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When patients with temporomandibular disor-
der, or TMD, describe their pain to practitioners,
practitioners may assume the pain’s source is the
same as its site. Unfortunately, the pain could be
referred from a distant location, as is commonly
seen with a heart attack. During a heart attack,
the site of the pain may be in the left arm or
shoulder, while the pain’s source is the heart.
Treatment for the pain must be directed toward
the source, not the site where it is felt.

Referred pain is prevalent in the head and
neck region1,2 and frequently causes confusion for
both the practitioner and patient.3 For example,
it has been demonstrated that an often over-
looked source for temporal headaches is referred
pain from trigger points in the upper trapezius

muscle.4,5 If the pain’s source is not identified,
the practitioner may make the wrong diagnosis
and recommend inappropriate treatment.1

Fortunately, referred pain patterns tend to be
similar from patient to patient, thus enabling
practitioners knowledgeable about these patterns
to identify the pain’s source more readily.2,4,6-8

Skeletal muscle trigger points are a common
referred pain source and frequently are discussed
in the medical literature.3,4,9 As early as the
1930s, investigators attempted to identify
referred pain patterns by injecting hypertonic
saline into a variety of skeletal muscles and
observing the location of both primary and
referred pain sites.10 Through palpation of muscle
trigger points, Simons and colleagues4 and
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Background. Referred pain is prevalent in
the craniofacial region, and it would be helpful for den-
tal practitioners to have drawings delineating regions
with a high probability for a patient’s referred pain
source.
Methods. The author applied firm pressure for
approximately five seconds to trigger points, nodules of
spot tenderness, and selected masticatory structures
within the head and neck region on 230 patients with
temporomandibular disorder, or TMD. As firm pres-
sure was being applied, subjects were asked whether
pain was developing or intensifying in a location differ-
ent than that being palpated.
Results. One hundred ninety-six subjects (85
percent) reported that referred pain was being generat-
ed. The cheek area, ear and forehead were the most

frequently reported sites of referred pain generation;
palpation over the trapezius muscle, lateral pterygoid
area and masseter muscle were the most common
sources of referred pain to the craniofacial region. The
author provides figures displaying common referred
pain sites and their sources.
Conclusions. Patients with TMD often
report referred craniofacial pain arising from palpa-
tion of the head and neck region. The author found
that the pattern between referred pain source and site
was consistent and predictable.
Practice Implications. Practitioners
should consider craniofacial pain’s propensity for refer-
ral when treating patients with TMD. Practitioners
can use the figures presented to determine regions of
high probability for a patient’s referred pain source.
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Fricton and colleagues11 map-
ped referred pain sites for vari-
ous muscles.

Trigger points are localized,
firm, hyperirritable nodules
that patients often describe as
“knots” within their muscles.4,9

In the head and neck region,
trigger points are small (usual-
ly between 2 and 10 millimeters
in diameter), while they are
larger in the shoulder region
(usually 10 to 20 mm in diame-
ter).12,13 Trigger points are
known to become aggravated
from muscle use, poor sleep,
psychological tension and emo-
tional stress, and their severity
can fluctuate as the contribut-
ing factors change.2,4 It appears
that trigger points are caused
by a cluster of microscopic neu-
romuscular dysfunctions, scat-
tered throughout the nodule, at
a skeletal muscle fiber’s motor
endplate.4

Trigger points cannot be
identified by laboratory or
imaging test, they cannot be
studied electrophysiologically,
and they do not have a uniform-
ly distributed histologic change
throughout, which leads some
investigators to question their
existence.4,14 Practitioners expe-
rienced in palpating muscles,
however, find that trigger
points are very discernible,
localized, firm nodules that are
tender to palpation and, if suffi-
ciently sensitized, can be the
referred pain source.

The easiest and most com-
mon way to identify trigger
points is through manual palpa-
tion.15 They often are identified
by rolling a finger over the
muscle and feeling for firm,
hyperirritable nodules within
the muscle.13 When a sufficient-
ly irritable trigger point is the
referred pain source, moderate
sustained pressure applied to

the trigger point usually is
able to reproduce a patient’s
referred pain.4,16,17 Patients
often report that this action so
precisely 
reproduces their pain that 
there is no doubt about the
diagnosis.4,8

In an attempt to reproduce
referred pain from trigger
points, Hong and colleagues18

applied pressure over trigger
points until their fingernails
blanched (estimated to be 3-4
kilograms per square centime-
ter). They were able to repro-
duce the patient’s referred pain
complaint more than 80 percent
of the time. It usually takes a

few seconds of sustained pres-
sure against the trigger point to
produce the referred pain, but
occasionally it may take up to
10 seconds or longer.3,5-7,19,20

The reliability and validity of
identifying trigger points within
the masticatory musculature
has not been established in
patients with TMD.21 In one
controlled study of trigger
points that generated referred
pain when needled, researchers
found that only 62 percent gen-
erated referred pain when pal-
pated.18 The natural fluctuation
of trigger point irritability also
may cause an inconsistent abili-
ty to generate referred pain
over time.22

It has been demonstrated

to apply pressure directly to
the trigger point to generate
the patient’s referred pain.
Palpating over a muscle band
that contains a trigger point or
an adjacent band within the
same muscle often is all that is
needed to reproduce the pa-
tient’s referred pain; however,
it does require greater palpat-
ing pressure.22 Locating a trig-
ger point sometimes is difficult,
especially when there is no firm
structure behind the muscle to
support it when the muscle is
palpated. It also has been found
that palpating nodules of spot
tenderness is a highly reliable
method for generating the
patient’s referred pain, if the
examiner is skilled at detecting
these nodules.4,6,11,23

Masticatory and cervical
muscles are not the only struc-
tures that can refer pain to the
orofacial region. It has been
demonstrated that other struc-
tures—including the temporo-
mandibular joint, or TMJ,
sinuses and teeth—also can
produce referred orofacial
pain.6,7,10,12

I speculate that referred pain
patterns generated from con-
trolled palpations of a popula-
tion of patients with TMD may
be quite similar to the referred
pain patterns that practitioners
treating these patients are like-
ly to observe. In this prospec-
tive study, I assessed a large
group of patients with TMD for
the occurrence of referred pain
elicited by palpating trigger
points, nodules of spot tender-
ness, and selected masticatory
structures within the head and
neck region.

SUBJECTS AND
METHODS

I evaluated all patients referred
to a TMD specialty clinic at
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Locating a trigger
point sometimes is
difficult, especially
when there is no firm
structure behind the
muscle to support it
when the muscle is
palpated.
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Lackland Air Force Base,
Texas, using a medical history
and a clinical examination. A
total of 230 patients with TMD
met the TMD research diagnos-
tic criteria,21 or RDC. I evaluat-
ed them for referred pain in the
craniofacial region.

During the clinical examina-
tion, I identified myofascial
trigger points and nodules of
spot tenderness within the head
and neck region by sustaining
finger pressure while sliding
my fingers along the muscle’s
length. I applied firm pressure,
up to the subject’s tolerance, for
approximately five seconds to
the identified trigger points,
nodules and other selected mas-
ticatory structures.6

I palpated the following mus-
cles for trigger points and nod-
ules of spot tenderness in the
following locations:
dtemporalis muscle—the
entire portion of the muscle
superior to the zygomatic arch;
dmasseter muscle—the entire
body;
dtrapezius muscle—the upper
portion within the region of the
neck (this muscle has many
other cervical muscles beneath
it, which are nearly impossible
to differentiate, so I made no
attempt to distinguish between
it and the underlying muscles6);
dsplenius capitis muscle—the
upper portion between the tra-
pezius and sternocleidomastoid
muscles (this muscle has many
layers of cervical muscles below
it, so I made no attempt to dis-
tinguish it from the underlying
muscles);
dsternocleidomastoid muscle—
the full length of the muscle (by
squeezing it between my thumb
and index finger);
danterior digastric muscle—
the full length medial to the
inferior border of the mandible;

dposterior digastric muscle—
the portion accessible from
behind the angle of the
mandible (by sliding my finger
toward the earlobe along the
anterior border of the ster-
nocleidomastoid muscle).

I palpated the following
selected masticatory structures
as indicated:
dTMJ—the lateral pole and
posterior aspect with the mouth
wide open;
dlateral pterygoid area—the
lateral side of the alveolar ridge
above the maxillary molars
(using my fifth digit);
dmedial pterygoid muscle—
the portion just posterior to the
typical site for an inferior alveo-
lar injection intraorally (using
my index finger);
dcoronoid process—the medial
and anterior portion intraorally
(using my index finger); this 
is where the temporalis 
muscle’s tendon inserts into 
the mandible.

As I was applying firm pres-
sure against these structures, I
asked subjects whether pain
was developing or intensifying
in a different location than that
being palpated. For subjects
who felt pain in locations other
than the areas being palpated, I
recorded the referred pain site
and point of palpation on draw-
ings such as those shown in
Figures 1 and 2 (pp. 1310-11).

RESULTS

Of the 230 subjects with TMD
whom I evaluated for this
study, 196 felt pain develop or
intensify in locations other than
the area being palpated. The
subjects’ ages ranged from 18 to
78 years, with a mean age of
27.5 years. I determined that
the primary source of TMD
pain was the masticatory mus-
cle for 157 subjects and the

TMJ for 73 subjects.
Among the 230 subjects, 73

(32 percent) reported having a
history of neck pain at least
once a month, and 40 (17 per-
cent) were aware of at least
monthly neck tightness. Once
their referred pain was generat-
ed, 115 subjects (50 percent)
reported that this pain occurred
or intensified when their TMD
symptoms were aggravated,
and 65 subjects (28 percent)
were aware that this pain
occurred or intensified when
their neck symptoms were
aggravated.

The site for referred pain
generation reported most often
was the cheek area, followed by
the ear and forehead. Subjects
reported feeling referred pain in
these areas on 260, 178 and 170
occasions, respectively. Table 1
(p. 1312) gives the frequency
distribution for the evaluated
sources and perceived sites of
referred pain.

The most common referred
pain source in the craniofacial
region was from palpating the
trapezius muscle, followed by
the lateral pterygoid area and
masseter muscle. Palpating
these muscles caused referred
pain on 238, 194 and 184 occa-
sions, respectively. 

When subjects reported that
pain was referred to the teeth,
they frequently reported that
they also perceived some degree
of pain in the gingiva and 
alveolar process of the corre-
sponding teeth. The frequency
distribution of referred pain to
the teeth is given in Table 2 
(p. 1313).

The specific sites where
referred pain was reported are
shown in Figure 1. Red desig-
nates the areas where referred
pain was more commonly pro-
duced; yellow designates less
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common areas where at least
two subjects perceived the pain.

The referred pain sources for
the different craniofacial regions
are shown in Figure 2. The
more common sources for each
region are designated by orange,
and the less common sources
(with at least two subjects
reporting this source) are desig-
nated by blue. In some muscles,
identified sources were evenly
distributed throughout the mus-

cle, while in other muscles
the identified sources were con-
centrated in a particular portion
of the muscle. Because of this
distribution variation, some
muscles with a higher frequency
of referred pain generation are
designated by blue, while a spe-
cific portion of another muscle
with an overall lower frequency
of referred pain generation is
designated by orange. Since
minimal information would be

trayed for the soft
palate/retromolar and throat fig-
ures, I did not include them in
Figure 2.

Occasionally, referred pain
was generated on the side con-
tralateral from the structure
being palpated. Of the 89 sub-
jects who reported referred fore-
head pain—sometimes from
multiple sources—18 reported it
was generated bilaterally from
unilateral palpation. Of the 51
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Figure 1. Map of referred pain generated by palpation of labeled anatomic areas.
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periorbital pain—sometimes
from multiple sources—five
reported it was generated bilat-
erally from unilateral palpation.

DISCUSSION

During the 18 months I conduct-
ed this study, 85 percent of the

subjects reported referred pain
generation from my palpating
the evaluated head and neck
regions. Referred ear and maxil-
lary and mandibular tooth pain
were generated from masticatory
structures on 133 and 138 occa-
sions, respectively (Table 1). This

common referral pattern may
help explain the clinical observa-
tions in which ear or tooth pain
have concomitantly resolved
with TMD therapy.24,25

A recent study showed that if
practitioners tell patients that
they expect to observe referred
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Figure 2. Map of palpation locations that generated referred pain to the labeled anatomic areas. The boxes
below some of the figures represent intraoral sites.
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pain, patients will perceive
referred pain in a certain loca-
tion on palpation; this biases
patients to more frequently per-
ceive referred pain.26 Among
their unbiased patients with
TMD, 45 percent reported refer-
red pain from 15 seconds of pres-
sure applied to the focal site of
maximum masseter muscle ten-
derness. In the present study, I
was careful not to bias the sub-
jects; only 29 percent of the sub-
jects reported referred pain from
the masseter muscle. Both stud-
ies reported a similar referred
pain pattern. The present
study’s less frequent referred

pain generation could have
resulted from the shorter time I
applied pressure (approximately
five seconds), lower palpation
pressure (up to patient’s toler-
ance) or possibly less sympto-
matic patients with TMD.

Simons and colleagues4 and
Fricton and colleagues11 reported
muscle trigger point referred
pain patterns very similar to the
ones I observed in this study. All
three studies found that referred
pain was generated from the
temporalis muscle to the maxil-
lary teeth; masseter muscle to
the teeth, ear and TMJ; lateral
pterygoid muscle to the maxil-

lary sinus area and TMJ; and
sternocleidomastoid muscle to
oral structures and the forehead,
which occasionally crossed the
midline.

In both this study and that of
Fricton and colleagues,11 referred
pain was found to be generated
frequently from the cervical pro-
tuberance area of the trapezius
muscle to the forehead and from
the lateral pterygoid and posteri-
or digastric muscles to the ear.
Both studies observed that
referred pain frequently was gen-
erated from the splenius capitis
muscle to the forehead, but in
this study, I also observed it com-
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FREQUENCY OF REFERRED PAIN FOR EVALUATED SOURCES AND PERCEIVED SITES.*

TABLE 1

SITE OF PERCEIVED
REFERRED PAIN

8

7

1

5

1

1

5

10

35

8

3

0

0

3

6

0

12

2

0

27

16

22

40

56

0

0

0

2

0

3

1

1

3

6

15

2

0

15

12

78

43

20

31

45

2

10

3

5

1

0

0

0

Forehead

Periorbital Area

Vertex 

Temple

Occipital Area

Postauricular
Area

Ear

Temporomandib-
ular Joint

Cheek Area

Maxillary Teeth

Mandibular Teeth

Soft Palate/
Retromolar

Throat

EVALUATED SOURCE OF REFERRED PAIN (LOCATION PALPATED)

Tempo-
ralis

Muscle

Tem-
poro-
man-

dibular
Joint

Mas-
seter

Muscle

Lat-
eral

Ptery-
goid
Area

Me-
dial

Ptery-
goid
Area

Coro-
noid
Pro-
cess

Trape-
zius

Muscle

Sple-
nius

Capitis
Muscle

SCM† Ante-
rior

Digas-
tric

Muscle

Poste-
rior

Digas-
tric

Muscle

1

2

0

7

0

3

51

Not
appli-
cable

25

4

2

0

0

2

0

0

6

0

0

35

46

86

14

5

0

0

0

2

0

0

1

0

4

6

36

0

1

4

2

27

15

7

18

12

6

30

6

4

0

0

0

0

56

16

5

11

9

6

5

3

16

0

3

1

2

0

2

0

0

0

0

0

3

6

0

2

0

0

1

3

0

3

0

2

8

3

10

0

1

0

1

* In some subjects, multiple sources generated pain that was referred to one specific site.
† SCM: Sternocleidomastoid muscle.
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monly referred to the ear. Simons
and colleagues4 did not report
observations from palpating
these posterior cervical areas.

Both Simons and colleagues4

and this study found that refer-
red pain was generated from the
anterior digastric muscle to the
throat and the posterior digas-
tric muscle to the ear. In addi-
tion to evaluating the muscles
palpated in these other studies,
this study also evaluated re-
ferred pain generation from the
TMJ and coronoid process.

The mechanism for the
referred pain generated in this
study is not fully understood by
researchers, and no single mech-
anism is able to explain all
aspects of referred pain.7 The
underlying feature for referred
pain is the convergence-
projection theory. It is well-
known that there are more
nerves to carry information into
the central nervous system, or

CNS, than there are neurons
to transfer the information to the
higher centers of the CNS. This
difference necessitates that
information from multiple
nerves traveling into the CNS
has to converge on fewer neu-
rons to carry this information to
the higher centers. It is theo-
rized that the higher centers
receive the information in a way
such that two or more regions
may be perceived as its
source.1,2,7,10

There is extensive convergence
of sensory nerves that serves the
orofacial region.1,19 It has been
demonstrated in cat brains that
the areas of the higher center
receiving input from the TMJ also
receive input from facial skin and
intraoral sites.27 Similarly, in rat
brains, it has been observed that
80 percent of the neurons from
the TMJ and masseter muscle
converge in the trigeminal sub-
nucleus caudalis.28

It also has been demonstrat-
ed that the trigeminal sensory
complex receives pain input
from the trigeminal nerve, as
well as converging input from
the facial, glossopharyngeal,
vagus and hypoglossal cranial
nerves and the upper cervical
nerves.19 It has been shown that
at least one-half of the pain-car-
rying neurons that normally
are activated by the trigeminal
nerve can be activated by elec-
trical stimulation outside their
normal receptive field.29

Convergence is believed to
occur to a greater degree
among neurons carrying infor-
mation from deeper structures
such as muscles, joints or
tooth pulp than from cuta-
neous structures. This has
been hypothesized as the rea-
son people with pain from
deep structures have difficulty 
localizing it and often sense it
as referred to regions distant
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FREQUENCY AND SOURCES OF PAIN REFERRED TO THE TEETH.

TABLE 2

SITE OF PERCEIVED
REFERRED PAIN

0

0

2

0

0

0

Maxillary Molars

Maxillary
Premolars

Maxillary
Anterior Teeth

Mandibular
Molars

Mandibular
Premolars

Mandibular
Anterior Teeth

EVALUATED SOURCE OF REFERRED PAIN (LOCATION PALPATED)

Tempo-
ralis

Muscle 

Tem-
poro-
man-

dibular
Joint

Mas-
seter

Muscle 

Lat-
eral

Ptery-
goid
Area

Me-
dial

Ptery-
goid
Area

Coro-
noid
Pro-
cess

Trape-
zius

Muscle 

Splen-
ius

Capitis
Muscle 

SCM* Ante-
rior

Digas-
tric 

Muscle

Poste-
rior

Digas-
tric

Muscle 

0

0

0

1

0

0

0

0

0

1

1

1

0

0

0

0

1

1

0

0

0

1

0

0

3

3

2

1

1

1

2

1

1

2

0

0

25

11

4

40

8

8

6

6

2

1

2

2

0

0

0

0

0

0

0

0

0

0

0

0

* SCM: Sternocleidomastoid muscle.
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from their source, while people
with cutaneous pain can local-
ize it with great accuracy.2

Another feature that
appears to contribute to the
referred pain mechanism is
central sensitization.6,30-32 It
appears that a continuous bar-
rage of painful input can acti-
vate specific receptors that
increase the sensitization of
neurons, altering normal pro-
cessing to the higher centers,
expanding the receptive field
area and causing nonpainful
information to be relayed as
painful.31,32 The referred pain
observed in this study could be
due to multiple CNS mecha-
nisms, and it appears that the
two most prominent mecha-
nisms are convergence and
central sensitization.

It was observed and previ-
ously reported that to generate
a patient’s referred, pain prac-
titioners must palpate the trig-
ger point or nodule of spot ten-
derness with a force beyond
what is needed to produce
local pain.4 Additionally, the
referred pain generally was
not produced immediately 
but took a few seconds to
develop.3,5-7,19,20

As indicated in Figure 1,
trigger points found in one
vicinity may project referred
pain to many different sites. I
recommend that once practi-
tioners determine a trigger
point’s referred pain site, they
should not assume other trig-
ger points in the vicinity refer
to the same site. Occasionally
I observed that multiple trig-
ger points in close proximity
referred pain to dramatically
different locations.

It also was not uncommon
to observe that multiple pain
sources distant from each
other generated referred pain

to the same site. If practi-
tioners want to test how much
impact a specific trigger point
has on the identified referred
pain site, they can attempt to
inactivate it through methods
such as a trigger-point injec-
tion, trigger-point compres-
sion, ice, heat, spray and
stretch and massage.

It appears that palpating
the muscle against a firm sup-
port such as an underlying
bone lets practitioners better
compress the suspected source
and increase the likelihood of
causing referred pain. This
may be one reason that re-

ferred pain often was generat-
ed just below the skull’s inser-
tion of the trapezius and sple-
nius capitis muscles; this
region was palpated against
the base of the skull, providing
a firm support against which
the suspected source could be
“pinched.”

As reported by other investi-
gators, it was common for
patients in this study to be
minimally aware, or even not
aware, of symptoms at the
location of their referred pain’s
source.2,4-7,20 Practitioners
searching for a patient’s
referred pain source may find
Figure 2 helpful in identifying
the location, because referred
pain patterns tend to be simi-
lar from patient to patient.2,4,6-8

Twenty-eight percent of the
subjects in this study were
aware that their referred 
pain occurred or intensified
when their neck symptoms
were aggravated, but most
subjects were not aware that
this pain was referred from
their necks. Once their pain
was generated when I palpat-
ed their necks, all of the sub-
jects were receptive to the
referred pain explanation.

In addition, many subjects
reported a correlation between
their periorbital or forehead
pain and their TMD symp-
toms, despite the fact that
their periorbital or forehead
pain could be generated only
from their cervical muscula-
ture. Their observed correla-
tion could be due either to sec-
ondary muscle splitting of
their cervical muscles in
response to an aggravation of
their TMD symptoms, to the
cervical muscles and TMD
symptoms both being aggra-
vated by similar nonspecific
factors (for example, psycho-
logical tension, poor sleep and
emotional stress), or to an
unidentified masticatory
referred pain source.

Among the subjects in whom
referred forehead or periorbital
pain was generated, I produced
bilateral forehead or perior-
bital pain from unilateral pal-
pation in 20 percent and 10
percent of these subjects,
respectively. Referred pain nor-
mally is generated on the same
side of the body as the source,
but crossing the midline of the
body has been reported by
other authors.4,6,11

CONCLUSIONS

Practitioners should be aware
that patients with TMD often
report referred craniofacial
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Once practitioners
determine a trigger
point’s referred pain
site, they should not
assume other trigger
points in the vicinity
refer to the same
site.
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pain generated
from head and
neck palpation,
as well as con-
sider the
propensity for
referred cran-
iofacial pain.
In this study,
the pattern
between the
referred pain
source and site
typically was
consistent and
predictable.
Practitioners
can refer to

Figure 2 to determine regions
highly probable to be the
patient’s referred pain source.

During TMD evaluations, I
recommend that practitioners
keep in mind that periorbital or
forehead pain typically is not
generated from the temporalis
muscle but more commonly is
produced from the cervical 
musculature. It is not uncom-
mon for the cervical muscula-
ture to be the source of temple
pain, and, if palpating the
pain’s site does not generate
the patient’s pain complaint,
the pain may be referred from
another location. 

If a dental practitioner
wants to recommend therapy to
treat a patient’s cervical region
and does not have an appropri-
ate treatment protocol, I sug-
gest that the practitioner refer
the patient to a family physi-
cian. Family physicians com-
monly treat cervical disorders
and usually are familiar with
the patient’s medical insurance 
benefits.

I also recommend that if the
patient does not have the an-
ticipated response from initial

should consider that the
patient’s pain may be referred
from a different source. Re-
ferred pain also should be con-
sidered if the patient experi-
ences no pain relief after the
pain’s source has been anes-
thetized; for example, a patient
with a painful tooth that has
been anesthetized for endodon-
tic therapy does not report pain
relief. ■

The opinions expressed in this article are
those of the author and do not reflect the offi-
cial policy of the Department of Defense or
other departments of the U.S. Government.
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