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Abstract

Objective:  To  systematically  review  the  effectiveness  of  neuromuscular  electrical  stimulation

(NMES)  as  an  adjuvant  therapy  to  improve  gross  motor  function  in  children  with  spastic  cerebral

palsy.

Methods: MEDLINE,  EMBASE,  Cochrane  CENTRAL,  PEDro  and  Scopus  were  searched.  We  included

randomized controlled  trials  examining  the  effects  of  NMES  combined  with  other  therapies  on

gross motor  function  as  assessed  by the  Gross  Motor  Function  Measure  (GMFM)  and  its functional

dimensions.  Two reviewers  independently  screened,  extracted  data,  assessed  the  risk  of  bias

(PEDro)  and quality  of  the  evidence  (GRADE).

Results: Six randomized  controlled  trials  (pooled  n  =  174)  were  included  in the meta-analysis.

NMES combined  with  other  therapies  presented  medium  effect  size  to  improve  gross  motor

function in children  with  cerebral  palsy  in comparison  with  conventional  physical  therapy  or

neurodevelopmental  therapy.  Our  sensitivity  analysis  showed  that  NMES  combined  with  other

therapies was  effective  to  improve  GMFM-sitting  and  standing  dimensions  but  not  GMFM-walking

dimension.

Conclusion: Low-quality  evidence  suggests  that  NMES  may  be  used  as  adjuvant  therapy  to

improve  sitting  and  standing  dimensions  of GMFM  in children  with  spastic  cerebral  palsy.
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Introduction

Cerebral  palsy  (CP)  is  a common  clinical  disorder  affect-
ing  movements  and  posture.1 CP primarily  reduces muscle
strength,2 and  impairs  the  selective  motor  control.3 This
non-progressive  brain  injury  may  prevent  the child  from
achieving  gross  motor  functions,  that  are essential  to  per-
form  daily  activities.4,5

Complete  development  of  gross  motor  function  in chil-
dren  is  described  as  the acquirement  of  unsupported  sitting,
crawling,  and  walking.6 It  is well  known  that  a late  devel-
opment  of  gross  motor  function,  as  well  as  the  decrease  in
postural  control,  are  the most  important  problems  observed
in  children  with  CP.6,7 Therefore,  children  with  spastic  CP
have  limitations  to  perform  several  daily  activities  including
sitting,  standing  and  walking.  Sitting  is an  important  ability
for  many  functional  activities,  mainly  because  it  facilitates
transfers  and  allows  the independent  use  of  upper  limbs  to
manipulate  objects.6,7

Some  scales  have  been  developed  with  the purpose
of  evaluating  gross  motor  function.  The  Gross  Motor
Function  Measure  (GMFM)  is  a  standard  tool  used for
clinical  rehabilitation  and  research  purposes.8 GMFM  con-
sists  of  88 or  66  items  grouped  into  five  functional
dimensions:  GMFM-A  (lying  down  and  rolling);  GMFM-
B  (sitting);  GMFM-C  (crawling  and kneeling);  GMFM-D
(standing);  GMFM-E  (walking,  running  and  jumping).9

Each  GMFM  subsection  can  be  used separately  in order
to  verify  motor  changes  in  a specific  dimension  of
interest.9

Neuromuscular  electrical  stimulation  (NMES)  is  a  com-
mon  type  of electrical  stimulation  (ES)  and  has  been
used as  adjuvant  therapy to  improve  gross  motor  function
in  children  with  CP.10 NMES  consists  in the  applica-
tion  of  an  electrical  current  with  sufficient  intensity  to
produce  muscle  contraction  by  depolarizing  local  motor
nerves  to  facilitate  the muscle  strength  and  reduce
spasticity.11---13

A  previous  systematic  review  and  some controlled  trials
have  shown  positive  effects  of  NMES  on  gross  motor  function
of  children  with  CP. However,  the effects  of  NMES  on  func-
tional  dimensions  of  GMFM  as  sitting,  standing  and  walking
are,  so  far,  unknown.  The  aim  of this systematic  review  with
meta-analysis  was  to  verify  the effectiveness  of  NMES  com-
bined  with  other  therapies  on  gross  motor  function  through
GMFM  and  its  different  dimensions  in children  with  spastic
CP.

Methods

This  systematic  review  was  carried  out  in  accordance  with
the  Cochrane  Collaboration15 and  the  Preferred  Reporting
Items  for  Systematic  Review  and  Meta-Analyses:  The  PRISMA
Statement.16 PICO  framework:  P  =  children  with  spastic
cerebral  palsy;  I = NMES;  C  =  conventional  physical  therapy  or
neurodevelopmental  therapy;  O  =  GMFM.  The  protocol  was
registered  at  the International  Prospective  Register  of Sys-
tematic  Reviews  ---  PROSPERO  and can  be  accessed  online
(CRD42018103972).

Eligibility  criteria

To  be  included  in this  systematic  review,  studies  had
to  be randomized  controlled  trials  examining  the  effects
of  NMES  combined  with  other  therapies  on  gross  motor
function  of  children  with  CP.  We  included  all  trials  that
applied  NMES  on  muscles  of  trunk or  lower  limbs,  regard-
less  of  the ES  dosage.  The  comparison  group  must  not  have
received  ES.

Clinical  trials  that did not  provide information  regard-
ing  the  magnitude  of  the  intervention  effect,  either  in the
experimental  or  in the control  groups,  were  excluded  from
the  meta-analysis.

Search  strategy

Literature  search  was  conducted  in the following  electronic
databases  (from  the inception  to  December  2018):  MEDLINE
(accessed  by  PubMed),  EMBASE,  Cochrane  Central  Register
of  Controlled  Trials (Cochrane  CENTRAL),  Physiotherapy  Evi-
dence  Database  (PEDro),  and  Scopus. The  search  terms  used
individually  or  combined  included  ‘cerebral  palsy’,  ‘electri-
cal  stimulation’  and a string  of  words  previously  proposed,
which  yielded  a  high  sensibility  in  the search  for  random-
ized  controlled  trials.17 To  enhance  the  sensitivity  of  the
search,  words  related  to  the outcomes  of  interest  were  not
included.  There were  no  language  restrictions  in the strat-
egy,  but  non-English  studies  were  included  only  when  the
translation  was  possible.  References  used in the published
articles  were  identified  and  used  as  an additional  source  to
identify  other  clinical  trials.  The  complete  search  strategy
is  shown  in Appendix  1.

Study  selection  and data  extraction

Two  reviewers  independently  screened  the titles and
abstracts  of  the  identified  studies.  A  standard  screening
checklist  based  on  the eligibility  criteria  was  used  for  each
study.  Studies  that  did  not  meet  the  criteria  were  excluded.
A  third  reviewer  solved  all disagreements  related  to  trial
eligibility  and assisted  in the decision  process  of  including
or  excluding  studies.  For studies  without  sufficient  infor-
mation  to  evaluate  the  eligibility,  authors  were  contacted
via  email  to  obtain  clarifications.  Studies  with  insuffi-
cient  information,  even  after  contact  with  authors,  were
excluded.

We  extracted  the  following  data  from  the studies:
methodological  design,  number  of  subjects,  comparison
groups,  intervention  protocol,  frequency,  intensity  and
duration  of  stimulation,  as  well  as  results  of  the out-
comes.  The  primary  outcome  extracted  was  the gross  motor
function,  assessed  by  means  and  functional  dimensions  of
GMFM-88  or  -66.

Risk  of bias assessment

The  same  two  reviewers  also  assessed  the  risk  of  bias  of
studies  using  the  PEDro  scale.  We  collected  the  PEDro  scores
directly  from  PEDro  database  when  they  were  available.  The
PEDro  scale  assesses  the methodological  quality  of  a study
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based  on  important  criteria,  such as  concealed  allocation,
intention-to-treat  analysis,  and  the adequacy  of  blinding.
The  scale  consists  of  11  items.  One  item  of  the  PEDro  scale
(regarding  eligibility  criteria)  is  related  to  external  validity
and  generally  is  not  used to  calculate  the  method  score.
Then,  the  score ranges  from  0  to  10.18 Studies  were classified
as  follows:  scores  9  or  10,  excellent;  scores  between  6  and 8,
good;  scores  4  or  5, fair;  and scores  <4,  poor.  Scores between
0  and  5 correspond  to  a  high  risk  of bias;  scores  ranging from
6  to 10  correspond  to  a  low risk  of  bias.19

The  overall  quality  of evidence  was  assessed  using the
Grading  of Recommendations  Assessment,  Development  and
Evaluation  (GRADE).  This  approach  comprises  five  items:  (1)
presence  of  within-study  limitations  (risk  of bias);  (2)  incon-
sistency  of  results  (unexplained  heterogeneity  of  results);
(3)  indirectness  of  evidence  (target  population,  interven-
tion,  and  outcomes  of  interest);  (4)  imprecision  of the effect
estimates  (regarding  the  confidence  interval,  i.e.  confidence
in  the  estimates  of  effect);  (5)  Publication  bias  (system-
atic  underestimation  or  an over-estimation  of  the underlying
beneficial  or  harmful  effect  due  to  the selective  publication
of  studies).  Each  non-satisfied  item  downgraded  the overall
quality  of  evidence  for  each  outcome.  The  quality  of  the
evidence  was  classified  into  four  categories:  high,  moder-
ate,  low,  and  very  low.19 We  created the Evidence  Profile
and  Summary  of  Findings  Table  for each  population  using

the GRADE’s  electronic  tool  GRADEpro  GDT  (available  at
www.gradepro.org).

Data  analysis

For  quantitative  synthesis,  pooled-effect  estimates  were
obtained  comparing  the change  between  baseline  and
follow-ups  of  studies  in each  group.  For  those  studies  with
more  than  one  time-point,  we  used  the time  point  immedi-
ately  after the intervention.  If  the change  score  was  not
available,  we  calculated  the  delta  score  (change)  based
on  data  from  post  and  baseline  evaluations.  Results  were
presented  as  the weighted  mean  difference  (MD  with  95%
confidence  intervals  (95%  CIs).  Statistical  heterogeneity  was
assessed  using I2 statistic.  I2 values  below  25%  were  consid-
ered  indicative  of low heterogeneity,  between  25%  and  50%
moderate  heterogeneity  and  I2 values  above  50%  were con-
sidered  as  high  heterogeneity.  Calculations  were  performed
using  the random  effects  method.

Effect  sizes  were  based on  thresholds  defined  by  Cohen,
which  categorize  effect  size  as  small  (Standard  mean  differ-
ence  (SMD)  between  0.2  and  0.5),  medium  (SMD  ranges  from
0.5  to 0.8),  and large (SMD  greater  than  0.8).20 A p-value
≤0.05  was  considered  statistically  significant.  All  analyses
were  conducted  using the R  statistical  software  (version
1.0.153,  package  metaphor  version  2.0-0).20

2234 rec ords identi fied  through data sea rching:

MEDLINE (PubMed): 273

COCHRANE: 61

EMBASE: 283

PEDro  : 42

Scopu s: 1575

1861 titles and  abstrac ts scree ned

373 duplicates r emov ed

1845 records exclud ed:
Different p arti cipants: 470

Different interv ention:440
Different ou tcome: 333

Non-RC T: 602

16 potenti ally r elevant records  identi fied, and

full  text  sass ess ed for  eli gibility  

10 full - text arti cles exclud ed:
Non-RC T: 7

Different ou tcome:3

6 stud ies  includ ed  in  the  meta- analysis  
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Figure  1  The  flow  diagram  of  studies  included  in  the  review.

http://www.gradepro.org/
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Table  1  Summary  of  included  studies.

Study  Design  Participants  and  groups

allocation

Intervention  Outcome

measures

Frequency  and  duration  Parameters  of  stimulation

Chan  et  al.

(2004)21

RCT  Participants:  children  with

spastic  diplegic  or

hemiplegic  CP

Experimental  group:

n: 6;  age (yr):  6.3  ± 1.0;

gender:  4  M,  2  F

Control  group:

n: 6;  age (yr):  6.5  ± 2.7;

gender:  5  M,  1  F

Experimental  group:

NMES  applied  on the

triceps  surae

muscle  + treadmill

(0.45---0.80  m/s)

15  min,  3/wk  × 4 wk

Control  group:

Treadmill  (0.45---0.80  m/s)

15  min,  3/wk  × 4 wk

Frequency:  30---35  Hz

Intensity:  visible  muscle

contraction

Pulse width:  not  reported

Time  on/time  off:  not

reported

GMFM

dimension  D

(standing)

GMFM

dimension  E

(walking,

running  and

jumping)

Karabay

et al.

(2012)22

RCT  Participants:  children  with

spastic  diplegic  CP

Experimental  group:

n: 17;  age  (yr):  5.4  ±  2.0;

gender:  not  reported

Control  group:

n: 16;  age  (yr):  6.5  ±  2.74;

gender:  not  reported

Experimental  group:

FES  applied  on lumbar  and

abdominal

muscles  +  conventional

physical  therapy  and

neurodevelopmental

therapy

30  min,  5/wk  × 4 wk

Control  group:

Conventional  physical

therapy  and

neurodevelopmental

therapy

30  min,  5/wk  × 4 wk

Frequency:  25  Hz

Intensity:  20---30  mA

Pulse  width:  250 �s

Time  on/time  off:  10  s/12  s

GMFM

dimension  B

(sitting)

(trunk

control-

sitting

balance)

Karabay

et al.

(2016)23

RCT  Participants:  children  with

spastic  diplegic  CP

Experimental  group:

n: 23;  age  (yr):  5.4  ±  2.0;

gender:  not  reported

Control  group:

n: 19;  age  (yr):  6.5  ±  2.74;

gender:  not  reported

Experimental  group:

NMES  applied  on lumbar

and  abdominal

muscles  +  conventional

physical  therapy  and

neurodevelopmental

therapy

30  min,  5/wk  × 4 wk

Control  group:

Conventional  physical

therapy  and

neurodevelopmental

therapy

30  min,  5/wk  × 4 wk

Frequency:  25  Hz

Intensity:  20  to  30  mA

Pulse  width:  250 �s

Time  on/time  off:  10  s/12  s

GMFM

dimension  B

(sitting)

(trunk

control-

sitting

balance)

Linden et  al.

(2003)24

RCT  Participants:  children  with

hemiplegic  diplegic  and

quadriplegic  CP.

Experimental  group:

n: 11;  age  (yr):  8.6  ±  2.10;

gender:  not  reported

Control  group:

n: 11;  age  (yr):  8.2  ±  2.11;

gender:  not  reported

Experimental  group:

NMES  applied  on the

gluteus  maximus  of  the

most  affected

leg  +  conventional  physical

therapy  and  home

exercise  therapy

60  min,  6/wk  × 8 wk

(adaptation  for  2  wk)

Control  group:

Conventional  physical

therapy  and  home

exercise  therapy

Frequency:

Week  1---10  Hz  (60  min)

Week  2---30  Hz  (30  min);

10  Hz  (30  min)

Week  3---8 ---  30  Hz  (60  min).

Intensity:  not  reported

Pulse  width:  week  1  ---  75  �s

(60 min)

Week  2  --- 100  �s (30  min);

75  �s (30  min)

Week  3---8 ---  100 �s (60  min).

Time  on/time  off:  week  1 ---

5 s/10  s  (60  min)

Week  2  --- 5  s/15  s (30  min);

5 s/10  s  (30  min)

Week  3---8 ---  5 s/15  s (60  min)

GMFM

dimension  E

(walking,

running  and

jumping)



382  A.P.  Salazar  et  al.

Table  1  (Continued)

Study  Design  Participants  and groups

allocation

Intervention  Outcome

measures

Frequency  and  duration  Parameters  of  stimulation

Mohanty

et  al.

(2016)14

RCT  Participants:  children  with

spastic  diplegic  CP.

Experimental  group:

n:  20;  age (yr):  not

reported  separately;

Gender:  not  reported

Control  group:

n:  20;  age (yr):  not

reported  separately;

Gender:  not  reported

Experimental  group:

NMES  applied  on the

gluteus  maximus  (lying

position)  and  quadriceps

(sitting

position)  +  conventional

physical  therapy

(strengthening  exercises)

15 min  each  muscle

(30  min  total),  5/wk  × 6

wk (adaptation  for  2 wk)

Control  group:

Conventional  physical

therapy  (strengthening

exercises)

30 min,  5/wk  × 6  wk

Frequency:

50  Hz.

Intensity:  maximum

tolerable  used  to  produce  a

visible  contraction  but  as

tolerated  by  the  child

Pulse  width:  300  �s

Time  on/time  off:

5 s/15  s

GMFM

dimension  D

(standing)

GMFM

dimension  E

(walking,

running  and

jumping)

Park et  al.

(2001)25

RCT  Participants:  children  with

spastic  diplegic  CP.

Experimental  group:

n:  14;  age (yr):

1.13  ± 0.36;  gender:  9 M,

5 F

Control  group:

n:  12;  age (yr):

1.04  ± 0.31;  gender:  8 M,

4 F

Experimental  group:

FES  applied  on  the

abdomen  and  posterior

back  mus-

cles  +  neurodevelopmental

therapy

30 min,  6/wk  × 6  wk

Control  group:

Neurodevelopmental

therapy

30 min,  5/wk  × 6  wk

Frequency:

35  Hz.

Intensity:  25---30  mA

Pulse  width:  250  �s

Time  on/time  off:

5 s/15  s

GMFM

dimension  D

(standing)

Abbreviations: CP, cerebral palsy; FES, functional electrical stimulation; GMFM, gross motor function measure; M, male; F, female; NMES,
neuromuscular electrical stimulation; RCT, randomized controlled trial; yr,  year; wk, week.

Results

Description  of the selected  studies

A  total  of 2234  articles  were  identified  by  the  search
strategy.  After  screening  titles  and  abstracts,  16  studies
were  considered  potentially  relevant.  The  majority  of  the
screened  studies  were  not  randomized  controlled  trials  and
were  excluded.  Six  randomized  trials  met  the  eligibility
criteria  and  were  included  in the meta-analysis,14,21---25 pro-
viding  data  from  174 children  with  CP,  of  which 90  were
included  in the intervention  group  and 84  in the control
group.  Fig.  1 shows  the  flow  diagram  of  the studies.

Participants

The  mean  age (years)  of  participants  ranged  from  1.0425 to
8.6.24 Studies  included  only children  with  spastic  CP.14,21---25

Regarding  the topographic  distribution,  papers  included
children  with  unilateral  asymmetric  spasticity  (hemiplegic),
bilateral  symmetric  spasticity  (diplegic)  and  bilateral  sym-
metric  spasticity  (quadriplegic).26

Characteristics  of the  studies

Characteristics  of studies  and  their  protocols  are  summa-
rized  in Table  1.  All studies  used  NMES  combined  with  other
therapies  (conventional  physical  therapy14,24;  neurodevelop-
mental  therapy  (NDT)25;  conventional  physical  therapy  and
NDT22,23;  treadmill21).

Considering  the stimulation  parameters,  the frequen-
cies  ranged  from 10  Hz24 to  50  Hz14 and  the  pulse width
from  75  �s24 to  300  �s.14 The  intensity  of stimulation  ranged
from  20  mA  to  30  mA.22,23,25 Two  studies  reported  that
intensity  was  set  as  the  highest  tolerable  intensity  to  pro-
duce  muscle  contraction.14,21 One  trial  did not  report  the
pulse  width21 and  another  one  did not  present  the  inten-
sity  of stimulation.24 Three  studies  applied  ES  on  trunk
muscles  (abdominal  and  paravertebral)22,23,25 and  three  on
lower  limbs muscles  (triceps  surae,21 quadriceps,14 and
gluteus14,24).

The  time  of  intervention  ranged  from  1521 to  60  min24

of  stimulation.  Weekly  frequency  ranged  from  three21 to
six  times  per  week,25 during  four,21---23 six14,25 or  eight24

weeks.



N
e
u
ro

m
u
scu

la
r

 e
le

ctrica
l

 stim
u
la

tio
n

 in

 ce
re

b
ra

l

 p
a
lsy

 

3
8
3

Table  2  PEDro  scores  of included  studies.

Study  Random

allocation

Concealed

allocation

Groups

similar  at

baseline

Participant

blinding

Therapist

blinding

Assessor

blinding

Adequate

follow-up

Intention-

to-treat

analysis

Between-

group

difference

reported

Point

estimate

and

variability

reported

Total

(0---10)

Chan  et  al.  (2004)21 √  √  √  √
4

Karabay et  al.  (2012)22 √  √  √  √  √  √
6

Karabay et.  (2016)23 √  √  √  √  √
5

Linden et  al.  (2003)24 √  √  √  √  √  √  √
7

Mohanty et  al.  (2016)14 √ √ √ √ √ √
6

Park et  al.  (2001)25 √  √  √  √  √  √
6

Median (range)  6  (4---7)

Table  3  Quality  of  evidence  assessment  (GRADE).

Quality  assessment  (GRADE)  Summary  of  findings

Number  of

studies

Risk  of  bias  Inconsistency  Indirectness  Imprecision  Publication

bias

Overall

quality  of

evidence

Number  of  participants  Effect

NMES  Control  Relative

(95%  CI)

Absolute

(95%  CI)

Gross  motor  function

6 RCTs  Not  serious  Very

seriousa

Not  serious  Seriousb None  ≍≍©©  Low  90  84  ---  MD  4.68

(1.57---7.79)

Abbreviations: CI,  confidence interval; GRADE, Grading of Recommendations Assessment Development and Evaluation; MD, mean difference; NMES, neuromuscular electrical stimulation;
RCTs, randomized controlled trials.

a I2 =  87%.
b Large CI  (see Fig. 2).
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[ 0.26; 3.09] 33.5%26

4753

Heterogeneity: I2=0%, τ2 =0, p = 0.57

Heterogeneity: I2=0%, τ2 =0, p = 0.87

Heterogeneity: I2=0%, τ2  =0,  p = 0.87

Random effects model

Random effects model

Random effects model

Dimension = Sitting

Mohanthy et al (2016)

Mohanthy et al (2016)

Chan et al (2014)

9.5216.0016

11.00 5.1123

14

6

6

4.93

8.50

[-1.26; 4.22]

[-0.10; 3.40]

2.57

1.48

1.45

100.0%

p<0.0001

p=0.186

0 1510 5-5-10-15 p=0.003

[1.47; 5.69]

16.5%
11.6%
5.8%

18.2%

15.3%

7.8%
15.7%

9.0%

3.58

9.95
6.60

1.75

[-0.87; 3.77]
[-3.59; 4.59]
[-4.85; 9.99]

 [4.02; 15.88]
[4.03; 9.17]

[3.25; 13.75]

1.903.905.3520 20

110

0.50

p=0.020

116

3.411.606.022.1011 11

6

20

6

2.213.019.015.58

1.753.5520

1.021.43

3.345.30

3.272.91

9.0518.95

19

16 7.50 4.93

3.344.40

12 9.00 6.29

Chan et al (2014)

Linden et al (2003)

Karabay et al (2016)
Karabay et al (2012)

Heterogeneity:I2  =70%,  τ
2=5.64, p<0.01 

Random effects model

SD SDTotal Mean Total MeanStudy 95%-CI WeightMD

Control

Control

Figure  2  Effect  of  NMES  on  gross  motor  function  (GMFM  dimensions)  in  children  with  CP  compared  with  conventional  physical

therapy or  neurodevelopmental  therapy.  NMES  = neuromuscular  electrical  stimulation;  CP  = cerebral  palsy.

Risk  of bias  of the  studies

The  median  PEDro  score  of  studies  was  6 (ranged  from  4 to  8)
(Table  2). All  studies  were  randomized,  had similar  groups  at
baseline,  showed  between-group  differences,  reported  and
pointed  out estimate  and variability.  The  majority  of stud-
ies  conducted  adequate  follow-up  (83%)  and assessors  were
blinding  (67%).  However,  many  studies  did not conceal  the
allocation  list  (83%)  or  carry  out  intention-to-treat  analysis
(67%).  None  of  the  studies  blinded  neither  participants  nor
therapists.

The  overall  quality  of  evidence  was  downgraded  in
two  GRADE  domains:  (a)  inconsistency  of results  due  to
high  heterogeneity  (87%)  evidenced  in  the  meta-analysis;
(b)  imprecision  of the effect  estimates  because  confi-
dence  intervals  were large  (ranged  from  1.57  to 7.79).  For
these  reasons,  the  quality  of  evidence  was  downgraded
to  low-quality  evidence  for  the  effectiveness  of NMES  on
gross  motor  function.  The  evidence  profile  is  presented  in
(Table  3).

Effect  of  electrical  stimulation  on  gross  motor
function

NMES  combined  with  other  therapies  presented  medium
effect  size  (SMD  =  0.76)  to  improve  gross  motor  function  in
children  with  CP  in comparison  with  conventional  physi-
cal  therapy  or  NDT  (MD  =  4.68  [95%  CI, 1.57---7.79; I2 73%,
p = 0.003])  (Fig.  2).

Effect  of  electrical  stimulation  on  functional
dimensions of  GMFM

We  also  performed  a  sensitivity  analysis  grouping  studies
according  to  the GMFM  dimensions:  sitting,  standing  or  walk-
ing.  Other  dimensions  were  not  studied  because  they  were
not  included  in the  articles.  NMES  showed large  effect  size
(SMD  = 1.26)  for improving  GMFM-sitting  dimension  (MD  =  .36

[95%  CI,  5.21---9.51;  I2 0%,  p <  0.0001])  and  medium  effect
size  for  GMFM-standing  dimension  (standing:  MD  = 1.68  [95%
CI,  0.26---3.09;  I2 0%,  p =  0.02])  when  compared  to  con-
ventional  physical  therapy  or  NDT  (Fig.  2). On the  other
hand,  NMES  did  not  differ  from  conventional  physical  ther-
apy or  NDT  to  improve  GMFM-walking  dimension  (walking:
MD  = 1.31  [95%  CI, −0.63  to  3.26;  I2 0%, p =  0.19])  (effect
size  SMD  =  0.29)  (Fig.  2).

Discussion

This systematic  review  with  meta-analysis  aimed  to  verify
the effectiveness  of  NMES  on  the gross  motor  function  in chil-
dren  with  spastic  CP.  Although  our  meta-analysis  presented
high  heterogeneity,  we  found a medium  effect  size  for  the
positive  effects  of  NMES  on  GMFM  in comparison  to  conven-
tional  physical  therapy  or  NDT  in children  with  spastic  CP.  It
was  evidenced  an enhancement  of  4.68  points  in  the over-
all  GMFM  scale  after  using  NMES  as  adjuvant  therapy.  This
value  corresponds  to  a  clinically  meaningful  improvement27

and  reinforces  the  use  of NMES  for  CP  rehabilitation.
Our  manly  finding  agrees  with  a  previous  systematic

review  without  meta-analysis  that  compared  the effects
of  functional  electrical  stimulation  (FES)  with  no-FES  ther-
apy and activity  training  alone.  In this  previous  review,  the
authors  used GMFM  and  walking  speed as  outcome  measures
to  assess  functional  activity.  They  included  five  studies  and
concluded  that  FES  was  more  effective  than  no-FES  therapy.
However,  FES treatment  and  activity  training  alone  pro-
duced  similar  effects  on  the selected  outcomes.10 Instead,
we  included  six  randomized  controlled  trials  in our  meta-
analysis  and  we  identified  improvements  in  specific  gross
motor  dimensions,  as  assessed  by  a standard  tool.

Our sensitivity  analysis  found  a  large effect  size  for
the effectiveness  of  NMES  when  the GMFM-sitting  dimen-
sion  was  analyzed.  An  important  strength  of this  analysis
is  that  all those  studies  included  in  the  sensitivity  analy-
sis  for  sitting  applied  ES  on  abdominal  and/or  paravertebral
muscles.22,23,25
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Similarly,  our  results  showed a medium  effect  size  for the
positive  effects  of  NMES  in improving  GMFM-standing  dimen-
sion.  Possibly,  as  evident  by  previous  studies,  NMES  does
promote  neural  and  muscular  adaptations  and improvement
in  functional  outcomes.  However,  evidence  for standing  is
limited,  considering  that  only  two  included  studies  have
stimulated  as  varied  muscles  as  triceps  surae,  gluteus
maximus  and  quadriceps.14,21 On the other  hand,  we  did
not  find  positive  effects  (small  effect  size)  of  NMES  on
GMFM-walking.  In  our  meta-analysis,  the results  achieved
by  using  NMES  for  walking  dimension  were  similar  to
those  reached  with  conventional  physical  therapy  or  NDT.
Cauraugh  et  al.28 conducted  a  meta-analysis  focusing  on
gait  outcomes  categorized  according  to  the World  Health
Organization  International  Classification  of  Functioning,  Dis-
ability,  and  Health.  These  authors  analyzed  gait  in terms
of  impairment  (e.g.  range  of  motion)  and  activity  limita-
tions  (e.g.  gross  motor  function),  and  they  found  positive
effects  of  ES  for improving  walking  problems  in children
with  CP.28

All  trials  included  in this  review  used NMES  combined  with
conventional  physical  therapy  and/or  NDT.  Previous  stud-
ies  have  also  assessed  the  adjuvant  effect  of NMES.  Kang
et  al.  verified  the effects  of  ES  combined  with  botulinum
toxin  in  children  with  CP  and equinus  foot.  These  authors
observed  that  ES  combined  with  botulinum  toxin  induced
a  significant  increase  in ankle  range  of motion  after  two
weeks  of  intervention  when compared  to  botulinum  toxin
alone.29

Results  are  favorable  to NMES  as  adjuvant  therapy  to
improve  gross  motor  function  in children  with  spastic  CP.
However,  according  to  PEDro  scale  scores,  the studies
included  in  this  meta-analysis  are  suboptimal  in  terms  of  risk
of  bias.  The  majority  of  studies  did  not has clearly  described
allocation  concealment  or  reported  the  patient  or  therapist
blinding.  Furthermore,  two  studies21,23 did  not describe  the
blinding  of  the assessors.  Four  studies14,21---23 did not  report
if  they  used  or  not the  intention-to-treat  analysis.

Limitations

When  analyzing  our  results,  it  is important  to  consider  some
limitations.  For  instance,  stimulus  parameters  applied  by
the  included  studies  were  very  heterogeneous  (i.e. inten-
sity,  duration,  frequency  and  number  of sessions).  The
frequency  of  stimulation  ranged between  low-  and  medium-
frequencies;  time  of  intervention  varied  from  15  min21 to
60  min24;  and the  duration  of  treatment  ranged  between
421---23 and  16  weeks.  Chiu  et al.,  also  reported  an impor-
tant  heterogeneity  related  to  the time  of  intervention  which
ranged  from  180  to  2880  min across  the studies  included  in
their  research.10

Our  review  was  restricted  to  the  highest  standard  of
evidence,  once  only randomized  controlled  trials  were
included.  However,  evidence  is  limited  considering  the  small
number  of  studies  included,  the wide  variety  of  protocols
applied  and  the  lack  of  precise  information  about  the scales
used  for  gross motor  evaluation  (if  GMFM-88  or  GMFM-66).
Further  controlled  studies  are still  needed  to  help  clini-
cians  make  decisions  about  the  effectiveness  of  ES  on GMFM
improvement  in children  with  spastic  CP.

Conclusion

Low-quality  of  evidence  suggests  that  NMES  might  be used
as adjuvant  therapy  to  improve  gross  motor  function  in chil-
dren  with  spastic  CP,  particularly  the  sitting  and standing
dimensions  of  GMFM  scale.  Our  results  need  to  be  carefully
interpreted  due  to  the  small number  of  studies  included  and
the  reduced  sample  size  in  each  study.  Further  research  with
adequate  methodological  quality,  ample  sample  size,  and
long-term  follow-up  are still  necessary.
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