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Abstract
Objective:  To  compare  flexion  rotation  test  and  global  active  cervical  mobility  in  women  with
chronic migraine,  episodic  migraine,  and  headache-free  controls.  The  influence  of  neck  pain-
related disability  on  the  flexion  rotation  test  was  also  analyzed.
Methods:  Women  with  chronic  migraine  (n  =  25),  episodic  migraine  (n  =  30),  and  those  who  were
headache-free  (n  =  30)  were  evaluated.  Upper  cervical  mobility  was  measured  using  the  flexion
rotation  test  and  global  active  mobility  was  assessed  using  the  cervical  range  of  motion  device.
Neck pain  related-disability  was  assessed  using  the  Neck  Disability  Index.  Statistical  analyses
were performed  using  a  MANOVA  test,  prevalence  ratios,  and  linear  regression.
Results: Chronic  (right,  MD:  −15◦;  95%CI:  −21◦ to  −11◦;  left,  MD:  −13◦;  95%CI:  −20◦ to  −12◦)
and episodic  (right,  MD:  −8◦;  95%CI:  −13◦ to  −4◦;  left,  MD:  −8◦;  95%CI:  −12◦ to  −5◦)  migraine
groups achieved  lower  flexion  rotation  test  mobility  bilaterally  than  headache-free  women.
Only chronic  migraine  was  associated  with  a  lower  global  cervical  range  of  motion  compared
to that  of  headache-free  women  during  flexion,  (MD:  −8◦;  95%CI:  −15◦ to  −1◦),  extension  (MD:
−13◦;  95%CI:  −20◦ to  −4◦),  right  lateral  flexion  (MD:  −4◦;  95%CI:  −9◦ to  −0.2◦),  left  lateral

flexion (MD:  −6◦;  95%CI:  −10◦ to  −2◦),  right  rotation  (MD:  −9◦;  95%CI:  −15◦ to  −4◦),  and  left

rotation (MD:  −8◦;  95%CI:  −13◦ to  −2◦).  Migraine  was  associated  with  a  2.85-fold  increase  in  the
risk of  a  positive  flexion  rotation  test.  Flexion  Rotation  Test  was  influenced  by  disability-related
neck pain  (R2 =  19.1;  p  =  0.001).
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Conclusion:  Women  with  migraine  have  a  lower  upper  cervical  range  of  motion  than  headache-
free women.  Women  with  chronic  migraine  demonstrated  reduced  global  cervical  range  of
motion when  compared  to  headache-free  women.  Migraine  was  associated  with  in  increased
likelihood  of  a  positive  Flexion  Rotation  Test.  Reduction  in  mobility  was  influenced  by  migraine
frequency  and  disability-related  neck  pain.
© 2019  Associação  Brasileira  de  Pesquisa  e  Pós-Graduação  em  Fisioterapia.  Published  by  Elsevier
Editora Ltda.  All  rights  reserved.
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Headache-free  individuals  were  recruited  from  the  gen-
ntroduction

igraine  is  a  primary  headache  disorder  and  is  considered
he  second  most  important  cause  of  disability  in  the  world.1

his  condition  is  associated  with  increased  excitability  of
he  central  nervous  system  and  dysregulation  of  central
ain  control  and  is  characterized  by  activation  of  trigemino-
ascular  pain  pathways.2,3 Although  the  pathophysiology  of
igraine  is  not  directly  related  to  the  presence  of  muscu-

oskeletal  disorders,  patients  often  report  neck  pain.4---6 The
ssociation  between  migraine  and  neck  pain  is  believed  to
e  a  consequence  of  sensitization  of  the  trigeminocervical
ucleus  (TCN),  since  this  nucleus  is  sensitized  in  migraine
athology  and  receives  inputs  from  the  upper  cervical  nerve
oots.2

It  is  possible  that,  once  the  TCN  is  sensitized,  dysfunc-
ion  of  the  upper  cervical  segment  of  the  nerve  could
nduce  pain  at  the  dermatomes.7 The  presence  of  neck
ain  is  an  important  factor  related  to  moderate-to-severe
igraine  phenotypes,  which  predict  worse  migraine-related
isability.8 In  addition,  individuals  with  chronic  migraine
CM)  are  more  likely  to  exhibit  cervical  impairment  and  joint
ypomobility  leading  to  a  significant  risk  of  neck  disability
han  individuals  with  episodic  migraine  (EM).5,8---11

Although  previous  studies  have  investigated  the  global
ervical  range  of  motion  (ROM)  in  individuals  with
igraine,9,12,13 few  of  them  have  addressed  dysfunc-

ion,  pain,  or  mobility  of  the  upper  cervical  segments
C1/C2).  Furthermore,  the  results  of  these  studies  are
ontradictory.13---18 Biomechanically,  the  C1/C2  segment  is
esponsible  for  nearly  40---60%  of  cervical  mobility,  in  par-
icular  movements  involving  rotation.19 The  flexion  rotation
est  (FRT)15,20---22 is  used  to  identify  rotational  impairment
f  the  C1/C2  segment  and  previous  studies  have  demon-
trated  that  this  test  has  diagnostic  validity  for  clinical
ifferentiation  of  cervicogenic  headaches.15,18,20 However,
mpairment  of  the  C1/C2  segment  is  not  considered  as  a
iagnostic  criterion  for  cervicogenic  headache  according  to
he  International  Headache  Classification  (3rd  edition).23

nly  one  study  reported  an  increased  prevalence  of  posi-
ive  FRT  mobility  in  individuals  with  migraine  compared  to
hat  in  controls,17 while  three  did  not  report  any  difference
n  prevalence.15,18,24

Identifying  the  characteristics  of  neck  dysfunction  in  indi-
iduals  with  migraine  and  any  association  with  worse  clinical

resentation  would  be  helpful,  highlighting  issues  that  phys-
cal  therapists  may  encounter  in  the  management  of  these
ndividuals.

e
h
h

The  aims  of  the  current  study  were:  (1)  to  investigate
he  differences  in  FRT  and  global  active  cervical  mobil-
ty  between  women  with  chronic  migraine  (CM)  or  EM  and
eadache-free  individuals  and  (2)  to  analyze  the  influence  of
eck  pain-related  disability  on  the  FRT  mobility.  Our  hypoth-
sis  was  that  individuals  with  migraine  would  present  with  a
educed  cervical  ROM  and  lower  C1/C2  mobility,  which  could
e  verified  using  the  FRT.  We  believed  that  this  reduction
ould  be  more  pronounced  in  individuals  with  CM.

ethods

atient  characteristics

rom  September  2014  to  March  2015,  volunteers  from  a
niversity-based  headache  center  were  screened  according
o  specific  eligibility  criteria.  Migraine  disorder  was  diag-
osed  by  an  experienced  neurologist  using  the  diagnostic
riteria  set  out  in  the  3rd  edition  of  the  International  Clas-
ification  of  Headache  Disorders  (ICHD-III).23 In  order  to  be
ncluded,  individuals  had  to  experience  recurrent  headaches
asting  4---72  h,  with  unilateral  pulsating  pain  of  moderate  to
evere  intensity  (pain  classified  as  >4  in  the  numerical  pain
ating  scale  [NPRS]),  aggravated  by  routine  physical  activity
nd  associated  with  nausea  and/or  photophobia  and  phono-
hobia.  The  ICHD-III  criteria  were  used  to  classify  migraines
s  episodic  or  chronic.  The  presence  of  a  headache  for  more
han  15  days  in  a  month  during  the  last  3  months,  with  at
east  8  migraineurs  episodes  was  defined  as  CM.  The  pres-
nce  of  a  migraines  headache  for  less  than  15  days  per  month
as  defined  as  EM.23

Individuals  were  excluded  according  to  any  of  the  follow-
ng  criteria:  (1)  diagnosis  of  any  primary  and/or  secondary
eadache  other  than  migraine,  including  medication  overuse
eadache;  (2)  a  report  of  migraine  during  the  assessment;
3)  a  history  of  neck/head  trauma  (e.g.  whiplash);  (4)  preg-
ancy;  (5)  a history  of  herniated  cervical  disk  or  cervical
steoarthritis;  (6)  any  systemic  disease,  such  as  rheumatoid
rthritis  or  lupus  erythematosus;  (7)  an  associated  diagnosis
f  fibromyalgia  syndrome;  or  (8)  an  anesthetic  block  per-
ormed  in  the  last  3  months.  A  careful  clinical  examination
f  each  individual  was  conducted  to  determine  eligibility
ccording  to  the  inclusion  and  exclusion  criteria.
ral  community  and  we  included  women  with  no  history  of
eadaches  in  the  past  6  months  and  those  with  an  occasional
eadache  who  did  not  experience  recurrence  or  require



Reduced  flexion  rotation  test  in  migraine  389

576 participants were ass ess ed
between September 2014  and
March 2 015  

Inclusion criteria: female, aged
between 18  and 5 5 years,
diagnosis of EM or CM  

282 eligible ind ividu als for
the study 

Exclusion criteria: 131 with concomitant headache, 92
with other ass ociated cond itions, 1  started migraine

att ack du ring the ass ess ment, 3  did not agree  to
participate   

Healthy volunteers who agreed to
participate in the research 

55 volun tee rs were   distribu ted into
two group s of migraine patients 

Control = 30   EM= 3 0CM = 2 5
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Figure  1  Sample  screening  flowchart.  E

treatment.  The  exclusion  criteria  for  the  headache-free
group  were  the  same  as  those  for  the  migraine  group.  This
study  was  approved  by  the  Committee  of  Research  Ethics
of  the  Hospital  das  Clínicas  of  the  Ribeirão  Preto  Medical
School  (process  number  12521/2014),  Ribeirão  Preto,  São
Paulo,  Brazil,  and  all  participants  provided  informed  consent
prior  to  inclusion  in  the  study.

The  final  sample  consisted  of  25  women  with  CM,  30
women  with  EM,  and  30  healthy  women  in  the  control  group.
Fig.  1  shows  a  flow  diagram  of  the  patient  recruitment  pro-
cess.

Data  collection

Clinical  history  was  obtained  for  each  individual  prior  to
physical  evaluation.  Data  collected  included  age,  body  mass
index,  and  medical  comorbidities.  The  clinical  character-
istics  of  the  frequency  of  migraines,  age  at  onset  (years),
whether  a  headache  was  present  during  data  collection  and
the  intensity  of  pain  (NPRS  ranging  from  0  [no  pain]  to  10
[maximum  pain])  were  also  recorded.

Volunteers  were  asked  about  neck  pain  and  instructed  to
fill  out  the  Neck  Disability  Index  (NDI).  This  self-reported
questionnaire  consists  of  10  items  designed  to  assess  influ-
ence  of  neck  pain  on  daily  activities.  The  NDI  score  ranges
from  0  to  50  points,  with  the  level  of  neck  disability  classi-
fied  as  none  (0---4),  mild  (5---14),  moderate  (15---24),  severe
(25---34),  or  completely  disabling  (≥35).25,26

Global  active  cervical  ROM  was  assessed  using  a  cer-
vical  range  of  motion  (CROM

®
)  instrument.27,28 Volunteers

were  instructed  to  remain  seated  in  a  relaxed  position  with

the  back  supported  on  a  chair,  both  feet  on  the  ground,
with  ankles,  knees,  and  hips  at  90◦,  resting  the  upper
extremities  on  the  thighs.9 The  CROM

®
instrument  was  posi-

tioned  on  the  individual’s  head  and  a  familiarization  trial

8
s
b
p

pisodic  migraine;  CM,  chronic  migraine.

as  performed.  The  CROM
®

measurement  instrument  has
emonstrated  excellent  intra-rater  reliability  (ICC  >  0.79)
nd  moderate  to  excellent  inter-rater  (ICC  >  0.68)  reliability
n  individuals  with  migraine.9

For  the  FRT,  participants  assumed  a  supine  position  with
he  CROM

®
instrument  placed  on  the  head  (Fig.  2).  The

valuator  performed  maximum  flexion  of  the  cervical  spine
ollowed  by  a  rotation  to  each  side,15,20,21 based  on  the
riteria  described  by  Hall  et  al.20 The  limit  of  rotation
as  determined  when  the  evaluator  perceived  resistance  or
hen  the  patient  reported  pain  in  the  upper  cervical  area
uring  the  movement.  A  test  was  reported  as  positive  when
ndividuals  demonstrated  a  reduction  of  movement  of  10◦

ompared  to  the  normal  range  of  motion  (<34◦).20

Global  active  cervical  motion  during  flexion,  extension,
ateral  flexion,  rotation,  and  right  and  left  FRT  were  ran-
omly  assessed.  Each  measurement  was  repeated  3  times
t  30  s  intervals.  The  mean  value  obtained  from  the  3  tri-
ls  was  used  for  data  analysis.  An  experienced  examiner
ho  was  blinded  to  the  individual’s  conditions  assessed  all
utcomes.

tatistical  analysis

he  sample  size  was  calculated  based  on  criteria  provided
y  Singer,29 with  power  set  at  90%  and  ˛  =  0.05,  based  on

 pilot  study  including  30  women  (10  in  each  group).  The
verage  of  FRT  in  the  EM  group  was  27.38◦ (SD:  6.87◦)  to  the
ight  and  34.18◦ (SD:  6.9◦)  to  the  left;  in  the  CM  group  it
as  34.36◦ (SD:  8.14◦)  to  the  right  and  27.47◦ (SD:  8.23◦)  to

he  left;  and  in  the  headache-free  women  it  was  46.76◦ (SD:

.32◦)  to  the  right  and  44◦ (SD:  5.17◦)  to  the  left.  The  sample
ize  calculation  was  based  on  a  difference  of  8◦ in  the  FRT
etween  the  three  groups  and  resulted  in  a  minimum  of  12
articipants  for  each  group.
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Figure  2  The  flexion  rotation  test  performed  using  the  CROM
®

device.

Table  1  Characteristics  of  participants.

Chronic  migraine  (n  =  25)  Episodic  migraine  (n  =  30)  Headache-free  (n  =  30)
Mean (95%CI)  Mean  (95%CI)  Mean  (95%CI)

Age  35.1  (31.8;  38.9)  35.4  (30.7;  39.4)  32  (27.8;  36.2)
Body mass  index  (kg/cm2)  23.8  (22.4;  25.2)  24.2  (22.4;  26.0)  23.8  (22.3;  25.3)
Frequency  (days/month)* 22.8  (20.2;  25.4)  7.9  (6.5;  9.2)  ---
Duration of  attack  (h)* 16.8  (13.4;  20.2)  11.7  (8.4;  15.0)  ---
History of  migraine  (years) 19.4  (15.1;  23.8)  15.1  (10.4;  19.8)  ---
Headache intensity  (NPRS) 8.2  (7.6;  8.9) 8.3  (7.7;  8.8)  ---
Neck Pain  (n,  %)# 23  (92%)  21  (70%)  5  (16%)
Neck pain  intensity  (NPRS)#,* 6.1  (5.0;  7.2) 4.3  (3.1;  5.6)  0.7  (0.2;  1.3)
History of  neck  pain  (years)# 5.8  (2.7;  8.9) 5.2  (1.5;  8.8) 0.3  (−0.1;  0.7)
Neck Disability  Index  (NDI)#,* 14.2  (11.1;  17.2) 8.5  (5.6;  10.5)  1.97  (0.7;  3.2)

Abbreviations: 95%CI, 95% confidence interval; NDI, neck disability index; NPRS, numerical pain rating scale.
*
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Differences between chronic and episodic migraine (p < 0.05);
# Differences between both migraine groups and headache-free

Statistical  analysis  was  performed  using  SPSS  version  17.0
SPSS  Inc.,  Chicago,  IL,  USA).  Sample  characteristics  were
ompared  using  one-way  analysis  of  variance,  independent
tudent’s  t-test  and  the  chi-square  test.  Between-group
omparisons  of  global  active  cervical  ROM  and  FRT  were
onducted  using  multi-analysis  of  variance  (MANOVA),  with
onferroni  post  hoc  correction.  The  prevalence  ratio  was
alculated  based  on  the  frequency  of  positive  FRT  (with  a
ut-off  of  <34◦)  in  the  CM,  EM,  and  headache-free  groups.
dditionally,  linear  regression  models  were  applied  to  iden-
ify  the  influence  of  neck  pain-related  disability  (>4  points
n  the  NDI)  on  the  FRT  score,  based  on  the  results  from  the
ntire  sample  (n  =  85).

Clinical  relevance  was  determined  for  statistically  signif-
cant  results  according  to  the  minimal  important  difference
MID)  and  the  effect  size  (ES).30,31 A  clinically  relevant  differ-
nce  was  identified  when  between-group  differences  were
reater  than  the  MID  and  the  ES  was  >0.4.

esults

able  1  summarizes  the  characteristics  of  the  three  groups.
omen  with  CM  exhibited  an  increased  frequency  (p  <  0.05)

nd  longer  duration  of  symptoms  (p  =  0.05),  but  experienced
imilar  migraine  onset  as  compared  to  those  with  EM.  Both
M  and  CM  groups  reported  a  higher  prevalence  (�2 =  34.6,
 <  0.05)  and  longer  history  of  neck  pain  symptoms  than  the
ontrols  (p  <  0.05).  In  addition,  the  intensity  of  neck  pain
nd  neck  pain-related  disability  was  greater  in  the  CM  group
han  in  the  EM  (p  =  0.05)  and  control  (p  <  0.05)  groups.

(

t
w

.05).

MANOVA  revealed  that  women  with  CM  exhibited  a
ecreased  ROM  in  the  FRT  compared  to  those  with  EM  and
hese  two  groups  exhibited  bilaterally  reduced  FRT  ROM
ompared  to  those  of  headache-free  individuals  (p  <  0.05)
Table  2).

A total  of  23  individuals  in  the  CM  and  24  from  the  EM
roup  had  positive  FRT,  while  only  9  individuals  had  a  pos-
tive  FRT  in  the  headache-free  group.  Among  these,  only  3
olunteers  from  the  CM  group,  4  from  the  EM  group  and  3
rom  the  headache-free  group  presented  unilateral  restric-
ion  in  the  FRT.  Among  the  individuals  with  a  positive  FRT,
he  prevalence  of  pain  as  a reason  for  interruption  of  the
est  was  higher  in  the  CM  group  (n  =  17,  68%)  and  in  the  EM
roup  (n  =  18,  60%)  compared  to  the  headache-free  group
n  = 2,  6.7%)  (�2: 30.91;  p  <  0.001).

Reduced  global  active  cervical  ROM  was  observed  in  the
M  group  for  all  directions  when  compared  to  headache-free
ontrols  (p  <  0.05),  except  during  right  lateral  flexion.  The
ifferences  were  considered  clinically  relevant  (ES >  0.62)
Table  2).

A post  hoc  analysis  also  revealed  that  women  with
M  had  reduced  right  cervical  rotation  (p  <  0.05),  but
o  reduction  in  other  cervical  movements  compared
o  headache-free  individuals.  These  differences  were
linically  relevant  (ES >  0.86).  The  global  active  cervi-
al  ROM  was  similar  between  the  CM  and  EM  groups

Table  2).

Positive  FRT  were  more  prevalent  in  both  migraine  groups
han  in  the  headache-free  group  (�2 =  31.58;  p <  0.001)  and
ere  more  prevalent  in  the  CM  group  than  in  the  EM  group
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Table  2  Scores  (degrees)  obtained  for  the  flexion  rotation  test  (FRT)  and  the  global  active  cervical  range  of  motion  for  individuals  with  chronic  migraine,  episodic  migraine,
and headache-free  women.

Chronic  Migraine  (n  =  25) Episodic  Migraine  (n  =  30) Headache-free  (n  =  30) Mean  differences  (95%CI).  Effects  Sizes

Mean  (95%CI) Mean  (95%CI) Mean  (95%CI) CM  ×  EM CM  ×  HF EM  ×  HF

Right  FRT 26  (23;  28)*,a,#,b 33  (31;  36)*,a 41  (39;  45) −7◦ (−13◦;  −3◦)  1.13 −15◦ (−21◦;  −11◦)  2.08 −8◦ (−13◦;  −4◦)  1.09
Left FRT 27  (24;  30)*,a,#,b 32  (30;  34)*,a 40  (38;  43) −5◦ (−10◦;  −1.5◦)  0.87 −13◦ (−20◦;  −12◦)  1.89 −8◦ (−12;  −5◦)  1.32
Flexion 50  (45;  55)*,a 54  (50;  57) 58  (55;  62) −4◦ (−9◦;  4◦)  0.31 −8◦ (−15◦;  −1◦)  0.79 −4◦ (−13◦;  5◦)  0.50
Extension 59  (54;  64)*,a 65  (60;  70) 72  (68;  7) −6◦ (−14◦;  2◦)  0.45 −13◦ (−20◦;  −4◦)  1.15  −7◦ (−15◦;  −3◦)  0.54
Right Lateral
flexion

33  (30;  36)*,a 35  (33;  37) 37  (34;  39) −2◦ (−6◦;  2◦)  0.42 −4◦ (−9◦;  −0.2◦)  0.62  −2◦ (−6◦;  4◦)  0.30

Left Lateral
flexion

33(30;  36)*,a 36  (34;  38)  39  (36;  41)  −3◦ (−7;  1◦) 0.57  −6◦ (−10◦;  −2◦)  0.86  −3◦ (−4◦;  6◦)  0.38

Right Rotation 58  (54;  61)*,a 61  (58;  64)*,a 67  (64;  70)  −3◦ (−7◦;  3◦)  0.37  −9◦ (−15◦;  −4◦)  1.15  −5◦ (−9◦;  −6◦)  0.86
Left Rotation  54  (50;  59)*,a 58  (55;  62)  62  (58;  65)  −4◦ (−9◦;  3◦)  0.41  −8◦ (−13◦;  −2◦)  0.72  −6◦ (−9◦;  5◦)  0.35

Abbreviations: 95%CI, confidence interval of 95%; CM, chronic migraine group; EM, episodic migraine group; HF, headache-free group.
* p < 0.05 compared to headache-free group;
# p < 0.05 compared to episodic migraine.
a Clinically relevant factors determined using the headache-free group as a reference. Chronic migraine MIDs: FRT = 6.9◦, flexion = 5.2◦; extension = 5.4◦; lateral-flexion = 6.5◦, rota-

tion = 8.6◦. Episodic migraine MIDs: FRT = 6.01◦, flexion = 4.8◦, extension = 6.1◦, lateral-flexion = 6.6◦, rotation = 7.6◦.
b Clinically relevant factors when comparing chronic and episodic migraine. MIDs: FRT = 5.4◦, flexion = 5.6◦; extension = 6.5◦; lateral-flexion = 5.9◦, rotation = 8.5◦.
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Table  3  Prevalence  ratio  (PR)  of  the  flexion  rotation  test  (FRT)  between  women  with  chronic  or  episodic  migraine  and  headache-
free women.

Headache-free  (n  =  30)  Chronic  Migraine  (n  =  25)  Episodic  migraine  (n  =  30)  Migraine  (n  =  55)

FRT  positive  (%)  30%  92%*,# 80%# 85.5%
PR (95%CI)  Ref.  3.1  (1.7;  5.4)  2.7  (1.5;  4.7)  2.8  (1.6;  5)
PR (95%CI)  ---  1.1  (0.9;  1.4)  Ref.  ---

Abbreviations: Ref, reference group used for prevalence ratio analysis.
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p < 0.05 in relation to the episodic migraine group.
# p < 0.05 in relation to the headache-free group.

�2 =  25.55;  p  <  0.001).  The  presence  of  migraine,  indepen-
ent  of  the  frequency  of  attacks,  was  associated  with  a
revalence  ratio  (PR)  of  2.85  (95%CI:  1.63---4.98)  for  risk
f  hypomobility  on  the  FRT,  with  the  headache-free  group
sed  as  a  reference  (p  <  0.05).  Women  with  CM  had  a  PR  of
.07  (95%CI:  1.75---5.36),  whereas  those  with  EM  had  a  PR  of
.67  (95%CI:  1.50---4.74).  When  the  EM  group  was  used  as  a
eference,  individuals  with  CM  showed  a  higher,  but  not  sig-
ificant,  association  with  the  presence  of  hypomobility  (PR:
.15,  95%CI:  0.93---1.42)  (Table  3).

Finally,  linear  regression  revealed  that  the  presence  of
eck  pain  disability  could  explain  19%  of  the  FRT  (B:  −15.32,
5%CI:  −21.98  to  −8.65;  ˇ:  −0.45,  p  =  0.001),  independent
f  the  diagnosis  of  migraine.

iscussion

ur  results  showed  that  women  with  migraine  demonstrated
 greater  prevalence  of  positive  FRTs  and  the  frequency  of
igraine  attacks  seemed  to  be  associated  with  decreased

nd/or  more  painful  C1-C2  mobility,  since  individuals  with
M  were  more  likely  to  have  a  positive  FRT  and  lower  ROM
ompared  to  individuals  with  EM.  Individuals  with  CM  had
ower  global  active  cervical  ROM  than  headache-free  indi-
iduals  for  all  movements  assessed,  whereas  EM  individuals
nly  differed  in  right  cervical  rotation.  Women  with  migraine
ad  an  approximately  3-fold  greater  association  with  the
isk  of  positive  FRT  than  headache-free  individuals  and  an
ncrease  in  the  frequency  of  attacks  increased  this  associ-
tion.  Furthermore,  neck  pain-related  disability  is  able  to
xplain  19%  of  the  reduction  in  FRT,  independent  of  the
iagnosis  of  migraine.

The  reduction  of  global  active  cervical  ROM  in  migraine
atients  has  been  already  reported.9,32 In  our  study,  this
eneral  reduction  only  occurred  when  comparing  individu-
ls  with  CM  to  headache-free  individuals.  This  suggests  that
iagnosis  of  migraine  is  not  a  determinant  factor  for  the
eduction  in  global  cervical  ROM.  However,  global  cervical
OM  was  more  closely  related  to  the  frequency  of  attacks
han  to  migraine  itself.  Furthermore,  the  dominant  side  of
eadaches  does  not  influence  the  interpretation  of  the  FRT
or  both  primary  and  secondary  headaches.33,34

The  FRT  based  observation  of  impaired  mobility  in  indi-
iduals  with  migraine  was  consistent  with  results  of  previous

tudies.13,17 However,  our  results  differ  to  those  of  other
tudies.15,18,24 The  main  reason  for  these  discrepancies  may
e  the  eligibility  criteria  applied,  since  our  sample  was
btained  from  a  specialized  headache  clinic.  We  included

t
w
c

oth  individuals  with  migraine  and  headache-free  individu-
ls,  not  taking  reports  of  neck  pain  into  account,  assuming
hat  this  would  yield  a  pragmatic  sample.  Previous  investiga-
ions  evaluated  migraine  using  questionnaires  and  excluded
ndividuals  who  experienced  neck  pain.15,18,24

The  differences  reported  in  FRT  are  related  not  only  to
he  migraine  itself,  but  also  to  the  frequency  of  attacks.
he  association  of  lower  C1/C2  mobility  with  the  frequency
f  headache  has  already  been  reported  in  individuals  with
ervicogenic  headache  (CGH)15,18,35 and  in  individuals  with
igraine  during  manual  passive  assessment.13,14 The  preva-

ence  of  positive  FRT  is  similar  to  that  of  78%  described
or  CGH.15,18,35 However,  only  the  range  measured  in  CM  is
imilar  to  that  reported  for  CGH  (27◦),35 despite  a  preva-
ence  of  70%  of  self-reported  neck  pain  in  the  EM  group.
lthough  these  factors  confirm  the  hypothesis  that  the  fre-
uency  of  migraine  attacks  plays  a  role  in  the  FRT,  there
s  also  the  possibility  that  another  comorbidity  or  factor
elated  to  migraine,  rather  than  headache  frequency  alone,
ould  also  have  influenced  the  decreased  ROM  reported
ere.  Therefore,  future  studies  should  address  factors  other
han  frequency  of  attack  that  could  potentially  influence
OM.

This  study  revealed  that  neck-related  disability  influ-
nces  approximately  19%  of  the  variability  in  FRT  mobility.
he  presence  of  neck  pain-related  disability  is  considered
o  be  a  predisposing  factor  for  reduced  cervical  ROM  in  indi-
iduals  with  migraine.10 This  reinforces  the  musculoskeletal
mpact  associated  with  the  close  relationship  between  neck
ain  and  migraine  that  has  been  extensively  explored  in  the
iterature.5,6,32,34,36---38

These  results  suggest  that,  in  our  sample,  two  fac-
ors  were  associated  with  impaired  mobility  and  higher
revalence  of  positive  FRT:  migraine  frequency  and  neck-
elated  disability.  The  results  of  this  study  suggest  that  both
igraine  and  neck  pain  may  play  an  important  role  in  the
obility  of  the  cervical  spine.  As  neck  pain  is  very  common

n  individuals  with  migraine,  it  may  be  considered  a  part  of
he  migraine  phenotype  or  it  could  be  a  separate,  associated
ondition.  Therefore,  we  cannot  determine  which  factor  is
esponsible  for  the  results  of  this  study.  The  results  empha-
ize  that  the  combination  of  neck  pain  and  frequent  migraine
ttacks,  is  related  to  worse  physical  findings,  which  is  in  line
ith  a  worse  prognosis  and  increased  disability  previously

eported.8,10,11,39
It  is  important  to  emphasize  that  the  co-occurrence  of
wo  or  more  types  of  headache  are  common  in  individuals
ho  experience  intermittent  headaches.35 For  this  reason,
are  was  taken  by  the  neurologists  performing  the  diagno-
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sis  of  the  participants  in  this  study,  in  order  to  exclude  any
other  headache  than  migraine.  If  the  International  Headache
Society  (IHS)  diagnostic  criteria  for  CM  assume  that  at  least
7  days  of  headache  may  not  present  migraine-like  features,
there  may  be  additional  types  of  headache  associated  with
CM.  However,  this  hypothesis  is  not  in  accordance  with  the
IHS,23 since  it  explains  that  these  episodes  may  assume
tension-type-like  characteristics,  as  characteristics  of  CM
may  change  day  to  day  and  can  even  change  within  the  same
day.  Due  to  the  frequency  and  continuity  of  migraine,  it  is
impossible  to  distinguish  episodes  separately.  Additionally,  if
there  is  some  evidence  of  secondary  headaches,  for  exam-
ple,  CGH,  the  patient  should  be  diagnosed  with  both  CM  and
CGH.23

The  novelty  of  the  current  study  is  the  finding  of  impair-
ment  of  the  C1/C2  segment  in  women  with  both  EM  and
CM.  These  results  indicate  the  presence  of  musculoskeletal
dysfunction  in  the  upper  cervical  spine  in  this  popula-
tion.  Although  EM  demonstrated  a  greater  associated  risk
of  a  positive  FRT,  the  mean  differences  compared  to  the
headache-free  group  were  lower  than  those  observed  for
CM  and  global  deficits  were  not  as  obvious  as  only  right
rotation  was  reduced  in  the  global  ROM.  This  information
could  help  physical  therapists  to  perform  better  evaluations
and  to  develop  a  more  precise  kinetic  diagnosis,  focused  on
the  presence  of  pain  and  hypomobility  of  the  upper  cervical
segment.

This  study  has  several  limitations.  First,  this  is  a  cross-
sectional  study;  therefore  a  causal  relationship  between
migraine  and  cervical  mobility  impairment  cannot  be  deter-
mined.  Second,  the  absence  of  a  group  with  a  diagnosis
of  CGH  prevented  us  from  performing  a  direct  compari-
son  of  the  magnitude  of  C1/C2  impairment  between  these
groups.  Third,  the  psychosocial  factors  were  not  investi-
gated  in  these  individuals.  Analysis  of  these  factors  would
have  been  helpful,  as  the  majority  of  participants  presented
with  chronic  pain.  Fourth,  only  women  were  included,  since
they  are  more  often  affected  than  men.40 Consequently,  it
is  unclear  whether  these  results  would  be  replicated  in  a
sample  of  men  with  migraine.  Finally,  the  participants  of
this  study  were  recruited  from  a  tertiary  outpatient  hospi-
tal  and  may  represent  a  subgroup  of  the  general  population
with  migraine.

Conclusions

Women  who  experience  migraine  exhibit  a  reduced  range
of  motion  on  FRT,  compared  to  headache-free  women.
However,  only  individuals  with  CM  had  a  reduced  global
active  cervical  range  of  motion  compared  to  headache-free
women.  Migraine  was  associated  with  a  higher  likelihood  of
a  positive  FRT.  A  reduction  in  C1/C2  mobility  was  aggra-
vated  by  higher  migraine  frequency  and  influenced  by  neck
pain-related  disability.
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