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Abstract  Changes  in anatomical  structure  of  the  foot  reduce  the  foot  ability  for  normal  per-

formance.  This  study  aimed  to  compare  selected  muscles  of  trunk  and  lower  extremities  during

walking in individuals  with  different  foot  types.  Forty-five  female  students  were  categorized

into three  groups  depending  on their  foot  structures  namely,  pronated,  supinated  and  nor-

mal feet.  Foot  types  defined  by  foot  posture  index  and X-ray  under  the  specialist  physician.

Electromyography  activities  were  recorded  from  muscles  of  tibialis  anterior,  peroneus  longus,

medial gastrocnemius,  biceps  femoris,  gluteus  medius,  external  oblique  and  erector  spinae  in

three groups  while  walking  in  determined  path  with  self-selected  gait  speed.  Each effort  simul-

taneous  with  electromyography  registration  was  recorded  with  camera.  One-way  ANOVA  test

was used  to  compare  the groups  at significance  level  of 0.05.  The  activity  of  muscle  of  tibialis

anterior and  medial  gastrocnemius  was  greater  in  pronated  foot  group  than  that  in  supinated

and normal  groups  during  heel  contact  phase  of  gait  (p  = 0.001).  Supinated  foot  group  exhibited

a greater  peroneus  longus  activation  than  the other  groups  (p  = 0.001).  No  significant  differences

were  observed  for  remaining  four  muscles  (p  > 0.05).  During  midstance  phase,  peroneus  longus,

supinated foot  group  exhibited  a  greater  activity  compared  to  other  groups  while  pronated

foot group  exhibited  a  greater  muscle  activity  for  gluteus  medius  than  others  (p = 0.001).  There

was a  significant  difference  between  normal  and  pronated  foot  groups  for  external  oblique

(p =  0.001).  Regarding  the  findings  of  this  study,  the  muscular  performance  changes  in pronated

and supinated  foot  groups  are  more  noticeable  than  that  in normal  foot  type.
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PALABRAS  CLAVE
Músculos  de  las
extremidades
inferiores;
Marcha;
Pie  neutro;
Pie  pronador;
Pie  supinador

Comparación  de  la  actividad  muscular  seleccionada  del  tronco  y  las  extremidades

inferiores  en  la forma  de  caminar  de  las  mujeres  jóvenes  con  pies  supinadores,

pronadores  y neutros

Resumen  Los  cambios  en  la  estructura  anatómica  del pie  reducen  su  capacidad  de rendimiento

normal.  Este  estudio  trató  de comparar  los  músculos  seleccionados  del  tronco  y  las  extremi-

dades inferiores  al  caminar,  en  personas  con  diferentes  tipos  de pie.  Se  clasificó  a  45  estudiantes

femeninas  en  tres  grupos,  dependiendo  de la  estructura  de sus  pies,  es  decir,  pronadora,

supinadora  y  neutra.  El  médico  especialista  definió  los tipos  de  pie  mediante  el índice  pos-

tural del  pie  y  rayos  X.  Se registraron  las  actividades  electromiográficas  de los músculos  tibial

anterior, peroneo  lateral  largo,  gemelo  interno,  bíceps  femoral,  glúteo  medio,  externo  oblicuo

y erector  de  la  columna  en  los  tres  grupos,  al  realizar  un  recorrido  determinado,  con  una

velocidad  de  marcha  auto-seleccionada.  Se  grabó  con  una  cámara  cada  esfuerzo  simultáneo  al

registro electromiográfico.  Se  utilizó  el  test  ANOVA  con  un  factor  para  comparar  los  grupos,  con

un nivel  de  significación  de 0,05.  La  actividad  de los  músculos  tibial anterior  y  gemelo  interno

fue superior  en  el grupo  de pie  pronador  que  en  los grupos  de pie  supinador  y  neutro,  durante

la fase  de  contacto  del talón  de la  marcha  (p  =  0,001).  El grupo  de pie  supinador  reflejó  una

activación  superior  del músculo  peroneo  lateral  largo  que  el resto  de  los grupos  (p  =  0,001).  No

se observaron  diferencias  significativas  en  los cuatro  músculos  restantes  (p  >  0,05).  Durante  la

fase de  media  distancia,  para  el peroneo  lateral  largo,  el  grupo  de pie supinador  reflejó  una

mayor actividad  en  comparación  a los demás  grupos,  mientras  que  el grupo  de  pie  pronador

reflejó una mayor  actividad  muscular  para  el  glúteo  medio  que  los  demás  grupos  (p  = 0,001).  Se

produjo una diferencia  significativa  entre  los grupos  de  pie  pronador  y  pie  neutro  para  el externo

oblicuo  (p  = 0,001).  Con  arreglo  a  los  hallazgos  de este  estudio,  los cambios  en  el  desempeño

muscular en  los  grupos  de  pies pronadores  y  supinadores  son  más  notorios  que  en  el grupo  de

pie neutro.

©  2015  Publicado  por Elsevier  España,  S.L.U. en  nombre  de Consell  Català  de  l’Esport.  Gener-

alitat  de  Catalunya.

Introduction

In  walking  foot  bears  the performance  of absorbing  contact
forces  with  the ground,  balancing,  and  adaptation  to  ground
surfaces  and  transmission  of  forces  efficiently,  which  are
obtained  through  mutual  activities  of  foot  joints.1

The  important  movements  occur  at the talocrural,  sub-
talar,  talonavicular,  calcaneocuboid  and navicular-cuboid
joints  during  walking.2 The  recent  studies  point out  indi-
vidual  differences  and  high  complexity  of  tarsal  movements
which  can  be  summarized  into  pronation  and supination
movements.  Pronation  occurs  in  the  midstance  which  helps
to  increases  the available  motion  of  the forefoot,  shock
absorption  and  adaptation  to  ground.  Toward  the end of
stance,  foot  supination  increases  and  leads  to  decrease
available  motion  of the  forefoot  resulting  in stability  to  the
front.1

Unnatural  biomechanics  of  foot  reduces  the foot abil-
ity  to do normal performance.3 Pronated  foot  is  on  the
most  common  reasons  of people’s  referring  to  orthopedics
and  clinics  as  seen  in a  wide  range  of  deformities  such as
reduction  of  medial  longitudinal  arch  height,  heel  exter-
nal  rotation  and anterior  foot abduction.4 It is  generally
believed  that  pronated  foot  acts  as  a  facilitator  in bring-
ing  about  overtraining  damages  and  pathologic  conditions
such  as plantar  fasciitis,  Achilles  tendon  shortening,  stress
fracture,  shin splint  and  pain  in heel,  knee  and  back.5

Heel  internal  rotation  concomitant  with  medial  longi-
tudinal  arch  height  is  called  supinated  foot contributing
to  a wide  range  of  lower  extremity  deformities  such as
forefoot  adduction,  finger  forking,  genu  varum  and  other
symptoms.6 it  was  structurally  determined  that  for people
with  this  deformity.  During  walking,  time  and  area  of contact
with  ground  become  less  and  they  have  weak  shock  absorp-
tion  due  to  locking  of  midtarsal  joints.7 Foot pronation  and
supination  are abnormalities  when  contribute  to structural
and  performance  deficiencies  in standing  and  walking  with
changes  in lower-extremity,  lumbar-pelvic  area and  lower
extremity  muscles.8 In contrast  to disturbance  in proxi-
mal  muscle  performance,  it  is  effective  on  distal  muscle
performance.9 Over  pronation  and over supination  of  subta-
lar  joint  can  change  the  position  of  hip,  pelvis  and  trunk  and
upper  extremities.8 Over  pronation  is  concomitant  with  tibia
internal  rotation,  femur10 and knee  valgus11,12 and  pelvis
anterior  tilt.13,14 Supinated  foot  is  accompanied  by  exter-
nal  rotation  of the  tibia15 consequently,  the  femur  rotates
in  the same  direction  as  the  tibia,  and  the femoral  neck
angle  influences  knee  angle  and  position.  Thus,  supinated
foot  may  contribute  to  lower  limbs  dysfunction.  It is  rea-
sonable  to  assume  that close  chain  activity  in lower  limb
may  alter  the mechanical  alignment  and  dynamic  function
in proximal  joint.  Hansen15 noted  that  an  overpowering  pos-
terior  tibialis  muscle  is  an  apparent  feature  in  subjects  with
supinated  foot.  This  muscle  inverts  and  internally  rotates
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foot  in  relation  to  the  leg,  and  these  actions  are facilitated
by  weakness  or  full  paralysis  of  the peroneus  brevis.  When
this  occurs,  the  posterior  tibialis  becomes  an external  rota-
tor  of  the  tibia  in relation  to  the  foot.

Review  of  kinematic  studies  comparing  individuals’
movement  performance  on  normal  and pronated  foot in
walking.  Shows  that in individuals  with  pronated  foot,  due  to
the  situation  of  heel  external  rotation  and  internal  longitudi-
nal  arch  collapse,  subtalar  joint  stays  in pronation  position  in
the  ending  of stance,  therefore,  foot bone  stability  reduces
and  foot  confronts  lack  of  force  to  progress  in toe-off.16,17 On
the  other  hand,  elongation  of  heel  eversion16,17 and  increase
of  internal  rotation  of  tibias  in loading  response18 can dis-
turb  the  main  performance  of  muscular---skeletal  structure
of  foot  as  a  force  absorbent.

Foot  deformities  create  some  changes  in the movement
of  lower  extremities  and  in some cases  increase  the risk
of  injury.  The  relationship  between  foot  deformities  and
increasing  the  risk  of lower  extremities  injury  can  origi-
nate  from  abnormal  activity  of  muscles.  For  example,  it is
reported  that  individuals  with  flat  foot  exhibited  increased
or  decreased  activity  of the lower  limbs  as  a  neuromuscular
reflect  compensation  to  reduce  overload  resulting  from  foot
deformity  during  walking.4,17

In  electromyography,  Murley  et  al.4 showed  that  pronated
group  act  higher  percentage  of  maximal  EMG  amplitude  for
tibialis  anterior  in contact and  for tibialis  posterior  in mid-
stance  than  normal  group.  In  addition,  for  peroneus  longus,
it  was  specified  that  this group  has  lower  activity  of  EMG
in  stance.  While  in  some  studies  there  is  no  report  of such
difference.19 During  walking,  the  trunk muscles  have  been
seen  to play  various  roles  related  control  of  motion  between
the  trunk  and  pelvis,20 which  are  of great  importance  in
decreasing  the  vertical movement  of  the body  and  shock
absorption  during  walking.21 As  superficial  muscles  such  as
erector  spinae  are  linked  with  the  muscles  acting  on  the foot
and  hip.22,23 And  could  be  influenced  by  changes  of  myofas-
cial  tension,24 deformity  in their  activation  pattern  would
be  expected  to affect  upper  extremity  muscles  as  a result
of  imbalance.25

Therefore,  it is  necessary  to  do researches  about the
physiological  response  and  selected  muscle  activity  of trunk
and  lower  extremities  to  different  postures  of  foot  in walk-
ing  which  result  in elucidation  of  incidence  mechanism  and
prevention  from  damages.

Regarding  the  anatomical  structure  and  position  of  foot
and  reduction  of foot  performance  in  abnormal  structure
and  limitations  of  previous  researches  in  investigating  mus-
cles,  it  is of great  importance  to  understand  the  muscle
activity  during  walking  on  supinated  and  pronated  foot
compared  with  normal  foot.  Therefore  this  study  aims to
compare  the  activity  of selected  muscles  of  trunk  and
lower  extremities  during  walking  among  young  women  on
supinated,  pronated,  and  normal  foot.

Materials and  methods

Participants

This  is a  semi-experimental  research  included  in  compara-
tive  researches.  Of  girl  students  18---25  years  old,  45  were

placed  in three  15-member  groups  of  normal,  pronated  and
supinated  foot.  The  people  having  orthopedic  symptoms,
skeletal---muscular  injuries,  chronic  joint  pain  and  any  neu-
rovascular  and  cardiac discover  were  excluded  from  the
research.  No subject  had  no  experience  of  using  medical
shoes  and used  no  walking  aid.  Before  the  experiment,  all
subjects  filled  consent  form  to  participate  in the  study.  The
research  was  issued  by  Ethics  Committee  of  Hamadan  Medi-
cal  Science  University  and  the consent  forms  were  confirmed
by  the  committee.

Foot  measurement

To  determine  the exact  structure  of  foot,  X-ray  was  used
in  full  profile  and  semi  profile  of  foot  in  bearing  weight
under  knee.  The  final  confirmation  of  foot  structure  was
carried  out with  X-ray  under  orthopedic  physician  and  Foot
Posture  Index  (FPI).  In  the method  of  foot  structure  deter-
mination  and  abnormality  severity  of FPI, the subjects  stood
in  a  position  where  feet are  parallel  and  open  to  shoulder
width.  The  subjects  were  asked  to  divide  their  weight  on
the  feet  equally.  Then,  the researcher  observes  six  indexes
of  interest  from  back  view,  as  following:  talar  head  palpa-
tion,  supra  and  infra  malleolar  curvature,  calcaneal  frontal
plane  position,  prominence  in the  region  of  the talonavic-
ular  joint,  congruence  of  the medial  longitudinal  arch,  and
abduction/adduction  of the  forefoot  on  the rearfoot.  After
completion  of  assessing  every six  indexes  and  labeling  them,
the  scores  were  added  together.  The  score  summed  is  placed
at  −12 (over  supination)  and  12  (over  pronation)  by  exper-
imenter.  Those,  whose  FPI index  is  at 1---7, are in normal
foot group,  those  whose  score  is  +8  to  +10  at  pronated  foot
group  and  those  whose  score  is  at +11  and 12  are  at  over
pronated  group.  If  the index  is  0 to −3,  or  −4  to  −12,  the
subject  belongs  to supinated  foot  group  or  over supinated
group,  respectively.26 FPI  measurements  have shown  good
validity.27

Instrument

Superficial  electromyography  of  muscles  was  made  with
a  16-channel  device.  One  foot  in  each  subject  was  ana-
lyzed.  EMG  signals  were  collected  from  tibialis  anterior,
peroneus  longus,  medial  gastrocnemius,  biceps  femoris,
gluteus  medius,  external  oblique,  erector  spinae  using a
16-channel  system  of MYON  (model:  MYON  m320)  in  samp-
ling  frequency  1200  Hz.  Dipole  electrodes  (electrode  type:
H124SG-Covidien)  containing  glue  and conducting  jelly  were
used.  The  electrode  size  was  (24  mm),  and internal  distance
of  electrodes  (20  mm).  Skin preparation  (hair  shaving,  skin
rob  with  alcoholic  cotton)  were  based on  SENIAM  protocol.28

To  determine  the  contact  time  of  heel  and  midstance,  six
cameras  (Vicon  T40-S)  were  used  at  120  Hz.  Markers  were
placed  at the  following  places:  1st  metatarsal  head  (left,
right),  5th  metatarsal  head (left,  right), heel  (left,  right)
and  head  of foot  thumb  (left,  right).

To  analyze  electromyography  data  during  walking,  the
contact  time  of  heel and  ground  and midstance  had to  be
determined,  with  camera  vertically.  The  least amount  of
camera  data  in the heel  of  right  foot  during  walking  was
considered  to  be contact  time  of  heel  with  ground  and
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midstance  when  the left  foot finger  marker  took  off the
ground  and  the person  stood  on the right  foot.

The  subjects  were  allowed  to  walk  on a  10-m  path  for
2  min  in  their  selected  speed  before  the  test. To  prevent  the
speed  effects  on  EMG  parameters,  the  speed  was  controlled
with  a  chronometer.  In each  path,  the data  were  collected
for  10  s.  To  minimize  the percentage  of  error,  raw data  were
passed  from  band-pass  filter  (10---450  Hz).29 In  electromyog-
raphy  signal  processing,  to provide the  comparison  between
different  muscles  and  different  subjects,  maximal  voluntary
isometric  contraction  (MVIC)  was  carried  out  with  Perotto
protocol.  For normalization,  maximum  surface  electromyo-
graphy  signals  were  evaluated  during  each  MVIC  maneuver
considered  for  5  s  for  each  muscle.30 The  root  mean  square
(RMS)  during  gait  was  normalized  as  a percentage  of  the
MVIC  (%MVIC).

Statistical  method

Mean  and  SD  of data  were  used  for  descriptive  sta-
tics.  To determine  normality  of variable  distribution,
Kolmogorov---Smirnov  and  one-way  ANOVA  to  compare  groups
in  the  information  related  to  independent  variables  were
used  at  significance  level of  0.05.  Tukey’s  post hoc test  was
used  to  determine  significant  differences  between  muscles.

Results

The  subjects’  characteristics  are shown  in Table  1.  Subjects
were  similar  in  age,  body  mass  index,  height  and  weight  in
all  groups,  with  no  significant  differences  for  any  of  these
characteristics  except  for  the foot  posture  index  measure.

Comparisons  of  selected  muscles  activity  between  the
normal,  supinated  and  pronated  foot  groups  during  heel
contact  phase  of  walking  are presented  in Table 2. For  tib-
ialis  anterior,  the pronated  foot group  exhibited  a  greater
muscle  activity  than  that  in normal  and  supinated  foot
groups  (p  =  0.001).  There  was  similar  behavior  muscle  acti-
vation  for  medial  gastrocnemius  as  same  as  tibialis  anterion
(0.001).  For peroneus  longus,  there  was  a  significantly
greater  muscle  activity  in  supinated  foot  group  than  that
in  normal  and  pronated  groups  (p  =  0.001).  No  significant

Table  1  Subject  characteristics  (mean  ± standard

deviation).

Variable  Groups

Normal  Pronated  Supinated

Age  (years)  22.1  ±  1.9  23.2  ± 3.7  22.2  ± 2.8

Height  (cm) 169.3  ±  6.2  165.6  ± 5.2  167.6  ± 4.1

Weight (kg)  67.4  ±  5.1  68.4  ± 4.9  65.4  ± 5.2

BMI 20.2  ±  1.5  21.8  ± 1.9  20.5  ± 1.6

FPI* +4.1  ±  1.7  +9.6  ± 1.1  -2.3  ± 1.4

Abbreviations: BMI, Body Mass Index; FPI, Foot Posture Index.

The sign (*) shows the difference between pronated, supinated

and normal foot groups.

differences  were  observed  for  remaining  four  muscles
(p  > 0.05).

Table  3  shows  the  means  and  standard  deviations  (SD)
of  the  selected  muscles  activation  during  midstance  phase
of  walking  between  all three  groups  of  the study.  One-way
ANOVA  followed  by Tukey  test  indicated  no  significant  differ-
ences  between  all  groups  of  the study  for tibialis  anterior,
biceps  femoris,  gluteus  medius  and  erector  spinae  activa-
tion  during  midstance  phase  (p  >  0.05).  For  peroneus  longus,
supinated  foot  group  exhibited  a greater  electromyogra-
phy  activity  in comparison  with  normal  and pronated  foot
groups  (p  = 0.001).  We  observed  a significant  difference
between  normal  and  pronated  foot groups  for  external
oblique  (p =  0.001).  For  gluteus  medius,  the pronated  foot
group  exhibited  a  greater  muscle  activity  than  that  in normal
and  supinated  foot  groups  (p  =  0.001).

Discussion

This  study  aimed  to  examine  the  effect  of  different  foot
types  on  electromyography  activity  of selected  lower  limb
muscles  during walking  among  young  women.  The  results
showed  that the  muscle  activity  of  tibialis  anterior  in heel
contact  in  pronated  foot group  was  significantly  greater
than  normal  group  but  no  significant  difference  in midstance
phase  in  three  groups.  These  findings  corresponds  with  Mur-
ley and colleagues  observations  that  the greater  tibialis

Table  2  Mean  ±  standard  deviation  of  muscle  activity  involved  in  different  foot  postures  at heel  contact  phase  during  walking

(%EMGMVIC).

Muscles  Groups  P-value  F

Normal  Pronated  Supinated

Tibialis  anterior  3.35  ±  10.89* 6.94  ±  18.65†* 6.29  ± 10.62† 0.001  8.77

Peroneus longus  1.49  ±  5.20  1.75  ±  3.82† 4.78  ± 13.00† 0.001  39.04

Medial gastrocnemius  0.79  ±  3.99* 1.75  ±  6.51†* 1.73  ± 4.71† 0.001  11.31

Biceps femoris  1.80  ±  7.84  3.53  ±  9.24  2.20  ± 7.44  0.155  1.95

Gluteus medius  1.89  ±  6.28  3.58  ±  7.70  2.37  ± 8.48  0.091  2.54

External oblique  2.92  ±  6.41  3.66  ±  7.52  4.48  ± 8.36  0.666  1.02

Erector spinae  2.21  ±  8.83  3.87  ±  7.29  3.98  ± 9.62  0.183  1.76

Abbreviations: P-value stands for probability value; F stands for F-statistic.
* Significance level for normal and pronated foot group, significance level for normal and supinated foot group.
† Significance level for pronated and supinated group (p < 0.05).
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Table  3  Mean  ± standard  deviation  of  muscle  activity  involved  in different  foot  postures  at midstance  phase  during  walking

(%EMGMVIC).

Muscles  Groups  P-value  F

Normal  Pronated  Supinated

Tibialis  anterior 1.13  ±  4.12 3.81  ± 6.34  3.18  ±  6.05  0.114  2.288

Peroneus longus 1.37  ±  5.12 1.43  ± 3.24† 2.43  ±  15.54† 0.001 187.98

Medial  gastrocnemius 2.72  ±  8.34* 3.61  ± 11.93*† 1.61  ±  7.33† 0.001 11.355

Biceps  femoris  2.30  ±  5.64  1.45  ± 6.55  0.96  ±  5.82  0.297  1.249

Gluteus medius  1.51  ±  7.43  1.34  ± 7.96  1.47  ±  8.71  0.061  2.993

External oblique  6.25  ±  9.82* 2.18  ± 14.54* 5.20  ±  10.43  0.022  4.162

Erector spinae  2.21  ±  5.75  2.51  ± 6.78  2.26  ±  4.74  0.068  2.86

Abbreviations: P-value stands for probability value; F stands for F-statistic.
* Significance level for normal and pronated foot group, significance level for normal and supinated foot group.
† Significance level for pronated and supinated group (p < 0.05).

anterior  activation  in the pronated  foot  group  during  this
same  phase  of  gait.4 They  attributed  this finding  in pronated
foot  to  the  possibility  that tibialis  anterior  in heel  contact
phase  has  greater  activity  to  control  plantar  flextion  and
decelerate  ankle  joint  plantar  flexion  and  resist  foot  prona-
tion.  In other  words,  tibialis anterior  increases  its activity
and  continues  action  in order  to  sustain  rearfoot  inversion  to
distribute  the  weight  on  the  lateral  border  of  the  foot rather
than  the  medial  border. Moreover,  it reported  that  supinated
foot  is  associated  with  peroneus  brevis  and  tibialis  ante-
rior  tendon  weakness  and tibialis  posterior  overpowering,15

thus  may  leads  to  compensatory  mechanism  and  changes  in
activity  level  of tibialis  anterior.

The  results  of  this  research  for  muscle  activity  of  per-
oneus  longus  showed  that  in the pronated  foot group,  it
was  significantly  less  than  that  in normal  and  supinated  foot
group  in  the  contact  of  heel  with  ground  and  midstance
during  walking.  These  findings  show that  the  muscle  of  per-
oneus  longus  in  the  pronated  foot  group  had  less activity  in
contact  of  heel  and  midstance  than  normal  and  supinated
foot  group.  These  performance  differences  between  feet
are  likely  to  show less  activity  of  peroneus  longus  muscle
in  the  pronated  foot  to  make  a  compensatory  mechanism
to  prevent  from  greater  pressure  on  internal  arch.4 Also,
the  greater  activity  of  peroneus  longus  muscle  in supinated
foot  group  than  pronated  foot  group  occurs  in reaction  to
supination  in subtalar  joint  in  this group.

For  biceps  femoris,  gluteus  medius  and  erector  spinae
muscles,  there  was  no  significant  difference  among  three
groups.  These  show that  the  muscle  activity  of biceps
femoris,  external  oblique  and  erector  spinae  are  not  influ-
enced  by  foot  structure  in contact  of  heel  and  ground  and
midstance  phases  of  gait. As  change  in the structure  of  rear-
foot  did  not make  any change  in  the  activity  of  this  muscle
it  seems  unlikely  that  these muscles  play  important  roles  in
invertor  or  evertor  of  foot  in pronated  and  supinated  foot
groups  compared  with  normal foot groups. To  the best  of  our
knowledge,  no  direct  study  has  evaluated  the  effects  of  foot
type  on  above  mentioned  muscles.  But  some  studies  show
weakness  of the gluteus  medius  as  a hip  abductor  can  be
the  cause  of  some  injuries  that  are attributed  to  excessive
subtalar  pronation.  During  the heel strike  while  running  or
walking,  the  gluteus  medius  must  contract  to  maintain  good

position  of the  hip, femur,  knee,  tibia,  and foot.  If there
is  a  weakness  in the gluteal  muscles,  the  hip  will  adduct,
causing  the  femur,  knee,  and  tibia to  rotate  inwards.  This
excessive  inward  rotation  of  the leg  causes  an increase  in
pronation  at the  foot.  The  muscles  in  the foot  that  control
pronation  are  not  strong  enough  to  counteract  these  forces
from  the hip  and  lower  leg.  The  result  is  excessive  pronation
and  potential  injuries.  It is  shown  that  women  have greater
hip  adduction  during  sporting  maneuvers,  which leads  to  a
higher  knee  abduction  and greater  loading  on  the  ACL.  For
instance,  previous  study that  showed  difference  between
sexes  in  gluteus  medius  activity  was  conducted  by  Hart and
colleagues.  They examine  8  male and  8 female  division-one
soccer  athletes  performed  a single-leg  forward  jump.  Sur-
face EMG  was  collected  for the gluteus  medius,  along  with
hamstrings,  quadriceps,  and gastrocnemius  muscles,  where
results  showed  that  the average  gluteus  medius  activity  was
significantly  higher  in  males  compared  to  females.  There
was  no  significant  difference  between  sexes  for  any  other
muscles  collected.31 Possibly,  this  existing  gender  difference
showed  no  significant  gluteus  medius  activation  during  walk-
ing  among  the  groups  with  different  foot types  in our  study.

The  increase  of  muscle  activity  of medial  gastrocnemius
during  walking  has  been  reported  as  a compensatory  mech-
anism  related  to  mechanical  disturbances  of  joint.32 Medial
gastrocnemius  leads  to  plantar  flexor  and  invertor  momen-
tum  of  ankle  and prevents  from  extra  pronation  of  ankle  as
a  dynamic  fixer.33 When  the subtalar  joint  has  over evertion,
the  performance  of  medial gastrocnemius  increases.34

The  electromyography  activity  of  external  oblique  mus-
cle  in  pronated  foot in midstance  was  greater  than  that
in  normal  foot  group.  Due to  lack  of  research  comparing
the  external  oblique  muscle  for  individuals  with  different
foot  structures,  we  were not able  to  get  a comparison.
As  pronated  foot is  a  combination  of  rearfoot  valgus  and
forefoot  varus,  thus  pronation  in  subtalar  joint  results  in
anterior  pelvic  tilt  instance,  producing  more  pressure  and
stress  while  disturbing  the  ability  of  muscles  responsible
for  pelvic  stability  and increasing  pathologic  pressures  on
supporting  tissues  of  sacroiliac  joint.  As  external  oblique
muscle  is  the greatest  abdominal  muscle  controlling  the
rotation  to  front  of pelvis, in  the case  of  stability  in spine,
the  activity  of external  muscle  activity  increases;  therefore,
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to  compensate  this deficiency,  this  postural  muscle  is  forced
to  have  more  activity  to compensate  imbalance.35 In  addi-
tion,  the  strength  point of this  study  was  to  consider  the
possible  role  the truck  muscles  as  well  as  lower  limb  mus-
cles  in  females  with  normal,  pronated  and supinated  during
gait.  As  mentioned  earlier  evidences  show  that  women  have
greater  hip  adduction  during  sporting  maneuvers,  which
leads  to the  knee injuries.  Furthermore,  it is documented
that  foot  deformities  may  alter  the mechanical  alignment
and  dynamic  function  in proximal  joint  consequently,  affect
the  gait  pattern.  So,  there  was  need  to  examine  the effect  of
gluteal  and  trunk  muscles  during  gait.  Our  findings  revealed
that  the  gluteal  and trunk muscles  of  the women  with
different  foot types  who  participated  in our  study  did not  sig-
nificantly  changed  during  stance  and heel contact  phases  of
gait.  According  to  these  findings,  lower  limb  muscle  function
is  affected  by foot  type,  therefore  we  suggest  rehabilitation
exercise  programs  for  improving  lower  limb  muscle  strength
related  to  foot  deformities.  The  limitation  of this study  was
that  invertor  activity  of  tibialis  posterior  was  not determined
due  to  the  needle  electromyography  record.  The  results  of
this  research  can  help  the rehabilitation  experts  to  design
exercise  programs  for  people  having  abnormal  structure.

Conclusion

As  pronation  and  supination  bring  about  changes  in  lower
extremities  and  pelvic-back  area,  they make  change  in
performance  of  some  selected  muscles  in pronated  and
supinated  foot  group  compared  with  normal  foot  group.  The
performance  of  muscles  is  under  the  foot  structure.  This
difference  in muscle  activity  can  act  as  a neuromuscular
compensatory  mechanism  to  reduce  the overweight  internal
longitudinal  arch in pronated  foot  individuals.
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