta frequency of 5 Hz) applied over primary motor cortex of 
lower extremity. The spasticity measured by MAS improved 
significantly and the suppression of H reflex was reported 
after the last session and those changes were maintained 
during 1 month of follow-up. Based on these two previous 
works, magnetic stimulation, either rTMS or iTBS might 
have a therapeutic effect in MS spasticity lasting at least for 1 
week. 

There are no studies about the effect of tDCS on spasticity 
in MS.

SCI
In two different studies, it has been shown that in incomplete 
SCI, high frequency rTMS induced significant reduction in 
the spasticity in the lower extremities (Kumru et al., 2010; 
Kumru et al., 2013). In the first study (Kumru et al., 2010), 
20 Hz rTMS was applied on the vertex for 5 days (motor 
cortex area of legs) and the patients reported significant 
improvement in spasticity after the last rTMS session and 
during 1 week of follow-up in the lower extremity according 
to modified Ashworth scale (MAS), visual analogue scale 
(VAS) for spasticity, spinal cord assessment tool for spastic-
ity (SCAT), modified Penn spasm frequency scale (MPSFS), 

Table 1 Demographical and clinical characteristics of the patients from the literature, which used non-invasive brain stimulation for spasticity

Disease Number of patients Age (year) Disease duration Disability

Studies done with rTMS
Valle et al. (2007) CP 17 6–12 Quadriparesia 

Kumru et al. (2010) Incomplete SCI 17 15–68 3–17 months Para or tetraparesia

Kumru et al. (2013) Incomplete motor SCI 17 18–60 3–12 months Para or tetraparesia with gait capacity

Centonze et al. 
(2007)

RRMS 19 34–51 NA Predominantly affected one lower 
limb (EDSS 3–6)

Mori et al. (2010) RRMS 20 27–65 1–23 years Predominantly affected one lower 
limb

Mally and Dinya 
(2008)

Stroke 64 46–68 4–16 years Hemiparesia
Brunstrom stage 3–4 for unileteral 
upper limb

Kakuda et al. (2011b) Stroke 39 40–72 > 1 years Brunstrom stage 3–5 for upper limb

Kakuda et al. (2011a) Stroke 5 56–66 > 1years Brunstrom stage 3–5 for upper limb

Theilig et al. (2011) Stroke
(1 unilateral episode)

24 35–80 2 weeks–58 months MRS: 2–4, NIH: 2–19

Kakuda et al. (2012) Stroke
(1 unilateral episode)

14 45–68 24–223 months Hemiparesis 
Brunstrom stage 3–5 for upper limb

Wupuer et al. (2013) Stroke 12 patients
14 healthy subjects

55–65 > 2 years MAS: 2–4

Etoh et al. (2013) Stroke
(1 or 2 unilateral episodes)

18 34–83 5–60 months Brunstrom stage ≥ 3

Studies done with tDCS
Bradnam et al. 
(2012)

Stroke 12 38–80 2–28 months Mild-to-moderate upper limb paresis

Wu et al. (2013) Stroke 90 15–70 > 2 months Hemiparesis

Ochi et al. (2013) Stroke 18 51–71 > 6 months Moderate-to-severe upper limb paresis

rTMS: Repetitive transcranial magnetic stimulation; tDCS: transcranial direct current stimulation; CP: cerebral palsy; SCI: spinal cord injury; 
RRMS: relapsing remitting multiple sclerosis; NA: not available; EDSS: Expanded disability status scale; MRS: modified Rankin scale; NIH: 
National Institute of Health scale; MAS: modified Ashworth scale.
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Table 2 Non-invasive brain stimulation protocols and results of studies which used repetitive transcranial magnetic stimulation (rTMS) or transcranial direct current 
stimulation (tDCS) in spasticity

Authors

Intervention details Outcome measures

Results AEs Follow-up 
Type of 
stimulation Procedure 

Clinical  (spasticity and 
functional) EMG

Studies using rTMS

Valle et 
al. (2007)

-5 Hz rTMS-
1,500 pulses
-1 Hz rTMS-
1,500 pulses
-Sham rTMS

-5 days of stimulation
-90%RMT from UE 
-Over CL APB motor area

-ROM, Ashworth -NA -Improvement of spasticity of elbow 
with 5 Hz rTMS

-No AE -NA

Kumru et 
al. (2010)

-20 Hz rTMS 
-1,800 pulses
-Sham rTMS

-5 days of stimulation
- 90%RMT  from UE
-Over vertex ( LE motor cortex)

-MAS, SCI-SET, VAS, 
MPSFS, SCAT

-Soleus H/M 
ratio 
-T reflex 
-withdrawal 
reflex  

-Improvement in spasticity
-No change in EMG parameters

-Facial 
twitching in 
3

-1 week-
maintained 
improvement

Kumru et 
al. (2013)

-20 Hz rTMS 
-1,800 pulses
-Sham rTMS

-15 days of stimulation
-90%RMT  from UE
-Over vertex ( LE motor cortex)

-MAS, SCI-SET, Motor and 
gait scales

-Soleus H/
M ratio (no 
published data)
-MEP in TA

-Improvement in spasticity,
- Improvement in motor and gait 
function
-No changes sin EMG parameters

-Facial 
twitching in 
6

-2 weeks- 
maintained 
improvement

Centonze 
et al. 
(2007)

-5 Hz  rTMS-
900 pulses
-1 Hz  rTMS-
900 pulses
-Sham rTMS

-Single session vs 15 days of 
stimulation
-90%RMT for 1Hz and 100% for 5 
Hz from LE
-over LE motor cortex

-MAS -Soleus H/M
- MEP in soleus

-Improvement in spasticity 
-Soleus H/M
●1 Hz (↑), 5 Hz (↓)
-MEP in soleus
●1 Hz ↓, 5 Hz ↑

-No AE -1 week-
maintained 
improvement
-2 weeks-no 
difference

Mori et 
al. (2010)

-Teta burst
(iTBS-10 
burst, 50 Hz 3 
stim
-Sham

-15 days of stim.
-80%AMT from LE
-over LE motor area 

-MAS -H/M -Improvement in spasticity
-EMG: H/M ↓

-No AE - 2 weeks-
maintained 
improvement
-4 weeks-no 
difference

Mally 
and 
Dinya 
(2008)

-1 Hz rTMS-
100 pulses

-7 days of stimulation 2/day 
-30% 2.3 T 
-Over hand motor cortex which 
triggers movement after single TMS

-Spasticity scoring during 
resting state
-Score of movement

-NA - Improvement in spasticity
-Functional improvement

-NA -1 month 
and 2 months 
maintained 
improvement

Kakuda 
et al. 
(2011b)

-1 Hz rTMS-
1,200 pulses

-15 days of stim (22 sessions)
-Over unaffected motor cortex of 
UE 
-90%RMT of FDI

-MAS,  FMA,  WMFT  -NA - Improvement in spasticity
-Improvement in FMA and WMFT

-NA -4 weeks 
maintained 
improvement

Kakuda 
et al. 
(2011a)

-1 Hz rTMS-
1,200 pulses

-2 weeks, 10 sessions
-Over unaffected M1
-100%RMT of UE

-MAS,  FMA,  WMFT -NA - Improvement in spasticity
-Improvement in FMA and WMFT

-No AE -4 weeks 
maintained 
improvement

Theilig et 
al. (2011)

-1 Hz rTMS-
900 pulses
-Sham

-2 weeks, 10 sessions
-Over unaffected M1
-100%RMT of UE

-Tardieu scale, WMFT -Cortical 
excitability of 
contralesional 
M1

- Improvement in spasticity
-No effect or correlation with 
cortical excitability

-No AE -NA

Kakuda 
et al. 
(2012)

-1 Hz rTMS-
1,200 pulses

-2 weeks, 22 sessions
-Over unaffected motor area of FDI
-90%RMT of FDI

-MAS,  FMA,  WMFT -NA - Improvement in spasticity
- Improvement in motor function

-No AE -4 weeks 
maintained 
improvement

Wupuer 
et al. 
(2013)

-10 Hz rTMS-
1,000 pulses

-1 session
-Over unaffected hand motor area
-110%RMT of UE

-NA -F wave 
persistence and 
F/M of FDI

-Significant increase in spasticity
-Significant decrease in  F wave 
persistence and F/M of FDI

-NA -NA

Etoh et 
al. (2013)

-1 Hz rTMS
-Sham

-2 weeks each
-90%RMT of UE
-Over unaffected motor cortex of 
APB

-FMA, ARAT, STEF after 
active rTMS

-F/M -No improvement in spasticity 
-Improvement in motor function
-No change of F/M of affected side
-Significant decreased  of F/M of 
unaffected side

-No AE -NA

Studies using tDCS

Bradnam 
et al. 
(2012)

-Cathodal 
tDCS
-Sham

-Single session
- 20 minutes
-Over unaffected hemisphere

-MAS, FMA -Cortical 
excitability of 
contralesional 
M1

-Improvement in spasticity in 
mildly affected patients 
-Decrease in cortical excitability of 
contralesional M1

-No AE -NA

Wu et al. 
(2013)

-Cathodal 
tDCS
-Sham

-4 weeks of stim (5 days/week)
-20 minutes
-Over affected hemisphere

-MAS, FMA, Barthel index -NA - Improvement in spasticity
- Improvement in upper limb motor 
functiona and daily living activities 

-Tingling, 
fatigue, 
itching, 
burning, 
pain

-4 weeks 
maintained 
improvement

Ochi et 
al. (2013)

-Anodal tDCS
-Cathodal 
tDCS

-Double blind, cross-over
-10 minutes
-5 days of each stimulation
stimulation
-Anodal stimulation over affected 
hemisphere
-Cathodal stimulation over 
unaffected hemisphere

-MAS, FMA, MAL -NA - Improvement in spasticity 
- Improvement in motor function

-No AE -NA

EMG: Electromyography; ROM: range of motion; RMT: resting motor threshold; CL: contralateral; UE: upper extremity; APB: abductor policis brevis; LE: lower extremity; AMT: active 
motor threshold; M1: primary motor cortex; FDI: first dorsal interosseus; ED: extensor digitorum; MAS: modified Ashworth scale; SCI-SET: spinal cord injury spasticity evaluation tool; 
VAS: visual analogue scale; MPSFS: modified Penn spasm frequency scale; SCAT: spinal cord assessment tool for spasticity; FMA: Fugl-Meyer Assessment; WMFT: Wolf motor function 
test; NA: not available; ARAT: Action Research Arm Test; STEF: Simple Test for Evaluating Hand Function; MAL: Motor Activity Log; TA: tibial anterior; AE: adverse effect.
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spinal cord injury spasticity evaluation tool (SCI-SET). 
The same authors in a recently published article (Kumru et 

al., 2013) found that the application of high-frequency rTMS 
for 15 days in SCI patients with gait capacity also induced 
reduction in spasticity. The authors reported significant re-
duction in spasticity according to MAS after first and last 
sessions of rTMS in addition to improvement in motor score 
in lower extremity and gait (Kumru et al., 2013). However, 
SCI-SET failed to show improvement in spasticity either af-
ter the last session of rTMS or during 2 weeks of follow-up. 
Those studies failed to show changes in neurophysiological 
examinations such as H and T reflexes or MEPs in the lower 
extremity.

There were no complications or major adverse effects ex-
cept transient facial twitching during stimulation reported 
by few patients. Based on two studies (Kumru et al., 2010; 
Kumru et al., 2013) and a review article (Awad et al., 2013), it 
can be concluded that high-frequency rTMS could improve 
spasticity and  motor function with minimal side effects and 
with good tolerability.

Although there are some studies regarding tDCS over mo-
tor cortex in patients with SCI, all the studies targeted pain 
reduction and none of them applied any measurement of 
functional improvement in spasticity. Therefore, it remains a 
promising area to investigate in SCI patients with spasticity.

CP
Valle et al. (2007) evaluated the effect of rTMS on spasticity 
in patients with CP. The authors compared the effect of five 
daily rTMS at 5 Hz and at 1 Hz vs. sham rTMS over upper 
extremity motor area in 17 children with CP. Repetitive tran-
scranial magnetic stimulation at 5 Hz did not induce signifi-
cant improvement in spasticity measured by MAS but led to 
a partial improvement in range of movement at assessments 
after the last session. Repetitive transcranial magnetic stimu-
lation at 1 Hz did not induce any improvement in spasticity, 
neither in range of movement. There were no reported com-
plications or adverse effects in children. 

There is no study regarding the effects of tDCS on spastici-
ty in CP.

Stroke 
The effect of rTMS on spasticity was studied more frequently 
in patients with stroke than any other neurological disease 
and tDCS was analyzed only in stroke-induced spasticity. 
There are seven studies regarding spasticity in stroke and 
rTMS. Most of the studies investigated patients with severe 
spasticity in subacute or chronic phase which were generally 
defined as spasticity with Brunstrom stages 3 to 5 and du-
ration from few months to almost 20 years. All studies used 
low-frequency rTMS (Mally and Dinya, 2008; Kakuda et al., 
2010; Kakuda et al., 2011a; Kakuda et al., 2011b; Theilig et 
al., 2011; Kakuda et al., 2012; Etoh et al., 2013) except the 
study of Wupuer et al. (2013), who applied high-frequency 
rTMS at 10 Hz over unaffected hemisphere in stroke. 

Málly and Dinya (Mally and Dinya, 2008) studied the 
effectiveness of rTMS in 64 chronic stroke patients (disease 
duration between 4 to 16 years). They evaluated the effect 

of low-frequency rTMS over either affected or unaffected 
hemisphere. They chose the area of rTMS according to in-
duced visible movement by single TMS in the paretic arm 
and created four groups: (1) stimulation of both hemispheres 
(because single stimulation of TMS could induce movement 
from both sides of hemispheres), (2) stimulation of the intact 
pathway to the healthy extremities when visible movement 
could not be evoked stimulating either sides of the brain, (3) 
the stimulation of the contralateral hemisphere to the paresis 
when this side could induce movement in the paretic arm, 
(4) stimulation of the ipsilateral side of paresis when this 
side could induce movement in the paretic arm. Málly and 
Dinya (2008)  found reduction in the spasticity which was 
maintained for more than 1 month after rTMS applied over 
either hemisphere whereas improvement of movement was 
only achieved by stimulation of intact hemisphere. 

Kakuda et al. (2010; 2011a; 2011b; 2012) performed sev-
eral investigations regarding the effect of rTMS in stroke 
spasticity. The study protocol included 15-daily sessions of 
rTMS at 1 Hz over unaffected hemisphere and combined 
with occupational therapy (Kakuda et al., 2010; 2011b). The 
authors found significant improvement in the spasticity ac-
cording to MAS and motor functions, which was maintained 
for 1 month in the affected upper limb. In the other study, 
the authors (Kakuda et al., 2011a) applied low-frequency 
rTMS during 15 days over unaffected hemisphere combined 
with occupational therapy and 100 mg/d levodopa adminis-
tration. The authors reported significant improvement of up-
per limb functions and spasticity measured by MAS scores 
of wrist and finger flexor muscles (Kakuda et al., 2011a). 
Yamada et al. (2013) applied low- and high-frequency rTMS 
simultaneous over both hemispheres (at 1 Hz and 50-second 
period over the unaffected hemisphere at 10 Hz and 5-second 
period over affected hemisphere). The authors showed sig-
nificant improvement in spasticity measured by MAS in the 
elbow, wrist, and finger flexors in the affected limb (Yamada 
et al., 2013). 

Two studies compared the effect of 15-daily rTMS at 1 
Hz over unaffected hemisphere with sham stimulation in 
stroke patients (Theilig et al., 2011; Etoh et al., 2013). Theilig 
et al. (2011) showed significant improvement in spasticity 
measured with Tardieu scale in the upper extremity, whereas 
Etoh et al. (2013) failed to show change in spasticity mea-
sured with MAS. 

In view of the foregoing, we may conclude that low-fre-
quency rTMS over unaffected hemispheres could be effective 
in the reduction of spasticity in patients with stroke. There is 
one study regarding high-frequency rTMS (10 Hz at 110% of 
resting MT on primary motor cortex) in stroke. They found 
F-wave suppression and they also showed that one session of 
high-frequency stimulation was also found to be safe (Wu-
puer et al., 2013).

The effect of tDCS on spasticity was studied only in pa-
tients with stroke. Applying cathodal tDCS over unaffected 
motor cortex (M1), Bradnam et al., (2012) reported im-
provement in the control of the paretic proximal upper limb 
for mildly impaired patients and worsened control for mod-
erate to severely impaired patients. The authors also report-
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ed variable improvement of selective proximal upper limb 
control which was strongly related with upper limb spasticity 
(Bradnam et al., 2012). 

Wu et al. (2013) studied effect of cathodal tDCS over the 
affected primary motor cortex combined with conventional 
physical therapy on the upper limb spasticity in stroke pa-
tients. The authors reported significant improvement in the 
spasticity and in the daily living activities after the last ses-
sion. 

Using anodal tDCS and cathodal tDCS combined with 
robot-assisted arm training in a randomized, double-blind-
ed, crossover study, Ochi et al. (2013) showed significant 
improvement in spasticity and in functional arm movement 
measured by FMA and Motor Activity Log for the upper 
limb. Anodal tDCS was applied over the affected hemisphere 
whereas cathodal tDCS was placed over the unaffected 
hemisphere for 5 days. For right hemispheric lesions, im-
provement in distal spasticity was greater in cathodal tDCS 
compared to anodal tDCS. However, this is not so for left 
hemispheric lesions.

Conclusions
According to published data, both high-frequency and 
low-frequency rTMS could decrease spasticity depending on 
the applied hemisphere and underlying neurological pathol-
ogy as a unique intervention or combination with medical 
and/or physical therapy. Choice of rTMS frequency may de-
pend on safety issues in neurological disorders (Rossi et al., 
2009). Because of seizure risk with high-frequency rTMS, 
the authors generally prefer to use low-frequency rTMS 
which is hypothesized to have inhibitory effects over cortex. 
Therefore, it is applied over healthy hemisphere to suppress 
the inhibitory effect of the healthy hemisphere on the affect-
ed hemisphere. Significant changes in neurophysiological 
measurements (F wave persistence and F/M ratio in the first 
dorsal interosseus muscle) (Wupuer et al., 2013) were found 
in only study in which a high-frequency rTMS was per-
formed, but just once because of safety issues. 

Studies in pediatric patients (e.g., CP) are limited probably 
because of safety issues, in spite of the absence of important 
adverse effects (Valle et al., 2007). Although rTMS on spas-
ticity in stroke patients studied more frequently, they did 
not study sham rTMS as control groups except two studies 
(Theilig et al., 2011; Etoh et al., 2013). Therefore, further 
studies may be needed to confirm its efficacy in stroke pa-
tients. 

Intermittent theta burst stimulation was applied just for 
spasticity in patients with MS and improvement in spasticity 
was reported after the last session.

tDCS has been studied in management of pain and motor 
function but studies regarding tDCS application in spasticity 
are very limited and it has been studied only in stroke pa-
tients. Comparison between anodal tDCS and cathodal tDCS 
in two different studies showed similar results. Although it 
appeared to be safe and superior to sham stimulation, it may 
have a variable effect depending on the severity of spasticity 
and/or underlying neurological disorder. 

Non-invasive brain stimulation seems to be a promising 
intervention to reduce spasticity in patients with MS, stroke, 
CP and SCI. The clinical applicability of the findings of this 
review needs to be confirmed in well-designed trials with 
bigger sample size and longer-term follow-up.
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