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Abstract

Background:  Respiratory  muscle  weakness  and  its  relation  to  other  impairments  in children  with

cerebral  palsy  (CP)  have  been  shown  in the latest  studies.  The  effects  of  inspiratory  muscle

training (IMT)  in this  population  have not  been  comprehensively  investigated  so  far.

Objectives:  To  investigate  the  effects  of  IMT on  trunk  control,  pulmonary  functions,  respiratory

muscle  strength,  daily  living  activities,  exercise  capacity  and  quality  of  life  in children  with  CP.

Methods:  This  was  a  prospective-randomized  controlled  trial.  Twenty-five  children  with  CP

were randomly  assigned  to  the  treatment  (n  =  13)  or  the  control  group  (n  = 12).  The  treatment

group received  IMT  at  30%  of  maximal  inspiratory  pressure  (MIP)  and  the  control  group  received

sham therapy  (5%  of  MIP)  for  6 weeks.  Also,  both  groups  received  routine  conventional  physical

therapy (stretching,  strengthening,  and  functional  exercises,  etc.)  for  6  weeks.  The  primary

outcome measure  was  trunk  control.  Secondary  outcome  measures  were  pulmonary  function,

respiratory  muscle  strength,  daily  living  activities,  functional  exercise  capacity  and  quality  of

life.

Results: The  treatment  group  had  better  outcome  for  trunk  control  (3.87,  95%  CI  3.72---4.02).

Also, respiratory  muscle  strength,  daily living  activities,  functional  exercise  capacity  and  qual-

ity of  life were  significantly  improved  in  the  treatment  group  compared  with  controls.  No

improvements  were  observed  in the  pulmonary  function  test  scores  between  the  groups.

� Clinical Trials Registry ID:  NCT02998281 (https://www.clinicaltrials.gov/ct2/show/NCT02998281?term=NCT02998281.&rank=1).
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Conclusion:  Inspiratory  muscle  training  improves  trunk  control,  respiratory  muscle  strength,

daily  living  activities,  functional  exercise  capacity  and  quality  of  life in children  with  CP  and  it

can be  included  in the  physiotherapy  and  rehabilitation  programs.

© 2018  Associação  Brasileira  de Pesquisa  e  Pós-Graduação  em  Fisioterapia.  Published  by  Elsevier

Editora Ltda.  All  rights  reserved.

Introduction

Cerebral  palsy  (CP)  is  an umbrella  term  defined  as  ‘‘a  group
of  permanent  disorders  of  the  development  of  movement
and  posture,  causing  activity  limitation,  that  are  attributed
to  non-progressive  disturbances  that occurred  in  the devel-
oping  fetal  or  infant  brain’’.1 There  is  no  specific  treatment
for  the  brain  damage  that  produces  motor  dysfunction  in
patients  with  CP.  Treatments  generally  focus  on  impairments
related  to  motor  dysfunction  such  as  secondary  muscu-
loskeletal  problems.2

The  musculoskeletal  system  structures  are  intercon-
nected  and form  the biomechanical  bases  of  human
movement.3 In CP,  abnormalities  of muscle  strength  and
tone,  contractures,  and  abnormal  bone  growth  deterio-
rate  the  body’s  biomechanical  properties.4,5 Biomechanical
deteriorations  affect  the body’s  ‘core’,  adversely  affecting
essential  functions  in  children  with  CP. The  core  acts  as  a sta-
ble  base  that  supports  the motion  of  distal  segments6 and
also  controls  trunk  motion  in  all  planes.7 Without  adequate
core  stabilization,  children  with  CP  may  have  difficulty
performing  daily  living  activities  such  as  getting  dressed,
walking,  or  playing  with  friends.  These  difficulties  may  in
turn  reduce  quality  of  life.  Thus,  optimizing  core  muscle
function  is  important  for  meeting  the  functional  demands
of  daily  living  activities  and  maximizing  quality  of  life  for
children  with  CP. In  addition,  respiratory  muscles,  especially
the  diaphragm  that  forms  the  roof  of  the  inner  core,  con-
trol  both  respiration  and  core  stabilization.6 Recent  studies
have  elucidated  the  relationship  between  respiratory  mus-
cle  weakness  and  other  impairments  in children  with  CP.8---11

The  beneficial  effects  of  inspiratory  muscle  training  (IMT)
have  been established  in patients  with  respiratory  and
neurological  disorders.6,12---15 However,  no  studies  have  inves-
tigated  the  effects  of  IMT  on  non-respiratory  functions  (core
stabilization,  trunk  control,  etc.).  In  addition,  we  know  of
only  one  study  that  investigated  the effects  of  respiratory
muscle  training  in children  with  CP.16 Unfortunately,  their
outcome  measure  only included  body  function  and struc-
ture,  and  was  therefore  limited.16 There  exists  no  evidence
as  to the  effects  of respiratory  muscle  training  on daily  liv-
ing  activities,  participation,  or  quality  of life  in  children
with  CP.  We  considered  the International  Classification  of
Functioning,  Disability  and  Health,  version  for  children  and
youth  (ICF-CY)  based  outcome  measures  while  planning  the
current  trial.

This randomized  controlled  trial aimed  to  investigate  the
effects  of IMT  on  respiratory  muscle  strength,  pulmonary
functions,  trunk control,  daily  living  activities,  functional
exercise  capacity,  and  quality  of life  in children  with  CP.

Methods

Participants

This  study  was  conducted  between  December  2016  and
September  2017.  Children  with  CP (n = 25), between  the
ages  of  7---14  years,  referred  from  Gazi  University,  Faculty
of  Medicine,  Department  of  Child  Health  and  Diseases,  were
recruited  on  the basis  of their  willingness  to  participate
in the  present  study.  Inclusion  criteria  were:  diagnosis  of
CP  by  a  pediatrician  or  pediatric  neurologist;  classified  of
Gross  Motor  Function  Classification  System  (GMFCS)  Level  I
(walks  without  restriction)  and/or  Level II  (walks  without
assistive  devices,  but  with  some  limitations),  and  ability
to  walk  for  at least  six  minutes.  Exclusion  criteria  were:
orthopedic  surgery  or  botulinum  toxin-A  (BoNT-A)  injections
within  the past  six  months, acute  or  chronic  pulmonary  dis-
eases,  acute  medical  illnesses,  musculoskeletal  problems
that  could  affect  walking  ability,  and  the  present  of  an
intellectual  impairment  that  could  influence  participation
and/or  motivation.

The study  was  approved  by  the  Ethics  Committee  of the
Kecioren  Training  and  Research  Hospital,  Ankara,  Turkey
(Protocol  ID:  2012-KAEK-l5l  1295) and  performed  in  accor-
dance  with  the Declaration  of  Helsinki.  After approval  by
the  ethics  committee,  the  study  was  registered  at  Clini-
calTrials.gov  (Registration  number:  NCT02998281).  Written
informed  consent  to  participate  was  obtained  from  the  par-
ents  of  all  children.

Randomization  and allocation

This  study  was  designed  as  prospective,  randomized,  con-
trolled  and  assessor-blinded  trial. Children  with  CP were
randomly  allocated,  via  computerized  random  assignment,
to  either  a treatment  group or  a control  group.  Allocation
was  concealed  by  using  sealed  and  numbered  black  opaque
envelopes  prepared  by a  researcher  not  involved  in the
study.  The  physical  therapist  that  collected  the data  was
unaware  of group  assignment.  Assessments  and  IMT were
performed  by  different  physical  therapists.  Before  and  after
IMT  we  evaluated  respiratory  muscle strength,  pulmonary
function,  trunk  control,  daily  living  activities,  functional
exercise  capacity,  and  quality  of life.

Assessment  of clinical  outcomes

Demographic  and  clinical  variables  were  recorded  for  each
child, including  age,  height,  weight,  gender,  and  parents’
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educational  statuses.  Topografic  classification17 and  GMFCS
levels18 of  children  were  also  determined  by  the physiother-
apist.

Primary  outcome

Trunk  control  was  evaluated  using  the Trunk  Control  Mea-
surement  Scale  (TCMS),  which is  reliable  and  valid  in
children  with  spastic  CP.19 This  scale  consists  of  15  items
and  all  items  are  scored  on  a 2-,  3-,  or  4-point  scale.  The
TMCS  is  divided  into  the following  subscales:  static  sitting
balance  (TMCS-SSB;  items  1---5), dynamic  sitting  balance
(TMCS-DSB)  and selective  movement  control  (TMCS-DSB-
SMC;  items  6---12),  and  dynamic  reaching  (TMCS-DSB-DR;
items 12---15).  TMCS  total  scores  range  from  0  to  58, with
higher  scores  indicating  better  trunk control.19

Secondary  outcomes

To  evaluate  pulmonary  functions,  we  performed  spiromet-
ric  measurements  using a  calibrated  spirometer  (ZAN  100
flow  handy  II, ZAN,  Oberthulba,  Germany),  according  the
guidelines  of  the  American  Thoracic  Society  and  European
Respiratory  Society.20 Forced  expiratory  volume  in  1 s (FEV1),
forced  vital  capacity  (FVC),  Forced  expiratory  flow  from  25
to  75%  (FEF25---75%),  and  peak  expiratory  flow  (PEF)  were  mea-
sured  and  expressed  as  the percentage  of the respective
predicted  value.21

Maximal  inspiratory  pressure  (MIP)  and  maximal  expi-
ratory  pressure  (MEP)  were  evaluated  using  an electronic
pressure  transducer  (MicroRPM;  Micromedical,  Kent,  UK)
with  a  rigid  flanged  mouthpiece.  Measurements  were  done
according  to  American  Thoracic  Society/European  Respira-
tory  Society  standards.22 MIP was  measured  from  residual
volume  to  total  lung  capacity,  after  maximal  exhalation;  MEP
was  measured  from  total  lung  capacity  to  residual  volume,
after  maximal  inhalation.  The  measured  pressures  were
maintained  for  at least  one  second  prior  to recording.  A max-
imum  of  nine  maneuvers  were  performed.23 Of  these,  three
acceptable  maneuvers  were  obtained;  of  which  at least
two  were  reproducible  (there  was  less  than  5%  difference
between  the best values).  The  highest  value  was  recorded
and  expressed  in cmH2O.  If  the last  maneuver  was  the  high-
est  we  obtained  an additional  measure.22,23 Normal  values  as
per  Domènech-Clar  et al.23 were used  to  determine  the  per-
centage  of  predicted  values.  A MIP lower  than  −80  cmH2O
was  used  to  define  inspiratory  muscle  weakness.22

The  Pediatric  Evaluation  of  Disability  Inventory  (PEDI)
was  used  to evaluate  daily  living activities.  The  PEDI  consist
of  two  subscales:  the Functional  Skill  Scales  (PEDI-FSS)  and
the  Caregiver  Assistance  Scale  (PEDI-CAS).  These  subscales
measure  daily  living  activities  in three  content  domains:
self-care,  mobility,  and  social  function.  The  PEDI-FSS  has
73  self-care  items,  59  mobility  items,  and 65  social  function
items.  Each  item  is  scored  as  0 (unable)  or  1 (capable).  The
PEDI-CAS  consists  of  8  self-care  items,  7 mobility  items,  and
5  social  function  items.  The  score  of  each  item  ranges  from
0  to  5.  All  of the domain  scores  are transformed  to  a 0---100
scale  (percentage  of  total  possible  score  achieved).  Higher
scores  indicate  better  daily  living  function.24,25 The  reliabil-

ity  and  validity  of  the  PEDI  in  children  with  CP  have  been
published.25

The  6-minute  walk  test  (6MWT)  was  used  to  evaluate
functional  exercise  capacity.  Children  were  instructed  to
walk  for  6 min up and down  a 30-m  unobstructed  corridor.
Measurement  was  done  according  to  American  Thoracic  Soci-
ety  guidelines.26 During  the test,  we  monitored  heart rate
using  the Polar  A300 heart  rate  monitor  (Polar  Instruments,
Shangai,  China).  Because  none of  the children  had previ-
ously  performed  the  6MWT,  each  child  repeated  the  test  two
times.  Children  rested  for a  minimum  of  30 min  between
tests  and the highest  distance  was  recorded.  The  repro-
ducibility  and  validity  of  the 6MWT  in GMFCS  I and  II  children
with  CP have  been  published.27

Quality  of  life  was  assessed  using the  Turkish  version  of
the  Cerebral  Palsy  Quality  of  Life  Questionnaire  for  Chil-
dren  (CP  QOL-Child).28,29 The  questionnaire  consists  of  seven
broad  domains  including  social  well-being  and  acceptance,
functioning,  participation  and  physical  health,  emotional
well-being,  access  to  services,  pain  and  impact  of  disability,
and  family health.  The  primary  caregiver  proxy  report  ver-
sion  of  the CP QOL-Child,  consisting  of  66  items,  was  used in
the  present  study.  The  scoring  of  the  questionnaire  was  per-
formed  according  to  the CP QOL  manual.30 The  raw  scores
of  each  domain  are  then  converted  into  a 0---100  scale.

Intervention

Inspiratory  muscle  training  was  performed  using  a  pressure
threshold-loading  device  (Threshold  IMT,  Philips-Respironics,
Pittsburgh,  PA,  USA).  This  device  provides  a  specific,  mea-
surable  resistance  that  is  constant  during  each inspiration.
Before  training  began,  the  children  completed  a one-week
familiarization  period  with  their  parents in order  to  ade-
quately  learn  diaphragmatic  breathing  with  the  device.  The
treatment  group  received  IMT  at  30% of  MIP.  The  MIP  was
measured  during  a supervised  period  each  week,  and the
training  load  was  adjusted  weekly  to  maintain  30%  of  MIP.
The  control  group  received  sham  IMT  at  fixed  workload  of
5%  of MIP. Children  were  instructed  to  maintain  diaphrag-
matic  breathing  with  the device  for  10---15  breaths,  try
rest  for  5---10 s between  breaths,  and  maintain  this  pat-
tern  for  15  min,  twice  a  day.  Both groups  trained  for  a
total  of  30  min  per  day,  7 days  per  week,  for  6 weeks.
At  home,  parents  monitored  their  children  while  they per-
formed  IMT.  The  children  were  checked  via  phone call  3
times  a  week  to  insure  they  were  performing  IMT  cor-
rectly.  The  children  were  also  given  training  diaries  and
told  to  fill  out  the diaries  with  their  parents,  which were
checked  once  weekly  by  the  investigators.  The  total  min-
utes  spent  training  was  calculated  according  to the  reports
written  in the diaries.  During the IMT/sham  IMT period,
both  groups  received  routine  conventional  physiotherapy  for
40  min  per  day,  3 days  per  week  by  a  physiotherapist  with
specialization  in  pediatric  neurology.  The  conventional  phys-
iotherapy  program  included  conventional  mat activities,
specific  stretching  exercises  for  tightened  muscles,  range  of
motion  exercises  for  joint  elasticity,  and therapist-guided
techniques  for  facilitating  normal  movement  patterns.  No
children  received  any  other  treatments,  such  as  occupa-
tional  or  speech  therapy.
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Ass ess ed for eligibility (n=32)

Exclud ed (n=4)

Not meeting inclusion criteria (n=2) 

Declinedto participate (n=2) 

Treatment group

Analyzed (n=13)

Discontinued intervention (logistic problems)

(n=1) 

Received allocated intervention (n=14)

Lost to foll ow-up (did not  come to assess ment)

(n=2)  

Received allocated intervention (n=14)

Control group

Analyzed (n=12)

Rand omized (n=28)

Figure  1 Flow  chart.

Statistical  analysis

All  statistical  analysis  was  conducted  using SPSS  20.0  (SPSS,
Chicago,  IL,  USA).  On the basis  of a pilot  study,  the  primary
clinical  outcome  of the current  study  was  TCMS  total  score
that  determined  to  obtain  a power  of  0.80  with   ̨ level  of
0.05  with  an effect  size  of 0.85;  total  sample  size  estimation
would  be 12  participants  per  group  using G*Power  software.
Data  normality  was  tested  using  the  Kolmogorov---Smirnov
calculation.  Baseline  demographic  and  clinical  characteris-
tics  of  the  groups  compared  using  Mann--- Whitney  U test
and  differences  were  reported  as  median  and  interquartile
range  (%25---%75  IQR).  Nominal  data  were  compared  using  a
chi-square  test. Analysis  of  covariance  was  used to  deter-
mine  whether  there  are any  significant  differences  between
pre-  and  post-test  conditions  (pulmonary  functions,  respira-
tory  muscle  strength,  trunk  control,  daily  living  activities,
6MWT  and  quality  of life).  Each  outcome  measure  baseline
values  were  used as  covariates  in the analysis.  Manually
adjusted  post  hoc comparisons  were  done  using  Bonferroni
test.  Effect  sizes  for the vastness  of  statistically  significant
group  differences  were  characterized  using  d. Also,  effects
sizes  were  expressed  as  small  (>0.20),  moderate  (between
0.50  and  0.80),  and large (≥0.80).31,32 Post  hoc statistical
power  was  calculated  using  G*Power  software  to  TCMS total
score.33 The  analysis  was  performed  per-protocol  on the
children  included  in the  study.  A p  value  <  0.05  was  consid-
ered  as  statistically  significant.

Results

A total  of  32  children  with  CP  were  assessed  for  eligibility.
Among  them,  4  children  were excluded  (Fig.  1). Twenty-
eight  children  were  randomly  allocated  either  treatment  or
control  group.  Finally,  13  children  in the  treatment  group
(7.14%  loss  to follow  up)  and  12 children  in the  control  group
(14.28%  loss  to  follow  up)  completed  the study.  The  IMT
was  well  tolerated  by  all  of  the children  with  CP.  Adher-
ence  to  the  IMT  program  was  high  in  both  groups.  There
was  no  difference  between  groups  in  time  spent  during
IMT;  the treatment  group  spent  1141.66  ±  97.66 min  (∼90.5%
of  expected),  and  the control  group  1086.81  ±  81.06  min
(∼86.9%  of  expected).

The  baseline  demographic  characteristics  of  the groups
are  presented  in Table 1.

There  were  no  significant  differences  in pulmonary  func-
tion  test  scores  between  groups  after inspiratory  muscle
training  (p  > 0.05,  Table 2).

Ten children  (76.9%)  in the  treatment  group  and 10  chil-
dren  (83.3%)  in  the control  group  had inspiratory  muscle
weakness  at baseline  (MIP  < 80  cmH2O). Improvements  in MIP
(22.85  cmH2O,  95%  CI 12.84---32.86;  p < 0.001)  and  MIP per-
centage  of  predicted  (31.52%,  95% CI  21.52---41.48;  p <  0.001)
were  significantly  greater  in  the treatment  group  compared
with  the control  group  (Table  2). There  were  no  signifi-
cant  differences  in MEP  and MEP  percentage  of  predicted
between  groups  (Table 2).
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Table  1  Baseline  demographic  characteristics  of  treatment  and  control  groups.

Characteristics  Treatment  group  Control  group

Median  (%25---75  IQR)  Median  (%25---75  IQR)

Age,  years  9.5 (8---10)  8  (7---12)

Male/female,  n  (%)  6/7 (46.1%/53.8%)  6/6  (50%/50%)

Weight, kg  28  (24.25---37)  30  (28---36)

Height, cm 130 (124---140)  130  (128---141)

BMI, kg/m2 16.38  (14.30---18.97)  18.98  (16.86---20.46)

GMFCS  I/II,  n  (%)  9 (69.2%)/4  (30.7%)  8  (66.6%)/4  (33.3%)

Topographic  classification,  n(%)

Hemiplegic/diplegic  8 (61.5%)/5  (38.4%) 8  (66.6%)/4  (66.6%)

Mother’s education,  n(%)

Primary  school 1  (7.6%) 1  (8.33%)

Junior high  school  1 (7.6%)  1  (8.33%)

Senior high  school  5 (38.4%)  6  (50.0%)

University or above  6 (46.1%)  4  (33.3%)

Father’s education,  n(%)

Primary  school  1 (7.6%)  1  (8.3%)

Junior high  school  1 (7.6%)  1  (8.3%)

Senior high  school  4 (30.7%)  5  (41.6%)

University or above  7 (53.8%)  5  (41.6%)

BMI, Body Mass Index; GMFCS, Gross Motor Function Classification System.

There  was  no  difference  in  TCMS-SSB  score  between
the  groups  (Table  2).  The  TCMS-DSB-SMC  (3.16,  95%  CI
2.54---3.78;  p  < 0.001),  TCMS-DSB-DR  (0.64,  95%  CI  0.32---0.96;
p  < 0.001)  and  TCMS-Total  (3.87,  95%  CI  3.72---4.02;  p < 0.001)
scores  were  significantly  improved  in the treatment  group
compared  with the control  group  (Table  2).

The  PEDI-FSS  self-care  (1.86,  95% CI  0.68---3.04;
p  = 0.007),  PEDI-FSS  mobility  (2.78,  95%  CI  1.72---3.84;
p  = 0.001)  and  social  function  (3.95, 95%  CI 3.00---4.90;
p  = 0.015)  domain  scores  were  significantly  improved  in the
treatment  group  compared  with  control  group  (Table 3).  No
difference  was  observed  between  the  groups  in the  PEDI-CAS
subscale  scores  (Table  3).

The distance  covered  during  the  6MWT  (57.1  m,  95%  CI
37.58---76.62,  p  < 0.001)  and  percent  of  the predicted  6MWT
distance  (8.72%,  95%  CI  5.34---12.10%,  p  <  0.001)  significantly
improved  in  the treatment  group  compared  with  the control
group  (Table  2).

The  CPQOL-Child  social  well-being  and acceptance
(13.73,  95% CI  12.86---14.60,  p <  0.001)  and functioning
domain  (5.09,  95%  CI 2.09---8.09;  p  =  0.004)  scores  significan-
tly  improved  in  the treatment  group  compared  with  control
group  (Table  3). No  difference  was  observed  between  the
groups  in  the  other  domains  of  the CPQOL-Child  (Table  3).

Discussion

This  was  the  first  clinical  trial  to  simultaneously  examine
the  effects  of  IMT  on  body  function,  daily  living  activities,
participation,  and  quality  of  life  in children  with  CP. The
main  findings  of  our  study  were  that  IMT  improved  respira-
tory  muscle  strength,  trunk control,  daily  living  activities,
functional  exercise  capacity,  and  quality  of  life  in children
with  CP.  The  present  study  had  an adequate  sample  size,  a
control  group,  and  an adequate  statistical  power  (96.8%)  to

support  our  hypothesis.  Compliance  with  the  IMT program
was  acceptable  and  the program  was  well  tolerated  by  all
participants.

Similar  to previous  studies,  76.9%  of  children  with  CP  in
the treatment  group and  83.3%  in the  control  group  had
inspiratory  muscle  weakness  (MIP  <  80  cmH2O).22 We  applied
IMT  for 6  weeks,  7  days  per  week  for  30  min  per  day,
using  a moderate  intensity  (30%  of MIP).  This  resulted  in
MIP improvements  with  a  large  treatment  effect.  Previous
studies  have  also  demonstrated  a relationship  between  IMT
and  improved  inspiratory  muscle  strength  in various  patient
populations,6,12---15 similar  to  our  findings.  Although  MEP  sig-
nificantly  improved  in both  groups, higher  IMT  workload  was
not  superior  to lower  workload.  Lower  workloads  may  also
have  therapeutic  effect  in improving  MEP,  thus further  stud-
ies  are  needed  to  investigate  the  effects  of  IMT  on  MEP  in
children  with  CP.

To  date,  to  our knowledge,  there  is  only  one  study  in
the  literature  has  investigated  the  effects  of  IMT on  pul-
monary  functions  in  children  with  CP.16 In  their  study,  IMT
improved  FEV1 and  FVC.  In our  study,  no improvements  were
recorded  in dynamic  lung  volumes  after  IMT.  This differ-
ence  might  relate  to  different  techniques  of IMT  application.
Lee  et  al.,16 used feedback  respiratory  training,  which  is
also  known  as  voluntary  isocapnic  hyperpnea.  This method
generally  uses  deep and  fast  breathing  at  70---80%  of  maxi-
mum  voluntary  ventilation  in each  inspiration  for  endurance
training.34 We  used  mechanical  threshold  training  tech-
nique,  the most  used form  of IMT.  The  mechanical  threshold
training  technique  operates  independently  of  breath  vol-
ume, working  on  inhalation  against  an  adjustable  (relative
to  MIP)  pressure  threshold.  This  might  explain  the  differ-
ences  between  the  dynamic  lung volume  results  after  IMT.
PEF  and  MEP  both  depend  on expiratory  muscle  strength.
Thus,  improvement  in PEF  likely  relates  to  improvement  in
MEP  (56%  treatment  group,  48%  control  group)  after  IMT.
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Table  2  Effects  of  inspiratory  muscle  training  on  pulmonary  function,  respiratory  muscle  strength,  trunk  control  and  functional  exercise  capacity.

Characteristics  Treatment  group Control  group  Treatment

affect

Effect

size

Before  After  Mean difference %95  CI  Group

difference

Before  After  Mean  difference  %95 CI  Group

difference

Mean  ± SD Mean ± SD p  Mean  ± SD Mean  ± SD  p  p d

FEV1,  % 88.30 ± 18.96  88.90 ±  20.09  0.60  (−4.24  to 5.44)  0.797  91.77 ± 8.42  94.00 ± 10.35  2.22  (−2.88  to 7.33) 0.372  0.633

FVC,  %  80.30 ± 17.16  81.60 ±  17.84  1.30  (−3.37  to 5.97)  0.565  84.77 ± 11.80  86.00 ± 12.10  1.22  (−3.70  to 6.15) 0.608  0.981

FEV1/FVC  105.50 ± 10.20  106.70 ±  10.20  1.20  (−1.05  to 3.45)  0.277  106.00 ± 9.23  105.44 ± 9.76  −0.55 (−2.93  to 1.81) 0.628  0.274

FEF25---75,  %  88.10 ± 26.41  87.80 ±  24.04  −0.30 (−5.11  to 4.51)  0.828  87.66 ± 17.46  89.44 ± 16.80  1.77  (−3.29  to 6.84) 0.483  0.539

PEF,  %  69.30 ± 17.41  77.10 ±  23.19  7.80  (4.015  to  11.58)  0.001* 69.36 ± 15.12  73.18 ± 14.67  3.81  (0.21  to  7.42) 0.049* 0.127

MIP,  cmH2O 65.83 ± 15.70  94.50 ±  16.07  28.66 (23.33  to  34.00)  <0.001* 51.54 ± 22.54  57.36 ± 23.43  5.81  (0.24  to  11.39)  0.041* <0.001* 1.20

MIP,  %  predicted  89.92 ± 17.21  129.65 ±  20.91  39.73 (32.20  to  47.25)  <0.001* 69.03 ± 21.73  77.25 ± 23.28  8.21  (0.36  to  16.07)  0.041* <0.001* 1.22

MEP,  cmH2O  68.00 ± 23.21  82.50 ±  24.34  14.50 (8.00 to 20.99)  0.001* 52.90 ± 19.27  60.90 ± 16.48  8.00  (1.22  to  14.78)  0.023* 0.165  0.42

MEP,  %  predicted 74.14  ± 25.81  89.23 ±  25.05  15.08 (8.26 to 21.90)  <0.001* 56.20 ± 15.97  65.85 ± 15.19  9.65  (2.52  to  16.78)  0.010* 0.265  0.54

TCMS-SSB  (0---20) 19.08 ± 2.31  19.41 ±  1.72  0.33  (−0.09  to 0.76)  0.123  19.36 ± 1.20  19.63 ± 1.50  0.27  (−0.17  to 0.72) 0.222  0.842

TCMS-DSB-SMC  (0---28)  20.58 ± 3.17  23.75 ±  2.80  3.16  (2.47 to 3.85)  <0.001* 20.54 ± 4.34  20.54 ± 4.41  −3.55E−015 (−0.72  to  0.72) 1.000  <0.001* 0.82

TCMS-DSB-DR  (0---10)  7.41  ± 1.88  8.41  ±  1.56  1.00  (0.57 to 1.42)  <0.001* 7.27  ± 1.48  7.63 ± 1.28  0.36  (−0.08  to 0.80) 0.104  0.043* 0.65

TCMS-Total  (0---58)  47.08 ± 6.00  51.58 ±  5.24  4.50  (3.61 to 5.38)  <0.001* 47.18 ± 5.58  47.81 ± 5.67  0.63  (−0.28  to 1.56) 0.167  <0.001* 0.72

6MWT,  m 500.21 ± 60.61  566.60 ±  76.61  66.38 (53.53  to  89.23)  <0.001* 456.69 ± 84.36  465.89 ± 91.56  9.20  (−4.22  to 22.62)  0.169  <0.001* 0.84

6MWT,  %  predicted  75.86 ± 9.48  85.98 ±  12.37  10.11 (8.06 to 12.16)  <0.001* 69.91 ± 11.73  71.30 ± 12.78  1.39  (−0.74  to 3.52) 0.190  <0.001* 0.86

FEV1, Forced Expiratory volume in One Second; FVC, Forced Vital Capacity; FEF25---75%,  Forced Expiratory Flow from 25  to 75%; PEF, Peak Expiratory Flow; MIP, Maximal Inspiratory Pressure;
MEP, Maximal Expiratory Pressure; TCMS-SSB, Trunk Control Measurement Scale-Static Sitting Balance; TCMS-DSB-SMC, Trunk Control Measurement Scale-Dynamic Sitting Balance-Selective
Motor Control; TCMS-DSB-DR, Trunk Control Measurement Scale-Dynamic Sitting Balance-Dynamic Reaching; 6MWT, Six Minute Walk Test.

* p ≤ 0.05.
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Table  3  Effects  of inspiratory  muscle  training  on  daily  living  activities  and  quality  of  life.

Characteristics  Treatment  group Control  group Treatment

affect

Effect

size

Before  After Mean  difference %95  CI Group

difference

Before  After Mean  difference  %95 CI Group

difference

Mean  ±  SD Mean  ± SD p Mean ± SD Mean ± SD p p  d

PEDI-FSS (scaled  score  0---100)

Self-care  90.86 ± 7.18 93.15  ± 5.38 2.28 (0.95 to 3.61) 0.002* 86.30 ± 5.68 86.69  ± 5.40 0.42  (−0.89 to 1.89) 0.410 0.049* 0.56

Mobility  94.63 ± 5.05 98.02  ± 3.60 3.39 (1.87 to 4.90) <0.001* 95.06 ± 4.93 95.68  ± 5.93 0.61  (−0.96 to 2.19) 0.427 0.016* 0.58

Social  function 94.10 ± 4.94 96.60  ± 4.29 2.56 (0.20 to 4.92)  0.035* 93.42 ± 5.24  92.02  ± 7.01  −1.39  (−3.86 to 1.07)  0.252  0.025* 0.78

PEDI-CAS  (scaled  score  0---100)

Self-care  91.45 ± 6.78 92.70  ± 5.78 1.25 (−0.91  to 3.41) 0.243  85.68 ± 13.60 86.81  ± 12.45 1.13  (−1.12 to 3.39)  0.380  0.941

Mobility  96.42 ± 6.68 97.85  ± 5.85 1.42 (−0.54  to 3.39) 0.147 93.24  ± 8.40  94.80  ± 7.20  1.55  (−0.50 to 3.61)  0.130  0.925

Social  function 96.33 ± 4.33 97.66  ± 3.98 1.33 (−0.54  to 3.21) 0.155 93.45  ± 6.75 94.54  ± 5.44 1.09  (−0.87 to 3.05) 0.261 0.855

CPQOL-child  (scaled  score  0---100)

Social  well-being and  acceptance 78.19  ± 16.16 88.63  ± 14.16 10.44 (6.18 to 14.69) <0.001* 78.03 ± 10.43 74.73  ± 9.96 −3.29 (−7.73 to 1.14) 0.138 <0.001* 0.94

Functioning  76.56 ± 15.42 80.15  ± 14.01 3.59 (1.14 to 6.04) 0.006* 70.91 ± 11.29 69.40  ± 13.36 −1.50 (−4.06 to 1.04) 0.234 0.007* 0.76

Participation  and  physical  health 88.19 ± 21.63 92.62  ± 19.52 4.42 (−1.26  to 10.10) 0.121 76.62  ± 15.26 80.31  ± 20.21 3.69  (−0.75 to 10.62) 0.106 0.572

Emotional  well-being 72.67  ± 20.04 80.22  ± 16.22 7.55 (1.55 to 13.55) 0.016* 60.94 ± 17.25 61.43  ± 12.72 0.49  (−5.77 to 6.75) 0.872 0.105

Access to  services 34.79 ± 10.65 35.48  ± 10.41 6.45(−21.67  to  2.88) 0.638 30.07  ± 10.28 33.69  ± 7.67 3.61  (−1.16 to 6.06) 0.064 0.073

Pain  and  impact of  disability 32.94 ± 22.26 24.30  ± 14.17 −8.64 (−17.63 to  0.34) 0.059 41.85  ± 19.48 42.09  ± 16.74 0.24  (−9.14 to 9.63) 0.957 0.170

Family  health 67.18 ± 24.26 67.55  ± 22.94 0.36 (−3.08  to 3.81) 0.828 60.22  ± 12.50 58.98  ± 12.71 −1.23 (−4.84 to 2.36) 0.483 0.511

PEDI-FSS, Pediatric Evaluation of  Disability Inventory-Functional Skill Scale; PEDI-CAS, Pediatric Evaluation of  Disability Inventory-Caregiver Assistance Scale; CPQOL, Cerebral Palsy Quality
of Life.

* p ≤ 0.05.
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For  better  understanding  of  the effects  of  IMT  on  pulmonary
function  in  children  with  CP,  application  of higher  inten-
sity  and/or  longer  duration  training  should be  investigated.
Restrictive  lung  disease  is  also  a problem  in  children  with
CP,  thus investigating  the effects  of  the  IMT  on  static  lung
volumes  may be  beneficial.

This  is the clinical  trial  in the literature  to  investi-
gate  the  effects  of  IMT  on trunk  control.  We  found  a
significant  improvement  in selective  movement  control  and
dynamic  reaching  subscales  after  IMT  in children  with  CP.
The  improvement  in trunk  control,  especially  in  dynamic  sit-
ting  balance  subscale  scores,  might  indicate  improvement
in  non-respiratory  respiratory  muscle  function.  Inspiratory
muscles  (especially  the diaphragm,  which  contributes  the
intra-abdominal  pressure  modulation),  play  an important
ancillary  role  in core  stability  and  postural  control.35 A num-
ber  of  studies  also  reported  contraction  of  the diaphragm  for
trunk  stabilization  prior  to  rapid  arm  movements,  flexion  of
the  upper  and  lower  extremities,  and  trunk extension.7,36,37

We  thought  that  inspiratory  muscle  induced  core  stabiliza-
tion  might  improve  after IMT,  thereby  improving  balance
control  during  dynamic  situations.  There  were  no  improve-
ments  in  static  sitting  balance  subscale  scores  after  IMT.  This
might  be  related  to  higher  baseline  scale  scores  (median
score  18  out  of  20).  To  better  understand  the  effects  of  IMT
on  static  sitting  balance,  future  studies  should use  differ-
ent  scales.  Investigating  the  effects  of IMT  on  trunk control
during  gait  in children  with  CP may  also  be  beneficial.

Past  exercise  and  field  tests  demonstrated  reduced  exer-
cise  capacity  in children  with  CP.38,39 Consistent  with  the
previous  studies,12,13,40 we  observed  marked  improvement
in  the  6MWT  distance  after  IMT.  Although  there  is no  deter-
mined  minimally  clinically  important  difference  (MCID)  for
6MWT  distance  in children  with  CP,  the distance  covered  dur-
ing  the  6MWT  (57.5  m)  in  our  study  was  greater  than  other
studies  where  the MCID  for  the 6MWT  distance  ranged  from
11  to  54  m.41 Our  findings  serve  as  a  valuable  addition  to
the  literature  to  improve  exercise  capacity  in  children  with
CP.  Also,  IMT  might  be  considered  as part  of  a rehabilitation
program  to improve  exercise  capacity,  especially  in children
with  GMFCS  level  III-V,  where  mobility  is  limited.

We  investigated  the effects  of IMT  on  daily  living  activ-
ities  and  showed  that  IMT  improved  functional  skills  of
children  with  CP  relative  to daily  living  activities.  This  might
be  related  to  improvement  in other  clinical  parameters
such  as  trunk  control  and/or  exercise  capacity  after  IMT.
Some  daily  living  activities  could  be  complicated  for children
with  CP  because  of  the  necessity  for simultaneous  control
of  mobility,  endurance,  trunk stability,  and balance.  Thus,
increased  dynamic  trunk control  and  endurance  after  IMT
may  affect  the performance  of  daily  living  activities  in  chil-
dren  with  CP.  Performance  of daily  living  activities  can be
affected  by various  intrinsic  and  extrinsic  factors  such as
the  child’s  interest  and preferences  (intrinsic),  or  opportu-
nity  to participate  in age-appropriate  activities  (extrinsic).
Additional  studies  are needed  to  show  the effects  of  IMT on
daily  living  activities.

Cerebral  palsy  is  a  non-progressive  neurologic  disorder
with  no  cure.  Therefore,  children  with  CP  often  have  to
deal  with lifelong  disabilities  that  affect  quality  of  life.
Assessment  of  quality  of  life  is  also  important  in  children
with  CP  to  identify  threats  to  quality  of life  and  adjust

treatment  plans  accordingly.  In our  study,  we  found  a sig-
nificant  improvement  in social  well-being,  acceptance,  and
functioning  domains  of  the CPQOL  after  IMT.  Also,  the  emo-
tional  well-being  and  acceptance  domains  improved  in  the
treatment  group.  These  improvements  may  be related  to
improvement  in participation,  exercise  capacity,  and  trunk
control  after  IMT,  factors  that  are closely interconnected
and  greatly  affect  quality  of  life.  For instance,  improvement
in exercise  capacity  may  allow  a child  to  play longer  with
friends.  In  this way,  socialization  increases  and quality  of life
improves.  Quality  of  life  can  be affected  by  many  factors
such  as  nation,  economic  status,  intra-  and  interpersonal
perspective,  educational  level  etc.  Therefore,  more  studies
are  needed  in order  to  better understand  the effects  of  IMT.

As  a  conclusion,  IMT  was  a feasible  and  effective  phys-
iotherapy  for  children  with  CP and  improved  respiratory
muscle  strength,  trunk control,  daily  living  activities,  func-
tional  exercise  capacity  and quality  of  life. Our  findings
demonstrated  that IMT  is  a  clinically  practical  treatment
in children  with  CP.  Our  study  included  GMFCS  levels  I and
II  children  with  CP.  Future studies  should investigate  the
effects  of  IMT  in  GMFCS  levels  III---V children  with  CP whose
functional  limitations  are higher.

Although  the power  of  the study  was  high,  which was  cal-
culated  based  on  the  primary  outcome  measure;  the  effect
size  indicated  small  and moderate  treatment  effects for
some  other  outcome  measures.  Therefore,  the study  cohort
size  may  be a  limitation  of  the  current  study,  and  increas-
ing  the sample  size  might  allow  us to  observe  the  maximum
effects  of IMT.
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