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INTRODUCTION
Cerebral palsy is an early life neurological disorder that occurs 
due to injury or abnormal development of foetus brain. Among the 
spastic cerebral palsy children, 22% suffer from hemiplegia [1]. 
Hemiplegic Cerebral Palsy (HCP) presents with muscle paralysis, 
movement dysfunctions and abnormal deformity to one side of 
the body [2]. These primary impairments produce the secondary 
impairments such as muscle weakness and contracture that affects 
hand function in HCP children. The tactile sensory dysfunction 
additionally contributes the reduction of the upper limb motor 
function in HCP children. Defective thalamocortical projections 
are one of the most common primary pathophysiologies for the 
sensory disturbance in HCP children. Later, the HCP child tends 
to develop poor registration of tactile and proprioceptive sensory 
function as consequences of both motor and sensory problems. 
Poor registration of tactile and proprioceptive sensory information 
affects grasping and releasing the objects in HCP children which 
are essential for dexterous manipulation and activities of daily 
living [3-6]. Over the period of time, the HCP children develop 
“learned non-use” of the hemiplegic side for activities of daily 
living [7].

Constraint-Induced Movement Therapy (CIMT) and hand arm 
bimanual intensive training are best among the goal-oriented 
activities to improve upper limb function in HCP children [8]. 
Task-Oriented Training (TOT) is a neurological approach, which 
practices the repetitive and meaningful goal-oriented activities to 

improve the voluntary function of the hemiparetic side. It is easy to 
practice and it improves the upper limb functions such as reaching, 
grasping, releasing and other activities of daily living in HCP children 
[2,9]. Compared with other intensive therapies, TOT gains some 
advantages in feasibility and continuous active participation aspects 
in cerebral palsy management [10]. However, TOT also has the major 
concern to improve the motor recovery and there is no evidence 
available on sensory function recovery in HCP children.

Therapists use the sensory intervention to manage many adult 
neurological disorders by either individual sensory facilitation 
techniques or combined with other sensory function or motor 
function training [11,12]. This type of training is generally called as 
Sensorimotor Training (SMT). The SMT aimed to improve motor 
response by increasing sensory input in dynamic environments 
[13].

Similarly, little evidence has showed administration of somatosensory 
electrical stimulation improving motor learning in normal human and 
stroke patients [14-16]. Kita K et al., found the usefulness of TENS 
in stroke patients to manage the sensory deficit [17]. TENS is cheap 
and easily available in all physiotherapy practice [18]. Even though 
the rising evidence for TENS as motor control intervention in cerebral 
palsy children are available [19,20], but the safety and efficacy 
were remained unanswered. Due to that, a preliminary study was 
conducted by Satheeskumar D et al., which reported that TENS is 
a safe and feasible intervention to manage in hemiplegic cerebral 
palsy children [21].
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ABSTRACT
Introduction: Impaired hand function is one of the major growing 
concerns for hemiplegic cerebral palsy children. Poor hand 
function is more often due to either individual or combination of 
the motor and sensory deficit.

Aim: To find the effectiveness of Transcutaneous Electrical Nerve 
Stimulation (TENS) combination with sensorimotor task-oriented 
training to improve hand function in spastic hemiplegic cerebral 
palsy children.

Materials and Methods: This single-blind, randomised, multi-
center study was conducted in Mangalore and Coimbatore 
from March 2014 to November 2016. This study included 60 
hemiplegic cerebral palsy children aged from four to 12 years 
who were randomly assigned into two groups: Group-A received 
high frequency TENS combination with sensorimotor task-

oriented training and Group-B received only placebo TENS 
combination with sensorimotor task-oriented training for three 
sessions per week for eight weeks. Tactile registration, tactile 
localisation, two point discrimination, stereognosis, nine-hole 
peg test, grasp domains of quality of upper extremity skill test 
and ABILHAND-Kids questionnaire were measured at before and 
after the interventions.

Results: The Group-A showed significant improvement in tactile 
registration, tactile localisation, nine-hole peg test and quality of 
upper extremity skill test score than Group-B at p <0.001 level. 
There was no significance difference in two point discrimination, 
stereognosis and ABILHAND-Kids questionnaire score.

Conclusion: Transcutaneous electrical nerve stimulation with 
sensorimotor task-oriented training can improve hand function of 
hemiplegic cerebral palsy children but further studies are required 
to analyse the contribution of TENS as a sensory intervention.
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reduced gradually in subsequent training sessions. Remaining 30 
minutes practiced TOT to improve unilateral and bilateral upper 
limb functions in HCP children. Paralysed arm function focussed 
on holding a cup, drinking water, eating snacks from a plate and 
taking a dice out of a container. Bimanual arm function focussed 
on wrapping/unwrapping the chocolate, zipping up down jacket 
and unscrewing a bottle cap. Activities were selected after the 
detailed analysis and mutual agreement with the parents/caregiver. 
The unaffected side upper limb was blocked during the paretic 
arm function exercises. Children were asked to repeat the selected 
sensory–motor task for a minimum of 20 trials. Who all completed 
the task faster was asked to do more repetition, up to a maximum 
of 30 times. The verbal, visual and tactile sensory guidance were 
given at initial and during the performance. The sensory feedback 
was given at end of each task. The sensory advice was reduced day 
by day after the improvements. This protocol was followed for three 
days per week for eight weeks.

The Group-B received placebo-TENS with SM-TOT for three days 
in a week for eight weeks. The placebo-TENS was given for 60 
minutes by not delivering current but the beep sound of the timer 
was kept on to assure the TENS machine was running. The children 
was instructed as they could not possibly feel the TENS stimulation. 
The SM-TOT protocol was followed similar to Group-A.

The home based CIMT protocol added along with group’s intervention 
program to maintain the learned task oriented movements [28]. 
Custom made garment was provided to reduce the unaffected hand 
participation during the task training. All children were encouraged 
to wear this garment during training at home for a minimum of two 
hours per day for five days in a week for eight weeks. All these 
therapy details were maintained in given daily log. The daily log was 
given by principal investigator to parents and it was focussed on 
the feasibility of all treatment protocol, missing of any treatment 
schedule or any other side effects due to the treatment protocol.

Outcome Measures
Tactile Registration (TR) was measured with 2.83 size filament to apply 
pressure three times over the pulp of thumb, index, ring and little finger 
randomly by using 20 set kit of SWM. The least size monofilament 
was identified by asking the child to respond in all selected fingers 
accurately. The Tactile Localisation (TL) was measured by using the 
large size SWM pressed over front or back or side of the thumb, 

Sakzewski L et al., stated no similarity among the intensive models of 
upper limb intervention in HCP children [10]. Combination therapies 
are effective to improve motor functions and are becoming popular 
in the management of cerebral palsy children [22]. There were no 
studies found that combined TENS with Sensorimotor Training and 
Task Oriented Training (SM-TOT) to improve the hand function and 
explored the sensory role of TENS in HCP children. So, this study 
was hypothesised by combining the TENS with SM-TOT to augment 
the HCP children’s hand function in multi-factorial (sensory, motor 
and functional) aspects. Thus, this study was aimed to find out the 
effectiveness of TENS combined with SM-TOT to improve hand 
function in HCP children.

MATERIALS AND METHODS
This was a randomised, placebo-controlled and multi-centered 
study design. This study was conducted at K.S Hegde Charitable 
Hospital, Mangaluru, Karnataka, India and P.P.G. College of 
Physiotherapy Hospital and Ashwin Multispecialty Hospital, 
Coimbatore, Tamil Nadu, India, from March 2014 to November 
2016. Total 60 spastic HCP children of both male and female, 
ages between four to 12 years and who responded to 4.56 log 
of Semmes-Weinstein Monofilament (SWM) were included in this 
study [23]. We excluded the children who scored more than three 
on five point scale of Modified Ashworth (MAS) [24], the Manual 
Ability Classification System (MACS) for children with cerebral 
palsy and communication function classification system for the 
individual with cerebral palsy [25,26]. The children with a history 
of epilepsy, undergone any antispastic drugs, botulinum toxin 
injection, orthopaedic surgery or neurosurgery within the past 12 
months were also not included in this study. This study adhered to 
regulations of Institutional Central Ethical Committee and informed 
consents were obtained from HCP children’s parents before the 
start of the interventions.

The sample size was calculated by using G-power software (3.1 
version). The calculated effect size was 0.34 according to the pilot 
data. The calculated sample size was 54 after applied power at 
80% and significance level at 0.05. So the total sample size was set 
as 60, including the 10% of drop out.

The study procedure was given in CONSORT flow diagram [Table/
Fig-1]. Total 60 HCP children were allotted randomly into two groups 
by using generated random numbers. The randomisation was 
stratified according to age wise to maintain the similarity between the 
groups. The Group-A received TENS with SM-TOT and the Group–B 
received Placebo-TENS with SM-TOT. The research intervention as 
per group allotment was provided by the clinical physiotherapist for 
three days per week for continuous eight weeks. Pre-test and post-
test measures were evaluated by an experienced physiotherapist 
who is blinded to group allotment. The group allocation was blinded 
to parents also.

Intervention
The experimental protocol for Group-A started with TENS for 
60 minutes by using TENS (DigiTENS pro-BMS) machine at the 
parameters of pulse frequency 100 Hz, pulse width 200 µs and 
two to three times of sensory threshold. The pair of electrodes was 
placed over forearm flexor and extensor group muscles. The sensory 
threshold was determined by increasing intensity of TENS current 
from 0.01 mA until the subject felt the initial current sensation. The 
threshold level of the intensity was confirmed by using children 
anxiety and pain scale to confirm the child’s comfort level [27]. 
The SM-TOT consisted two sections, first 30 minutes of specific 
sensory-motor training was focussed on tactile discrimination 
function. Identification, exploring and matching games were given 
by using familiar texture and shapes to train the tactile discrimination 
function. Initially, all subjects received visual guidance which was 

[Table/Fig-1]: Flow chart according to CONSORT guidelines.
TENS-Transcutaneous Electrical Nerve Stimulation, SM-TOT-Sensorimotor Training and Task 
Oriented Training
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index, ring and little finger for 12 times. The correct response out of 
12 times was noted. Two-Point Discrimination (TPD) was measured 
by asking the child to identify the least size of two point contact by 
using Disk-Criminator [29]. Stereognosis (STG) was tested by asking 
the name of the known 12 objects with eyes closed and the correct 
response were recorded out of 12 attempts [30]. Nine-Hole peg test 
(NHPT) was used to measure the dexterity skill by recording the time 
taken to complete the task [31]. Grasp domain of the Quality of Upper 
Extremity Skill Test (QUEST) was used to assess the grasp (unimanual) 
function of HCP children and ABILHAND-Kids questionnaire was 
used to analyse the utilisation of both upper limb (bimanual) functions 
for the activities of daily living [32,33].

STATISTICAL ANALySIS
Statistical analysis was performed by using the SPSS 22.0. 
Demographic information was summarised using means, standard 
deviations, and frequency. Descriptive analysis was performed by 
using Independent t-test and Chi-square test for the baseline value. 
Inferential statistics performed by using Paired t-test and Wilcoxon 
Signed rank test for within group comparison and independent 
t-test and Mann-Whitney U test for between groups comparison. 
The significance level was set at p <0.05.

RESULTS
The demographic characteristic and baseline values of 60 
participants are described in [Table/Fig-2].

The [Table/Fig-2] shows that there was no significant difference 
found between the groups in age, gender, hemiplegic side, MAS 
and MACS. No significant difference was found between groups 
in TR, TL, TPD, STG, NHPT, QUEST and ABILHAND-Kids score 
at baseline measure. The log book of treatment dairy showed that 
none of the patients missed the treatment session and parents were 
able to continue the prescribed exercise in the home environment. 
These indicate that the TENS combined with SM-TOT is feasible to 
apply in upper limb rehabilitation of HCP children.

Sensory Functions after the Intervention
The statistical analysis of both group’s sensory functions is showed 
in [Table/Fig-3]. Group–A showed the mean improvement in TR 
(1.3), TL (1.9), TPD (1.5) and STG (1.34) score after the eight weeks 
of TENS with SM-TOT and it was statistically significant at p <0.05 
level. Likewise, Group-B showed the mean improvement in TR 
(0.8), TL (0.97), TPD (1.23) and STG (1.34) score after the eight 
weeks of TENS with SM-TOT. These mean improvement score was 
statistically significant at p <0.05 level.

Upper Limb Functions after the Intervention
Group-A showed the mean improvement of 16.47 in NHPT, 6.26 in 
QUEST and 2.89 in ABILHAND-Kids score. These improvements 
were statistically significant at p <0.05 level. Even, the Group-B 

showed mean improvement of 13.53 in NHPT, 2.83 in QUEST 
and 2.07 in ABILHAND-Kids score and these improvements were 
statistically significant at p <0.05 level. Group-A showed the mean 
improvement of 2.94 in NHPT and 3.43 in QUEST score than 
Group-B at the end of eighth week. These scores were statistically 
significant with p-value <0.05. However, the Group–A showed the 
mean improvement of 0.82 than Group-B in ABILHAND-Kids score 
and it was not statistically significant at p <0.05 level. These details 
are summarised in [Table/Fig-4].

DISCUSSION
This study focussed on to find the effect of TENS combined with 
SM-TOT to improve hand function in HCP children. According to the 
available literature evidence, I believed that the TENS create enriched 
sensory information to enhance the motor learning process. Due to 
this reason, the TENS intervention was incorporated to administer 
along with SM-TOT. The carefully selected HCP children were 
divided into two groups. Each group was followed by the specified 

Group TENS+SM-TOT
Placebo-TENS 

+SM-TOT

No. of 
subjects

(n) 30 30

Age Mean±SD 6.02±1.95 6.5±1.89

Gender
Male (n) 21 17

Female (n) 9 13

Hemiparetic 
side

Right 15 20

Left 15 10

MAS

Score 1 4 6

Score 2 12 8

Score 3 14 16

MACS

Level I 4 9

Level II 18 14

Level III 8 7

Tactile 
registration

Mean±SD 7.03±1.16 6.4±1.57

Tactile 
localisation

Mean±SD 8.9±1.42 9.3±1.29

Two point 
discrimination

Mean±SD 6.2±1.28 5.8±1.29

Stereognosis Mean±SD 6.03±1.73 6.9±1.07

Nine-hole peg 
test

Mean±SD 123.6±24.9 118.5±28.2

QUEST-Grasp Mean±SD 19.5±6.51 18.4±4.86

ABILHAND-
Kids 
Questionnaire

Mean±SD 26.56±6.09 27.82±6.28

[Table/Fig-2]: Baseline characteristics of both groups.
Abbrevations: TENS–Transcutaneous electrical nerve stimulation; SM-TOT–Sensorimotor task ori-
ented training; n–Number of participant; SD-Standard deviation; MAS–Modified ashworth’s scale; 
MACS–Manual ability classification system; QUEST–Quality of upper extremity skill test.

Sensory component Group n Pretest (Mean±SD) Posttest (Mean±SD)
Within group comparison Between groups comparison

MD p-value MD p-value

Tactile registration
TENS+SM-TOT 30 7.03±1.16 5.73±1.08 1.3 0.001*

0.5
0.013*

Placebo-TENS+SM-TOT 30 6.43±1.57 5.63±1.43 0.8 0.001*

Tactile localisation
TENS+SM-TOT 30 8.9±1.42 10.8±1.36 1.9 0.001*

0.93
0.003*

Placebo-TENS+SM-TOT 30 9.27±1.29 10.2±1.27 0.97 0.001*

Two point 
discrimination

TENS+SM-TOT 30 6.23±1.28 4.73±1.26 1.5 0.001*
0.27

0.328

Placebo-TENS+SM-TOT 30 5.8±1.29 4.57±1.14 1.23 0.001*

Stereognosis
TENS+SM-TOT 30 6.03±1.73 7.37±1.75 1.34 0.001*

0.26
0.251

Placebo-TENS+SM-TOT 30 6.97±1.07 8.57±0.57 1.6 0.001*

[Table/Fig-3]: Comparison of sensory function in both groups.
Abbreviations: TENS–Transcutaneous electrical nerve stimulation; SM-TOT–Sensorimotor task oriented training; n–Number of participant; SD-Standard deviation; MD–Mean difference.
*Significant difference at p<0.05
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Functional 
component

Group n Pretest (Mean±SD) Posttest (Mean±SD)

Within groups 
comparison

Between groups comparison

MD p-value MD p-value

Nine-Hole Peg Test
TENS+SM-TOT 30 123.6±24.9 107.1±24.9 16.47 0.001*

2.94 0.031*
Placebo-TENS+SM-TOT 30 118.5±28.1 104.9±26.9 13.53 0.001*

Grasp–QUEST 
(unimanual function)

TENS+SM-TOT 30 19.59±6.51 25.85±7.78 6.26 0.001*
3.43 0.003*

Placebo-TENS+SM-TOT 30 18.41±4.86 21.24±6.58 2.83 0.001*

ABILHAND-Kids 
Questionnaire 
(Bimanual function)

TENS+SM-TOT 30 26.56±6.09 29.45±6.79 2.89 0.001*
0.82 0.120

Placebo-TENS+SM-TOT 30 27.82±6.28 29.89±6.34 2.07 0.001*

[Table/Fig-4]: Comparison of hand function in both groups.
Abbreviations: TENS–Transcutaneous electrical nerve stimulation; SM-TOT–Sensorimotor task oriented training; n–Number of participant; SD-Standard deviation; QUEST–Quality of upper extremity skill 
test.
*Significant difference at p<0.05 level

protocol for eight weeks of intervention. This protocol was novel 
and child-centric. Similar to the preliminary study reports, this study 
found that all the children participated actively and also the parents 
well implemented the prescribed treatment protocol in a home 
environment [21]. The SWM was useful to reproduce the results in 
an accurate manner to measure the improvement in HCP children’s 
TR and TL functions [34]. This study, probably is the first to register 
the effectiveness of TENS combined with SM-TOT to improve hand 
function in HCP children.

Sensorimotor Task-Oriented Training
Organising and implementing the SM-TOT was challenging to the 
therapist. Identification of suitable task and setting the criteria for the 
task to carry out in the home environment was an important factor 
to improve hand function in HCP children. All of the prescribed 
tasks were well adapted, met the functional level of each individual 
and tested the emerging skills of hand function in HCP children. 
This study results also showed an observable sensory-motor 
improvement in upper limb function of moderate sensory disturbed 
HCP children in both groups. This proved that the sensory motor 
intervention has a definitive role to improve the hand function in HCP 
children. Similar to this study, Choi KS and Lo KH showed the visual 
and haptic cues improved the handwriting skill in cerebral palsy 
children [35]. Even Robert MT et al., reinforced this study finding 
by strongly supporting the relation between the sensory status of 
children and faster response in motor skill learning, which can be 
transferred to similar movement patterns [36].

TENS Combined with Sensorimotor Task-Oriented 
Training on Sensory Functions
The mean improvement score of TR, TL, two point discrimination 
and STG were respectively 1.3, 1.9, 1.5 and 1.34. Among these 
results, the TR and TL score of Group-A showed significant 
improvement than Group-B. This proves that the eight weeks of 
TENS combined with SM-TOT is effective to improve the upper limb 
TR and TL in HCP children. Kattenstroth JC et al., explained that the 
repetitive sensory stimulation improved the motor performance by 
altering the sensory threshold and improving other multiple sensory 
functions in chronic cerebral lesion patients [37]. In another study, 
Kita K et al., explained that the sensory level stimulation of TENS 
achieved the higher level manual dexterity function by increasing the 
feedback control loop in stroke patients [17]. The TPD and STG are 
the strong factors to determine the improvement in paralysed side 
spatial tactile perception function [6]. However, this study showed 
similar pattern of improvement in TPD and STG in HCP children 
after eight weeks of intervention in both groups. TENS current 
applied at single point of skin could create more tactile awareness 
from the point of contact rather than proprioceptive and fine force 
differentiation control [38,39]. These might be the reason that TENS 
did not create a major impact in TPD and STG function. So, these 
results must be analysed in detail to explore the TENS efficacy to 
improve upper limb sensory function in HCP children.

TENS Combined with Sensorimotor Task-Oriented 
Training on Motor Functions
The Group-A children showed a significant improvement in NHPT 
and grasp function of QUEST score than Group-B. This result 
demonstrated that the hand function of HCP children improved 
after the eight weeks of TENS combine with SM-TOT training. 
These details are given in [Table/Fig-4]. This study result supported 
by Conforto AB et al., by showing that the peripheral sensory 
stimulation delivered at subsensory level triggered the excitability at 
the motor cortex and intracortical regions. This excitation facilitated 
the motor training and modulated the motor function in subacute 
stage of stroke patients. These effects were also maintained after 
30 days of the intervention [16]. This study was further supported 
by Veldman MP et al., by showing 6% of improvement in motor 
skill performance after the somatosensory electrical stimulation was 
added with motor practice in healthy adults [14]. Similar to this finding, 
this study result also showed that the TENS is one of the important 
supportive interventions to improve grasp (unimanual motor) function 
in HCP children. Even though, the HCP children showed statistically 
significant improvement in unimanual function and not in bimanual 
activities (ABILHAND-Kids Questionnaire) after eight weeks of TENS 
with SM-TOT training. This study’s SM-TOT training included more 
unilateral motor activities than bimanual activities and further TENS 
was achieved by mild improvement in spatial tactile perceptual 
function of paralysed side. These reasons would have reduced the 
bimanual activity improvement in ABILHAND-Kids questionnaire 
after the eight weeks of TENS with SM-TOT training compared with 
placebo TENS with SM-TOT training. This bimanual function results 
need to be addressed in detail in future studies.

Effects of Placebo TENS Combined with Sensorimotor 
Task Oriented Training
Placebo-TENS with the SM-TOT group showed an improvements in 
sensory and motor function but, not superior to the TENS with SM-
TOT intervention. Borstad AL et al., highlighted the improvement 
of touch perception, wrist proprioception and shape discrimination 
in mild sensory disturbed stroke patients after the two weeks of 
sensory motor training [13]. And Kim Y and Lee BH showed the 
benefit of child-centered TOT to improve motor function in cerebral 
palsy children [40]. Like these previous studies, this study also used a 
comprehensive SM-TOT that could facilitate more neural information 
from upper limb receptor, create more awareness in the cerebral 
cortex and generate controlled motor pattern in HCP children. This 
proves that the SM-TOT has played an important role in facilitating 
sensory-motor function and placebo-TENS does not have an effect 
to improve sensory and motor function in HCP children.

LIMITATION
Transcutaneous electrical nerve stimulation combined with SM-
TOT improved the TR function but the mechanism of the spatial 
tactile function improvement need to be analysed in future studies. 
Other factors such as spasticity level, different dosimetry and variety 
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of cerebral palsy children are greater challenges for the TENS 
combined with SM-TOT protocol in future.

CONCLUSION
This study concluded that the TENS combined with SM-TOT is 
effective to enhance the hand function in HCP children. Moreover, 
the HCP children achieved faster recovery in few sensory motor 
functions when TENS was combined with SM-TOT. Therefore, 
further studies are required to evaluate the role of the TENS in 
enhancing sensory motor recovery in HCP children.

ACKNOWLEDGEMENTS
This study is part of on-going PhD research titled “effects of 
transcutaneous electrical nerve stimulation on upper limb functions in 
spastic cerebral palsy children” randomised control trial by first author.

This study is cleared by Central Ethical Committee of Nitte University, 
ref: nu/cec/ph.d-06/2014 dated 20.02.2014 and awaiting registration 
in clinical trials registry-India, ref. No. Ref/2016/02/010738.

REFERENCES
 Das N, Bezboruah G, Das I. Study on the Clinical Profile of Patients with Cerebral [1]

Palsy. J Dent Med Sci (IOSR-JDMS). 2016;15(7):54-58.
 Song CS. Effects of Task-oriented Approach on Affected Arm Function in Children [2]

with Spastic Hemiplegia Due to Cerebral Palsy. J Phys Ther Sci. 2014;26(6):797-
800.

 Gordon AM, Duff SV. Fingertip forces during object manipulation in children [3]
with hemiplegic cerebral palsy. I: Anticipatory scaling. Dev Med Child Neurol. 
1999a;41(3):166-75.

 Gordon AM, Duff SV. Relation between clinical measures and fine manipulative [4]
control in children with hemiplegic cerebral palsy. Dev Med Child Neurol. 
1999b;41(9):586-91.

 Bleyenheuft Y, Gordon AM. Precision grip control, sensory impairments and [5]
their interactions in children with hemiplegic cerebral palsy: A systematic review. 
Research in Developmental Disabilities. 2013;34(9):3014-28.

 Auld ML, Boyd RN, Moseley GL, Ware RS, Johnston LM. Impact of tactile [6]
dysfunction on upper-limb motor performance in children with unilateral cerebral 
palsy. Arch Phys Med Rehabil. 2012;93(4):696-702.

 Taub E, Uswatte G, Mark VW, Morris DM. The learned nonuse phenomenon: [7]
implications for rehabilitation. Europa Medicophysica. 2006;42(3):241-56.

 Charles J, Lavinder G, Gordon AM. Effects of constraint-induced therapy on [8]
hand function in children with hemiplegic cerebral palsy. Pediatr Phys Ther. 
2001;13(2):68-76.

 Blundell SW, Shepherd RB, Dean CM, Adams RD, Cahill BM. Functional strength [9]
training in cerebral palsy: a pilot study of a group circuit training class for children 
aged 4–8 years. Clin Rehabil. 2003;17(1):48-57.

 Sakzewski L, Gordon A, Eliasson AC. The State of the Evidence for Intensive [10]
Upper Limb Therapy Approaches for Children with Unilateral Cerebral Palsy. J 
Child Neurol. 2014;29(8):1077-90.

 Aman JE, Elangovan N, Yeh IL, Konczak J. The effectiveness of proprioceptive [11]
training for improving motor function: a systematic review. Front Hum Neurosci. 
2015;8:1075.

 Johansson BB. Multisensory stimulation in stroke rehabilitation. Front Hum [12]
Neurosci. 2012;6:60.

 Borstad AL, Bird T, Choi S, Goodman L, Schmalbrock P, Nichols-Larsen DS. [13]
Sensorimotor training induced neural reorganization after stroke: A case series. J 
Neurol Phys Ther. 2013;37(1):27-36.

 Veldman MP, Zijdewind I, Solnik S, Maffiuletti NA, Berghuis KM, Javet M, et al. [14]
Direct and crossed effects of somatosensory electrical stimulation on motor 
learning and neuronal plasticity in humans. Eur J Appl Physiol. 2015;115(12):2505-
19.

 Ladda AM, Pfannmoeller JP, Kalisch T, Roschka S, Platz T, Dinse HR, et al. [15]
Effects of combining 2 weeks of passive sensory stimulation with active hand 
motor training in healthy adults. PLoS ONE. 2014;9(1):e84402.

 Conforto AB, Ferreiro KN, Tomasi C, dos Santos RL, Moreira VL, Marie SKN, et [16]
al. Effects of somatosensory stimulation on motor function after subacute stroke. 
Neurorehabil Neural Repair. 2010;24(3):263-72.

 Kita K, Otaka Y, Takeda K, Sakata S, Ushiba J, Kondo K, et al. A pilot study [17]
of sensory feedback by transcutaneous electrical nerve stimulation to improve 
manipulation deficit caused by severe sensory loss after stroke. J Neuroeng 
Rehabil. 2013;10:55.

 Searle RD, Bennett MI, Johnson MI, Callin S, Radford H. Transcutaneous [18]
electrical nerve stimulation (TENS) for cancer bone pain. J Pain Symptom 
Manage. 2009;37(3):424-28.

 AlAbdulwahab SS, Al-Gabbani M. Transcutaneous electrical nerve stimulation of [19]
hip adductors improves gait parameters of children with spastic diplegic cerebral 
palsy. Neurorehabil. 2010;26(2):115-22.

 Xu KS, He L, Li JL, Mai JN. Effects of transcutaneous electrical nerve stimulation [20]
on motor function in ambulant children with spastic cerebral palsy: a randomized 
trial. Zhonghua Er Ke Za Zhi. 2007;45(8):564-67.

 Satheeskumar D, Dhaneshkumar KU, Rajasenthil K. The effects and safety of [21]
transcutaneous electrical nerve stimulation to improve upper limb function in 
hemiplegic cerebral palsy–A preliminary report. Indian journal of physiotherapy 
and occupational therapy. 2017;11(1):124-29.

 Damiano DL. Rehabilitative Therapies in cerebral palsy: The Good, the not as [22]
good and the possible. J Child Neurol. 2009;24(9):1200-04.

 Bell-Krotoski J, Tomancik E. The repeatability of testing with the Semmes–[23]
Weinstein monofilaments. J Han Surg Am. 1987;12:155-61.

 Mutlu A, Livanelioglu A, Gunel MK. Reliability of Ashworth and Modified Ashworth [24]
scales in children with spastic cerebral palsy. BMC Musculoskeletal Disorders. 
2008;9:44.

 Eliasson AC, Krumlinde-Sundholm L, Rosblad B, Beckung E, Arner M, Ohrvall [25]
AM, et al. The Manual Ability Classification System (MACS) for children with 
cerebral palsy: scale development and evidence of validity and reliability. Dev 
Med Child Neurol. 2006;48(7):549-54.

 Hidecker MJC, Paneth N, Rosenbaum PL, Kent RD, Lillie J, Eulenberg JB, et al. [26]
Developing and validating the Communication Function Classification System for 
individuals with cerebral palsy. Dev Med Child Neurol. 2011;53(8):704-10.

 Kuttner L, LePage T. Face scales for the assessment of pediatric pain: A critical [27]
review. Canadian Journal of Behavioural Science/ Revue Cnanadienne Des 
Sciences Du Comportment. 1989;21(2):198-209.

 Taub E, Ramey SL, DeLuca S, Echols K. Efficacy of constraint-induced movement [28]
therapy for children with cerebral palsy with asymmetric motor impairment. 
Pediatrics. 2004;113:305-12.

 Auld ML. Boyd R, Moseley GL, Ware R, Johnston LM. Tactile function in children [29]
with unilateral cerebral palsy compared to typically developing children. Disabil 
Rehabil. 2012;34(17):1488-94.

 Kinnucan E, Van Heest AE, Tomhave WA. Correlation of motor function [30]
and stereognosis impairment in upper limb cerebral palsy. J Hand Surg Am. 
2010;35(8):1317-22.

 Poole JL, Burtner PA, Torres TA, McMullen CK, Markham A, Marcum ML, et [31]
al. Measuring dexterity in children using the Nine-hole Peg Test. J Hand Ther. 
2005;18(3):348-51.

 Thorley M, Lannin N, Cusick A, Novak I, Boyd R. Reliability of the Quality of [32]
Upper Extremity Skills Test for Children with Cerebral Palsy Aged 2 to 12 Years. 
Phys Occup Ther Pediatr. 2012;32(1):4-21.

 Klingels K, Jaspers E, Van de Winckel A, De Cock P, Molenaers G, Feys H. A [33]
systematic review of arm activity measures for children with hemiplegic cerebral 
palsy. Clin Rehabil. 2010, 24(10):887-900.

 Auld ML, Ware RS, Boyd RN, Moseley GL, Johnston LM. Reproducibility of [34]
tactile assessments for children with unilateral cerebral palsy. Phys Occup Ther 
Pediatr. 2012;32(2):151-66.

 Choi KS, Lo KH. A hand rehabilitation system with force feedback for children [35]
with cerebral palsy: two case studies. Disabil Rehabil. 2011;33(17-18):1704-14.

 Robert MT. Guberek R, Sveistrup H, Levin MF. Motor learning in children with [36]
hemiplegic cerebral palsy and the role of sensation in short-term motor training 
of goal-directed Reaching. Dev Med Child Neurol. 2013;55(12):1121-28.

 Kattenstroth JC, Kalisch T, Peters S, Tegenthoff M, Dinse HR. Long-term sensory [37]
stimulation therapy improves hand function and restores cortical responsiveness 
in patients with chronic cerebral lesions. Three single case studies. Front Hum 
Neurosci. 2012;6:244.

 Ara J, Hwang SH, Song T. Effects of the stimulus parameters on the tactile sensation [38]
elicited by single channel transcutaneous electrical stimulation. International journal 
of precision Engineering and Manufacturing. 2014;15(2):305-13.

 Tyson SF, Sadeghi-Demneh E, Nester CJ. The effects of transcutaneous electrical [39]
nerve stimulation on strength, proprioception, balance and mobility in people with 
stroke: a randomized controlled cross-over trial. Clin Rehabil. 2013;27(9):785-91.

 Kim Y, Lee BH. Clinical Usefulness of Child-centered Task-oriented Training on [40]
Balance Ability in Cerebral Palsy. J Phy Ther Sci. 2013;25(8):947-51.

PARTICUlARS OF CONTRIBUTORS:
1. PhD Scholar, Department of Physiotherapy, Nitte University, Mangaluru, Karnataka, India.
2. Professor, Department of Physiotherapy, Nitte Institute of Physiotherapy, Mangaluru, Karnataka, India.
3. Assistant Professor, Department of Physiotherapy, PPG College of Physiotherapy, Coimbatore, Tamil Nadu, India.

NAME, ADDRESS, E-MAIl ID OF THE CORRESPONDING AUTHOR:
Dr. Durairaj Satheeskumar,
26/2, Mariamman Kovil Street, Trichengode, Namakkal-637211, Tamil Nadu, India.
E-mail: satheesdj@gmail.com

FINANCIAl OR OTHER COMPETING INTERESTS: None.

Date of Submission: Jan 25, 2017
Date of Peer Review: Mar 10, 2017
Date of Acceptance: Dec 08, 2017

Date of Publishing: Jan 01, 2018


