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a b s t r a c t

There is evidence that temporomandibular disorder (TMD) may be a contributing factor to cervicogenic
headache (CGH), in part because of the influence of dysfunction of the temporomandibular joint on the
cervical spine. The purpose of this randomized controlled trial was to determine whether orofacial
treatment in addition to cervical manual therapy, was more effective than cervical manual therapy alone
on measures of cervical movement impairment in patients with features of CGH and signs of TMD. In this
study, 43 patients (27 women) with headache for more than 3-months and with some features of CGH
and signs of TMD were randomly assigned to receive either cervical manual therapy (usual care) or
orofacial manual therapy to address TMD in addition to usual care. Subjects were assessed at baseline,
after 6 treatment sessions (3-months), and at 6-months follow-up. 38 subjects (25 female) completed all
analysis at 6-months follow-up. The outcome criteria were: cervical range of movement (including the
C1-2 flexion-rotation test) and manual examination of the upper 3 cervical vertebra. The group that
received orofacial treatment in addition to usual care showed significant reduction in all aspects of
cervical impairment after the treatment period. These improvements persisted to the 6-month follow-
up, but were not observed in the usual care group at any point. These observations together with pre-
vious reports indicate that manual therapists should look for features of TMD when examining patients
with headache, particularly if treatment fails when directed to the cervical spine.

� 2013 Published by Elsevier Ltd.
1. Introduction

Cervicogenic headache (CGH) is a recognized headache sub-
group arising from disorder of the cervical spine (Classification
Committee of the International Headache Society, 2004). The
diagnostic criteria for CGH described by the International Headache
Society (IHS) comprises subjectively described complaint patterns,
as well as clinical signs of a pain source in the cervical spine. Such
clinical signs would include impairment in cervical range of motion
(ROM) and pain on palpation of the neck. Indeed these factors have
been found to be important in CGH diagnosis (Amiri et al., 2007; Jull
et al., 2007).

Although it is recognized that cervical dysfunction is an
important contributing factor to CGH, some authors suggest that
anual Therapy and Applied
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temporomandibular disorder (TMD) may also be a contributing
factor to CGH pathogenesis in some patients (Leone et al., 1998;
Antonaci et al., 2001). Without doubt, there is a close anatomical,
functional, and pathophysiological relationship between the cer-
vical spine and TMD. For example, there is evidence that long-term
cervical dysfunction may influence the function of the tempor-
omandibular region and vice versa (de Wijer et al., 1996; Nicolakis
et al., 2000; Olivo et al., 2006; Bevilaqua-Grossi et al., 2007). As
there is significantly greater evidence of TMD in people with
headache compared to asymptomatic controls (Glaros et al., 2007)
it is possible that in some patients TMD may contribute to the
pathogenesis of CGH. Alternatively, headachemay bemisdiagnosed
as CGH when in fact the primary driver may be the tempor-
omandibular joint. In that case, it may be very difficult to differ-
entiate between headache arising from the TMD and true CGH.

Some authors advocate that the same pathophysiologic mecha-
nisms form the basis for different types of headache (Mongini, 2007;
Svensson, 2007). For example, TMD was detected in children who
suffer from a range of different headache forms (Liljestrom et al.,
2005; Bertoli et al., 2007), a similar association was found in
al therapy improves cervical movement impairment associated with
d controlled trial, Manual Therapy (2013), http://dx.doi.org/10.1016/
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adults (Goncalves et al., 2011), potentially suggesting that TMDmay
contribute to different headache forms. Themechanism behind this
maybe TMD induced sensitization of the trigeminocervical nucleus;
such sensitization is a common factor in different headache forms
(Watson and Drummond, 2012). Despite this evidence, it is sug-
gested that in general practice TMD is rarely considered in the
management of headache (von Piekartz and Ludtke, 2011).

When TMD is associated with CGH, and the clinical examination
features are relevant to the patient’s headache complaint, then
treatment directed at the TMDmay help reduce the CGH symptoms
(Von Piekartz, 2007). One explanation for this may be the influence
of TMD on upper cervical mobility, and hence CGH. Evidence for the
inter-relationship between the upper cervical spine and TMD has
been reported (de Wijer et al., 1996; Nicolakis et al., 2000; Olivo
et al., 2006). Physiotherapy directed at the cervical spine has
been found to be an effective form of management for CGH (Jull
et al., 2002; Hall et al., 2007). Likewise, physiotherapy to address
TMD together with cervical manual therapy has been found to be
effective for patients complaining of chronic headache with some
features of CGH and signs of TMD (von Piekartz and Ludtke, 2011).

Although a recent study from our research team has demon-
strated the positive benefits of treatment for TMD in patients with
headache and mixed features of CGH and TMD (von Piekartz and
Ludtke, 2011), no study has investigated the influence of such
management on measures of impairment of the cervical spine.
Hence the purpose of this study was a secondary analysis of our
previously reported randomized controlled trial to investigate
whether orofacial physiotherapy treatment has any additional
benefit than usual care, in terms of cervical movement impairment,
for patients with headache and mixed features of CGH and signs of
TMD.
2. Methods

The study design was a randomized controlled trial conducted
in accordance with the Helsinki guidelines and approved by the
Ethics Committee of the Rehabilitation Centre ‘Het Roessingh’ in
Enschede, The Netherlands. All subjects provided written informed
consent.
2.1. Subjects

Subjects were recruited from different physical therapy prac-
tices in the Netherlands, comprising 43 patients, either newly
referred or currently receiving physiotherapy treatment to the neck
(27 women, 18e65 years: mean age 36 � 7.7 years). All patients
were referred to the practices with a provisional diagnosis of CGH
by a neurologist. The diagnosis was according to the, without the
aid of diagnostic anesthetic blocks and headache pain relief in
response to treatment of the cervical spine (hence provisional).
Accordingly, subjects had some features of CGH (pain referred from
the neck to the head, limitation of neck movement and headache
pain on palpation of the upper cervical spine). In addition, subjects
were selected if they had the headache for more than 3-months, no
prior treatment for TMD, and a Neck Disability Index (NDI) score of
more than 15%. Furthermore, subjects were required to demon-
strate at least one of four signs of TMD which were based on pre-
viously reported criteria (Dworkin and LeResche, 1992): joint
sounds, deviation during mouth opening greater than 2 mm
(Pahkala and Qvarnstrom, 2004), passive mouth opening range less
than 53 mm and pain during passive mouth opening greater than
32 mm on a visual analog scale (VAS) (von Piekartz and Ludtke,
2011). Subjects were excluded if they had received any orthodon-
tic treatment in the past.
Please cite this article in press as: von Piekartz H, Hall T, Orofacial manu
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As this was a secondary analysis of data from a previously
reported randomized controlled trial, the sample size was already
determined (von Piekartz and Ludtke, 2011). Fig. 1 illustrates the
flow of subjects through the study.

2.2. Procedure

Suitable subjects were randomized into 2 groups by a third
researcher using a computerized random number generator. Hence
21 subjects were allocated to the usual care group (mean duration
of symptoms 4.6years � 1.2) and 22 subjects to the orofacial care
group (mean duration of symptoms 4.8years � 1.4). Analysis
revealed no significant difference between groups in terms of
headache symptom duration and age, with similar gender spread
and distribution of signs of TMD.

Three specialist manual therapists with at least 4-years expe-
rience in themanagement of orofacial painmanaged the patients in
the orofacial treatment group. These therapists had received
training at the Cranial Facial Therapy Academy, with 200 h training
focusing on the management of craniofacial disorders. The usual
care group received cervical spine manual therapy at the physi-
otherapy clinic they were attending. The 4 treating therapists in
usual care group were primary contact practitioners who had more
than 5 years of work experience, and who had completed a manual
therapy training program recognized by the International Feder-
ation of Orthopedic Manual Therapy (IFOMPT). A blinded inves-
tigator, with IFOMPT level training and 5 years of post graduate
experience, performed 3 assessments of all measures (ROM and
manual examination), as follows: before the first treatment, after 6
treatments within a time period of 4e6 weeks, and after 6 months.

2.3. Measurements

Variables assessed that are reported in this study were impair-
ment of the cervical spine ascertained by measurement of cervical
ROM in all cardinal planes, the flexion-rotation test (FRT) com-
prising of rotation in end-range flexion (Fig. 2) to measure upper
cervical range of motion, and manual examination of the upper
cervical joints.

The Zebris ultrasound system (Zebris CMS 70p system e Zebris
Medizin-Technik GmbH, Isny, Germany) was used to measure cer-
vical movements in all planes as well as the FRT. This system has an
excellent linear correlation with a precision digital inclinometer
(1.0e0.99) (Dvir and Prushansky, 2000). Testeretest and inter-
tester reliability has been shown to be good (intraclass correla-
tion coefficient 0.90e0.96, 0.97 and 0.92, respectively) (Malmstrom
et al., 2003). The smallest detectable change (SDC) for cervical ROM
varies from 6� for lateral flexion to 10� for flexion (Fletcher and
Bandy, 2008).

The FRT was performed in supine according to a previously
described method which has been shown to be a valid and reliable
measurement of upper cervical movement, predominantly at C1/2
(Hall and Robinson, 2004; Takasaki et al., 2010; Hall et al., 2010a,
2010b). The SDC for the FRT is reported as 4 and 7� for left and right
rotation respectively (Hall et al., 2010b).

Manual examination, comprising central and unilateral poster-
oanterior accessory movements (PAM) of the upper three cervical
vertebrae, was carried out according to the method described by
Maitland et al. (2001). Tests of PAM were performed with the
subject lying pronewith their neck resting in a neutral position. The
examiner applied progressive unilateral posteroanterior pressure
to the articular pillars of each vertebra while central poster-
oanterior pressure was applied to the spinous process of C2 and C3
vertebra. Pain and not local discomfort was rated as present or not.
Hypomobility was determined by the therapist, and was based on
al therapy improves cervical movement impairment associated with
d controlled trial, Manual Therapy (2013), http://dx.doi.org/10.1016/



Assessed for eligibility (n= 67)

Assessed for eligibility (n= 67)
Not meeting TMD inclusion 
criteria (n=5)
Not meeting other inclusion 
criteria (n=1)
Refused to participate (n=18)
Other reasons (n=0)

Randomized (n= 43)

Allocated to Orofacial care group 
(n= 22)

Received allocated 
intervention (n= 22)
Did not receive allocated 
intervention (n= 0)

Other reasons (n=)

Allocated to Usual care group 
(n= 21)

Received allocated 
intervention (n= 21)
Did not receive allocated 
intervention (n= 0)

Lost to follow-up (n= 2)
Reasons:
Increase in symptoms (n= 1)
Death in family (n= 1)

Lost to follow-up (n= 3)
Reasons:
Increase in symptoms (n= 2)
Fell down stairs (n= 1)

Analysed (n= 20)
Excluded from analysis: (n= 0)

Analysed (n= 18)
Excluded from analysis: (n= 0)

s 

Fig. 1. Flow chart of participants through the study.
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side-to-side and level-to-level comparison of resistance to move-
ment, as well as with comparison with expectations based on the
therapist’s previous experience. Hypomobility was also a dichoto-
mous decision, either present or not. Hypomobility and subjective
pain responses to PAM were recorded independently. That is each
PAM could be recorded as hypomobile or not as well as painful or
Fig. 2. The flexion-rotation test measured using the Zebris measurement system.

Please cite this article in press as: von Piekartz H, Hall T, Orofacial manu
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not. The reliability of manual examination has been questioned
(Seffinger et al., 2004), but this may be a reflection of poor research
methods (Stochkendahl et al., 2006), rather than manual exami-
nation being an unreliable procedure. A more recent study with
high methodological quality demonstrated good level of reliability
for manual examination of the upper cervical spine (Hall et al.,
2010c).

Themethod bywhich TMDwas determined has been detailed in
a previous report (von Piekartz and Ludtke, 2011).
2.4. Intervention

Management was based on the clinical examination, and was at
the discretion of the treating therapist. Both groups received a total
of six 30-min treatment sessions. All six treatment sessions had to
be delivered within a minimum of three to a maximum of six week
period. In the orofacial care group, treatment followed previously
described principles (Von Piekartz, 2007) individualized to the
patient. The aim was to address masticatory trigger points, muscle
tightness, and temporomandibular joint restriction. In addition and
where necessary, techniques to desensitize cranial nerve tissue
were also included. Home exercises, individualized to the patient,
were also prescribed as required. In 18/20 patients who completed
analysis in this group, the therapist provided additional treatment
to the cervical region to address cervical components of their dis-
order. In the remaining 2 patients this additional treatment was not
al therapy improves cervical movement impairment associated with
d controlled trial, Manual Therapy (2013), http://dx.doi.org/10.1016/



Table 2
Frequency of pain and hypomobility during manual examination of the upper cer-
vical spine.

Palpated
level

Group Pain Hypomobility

Base 3 Months 6 Months Base 3 Months 6 Months

C1 Usual care 6 1 0 5 6 4
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deemed necessary. In contrast, the usual care group received only
cervical manual therapy individualized to the patient. This regime
included cervical joint mobilization and if necessary high velocity
thrusts, muscle stretching and strengthening, and other home ex-
ercises (joint ROM, muscle strengthening and stretching) designed
for the neck.
Orofacial
care

4 0 0 6 3 0

C2 Usual care 27 17 24 30 32 26
Orofacial
care

29 4 1 26 14 8

C3 Usual care 32 11 28 16 22 27
Orofacial
care

30 2 1 23 22 19
2.5. Statistical analysis

The statistical analyses employed in this study were applied to
the outcomes taken at the first, second, and third measurements
points. This analysis included ANOVA’s (with TukeyeKramer post
hoc analysis when significant) or KruskaleWallis (with Dunn’s
multiple comparison when significant) or chi-square test. The level
of significance was set at 0.05.
3. Results

Fig. 1 shows the flow of subjects through the study. Table 1
shows baseline assessment of each of the four measures of TMD
in each group, and the frequency that each signwas positive. When
data from both groups were combined, 44.7% of subjects had all
four signs of TMD of which 38.9% were in the usual care group and
50.0% were in the orofacial care group. Subjects with at least three
signs of TMD were present in 66.7% of the usual care group and
70.0% of the orofacial care group. All subjects had at least two signs
of TMD, irrespective of group. No subject presented with a single
sign of TMD. The most common sign of TMD was restricted mouth
opening with up to 60% of participants having this sign.

Table 2 details mean cervical ROM and change scores with 95%
confidence intervals over the 3 evaluation sessions. There was no
significant difference between the two groups (p > 0.05) at the first
measurement session. After 3-months, all cervical movements, bar
lateral flexion to the left, were significantly better in the orofacial
care group, particularly extension and rotation. In the orofacial care
group, between the 3-months and 6-months assessment points,
there was less improvement in ROM. This indicates that improve-
ment in cervical movement mostly occurred during the intervention
Table 1
Results of range of movement of the cervical spine before, after 3-months and 6-months p
Mean values (SD), mean change scores and 95% confidence intervals (CI).

Usual care group

Baseline 3 Months 6 Months

Mean (SD) Mean (SD) & change
scores �95% CI

Mean (SD) & chan
scores �95% CI

Flexion 46.7 (11.7)l 45.1 (15.7)
�1.7 � 9.6

46.1 (12.2)
1.1 � 9.7

Extension 61.1 (8.7) 60.9 (8.6)
�0.1 � 6.0

59.2 (7.8)
�1.7 � 5.72

SF left 35.7 (11.8) 36.7 (11.4)
1.0 � 8.07

36.1 (11.8)
�0.67 � 8.1

SF right 42.8 (8.7) 39.7 (8.6)
0.8 � 5.9

43.4 (8.5)
�0.2 � 5.8

Rot left 60.8 (18.5) 54.0 (18.3)
1.1 � 16.6

61.1 (18.0)
�0.9 � 12.2

Rot right 54.9 (20.0) 52.2 (18.2)
1.55 � 13.6

55.2 (19.8)
�1.3 � 13.6

FRT left 23.7 (7.0) 25.8 (6.2)
2.2 � 4.6

24.6 (6.2)
�1.2 � 4.3

FRT right 23.3 (8.6) 26.7 (7.3)
3.4 � 14.8

24.2 (7.4)
�2.5 � 5.1

FRT: Flexion rotation test.
SF: Side flexion.
Rot: Rotation.

a Indicates significant change from previous assessment point.
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period, but only in the orofacial care group. At no point was there
a significant change in ROM in the usual care group.

The frequency of the findings of pain and hypomobility during
upper cervical manual examination is presented in Table 2. At
baseline, the frequency of findings was similar in both groups at
each vertebral level. In contrast, pain and hypomobility diminished
in the orofacial care group at the second and third assessment point
when assessed using PAM. Manual examination was most painful
and hypomobile at the C2 and C3 vertebral levels.

The data was analyzed to determine the number of subjects in
each group who showed improvement more than the SDC for upper
cervical ROM determined by the FRT. This was expressed as a per-
centage. It was found that 64% of subjects in the experimental group
and none in the usual care group improved more than the SDC.
4. Discussion

This study found that the addition of orofacial treatment tech-
niques to usual cervical manual therapy care had beneficial effects
over usual care alone for cervical movement impairment in sub-
jects with features of CGH who had impairment of the cervical
spine as well as signs of TMD.

Previous research has identified cervical ROM as a sensitive tool
to discriminate healthy asymptomatic volunteers from people with
ost-intervention in each group (usual care group n¼ 18, orofacial care group n¼ 20).

Orofacial care group

Baseline 3 Months 6 Months

ge Mean (SD) Mean (SD) & change
scores �95% CI

Mean (SD) & change
scores �95% CI

45.2 (15.7) 59 (7.2)
13.75 � 6.2a

61.1 (7.6)
2.1 � 4.9

56.8 (12.1) 76.0 (8.5)
19.1 � 7.0a

72.6 (7.0)
�3.35 � 5.5

32.6 (9.0) 40.1 (7.8)
7.5 � 5.6a

48.5 (6.6)
8.5 � 4.8a

39.7 (8.7) 43.9 (6.9)
4.2 � 5.2

49.2 (5.1)
5.0 � 4.2*

54.0 (18.4) 77.4 (8.3)
23.4 � 9.4a

78.7 (8.1)
1.3 � 5.4

52.2 (18.3) 76.5 (10.2)
24.4 � 9.8a

79.1 (8.9)
2.6 � 6.1

22.8 (6.9) 28.5 (3.7)
5.2 � 3.6a

30.9 (2.7)
2.3 � 2.2a

21.7 (8.7) 30.2 (2.1)
8.4 � 4.2a

31.13 (2.5)
1.1 � 1.6
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CGH (Treleaven et al., 1994; Sandmark and Nisell, 1995; Zwart,
1997; Hall and Robinson, 2004; Zito et al., 2006; Jull et al., 2007).
Vavrek et al. (2010) identified that CGH and disability were strongly
associated with baseline evaluation of active cervical ROM prior to
an intervention study. Subjects in the present study clearly had
limitation of cervical ROM (including the FRT) at baselinemeasures.
Furthermore, cervical ROM in nearly all planes, improved from
baseline evaluation to the 3month assessment point in participants
receiving orofacial treatment. However, this was not the case in
participants receiving usual care directed to the cervical spine.
These findings taken together with our previous report (von
Piekartz and Ludtke, 2011), may appear at odds with other pub-
lished investigations of cervical manual therapy for CGH (Jull et al.,
2002; Hall et al., 2007). However, one explanation for this dis-
crepancy may be that the origin of the headache in the study pa-
tients was in fact not the cervical spine, but was in fact the TMD and
therefore not a true CGH. This was despite the fact that all subjects
fulfilled some aspects of the IHS diagnostic criteria for CGH. The
final criteria for confirmation of CGH according to the IHS, is res-
olution of the headache within 3-months after successful treat-
ment. This clearly did not occur in the usual care group. In contrast,
headache resolved with orofacial and cervical spine treatment. This
provides further evidence that the source of pain was not the cer-
vical spine and was indeed TMD.

Pain arising from TMD may lead to sensitization of the trige-
minocervical nucleus (Goncalves et al., 2011), which may con-
sequently lead to the cervical impairments found in the study
patients. Diagnostic criteria for TMD have been published (Dworkin
and LeResche, 1992), which have been shown to be valid (Schmitter
et al., 2008) and reliable (John et al., 2005). All subjects in this study
had at least 2 signs of the previously published diagnostic criteria
for TMD (Dworkin and LeResche, 1992), with up to 70% of subjects
in the orofacial care group having 3 signs of TMD. Hence the
headache diagnosis in these subjects was likely incorrect, and TMD
was the cause of headache. It is unclear howmany signs of TMD are
required to confirm TMD as the cause of headache. However, it
would appear that there might be a sub-group of patients pre-
sentingwith headachewho have features of CGH aswell as features
of TMD {Goncalves, 2012 #3620}. However, because of the complex
interaction between the cervical spine and TMD (de Wijer et al.,
1996; Nicolakis et al., 2000; Olivo et al., 2006) it may be impos-
sible to identify a single pain source, particularly in patients with
features of CGH and TMD. As evidenced by this study and our
previous report (von Piekartz and Ludtke, 2011), failure to include
orofacial care for TMD in patients unresponsive to cervical manual
therapy, may lead to treatment failure. Further studies are required
to clarify this.

In addition to ROM in the cardinal planes, we found significant
improvement in upper cervical ROM identified by the FRT, in sub-
jects receiving additional orofacial treatment but not for those in
the usual care group receiving cervical manual therapy. Range
improved more than previous reports for the SDC for the FRT (Hall
et al., 2010b). There is evidence of the validity of the FRTas amarker
of C1/2 dysfunction in people suffering from CGH (Hall and
Robinson, 2004; Ogince et al., 2007; Takasaki et al., 2010; Hall
et al., 2010a, 2010b). Mean ranges found in the present study are
consistent with previous reports (Hall and Robinson, 2004; Hall
et al., 2010b, 2010d) in a similar headache population.

The current studyfindingsprovideevidence that theFRThasvalue
in assessment and management of people suffering from headache
associated with cervical impairment and TMD. This study also pro-
vides more evidence that the cervical spine influences the tempor-
omandibular joint and vice versa (Eriksson et al., 2000; Olivo et al.,
2006), This evidence, together with evidence from our previous
report (von Piekartz and Ludtke, 2011), indicates that combined
Please cite this article in press as: von Piekartz H, Hall T, Orofacial manu
headache and features of temporomandibular dysfunction: A randomize
j.math.2012.12.005
orofacial and cervical spine manual therapy is effective in managing
features of TMD (Oliver, 2011; von Piekartz and Ludtke, 2011).

In addition to change in cervical ROM, this study found more
changes in manual examination findings (pain and hypomobility
on PAM) following the intervention in the orofacial care group
compared to the usual care group. The spread of manual exami-
nation findings possibly indicates a cluster of findings at the C1/2
and C2/3 vertebral levels, which is consistent with previous reports
in CGH evaluation (Zito et al., 2006; Hall et al., 2010c).

It was surprising that manual examination findings did not
improve as much in the usual care group compared to the orofacial
care group. This was despite that fact that both groups received
cervical spine manual therapy. The reason for this is not clear from
the present study, and requires further investigation. Again the
explanation may be that the cervical manual examination findings
were secondary to TMD, and improved following orofacial
techniques.

There are potential limitations of the present study. Although
a neurologist provided a provisional diagnosis of CGH, the diag-
nostic criteria for CGH were very weak, hence it is probable that
TMDwas the primary driver of head pain and the cervical spinewas
secondarily involved. Alternatively, subjects may also have had
other headache forms, which were not amenable to cervical man-
ual therapy. Furthermore, patients receiving treatment for CGH
were sourced from physiotherapy practices. Hence patients unre-
sponsive to cervical manual therapy may well have been selected
for inclusion in this study. Responsive patients may not have been
recruited, as they were already improving and therefore not likely
to volunteer. An additional limitation is the difference in level of
training of the therapists in each group. However the difference in
training was in orofacial care, not in cervical manual therapy.
Hence, despite the difference in training, the cervical manual
therapy would be very similar across each group.
5. Conclusion

Orofacial treatment in addition to usual manual therapy care
focussed on the cervical spine was more effective than usual care
alone, in improving cervical movement impairment in people suf-
fering from headache with cervical impairment and signs of TMD.
These results, when viewed with previous evidence, suggests that
people who suffer from headache who have signs of cervical
impairment and TMD should receive additional orofacial treat-
ment. Clinicians should examine for features of TMD as part of their
examination of patients with headache, particularly when relevant
features of cervical impairment do not respond to cervical manual
therapy.
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