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Introduction

The pathogenesis of headaches, especially primary headaches, 
is probably multifactorial. Various structures in the cranium 
have been implicated in the causation of headache; with central 
nervous system (CNS) plastic changes contributing to the 
chronicity of the condition [1,2]. The cranial calvarial bones 
are covered from outside by skin and pericranial myofascial 
structures. Myofascial trigger points are prevalent in both tension-
type headache (TTH) and migraine [3,4]. Underneath the calvarial 
bones is the dura mater. The dura mater has a rich supply of 
nociceptors and mechanoreceptors; both of which are implicated 
in the pathogenesis of headaches [5,6]. Animal studies, as well as 
human imaging studies, have stressed the importance of sterile 
dural inflammation as a universal finding in primary headaches; 
thereby sensitizing the receptors [7,8]. The dural inflammation is 
associated with an increased barrage of action potentials, along 
nociceptive fibers to the trigeminal ganglion [9,10]. Furthermore, 
non-trigeminal nociceptive afferents from the occipital dura mater 
and cervical structures contribute to headaches; being mediated  

 
through the upper three cervical nerves [11,12]. Nociceptive 
afferents from head and neck structures converge onto the 
subnucleuscaudalis in the brain stem and upper cervical spinal 
cord [13].

Temporomandibular disorder (TMD) is an umbrella term 
for pain and dysfunction involving the masticatory muscles and 
the temporomandibular joints (TMJs) [14]. Most studies on TMD 
patients report that headache is a frequently associated symptom 
[15-17]. The Diagnostic Criteria for Temporomandibular Disorders 
(DC / TMD) considers headache as one of the diagnostic categories 
of TMD; in addition to TMJ and masticatory muscle disorders [18]. 
Temporomandibular joint disorder (TMJD) represents a major 
category of TMD; although, occasionally, it is not associated with 
painful symptoms [19]. Radiological studies, especially magnetic 
resonance imaging (MRI) have confirmed the various clinical 
signs elicited in patients with TMJD [20]. Pathophysiologically, a 
dysfunctional, abnormal TMJ cannot be considered as an isolated 
disorder. Many factors, including bruxism, malocclusion, lateral 
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pterygoid muscle dysfunction (which is centrally-mediated) 
contribute to the joint dysfunction [21,22]. These factors cause 
abnormal stresses on the TMJ, which are associated with ligament 
laxity, a low-grade joint inflammation, and deterioration in joint 
lubrication; all of which predispose to a dysfunctional joint 
[23,24]. Pain in TMJD is an intringuing issue, and there is often a 
poor correlation between the degree of pain over the joint and the 
degree of joint pathology [25,26]. A recent systematic review on 
structural and functional brain MRI studies revealed aberrant CNS 
changes in TMJD with pain. The CNS aberrations involved sensory, 
motor, and affective regions in the brain. Interestingly, the imaged 
brain aberrations were frequently resolved after intra-oral splint 
therapy [27].

From a clinical perspective, headache disorders tend to be 
under-recognized and under-treated, especially in developing 
populations [28]. The reason for this is that the diagnosis of primary 
headaches, which is clinically based, frequently does not fulfill 
the strict criteria provided by the International Classifications of 
Headache Disorders (ICHD). In these situations, the diagnoses of 
(probable TTH) and (probable migraine) are often made [29,30]. 
Furthermore, TTH and migraine frequently coexist [31]. In contrast 
to the rather diffuse head pain in primary headaches, TMJD pain 
is localized infront of the ear, being frequently associated with 
joint noises and functional limitations [32,33]. Additionally, TMJD 
is commonly associated with otoneurological and alleged sinus 
symptoms; known as Costen’s syndrome [34-36]. Although the 
headache associated with masticatory myofascial pain had been 
previously characterized, headache associated with TMJD had 
not been previously specifically addressed. Notably, headache 
associated with masticatory myofascial pain most commonly 
resembles TTH with a bilateral temporal location [37-39]. On 
the other hand, the TMJ contains; in addition to nociceptors, 
mechanoreceptors (proprioceptors), which guide mandibular 
movements through their inputs to the central pattern generator 
in the brain stem [40]. The distribution of the proprioceptors in 
the joint is altered in cases with joint pathology [41]. According to 
the (gate control theory), altered proprioceptive input to the CNS 
can alter pain sensation experienced in patients with TMJDs [42]. 
In addition to exaggerated nociceptive input from the TMJ in TMJD, 
altered proprioceptive input to the CNS may also contribute to 
CNS plastic changes causing a peculiar type of pain, in addition to 
abnormal jaw mechanical behavior [43]. From these perspectives, 
the aim of the current study was to characterize the incidence and 
pattern of headache in patients with documented TMJD. As far as 
the author is aware, and after a Pub Med literature search from 
1970 till 2023, this issue had not been previously addressed.

Materials and Methods

The current study was a clinical study conducted at the 
craniofacial pain clinic at El-Sahel Teaching Hospital in Cairo, 
Egypt. The study period was 6 months, starting on the 1st of 
January 2023. Ethical approval was obtained from the Ethics 
Committee of the General Organization for Teaching Hospitals 

and Institutes in Cairo (Approval number: 83- 2022). Informed 
consent was obtained from the patients and control subjects to 
participate in the study. The patient group consisted of consecutive 
adult subjects with chronic jaw pain, who reported the experience 
of joint sounds during mandibular movements. The presence of 
joint sounds was later confirmed on examination. This criterion 
allowed objective evidence of TMJD for inclusion in the study. 
Patients who had jaw pain (arthralgia and/or myalgia) without 
joint sounds were not included in the patient group. The control 
group consisted of adult relatives of the patients presenting to 
the clinic, who experienced no sounds elicited on movement of 
the mandible. The absence of joint sounds in the control group 
was later confirmed on examination, revealing clinical evidence 
of normal TMJs. Exclusion criteria in both groups consisted 
of any acute disorder in the head and neck, as well as previous 
macrotrauma to the jaw.

A questionnaire and examination findings sheet were filled 
in by the author. The main criterion investigated in the current 
study was the reporting of chronic headache for at least 6 months 
in both cohorts of participants. In the participants suffering 
from headache, the characteristics of the head pain were noted 
according to the description of the subject (pressing or throbbing). 
Furthermore, the laterality of the head pain was noted (unilateral 
versus bilateral). The most commonly invloved region in the 
head was addressed (diffuse, frontoorbital, temporal, occipital, 
or at the vertex). The presence of otalgia, facial pain, and/or neck 
pain in association with the headache was reported. Questioning 
also included the presence or absence of autonomic symptoms 
accompanying the headache, including nasal congestion, 
rhinorrhea, and/or lacrimation. Additionally, conditions possibly 
predisposing to TMJD were asked about (bruxism and dental 
status). Relevant to TMD, a diagnosis of depression was noted if 
present. For the reporting of depressive symptoms, the patient 
had to have been diagnosed by a psychiatrist or reported 
daily weeping. A previous history of open-lock was addressed. 
Otological symptoms pertaining to Costen’s syndrome (subjective 
hearing loss, subjective tinnitus, and/or vertigo) were explored.

Examination of the subjects followed a standard protocol. 
The TMJ was palpated, noting for any exquisite tenderness (by 
observing a palpebral reflex). Tenderness over the TMJ was 
assigned as arthralgia. Any TMJ noises elicited during opening 
and closing the mouth were classified as click (snapping noise), 
or crepitus (grating noise). An audible noise was confirmed by 
palpation of the joint. The presence of joint noises was used to 
categorize the subject as a TMJD patient. Next, the temporalis 
and masseter muscles were palpated, noting for any exquisite 
tenderness (eliciting a palpebral reflex), and any referral pattern 
for the pain (denoted as myalgia). The oral cavity was observed 
for the dental status; and accordingly, the subjects were classified 
as having normal dentition, being partly edentulous, or totally 
edentulous. While the mouth was fully opened, any trismus was 
noted (inter-incisal distance less than 40 mm). While the mouth 
was closed, any open-bite deformity was observed. Any gross 
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deviation of the mandible during opening and closing the mouth 
was noted. Following examination of the stomatognathic system, 
examination of the ears, nose, pharynx, and eyes was performed.

Statistical analysis

Results were expressed as mean ± standard deviation or 
number percent (n %). Comparison between categorical data (n 
%) was performed using Chi square test. Comparison between 
mean values of age in the two groups was performed using 
unpaired t test. Statistical analysis was performed using SPSS 
computer program (version 19 windows). P value ≤ 0.05 was 
considered significant.

Results 

The current study comprised 200 TMJD patients and 200 
control subjects. The mean age of the patient group was 40.34 
± 12.36 years, while the mean age of the control group was 39.1 
± 12.38 years (P= 0.319). There was no significant difference in 
the male-to-female ratio between the two groups (Table 1). The 
incidence of chronic headache in the patient group (88%) was 
significantly higher than in the control group (37%); (P= 0.001). 
Migraine headache was unilateral and throbbing. Its incidence 
was significantly higher in the patient group (13%) than in the 
control group (6%); (P= 0.017). The incidence of bilateral regional 
headache was significantly higher in the patient group than in the 
control group for temporal, fronto-orbital, and occipital locations 
(Table 2). Table 3 reveals clinical features pertinent to TMJD 
in patients versus controls. Notably, clicking was noted in 85 % 
of TMJD patients, while crepitus was elicited in 15 % of TMJD 
patients. The control subjects showed clinically normal TMJs. All 
other symptoms and signs related to the stomatognathic system 
had higher incidence in TMJD patients versus control subjects 
(Table 3). Table 4 reveals the incidence of symptoms related to 
Costen’s syndrome in patients and control subjects. All otological 
and alleged sinus symptoms had a higher incidence in TMJD 
patients versus controls.

Table 1: Demographic data of the two studied groups.

TMJD group 
(n= 200)

Controls
 (n= 200) P value

Age (years)

Min.-max. 16-70 17-69

Mean ± SD 40.34 ± 12.36 39.10 ± 12.38 0.319

Gender

Female 118 (59.0%) 107 (53.5%) 0.268

Male 82 (41.0%) 93 (46.5%)

Data are expressed as mean ± SD or number (%).

TMJD= temporomandibular joint disorder.

p> 0.05= not significant.

Discussion

Temporomandibular joint disorder (TMJD) involves a set of 
functional and pathological changes affecting the TMJ [44]. As 
the two TMJs cannot function independently during mandibular 
movements, TMJD is very frequently a bilateral disorder [45]. 
The current concept is that the pathogenesis of TMJD involves 
excessive or abnormal stresses on the TMJ, that exceed the 
adaptive capacity of the joint tissues [46]. These abnormal 
stresses acting on the TMJ lead to laxity of the joint ligaments, 
thereby predisposing to disc displacement [47]. Furthermore, an 
associated low-grade inflammation in the TMJ has been reported 
to initiate a cascade of events, including impaired lubrication 
and increased friction coefficient in the joint [48,49]. The result 
of increased friction in the joint is a disturbance in disc-condyle 
complex harmony and predisposition to disc displacement and 
degenerative joint disease [50,51]. Moreover, increased tension in 
the lateral pterygoid muscle had been postulated to account for 
the most common form of disc displacement (anteromedially) 
[52]. Clinically, reducing disc displacement manifests as clicking, 
whereas degenerative joint disease manifests as crepitus [53]. In 
the current study, the TMJD patient group demonstrated clicking 
in 85% of the patients, whereas crepitus was present in 15% 
of the patients. In the control group, there was absence of joint 
noises during mandibular movement. A painful, tender TMJ is 
designated as TMJ arthralgia. The current view is that the degree 
of TMJ arthralgia is correlated with the levels of inflammatory 
mediators and neuropeptides, which sensitize and activate 
afferent nociceptive nerve fibers in the joint [54,55]. The current 
study revealed TMJ arthralgia in 75.5% of patients, versus 9% of 
control subjects (P= 0.001).

A continuous barrage of action potentials from the sensitized 
and activated TMJ nociceptors contribute to the chronicity of 
TMJ pain [56]. In pain literature, chronic pain is defined as a 
multidimensional experience involving negative sensory, affective, 
and cognitive aspects [57]. These aspects are associated with 
corresponding abnormal structural and functional brain regions, 
seen on neuroimaging [58]. Currently, there are two proposed 
theories for these brain changes in chronic painful TMJD. The 
first theory involves sensitization and activation of CNS pathways 
relevant to chronic pain in its three dimensions, consequent on a 
continuous barrage of action potentials from the peripheral TMJ 
nociceptors [59,60]. The alternative hypothesis is the activation 
of a pre-set brain pain neuromatrixby stress and peripheral pain 
[61-64]. In both theories, the result of chronic painful TMJD 
is the unwanted experience of pain, alteration in homeostatic 
mechanisms; and importantly, an altered motor output to the 
masticatory and cranial muscles [65-67].

The altered motor output to these muscles contributes 
to trigger points, commonly observed in patients with TMJD 
associated with headache [68,69]. Temple headaches, fronto-
orbital headaches, and occipital headaches represent common 
presentations of headache disorders. Various studies propose 
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that these regional headache disorders primarily arise due to 
entrapment of respective sensory nerve fibers by the over-
contracting pericranial muscles. These nerve fibers include 
various trigeminal and upper cervical nerve fibers which course 
through the muscles [70-72]. In the current study, 26% of patients 
with TMJD had headache at the temples; 21% had headache with 
a fronto-orbital location; and 12% had headache at the occipital 
region (Table 2). In the control subjects, 12.5% had headache at 
the temples, 10.5% had headache at the fronto-orbital region; and 
2% had headache at the occipital region. These regional headaches 
had a pressing, tightening quality and were of bilateral location. 
The difference in incidence of these respective headaches between 
the TMJD patient group and the control group was statistically 
significant (Table 2).

Table 2: Location of headache in TMJD versus controls.

  TMJD group 
(n= 200)

Controls
 (n= 200) P value

Migraine 26 (13.0%) 12 (6.0%) 0.017

Temporal 52 (26.0%) 25 (12.5%) 0.001

Fronto-orbital 42 (21.0%) 21 (10.5%) 0.004

Occipital 24 (12.0%) 4 (2.0%) 0.001

Vertex 13 (6.5%) 7 (3.5%) 0.169

Diffuse 19 (9.5%) 5 (2.5%) 0.003

Data are expressed as number (%).

TMJD= temporomandibular joint disorder.

p> 0.05= not significant; p≤ 0.05= significant

Table 3: Symptoms relevant to TMJD versus controls.

  TMJD group 
(n= 200)

Controls 
(n= 200) P value

Sounds      

Clicking 170 (85.0%) 0 (0.0%) 0.001

Crepitus 30 (15.0%) 0 (0.0%)  

Arthralgia 151 (75.5%) 18 (9.0%) 0.001

Myalgia 72 (36.0%) 26 (13.0%) 0.001

Deviation of
mandible 27 (13.5%) 0 (0.0%) 0.001

Trismus 8 (4.0%) 0.00% 0.004

Open-bite 8 (4.0%) 0.00% 0.004

History of open-
lock 45 (22.5%) 7 (3.5%) 0.001

Bruxism 100 (50.0%) 78 (39.0%) 0.027

Malocclusion 61 (30.5%) 46 (23.0%) 0.001

Neck pain 132 (66.0%) 90 (45.0%) 0.001

Depression 72 (36.0%) 38 (19.0%) 0.001

Data are expressed as number (%).

TMJD= temporomandibular joint disorder.

p≤ 0.05= significant

TMJD may act as a migraine trigger in genetically predisposed 
individuals [73]. A recent large longitudinal population study 
had suggested that the relation between TMJD and migraine is 
bidirectional [74]. A biological explanation for the association 
between TMJD and migraine is that extracranial and intracranial 
trigeminal innervation forms a functional unit [75]. This concept 
is supported by numerous animal studies, which reveal that 
dural afferents project through the calvarial bones to innervate 
extracranial structures [76]. It is hypothesized that there 
would be a physiological and pathological cross-talk between 
trigeminal nociceptive nerve fibers in both the intracranial and 
extracranial compartments [77,78]. Activation of the meningeal 
and meningovascular nociceptive afferents, with the release of 
various neuropeptides, results in a sterile dural inflammation 
[79]. Activation of dural mechanoreceptors, in the context of dural 
inflammation, explains the throbbing pain, experienced in some 
forms of headache, especially migraine [5]. Migraine headache 
is typically a unilateral throbbing headache, associated with 
photophobia, phonophobia and nausea/vomiting [80]. In the 
current study, headache typical of migraine was experienced in 
13% of TMJD patients versus 6% of controls (P=0.017).

Totally, 88% of TMJD patients in the current study reported 
chronic headache, in contrast to only 37% of control subjects 
(P=0.001). Importantly, 66% of TMJD patients also reported 
chronic neck pain versus 45% of control subjects (P=0.001). 
Neck pain is mediated via the upper cervical nerves, and it is 
commonly associated with headache and TMD [12]. Indeed, the 
cranio-mandibular-cervical complex has been considered as an 
anatomical and functional unit, with neuromuscular restoring 
forces stabilizing this unit against the force of gravity [81,82]. 
Epidemiological, clinical, and imaging studies have revealed a 
significant association between TMJD and neck pain [83-86]. It is 
postulated that this association might be due to the convergent 
nociceptive input from the TMJ and neck structures onto the 
subnucleuscaudalis in the brain stem [87]. An alternative theory 
that was also postulated involves abnormal proprioceptive 
afferents from the TMJ that activate the trigemino-cervical reflex, 
resulting in abnormal neck muscle contraction and neck pain [88]. 
The trigemino-cervical reflex could also be implicated in migraine 
and TTH [89,90], thereby providing a putative explanation for the 
association of TMJD, headache, and neck pain.

Further adding to the morbidity in patients with TMJD, is 
the frequent association of symptoms pertaining to Costen’s 
syndrome. In 1934, James Costen reported (a syndrome of ear 
and sinus symptoms dependent upon disturbed function of the 
temporomandibular joint) [91]. These symptoms have recently 
been validated by audiometric tests and computed tomography 
(CT) scans of the paranasal sinuses [34-36]. In the current study, 
hearing loss, subjective tinnitus, and vertigo were reported in 
39%, 40.5%, and 56.5% of TMJD patients, respectively. The 
incidence of these symptoms in control subjects was 20.5%, 21%, 
32%, respectively (Table 4). The difference in incidence of these 
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symptoms between the two groups is statistically significant. The 
origin of these symptoms in TMJD patients was postulated to be 
due to an increased tension on the malleus of the middle ear from 
a displaced TMJ disc, leading to abnormal position of the stapes 
at the oval window [92-94]. This, in turn, would lead to altered 
firing patterns from inner-ear hair cells [95]. Additionally, inputs 
from higher brain centers onto relevant brain stem nuclei may 
exaggerate these symptoms in conditions of pain, stress, anxiety, 
and lack of sleep, via top-down mechanisms [96,97]. Alleged sinus 
symptoms, especially facial pain, are also common in patients with 
TMJD [36]. In the current study, facial/eye pain was present in 52% 
of TMJD patients, versus 29% of control subjects (P=0.001). Facial/
eye pain had been attributed to the convergence of nociceptive 
branches of the trigeminal nerve onto the subnucleuscaudalis in 
the brain stem [98]. Jones described (midfacial segment pain), as 
a condition analogous to tension-type headache, with a similar 
pathophysiology, in patients with normal nasal endoscopy and 
clear sinus CT scans [99-101]. He postulated that this condition 
was attributed to abnormal nociceptive afferents from a regional 
source. Interestingly, Costen, in his original reports, mentioned 
that the otologic and alleged sinus symptoms were alleviated by 
correction of dental bite, in his patients with malocclusion [91]. 
Correction of the dental bite probably also ameliorates TMJD pain 
and headache [102,103]. The incidence of malocclusion in the 
current study was 30.5% in TMJD patients, versus 23% in control 
subjects (P=0.001).

Table 4: Symptoms relevant to Costen’s syndrome in TMJD versus con-
trols.

  TMJD group 
(n= 200)

Controls 
(n= 200) P value

Otalgia 71 (35.5%) 41 (20.5%) 0.001

Subjective hearing 
loss 78 (39.0%) 41 (20.5%) 0.001

Subjective tinnitus 81 (40.5%) 42 (21.0%) 0.001

Vertigo 113 (56.5%) 64 (32.0%) 0.001

Facial/eye pain 104 (52.0%) 58 (29.0%) 0.001

Rhinorrhea/lacri-
mation 66 (33.0%) 38 (19.0%) 0.001

Data are expressed as number (%).

TMJD= temporomandibular joint disorder.

p≤ 0.05= significant

Physical and emotional stress appear to be a common 
denominator in patients with headache, neck pain, and TMJD 
[104,105]. The stress response involves a pronounced sympathetic 
outflow and the release of stress hormones, and it is associated 
with a documented overactivity of head and neck muscles 
[106,107]. Moreover, the stress response is associated with 
peripheral and central sensitization in pain pathways, thereby 
contributing to the chronicity of headache, neck pain, and jaw pain 

[108,109]. Biomechanically, overactivity of masticatory muscles, 
as in bruxism, causes abnormal stresses on the TMJ, leading 
to its deterioration [110]. Overactivity of the lateral pterygoid 
muscle leads to the most common form of disc displacement 
(anteromedially) [111]. Clinically, bruxism, as a model of stress, 
is associated with TMJD [112,113]. In the current study, a report 
of bruxism was found in 50% of TMJD patients, versus 39% of 
control subjects (P=0.027).

The main strength of the current study was that it shedded 
light on the patterns of headache and associated symptoms in 
patients with TMJD, a previously undiscussed topic. The presence 
or absence of TMJ noises allowed an objective clinical distinction 
between TMJD patients and control subjects, respectively. 
Furthermore, the cohorts of TMJD patients and control subjects in 
the current study were of comparable socio-economic conditions, 
thereby allowing reliable distinctions to be made between both 
groups. The major limitation of the current study was that the 
reporting of symptoms depended entirely on the recalling of 
symptoms by the participants, which was totally subjective. From 
this view, the diagnosis of headache depends mainly on the verbal 
description of the patient. Apart from migraine, which has a classic 
presentation, no attempt was made to classify the headache from 
a diagnostic point of view. Rather, a description of headache sites 
was used in the current study, which was generally of a pressing, 
tightening quality and of bilateral location. The variable locations 
of headache in the study lends support to the theory of sensory 
nerve entrapment by respective over-contracting muscles. This 
notion emphasizes the recently-documented fact that extracranial 
and intracranial nociceptive nerve fibers act as a functional unit. 
A further limitation of the current study was that the author was 
not blinded, as regards the participant’s clinical features. However, 
the author has several publications regarding TMJD, which may 
validate the clinical signs elicited in the current study, as well as 
the recording of the relevant symptoms.

Conclusion

The current study revealed a higher incidence of headache in 
patients with TMJD, compared to control subjects. In addition to 
the typical migraine unilateral, throbbing headache, the patterns 
of headache frequently revealed a bilateral regional distribution 
with a pressing, tightening quality. This lends support to the theory 
of overactivity of pericranial muscles in TMJD, causing entrapment 
of isolated sensory trigeminal or cervical nerve branches, 
thereby explaining the regional headache patterns. Moreover, the 
connections between the extracranial and intracranial sensory 
nerve fibers account for the frequency of migraine in several 
participants.
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