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A pattern of musculoskeletal impairment inclusive of upper cervical joint dys-
function, combined with restricted cervical motion and impairment in muscle
function, has been shown to differentiate cervicogenic headache from migraine
and tension-type headache when reported as single headaches. It was questioned
whether this pattern of cervical musculoskeletal impairment could discriminate
a cervicogenic headache as one type of headache in more complex situations
when persons report two or more headaches. Subjects with two or more
concurrent frequent intermittent headache types (n = 108) and 57 non-headache
control subjects were assessed using a set of physical measures for the cervical
musculoskeletal system. Discriminant and cluster analyses revealed that 36
subjects had the pattern of musculoskeletal impairment consistent with cervico-
genic headache. Isolated features of physical impairment, e.g. range of move-
ment (cervical extension), were not helpful in differentiating cervicogenic
headache. There were no differences in measures of cervical musculoskeletal
impairment undertaken in this study between control subjects and those classi-
fied with non-cervicogenic headaches. �Cervical spine, headache, musculoskeletal
impairment
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Introduction

Symptomatic overlap is well documented in the
frequent headache types such as of migraine,
tension-type and cervicogenic headache (1). This
presents challenges for accurate differential diagno-
sis between these common frequent headache types
(2–6). Neck pain is a symptom commonly associ-
ated with headache in general and there is also
a high prevalence of headache in persons with
chronic cervical musculoskeletal symptoms (7).

We have shown that neck pain is not associated
with cervical musculoskeletal impairment in
persons classified as having migraine or tension-
type headache when suffered as a single headache
type (8). Rather, cervical musculoskeletal impair-
ment was shown to be characteristic of cervicogenic

headache only. From a set of physical measures, a
pattern of musculoskeletal impairment [palpably
painful upper cervical joint dysfunction, associated
with a restricted range of cervical extension and
impairment in the cervical flexor muscle system
measured as elevated levels of sternocleidomastoid
(SCM) activity in the second and third stages of the
five-staged test of cranio-cervical flexion] emerged
and was shown to have 100% sensitivity and 94%
specificity in distinguishing a cervicogenic head-
ache from migraine and tension-type headache.

Investigations of large cohorts of chronic head-
ache patients, however, have revealed that many
patients report more than one headache type (9, 10).
We questioned whether this pattern of cervical
musculoskeletal impairment which characterized
cervicogenic headache but not migraine and
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tension-type headache in persons suffering a single
headache could discriminate a distinct headache in
persons reporting two or more headaches (suggest-
ing cervicogenic), or if boundaries blurred between
the multiple headaches. A better understanding of
the role of cervical spine dysfunction in concurrent
frequent intermittent headache types could aid
diagnosis and guide the implementation of appro-
priate treatment.

Materials and methods

Subjects

Volunteers from the community (age range
18–55 years) reporting benign frequent intermittent
headache were sought for the study through adver-
tisement in local media. To be included in the
headache group, volunteers had to have a
minimum of a 1-year history of headache with a
headache frequency of one per month or greater.
Control subjects of a similar age range and gender
were recruited provided they were either headache
free or experienced no more than occasional mild
headache (less than five times per year), for which
they had never sought any medical treatment.
Exclusion criteria for both groups included any
general health problems, e.g. diabetes, pulmonary
disease or myopathic diseases.

Volunteers (n = 336) responded to the advertise-
ments and were initially screened by a telephone
interview. There were 304 eligible subjects, the
remainder being outside the age limits. A further 51
subjects failed to attend their scheduled testing
session. Thus 253 subjects entered the study (196
headache subjects and 57 non-headache control
subjects). Within the headache group, 88 reported
one headache type and 108 reported multiple head-
aches. The latter group included 77 subjects with
two headache types, 27 with three headache types
and four who reported four types of headache. The
108 subjects with two or more headaches were the
focus of this study. Ethical approval for the study
was granted by the Institutional Medical Research
Ethics Committee and all procedures were con-
ducted according to the Declaration of Helsinki.
Written informed consent was provided before
participation.

Measurements

Tests of the cervical musculoskeletal system
The primary measures in this study were a series of
tests of the cervical musculoskeletal system. The

tests were chosen on the basis that they have
revealed cervical musculoskeletal impairment in
other studies of cervical disorders. The measures
included cervical range of motion (11), manual pal-
pation of the cervical joints to detect symptomatic
levels (12, 13), cervical flexor and extensor strength
(14, 15), cross-sectional area of the semispinalis
capitis, longissimus capitis and upper trapezius at
the C2 level using ultrasound imaging (16), activity
[electromyography (EMG)] in the sternocleidomas-
toid in the performance of the cranio-cervical
flexion test (CCFT) (17–19) and cervical kinaesthetic
sense (20). The procedures for these tests as well as
data extraction have been previously described in
full (8).

Questionnaire
A questionnaire was constructed, which included
subject demographics and the major criteria for
migraine with and without aura, tension-type head-
ache, substance abuse headache (1) and cervico-
genic headache as established by the Cervicogenic
Headache International Study Group (21). Subjects
completed separate questionnaires for each
headache.

Procedure

The physical measures of the cervical musculoskel-
etal system were conducted by an examiner blinded
to the headache or non-headache status of the
subject. At the completion of data collection for the
entire population, two researchers independently
classified the headache from the questionnaires
(n = 251 headaches from the 108 subjects) using the
information documented in the questionnaire for
each headache. This process was conducted with
researchers blind to the results of the physical
measures. Headaches were classified using the
International Headache Society (1) criteria and
cervicogenic headache was classified on the criteria
of a symptomatic pattern which included: unilateral
or unilaterally dominant headache, without side-
shift, associated with ipsilateral neck, shoulder or
arm pain, pain began in the neck, and headache
was aggravated by neck movement or neck
postures (21).

Data management and analysis

The threshold values of the discriminant function
coefficients of the physical measures which, as a set,
had high sensitivity and specificity to detect
cervicogenic headache when suffered as a single
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headache (8) were applied to the data of 108 sub-
jects reporting multiple frequent intermittent head-
aches as well as the 57 control subjects [values for
palpably painful joint dysfunction in the upper
cervical segments (C0–3), range of motion of cervi-
cal extension and right and left SCM activity in the
second and third stages (denoted as 24 mmHg and
26 mmHg, respectively) of the five-staged cranio-
cervical flexion muscle test]. In addition, a cluster
analysis was used as an independent method of
judging the discriminant analysis. Cluster analysis
attempts to force a number of different groups from
the dataset. The candidate variables to define the
clusters were the measures found to be most useful
in discriminating cervicogenic headache in the
single headache population [i.e. dysfunction in
C0–1, C1–2, C2–3 joints, cervical extension range
and (L) and (R) SCM activity at the 2nd and 3rd
stages of the CCFT]. No difference had been found
in the measures of physical impairment between
the subjects with migraine and tension-type head-
ache and control subjects in subjects with one head-
ache type (8). Thus for this analysis, three clusters
were forced, namely, cervicogenic headache, non-
cervicogenic headache and control subjects. This
would show if some subjects classified as non-
cervicogenic headache, using the set of discriminant
functions coefficients, demonstrated signs of physi-
cal impairment of the neck.

The 251 headaches of the 108 subjects were also
classified from the questionnaire data. There was
examiner agreement for 75 instances of migraine
(with and without aura), 76 of tension-type head-
ache, 44 of cervicogenic headache, eight of mixed
headaches, five of headaches associated with sub-
stance abuse, one of headache associated with
temporomandibular dysfunction and six headaches
associated with a sinus condition. There were 36
occasions of disagreement. Some subjects reported
the same headache as two different headaches with
the difference being, for example, a greater or lesser
intensity or duration. In line with the aim of this
study and the analysis of physical data, each subject
was grouped into one of two categories based on
examiner agreement, as either having a cervico-
genic headache or not having a cervicogenic head-
ache (non-cervicogenic) as one of their headache
types. For this purpose, the 36 cases of disagree-
ment were categorized as non-cervicogenic. These
headache classifications derived from the question-
naire (cervicogenic or non-cervicogenic) were cross-
tabulated with the headache grouping gained from
the physical impairment data to determine agree-
ment between symptomatic and physical features.

Finally, the physical impairments were compared
between the groups with and without cervicogenic
headache as one of the multiple headaches and the
control group.

Results

Table 1 presents the results of the discriminant and
cluster analyses. The discriminant analysis indi-
cated that 36 of the 108 subjects with two or more
headaches had a cervicogenic headache as one of
their multiple headache types on the basis of the
combined presence of joint, movement and muscle
impairment. The cluster analysis created three dis-
tinct groups. These groups were predominantly
clustered on the variables of cervical spine exten-
sion and the presence of palpable cervical segmen-
tal joint dysfunction. The first and second clusters
were inclusive of subjects from the control group
and from the headache group where, according to
the discriminant analysis, none of the multiple
headaches was classifiable as cervicogenic. The
third cluster generated included all subjects with a
cervicogenic headache as one of their headache
types (according to the discriminant analysis), but
also one subject with a non-cervicogenic headache
as well as 12 control subjects. The major variable of
difference for the one non-cervicogenic headache
subject was a lesser range of neck extension
(mean = 40°). Similarly, the 12 control subjects who
were clustered into the third group were clustered
on neck extension and they demonstrated an even
lesser range of cervical extension (mean = 29.5°).
However, similar to subjects in clusters one and
two, none of these subjects showed upper cervical
joint dysfunction or differences in SCM EMG values
for the CCFT. Table 2 presents the subject demo-
graphics for all groups, indicating that both head-
ache subgroups had a long history of headache.

In the classification of headache type from the
questionnaires, there was examiner agreement that
40 of the 108 subjects had a cervicogenic headache
as one of the multiple headaches types. The remain-
ing 68 subjects were judged not to have a headache
classifiable as cervicogenic as one of the multiple
headache types (non-cervicogenic headache). These
classifications were cross-tabulated with the cervi-
cogenic headache and non-cervicogenic subjects
identified in the discriminant analysis (Table 3).
There was a discrepancy between the classification
systems for 14 of the 108 subjects (12.9%).

Figures 1–3 present the values of the three mea-
sures of musculoskeletal impairment for the group
with a cervicogenic headache as one of the multiple

Frequent intermittent headache, Part 2 893

© Blackwell Publishing Ltd Cephalalgia, 2007, 27, 891–898



Table 1 Distribution of subjects according to the discriminant and cluster analyses

Group according to
discriminative analysis Cluster Physical measures

Headaches
subjects
(n = 108)

Control
N = 57

Count Mean Count Mean

Non-cervicogenic headache, i.e.
threshold of values falls below
discriminative factor for
cervicogenic headache

1 Left sternocleidomastoid 26 mmHg* 36 0.3 14 0.4
Right sternocleidomastoid

24 mmHg*
36 0.2 14 0.3

Extension ROM (degrees) 36 70.2 14 69.2
Dysfunction of cervical level
C0–C1† 36 0 14 0
C1–C2† 36 0 14 0
C2–C3† 36 0 14 0

2 Left sternocleidomastoid 26 mmHg* 35 0.3 31 0.4
Right sternocleidomastoid

24 mmHg*
35 0.2 31 0.3

Extension ROM (degrees) 35 57.5 31 52.2
Dysfunction of cervical level
C0–C1† 35 0 31 0
C1–C2† 35 0 31 0
C2–C3† 35 0 31 0

3 Left sternocleidomastoid 26 mmHg* 1 0.4 12 0.4
Right sternocleidomastoid

24 mmHg*
1 0.3 12 0.3

Extension ROM (degrees) 1 40.0 12 29.5
Dysfunction of cervical level
C0–C1† 1 0 12 0
C1–C2† 1 0 12 0
C2–C3† 1 0 12 0

Cervicogenic headache, i.e.
discriminative value above
threshold

3 Left sternocleidomastoid 26 mmHg* 36 0.5
Right sternocleidomastoid

24 mmHg*
36 0.3

Extension ROM (degrees) 36 29.6
Dysfunction of cervical level
C0–C1† 36 1
C1–C2† 36 1
C2–C3† 36 1

The first column displays the distribution of subjects falling below the discriminant threshold values (non-cervicogenic
headache) and those above the threshold value (cervicogenic headache). The subsequent columns present the three clusters
as well as count of subjects and mean values of the physical measures in each cluster.

*Measure is normalized root mean square (RMS) of the EMG activity.
†Results of manual examination: 0, no dysfunction; 1, dysfunction.

Table 2 Subject demographics

Group
Gender
(% F)

Age (years),
mean � SD

History (years),
mean � SD

Non-cervicogenic (n = 72) 73.6 37.1 � 9.1 15.9 � 10.2
Cervicogenic (n = 36) 72.2 37.9 � 1.7 15.1 � 8.2
Control (N = 57) 66.7 37.4 � 11.2 –
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headache types, the group without cervicogenic
headache as one of the headache types and the
control group. The distinction of the group with
cervicogenic headache as one of the headache types

is evident for the pattern of measures found to
characterize this headache type, namely restricted
cervical extension (Fig. 1), the presence of palpably
painful upper cervical joint dysfunction (Fig. 2) and
the higher measured levels of activity in the SCM in
the CCFT in the three higher level stages of the test
(Fig. 3). To answer the question whether the non-
cervicogenic headache group had any musculosk-
eletal impairment associated with their headache,
their values were compared with the control group.
Post hoc t-tests determined no differences between
the groups for range of movement in any direction
(all P = 0.99) with the exception of extension, where
the non-cervicogenic headache group had greater
range than the control group (P < 0.0001). Likewise,
there was no significant difference (Fisher’s exact
test) between the non-cervicogenic and control
groups in the presence of palpably painful upper
cervical joint dysfunction (all P = 0.99, where cell
counts permitted analysis). There were differences
(t-tests) between measured activity in the SCM
between the non-cervicogenic and control groups in

Table 3 Agreement between headache classifications of the presence or not of a cervicogenic headache as one of multiple
headaches from the questionnaires and prediction from physical impairment (n = 108)

Headache classification from questionnaires

Non-cervicogenic Cervicogenic Total

Prediction from Non-cervicogenic 63 9 72
physical data Cervicogenic 5 31 36
Total 68 40 108
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Figure 1 The ranges of cervical motion in subjects with
cervicogenic headache as one of the multiple headache
types (n = 36), without cervicogenic headache as one of the
multiple headache types (non-cervicogenic, n = 72) and
control subjects (n = 57). Extension was the only direction
in which there was a difference between non-cervicogenic
and control subjects (P < 0.0001).
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Figure 2 Frequency of symptomatic cervical segmental
dysfunction in subjects with cervicogenic headache as one
of the multiple headache types, without cervicogenic
headache as one of the multiple headache types
(non-cervicogenic) and control subjects. There were no
significant differences between non-cervicogenic and
control groups at any level (all P = 0.99).
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Figure 3 The electromyography (EMG) normalized root
mean square (RMS) values for the (R) sternocleidomastoid
muscle over the five stages of the craniocervical flexion
test in subjects with cervicogenic headache as one of the
multiple headache types, without cervicogenic headache as
one of the multiple headache types (non-cervicogenic) and
control subjects. The control group had higher measured
activity than the non-cervicogenic headache group in all
stages of the test (all P < 0.02).
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each stage of the test (all P < 0.02), with the control
group having more measured activity than the
non-cervicogenic headache group.

Discussion

The co-occurrence of two or more headache types is
common in patients presenting to headache or pain
clinics with frequent intermittent headaches (9, 10).
This was also found to be the case in our
community-based study, where 55% of volunteers
with headache reported two or more headache
types. Neck pain is often associated with the
common frequent intermittent headache types, but
this study has determined that a pattern of cervical
musculoskeletal impairment is characteristic of one
headache type only (cervicogenic). Subjects could
have two or more frequent intermittent headaches
without evidence of physical impairment in the
cervical musculoskeletal system. Thus, even though
a complex history of concurrent headaches can be
prolonged and neck pain may be reported, unless
one of the component headache types is classifiable
as cervicogenic, there should be no expectation that
there is secondary involvement of a cervical
musculoskeletal disorder.

The discriminant analysis (Table 1) identified that
36 subjects were categorized as having a cervico-
genic headache, based on the pattern of physical
impairment, as one of their headache types and 72
were categorized as not having a cervicogenic head-
ache as one of their multiple headache types
(non-cervicogenic). The findings, when both cluster
analysis and discriminant analysis were applied to
the data, revealed the importance of the pattern of
musculoskeletal impairment in the categorization of
cervicogenic headache, rather than the presentation
of just a single feature, such as a restricted range of
neck movement. The range of neck extension was
the variable responsible for the cluster of subjects
into three groups. The range of cervical extension
was greatest in subjects in cluster 1 (36 non-
cervicogenic headache subjects and 14 control sub-
jects). Thirty-six headache subjects classed as non-
cervicogenic by the discriminant analysis (35 in
cluster 2 and one subject in cluster 3) as well as 43
of the control subjects (31 in cluster 2 and 12 in
cluster 3) demonstrated a lesser range of cervical
extension. However, in these subjects this singular
sign was not accompanied by palpably painful cer-
vical segmental dysfunction or by the more marked
muscle impairment in the CCFT. In contrast, the 36
subjects who were classified on the discriminant
analysis as having a cervicogenic headache had the

least range of cervical extension, but in this case it
was associated with palpably painful upper cervical
segmental joint dysfunction and muscle impair-
ment in the CCFT, i.e. these subjects demonstrated
a combination of joint, movement and muscle
impairment.

Restriction of neck motion and tenderness to
external pressure over the upper cervical or occipi-
tal region on the symptomatic side are the main
physical criteria listed in Sjaastad et al.’s (21)
classification criteria for cervicogenic headache.
However, range of cervical movement is highly
variable in the general population and decreases as
a factor of age (22). Thus, because of its variability
between people, it cannot be relied upon as a single
sign, as shown in the cluster analysis of this study,
supporting Bogduk’s (23) contention of the futility
of a single physical sign to indicate a cervical origin
of headache. It is well recognized that tenderness
over neck or cranial muscles is a common finding in
cervicogenic, migraine and tension-type headaches
as well as in asymptomatic populations (24–28). It is
contended that this feature is insufficient for accu-
rate differential diagnosis of cervicogenic headache,
a point also made by van Suijlekom et al. (29).
However, this and our previous study have shown
that cervicogenic headache, whether suffered as a
single or one of multiple headaches, can be distin-
guished from other types of frequent intermittent
headache through the presence of a pattern of
musculoskeletal impairment, decreased range of
cervical movement, in combination with palpably
painful upper cervical segmental dysfunction and
impairment in cervical flexor muscle function as
measured in the CCFT.

Importantly, this study has revealed the similarity
of the cervical musculoskeletal measures in subjects
without a cervicogenic headache as one of their
headache types and in control subjects (Figs 1–3).
Paradoxically, the non-cervicogenic headache group
had a greater range of cervical extension than the
control group and performed a little better on the
CCFT (less measured activity in the SCM). Thus,
there is no evidence from this study for a cervical
musculoskeletal component of frequent intermittent
headaches even when suffered as multiple head-
ache types, when one of the headaches cannot be
classified as cervicogenic. These findings concur
with those of Zwart (30), who found no difference
in range of cervical motion, and Marcus et al. (28),
who found no difference in the incidence of palpa-
bly painful cervical segmental joint dysfunction
between migraine, tension-type headache and
control subjects.
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There is considerable overlap in headache symp-
toms, including the symptom of neck pain, in the
common frequent intermittent headache types of
migraine without aura, tension-type and cervico-
genic headache (2–7). Classification can be more
challenging when patients report multiple head-
ache types. There was an 84% concordance between
the predicted categorization of the discriminant
analysis on physical signs and the broad classifica-
tion from the questionnaires for the presence or not
of a cervicogenic headache as one of the multiple
headache types. However, there were 14 subjects
who were misdiagnosed symptomatically. This
probably reflects the difficulties arising from the
symptomatic overlap in common frequent intermit-
tent headaches, which could be assisted by a
specific physical examination of the neck.

On the basis of the results of this study, it is
suggested that when patients present with concur-
rent multiple headaches, cervicogenic headache as
one of the headache types can be differentiated
from other frequent headache types with greater
confidence when a pattern of headache suggestive
of cervicogenic headache is associated with a
pattern of cervical musculoskeletal impairment
inclusive of symptomatic dysfunction in the upper
cervical joints, associated with restricted cervical
motion and impairment in cervical flexor muscle
function. Furthermore, all tests can be applied in a
clinical setting. A final step is to validate this clini-
cal diagnosis of cervicogenic headache against the
current gold standard of diagnostic blockades (20).
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