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Abstract

Background:  Improvement  of  postural  control  in children  and  adolescents  with  cerebral  palsy

is a  primary  goal  in child  rehabilitation.

Objective:  A systematic  review  investigated  whether  combining  balance-training  interventions

with  other  active  interventions  enhances  the  effects  of  the  active  intervention  alone  on postural

control of children  and adolescents  with  cerebral  palsy.

Methods:  Searches  were  performed  in  MEDLINE,  PEDro,  CINAHL,  Cochrane  and  EMBASE

databases  without  date  or  language  restrictions.  Randomized  controlled  trials  investigating  the

combination  of  balance-training  interventions  with  other  active  interventions  on  the  postural

control  of  children  and  adolescents  with  cerebral  palsy  were  included.  Two  independent  review-

ers  screened  studies,  extracted  data,  and assessed  methodological  quality  of  included  studies.

Meta-analysis  was  conducted,  and quality  of  the  evidence  followed  the  GRADE  methodology.

Pooled data  were  presented  using  standardized  mean  difference  and  95%  confidence  interval.

Results: Seven  studies  involving  194  participants  were  included  in this  review.  A large  additional

effect on postural  control  was  found  when  balance-training  interventions  were  combined  with

Neurodevelopmental  Treatment  at  short-term  (standardized  mean  difference  of  1.3;  95%  confi-

dence interval  0.5,  2.0,  p  = 0.001).  The  quality  of  the evidence  was  very  low  due  to  publication

bias, imprecision  and  inconsistency.
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Conclusion:  Combining  balance-training  interventions  with  other  active  interventions  may

enhance effects  on  postural  control  of  this  population  at  short-term.  As  the estimated  effect

had only  very  low  quality  of  evidence  to  support  it,  larger  studies  with  low  risk  of  bias  are

needed.

© 2019  Associação  Brasileira  de Pesquisa  e  Pós-Graduação  em  Fisioterapia.  Published  by  Elsevier

Editora Ltda.  All  rights  reserved.

Introduction

Postural  control  is  defined  as  the ability  to  control  the
body’s  center  of  mass  in relation  to  the person’s  base  of
support  for  maintenance  of  stability.1,2 Impairments  on  pos-
tural  control  were documented  in  children  and  adolescents
with  cerebral  palsy  (CP)  during  static  (i.e. maintaining  a
posture)  and dynamic  (i.e. changing  positions  and  mov-
ing  through  the  environment)  activities3---5 as  a  result  of
sensory  deficits,  muscular  weakness  and  biomechanical
misalignment,6,7 adversely  affecting  their  performance  of
daily  activities.  Improvement  of postural  control  is  one
of  the  main  goals  in physical  therapy  interventions.1,4,5,7---9

These  treatments  comprise  activities  that  cause  unpre-
dicted  perturbations  (e.g.  on  unstable  or  mobile  surfaces)
in  multiple  training  settings,  described  as  generic  term
‘‘balance-training  interventions’’  (BTI).6,8,10 Studies  testing
the  effects  of  BTI  are accumulating  and  these  interventions
have  been  identified  as  potentially  effective.11

Improvement  of postural  control  in children  and  ado-
lescents  with  CP has  been  achieved  using  balance-training
platform,  hippotherapy,  virtual  reality  (VR)  and  treadmill
training.6,12---14 In 2005,  Harris  and Roxborough10 published
a  systematic  review  of studies  that investigated  the effec-
tiveness  of  postural  control  strategies  in children  and
adolescents  with  CP.  This  review  included  studies  of  inter-
ventions  in which  individuals  were  active  (e.g.  motor
rehabilitation  exercises)  or  passive (e.g.  adaptive  seat-
ing  devices  and  ankle  foot  orthoses).10 Authors  concluded
that  interventions  comprising  externally  generated  pertur-
bations,  as  balance  platforms,  improved  postural  control
responses  in  standing,  whereas  applying  orthoses  or  whole-
body  garments  demonstrated  no  effects  on  postural  control
outcomes.  In addition,  most  of the  reviewed  studies  pro-
vided  lower  levels  of  evidence.  A decade  later,  Dewar
et  al.11 published  a  systematic  review  with  similar  aims  and
population,  comparing  exercise  interventions.  They  con-
cluded  that  there  was  moderate  evidence  to  support  the
use  of  intervention  modalities  such as  hippotherapy,  tread-
mill  training  with  no  body  weight  support,  trunk-targeted
training,  reactive  balance  training  and  gross  motor  task
training  to  improve  postural  control  in  children  with  CP.
This  review  also  reported  that  neurodevelopmental  ther-
apy  (NDT),  when  applied  alone  or  combined  with  joint
mobility,  muscle  strengthening,  and  mobility  activities,  had
effects  on  postural  control,11 although  the level  of  evidence
is  weak.  However,  it is unclear  whether  comprehensive
approaches,  such as  NDT  or  others,  combined  with  BTI is
more  effective  than  isolated  interventions.  It  is  acknowl-
edged  that  management  of  CP  population  claims  therapeutic

techniques  to  address  body function/structure,  activity and
participation  limitations.  Therapists  frequently  choose  a
pool  of  techniques  that  encompass  a variety  of  exercises
that  may  have  significant  effects  across  different  domains
of  the International  Classification  of  Function,  Disability
and  Health  (ICF).15 Investigating  the  efficacy  of  combining
comprehensive  approaches  with  BTI  would support  clinical
decision-making.

The  aim  of  this  systematic  review  with  meta-analysis  was
to  investigate  whether  combining  balance-training  interven-
tions  with  other  active  interventions  enhances  the  effects
of  other  active interventions  alone  on  postural  control  in
children  and  adolescents  with  CP.

Methods

Search  strategy  and  inclusion  criteria

This  study  was  a  systematic  review  with  meta-analysis.
Review followed  the PRISMA  guidelines16 and was  registered
at PROSPERO  (CRD42016043272).  A systematic  literature
search  from  the earliest  record  to  February  2019  was  per-
formed  on  MEDLINE,  PEDro,  CINAHL,  Cochrane  and  EMBASE
databases,  without  language  restrictions.  The  search  terms
were  related  to  ‘‘randomized  controlled  trial’’,  ‘‘cerebral
palsy’’,  ‘‘balance  training’’,  ‘‘motor  rehabilitation’’  and
‘‘postural  control’’  (see  Appendix  1 on  the  eAddenda  for
detailed  search  strategy). Hand  search  on  previously  pub-
lished  systematic  reviews  in  the  area  was  also  conducted.

Published  randomized  controlled  trials  including  children
and  adolescents  with  a medical  diagnosis  of  CP, aged  up
to  18  years  old,  from  primary,  secondary  or  tertiary  care
settings  were  included.  Any  study  whose  participants  used
Botulinum  toxin  or  underwent  orthopedic  surgery  six  months
prior  to the study  was  excluded.  Included  studies  had  to
compare  BTI  combined  with  any other  active  intervention
such  as  Neurodevelopmental  Treatment  (NDT)  with  the  other
active  intervention  alone.  BTI was  defined  as  any  interven-
tion  that  causes  perturbations  on  body’s  center  of  mass  and
requires  active  body movement  to  maintain  the  dynamic  sta-
bilization.  Our  outcome  of  interest  was  postural  control,  and
studies  were  included  if  they  reported  any valid  measures  of
postural  stability  and orientation  such  as  Berg  Balance  Scale,
Pediatric  Balance  Scale  (PBS),  timed  up and go  (TUG), center
of  pressure  and  center  of  mass displacements.

Study  selection

After  searches,  identified  references  were  exported  to  an
Endnote

®
file  and  duplicates  were removed.  Then,  two

independent  reviewers  (JS  and  PAA)  screened  all  titles
and  abstracts,  and  selected  potential  full-texts.  Potential
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full-texts  were  assessed  against  the  inclusion  criteria
outlined  above.  Between-reviewer  disagreements  were
resolved  by  consensus.

Assessment  of methodological  quality of included
studies

Included  studies  were  assessed  by  two  independent  review-
ers  (JS  and  PAA)  for methodological  quality  (i.e.  items
2---9)  and  statistical  reporting  (i.e.  items  10  and 11)  using
the  0---10  PEDro  scale.17 When  the  study  was  rated  by
PEDro  database  (https://www.pedro.org.au/),  its score  was
used.  Any  between-reviewer  disagreement  was  resolved  by
consensus  in the  cases  where  the  trial  was  not  available  on
PEDro.

Data  extraction

Two  independent  reviewers  (JS  and  PAA)  extracted  data  on
characteristics  (i.e. age,  sex,  CP severity  and  type,  inter-
vention  groups,  outcome  and  timepoints)  and  outcome  data

(i.e.  post-intervention  means,  standard  deviations  (SD)  and
sample  sizes)  from  the  included  studies.  Disagrements  were
resolved  by  consensus.  Level  of Gross  Motor  Function  Clas-
sification  System  (GMFCS)  was  used  to  describe  mobility18

groups  of  children  and  adolescents,  when  available.  GMFCS
identifies  five  levels  of  gross  motor  function  of  children  and
adolescents  with  CP  on  the  basis  of  their  self-initiated  move-
ment with  focus  on  sitting,  walking  and  wheeled  mobility.
Levels  I and II  include  children  and  adolescents  who  walk
independently,  level III  refers  to  those  who  walk  with  mobil-
ity  devices,  levels  IV  and V  denote  children  and  adolescents
who  use  wheelchair.19

Outcome  data  were  extracted  for  three  timepoints,  when
available:  short-term  as  follow-up  ≤3 months  after  base-
line;  medium-term  as  follow-up  >3  months  and  <12  months
after  baseline;  and  long-term  as  follow-up  ≥12  months  after
baseline.  If  more  than  one  timepoint  was  available  within
the  same  follow-up  period,  the one  closer  to  the end  of
the  intervention  for  any  of  the  three  timepoints  was  con-
sidered.  Authors  from  one  study  were  contacted  to  clarify
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information  not  provided  in the published  trial,20 but  we
have  received  no  answer.  Imputation  following  the Cochrane
recommendations21 was  conducted  in this case20 and SD was
imputed  from  other  similar  studies  included  in this system-
atic  review.

Data  analysis

It  was  not  possible  to transform  outcome  data  into  a
common  scale.  Overall  stability  index,  Berg  and  Pediatric
Balance  scale  use  dimension  scores,  and  TUG  is  a time
measure.  Therefore,  analysis  was  based on  standardized
mean  differences  (SMDs)  with  95%  confidence  intervals  (CIs).
Meta-analysis  was  performed  using random-effects  model,
considering  clinical  heterogeneity  among  included  studies.
Heterogeneity  was  identified  with  the I2 statistics,22 with
values  up  to 50%  considered  low  heterogeneity  and  over
50%  moderate  to  high  heterogeneity.22 The  critical  value
for  rejecting  the  null  hypothesis  was  set  at a level of
0.05  (two-tailed).  Meta-analysis  was  performed  using  the
Comprehensive  Meta-Analysis  software,  Version  3,  Biostat,
Englewood  NJ,  USA.  We  followed  Cohen’s  guidelines  for
interpretation  of effect  sizes:  d  =  0.2  for  small;  d = 0.5  for
medium;  and d  =  0.8  for  large effects.23

The  Grading  of Recommendations  Assessment,  Devel-
opment  and  Evaluation  system  (GRADE)  summarized  the
quality  of  the evidence  of this  review.16 Evidence  started
from  high-quality,  with  possibility  to  downgrade  this level
according  to  five  factors24:  (a)  risk  of  bias (i.e.  average  PEDro
score  <5  out  of  10);  (b)  inconsistency  of  estimates  (i.e. raw
I2 >  50%);  (c)  indirectness  of  participants  (i.e.  self-reported
diagnosis  of CP);  (d)  imprecision  (i.e.  pooling  <300  partici-
pants);  and  (e) publication  bias  or  absence  of its  assessment
due  to  small  number  of  included  studies,  n < 10).25 Inde-
pendent  reviewers  (JS and PAA)  assessed  the strength  of
the  current  evidence  and  disagreements  were  resolved  by
consensus.

A  sensitivity  analysis  was  planned  to assess  the impact
of  methodological  quality  by  excluding  poor-quality  stud-
ies  (i.e.  removing  those  studies  with  PEDro  score  <5  out
of  10).  We  also  planned  to  assess  whether  the  estimated
effects  were  influenced  by  sample’s  characteristics,  such  as
age  group,  GMFCS  level and  intervention  type.

Results

A  total  of 5236  records  were  identified:  5215  from  search
strategies,  and 21  from  hand  search.  After  removing  dupli-
cates,  titles  and  abstracts  of  3910  records  were  screened
and  3760  of  them  were excluded.  The  remaining  150 poten-
tial  full-texts  were  assessed,  and  seven  original  studies
fulfilled  the  inclusion  criteria20,26---31 (Fig.  1).

Characteristics  of  included  studies

Reviewed  studies  included  194 children  and  adolescents  and
sample  sizes  ranged from  20  to  30  in individual  studies.  Age
ranged  from  5  to  15  years  old. One  study  did  not report
sex  of  children  and  adolescents.28 In the other  six  studies,
40.9%  of  children  and adolescents  were  female.  Two  studies

did not  inform  the  GMFCS  classification  of  the children  and
adolescents.20,28 In  the other  five  studies,  49.3%  of  children
and  adolescents  were  classified  as  level  I and 50.7%  as  level
II.  Concerning  topographic  distribution  of  the motor  involve-
ment,  85.6%  of  children  and  adolescents  had  bilateral  and
14.4%  had  unilateral  impairment.  All  children  and  adoles-
cents  had spastic  form  of CP.  Table  1  shows  characteristics
of  the included  studies.

The  experimental  groups  combined  the following  BTI  with
NDT:  dynamic  platform  (two  studies)26,29;  whole  body  vibra-
tion  ---  WBV  (two  studies)27,28;  hippotherapy  (one  study)20;
Wii  therapy  (one study)30;  and antigravity  training  (one
study).31 All  the training  protocols  had  at least  20  min
of  BTI for a period  of  8---12 weeks.  However,  there  were
variations  across  studies  on  time  of  intervention,  weekly
frequency  and treatment  duration.  In two  studies,30,31 the
time  of intervention  was  20---30  min/day,  with  weekly  fre-
quency  of  2---3  days/week,  and treatment  duration  over  12
weeks.  In  the others  five  studies,20,26---29 intervention  lasted
45---120  min/day,  in  3---7  days/week,  over  8---12 weeks.

Postural  control  of  children  and adolescents  with  CP  was
assessed  in  standing  position  in all  studies.20,26---31 All studies
used  quantitative  and  valid  outcome  measures.  Four  stud-
ies  used functional  scales,  and the  others  used  the  center
of  pressure  displacement  expressed  by  the  stability  index.
One  study  focused  on  gait  as  the postural  control  outcome
operationalized  with  the score  of  TUG  test.28 Other  stud-
ies  chose  specific  measures  of  postural  control:  overall;
anteroposterior  and  mediolateral  stability  indexes;26,27,29,31

and  PBS.20,26,30 All  included  studies  investigated  short-term
effects  only.

Methodological  quality  and  statistical  reporting  of

included  studies

Table  2 shows  the individual  score  on  each item  and  the
total  scores  of  the studies  on  the PEDro  scale.32 Quality
ranged  from  4 to 8, and the median  PEDro  score  was  6.
Randomization  procedure  was  properly  applied  in 100%  of
studies,  with  only 57%  reporting  the  allocation  procedure.
Four  studies  (57%) informed  that  examiners  were  blinded  for
outcome  measurement,  whereas  no  study  blinded  therapists
or  participants.

Balance-training  interventions  combined  with
other active  intervention  versus  the  other  active
intervention alone

Data from  seven  studies  were  pooled  to  investigate  whether
BTI combined  with  other  active  intervention  enhances  the
effect  of  the other  active  intervention  alone.  Data  were
pooled  involving  194  participants.  There  is  very-low  quality
evidence  that  BTI  plus  other  active  intervention  has  a large
effect  on  postural  control  at short-term  [SMD (95%  CI)  =  1.3
(0.5,  2.0),  p = 0.001]  when  compared  with  the  other  active
intervention  alone  (Fig.  2). The  current  quality  of evidence
was  very  low  because  of publication  bias,  imprecision  and
inconsistency.
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Table  1  Characteristics  of  included  studies  (n  = 7).

Study  Sample  characteristics Intervention  Outcome  measures

Abd  El-Kafy  et  al.

(2014)29

n  = 30

Source  = pediatrics  outpatient

clinic  of  the Faculty  of  Physical

Therapy  &  Al  Kaser  Al  Eini

Hospital,  Cairo  University,

Cairo,  Egypt.

Age  (yr)  =  8.8 (SD 0.7)

% Female  =  56.7%

Classification  =  spastic  diplegia

GMFCS  Level  I = 13;  II = 17.

Balance  training

Comparison:  Additional  effect

EG  (n  = 15):  Balance  training  plus NDT

CG  (n  =  15):  NDT

120  min  × 3/wk  ×  8  wk

Overall/anteroposterior/

mediolateral  stability  index.

Step  length/velocity/cycle

time/stance  phase

percentage/  swing  phase

percentage.

Follow-up  =  8  wk

El-Shamy (2014)27 n  = 30

Source  = pediatrics  outpatient

clinic  at the  Faculty  of  Physical

Therapy,  Cairo  University,

Cairo,  Egypt.

Age  (yr)  =  9.8 (SD 1.2)

% Female  =  23.3%

Classification  =  spastic  diplegia

GMFCS  Level  I = 13;  II = 17.

Whole  body  vibration  training

Comparison:  Additional  effect

EG  (n  = 15):  Whole  body  vibration

training  plus  NDT

CG (n  =  15):  NDT

60 min  ×  5/wk  × 12  wk

Overall/  anteroposte-

rior/mediolateral  stability

index.

Follow-up  =  12  wk

El-Shamy et  al.

(2014)26

n  = 30

Source  = physical  therapy

department,  Al  Noor  Hospital,

Mecca,  Saudi  Arabia.

Age  (yr)  =  10.6  (SD  1.4)

% Female  =  33.3%

Classification  =  spastic  diplegia

GMFCS  Level  I = 13;  II = 17.

Balance  training

Comparison:  Additional  effect

EG  (n  = 15):  Balance  training  plus NDT

CG  (n  =  15):  NDT

120  min  × 3/wk  ×  12  wk

Overall  directional  control/

PBS

Follow-up  =  12  wk

El-Shamy (2017)31 n  = 30

Source  = Maternity  and  Children

Hospital,  Makkah,  Saudi

Arabia.

Age  (yr)  =  10.3  (SD  1.3)

% Female  =  40.0%

Classification  =  spastic  diplegia

GMFCS  Level  I = 13;  II = 17.

Antigravity  treadmill  training

Comparison:  Additional  effect

EG  (n  = 15):  Antigravity  treadmill

training  plus  NDT

CG (n  =  15):  NDT

20 min  ×  3/wk  × 12  wk

Overall/  anteroposterior/

mediolateral  stability  index.

Fall  risk  test

Cadence/Stride

length/velocity/time  spent

in double-limb  support.

Follow-up  =  12  wk
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Table  1 (Continued)

Study  Sample  characteristics  Intervention  Outcome  measures

Ibrahim  et  al.

(2014)28

n  = 30

Source  = the  outpatient  clinic,

college  of  Physical  Therapy,

Cairo University,  Cairo,  Egypt.

Age  (yr)  =  9.6  (SD 1.4)

% Female  =  not  reported

Classification  =  spastic  diplegia

GMFCS  Level  not  reported.

Whole  body  vibration  training

Comparison:  Additional  effect

EG  (n  =  15):  Whole  body  vibration

training  plus  NDT

CG (n  =  15):  NDT

60  min  ×  3/wk  ×  12  wk

6MWT

TUG

Follow-up  =  12  wk

Uysal and  Baltaci

(2016)30

n  = 24

Source  = Hacettepe  University,

Faculty  of  Physiotherapy  and

Rehabilitation,  Department  of

Paediatric  Neurological  Clinic,

Ankara,  Turkey.

Age  (yr)  =  9.6  (SD 2.6)

% Female  =  58.3%

Classification  =  spastic

hemiplegia

GMFCS  Level  I = 19;  II = 5.

Wii  therapy

Comparison:  Additional  effect

EG  (n  =  12):  Wii  therapy  plus  NDT

CG  (n  =  12):  NDT

30  min  ×  2/wk  ×  12  wk

PBS

Follow-up  =  12  wk

Yildirim et  al.

(2012)20

n  = 23

Source  = Not  reported.

Age  (yr)  =  7 (SD  not  reported)

% Female  =  35.0%

Classification  =  spastic  diplegia

(11),  hemiplegia  (4)  and

quadriplegia  (5).

GMFCS  Level  Not  reported.

Hippotherapy

Comparison:  Additional  effect

EG  (n  =  13):  Hippotherapy  plus  NDT

CG  (n  =  10):  NDT

30---45  min  × 7/wk  × 10  wk.

PBS

Cadence/walking  speed.

Follow-up  =  10  wk

n, participants included in the baseline; Yr, year; min, minutes; wk, week; GMFCS, Gross Motor Function Classification System; EG, experimental group; CG, control group; PBS, Pediatric
Balance Scale; TUG, Timed Up  and Go test; NDT, neurodevelopmental treatment.
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Table  2  PEDro  scores  of included  studies  (n  = 7).

Study  Random

allocation

Concealed

allocation

Groups

similar  at

baseline

Participant

blinding

Therapist

blinding

Examiner

blinding

<15%

dropouts

Intention-

to-treat

analysis

Between-

group

difference

reported

Point

estimate

and

variability

reported

Total  (0---10)

Abd  el-Kafy  et  al.  (2014)29 Y  Y  Y  N  N  N  N  N  Y  Y  5

El-Shamy (2014)27 Y  Y  Y  N  N  Y  Y  Y  Y  Y  8

El-Shamy et  al.  (2014)26 Y  N  Y  N  N  N  N  N  Y  Y  4

El-Shamy (2017)31 Y  Y  Y  N  N  Y  Y  N  Y  Y  7

Ibrahim et  al.  (2014)28 Y  N  Y  N  N  N  N  N  Y  Y  4

Uysal and  Baltaci  (2016)30 Y  Y  Y  N  N  Y  Y  N  Y  Y  7

Yildirim et  al.  (2012)20 Y  N  Y  N  N  Y  Y  N  Y  Y  6

Y, yes; N, no.
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Study name Std diff in means and 95% CIStd diff
in means 

Lower
limit 

Upper
limit 

Relative
weight 

Abd El-Kafy et  al (2014 ) 2.7 1.7 3.7 13.4

El-Shamy (2014) 0.8 0.1 1.6 15.0

El-Sha my (201 7) 2.5 1.5 3.5 13.6

El-Sha my et al (2014 ) 1.2 0.4 2.0 14.8

Ibrahim et al (201 4) 0.3 -0.4 1.0 15.2

Yildirim et al (2012) 0.0 -0.9 0.9 14.1

Uysal et  al (20 16) 1.6 0.7 2.5 13.9

1.3 0.5 2.0

0.00 2.00 4.00

Favours BTI plus other intervention 

-4.00 -2.00

Favours Other intervention 

Pooling (I² = 8.9%; 

Z = 3.437; p = 0.001;
random-effects)

Figure  2  Pooling  data  showing  a  short-term  additional  effect  of balance-training  interventions  (BTI)  to  other  active  intervention

(i.e. NDT)  (n  = 194  participants).

Study name Std diff i n means and  95 % CIStd diff

in means 

Lower Relative

weight 

Upper

limit 

0.00 2.00 4.00

Pooling  (I² = 3.6%; 

Z = 3.03 7;  p = 0.002;

rando m-eff ects)

19.3

21.1

19.6

20.2

19.9

2.7 1.7 3.7

0.8 0.1 1.6

2.5 1.5 3.5

0.0 -0.9 0.9

1.6 0.7 2.5

1.5 0.5 2.5

Abd El-Kafy et al (2014)

El-Shamy (2014)

El-Sham y (2017 )

Yildirim et al (2012)

Uys al et al (20 16)

Favours BTI  plus othe r interven tion Favours Othe r intervention  

-4.00 -2.00

Figure  3  Sensitivity  analysis  (removing  poor-quality  studies,  PEDro  <5  out  of  10) showing  a  short-term  additional  effect  of  balance-

training interventions  (BTI)  to  other  active  intervention  (i.e.  NDT)  (n  =  134  participants).

Sensitivity  analysis

We  performed  sensitivity  analysis  to  investigate  the  impact
of  poor  methodological  quality  of studies26,28 (PEDro  scores
<5)  on  the  estimated  effect.  Findings  did  not  suggest  impact
of  methodological  quality  on  our  estimated  additional  effect
of  BTI  on  postural  control  at short-term  [SMD  (95%  CI) = 1.5
(0.5,  2.5),  p = 0.002]  (Fig.  3). Other  planned  sensitivity  anal-
yses  were  not  possible  because  of small  number  of studies
with  distinct  sample  characteristics.

Discussion

The  aim  of  this  review  was  to  investigate  whether  BTI  com-
bined  with  other  active intervention  enhances  effects  of  the
other  active  intervention  alone  on  postural  control  in chil-
dren  and  adolescents  with  CP.  The  pooled  estimate  showed
that  there  is  a  large short-term  effect  of  BTI  combined  with
other  active  intervention  when compared  with  the other
active  intervention  alone  on  postural  control.  Nevertheless,
findings  should  be  interpreted  with  caution because  current
evidence  is still  very  limited  and  future  high-quality  studies
are  likely  to  change  the estimate.

There  are  few  studies  that  have  investigated  whether
the  effect  of  the  combination  of  conventional  interventions
with  BTI  is  greater  than  the conventional  treatments  alone,
although  postural  control  in cerebral  palsy  is  a relevant  clin-
ical  and  research  topic.  Actually,  there  are already  several
studies  investigating  the  effect  of  conventional  treatment  or
BTI  on  postural  control.10,11 However,  many  of  these  previous
studies  were  not  designed  to answer  our  question  and  were
excluded  from the current  review.  In  addition,  the  specific
criteria  established  in  this  review  might  explain  why only
seven  studies  were  included.

Findings  suggest  that  BTI (i.e.  hippotherapy,  dynamic
platform,  antigravity  training,  Wii  therapy  or  WBV)  produces
a  large  positive  effect  (i.e.  effect  size  of  1.3, 95%  CI  0.5,
2.0)  on  postural  control  when  combined  with  NDT  in  chil-
dren  and  adolescents  with  CP.  Although,  there  was  a lack  of
information  detailing  NDT  techniques  in  the included  stud-
ies,  it  did not  impact  on  our findings  because  both  groups
(i.e.  experimental  and control  groups,  BTI  plus  other  active
intervention  or  other  active  intervention  only)  received  the
same  NDT  intervention.

Dynamic  platform  and  WBV  are motor  activities  that
require  the active  movements  of  children  and adolescents
to  recover  stability  after  specific  postural  challenges.  It is
possible  that  the devices  used in  such  interventions  moved
children  and  adolescents’  center  of  mass  within  their  zone
of  postural  reversibility  and  may  have  increased  muscular
recruitment  to  maintain  or  adjust  postural  control  during
tested  activities.33

Similarly,  during  hippotherapy  and  Wii  therapy,  the
children  and  adolescents’  center  of  gravity  is  displaced,
facilitating  dynamic  postural  responses  to  unexpected
perturbations.34,35 The  rationale  for  testing  the effect  of
hippotherapy  on postural  control  is  that  the  smooth  and
rhythmic  horse’s  movements  provide displacements  of chil-
dren  and  adolescents’  pelvis  in such a way  that  resembles
the  pelvic  displacement  during  gait.36 Thus,  when  on  the
horse’s  back,  children  and  adolescents  can  experience  con-
trolled  body displacements,  leading  to  practices  of weight
shifting  and  muscle  activations  of  children  and adolescents’
trunk,  head/neck,  hip and  lower  limbs. With  the tutoring
of  a therapist  who  is trained to certify  that  each  child  is
given  the ‘‘just  right’’  postural  challenge,  it is  assumed  that
these  active  ingredients  of the  intervention  will  contribute
to  improve  children  and  adolescents’  performance  on  bal-
ance  scales  and/or  walking  tests.  Previous  systematic  review
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considered  hippotherapy  an  effective  modality  to  improve
postural  control  in our  group  of  interest13 and our  findings
pointed  to the  same  conclusion.  The  challenges  proposed  by
Wii  therapy  are  similar  to  those  described  in hippotherapy.
It  requires  repetitive  and  active body  movement  of  children
and  adolescents  with  weight  bearing  forward,  backwards
and  sideways  during  virtual  basketball,  tennis  and  boxing.

In  turn,  antigravity  treadmill  training  provides  a safe
environment  for  repetitive  stepping  since  it reduces  the
effects  of  gravity  and  offers postural  support,  helping  chil-
dren  and  adolescents  with  CP in high  intensity  exercises.
The  improvement  on  overall  strength  caused  by this program
might  facilitate  the  postural  control.

When  we  excluded  two  studies  with  PEDro  score  lower
than  5,  the  subgroup  analysis  revealed  a  similar  effect  (i.e.
effect  size  of  1.5,  95%  CI  0.5,  2.5),  with  statistical  signif-
icance.  This  result  suggested  that  inclusion  of studies  of
low  methodological  quality  did  not  influence  the estimated
short-term  additional  effect  of  BTI.

The lack  of consensus  on postural  control’s  theoreti-
cal  approach  and  implementation,  as  highlighted  by  Dewar
et  al.,2 was  demonstrated  by  the diversity  of  outcome  mea-
sures.  Although  standardized  scales  are  available  in the
literature  with  well-established  psychometrics  properties,
only  three  out  of the  seven  studies  used specific  instru-
ments  for  postural  control  assessment  (i.e. PBS).  This  test,
in  addition  to showing  good  validity  and  reliability,  is  easy  to
handle,  not  too long  (i.e. administration  lasts  maximum  of
15  min),  includes  materials  available  in clinical  settings  and
assesses  the  performance  of  functional  task  that  are  part  of
the  children  and adolescents’  daily  activities.

In  regards  to characteristics  of the  included  studies
that  could  impact  on  the estimated  effect,  the dosage
(i.e.  type,  intensity,  frequency  and  duration)  varied  across
them  and  severity  distribution  of  participants  was  somewhat
restricted.  To  the best of  our knowledge  and  based  on  the
analyses  conducted  in  this  systematic  review,  there  was  no
obvious  link between  intervention  doses  and  effect  sizes.  In
this  review,  100%  of  participants  ambulated  independently,
with  GMFCS  levels  I---II. Further  research  is  required  for  chil-
dren  and  adolescents  with  moderate-to-severe  CP.

It  is  important  to consider  some  limitations  when  ana-
lyzing  results  of this  systematic  review.  Firstly,  there  was
high  levels  of statistical  heterogeneity  (i.e. raw  I2 > 50%).

We used random-effects  model  to  pool  data  in the current
review  to  control  the statistical  heterogeneity.  Secondly,
despite  the inclusion  of  randomized  controlled  trials,  the
quality  of  evidence  for  the  comparison  was  very  low because
of  absence  of  assessment  of  publication  bias, imprecision
and  inconsistency.  Furthermore,  the  small  number  of studies
did  not  allow  sensitivity  analyses  to evaluate  the influence
of  sample’s  characteristics  such as  age group,  GMFCS  level
and  intervention  type  on  the estimated  effect.  At  last,
four  of the  seven  included  studies  were conducted  by  the
same  research  group.  It  is  not  always  clear  whether  and  to
what  degree  there  was  overlap  in the  samples.  This  may
have  introduced  a bias  in  analysis.  Further  randomized  con-
trolled  trials  are  required  to  confirm  the estimated  effect
of  BTI,  mainly  in groups  with  different  characteristics,  such
as  topography,  age  and  GMFCS  level.  Moreover,  future  stud-
ies  should also  focus  on  examining  the  impact  of different
dosages  of BTI.

Conclusion

In  conclusion,  very-low  quality  evidence  suggests  that  BTI
combined  with  other  intervention  enhances  the effect  of  the
other  intervention  alone  on  postural  control  at short-term
in  children  and adolescents  with  CP.
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1.  Clinical  Trial  as  Topic/  or  Random  Allocation/  or

Randomized  Controlled  Trial  as  Topic/  or  randomized

controlled  trial$.mp.

2.  randomized  controlled  trial$.mp.  or  Randomized

Controlled  Trial/

3.  Controlled  clinical  trial$.mp.  or  Controlled  Clinical

Trial/

4. random  allocation$.mp.

5. single-blind  method$.mp.  or  Single-Blind  Method/

6. double-blind  method$.mp.  or  Double-Blind  Method/

7. clinical  trial$.mp.  or  Clinical  Trial/

8. random$.mp.

9.  comparative  stud$.mp

10. evaluation  stud$.mp.

11.  follow-up  stud$.mp.  or  Follow-Up  Studies/

12. prospective  stud$.mp.  or Prospective  Studies/

13. cross-over  studies.mp.  or  Cross-Over  Studies/

14.  control$.mp.

15.  prospective$.mp.  or  Prospective  Studies/

16. Child,  Preschool/  or  child$.mp.  or  Child  Care/  or

Child/

17. Infant  Care/  or  Infant,  Premature/  or  infant$.mp.  or

Infant, Newborn/  or  Infant/

18.  newborn$.mp.

19.  adolescent$.mp.  or  Adolescent/

20.  teenager$.mp.

21.  preschool$.mp.

22.  cerebral  palsy.mp.  or  Cerebral  Palsy/

23. Nervous  System  Diseases/  or neurodisability.mp.  or

Developmental  Disabilities/

24. spastic.mp.  or  Muscle  Spasticity/

25.  diplegic$.mp.  or  Gait  Disorders,  Neurologic/

26. Hemiplegia/  or  hemiplegic$.mp.  or Movement

Disorders/

27. motor  disorder$.mp.

28.  Paraplegia/  or  Quadriplegia/  or  quadriplegic$.mp.

29.  brain  injur$.mp.  or  Brain  Injuries/

30. athetosis.mp  or  Athetosis/

31.  Exercise  Therapy/  or  motor  rehabilitation$.mp.

32. rehabilitation$.mp.  or  ‘‘Physical  and  Rehabilitation

Medicine’’/  or  Rehabilitation/

33. Physical  Therapy  Modalities/  or  physiotherapy.mp.

34.  Exercise/  or  exercise$.mp.  or  Exercise  Movement

Techniques

35. therap$.mp

36.  physical  therap$.mp.

37. occupational  therapy.mp.  or  Occupational  Therapy/

38. ‘‘Early  Intervention  (Education)’’/  or  Intervention

Studies/  or Early  Medical  Intervention/  or

intervention$.mp.

39. treatment$.mp.  or Therapeutics/

40. activit$.mp.

41.  kinesiotherapy.mp.

42.  movement  therapy.mp.

43. Eletric  Stimulation  Therapy/  or  Eletric  Stimulation/

or functional  electrical  stimulation

44. task  training.mp.

45.  hippotherapy.mp.  or Equine-Assisted  Therapy/

46. neurodevelopmental  therapy.mp.

47. Resistance  Training/  or  training.mp.

48. balance  training.mp.

49.  treadmill  training.mp.

50.  Therapy,  Computer-Assisted/  or  virtual  reality.mp.

51. biofeedback.mp.

52.  posture.mp.  or  Posture/

53. balance.mp.  or  Postural  Balance/

54. postural  control.mp.

55.  body  posture.mp.

56.  body  alignment.mp.

57.  postural  stability.mp.

58.  stability.mp.

59.  postural  sway.mp.

60.  trunk  control.mp.

61.  motor  skill$.mp.  or  Motor  Skills/

62.  pediatric  balance  scale.mp.

63. 1 or  2  or  3  or  4 or  5  or  6  or  7 or  8  or  9  or  10  or  11  or

12 or 13  or  14  or 15

64.  16  or 17  or  18  or 19  or  20  or  21

65. 22  or 23  or  24  or 25  or  26  or  27  or  28  or  29  or  30

66. 31  or 32  or  33  or  34  or  35  or  36  or  37  or 38  or  39  or  40

or 41  or  42  or  43  or  44  or  45  or  46  or  47  or  48  or 49  or

50 or 51

67. 52  or 53  or  54  or  55  or  56  or  57  or  58  or 59  or  60  or  61

or 62

68.  63  and  64  and 65  and  66  and  67
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