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Section 1: Background of Study 
Cerebral palsy is the most common cause of motor disability in childhood and has a 

worldwide incidence of approximately 2 to 2.5 cases per 1,000 live-born infants. Spastic 

cerebral palsy (SCP) is the most common CP subtype, accounting for 77% of all cases of 

cerebral palsy [1], typically presenting increased muscle tone, hyperreflexia, exaggerated 

deep tendon reflexes, and, in some cases, clonus [2]. In the sub-category of SCP children who 

have severe spastic diplegia and spastic quadriplegia, categorized on Level III and levels VI–

V as according to the Gross Motor Function Classification System (GMFCS) [3], majority 

have both legs as the most affected limbs. Spasticity often results in the development of 

muscle and joint contractures, torsional deformities of bone, and joint instability at the hip, 

knee and ankle [4], which can impact wheelchair positioning, transfers, dressing, hygiene and 

increase the burden of caregiving. Thus, treating lower limb spasticity is an important 

rehabilitation goal for SCP children categorized as GMFCS Level III–V, for the purposes of 

improved comfort, reduced pain, slower progression of musculoskeletal deformities and 

easing of caretaker burden. 

Spasticity in CP has been suggested to be due to the loss of descending inhibitory input to 

the dorsal reticulospinal and corticospinal tracts caused by damaged cortical motoneurons, 

leading to an exaggeration of excitatory inputs from the medial reticulospinal and 

vestibulospinal tracts, ultimately resulting in spasticity [5,6]. Current interventions for 

spasticity in children with SCP include oral medications, physical and occupational therapy, 

splinting and casting, botulinum toxin injections and surgical methods such as selective dorsal 

rhizotomy and intrathecal baclofen. However, many of the above methods are associated with 

undesirable side effects and even serious adverse events [7,8,9]. There is a pressing need for 

the development of new spasticity treatments, with priority given to conservative measures 

with the fewest side effects suitable for the long-term rehabilitation needs of children with SCP 

in GMFCS levels III–V. Non-invasive neuromodulation (NINM) such as non-invasive brain 

stimulation and afferent electrical stimulation have been proposed as possible mechanisms to 

manage spasticity, for example NIBS can be used repeatedly to target cortical stimulation, 

activating or inhibiting neural activity in the targeted regions of the cortex [10]. 

 

 
1.1 Physical therapy 

Physical therapy is a recommended method to always be present in any rehabilitative 

program for spasticity, while other methods may be adjunct treatments used to achieve 



individualized, patient-centered goals set collaboratively with patients and their caregivers 

[11]. However, for children with spastic cerebral palsy categorized on GMFCS Levels III-V, 

due to the frequent existence of comorbidities such as intellectual and cognitive dysfunctions, 

physiotherapy methods requiring an active participation from the child such as Bobath 

therapy [12] and constraint-induced therapy [13] will likely be difficult to execute, thus 

passive approaches such as passive muscle stretching and massage are deemed more suitable. 

Evidence supports massage (Chinese Tui Na) as an intervention to improve blood and 

lymphatic circulation, enhance inelastic and elastic properties of muscles and connective 

tissue and in particular directed towards reducing stretch reflex responsible for hypertonia 

[14]. 

 
1.2 Transcranial Pulsed Current Stimulation 

Transcranial pulsed current stimulation (tPCS) is a type of noninvasive brain stimulation 

(NIBS) modality that has recently gained increasing attention in experimental settings [15-

25], delivering pulsed currents at a predetermined frequency to the cortex, as opposed to the 

direct current provided by transcranial direct current stimulation (tDCS). During treatment, 

tPCS acts with a weak current typically with intensity < 2mA, to influence the perturbation of 

cortical neurons through surface gel electrodes (anodes and cathodes) placed on the scalp. In 

healthy subjects, Jaberzadeh et al [15] demonstrated greater effects on corticospinal 

excitability of the primary motor cortex with anodal tPCS of short inter-pulse-interval as 

compared to tDCS. Even though the physiological mechanisms underpinning the induction of 

corticospinal excitability by tPCS are not yet understood, it is assumed that this new 

neuromodulation modality induces its effects through a combination of tonic and phasic 

effects, i.e. facilitating an increased/decreased rate of spontaneous neuronal firing through the 

depolarization/ hyperpolarization of the local resting membrane potential of cells as well as 

through the phasic effect from on–off nature of pulses on voltage gated carrier proteins in the 

membranes of M1 neurons [16]. tPCS has also been demonstrated to increase the power and 

connectivity of endogenously generated brain oscillation in a frequency-specific manner 

[17,21-22,24-25] and has an intensity-dependent facilitatory effect on interhemispheric 

connectivity [20]. Furthermore, tPCS research based on head modeling simulation also 

suggested that it may influence deeper brain structures such as the brain stem, the thalamus 

and the hypothalamus rather than simply increasing cortical excitability of surface neurons 

[26]. Currently, no studies have been done involving tPCS for the treatment of SCP children 

but the safety of tPCS has been investigated in the treatment of Parkinson’s’ disease, with 



much success in improving gait and balance post-treatment [27]. The possibility that tPCS 

could influence functional connectivity in brain networks and reach subcortical brain regions 

could be significant for children categorized on GMFCS Levels III – V, where many suffered 

damage to both sides of their brain and have highly compromised neurotransmission.  

 
 
1.3 Transcutaneous Electrical Nerve Stimulation 

Transcutaneous electrical nerve stimulation (TENS) is a common form of non-invasive 

neuromodulation (NINM) that has been used for many years, either as a stand-alone or 

adjunct therapy, in the rehabilitation of children with CP. TENS involves the application of 

electric currents onto the skin using surface electrodes to target spastic muscles and/or their 

antagonists [28,29]. The reduction of spasticity caused by TENS is purportedly due to the 

massive recruitment of sensory afferents that can suppress motoneuronal excitability through 

the depression of propriospinal interneurons or the induction of long-term synaptic changes 

in primary afferents in the dorsal horn [30]. TENS can be applied to the spine and is also 

known as transcutaneous electrical stimulation of the spine w(tsESS) [31-34]; Application of 

tsESS to the cervicothoracic and thoracolumbar regions have been observed to influence the 

spinal pathways leading to normalization of spinal reflex hyperexcitability and treatment of 

hypertonia in subjects with lesions to upper motor neurons [33]. More commonly, TENS is 

used directly on affected muscles in CP. In a study involving 27 ambulant children with 

spastic diplegic CP [35], 100hz TENS was shown to be able to significantly decrease hip 

adductor spasticity after both a single trial and one-week trial, though there was no significant 

difference in the level of improvement in spasticity between the two test periods. In a small 

study by Katz et al. [36], five children with diplegic and hemiplegic type CP completed three 

months of 20 Hz electrical stimulation to the quadricep muscle at home, 30 minutes per day, 

for at least five days per week, the Intervention Group showed a significant increase in 

average movement speed, as well as decreased knee jerk (as a measure of spasticity) and 

knee torque impulse, when compared to the Control Group. In a study by Aray et al. [37], the 

effect of 20–40 Hz TENS was tested on five ambulant children with hemiplegic and diplegic 

CP who underwent electrical stimulation to the quadricep femoris (QF) and anterior tibialis 

(TA) for 30 min a session, four to five times a week, for four weeks, in addition to standard 

physical therapy. Significant improvements in walking speed and cadence were demonstrated 

in the Intervention Group when compared to the Control Group; however, post treatment 

MAS and H-reflex measurements using EMG parameters on QF and TA between groups 



were not significant. Thus, the efficacy of TENS in the treatment of spasticity seems to 

depend on its parameters. TENS that use high frequencies (≥ 99 Hz) could recruit larger 

diameter afferents and have been reported to relieve spasticity accompanied by a decrease on 

H-reflex amplitude which was not observed when lower frequencies (< 50 Hz) were used 

[38-40]. Other than apparent pulse frequency, power harmonics at higher frequency 

bandwidth of the stimulation waveform also displayed a trend of increasing correlation with 

the induced force enhancements that contributed to corticospinal neuromodulation in an 

animal model study of peripheral electrical stimulation [41], with highest correlation 

observed in the frequency spectrum of 400-480hz.  

 
1.4 Combined scalp stimulation (tPCS) and peripheral stimulation (TENS)  

No studies were found using a combination of scalp and peripheral stimulation for the 

treatment of spasticity in children with SCP. In Chinese traditional therapies, it was reported 

in a study by LZH et al [42], that “Tong Du Xing Shen” acupuncture methodology, involving 

a concurrent stimulation of acupoints on the scalp, along the governing vessel (spine), and on 

targeted lower limb muscles, could significantly improve spasticity, motor function and 

cognition in children with more severe forms of SCP categorized on GMFCS Levels III, IV 

and V. Acupoints are believed to possess special electrical properties with increased 

conductance, reduced resistance, and elevated electrical potential [43], thus acupoint 

positions may be a good reference for NINM stimulation sites. In other medical conditions 

related to chronic pain, chronic stroke, and spinal cord injury , several studies have reported 

enhanced benefits of combining transcranial and peripheral stimulation that seemed to 

surpass levels reached by single intervention alone [44-49]. Celnik et al. [44] tested the 

effects of combined tDCS and peripheral nerve stimulation (PNS) on the ability to perform 

finger motor sequences with the paretic hand in chronic stroke patients. The study found that 

the combined protocol resulted in a marked improvement in the number of correct key 

presses relative to other test groups (i.e., PNSsham and tDCSsham, tDCS and PNSSham, PNS and 

tDCSSham). In a case report of a chronic stroke patient who suffered from severe right 

hemiparesis, Satow et al. [44] showed that the effects of a combined stimulation using 

cathodal tDCS and 50 Hz peripheral electrical stimulation on the lower limbs brought about a 

surprising improvement in gait ability in a chronic stage of stroke which was maintained for 

at least one month after intervention. Boggio et al. [46] showed that the combination of 

TENS with tDCS is more effective, when compared with tDCS alone and sham stimulation, 



in the reduction of chronic pain of the arms. Post-hoc tests showed that tDCS/TENS 

significantly reduced pain by 36%, while tDCS-alone reduced pain by 15.5%, and no pain 

reduction was observed after sham stimulation. Yamaguchi et al. [47] reported that 

simultaneous application of anodal tDCS and 100 Hz patterned electrical stimulation to the 

common peroneal nerve significantly increased changes in disynaptic reciprocal inhibition 

and long-latency presynaptic inhibition in individuals with spinal cord injury (SCI), and that 

the number of ankle movements significantly increased at 20 min after the stimulation, thus 

concluding that a-tDCS combined with PES could induce spinal plasticity and improve ankle 

movement in patients with incomplete SCI.  

Both tPCS and TENS have very minimal side effects, are relatively low in cost and can 

be easily administered even in the presence of comorbidities such as severe intellectual 

disability that often exist in children with SCP categorized as GMFCS levels III–V [50]. 

Given supporting evidence on the induction of summative effects on increasing corticospinal 

excitability when NINM modalities were combined, the concurrent application of tPCS (on 

scalp) and TENS ( on spine and lower limbs), according to “Tong Du Xing Shen” 

acupuncture methodology, may present a novel, safe and effective method in improving 

lower limb spasticity in children with SCP categorized as GMFCS levels III–V. 

 

 

 

Section 2: Methods/Design  
 
2.1 Objective of the Study 

The objective of the proposed study is to test the effectiveness of a combination of 

transcranial pulsed current stimulation (tPCS) and transcutaneous electrical nerve stimulation 

(TENS) as an innovative strategy for improving lower limb spasticity in children with spastic 

cerebral palsy (SCP) categorized on levels III–V of the Gross Motor Function Classification 

System (GMFCS) , who face increased challenges in spasticity management and currently 

lacking treatment options with low/no side effects. 

 

 
 
2.2 Hypothesis 
A combination of tPCS and TENS, applied concurrently with multiple stimulating electrodes 

covering the scalp, spine and lower limbs, would be effective in improving lower limb 



spasticity in children with SCP categorized on GMFCS levels III–V, compared to routine 

physical therapy alone. 

 
 
 
2.3 Study Design  

This will be a prospective, controlled, equal randomization study (1:1), to be conducted 

at Guangzhou City Social Welfare Institute Rehabilitation Hospital in Guangdong Province, 

China (Fig 1).  

 

 
 
Fig 1. Flowchart of study based on Consolidated Standards of Reporting Trials. 
 
 
2.4 Ethics Consideration 

The present study is designed by Nanhai Maternity and Children's Hospital Affiliated 

to Guangzhou University of Traditional Chinese Medicine and received approval from the 

Clinical Research Ethics Committee of Guangzhou City Social Welfare Institute 

Rehabilitation Hospital under the process number 20181210. This study complies with the 

ethical standards established in accordance with the Declaration of Helsinki (2013 edition) 

�
�
�
�

70 children with spastic CP will be recruited and screened, 
those who met the criteria will be randomly divided into 2 

groups based equal randomization (1:1)��

�

Baseline evaluations in MAS and MTS in all participants will be carried 

out 3 days before treatment starts by 2 rehabilitation doctors who will be 

blinded to the study condition. 

�

The Experimental Group will receive a combined therapy of 

tPCS and TENS (Yiqi Biotechnology Co Ltd, China) 30 mins 

per day, which will be immediately followed by 30 mins of 

routine physical therapy over 12 weeks (60 total sessions). 

�

After 12 weeks of treatment, all participants in the study will be re-evaluated on 

MAS and MTS 3 days after last treatment session, by 2 rehabilitation doctors 

who are blinded to the study condition between groups. 

 

The Control Group will receive only 30 mins of routine 

physical therapy per day, excluding any other electrical 

stimulation, over 12 weeks (60 total sessions). 

�

Post-treatment results for all participants will be gathered and analyzed. 



and has been registered with the Chinese Clinical Trial Registry under registration number 

ChiCTR1800020283. All guardians are given full right to know about all aspects of the 

research and those agreeing to the participation of their child will sign a written informed 

consent. The participants will be allowed to withdraw from the research at anytime with no 

negative repercussions.  
 
2.5 Study sample and recruitment  

Children with spastic CP between the ages of two and twelve years, classified on levels 

III, IV and V of the GMFCS, will be recruited from Guangzhou City Social Welfare Institute 

Rehabilitation Hospital, Guangdong, China.  

 

2.5.1 Inclusion criteria 
SCP was diagnosed according to diagnostic criteria of CP found in international 

guidelines [51]: children with CP aged 2–12 years of age, with GMFCS classification levels of 

III, IV, or V [52]; lower limb muscle tone in Grades I–IV in accordance to the Modified 

Ashworth Scale (MAS)[53]; no severe cardiopulmonary diseases; and voluntary participation 

and informed consent signed. 

 

2.5.2 Exclusion criteria 
Not diagnosed as spastic CP in accordance to diagnostic criteria of CP found in 

international guidelines [51]: children < 2 years and > 12 years of age; GMFCS classification 

of levels I or II [52]; lower limb muscle tone of Grade 0 in accordance with the MAS [53]; 

initiation of oral antispastic medication, botulinum toxin injections, or surgery performed less 

than 90 days before enrollment; uncontrollable epilepsy defined as the occurrence of seizures 

despite the use of at least one antiepileptic drug at an adequate dose; history of craniotomy or 

skull defects; severe neurological disorders, such as brain tumors, intracranial infection/ 

lesions, metal implants in the skull; Severe orthopedic deformities; and immune diseases and 

skin infections. 

 

2.5.3 Drop-out criteria 
Subjects who voluntarily terminated treatment during the course of treatment; subjects 

who did not receive treatment according to plan, either due to poor compliance or non-

cooperation; and subjects who were not suitable to continue the trial due to serious adverse 

reactions or appearance of other accompanying diseases. 

 



 

2.6 Sample size  
The number of subjects needed in each study group to test the primary hypothesis was 

determined based on previous clinical trials assessing spasticity in cerebral palsy children. A 

prior study by Auvichayapat [54] testing the effects of anodal tDCS on upper limb spasticity 

using Modified Ashworth Scale (MAS) found that a sample size of 46 individuals divided 

into two groups (1 mA a-tDCS [n = 23], Sham a-tDCS [n = 23]) had an effect associated with 

a power of 0.90 with an alpha level of 0.05 [57]. If the combined tPCS and TENS therapy in 

this study had a similar effect on our primary outcome measure of MAS, the authors 

determined that 60 participants (30 per condition) would be sufficient to provide a power of 

0.90 with an alpha of 0.05, to which we will add 10 participants to compensate for possible 

dropouts, totaling 70 participants. 
 
2.7 Randomization and Allocation Concealment 

Those who meet the eligibility criteria and with written consent obtained from their 

respective guardians to the participation of their children, will be randomly allocated to one 

of the two groups (Experiment Group and Control Group) using a simple random sampling 

method in accordance to China clinical research standards in “Methodology of Clinical 

Scientific Research of Integrated Traditional Chinese and Western Medicine (2nd edition)”. 

The Experimental Group will be treated with routine physiotherapy and combined tPCS and 

TENS therapy. The Control Group will be treated with routine physiotherapy only. 

A number sequence will be first listed in the order of 1 to n (where n represents the total 

number of eligible participants). Stata 11.0 software will be used to generate another set of 

random numbers that is each assigned to one number in this number sequence 1 to n 

chronologically as they are generated. The number sequence 1 to n will subsequently be 

sorted based on the ascending values of the assigned random number, thereby re-ordering the 

number sequence. The first half of the re-ordered number sequence will be allocated to the 

Experimental Group while the bottom half will be allocated to the Control Group. Placement 

cards each written with a number from 1 to n and its corresponding group (either 

experimental or control) will be placed into opaque envelopes and sealed to ensure the 

concealment of the allocation. All n envelopes will be handed over to an administrator 

uninvolved in the random sampling process, who will give out the envelopes to the eligible 

patients entering the trial following pre-intervention evaluation. Each patient will then be 

allocated according to the group stipulated on the placement card.  



 
2.8 Assessment 

Evaluations using Modified Ashworth Scale (MAS) and Modified Tardieu Scale (MTS) 

will be conducted on all participants by two qualified rehabilitation doctors who have been 

involved in clinical work of pediatric rehabilitation for more than five years. The evaluators 

are blinded to the allocation of the children to the two groups and did not participate in the 

treatment of the subjects. A baseline evaluation and a post-treatment evaluation will be held. 

Both baseline and post-treatment evaluation will be conducted in a designated evaluation 

room that is spacious, quiet and bright, as follows: 

• Baseline evaluation: three days prior to intervention 

• Post-treatment evaluation: three days following last session of treatment 

• Each scale will be repeatedly measured 3 times each time. Each score was the average 

of the three measurements. 

 
2.8.1 Modified Ashworth Scale (MAS) [53] 

The MAS was used to evaluate muscle spasticity in the lower limbs. MAS evaluation 

involves the rater manually moving a limb through the range of motion to passively stretch 

specific muscle groups and a six-point ordinal scale for grading the resistance encountered 

during such passive muscle stretching. MAS grades of spasticity are as follows: 0 = normal 

muscle tone; 1 = slight increase in muscle tone, manifested by catch and release or by 

minimal resistance at the end; 1+ = slight increase in muscle tone, manifested by a catch, 

followed by minimal resistance throughout; 2 = more marked increase in muscle tone, but 

limb easily flexed; 3 = considerable increase in muscle tone, passive movement difficult; and 

4 = limb rigid in flexion or extension. 

 
Modified Ashworth Scale 
Grade Description 

0  No increase in muscle tone 

1 Slight increase in muscle tone, manifested by a catch and release or by minimal 
resistance at the end of the range of motion when the affected part(s) is moved in 
flexion or extension 
 

1+ Slight increase in muscle tone, manifested by a catch, followed by minimal 
resistance throughout the remainder (less than half) of the Range of Movement  

2 More marked increase in muscle tone through most of the Range of Movement, but 
affected part(s) easily moved 

3 Considerable increase in muscle tone, passive movement difficult 



4 Affected part(s) rigid in flexion or extension 

 
 
 
2.8.2 Modified Tardieu Scale (MTS) [55,56]  

MTS will be used to evaluate the degree of spasticity in the lower limbs of participants. 

The MTS uses standardized procedures to measure quality of muscle reaction at specified 

velocities (i.e., fast stretch and slow controlled motion). During the fast stretch, the particular 

angle at which “catch” [57] occurs from hyperactive stretch reflex is called R1, also known 

as angle of muscle reaction. During the slow controlled motion, the passive range of motion 

(PROM) is assessed (called R2), representing the muscle length at rest and recorded as an 

angle. The difference between the two measures (i.e., R2 − R1; dynamic component of 

spasticity) is recorded as R. A large difference between R1 and R2 suggests a large dynamic 

component with a greater capacity for change or improvement. A small difference between 

R1 and R2 suggests a predominantly fixed contracture in the muscle with a poorer capacity 

for change. 

. 
 
Modified Tardieu Scale 
Grade Description 

0  No resistance throughout the course of the passive movement.  

1 Slight resistance throughout the course of the passive movement, with no clear 
catch at a precise angle.  
 

2 Clear catch at a precise angle, interrupting the passive movement, followed by a 
release. 

3 Fatigable clonus (<10 seconds when maintaining pressure) occurring at a precise 
angle. 

4 Infatigable clonus (>>10 seconds when maintaining pressure) occurring at a 
precise angle.  

5 Joint is immoveable  

 
 
Section 3: Intervention 
 
3.1 Combined tPCS and TENS therapy 

Two therapists with more than 5 years’ experience in electrical stimulation will be in 

charge of the treatment of subjects with the combined tPCS and TENS therapy in the 

Experiment group. The multichannel pulsed current stimulator (YQ-D507; Yiqi 



Biotechnology Co. Ltd, China) will be used and the stimulation procedure will be carried out 

using six pairs of (6*9 cm) surface gel electrodes. tPCS: The first pair of electrodes will be 

used for cerebello-cerebral stimulation, with the anode electrode positioned over Cz 

(according to the 10–20 International Electroencephalogram System [60]), covering the 

Baihui acupoint, and cathode electrode positioned horizontally to cover the cerebellum 

region, coinciding with Oz (according to the 10–20 International Electroencephalogram 

System [58]; the bottom edge centered over the inion (Figure 2, 1+ and 1−). The skin of the 

scalp was required to be cleaned with saline prior to electrode placement. Stimulating current 

intensity was set to 1 mA. TENS: The second to sixth pairs of electrodes were used for 

afferent stimulation of the spinal cord and targeted muscle in the lower limbs. The second 

pair of electrodes was placed on the cervicothoracic region of the spine, with the anode 

covering C6–C7 and cathode covering T1–T2 [59] (Figure 2, 2+ and 2−). The third pair of 

electrodes was placed on the thoracolumbar region, with the anode covering T11–12 and 

cathode covering L4–L5 [31, 32] (Figure 2, 3+ and 3−). The fourth pair of electrodes were 

placed on the adductor longus muscles of the lower limbs (Figure 2, 4+ and 4−). The fifth 

pair of electrode pads (Figure 2, 5+ and 5-) were placed on the rectus femoris muscles of the 

lower limbs. The sixth pair of electrode pads (Figure 2, 6+ and 6-) were placed on the 

gastrocnemius muscles of the lower limbs. The specific strength of the second to sixth pairs 

of electrodes was adjusted according to the degree of tolerance of individual children, with 

current intensity varying from 0 to 10 mA. Time of stimulation for all six pairs is 30 minutes 

each session, the device has one button controlling each pair of electrodes that allows the 

operator to control the intensity of the current. Stimulation will be raised from 0 to the 

desired level and diminished to 0 in the final one second. Combined tPCS and TENS therapy 

will be done 5 times a week, for 12 consecutive weeks, totaling 60 sessions.  

 



 
Fig 2: Position of electrodes patches during mTPCS stimulation 
 
The output parameters of mTPCS in this study were as follows: 

• tPCS (1st electrode pair) intensity: 1 mA 
 

• TENS (2nd –6th electrode pairs) intensity: 0–10 mA 
 

• Pulse Width of current: 140ms 
 

• High Frequency: 400 Hz 
 

• Waveform: Unidirectional monophasic pulse square wave 
 
3.2 Physical therapy  

Physical therapy will be done by two physical therapists with more than five years’ 

experience and will consist of passive stretching exercises and Chinese “Tui Na” massages 

[14] often used for children with SCP to reduce muscle stiffness, with a focus on lower limb 

muscles, it will not include other forms of electrical stimulation. Each physical therapy 

session will be 30 minutes, carried out five times a week over twelve consecutive weeks. 

Physical therapy for the Experiment Group will be administered immediately after combined 

tPCS and TENS therapy, while the Control group will be given only physical therapy.  

 

 

Section 4: Safety Considerations 
Safety issues will be identified a priori by the authors who, on average, have over 20 

years of pediatric clinical experience in China. The tPCS used for cortical stimulation in the 



study belonged to the category of low-intensity transcranial electrical stimulation (tES) and 

no serious adverse events (SAEs) have been reported so far in over 18,000 sessions of low-

intensity tES administered to healthy subjects, as well as in neurological and psychiatric 

patients [60]. Moderate adverse events (AEs) in tES, as defined by the necessity to intervene, 

are rare, and include skin burns due to suboptimal electrode-skin contact. Mild side effects in 

tES include itching, tingling, burning sensations, and transient redness may occur during 

treatment [61-65]. In a systematic review by Biksom et al [66], it was reported that at least 

2800 sessions of tDCS have been applied across nearly 500 child subjects covering medical 

conditions such as cerebral palsy, stroke, encephalitis, epilepsy, schizophrenia and attention 

deficit hyperactivity [67-74], and no serious adverse effects have been reported. Furthermore, 

a study by Jaberzadeh that compared tPCS to tDCS showed that participants tolerated a-tPCS 

better than the conventional a-tDCS [15].  

For safety of tES on children, the recommended dose needs to compensate for thinner 

skull and lower resistance [75, 76]. Mattai et al. [77] explored the safety and tolerability of 

tDCS in children with childhood-onset schizophrenia and found that 10 sessions of 2 mA 

tDCS for 20 min, 25 cm electrodes, was administered without incident in the test subjects 

with no serious side effects. In the present study, tPCS (Unidirectional monophasic pulse 

square wave) will be controlled at 1mA, 30mins per session, which is within the confines of 

conventional tES and safe for children. In addition, our study design passed the safety review 

conducted by Guangzhou City Social Welfare Institute Rehabilitation Hospital Ethics 

committee, who gave approval for this study. 

As a safety monitoring plan, two experienced pediatric nurses will be assigned to 

systematically observed all participants during the study for adverse reactions such as seizure, 

nausea, behavioral changes, or severe discomfort, and at the end of each treatment session, 

the children and/ or their caregivers in the Experiment group will be asked about side effects. 

In the event any Adverse Event occurs, there will be immediate termination of treatment and 

AE will be recorded and reported accordingly.  

 

 

 

Section 5: Statistical analysis 
SPSS v. 20.0 will be used for statistical analysis of the data. The data will be entered into 

Excel tables by double entry and checking to establish the database. The data of MAS and 



MTS scales will be described in terms of means ± standard deviation. If the data of MAS , 

and MTS scale did not conform to the conditions of normal distribution and homogeneity of 

variance, the Mann-Whitney test will be used; if the data of MAS and MTS scale did 

conformed to the conditions of normal distribution and homogeneity of variance, then 

independent sample t-test will be used. Pearson correlation analysis will be used for the 

correlation analysis between the GMFCS grade, gender and age and muscle tone after 

treatment in the Experiment Group. Either one-way ANOVA or Chi-squared test will be used 

for inter-group data comparison. A p-value less than 0.05 will be considered statistically 

significant. 
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