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ABSTRACT

Temporomandibular (TM) disorders afflict many people globally and, despite the presence of
existing peer-reviewed material that assists conservative orthopedic providers, recent advances in
knowledge indicate that updated resources are required for students, clinicians, and educators.
This two-part series builds off previously published material to present newer supplementary
information that can be useful during the evaluation and management processes. Content in
Part 1 of this series includes a discussion about the factors that have been shown to contribute to
TM disorders, an updated perspective of relevant pain science, a discussion of self-report outcome
measures, and various different topics related to the examination of patients with TM disorders.
Part 2 addresses information related to the temporomandibular joint disc, joint hypermobility,
oral splints, and clinical reasoning. In combination with other available publications, this two-part
series provides clinicians an opportunity to improve their delivery of effective and efficient clinical
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services for people diagnosed with TM disorders.

Introduction

Temporomandibular  (TM) disorders involve
a heterogeneous group of painful neuromusculoskeletal
conditions associated with the masticatory system and
related tissues. The prevalence of TM disorders has been
estimated to be between 5 and 31% [1-3] with the age
of onset ranging widely including birth to adult onset [4-
12]. Of paramount clinical importance, TM disorders are
known to negatively impact the quality of life [13,14].

Collectively, these points indicate a need for effective
and efficient clinical services for TM disorders. While
a rehabilitation-based clinical practice guideline is not
currently available, previous peer-reviewed guidance is
available for orthopedic physical therapists and other
conservative clinicians seeking to learn about how to
clinically evaluate and manage TM disorders [15-17].
However, while these sources are still worthwhile of atten-
tion, updates are warranted based on the perpetually
advancing peer-reviewed science. As a result, the purpose
of this two-part series is to provide orthopedic physical
therapists and other providers with a supplementary fra-
mework that is instructive for the conservative examina-
tion and management of TM disorders.

Contributing factors

There are many potential contributing factors to T™M
disorders. Among the most important risk factors are
the presence of greater numbers of comorbid

conditions (e.g. fibromyalgia, lower back pain, depres-
sion, sleep apnea, etc.) and the presence of nonspecific
orofacial symptoms (e.g. jaw stiffness and fatigue)
[12,18]. Other contributing factors include but are not
limited to oral behaviors, somatic symptom reporting
(e.g. running nose, fatigue, and dizziness to a greater
extent than psychological stress, anxiety, obsessive-
compulsive feelings, and pain-coping strategies), and
sleep dysfunction [12,18]. Additionally, an estimated
54% of females and 41% of males with TM disorders
are likely to experience persistent pain 6 months after
initial onset [12]. As a result, physical health, self-
reported oral parafunction, frequent physical symp-
toms, and sleep disturbances are all important, modifi-
able risk factors in the management of TM disorders.
Each of these factors should be considered during
both the examination and management of patients
seeking conservative services for acute and chronic
TM disorders.

As appropriate to setting and scope of practice,
practitioners can consider guiding patients through
behavior change approaches to address these factors
or develop interdisciplinary management teams to
provide a multifaceted approach to care for patients
with TM disorders. Furthermore, recognizing the com-
plexity of the presentation allows the clinician to better
facilitate the patient’s understanding of their condition
truly as a biopsychosocial experience. By not placing
blame on a single factor, the patient can better
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recognize that management of their condition may
require modifications beyond musculoskeletal
impairments.

TM disorders pain science

It is imperative to appreciate that patients afflicted
with TM disorders frequently experience nociplastic
pain. These aberrant changes typically involve both
hyperalgesia and allodynia. While a full review of this
topic is beyond the scope of this manuscript, several
major points can be made. First, pain referral patterns
associated with various temporomandibular joint
(TMJ) structures are known to overlap to a great extent
[19-21], which means that the use of pain location is of
uncertain utility from a diagnostic standpoint. For
example, this phenomenon includes overlapping pain
referral patterns for TM disorders and myocardial
infarction [22-24]. Therefore, care must be taken to
ensure correct differential diagnosis by the clinician.

Second, patients with TM disorders demonstrate
larger myofascial trigger point (MTrP) referred pain
zones compared to controls [25]. Additionally, pain
sensitivity is higher in those with TM disorders when
compared to age- and sex-controlled matches, which
even involves changes in forearm thermal pain thresh-
old and tolerance values [26,27] as well as mechanical
and thermal hypersensitivity in the face, neck, and
anterior lower leg [28-30]. In summation, it is apparent
that changes in the processing of nociception within
the nervous system contribute to the pain experience
in patients with TM disorders.

One potential reason for the level of nociplastic
changes associated with TM disorders could be the
proximity of the involved structures to the trigemino-
cervical complex. The trigeminocervical complex is an
anatomically unique region of the brainstem and
spinal cord in which there is a convergence of afferent
input of the trigeminal nerve (cranial nerve V) and the
spinal nerves of C1-C4 [31-33]. Thus, input from struc-
tures associated with the TMJ and cervical spine as well
as the dura mater project to similar second-order
ascending neurons. Sensitization at this synapse from
nociceptive input from one or more of these areas may
help explain the well-documented associations
between neck pain and head/facial pain [34-36].

Understanding these centrally mediated pain pro-
cessing variables can assist clinicians when preparing
to evaluate and manage patients with TM disorders.
For example, possessing sufficient pain science knowl-
edge grants clinicians an opportunity to identify which
patients may or may not have a lower tolerance to
examination techniques prior to physically contacting
the patient. The result can be the application of a more
informed dosage of both examination and manage-
ment techniques, thus improving the quality and accu-
racy of services. It also affords the clinician an

opportunity to educate the patient on why they may
be experiencing seemingly exaggerated symptoms
such as hyperalgesia and allodynia. And, finally, an
expert understanding of pain science variables can
bring awareness to the behavior of TM disorders and
their symptoms from a pain science perspective, which
can ensure that the interdisciplinary team, often
required for the management of TM disorders, is con-
sidering all factors of a complex presentation when
developing and implementing the plan of care.

Examination overview

Physical therapy services have been recommended for
the conservative management of TM disorders
[15,17,37,38]. Given the wide array of risk factors per-
taining to TM disorders, thorough intake paperwork
and subjective examination should be implemented
prior to the physical examination. In isolation, no single
clinical finding is sufficiently reliable, sensitive, or spe-
cific to classify TM disorders [39-44]. Bearing this in
mind, a wide array of factors should be considered
throughout the examination process, which must
occur on an ongoing basis to ensure the delivery of
effective and efficient services over time.

Self-report outcome measures

Self-Report Outcome Measures (SROMs) can be relied
upon to help quantify related variables. With respect to
TM disorders, the Oral Health Impact Profile-
Temporomandibular Disorders (OHIP-TMD) [45], the
8- and 20-item versions of the Jaw Functional
Limitation Scale (JFLS-8 and JFLS-20) [46], and the
Mandibular Functional Impairment Questionnaire
(MFIQ) [47] have each been reported to be internally
consistent and reliable for this population [48]. The
Pittsburgh Sleep Quality Index (PSQI) [49] has been
shown to be reliable in the TM disorders population
[50]. For region-specific quality of life (QoL), the OHIP-
49 [51], OHIP-TMD/-22 [45], and OHIP-14 [52] have
each been shown to be clinimetrically sound for TM
disorders populations [14]. For investigating general
Qol, the 36-item Short Form Health Survey (SF-36)
[53] has been identified to be valid for TM disor-
ders [14].

Subjective examination

Routine subjective examination must be completed. As
with other anatomical regions, each patient should be
screened for the presence of red flags [54,55]. Potential
regional red flags are extensive [54-58] and beyond
the scope of this paper. All of the traditional variables
should be considered for each patient including but
not limited to: 1. Symptom location, 2. Pain intensity, 3.
Symptom type, 4. Symptom behavior, and 5. Related



areas of involvement [16]. For assistance with this pro-
cess, relying upon established frameworks for symp-
tom Severity, Irritability, Nature, Stage, and Stability
(SINSS) [59] can be helpful. Body diagrams can also
assist when attempting to accurately identify the
patient’s clinical presentation [60].

Specific to TM disorders, it can be important to
ascertain the impact, if any, of corrective equipment
used to alter the patient’s occlusal pattern, trauma to
the face, head, and/or cervical spine, parafunctional
habits, joint noises, and joint noises progression over
time [16]. Some patients may also be impacted by
dietary variables such as food consistency and chew-
ing laterality [17]. While many of these patients appear
to get better with conservative management without
diet modification, some patients may require being
switched to a soft diet during the initial states of
rehabilitation and may have done so independently
prior to seeking clinical services. When commencing
this type of modification for management purposes,
each patient should be closely monitored for potential
impacts on TM disorders symptoms.

Observation

Observation can be useful when examining
a patient with suspected TM disorders and should
include but is not limited to mandible symmetry,
chin deviations during mouth opening, temporalis
and masseter muscle mass, anterior translation of
the mandibular condyles, the size of the retrodiscal
spaces, and oral anatomy. Regarding mandibular
symmetry, two key variables to be observed include
hemimandibular hyperplasia and hemimandibular
elongation. These asymmetries involve enlargement
of the mandibular ramus and body, respectively
[61]. The pathophysiology of this process is partially
understood and various classification systems exist
[62,63]. While less severe cases of asymmetry pose
little clinical significance beyond potentially minor
interferences with movement quality, severe cases
may require referral to an orthodontist and/or sur-
geon secondary to cosmetic concerns and/or altera-
tions in occlusal patterns [64].

The precise diagnostic significance of chin devia-
tions with mouth opening has rarely been studied.
However, Table 1 provides a classification system that
clinicians may find to be reasonably accurate and
clinically useful. A recent movement analysis study
noted deviations (i.e. a right or left movement of the
chin during opening that returns to midline), deflec-
tions (i.e. a right or left movement of the chin during
opening that does not return to midline), and limited
range (i.e. insufficient movement of the mandible
away from the maxilla during opening) to be three
movement abnormalities associated with mouth
opening [65]. Additionally, it has been noted that
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Table 1. Chin deviations during mouth opening.

Chin Movement

Potential Mandibular
Condyle
Arthrokinematics

Potential Diagnostic
Implications

Deflects in one
direction and
stays there

Stays in midline
with limited
opening

Deviates to one
side and
returns to
midline

Deviates in one
direction and

The condyle ipsilateral to Joint hypomobility and/

the chin deflection
moves forward less

Both mandibular
condyles are not
translating anteriorly

One condyle moves
further forward first
and then the other
catches up

One condyle moves
further forward first

or disc displacement
without reduction
and/or adaptive
shortening of the
musculature on the
side the chin deviates
toward

Bilateral joint

hypomobility, and/or
muscle guarding, and/
or bilateral disc
displacement without
reduction

Lack of coordination

unilaterally or
bilaterally, possible
joint hypomobility,
possible disc
displacement with
reduction

Lack of coordination

unilaterally or

then to the and then the other bilaterally, possible

other does the same joint hypomobility,
possible disc
displacement with
reduction

Small Small/alternating Lack of coordination

oscillations forward movements of unilaterally or

back and the condyles bilaterally, possible

forth joint hypomobility

movement abnormalities of the mandibular condyles
as detected by computer-assisted measurements cor-
relate with clinical signs of TMJ dysfunction and are
associated with a 28-times greater relative risk of
dysfunction associated with TMJ structures [66]. Of
note, condylar movement can also be palpated by
clinicians without the assistance of computerized
instruments [17]. Observation of hypertrophy and/or
atrophy of the muscles of mastication is sometimes
subtle [67] but can be very obvious in some cases [68].
Noting the relative size of the retrodiscal space upon
full mouth opening can be useful, though variability
in facial anthropometric details can render this form
of observation ineffective with some patients.
Regardless, if an asymmetry is observed, then the
presence of a smaller retrodiscal space should indi-
cate ipsilateral joint hypomobility with probable
decreased anterior translation of the mandibular
condyle.

Safety testing

Safety testing in patients with TM disorders can include
both mandibular and cervical spine testing. While
beyond the scope of this paper, any patient that
experiences cervical spine or head trauma may require
examination via the alar ligament stress test, trans-
verse ligament stress test, and/or the Canadian
C-spine Rule [69]. More specific to the TMJ, the tongue
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Figure 1. Tongue blade test with twisting of the tongue
depressor. Description:The patient self-twists the tongue
depressor in order to permit the test to stop instantaneously
if pain levels are too high.

blade test can assist with determining if the mandible
has sustained a fracture [70]. While described in various
ways, the test generally involves the patient first uni-
laterally stabilizing a tongue depressor between their
teeth and the examiner/patient then attempting to
twist/break [70] (Figure 1) or pull to remove [71] the
tongue depressor. The test should first be performed
on the uninvolved side and, if negative, it can then be
duplicated on the involved side. A bilateral negative
test occurs when the tongue depressor breaks or is not
removed on each side, which indicates that the bite
force is not limited by acute pain. Negative tests indi-
cate that diagnostic imaging is not required. If the
patient cannot generate sufficient bite force to permit
the tongue depressor to be broken, or, it is removed
from between the teeth, then the patient should be
examined radiographically. This test has been shown
to have a sensitivity of 89-95% and a specificity of 65—
95% [70-74].

Range of motion testing

Mouth opening is the most useful and informative
active range of motion (AROM) measurement. While
opening is commonly defined by the distance between
the upper and lower incisors, which is an indirect
measurement of joint mobility, an array of different
variables can be used when considering the combined
quantity and quality of mouth opening. These vari-
ables include but are not limited to: 1. Observations
of the patient’s willingness to generate movement, 2.
Chin movement during opening, 3. Observation and
palpation of mandibular condyle anterior translation,
4. Observation (Figure 2) and palpation of the size of
the retrodiscal spaces at end range opening, 5.
Palpation for relative exposure of the coronoid pro-
cesses at end range opening, and 6. The patient’s
symptom experience during mouth opening (e.g. dis-
comfort, tightness, pain, joint sounds, and/or appre-
hension). Each of these variables is directly related to
mouth opening range of motion and should be taken
into consideration.

Two appropriate instruments for quantifying mouth
opening range are a boley gauge caliper and a single
use range of motion scale [16]. When selecting a boley
gauge caliper for clinical use it is helpful to ensure that it
is made of stainless steel, that the sliding mechanism
moves smoothly, and that each of the two protrusions
that will contact the incisors has a notch to help the
examiner stabilize the instrument against the teeth.
Similarly, a disposable measurement tool should have
one notch that can be stabilized on the lower incisors
during AROM measurements. Metal instruments should
be sanitized according to jurisdictional sanitization
requirements. However, despite being recommended

Figure 2. Lateral view of retrodiscal space at mouth closed (left) and end range mouth opening (Right). Description:The arrow in
the left image points toward a relative fullness because the mandibular condyle is positioned posteriorly with the mouth closed.
The arrow in the right image points to a visible retrodiscal space because the mandibular condyle has translated anteriorly during

mouth opening.



elsewhere [16], plastic instruments may be inappropri-
ate for clinical practice due to the risk of contact with
a mucous membrane in combination with an inability to
properly disinfect the material. Each clinician should
take care to understand and follow required sanitization
procedures in their jurisdiction.

Less than or equal to 40 millimeters (mm) of mouth
opening is often relied upon as a clinical cutoff point
for determining the presence of TMJ hypomobility as
measured by interincisal gapping during mouth open-
ing [75,76]. However, within physical therapy practice
this cutoff point is insufficiently accurate. Normal
opening range has been reported to vary widely,
including as high as 73-77 mm [77-79] (Table 2).
Furthermore, the averages listed in Table 2, when
compared to the identified ranges, indicate that more
individuals trend toward the lower portion of the nor-
mal range while a subset of people have a higher-than-
average baseline range. Taking this normal variability
into account is vital to providing individualized care for
each patient. For example, a patient measuring 40 mm
of mouth opening may at their baseline have 60 mm of
mouth opening and thus a measurement of 40 mm is
demonstrating hypomobility rather than normal
range.

While movements such as lateral deviation and pro-
trusion can be measured [16], the clinical utility of this
process may be in doubt. One difficulty is that recom-
mended measurement strategies are variable, which
includes techniques relying upon the frenula or teeth
[16,80], the former of which is difficulty to rely upon
based on tissue location and the latter of which can
both move over time and/or be substantially different
person to person (e.g. it can be difficult to account for
variables such as measurement error within an already
small range, an overbite, an underbite, asymmetry,
missing/damaged teeth, or changes over time due to
orthodontic work). Likewise, passive range of motion
testing and the application of overpressure may have
limited utility. Complicating variables such as simulta-
neously moving two joint complexes as well as the
potential difficulty of the patient relaxing while their
mandible if handled can hinder testing. For those clin-
icians who find these procedures to be difficult to
implement, using extraoral passive accessory joint test-
ing at the joint line may be a sufficient alternative (e.g.
see undefined Figures 3 and 4). For these reasons, the
measurement of active mouth opening can be relied

Table 2. Average normal mouth opening movement.

18-25 18-25
Age in Years 6 12-14 (female) (male)
Average 448 (+ 4.3) 539 (+59) 51.0(x57) 555(x7.1)
Opening (SD) Range Range Range Range
and Range 33-60 41-73 39-75 42-77
in mm

Key: mm = millimeters, SD = standard deviation.
Data from: Agerberg 1974a, Agerberg 1974b, Agerberg 1974c.
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Figure 3. Temporomandibular joint medial glide with fingertip
contact just distal to the joint line. Description:The right hand
serves as a mobilization contact point and the left as
a stabilization contact. Note that the contact points are lateral
to the mandibular condyles.

Figure 4. Temporomandibular joint anterior glide with finger-
tip contact just distal to the joint line. Description:The right
hand serves as a mobilization contact point and the left as
a stabilization contact. Note that the contact points are poster-
ior to the mandibular condyles.

upon as the primary range of motion value. However,
visual inspection of movements such as lateral devia-
tion and protrusion can be informative when categor-
izing each as either equal bilaterally vs. hyper-/
hypomobile relative to the contralateral side and/or
asymptomatic vs. symptomatic. Measurement of pro-
trusion can be indicated for some professionals, for
example, when a dentist is determining if a sleep
apnea appliance is appropriate [81].

Physical testing - “Top-Down Approach”

The examination approach described here will present
a “Top-Down Approach” to physical testing. It has been
named as such because the majority of physical testing
can be conducted with the patient lying supine with
the testing beginning cranially and progressing toward
more distal structures. The list of structures/move-
ments to be tested include: 1. The temporalis muscles,
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2. The proximal-posterior temporalis tendons, 3.
Anterior translation of the mandibular condyles, 4.
The retrodiscal spaces, 5. The retrodiscal tissues, 6.
Passive accessory joint mobility (medial glides, anterior
glides, caudal-anterior-medial or CAM glides, and com-
bined glides in any direction), 7. The masseter tendons,
8. The masseter muscles, and 9. The coronoid pro-
cesses, which serve as the insertion point of the tem-
poralis tendons. Testing these structures in the order
they are presented in can assist in ensuring that
a thorough physical examination is conducted on
each patient. Of note, additional structures may
require examination and management strategies if
addressing this list of baseline structures does not
suffice.

Accessible muscles of mastication should be pal-
pated for irregularities such as MTrPs and taut bands.
The temporalis tendons can be palpated in two loca-
tions. First, the proximal-posterior temporalis tendons,
which are located just cranial and anterior to the cra-
nial aspect of the ear as it connects to the head,
demonstrate a tendency to develop palpable irregula-
rities. These irregularities may present as painful enlar-
gements, the palpation of which may reproduce the
patient’s symptoms. The second accessible location for
the temporalis tendon is at its insertion upon the
coronoid process of the mandible, which will be
described in greater depth later in this manuscript.

Palpation of both mandibular condyle anterior
translation and the subsequent opening (or lack
thereof) of the retrodiscal spaces provides information
that supplements the measurement of mouth open-
ing. When considering these variables, multiple factors
should be tested including: 1. The quantity of mandib-
ular condyle anterior translation bilaterally, 2. The size
of the resulting retrodiscal spaces, 3. Any lateral or
medial bias of condyle motion relative to the contral-
ateral side, 4. The presence of popping, clicking, or
crepitus, and 5. Palpable tenderness or small irregula-
rities of the retrodiscal spaces.

Passive accessory joint glide testing has been
described in detail elsewhere [17]. However, several
additional points should be made. First, while it
appears that joint distraction is a commonly relied
upon technique for the TMJ, it likely should not be
considered as a first-line joint technique. The primary
problem with joint distraction is that it requires the
clinician to use an intraoral technique so that the dis-
traction force can be placed through the ipsilateral
lower molars and premolars [17]. This technique
requires the patient to preposition in mouth opening,
which places the ligamentous capsule of the TMJs on
stretch. As a result, this technique becomes a more
advanced approach when compared to those maneu-
vers that permit the TMJs to be closer to a resting
position (i.e. mouth closed, teeth not in contact)
when implemented.

Building off that point, external fingertip or hand
placements on the mandible should be considered the
starting point for TMJ passive accessory joint testing
(Figures 3—-4). There are several reasons for this includ-
ing closer or direct manual contact to the joint on the
mandibular condyles, increased feasibility of testing/
treatment in patients with dental impairments, the
ability to apply the techniques throughout a larger
TMJ range of motion, and patient/clinician preference
(i.e no gloves required and no/rare intraoral techniques
used). Of additional importance given the global pan-
demic of COVID-19, these techniques can be imple-
mented while the patient wears an appropriately
fitting face mask, though caution should be used in
these scenarios such that smaller masks may not suf-
fice given a general tendency to move off the nose
during mouth opening.

Continuing with the Top-Down Approach, the
masseter tendons can be palpated at the inferior mar-
gin of the zygomatic arches. These tissues should be
tested for both palpable irregularities and the genera-
tion of symptoms. Care should be taken during palpa-
tion by attempting to find even small irregularities that
correlate to painful reports by the patient. This can be
accomplished by palpating millimeter by millimeter.
Upon testing the masseter tendons, the muscle bellies
should be tested as well. Next, the insertion of the
temporalis tendon on the coronoid process should be
palpated when feasible. This location is only easily
accessible when sufficient anterior translation of the
mandibular condyle is present and therefore testing
and/or treatment may have to be delayed in situations
where joint restrictions are present until more normal
articular mechanics are restored.

When learning how to palpate this location, the
following steps can be helpful: 1. Begin with the
patient’s mouth closed, 2. Gently palpate just inferior
to the zygomatic bones, 3. Ask the patient to slowly
open their mouth (Figure 5), 4. If the coronoid

Figure 5. Palpation location for the insertion point of the
temporalis tendon on the coronoid process.



processes do not move forward to contact the exam-
iner's fingers, then ask the patient to open further and/
or adjust the fingers’ locations, 5. When the coronoid
process is moving forward far enough, check all easily
accessible coronoid aspects including the anterior and
lateral surfaces, 6. Remember that verbal cues are gen-
erally required for the patient to maintain an opened
mouth, 7. Provide frequent rest breaks to permit the
patient to swallow, and 8. Intraoral palpation can assist
with making contact on the medial aspect of the ten-
don’s insertion, though this portion of the technique is
generally not required.

In each instance, it is important to investigate
whether or not pain or other symptoms generated
during these physical tests reproduce a familiar symp-
tom or some other complaint that is not believed to
be directly associated with the reason the patient
sought healthcare services. Additionally, the palpable
irregularities associated with some of these structures
can be difficult to identify by the novice or inexper-
ienced orthopedic clinician. As is always the case,
repeated practice and mentoring are invaluable
when learning a new skillset. It is also important to
remember that patients with TM disorders frequently
have highly sensitized tissues, which indicates that all
testing should be initially implemented gently and
only increased in aggressiveness when tolerated
and/or indicated to be necessary as a result of thor-
ough clinical reasoning.

Of note, each of the examination techniques, with
minor modifications, can also serve as management
techniques. For example, identifying palpable tender-
ness or an enlargement of a tendon can easily be
transitioned into friction massage. Or, the identifica-
tion of a passive accessory glide restriction will easily
be implemented at a higher dosage to generate a joint
mobilization technique. And, in many instances, not
only can an examination technique be utilized as in-
clinic treatment but the patient can also be taught how
to use these procedures as a self-care component
when deemed appropriate.

Conclusion

The evaluation of TM disorders is a multifaceted
endeavor. In addition to routine orthopedic examina-
tion components such as intake paperwork and both
the subjective and objection examination procedures,
many of which are presented here, other pertinent
factors that should be considered include but are not
limited to physical health, self-reported oral parafunc-
tion, frequent physical symptoms, and sleep distur-
bances. Of equally importance, clinicians must
sufficiently understand the extent to which nociplastic
pain states often affect this patient population. By
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paying attention to these and other variables physical
therapists and other clinical professionals hold the
potential to positively impact TM disorders. Finally,
while this process should be grounded in
a conservative approach, an interdisciplinary treat-
ment plan is often warranted.
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