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Abstract
Background:  Forward  head  posture  (FHP)  and  muscular  dysfunction  are  likely  contributing  fac-
tors to  chronic  neck  pain  (CNP)  but  there  are  inconsistent  findings  on  the  relevance  of  these
factors to  clinical  CNP  characteristics.
Objective:  To  compare  FHP,  cervical  muscles  size  and  endurance  between  CNP  and  asymp-
tomatic participants  and  to  investigate  their  association  with  pain  and  disability  and  relative
involvement  of  deep/superficial  and  flexor/extensor  muscles.
Methods:  Thirty-two  patients  with  CNP  and  35  asymptomatic  participants  were  included  in  this
case---control  study.  FHP  in  standing,  extensor  and  flexor  muscles  endurance  and  dimensions
were assessed  using  digital  photography,  clinical  tests  and  ultrasonographic  imaging,  respec-
tively. The  visual  analog  scale  and  neck  disability  index  were  also  used  to  evaluate  CNP  patients’
clinical characteristics.
Results:  Deep  flexor  (mean  difference  =  0.06,  95%  CI  =  0.02---0.11)  and  extensor  muscles  size
(mean difference  =  0.07,  95%  CI  =  0.01---0.12)  were  found  to  be  significantly  smaller  in  CNP
patients. CNP  patients  also  demonstrated  lower  levels  of  flexor  (mean  difference  =  14.68,  95%
CI =  3.65---25.72)  and  global  extensor  endurance  capacity.  FHP  was  neither  different  between
the groups  nor  correlated  with  any  of  the  dependent  variables.  Neither  FHP  nor  endurance  was
correlated  with  pain/disability.  Extensor  endurance  in  both  groups  and  flexor  endurance  in  the
asymptomatic  group  showed  significant  correlations  with  muscles  size.
Conclusions:  FHP  was  found  neither  different  between  groups  nor  correlated  with  muscle  per-
formance or  CNP  clinical  characteristics.  While  cervical  endurance  was  found  lower  in  CNP
patients, it  did  not  show  any  association  with  pain/disability.  The  muscular  size---endurance
relationship  seems  to  become  more  complex  in  the  presence  of  NP.  While  deep  muscles  seem
to be  differentially  affected  in  the  presence  of  CNP,  the  alterations  do  not  seem  to  be  uniform
in the  flexor  and  extensor  groups.
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Forward  head  posture,  muscular  performance  and  neck  pain

Introduction

Optimal  head  and  neck  posture  is  important  to  minimize
the  need  for  muscular  activity  and  the  stress  imposed  on
the  cervical  tissues.1 Forward  head  posture  (FHP),  defined
as  the  forward  displacement  of  the  head  on  the  cervical
spine,  has  been  commonly  associated  with  neck  pain.1---4

This  malalignment  has  been  suggested  to  increase  stress  on
the  posterior  cervical  elements,1 affect  the  length---tension
relationship  in  the  cervical  muscles,5 increase  muscular
activity  level,6 restrict  neck  movement7,8 and  impair  cer-
vical  proprioception.9

Chronic  neck  pain  (CNP)  is  a  highly  prevalent  and  multi-
faceted  disorder  being  associated  with  various  dysfunctions
both  in  the  cervical  region  and  other  regions  function-
ally  associated  with  the  neck.10---12 Janda13 has  suggested
reduced  cervical  muscles  strength  and  endurance  to  be
the  result  of  sustained  FHP  by  disturbing  the  optimal
length---tension  relationship.13 On  the  other  hand,  reduced
muscular  endurance  has  been  proposed  as  a  possible  mech-
anism  for  losing  the  ability  to  maintain  optimal  posture,
ultimately  leading  to  FHP  by  some  other  authors.14 Despite
the  intuitive  assumption  that  FHP  is  determining  in  CNP
characteristics,  controversial  findings  on  the  difference  of
head  alignment  in  these  patients  and  asymptomatic  sub-
jects  question  the  relevance  of  FHP  to  CNP.15 On  the  other
hand,  superficial  flexor  muscles  training  in  CNP  patients
has  demonstrated  a  considerable  level  of  clinical  recovery
without  having  modified  FHP.16 Investigation  of  the  corre-
lation  between  FHP  and  muscular  performance  and  clinical
CNP  characteristics  may  further  elucidate  how  relevant  FHP
might  be  to  CNP  and  it  also  provides  some  evidence  on  the
possible  mechanisms  of  the  effect  of  FHP  on  the  functioning
of  the  cervical  region.

Various  levels  of  involvement  have  been  attributed  to
deep  and  superficial  groups  of  cervical  muscles  in  the  pres-
ence  of  CNP.17---19 Since  exercise  therapy  selectively  targets
specific  muscles,16 clear  identification  of  the  involved  ele-
ments  is  a  prerequisite  for  successful  rehabilitation  of  CNP.
While  endurance  capacity  is  believed  to  be  provided  by  cor-
responding  muscles  activation,20 in  a  series  of  preliminary
studies,  this  relationship  was  found  to  be  affected  in  the
presence  of  CNP.17,21,22 Neck  disability  index  (NDI)  and  pain
intensity  were  found  to  be  merely  correlated  with  exten-
sor  muscles  endurance  and  size,17 respectively,  while  there
were  no  correlations  between  the  clinical  characteristics  of
the  CNP  patients  and  any  of  the  flexor  group  variables.21---23

The  endurance  scores  of  the  flexor21,22 and  extensor17 mus-
cles  were  also  poorly  correlated  with  their  size  especially
in  CNP  cases.  To  the  best  of  the  authors’  knowledge,  no
study  has  yet  compared  the  relative  involvement  of  the
flexor/extensor  and  superficial/deep  muscle  groups  of  the
cervical  region  in  CNP  patients.  The  long-lasting  presence
of  pain  in  these  patients  is  believed  to  impose  adaptive
alterations  in  the  motor  control  strategies  of  the  cervical
region.24 This  might  cause  the  relationships  among  the  dis-
crete  components  of  the  postural  control  system  (namely
muscle  size,  endurance  and  cervical  posture)  not  to  be

simply  explained  by  the  biomechanical  principles.  In  other
words,  the  interactions  between  these  elements  might  have
become  more  complex  by  the  neuromuscular  adaptations
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o  chronic  pain.  Investigation  of  these  relationships  in  CNP
atients  and  asymptomatic  participants  besides  compari-
on  of  FHP  between  the  two  groups  will  shed  light  on  this
ssumption.

The  aims  of  this  study  were  (1)  to  compare  the  cervical
uscles  size,  endurance  and  posture  and  their  relationships

n  CNP  patients  and  asymptomatic  participants,  (2)  to  inves-
igate  the  association  of  cervical  muscles  size,  endurance
nd  posture  with  clinical  CNP  characteristics  and  (3)  to
nvestigate  the  relative  involvement  of  the  deep  vs.  super-
cial  and  flexor  vs.  extensor  neck  muscles  in  CNP  patients.
e  hypothesized  that  CNP  patients  will  have  smaller  cer-

ical  muscles  and  reduced  endurance  and  altered  cervical
osture  in  terms  of  FHP  comparing  the  control  group.  The
ssociation  between  these  factors  was  also  hypothesized  to
e  affected  in  the  presence  of  CNP.  The  other  hypothesis
f  the  current  study  was  that  deep  cervical  muscles  will  be
electively  affected  by  CNP.

ethods

esign

his  is  a  cross-sectional  correlational  analysis  study  con-
ucted  from  April  to  October  2016.

articipants

hirty-two  CNP  patients  and  35  pain-free  adults  participated
n  this  study.  Patients  were  all  referred  from  outpatient
rthopaedic  clinics  in  Tehran.  The  control  group  participants
ere  selected  from  university  campus  and  hospitals  students
nd  employees.  The  sample  size  was  calculated  based  on  the
ean  and  standard  deviation  of  the  FHP  measure,  as  the  pri-
ary  outcome,  in  a  pilot  study  on  15  participants  from  each

roup.  To  yield  the  power  of  0.80  at  a  =  0.05  and  the  effect
ize  of  0.75,  we  needed  30  participants  in  each  group.

Participants  in  both  groups  were  20---55  years  old.  The
nclusion  criteria  for  the  CNP  group  were  as  follows:  expe-
ience  of  pain  felt  dorsally  between  the  inferior  margin
f  the  occiput  and  the  first  thoracic  spine,  persistent  or
pisodic  pain  not  associated  with  any  trauma  or  known
athology  for  at  least  3  months  with  a  frequency  no  less
han  once  a  week.25 The  asymptomatic  group  had  no  history
f  neck  pain  within  the  year  before  the  study.  Participants
ould  be  excluded  from  either  group  if  they  reported  any
f  the  following  conditions:  a  history  of  cervical  trauma  or
urgery;  congenital  anomalies  involving  the  spine  (cervical,
horacic  or  lumbar);  structural  abnormalities  such  as  sco-
iosis;  systemic  arthritis;  positive  Spurling  test  (to  exclude
adiculopathies26),  diagnosis  of  fibromyalgia,  or  any  disorder
f  the  central  nervous  system  and  history  of  neck  physical
herapy  within  6  months  prior  to  our  testing.  All  participants
oluntarily  took  part  in  the  study  by  signing  the  informed
onsent  form  approved  by  the  Human  Ethical  Committee  of
he  University  of  Social  Welfare  and  Rehabilitation  Sciences

Tehran,  Iran)  after  being  familiarized  with  the  purpose  and
ontent  of  the  study.
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utcome  measures

linical  pain  characteristics
ain  intensity  over  the  last  week  was  measured  using  a  blank
0-cm  visual  analog  scale  (VAS),  where  0  anchored  to  ‘no
ain  at  all’  and  10  to  ‘the  worst  imaginable  pain’.  Neck  pain-
elated  disability  was  assessed  by  the  Persian  version  of  the
eck  disability  index  (NDI-P).27 NDI  covers  10  items  of  daily
iving  activities  and  is  scored  from  0  to  50,  with  higher  scores
orresponding  to  greater  disability.

orward  head  posture
or  the  assessment  of  FHP,  a  lateral  view  photo  was  cap-
ured  from  the  participants  in  the  relaxed  standing  posture
y  asking  them  to  share  their  weight  symmetrically  on  both
ower  extremities  while  standing  barefoot  with  the  feet
houlder  width  apart.28 We  decided  to  assess  FHP  in  the
tanding  posture  because  it  is  more  commonly  used  in  the
linical  setting29 and  to  make  comparison  of  the  results
ossible  with  those  of  other  studies.1,15,29---31 FHP  assessed
n  this  posture  has  also  been  found  to  be  more  sensitive
n  discriminating  CNP  patients  from  healthy  controls.32

articipants  would  flex  and  extend  their  head  three  times
efore  assuming  the  comfortable  neutral  head  position.

 digital  camera  (Olympus,  SP-590UZ,  12  megapixel,  26×
ptical  wide  zoom)  was  placed  at  a  2-m  distance  from  the
articipant’s  right  side  and  fixed  on  tripods.  The  lens  of  the
amera  was  set  at  the  height  of  the  participant’s  shoulder.
he  spinous  process  of  C7  and  tragus  of  the  ear  were  marked
ith  round  adhesive  tapes  as  landmarks  to  be  captured
y  photography.  The  images  were  processed  offline  by

hotoshop  software  CS6.  The  cranio-cervical  angle  formed
y  intersection  of  the  horizontal  line  passing  through  C7  and
he  line  extending  from  the  tragus  of  the  ear  to  C7  marker
as  used  to  measure  FHP33 (Fig.  1).  This  FHP  measurement
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igure  1  An  illustration  of  the  assessment  of  the  FHP  defined  as  th
C) endurance  tests  performance.
L.  Ghamkhar,  A.H.  Kahlaee

rocedure  has  shown  to  be  both  reliable  and  valid  against
adiological  measurements  as  the  gold  standard.34

linical  endurance  tests
o  perform  the  flexor  endurance  test,  participants  were
sked  to  lie  in  the  crook  lying  position  and  to  raise  their
ead  approximately  2  cm  off  the  plinth  while  keeping  their
hins  tucked  in  (cranio-cervical  flexion  posture)  (Fig.  1).
he  time  the  participants  could  maintain  this  posture  was
easured  in  seconds.35 For  extensor  endurance,  the  parti-

ipants  were  positioned  prone  with  their  head  protruding
rom  the  plinth  and  instructed  to  assume  the  chin  tuck  posi-
ion  with  an  external  load  (2  kg  for  women  and  4  kg  for
en)  applied  to  the  posterior  aspect  of  the  head.  The  exter-

al  resistance  magnitude  was  determined  based  on  previous
orks.17,36 Five  seconds  of  at  least  5◦ of  deviation  from  the
eutral  position  to  cranio-cervical  flexion  or  extension  or
ve  repetitions  of  less  than  5◦ deviation  was  considered  as
est  termination.37 For  the  purpose  of  real-time  assessment
f  the  head  deviations,  a laser  beam  and  a  graded  paper
ere  used  as  illustrated  in  Fig.  1.  If  the  test  was  termi-
ated  in  the  cranio-cervical  flexion  position,  the  holding
ime  was  recorded  as  ‘‘global  (superficial  and  deep)  exten-
ors  endurance’’  while  extended  cervical  spine  at  the  end  of
est  would  yield  ‘‘local  (deep)  extensors  endurance’’.38 The
olding  time  regardless  of  representing  deep  or  superficial
uscles  endurance  was  considered  as  the  ‘‘total  extensors

ndurance’’.17,21

ltrasonography  imaging  (USI)
eck  muscles  size  was  measured  by  a  real-time  ultrasonog-
aphy  device  (SONOLINE  G40TM,  Siemens,  Germany)  with  an

 MHz,  38.7  mm  linear  array  transducer.

The  flexor  (longus  colli/capitis,  sternocleidomastoid)  and

xtensor  (Splenius  capitis,  Smispinalis  capitis,  Semispinalis
ervicis  and  Multifidus)  muscles  were  imaged  in  the  crook
ying  and  prone  positions,  respectively.  The  probe  placement

C

e  cranio-cervical  angle  (A)  and  clinical  flexor  (B)  and  extensor
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Figure  2  A  sample  of  US  image  of  the  cervical  flexor  and  extensor  muscles  in  one  of  the  subjects  from  the  CNP  group:  (A)  LCO,
(C)  S
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longus colli;  (B)  SCM,  sternocleidomastoid;  LCA,  longus  capitis;  

capitis; SSCap,  semispinalis  capitis.  CA,  carotid  artery;  IJV,  inte

and  landmark  details  have  been  fully  described  in  previous
studies17,21 (Fig.  2).  B-mode  US  images  were  captured  and
measurements  of  muscle  dimensions  were  performed  using
on-screen-calipers.  The  antero-posterior  (AP)  dimension  as
the  farthest  distance  from  the  anterior  to  posterior  border
of  the  muscle  and  the  cross-section  area  (CSA)  by  tracing
around  the  muscle  border  were  used  to  identify  the  muscle
size.  The  two  ends  of  the  splenius  capitis  and  sternocleido-
mastoid  muscles  were  rarely  captured  in  the  static  USI  which
made  CSA  measurement  impossible.  In  patients  with  bilat-
eral  CNP  and  asymptomatic  participants,  the  mean  values
of  US  imaging  measures  of  bilateral  sides  and  in  unilateral
neck  pain  patients,  the  measures  for  the  ipsilateral  muscles
were  used  for  statistical  analysis.

Procedure
Demographic  and  anthropometric  data  were  collected  for
both  groups.  All  patients  completed  the  NDI  and  VAS  follow-
ing  familiarization  with  the  test  procedure.  USI  and  head
posture  assessment  were  performed  prior  to  endurance  tests
to  avoid  fatigue.  The  order  of  flexor  and  extensor  muscles  US
imaging  and  endurance  tests  were  randomized.  Endurance
tests  were  performed  once  to  prevent  pain  exacerbation  in
patients.  All  tests  were  performed  by  a  physical  therapist
with  11  years  of  clinical  experience  in  the  field  of  spine  phys-
ical  therapy  who  was  trained  in  USI  of  the  spinal  muscles.  To
avoid  bias,  the  examiner  was  unaware  of  the  group  to  which
the  participants  belonged.

Data  analysis
Data  distribution  was  verified  by  the  Shapiro---Wilk  test.
Independent  t-test  and  Mann---Whitney  U-test  were  used  for
between-groups  comparison  of  anthropometric  data,  FHP,

flexor  and  extensor  endurance  scores  and  muscle  size  (thick-
ness,  CSA)  for  normally  and  non-normally  distributed  data,
respectively.  To  assess  the  reliability  of  the  endurance  tests
and  FHP  measurements,  20  participants  (10  patients  with

c

t
p

SCer,  semispinalis  cervicis;  MF,  multifidus;  (D)  Sp  Cap,  splenius
jugular  vein;  Thy,  thyroid  gland;  SP,  spinous  process.

NP  and  10  asymptomatic  participants)  were  assessed  in
wo  sessions  5---7  days  apart.  Intra-class  correlation  coeffi-
ient  (ICC)  (2-way  random,  absolute  agreement  model)  was
sed  to  determine  the  relative  reliability  of  the  measure-
ents.  The  associations  between  FHP,  endurance  scores,
uscle  size,  NDI  and  VAS  scores  were  explored  using  Spear-
an  and  Pearson  correlation  coefficients.  Correlations  were

lassified  as  ‘‘little  or  no’’  (r  <  0.25),  ‘‘fair  to  moderate’’
0.25  <  r  <  0.5),  ‘‘moderate  to  good’’  (0.5  <  r  <  0.75)  or  ‘‘good
o  excellent’’  (0.75  <  r).39 Statistical  significance  was  set
t  p  < 0.05.  The  statistical  analyses  were  performed  using
tatistical  package  SPSS  software  (version  21;  SPSS  Inc.,
hicago,  IL).

esults

o  significant  difference  was  found  between  the  demo-
raphic  characteristics  of  the  two  groups  (Table  1).  There
ere  no  dropouts  or  missing  data.  Between-sessions  reliabil-

ty  analysis  of  the  FHP  (ICC3,1 =  0.85),  flexor  (ICC3,1 =  0.83)
nd  extensor  (ICC3,1 =  0.88)  endurance  tests  were  indicative
f  a  ‘‘high’’  level  of  relative  reliability  (ICC3,1 =  0.70---0.89)
ccording  to  Munrro’s  classification.40

Between-groups  comparisons  revealed  significant  differ-
nces  for  semispinalis  cervicis,  multifidus  and  longus  colli
hickness  (p  =  0.003,  p  =  0.008,  p  = 0.003,  respectively)  and
SA  (p  =  0.006,  p  =  0.002,  p  =  0.001,  respectively).  The  CNP
atients  also  showed  lower  levels  of  flexor  (p  =  0.011),
otal  extensor  (p  <  0.001)  and  global  extensor  (p  =  0.001)
ndurance  in  comparison  with  the  asymptomatic  partici-
ants.  The  groups  were  not  statistically  different  in  the
ther  measured  variables  (p  >  0.05).  The  mean  difference
f  the  dependent  variables  between  the  two  groups  and  the

orresponding  confidence  intervals  are  presented  in  Table  2.

In  the  CNP  group,  FHP  was  significantly  correlated  nei-
her  with  VAS  (r  =  0.07,  p  =  0.67)  nor  with  NDI  (r  =  0.15,

 =  0.38).  FHP  was  not  significantly  correlated  with  any
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Table  1  Comparison  of  the  demographic  variables  between  the  two  groups.

Characteristic  CNP  (n  =  32)  Asymptomatic  (n  =  35)  p-Value

Sex  (%  female) 71  65  0.67
Age (y)  36.46  ±  9.40  37.31  ±  10.35  0.74
Height (cm)  166.06  ±  10.19  166.71  ±  8.20  0.62
Weight (kg)  69.09  ±  11.67  70.27  ±  11.68  0.71
Past week  pain  intensity  (VAS)  3.95  ±  2.15  NA
Neck disability  (score)  11.06  ±  5.82  NA
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Values are presented as mean ± SD. CNP, chronic neck pain; VAS, 

f  the  endurance  test  results  or  muscle  sizes  (p  >  0.05).
ndurance  capacity  tests  were  not  correlated  with  VAS  or
DI  (p  >  0.05).  The  global  extensor  endurance  showed  a  pos-

tive  significant  correlation  with  multifidus  CSA  (r  =  0.51,
 =  0.031)  and  thickness  (r  =  0.54,  p  =  0.013).  The  local  exten-
or  endurance  scores  were  positively  correlated  with  CSA  of
emispinalis  capitis  (r  =  0.61,  p  =  0.032).  There  was  no  signifi-
ant  correlation  between  flexor  endurance  scores  and  flexor
uscles  dimensions  (p  >  0.05)  (Table  3).  There  was  no  signif-

cant  correlation  between  muscle  sizes  with  VAS  except  a
ignificant  negative  correlation  between  CSA  of  multifidus
nd  VAS  (r  =  −0.44,  p  =  0.013).  Thickness  of  splenius  capitis
r  =  0.41,  p  =  0.011)  and  longus  colli  CSA  (r  =  0.48,  p  =  0.001)
as  positively  correlated  with  NDI.  In  the  asymptomatic
articipants,  FHP  was  not  correlated  with  flexor  or  exten-
or  endurance  tests  and  muscles  sizes  except  thickness  of
plenius  capitis  (r  =  0.38,  p  =  0.022).  The  flexor  endurance
cores  showed  significant  positive  correlation  with  longus
apitis  CSA  (r  =  0.38,  p  =  0.022),  longus  colli  CSA  (r  =  0.40,

 =  0.014)  and  thickness  (r  =  0.57,  p  =  0.001).  There  was  a sig-
ificant  correlation  between  total  extensor  capacity  scores
ith  semispinalis  capitis  CSA  (r  =  0.41,  p  =  0.012)  and  thick-
ess  (r  =  0.33,  p =  0.044).  The  global  extensor  endurance  test
as  correlated  with  CSA  of  multifidus  (r  =  0.52,  p  =  0.041)
nd  semispinalis  capitis  (r  =  0.61,  p  =  0.012)  (Table  3).

iscussion

he  findings  of  the  present  study  demonstrated  that  the
ranio-cervical  angle  (defining  FHP)  was  not  different
etween  the  CNP  and  the  asymptomatic  groups.  The  results
lso  showed  that  FHP  was  neither  associated  with  the
linical  neck  pain  characteristics  nor  with  neck  muscles
ndurance  capacity  and  size  except  for  SpCap  thickness
n  the  asymptomatic  group.  Investigations  comparing  FHP
n  patients  with  neck  pain  and  asymptomatic  participants
ave  yielded  inconsistent  findings.41 Oliveira  and  Silva15

ound  the  cranio-cervical  angle  to  be  smaller  in  adolescents
ith  neck  pain  with  no  correlation  between  FHP  and  flexor
r  extensor  endurance  capacities  in  either  neck  pain  or
symptomatic  groups.15 Bokaee  et  al.42 failed  to  demon-
trate  any  significant  difference  in  the  cervical  muscles
hickness  except  SCM  of  participants  with  or  without  FHP.42

nly  10---15%  of  the  pain  and  disability  intensities  were

eported  to  be  explained  by  FHP.1 Pain  and  disability
melioration  in  response  to  cervical  endurance  training  in
atients  with  neck  pain  has  been  found  as  independent
rom  FHP  correction.16 Overall,  the  findings  of  our  study

m
w
l
e

l analog scale; NA, not applicable.

nd  those  of  others  may  suggest  immediate  FHP  assessment
not  accompanying  any  functional  task  or  after  a  sustained
osture)  not  to  be  as  relevant  to  CNP  as  thought  before.  The
lterations  of  the  FHP  might  become  discriminative  in  CNP
atients  following  prolonged  postures  or  while  being  conco-
itant  with  cognitively  or  physically  loading  tasks.43 These

ssues  need  to  be  further  investigated  in  future  studies.
Our  results  showed  less  flexor,  total  and  global  exten-

or  endurance  capacity  in  the  patients  with  CNP  comparing
hose  of  the  asymptomatic  participants.  The  patients  had
lso  smaller  deep  flexor  and  extensor  muscles.  But  the
oticeable  finding  was  that  these  factors  were  barely  cor-
elated  with  pain  intensity  or  disability.  This  suggests  that
ervical  muscles  endurance  reduction  in  CNP  patients  may
ot  be  simply  explained  by  pain  in  this  region.  Although  not
nvestigated  in  the  current  study,  factors  such  as  pain  avoid-
nce  and  kinesophobia44 might  have  affected  the  time  the
atients  would  hold  the  tests  position  against  gravity.  This
ssue  might  also  be  viewed  from  the  range  of  the  existing
ssociations  between  muscle  size  and  endurance  test  scores.

 noticeably  broader  range  of  variables  in  the  asymptomatic
roup  elicited  a  significant  correlation  regarding  the  mus-
ular  size  and  endurance  parameters.  Limitation  of  these
ssociations  in  the  CNP  group  might  have  implications  iden-
ifying  the  motor  control  adaptations  in  these  patients.  It
eems  that  these  connections  become  interrupted  in  the
resence  of  neck  pain  but  determination  of  the  interven-
ng  factors  governing  this  relationship  and  identification  of
he  control  system  priorities  needs  further  investigations.

Recent  studies  have  shown  smaller  size  and  lower
ndurance  capacity  in  both  flexor  and  extensor  mus-
les  in  patients  with  CNP  compared  to  asymptomatic
articipants.15,17,21 Pain  inhibition  behaviour  is  attributed  to
he  smaller  size  in  deep  muscles  of  CNP  patients  in  many
tudies.45 The  superficial  muscles,  in  contrast,  have  been
roposed  to  become  overactive  to  compensate  for  the  lost
ervical  stability.46 However,  there  are  inconsistent  find-
ngs  on  the  alteration  of  the  superficial  muscles  size  in  CNP
atients.  The  superficial  neck  muscles  have  been  inconsis-
ently  reported  to  be  smaller,47 larger48 and  not  different17,21

etween  CNP  and  asymptomatic  groups  in  different  stud-
es.  It  thus  seems  that  the  superficial  muscles  size  is  not  as
ensitive  to  CNP  as  the  alterations  of  the  electrical  activ-
ty  of  these  muscles.46,49 Lower  endurance  capacity  in  the
resence  of  CNP  is  attributed  to  poor  function  of  the  deep

uscles  to  keep  the  cervical  spine  in  an  optimal  posture
hile  a  vicious  cycle  of  pain---weakness  is  established.50 The

ack  of  association  found  in  the  present  study  between  the
ndurance  capacity  and  muscles  size  in  the  CNP  group  is
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Table  2  Between  groups  comparison  of  the  dependent  variables  including  FHP,  US  imaging  measures  and  endurance  test  results.

Mean  ±  SD Mean
difference

95%  CI  of  the
mean  difference

p-value  Effect  size

CNP  group Asymptomatic
group

Flexor  muscles LCO AP  0.46  ±  0.08 0.53  ±  0.09 0.06  ±  0.02 0.02,  0.11 <0.01* 0.82
CSA 0.42  ±  0.10 0.52  ±  0.13 0.10  ±  0.02 0.04,  0.16 <0.01* 0.86

LCA AP 0.35  ±  0.08 0.39  ±  0.09 0.03  ±  0.02 −0.00,  0.08 0.08  0.46
CSA 0.33  ±  0.13 0.36  ±  0.09 0.02  ±  0.02 −0.03,  0.08 0.36  0.26

SCM AP  0.79  ±  0.13 0.86  ±  0.15 0.06  ±  0.03 −0.00,  0.13 0.07  0.49
Extensor muscles MF AP  0.29  ±  0.08 0.36  ±  0.12 0.07  ±  0.02 0.01,  0.12 <0.01* 0.68

CSA 0.21  ±  0.12 0.30  ±  0.20 <0.01* 0.54
SSCer AP 0.36  ±  0.07  0.43  ±  0.10  0.06  ±  0.02  0.02,  0.11  <0.01* 0.81

CSA 0.42  ±  0.11  0.53  ±  0.20  <0.01* 0.68
SSCap AP 0.44  ±  0.07  0.47  ±  0.09  0.02  ±  0.02  −0.01,  0.06  0.25  0.37

CSA 0.72  ±  0.16  0.79  ±  0.21  0.06  ±  0.04  −0.02,  0.16  0.14  0.37
Sp Cap  AP  0.42  ±  0.08  0.46  ±  0.13  0.04  ±  0.02  −0.01,  0.09  0.16  0.37

Total extensor
endurance

166.21  ±  192.32  293.74  ±  184.93  <0.01* 0.67

Local extensor
endurance

204.166  ±  197.02  210.76  ±  93.23  0.32  0.04

Global extensor
endurance

92.72  ±  115.99  222.73  ±  130.05  <0.01* 1.05

Flexor endurance  29.00  ±  17.88  43.68  ±  26.15  14.68  ±  5.52  3.65,  25.72  0.01* 0.65
FHP 51.31  ±  6.29  49.80  ±  7.31  0.30  0.22

CNP, chronic neck pain; LCO, longus colli; LCA, longus capitis; SCM, sternocleidomastoid; MF, multifidus; SSCer, semispinalis cervicis; SSCap, semispinalis capitis; Sp Cap, splenius capitis;
AP, antero-posterior; CSA, cross-section area; FHP, forward head posture; CI, confidence interval.
The FHP, endurance test results, muscles thickness (AP) and CSA expressed in terms of degree, second, cm and cm2, respectively. 95% CI has not been reported for non-normally distributed
variables.

* Statistically significant difference.
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L.  Ghamkhar,  A.H.  Kahlaee

n  important  finding  that  merits  consideration  in  clinical
ractice.  In  the  CNP  patients,  the  flexor  endurance  was  cor-
elated  with  neither  deep  nor  superficial  flexor  muscles  size.
eanwhile  there  was  an  unexpected  association  between

he  global  extensor  endurance  and  local  muscles  size  and
etween  the  local  extensor  endurance  and  global  muscles
ize  in  these  patients.  These  associations  seem  contrary  to
hat  is  expected  as  the  role  of  these  muscles  groups.38 It

hould  be  noted  that  the  validity  of  the  clinical  cervical
xtensor  tests  is  a concern  being  addressed  in  our  previ-
us  study,17 having  extra  intervening  factors  which  cannot
e  identified  within  the  current  study.

The  findings  of  our  study  are  indicative  of  a  differential
nvolvement  of  the  flexor  and  extensor  muscles  in  the  pres-
nce  of  CNP.  While  the  flexor  muscles  endurance  lost  their
orrelation  with  the  size  of  these  muscles  (such  as  that  found
n  asymptomatic  participants)  in  CNP  patients,  this  relation-
hip  was  still  evident  within  the  extensor  group  but  not  the
ame  way  as  in  the  control  group.  Loss  of  the  relationship
etween  muscular  size  and  endurance  in  the  flexor  group
nd  alteration  of  this  relationship  in  the  extensor  cervi-
al  muscles  warrants  further  investigation  into  the  relative
nvolvement  and  differential  consequences  of  these  alter-
tions.  The  clinical  implications  of  these  findings  might  be
n  emphasis  on  the  need  to  identify  involved  muscle  groups
efore  prescription  of  exercise  therapies  since  the  local  and
uperficial  and  the  flexor  and  extensor  muscle  groups  were
ound  not  to  be  uniformly  affected  by  CNP.  The  other  clini-
al  point  is  lack  of  considerable  association  between  muscles
ize,  endurance  and  head  posture  with  the  clinical  CNP  char-
cteristics.  The  results  suggest  that  emphasis  should  be  put
n  activating  the  cervical  muscles  rather  than  enhancing
heir  force  generating  capacity  by  having  larger  muscles.

imitations

uscle  state  was  evaluated  by  measuring  its  size  in  this
nvestigation.  Although  the  CSA  and  thickness  of  the  muscles
ave  been  shown  as  correlated  with  their  performance,20

hey  might  not  fully  describe  the  activation  of  the  muscles.
omparing  the  results  of  this  study  with  those  investigat-

ng  muscular  activation  patterns  such  as  those  measuring
he  electromyographic  activity  of  the  muscles  might  give
urther  insights.  Head  posture  might  be  altered  during  sus-
ained  postures  and  affected  by  the  cognitive  context  of  the
oncurrent  task.  While  we  made  the  assessments  at  the  ini-
ial  stage  of  a  simple  standing  task,  investigation  of  the  head
osture  after  maintaining  a  prolonged  posture  or  while  per-
orming  a  cognitively  loading  concurrent  task  might  further
lucidate  the  motor  control  adaptations  in  the  presence  of
NP  from  a  functional  perspective.

onclusion

he  findings  of  the  current  study  revealed  that  FHP  is  nei-
her  different  between  CNP  and  asymptomatic  participants
or  correlated  with  either  muscles  size  or  endurance  and

linical  characteristics  of  these  patients.  While  muscle
ize  and  endurance  were  correlated  in  the  control  group
articipants,  their  relationship  was  interrupted  in  the
NP  patients.  It  seems  that  the  muscular  size---endurance
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relationship  becomes  more  complex  in  the  presence  of  CNP.
The  nature  of  the  alterations  in  this  relationship  was  not  the
same  for  the  flexor  and  extensor  groups  of  cervical  muscles.
It  could  thus  be  postulated  that  deep  vs.  superficial  and
flexor  vs.  extensor  groups  of  muscles  may  not  be  uniformly
and  comparatively  affected  in  the  presence  of  CNP.  This
finding  has  important  implications  for  the  assessment  and
rehabilitation  of  these  patients.
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