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Temporomandibular dysfunction (TMD) is a complicated and multifactorial condition that affects the
temporomandibular joint (TMJ) and muscles of mastication, resulting in pain and disability in 5e12% of
the population. The condition involves genetic, anatomic and hormonal factors and is propagated, in part,
by trauma, habitual activity, psychosocial components and occlusal variation. Yet, the exact etiology of
TMD is still unknown and the most strategic conservative management of the condition is still a topic of
debate. The purpose of this paper, the first of a two part series, is to provide greater insight into the
pathoanatomical factors associated with TMD. Consistent with Scully (2008, 2013), degenerative changes
seem to disrupt the relationship between the TMJ capsule, articular disc and muscles of mastication. The
resulting position of the articular disc coincides with three primary classifications of TMD: Type 1
(muscle disorders), Type 2a/b (disc displacement with and without reduction), and Type 3 (any joint
pain). Given the association of the lateral pterygoid with both the joint capsule and articular disc, the
superior and inferior head seem to play a key role in TMD. Both heads undergo biological changes
associated with the vicious cycle, pain adaptation and integrated pain adaptation, making the muscle a
key pain generator associated with TMD. Clinicians must understand the pathoanatomic features asso-
ciated with TMD so as to choose appropriate treatment strategies, leading to optimal short and long-term
outcomes. While the former is discussed in part 1 of this narrative review, the latter will be considered in
part 2.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction psychosocial component that propagates the condition (Jayaseelan
Temporomandibular dysfunction (TMD) is a complicated and
multifactorial condition that affects the temporomandibular joint
(TMJ) and muscles of mastication, resulting in pain and disability
(Mujakperuo et al., 2010). According to the National Institute of
Health and Cranial Research, the prevalence of temporomandibular
dysfunction (TMD) ranges from 5 to 12% (Ariji et al., 2015; Murray
and Peck, 2007). While the exact etiology of TMD is still unknown,
genetic (Pihut et al., 2016), anatomic (Murray et al., 2004; Peck
et al., 2008) and hormonal factors (Hiraba et al., 2000; Saghafi
and Curl, 1995) seem to predispose the joint to problems
(Friedman, 1997; Pihut et al., 2016). While a number of studies have
also identified trauma, habitual activity and occlusal variation as
being precipitating factors for TMD, there also seems to be a strong
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and Tow, 2016; Mapelli et al., 2016). TMD is a complex condition,
and the pathoanatomical factors associated with its etiology
require further consideration.
2. Muscles of mastication

The primary muscles of mastication are the masseter, tempo-
ralis and medial and lateral pterygoids. The masseter is attached to
the maxillary process of the zygomatic bone and the zygomatic
arch proximally and the angle and ramus of the mandible distally
(Marieb and Hoehn, 2010). It primarily elevates and protracts the
mandible (Moore and Dalley, 2006). While the temporalis also el-
evates the mandible, its proximal and distal attachments to the
temporal fossa of the temporal bone and the coronoid process and
anterior border of the ramus of the mandible, respectively, are
better suited for retracting rather than protracting the mandible
(Marieb and Hoehn, 2010; Moore and Dalley, 2006). Deep to the
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temporalis and masseter, the medial pterygoid further assists with
mandibular elevation and protrusion via its attachments to the
lateral pterygoid plate and medial surface of the ramus of the
mandible (Marieb and Hoehn, 2010; Moore and Dalley, 2006).
While the medial pterygoid also facilitates side-to-side grinding
movements (Moore and Dalley, 2006), the synergistic actions of the
temporalis, masseter and medial pterygoid vertically close the jaw
during mastication (Marieb and Hoehn, 2010; Moore and Dalley,
2006).

In contrast, the lateral pterygoid is divided into two heads, both
of which are intimately related to the TMJ. Classically, the superior
head of the lateral pterygoid runs from the infratemporal crest of
the sphenoid bone and inserts onto the anterior aspect of the
articular disc (Stelzenmueller et al., 2016). Based on the attach-
ments of the superior head, a number of researchers have sug-
gested that it may contract to pull the disc forward during
mandibular depression (Hiraba et al., 2000; Juniper, 1984;
Reichert and Stelzenmuller, 2008; Schunke et al., 2006), consis-
tent with the position of the mandibular condyle (Manfredini,
2009; Stelzenmueller et al., 2016). Given this function, hyperac-
tivity of the superior head of the lateral pterygoid could easily be
implicated in anterior disc displacement (Bakke et al., 2005;
Taskaya-Yilmaz et al., 2005).

However, based on the relatively small number of superior head
fibers directly attached to the articular disc (Carpentier et al., 1988)
compared to the condylar neck and the limited number of studies
demonstrating superior head activation during mandibular
depression (Gibbs et al., 1984; Hiraba et al., 2000; Mahan et al.,
1983; Manfredini, 2009; McNamara, 1973; Murray and Peck,
2007; Murray et al., 2004; Wood et al., 1986), some researchers
have suggested an alternative function. The nonelastic quality of
the ligaments connecting the disc to the condyle and the biconcave
shape of the disc also makes it unlikely that the disc is able to
migrate from the superior aspect of the condyle, making tracking
unnecessary (Manfredini, 2009). Notably, the posterior aspect of
the disc attaches to the posterior capsule via retrodiscal tissue,
which maintains posteriorly directed traction via its superior layer
as the disc moves anteriorly with jaw opening (Manfredini, 2009).
The attachment of the disc anteriorly to the superior head may,
therefore, passively drag the disc forward in concert with the ac-
tions of the inferior head during mandibular depression, while its
primary purpose may be to counter the retrodiscal traction and
provide an anterior braking force to the disc as it moves posteriorly
into the condyle during mandibular elevation (Manfredini, 2009).

The inferior head of the lateral pterygoid runs from the lateral
plate of the pterygoid process to the condylar process of the
mandible (Bakke et al., 2005; Benninghoff, 2004; Schmolke, 1994;
Stelzenmueller et al., 2016; Taskaya-Yilmaz et al., 2005; Usui
et al., 2008). Classically, bilateral inferior head activation is
responsible for mandibular depression and protrusion (Gibbs et al.,
1984; Hiraba et al., 2000; Mahan et al., 1983; McNamara, 1973;
Murray and Peck, 2007; Murray et al., 2004; Wood et al., 1986),
functions that have been confirmed by single-motor-unit re-
cordings conducted by Phanachet et al. (Phanachet et al., 2001,
2002). That is, the bilateral contraction of the inferior head works
with the suprahyoid digastric muscles (Marieb and Hoehn, 2010;
Stelzenmueller et al., 2016) to pull the mandible anteriorly and
inferiorly out of the fossa during jaw opening (Miloro, 2004).
Notably, while the masseter, temporalis, medial pterygoid and su-
perior head of the lateral pterygoid all seem to be primarily active
during mandibular elevation, the inferior head of the lateral pter-
ygoid and the digastric muscles are the primary players during
mandibular depression (Monemi et al., 1999; Peck et al., 2000).

While a number of studies support the notion that the superior
head is primarily active during mandibular elevation and the
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inferior head is active during mandibular depression (Desmons
et al., 2007; Hiraba et al., 2000; Mahan et al., 1983; McNamara,
1973; Murray et al., 2004), investigations using EMG have sug-
gested a more synchronous relationship for the two heads
(Hannam and McMillan, 1994; Murray et al., 2004). By incorpo-
rating image guided EMG electrode placement via computer to-
mography, Murray et al. discovered more overlap between the
superior and inferior head of the lateral pterygoid than previously
thought (Murray et al., 2004). In fact, the authors cite three unique
regions of the superior head of the lateral pterygoid, a medial re-
gion that fires consistent with the inferior head (i.e. during
mandibular depression, protrusion and contralateral excursion), a
lateral region that is active during mandibular elevation, retrusion
and ipsilateral excursion and a middle region that exhibits firing
patterns consistent with both the superior and inferior head
(Murray et al., 2004; Phanachet et al., 2001). Therefore, EMG elec-
trodes mistakenly placed in the middle region would certainly
suggest the superior and lateral pterygoid were functionally similar
when, in fact, that appears to not be the case (Murray et al., 2004).

Notably, the ipsilateral activation of the superior and inferior
head of the lateral pterygoid has also been implicated in ipsilateral
and contralateral jaw movements, respectively (Murray et al.,
2004). In doing so, the inferior head may provide horizontal
forces required for mastication and parafunctional activities
(Murray et al., 2004; Widmalm et al., 1987; Wood et al., 1986). The
inferior head seems to progressively increase in activity with hor-
izontal excursion of the mandible in the contralateral direction
(Murray et al., 2004; Uchida et al., 2002). Importantly, while some
activity of both the superior and inferior head of the lateral ptery-
goid has been shown to occur with intercuspal jaw clenching, this
action may be an effort to stabilize the condyle and prevent slip-
page in the posterior direction (Murray et al., 2004;Widmalm et al.,
1987). Alternatively, the superior head may be firing to tension the
articular disk, thereby maintaining the position of the condyle
(Murray et al., 2004). Thus, while the masseter, temporalis and
medial pterygoid provides the forces required for mastication in the
vertical plane, the inferior head of the lateral pterygoid seems to
facilitate horizontal forces. The reciprocal actions of the superior
and inferior heads in the horizontal plane further suggest a role in
fine motor control of the mandible during jawmovements (Murray
et al., 2004; Phanachet et al., 2001, 2002).

3. The lateral pterygoid: two distinct muscles

Treating the superior and inferior head of the lateral pterygoid
as one or two muscle continues to be a source of debate in the
literature (Hannam and McMillan, 1994; Murray and Peck, 2007;
Murray et al., 2004). Perhaps the best argument for two function-
ally distinct lateral pterygoid muscles is their neural innervation
(Desmons et al., 2007). According to Kim et al. the superior head is
innervated by the buccal nerve, while the inferior head is inner-
vated by the mandibular nerve trunk (Kim et al., 2003). While
different fiber orientations of a multi-penniform muscle could
alternatively explain various complex actions of a single muscle
(Desmons et al., 2007; El Haddioui et al., 2005), the unique neural
innervation and activity during both jaw opening and closing
suggests that a 2 muscle system is more likely (Aziz et al., 1998;
Juniper, 1981, 1984; Liu et al., 1989). Notably, the masseter and
medial pterygoid have the samemuscle fiber structure and only fire
during mandibular elevation (Desmons et al., 2007).

4. Etiology of temporomandibular dysfunction with anterior
disc displacement

While TMD is a complex condition with a multi-factorial
acteristics of temporomandibular dysfunction: Where do we stand?
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etiology (Gauer and Semidey, 2015; Silva et al., 2015), a recent study
by Kumar et al. looked at 44 patients with TMD via MRI and found
that 81.8% had disc displacement with or without reduction, but
only 2.3% of displacement occurred in the posterior direction
(Kumar et al., 2015). That is, most disc displacement occurs in the
anterior direction (de Leeuw and Klasser, 2013), suggesting a
disruption of the delicate balance in the forces imposed on the
posterior and anterior aspect of the articular disc that normally
work together to ensure proper tracking of the condyle
(Manfredini, 2009; Taskaya-Yilmaz et al., 2005). Interestingly, the
predominant mechanism described by Scully (2008, 2013) involves
trauma and/or degeneration of the posterior capsule, which allows
the disc to slip anterior of mandibular fossa and places the
connection between the superior head of the lateral pterygoid and
the anterior aspect of the disc on slack (Scully, 2008, 2013). Ac-
cording to Scully (Scully, 2008, 2013), the superior head of the
lateral pterygoid is no longer able to control the disk as it moves
back into the fossa during mouth closing (Gauer and Semidey,
2015; Liu et al., 1989). As a result, the inferior head of the lateral
pterygoid may attempt to compensate by becoming active both
during mouth opening, when it normally should fire, and during
mouth closing, when it is normally silent (Juniper, 1984; Lafreniere
et al.,1997). The double duty imposed on the inferior head results in
significant overuse, resulting in micro tearing (McCain et al., 1989;
Perrott et al., 1990; Scrivani et al., 2008), trigger point formation
(Gonzalez-Perez et al., 2015; Harrison et al., 2014; Sidebottom et al.,
2013; Wright, 2000), and pain (Chantaracherd et al., 2015; Lund
et al., 1991; Manfredini, 2009; Scrivani et al., 2008).

Scully (Scully, 2008, 2013) outlines 3 classifications of TMD
based on the position of the articular disc, which is consistent with
the recent diagnostic classification proposed by Harrison et al.
(Gauer and Semidey, 2015; Harrison et al., 2014). With little to no
movement of the disc (Type 1: muscle disorders), muscle pain may
be the primary symptom, resulting directly from overuse and/or
tension or indirectly via guarding and central-mediated myalgia
(Harrison et al., 2014). However, if there is remarkable anterior
displacement of the disk, the condyle would shift on and off the
central aspect of the disk during mandibular depression (Type 2a:
Disc Displacement with Reduction without limited opening), often
causing clicking, clunking and popping (Harrison et al., 2014;
Manfredini, 2009). In the event that the disc continues to slip
anteriorly, the disc may prevent a full anterior glide of the condyle
(close-lock), thereby limitingmandibular depression (Type 2b: Disc
Displacement without Reduction with Limited Opening) (Harrison
et al., 2014). Nitzan (2002) also reports a number of cases whereby
the mandibular condyle shifts over the articular disc and cannot
return to the fossa, resulting in an inability to elevate the mandible
(open-lock) (Nitzan, 2002). The continuous loading of joint struc-
tures, especially the retrodiscal tissue, results in persistent
inflammation, a precursor of osteoarthritis (Type 3: Any Joint Pain)
(Harrison et al., 2014; Manfredini, 2009).

5. Etiology of temporomandibular dysfunction with anterior
disc displacement: superior head of lateral pterygoid

Any disruption of the balance between the posterior force
imposed on the disc from the superior layer of the retrodiscal tissue
and the anterior force from the superior head of the lateral ptery-
goid could, therefore, result in anterior disc displacement and TMD
(Manfredini, 2009). Interestingly, Mazza et al. reported a correla-
tion between a greater concentration of superior head attachments
onto the disc and TMD, which may predispose the disc to excessive
braking (Mazza et al., 2009). Excessive braking may not be an issue
under healthy conditions, but over involvement of the superior
head combined with degenerative changes of the TMJ could
Please cite this article in press as: Butts, R., et al., Pathoanatomical char
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additively result in TMD (Manfredini, 2009; Mazza et al., 2009). A
number of studies have demonstrated increased signal intensity on
T2 images in the posterior aspect of the disc in TMD patients, which
indicates effusion and represents an early sign of arthritis (Omami
and Lurie, 2012; Takaku et al., 1998; Tomas et al., 2006). With time,
two distinct changes occur to the retrodiscal tissue. There is evi-
dence that the fibers of the superior layer begin to rupture and the
stiffer fibers of the inferior layer begin to stretch, resulting in an
anterior shift of the articular disc (Eriksson et al., 1992; Manfredini,
2009). Interestingly, Finden et al. reported nonlinear changes in T1
and T2 image signal intensity of the superior head of the lateral
pterygoid consistent with muscle spasms in patients with
displacement of the anterior disk (Finden et al., 2007). Given the
connection between muscle overload, fatigue and ion imbalance
(Bergeron, 2008), the spasms may be indicative of superior head
overuse. Ironically, however, the involuntary muscle activity likely
works to further jerk the disc forward, propagating the cycle of
dysfunction (Finden et al., 2007). An anteriorly shifted disc disrupts
the disc-stabilizing function of the superior head of the lateral
pterygoid, eventually leading to disuse and atrophy (Taskaya-
Yilmaz et al., 2005). Notably, patients with TMD experience
greater anterior disc displacement and subsequent superior head
spasms, disuse and atrophy on MRI images, when the muscle pri-
marily attaches to the articular disc and not the disc and the
condyle (Taskaya-Yilmaz et al., 2005). Given that Yang et al. found
more pathologic changes in the superior head than the inferior
head of the lateral pterygoid, the superior head seems to be a pri-
mary player in TMD (Yang et al., 2001).

6. Etiology of temporomandibular dysfunction with anterior
disc displacement: articular disc

Changes to the disc shape and joint lubrication could also
disrupt the normal forces imposed on the articular disc
(Manfredini, 2009). More specifically, a thickening of the posterior
disk bands and a thinning of the anterior bands cause a gradual
transition from a biconcave shape to a biconvex shape (Almasan
et al., 2013; Hirata et al., 2007; Manfredini, 2009). According to
Manfredini et al. a biconcave shape is advantageous, as it helps to
seat and stabilize the disc on top of the mandibular condyle,
especially during the translation phase of jaw closing (Manfredini,
2009). Notably, Hirata et al. found a significant relationship be-
tween anteriorly displaced discs without reduction and either fol-
ded or biconvex shapes, suggesting that a disc that has lost its shape
may be easier to anteriorly displace (Hirata et al., 2007). In addition,
a number of authors have suggested that the normal movement of
the articular disc in and out of the mandibular fossa requires a low
friction coefficient (Nitzan, 2001). According to Tanaka et al. (2008),
repetitive overloading or “wear and tear” results in decreased joint
lubrication between the articular disc and the mandibular fossa
(Tanaka et al., 2008). As the inferior head of the lateral pterygoid
pulls the condyle forward during jaw opening, the increase in
friction causes the disc to lag behind, leading in the disruption of
the disc-condyle attachments (Leonardi et al., 2011; Manfredini,
2009; Nitzan, 2001; Tanaka et al., 2008). As a result, the compres-
sion of the disc by the condyle during chewing combined with
activity of the superior head of the lateral pterygoid displace the
disc anterior of the fossa, thereby placing the retrodiscal attach-
ments in a stretched position (Leonardi et al., 2011; Manfredini,
2009; Nitzan, 2001; Tanaka et al., 2004, 2008). Importantly,
changes in the shape of the articular disc and increased friction are
not mutually exclusive issues. According to Tanaka et al. the mere
presence of the disc minimizes the frictional coefficient (Tanaka
et al., 2006). While a healthy disk minimizes incongruity between
joint surfaces, a misshaped disk (i.e. biconvex and folded) is less
acteristics of temporomandibular dysfunction: Where do we stand?
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capable of doing so (Tanaka et al., 2006).

7. Etiology of temporomandibular dysfunction with anterior
disc displacement: inferior head of lateral pterygoid

Per the Scully model of TMD (Scully, 2008, 2013), the inferior
head of the lateral pterygoid becomes more active in TMD in an
attempt to compensate for the superior head's failure to stabilize
the disk on the mandibular condyle (Juniper, 1984; Lafreniere et al.,
1997). Juniper et al. reported simultaneous activity in the superior
and inferior head of the lateral pterygoid (when it should normally
be silent) during mandibular closing in patients with TMD
(Desmons et al., 2007; Juniper, 1984). Lafreniere et al. also found
increased superior head EMG activity during molar clenching,
suggesting a loss of disk stabilization function in patients with in-
ternal disc derangement (Lafreniere et al., 1997). At the same time,
the authors measured increased activity in the inferior head during
rest, resisted protraction and clenching, which likely represents an
effort to compensate for the lost stabilization while continuing to
maintain its normal function (Lafreniere et al., 1997). Notably, no
EMG increases were found in the temporalis and masseter in any
condition, suggesting that these muscles may play less of a role in
symptoms related to TMD (Lafreniere et al., 1997).

Consistent with Lafreniere et al. (1997)., Yang et al. identified
136 MR images of dysfunctional TMJs whereby both the superior
and inferior head of the lateral pterygoid were abnormal (Yang
et al., 1992). The authors identified 51.47% of the joints as having
hypertrophied superior and inferior lateral pterygoids (Lafreniere
et al., 1997; Yang et al., 1992). Moreover, 27.2% and 11% of the
TMDs presented with atrophy and contractures of the superior
belly, respectively, and hypertrophy of the inferior belly. That is,
while the superior belly initially attempts to manage the articular
disc, it eventually undergoes pathological changes indicative of
pain avoidance and disuse, and the inferior belly tries to compen-
sate (Hannam and McMillan, 1994; Yang et al., 1992). In accordance
with Scully (Scully, 2008, 2013), 89.7% of patients with TMD had an
abnormal lateral pterygoid with a hypertrophied inferior head ac-
cording to MRI (Hannam and McMillan, 1994), findings consistent
with recent investigations by Rawlani et al (Rawlani S, 2013). and
Lopes et al. (2015). It is perhaps worth mentioning that radiologists
are taught to recognize a “double disc sign” to identify patients
with anterior disc displacement (Bag et al., 2014). The name comes
from the fact that an anteriorly displaced disc often looks like two
discs due to hypertrophy of the inferior head of the lateral ptery-
goid (Bag et al., 2014).

Interestingly, a number of authors have reported improvements
in the dislocations (Fu et al., 2010; Oztel et al., 2016; Stark et al.,
2015), clicking (Bakke et al., 2005; Emara et al., 2013), pain
(Karacalar et al., 2005; Sunil Dutt et al., 2015) and disability
(Karacalar et al., 2005; Sunil Dutt et al., 2015) associated with TMD
after injecting the lateral pterygoid muscle with botulinum toxin A.
Bentsianov et al. also noted a 70% success rate in adults with severe
bruxism by injecting botulinum toxin into the lateral pterygoid,
temporalis and masseter (Bentsianov et al., 2004; Tan and Jankovic,
2000). However, perhaps the most convincing evidence connecting
a hyperactive inferior head of lateral pterygoid and TMD comes
from a recent study by Guerrero et al. (2015). By comparing cone-
beam computed tomography images of 60 patients with TMD, the
authors found that patients with TMD had significantly longer
pterygoid plates than control subjects (Guerrero et al., 2015). Given
that the distal insertion of the inferior muscle belly attaches to the
lateral pterygoid plate of the sphenoid bone, Guerrero et al. hy-
pothesize that muscle hyperactivity leads to lengthening of the
plate via Wolff's Law, which may be a primary, or at least one of the
etiologic factors, for the pain and dysfunction associated with TMD
Please cite this article in press as: Butts, R., et al., Pathoanatomical char
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(Guerrero et al., 2015).

8. Temporomandibular pain: lateral pterygoid

Empirical evidence of patient symptoms during clinical evalu-
ation further implicates the lateral pterygoid as playing amajor role
in TMD. Cooper and Kleinberg (2007) looked at 4528 patients with
TMD and found that the most prevalent symptom was tenderness
to palpation of the lateral pterygoid muscle (83.3%) followed by
tenderness of the joint capsule itself (62.4%) (Cooper and Kleinberg,
2007). Similarly, themost common symptom (96%) of patients with
TMDwith and without occlusal abnormalities was sensitivity of the
lateral pterygoid (Ai and Yamashita, 1992; Shinoda et al., 2008).
D'Ippolito et al. (2010) also evaluated 50 patients with TMD using
the lateral pterygoid muscle test, a test originally described by
Dworkin and Le Resche in 1992 (Dworkin and LeResche, 1992), to
assess pterygoid sensitivity and reported that 100% of the patients
were positive compared to 28.6% in healthy controls (D'Ippolito
et al., 2010). According to D'Ippolito et al. (2010), the lateral pter-
ygoid muscle test attempts to provoke lateral pterygoid pain by
asking patients to bite a toothpick using the protruded central
incisor teeth for 1 min. The consistent report of pain in the lateral
pterygoid strongly suggests involvement of the muscle group in
TMD. Given the key role of the lateral pterygoid in TMD, it perhaps
worth noting that studies that have conducted dry needling
treatments targeting the lateral pterygoid muscle in patients with
TMD have reported significant reductions in pain and disability
(Cho and Whang, 2010; Dunning et al., 2014; Gonzalez-Perez et al.,
2015; La Touche et al., 2010). The evidence for dry needling along
with other conservative treatments used for TMD will be further
explored in part two of this narrative review.

9. Temporomandibular dysfunction: an appropriate pain
model

There are two primary models that account for the chronic pain
and loss of function typically associated with TMD, the Vicious
Cycle Model and the Pain Adaptation Model. According to the Pain
Adaptation Model, pain results in decreased agonist muscle activity
and increased antagonist muscle activity in an effort to avoid pain
and protect the joint (Peck et al., 2008; Svensson and Graven-
Nielsen, 2001). However, studies that have investigated experi-
mental pain do not always result in this pattern of masticatory
muscles (Svensson et al., 1996). In fact, experimental TMJ pain in
rats has been shown to cause increased EMG activity in muscles
associated with mandibular opening and closing (Ro et al., 2002).
Given the mounting evidence for a hyperactive inferior head of the
lateral pterygoid, it is likely that the Vicious Cycle Model may also
play a role in TMD (Murray and Peck, 2007; Peck et al., 2008). Ac-
cording to the Vicious Cycle Model, hyperactive muscle results in
excessive acetylcholine (ACh) and subsequent Ca2þ release from
the sarcoplasmic reticulum, initiating a continuous cycle of local-
ized muscle contraction (Gerwin et al., 2004). The localized hy-
pertonicity begins to block blood flow to the muscle, resulting in a
shortage of oxygen and nutrients and leading to ischemia and
hypoxia (Gerwin et al., 2004). Local ischemia and hypoxia cause the
release of chemicals responsible for propagating pain and inflam-
mation such as bradykinin, prostaglandins, serotonin, calcitonin
gene-related peptide (CGRP) and substance P along with a number
of inflammatory cytokines, including tumor necrosis factor-a,
interleukin 1-b, interleukin-6 and interleukin-8 (Gerwin et al.,
2004; Noma et al., 2013; Shah and Gilliams, 2008). There is also a
significant drop in pH, which inhibits the action of acetylcholin-
esterase and the Ca2þ-ATPase pump, resulting in hypertonicity and
propagating the metabolic crisis (Butts et al., 2016; Shah and
acteristics of temporomandibular dysfunction: Where do we stand?
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Gilliams, 2008).
Peck et al. further proposed an integrated pain adaptationmodel

of TMD, which takes into account both biological and psychosocial
components of the disorder (Peck et al., 2008). According to Lund
(Lund et al., 1991), Nakamura and Katakura (Nakamura and
Katakura, 1995), the ventromedial and dorsomedial reticular
nuclei set the tone and rhythm of chewing and therefore act as a
masticatory central pattern generator (Desmons et al., 2007). The
reticular formation provides output to the trigeminal motor nuclei,
setting a stereotypical open-close cycle. However, during normal
chewing, sensory afferents are continuously sent through the cor-
tex and the brain stem to adjust the mastication pattern, as needed
(Desmons et al., 2007; Leite-Almeida et al., 2006). Previous studies
in rats have established a connection between the medullary
dorsolateral reticular formation to the thalamus and limbic system,
suggesting that emotional input may also influence the masticatory
pattern (Desmons et al., 2007; Leite-Almeida et al., 2006). Psy-
chosocial factors such as stress and anxiety increase dopamine
levels in the reticular formation (Gomez et al., 1999), disrupting the
synchronization of the masticatory pattern generator and short-
ening the refractory period after muscle contraction (Desmons
et al., 2007). The result is hyperactive masticatory muscles, which
often presents clinically as clenching and grinding. Thus, there are
significant psychosocial factors to TMD that may initiate and
propagate the vicious cycle model of pain. A number of recent
studies have confirmed the relationship between the myofascial
pain associated with TMD and stress, anxiety and depression
(Akhter et al., 2007; Diracoglu et al., 2015; La Touche et al., 2015).

10. Conclusion

Temporomandibular dysfunction is a complex condition with a
multifactorial etiology that typically leads to degeneration and a
subsequent imbalance between the articular disc, joint capsule and
muscles of mastication. A number of studies in the literature seem
to support the pathoanatomic model originally described by Scully,
which suggests that the superior and inferior head of the lateral
pterygoid are key players in TMD. Both heads of the lateral ptery-
goid undergo changes associated with the vicious cycle model, the
pain adaptation model and the integrated pain adaption model,
leading to the discomfort and loss of function associated with TMD.

References

Ai, M., Yamashita, S., 1992. Tenderness on palpation and occlusal abnormalities in
temporomandibular dysfunction. J. Prosthet. Dent. 67, 839e845.

Akhter, R., Hassan, N.M., Aida, J., Kanehira, T., Zaman, K.U., Morita, M., 2007. Asso-
ciation between experience of stressful life events and muscle-related tempo-
romandibular disorders in patients seeking free treatment in a dental hospital.
Eur. J. Med. Res. 12, 535e540.

Almasan, O.C., Hedesiu, M., Baciut, G., Leucuta, D.C., Baciut, M., 2013. Disk and joint
morphology variations on coronal and sagittal MRI in temporomandibular joint
disorders. Clin. Oral Investig. 17, 1243e1250.

Ariji, Y., Nakayama, M., Nishiyama, W., Ogi, N., Sakuma, S., Katsumata, A., Kurita, K.,
Ariji, E., 2015. Potential clinical application of masseter and temporal muscle
massage treatment using an oral rehabilitation robot in temporomandibular
disorder patients with myofascial pain. Cranio 33, 256e262.

Aziz, M.A., Cowie, R.J., Skinner, C.E., Abdi, T.S., Orzame, G., 1998. Are the two heads of
the human lateral pterygoid separate muscles? A perspective based on their
nerve supply. J. Orofac. Pain 12, 226e239.

Bag, A.K., Gaddikeri, S., Singhal, A., Hardin, S., Tran, B.D., Medina, J.A., Cure, J.K., 2014.
Imaging of the temporomandibular joint: an update. World J. Radiol. 6,
567e582.

Bakke, M., Moller, E., Werdelin, L.M., Dalager, T., Kitai, N., Kreiborg, S., 2005.
Treatment of severe temporomandibular joint clicking with botulinum toxin in
the lateral pterygoid muscle in two cases of anterior disc displacement. Oral
Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 100, 693e700.

Benninghoff, 2004. Anatomie Makroskopische Anatomie, Histologie, Embryologie,
Zellbiologie. Band 2. Elsevier, Munchen.

Bentsianov, B., Zalvan, C., Blitzer, A., 2004. Noncosmetic uses of botulinum toxin.
Clin. Dermatol 22, 82e88.
Please cite this article in press as: Butts, R., et al., Pathoanatomical char
(Narrative review part 1), Journal of Bodywork & Movement Therapies (2
Bergeron, M.F., 2008. Muscle cramps during exercise V is it fatigue or electrolyte
deficit. Curr. Sports Med. Rep. 7, S50eS55.

Butts, R., Dunning, J., Perreault, T., Maurad, F., Grubb, M., 2016. Peripheral and spinal
mechanisms of pain and dry needling mediated analgesia: a clinical resource
guide for Health care professionals. Int. J. Phys. Med. Rehabilitation 216.

Carpentier, P., Yung, J.P., Marguelles-Bonnet, R., Meunissier, M., 1988. Insertions of
the lateral pterygoid muscle: an anatomic study of the human temporoman-
dibular joint. J. Oral Maxillofac. Surg. 46, 477e482.

Chantaracherd, P., John, M.T., Hodges, J.S., Schiffman, E.L., 2015. Temporomandibular
joint disorders' impact on pain, function, and disability. J. Dent. Res. 94,
79Se86S.

Cho, S.H., Whang, W.W., 2010. Acupuncture for temporomandibular disorders: a
systematic review. J. Orofac. Pain 24, 152e162.

Cooper, B.C., Kleinberg, I., 2007. Examination of a large patient population for the
presence of symptoms and signs of temporomandibular disorders. Cranio 25,
114e126.

D'Ippolito, S.M., Borri Wolosker, A.M., D'Ippolito, G., Herbert de Souza, B., Fenyo-
Pereira, M., 2010. Evaluation of the lateral pterygoid muscle using magnetic
resonance imaging. Dentomaxillofac Radiol. 39, 494e500.

de Leeuw, R., Klasser, G., 2013. Orofacial Pain: Guidlines for Assessment, Diagnosis
and Man-agement, fifth ed. Quintessence Publishing, Honover Park, IL.

Desmons, S., Graux, F., Atassi, M., Libersa, P., Dupas, P.H., 2007. The lateral pterygoid
muscle, a heterogeneous unit implicated in temporomandibular disorder: a
literature review. Cranio 25, 283e291.

Diracoglu, D., Yildirim, N.K., Saral, I., Ozkan, M., Karan, A., Ozkan, S., Aksoy, C., 2016
Aug 10. Temporomandibular dysfunction and risk factors for anxiety and
depression. J. Back Musculoskelet. Rehabil. 29 (3), 487e491.

Dunning, J., Butts, R., Mourad, F., Young, I., Flannagan, S., Perreault, T., 2014. Dry
needling: a literature review with implications for clinical practice guidelines.
Phys. Ther. Rev. 19, 252e265.

Dworkin, S.F., LeResche, L., 1992. Research diagnostic criteria for temporomandib-
ular disorders: review, criteria, examinations and specifications, critique.
J. Craniomandib. Disord. 6, 301e355.

El Haddioui, A., Laison, F., Zouaoui, A., Bravetti, P., Gaudy, J.F., 2005. Functional
anatomy of the human lateral pterygoid muscle. Surg. Radiol. Anat. 27,
271e286.

Emara, A.S., Faramawey, M.I., Hassaan, M.A., Hakam, M.M., 2013. Botulinum toxin
injection for management of temporomandibular joint clicking. Int. J. Oral
Maxillofac. Surg. 42, 759e764.

Eriksson, L., Westesson, P.L., Macher, D., Hicks, D., Tallents, R.H., 1992. Creation of
disc displacement in human temporomandibular joint autopsy specimens.
J. Oral Maxillofac. Surg. 50, 869e873.

Finden, S.G., Enochs, W.S., Rao, V.M., 2007. Pathologic changes of the lateral pter-
ygoid muscle in patients with derangement of the temporomandibular joint
disk: objective measures at MR imaging. AJNR Am. J. Neuroradiol. 28,
1537e1539.

Friedman, M.H., 1997. The hypomobile temporomandibular joint. Gen. Dent. 45,
282e285.

Fu, K.Y., Chen, H.M., Sun, Z.P., Zhang, Z.K., Ma, X.C., 2010. Long-term efficacy of
botulinum toxin type A for the treatment of habitual dislocation of the
temporomandibular joint. Br. J. Oral Maxillofac. Surg. 48, 281e284.

Gauer, R.L., Semidey, M.J., 2015. Diagnosis and treatment of temporomandibular
disorders. Am. Fam. Physician 91, 378e386.

Gerwin, R.D., Dommerholt, J., Shah, J.P., 2004. An expansion of Simons' integrated
hypothesis of trigger point formation. Curr. Pain Headache Rep. 8, 468e475.

Gibbs, C.H., Mahan, P.E., Wilkinson, T.M., Mauderli, A., 1984. EMG activity of the
superior belly of the lateral pterygoid muscle in relation to other jaw muscles.
J. Prosthet. Dent. 51, 691e702.

Gomez, F.M., Giralt, M.T., Sainz, B., Arrue, A., Prieto, M., Garcia-Vallejo, P., 1999.
A possible attenuation of stress-induced increases in striatal dopamine meta-
bolism by the expression of non-functional masticatory activity in the rat. Eur. J.
Oral Sci. 107, 461e467.

Gonzalez-Perez, L.M., Infante-Cossio, P., Granados-Nunez, M., Urresti-Lopez, F.J.,
Lopez-Martos, R., Ruiz-Canela-Mendez, P., 2015. Deep dry needling of trigger
points located in the lateral pterygoid muscle: efficacy and safety of treatment
for management of myofascial pain and temporomandibular dysfunction. Med.
Oral Patol. Oral Cir. Bucal 20, e326e333.

Guerrero, M.E., Beltran, J., de Laat, A., Jacobs, R., 2015. Can pterygoid plate asym-
metry be linked to temporomandibular joint disorders? Imaging Sci. Dent. 45,
89e94.

Hannam, A.G., McMillan, A.S., 1994. Internal organization in the human jaw mus-
cles. Crit. Rev. Oral Biol. Med. 5, 55e89.

Harrison, A.L., Thorp, J.N., Ritzline, P.D., 2014. A proposed diagnostic classification of
patients with temporomandibular disorders: implications for physical thera-
pists. J. Orthop. Sports Phys. Ther. 44, 182e197.

Hiraba, K., Hibino, K., Hiranuma, K., Negoro, T., 2000. EMG activities of two heads of
the human lateral pterygoid muscle in relation to mandibular condyle move-
ment and biting force. J. Neurophysiol. 83, 2120e2137.

Hirata, F.H., Guimaraes, A.S., Oliveira, J.X., Moreira, C.R., Ferreira, E.T.,
Cavalcanti, M.G., 2007. Evaluation of TMJ articular eminence morphology and
disc patterns in patients with disc displacement in MRI. Braz Oral Res. 21,
265e271.

Jayaseelan, D.J., Tow, N.S., 2016. Cervicothoracic junction thrust manipulation in the
multimodal management of a patient with temporomandibular disorder.
J. Man. Manip. Ther. 24, 90e97.
acteristics of temporomandibular dysfunction: Where do we stand?
017), http://dx.doi.org/10.1016/j.jbmt.2017.05.017

http://refhub.elsevier.com/S1360-8592(17)30117-1/sref1
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref1
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref1
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref2
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref2
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref2
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref2
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref2
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref3
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref3
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref3
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref3
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref4
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref4
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref4
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref4
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref4
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref5
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref5
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref5
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref5
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref6
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref6
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref6
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref6
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref7
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref7
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref7
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref7
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref7
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref8
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref8
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref9
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref9
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref9
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref10
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref10
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref10
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref11
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref11
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref11
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref12
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref12
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref12
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref12
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref13
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref13
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref13
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref13
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref14
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref14
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref14
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref15
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref15
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref15
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref15
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref16
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref16
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref16
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref16
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref17
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref17
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref18
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref18
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref18
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref18
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref19
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref19
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref19
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref19
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref20
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref20
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref20
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref20
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref21
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref21
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref21
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref21
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref22
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref22
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref22
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref22
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref23
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref23
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref23
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref23
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref24
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref24
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref24
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref24
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref25
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref25
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref25
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref25
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref25
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref26
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref26
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref26
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref27
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref27
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref27
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref27
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref28
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref28
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref28
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref29
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref29
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref29
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref30
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref30
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref30
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref30
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref31
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref31
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref31
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref31
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref31
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref32
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref32
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref32
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref32
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref32
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref32
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref33
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref33
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref33
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref33
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref34
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref34
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref34
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref35
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref35
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref35
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref35
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref36
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref36
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref36
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref36
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref37
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref37
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref37
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref37
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref37
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref38
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref38
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref38
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref38


R. Butts et al. / Journal of Bodywork & Movement Therapies xxx (2017) 1e76
Juniper, R.P., 1981. The superior pterygoid muscle? Br. J. Oral Surg. 19, 121e128.
Juniper, R.P., 1984. Temporomandibular joint dysfunction: a theory based upon

electromyographic studies of the lateral pterygoid muscle. Br. J. Oral Maxillofac.
Surg. 22, 1e8.

Karacalar, A., Yilmaz, N., Bilgici, A., Bas, B., Akan, H., 2005. Botulinum toxin for the
treatment of temporomandibular joint disk disfigurement: clinical experience.
J. Craniofac Surg. 16, 476e481.

Kim, H.J., Kwak, H.H., Hu, K.S., Park, H.D., Kang, H.C., Jung, H.S., Koh, K.S., 2003.
Topographic anatomy of the mandibular nerve branches distributed on the two
heads of the lateral pterygoid. Int. J. Oral Maxillofac. Surg. 32, 408e413.

Kumar, R., Pallagatti, S., Sheikh, S., Mittal, A., Gupta, D., Gupta, S., 2015. Correlation
between clinical findings of temporomandibular disorders and MRI character-
istics of disc displacement. Open Dent. J. 9, 273e281.

La Touche, R., Goddard, G., De-la-Hoz, J.L., Wang, K., Paris-Alemany, A., Angulo-Diaz-
Parreno, S., Mesa, J., Hernandez, M., 2010. Acupuncture in the treatment of pain
in temporomandibular disorders: a systematic review and meta-analysis of
randomized controlled trials. Clin. J. Pain 26, 541e550.

La Touche, R., Paris-Alemany, A., Gil-Martinez, A., Pardo-Montero, J., Angulo-Diaz-
Parreno, S., Fernandez-Carnero, J., 2015. Masticatory sensory-motor changes
after an experimental chewing test influenced by pain catastrophizing and
neck-pain-related disability in patients with headache attributed to temporo-
mandibular disorders. J. Headache Pain 16, 20.

Lafreniere, C.M., Lamontagne, M., el-Sawy, R., 1997. The role of the lateral pterygoid
muscles in TMJ disorders during static conditions. Cranio 15, 38e52.

Leite-Almeida, H., Valle-Fernandes, A., Almeida, A., 2006. Brain projections from the
medullary dorsal reticular nucleus: an anterograde and retrograde tracing
study in the rat. Neuroscience 140, 577e595.

Leonardi, R., Almeida, L.E., Loreto, C., 2011. Lubricin immunohistochemical expres-
sion in human temporomandibular joint disc with internal derangement. J. Oral
Pathol. Med. 40, 587e592.

Liu, Z.J., Wang, H.Y., Pu, W.Y., 1989. A comparative electromyographic study of the
lateral pterygoid muscle and arthrography in patients with temporomandibular
joint disturbance syndrome sounds. J. Prosthet. Dent. 62, 229e233.

Lopes, S.L., Costa, A.L., Gamba Tde, O., Flores, I.L., Cruz, A.D., Min, L.L., 2015. Lateral
pterygoid muscle volume and migraine in patients with temporomandibular
disorders. Imaging Sci. Dent. 45, 1e5.

Lund, J.P., Donga, R., Widmer, C.G., Stohler, C.S., 1991. The pain-adaptation model: a
discussion of the relationship between chronic musculoskeletal pain and motor
activity. Can. J. Physiol. Pharmacol. 69, 683e694.

Mahan, P.E., Wilkinson, T.M., Gibbs, C.H., Mauderli, A., Brannon, L.S., 1983. Superior
and inferior bellies of the lateral pterygoid muscle EMG activity at basic jaw
positions. J. Prosthet. Dent. 50, 710e718.

Manfredini, D., 2009. Etiopathogenesis of disk displacement of the temporoman-
dibular joint: a review of the mechanisms. Indian J. Dent. Res. 20, 212e221.

Mapelli, A., Zanandrea Machado, B.C., Giglio, L.D., Sforza, C., De Felicio, C.M., 2016.
Reorganization of muscle activity in patients with chronic temporomandibular
disorders. Arch. Oral Biol. 72, 164e171.

Marieb, E., Hoehn, K., 2010. Human Anatomy & Physiology, eighth ed. Benjamin
Cummings, San Francisco.

Mazza, D., Marini, M., Impara, L., Cassetta, M., Scarpato, P., Barchetti, F., Di Paolo, C.,
2009. Anatomic examination of the upper head of the lateral pterygoid muscle
using magnetic resonance imaging and clinical data. J. Craniofac Surg. 20,
1508e1511.

McCain, J.P., de la Rua, H., Le Blanc, W.G., 1989. Correlation of clinical, radiographic,
and arthroscopic findings in internal derangements of the TMJ. J. Oral Max-
illofac. Surg. 47, 913e921.

McNamara Jr., J.A., 1973. The independent functions of the two heads of the lateral
pterygoid muscle. Am. J. Anat. 138, 197e205.

Miloro, 2004. Peterson's Principles of Oral and Maxillofacial Surgery, third ed.
People's Medical Publishing House, Shelton, CT.

Monemi, M., Thornell, L., Eriksson, P., 1999. Diverse changes in fibre type compo-
sition of the human lateral pterygoid and digastric muscles during aging.
J. Neurol. Sci. 171, 38e48.

Moore, K., Dalley, A., 2006. Clinically Oriented Anatomy, fifth ed. Lippincott Wil-
liams & Wilkins, Philadelphia.

Mujakperuo, H.R., Watson, M., Morrison, R., Macfarlane, T.V., 2010. Pharmacological
interventions for pain in patients with temporomandibular disorders. Cochrane
Database Syst. Rev. CD004715.

Murray, G.M., Peck, C.C., 2007. Orofacial pain and jaw muscle activity: a new model,
263-278; discussion J. Orofac. Pain 21, 279e288.

Murray, G.M., Phanachet, I., Uchida, S., Whittle, T., 2004. The human lateral ptery-
goid muscle: a review of some experimental aspects and possible clinical
relevance. Aust. Dent. J. 49, 2e8.

Nakamura, Y., Katakura, N., 1995. Generation of masticatory rhythm in the brain-
stem. Neurosci. Res. 23, 1e19.

Nitzan, D.W., 2001. The process of lubrication impairment and its involvement in
temporomandibular joint disc displacement: a theoretical concept. J. Oral
Maxillofac. Surg. 59, 36e45.

Nitzan, D.W., 2002. Temporomandibular joint “open lock” versus condylar dislo-
cation: signs and symptoms, imaging, treatment, and pathogenesis. discussion
512e503 J. Oral Maxillofac. Surg. 60, 506e511.

Noma, N., Shinoda, M., Honda, K., Kiyomoto, M., Dezawa, K., Nakaya, Y.,
Komiyama, O., Imamura, Y., Iwata, K., 2013. Interaction of IL-1beta and P2X(3)
receptor in pathologic masseter muscle pain. J. Dent. Res. 92, 456e460.

Omami, G., Lurie, A., 2012. Magnetic resonance imaging evaluation of discal
Please cite this article in press as: Butts, R., et al., Pathoanatomical char
(Narrative review part 1), Journal of Bodywork & Movement Therapies (2
attachment of superior head of lateral pterygoid muscle in individuals with
symptomatic temporomandibular joint. Oral Surg. Oral Med. Oral Pathol. Oral
Radiol. 114, 650e657.

Oztel, M., Bilski, W.M., Bilski, A., 2017 Jan. Botulinum toxin used to treat recurrent
dislocation of the temporomandibular joint in a patient with osteoporosis. Br. J.
Oral Maxillofac. Surg. 55 (1), e1ee2.

Peck, C.C., Langenbach, G.E., Hannam, A.G., 2000. Dynamic simulation of muscle and
articular properties during human wide jaw opening. Arch. Oral Biol. 45,
963e982.

Peck, C.C., Murray, G.M., Gerzina, T.M., 2008. How does pain affect jaw muscle ac-
tivity? The Integrated Pain Adaptation Model. Aust. Dent. J. 53, 201e207.

Perrott, D.H., Alborzi, A., Kaban, L.B., Helms, C.A., 1990. A prospective evaluation of
the effectiveness of temporomandibular joint arthroscopy. J. Oral Maxillofac.
Surg. 48, 1029e1032.

Phanachet, I., Whittle, T., Wanigaratne, K., Murray, G.M., 2001. Functional properties
of single motor units in inferior head of human lateral pterygoid muscle: task
relations and thresholds. J. Neurophysiol. 86, 2204e2218.

Phanachet, I., Whittle, T., Wanigaratne, K., Murray, G.M., 2002. Functional properties
of single motor units in the inferior head of human lateral pterygoid muscle:
task firing rates. J. Neurophysiol. 88, 751e760.

Pihut, M., Ferendiuk, E., Szewczyk, M., Kasprzyk, K., Wieckiewicz, M., 2016. The
efficiency of botulinum toxin type A for the treatment of masseter muscle pain
in patients with temporomandibular joint dysfunction and tension-type
headache. J. Headache Pain 17, 29.

Rawlani, S.B.P., Bhowate, R., Degwekar, S., Rawlani, S., Chandak, R., 2013. Evaluation
of thickness of lateral pterygoid muscle by magnetic resonance imaging in
patients with internal derangement of temporomandibular joint. J. MGIMS 18,
33e39.

Reichert, B., Stelzenmuller, W., 2008. Anatomie in Vivo Teil 2.Kap. 7 kopf und kiefer.
Thieme, Stuttgart.

Ro, J.Y., Svensson, P., Capra, N., 2002. Effects of experimental muscle pain on elec-
tromyographic activity of masticatory muscles in the rat. Muscle Nerve 25,
576e584.

Saghafi, D., Curl, D.D., 1995. Chiropractic manipulation of anteriorly displaced
temporomandibular disc with adhesion. J. Manip. Physiol. Ther. 18, 98e104.

Schmolke, C., 1994. The relationship between the temporomandibular joint capsule,
articular disc and jaw muscles. J. Anat. 184 (Pt 2), 335e345.

Schunke, M., Schulte, E., Schumacher, U., Voll, M., Wesker, K., 2006. Prometeus Kopf
und Neuroanatomie. Thieme, Stuttgart.

Scrivani, S.J., Keith, D.A., Kaban, L.B., 2008. Temporomandibular disorders. N. Engl. J.
Med. 359, 2693e2705.

Scully, C., 2008. Oral and Maxillofacial Medicine: the Basis of Diagnosis and
Treatment, second ed. Churchill Livingstone, Edinburgh.

Scully, C., 2013. Oral and Maxillofacial Medicine: the Basis of Diagnosis and Treat-
ment, third ed. Churchill Livingstone, Edinburgh.

Shah, J.P., Gilliams, E.A., 2008. Uncovering the biochemical milieu of myofascial
trigger points using in vivo microdialysis: an application of muscle pain con-
cepts to myofascial pain syndrome. J. Bodyw. Mov. Ther. 12, 371e384.

Shinoda, M., Ozaki, N., Sugiura, Y., 2008. Involvement of ATP and its receptors on
nociception in rat model of masseter muscle pain. Pain 134, 148e157.

Sidebottom, A.J., Patel, A.A., Amin, J., 2013. Botulinum injection for the management
of myofascial pain in the masticatory muscles. A prospective outcome study. Br.
J. Oral Maxillofac. Surg. 51, 199e205.

Silva, P.A., Lopes, M.T., Freire, F.S., 2015. A prospective study of 138 arthroscopies of
the temporomandibular joint. Braz J. Otorhinolaryngol. 81, 352e357.

Stark, T.R., Perez, C.V., Okeson, J.P., 2015. Recurrent TMJ dislocation managed with
botulinum toxin type a injections in a pediatric patient. Pediatr. Dent. 37,
65e69.

Stelzenmueller, W., Umstadt, H., Weber, D., Goenner-Oezkan, V., Kopp, S., Lisson, J.,
2016. Evidence - the intraoral palpability of the lateral pterygoid muscle - a
prospective study. Ann. Anat. 206, 89e95.

Sunil Dutt, C., Ramnani, P., Thakur, D., Pandit, M., 2015. Botulinum toxin in the
treatment of muscle specific Oro-facial pain: a literature review. J. Maxillofac.
Oral Surg. 14, 171e175.

Svensson, P., Arendt-Nielsen, L., Houe, L., 1996. Sensory-motor interactions of hu-
man experimental unilateral jaw muscle pain: a quantitative analysis. Pain 64,
241e249.

Svensson, P., Graven-Nielsen, T., 2001. Craniofacial muscle pain: review of mecha-
nisms and clinical manifestations. J. Orofac. Pain 15, 117e145.

Takaku, S., Sano, T., Yoshida, M., Toyoda, T., 1998. A comparison between magnetic
resonance imaging and pathologic findings in patients with disc displacement.
J. Oral Maxillofac. Surg. 56, 171e176 discussion 177.

Tan, E.K., Jankovic, J., 2000. Treating severe bruxism with botulinum toxin. J. Am.
Dent. Assoc. 131, 211e216.

Tanaka, E., Dalla-Bona, D.A., Iwabe, T., Kawai, N., Yamano, E., van Eijden, T.,
Tanaka, M., Miyauchi, M., Takata, T., Tanne, K., 2006. The effect of removal of the
disc on the friction in the temporomandibular joint. J. Oral Maxillofac. Surg. 64,
1221e1224.

Tanaka, E., Detamore, M.S., Tanimoto, K., Kawai, N., 2008. Lubrication of the
temporomandibular joint. Ann. Biomed. Eng. 36, 14e29.

Tanaka, E., Kawai, N., Tanaka, M., Todoh, M., van Eijden, T., Hanaoka, K., Dalla-
Bona, D.A., Takata, T., Tanne, K., 2004. The frictional coefficient of the tempo-
romandibular joint and its dependency on the magnitude and duration of joint
loading. J. Dent. Res. 83, 404e407.

Taskaya-Yilmaz, N., Ceylan, G., Incesu, L., Muglali, M., 2005. A possible etiology of
acteristics of temporomandibular dysfunction: Where do we stand?
017), http://dx.doi.org/10.1016/j.jbmt.2017.05.017

http://refhub.elsevier.com/S1360-8592(17)30117-1/sref39
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref39
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref40
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref40
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref40
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref40
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref41
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref41
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref41
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref41
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref42
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref42
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref42
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref42
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref43
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref43
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref43
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref43
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref44
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref44
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref44
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref44
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref44
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref45
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref45
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref45
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref45
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref45
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref46
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref46
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref46
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref47
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref47
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref47
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref47
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref48
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref48
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref48
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref48
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref49
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref49
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref49
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref49
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref50
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref50
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref50
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref50
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref51
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref51
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref51
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref51
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref52
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref52
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref52
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref52
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref53
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref53
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref53
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref54
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref54
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref54
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref54
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref55
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref55
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref55
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref56
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref56
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref56
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref56
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref56
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref57
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref57
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref57
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref57
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref58
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref58
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref58
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref59
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref59
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref60
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref60
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref60
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref60
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref61
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref61
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref61
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref62
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref62
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref62
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref63
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref63
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref63
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref64
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref64
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref64
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref64
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref65
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref65
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref65
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref66
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref66
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref66
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref66
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref67
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref67
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref67
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref67
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref67
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref68
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref68
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref68
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref68
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref69
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref69
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref69
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref69
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref69
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref70
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref70
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref70
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref70
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref71
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref71
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref71
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref71
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref72
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref72
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref72
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref73
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref73
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref73
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref73
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref74
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref74
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref74
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref74
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref75
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref75
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref75
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref75
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref76
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref76
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref76
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref76
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref77
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref77
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref77
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref77
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref77
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref78
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref78
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref79
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref79
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref79
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref79
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref80
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref80
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref80
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref81
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref81
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref81
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref82
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref82
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref83
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref83
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref83
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref84
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref84
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref85
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref85
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref86
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref86
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref86
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref86
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref87
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref87
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref87
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref88
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref88
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref88
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref88
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref89
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref89
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref89
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref90
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref90
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref90
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref90
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref91
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref91
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref91
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref91
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref92
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref92
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref92
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref92
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref93
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref93
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref93
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref93
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref94
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref94
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref94
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref95
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref95
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref95
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref95
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref96
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref96
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref96
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref97
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref97
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref97
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref97
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref97
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref98
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref98
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref98
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref99
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref99
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref99
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref99
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref99
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref100


R. Butts et al. / Journal of Bodywork & Movement Therapies xxx (2017) 1e7 7
the internal derangement of the temporomandibular joint based on the MRI
observations of the lateral pterygoid muscle. Surg. Radiol. Anat. 27, 19e24.

Tomas, X., Pomes, J., Berenguer, J., Quinto, L., Nicolau, C., Mercader, J.M., Castro, V.,
2006. MR imaging of temporomandibular joint dysfunction: a pictorial review.
Radiographics 26, 765e781.

Uchida, S., Whittle, T., Wanigaratne, K., Murray, G.M., 2002. Activity in the inferior
head of the human lateral pterygoid muscle with different directions of iso-
metric force. Arch. Oral Biol. 47, 771e778.

Usui, A., Akita, K., Yamaguchi, K., 2008. An anatomic study of the divisions of the
lateral pterygoid muscle based on the findings of the origins and insertions.
Surg. Radiol. Anat. 30, 327e333.

Widmalm, S.E., Lillie, J.H., Ash Jr., M.M., 1987. Anatomical and electromyographic
Please cite this article in press as: Butts, R., et al., Pathoanatomical char
(Narrative review part 1), Journal of Bodywork & Movement Therapies (2
studies of the lateral pterygoid muscle. J. Oral Rehabil. 14, 429e446.
Wood, W.W., Takada, K., Hannam, A.G., 1986. The electromyographic activity of the

inferior part of the human lateral pterygoid muscle during clenching and
chewing. Arch. Oral Biol. 31, 245e253.

Wright, E.F., 2000. Referred craniofacial pain patterns in patients with temporo-
mandibular disorder. J. Am. Dent. Assoc. 131, 1307e1315.

Yang, X., Pemu, H., Pyhtinen, J., Tiilikainen, P.A., Oikarinen, K.S., Raustia, A.M., 2001.
MRI findings concerning the lateral pterygoid muscle in patients with symp-
tomatic TMJ hypermobility. Cranio 19, 260e268.

Yang, X.J., Hong, M., Hu, X.H., 1992. A new MRI Projection for the temporoman-
dibular joint and the lateral pterygoid muscle. J Craniomandib. Disord. Facial
Oral Pain 6, 32e39.
acteristics of temporomandibular dysfunction: Where do we stand?
017), http://dx.doi.org/10.1016/j.jbmt.2017.05.017

http://refhub.elsevier.com/S1360-8592(17)30117-1/sref100
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref100
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref100
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref101
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref101
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref101
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref101
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref102
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref102
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref102
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref102
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref103
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref103
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref103
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref103
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref104
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref104
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref104
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref105
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref105
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref105
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref105
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref106
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref106
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref106
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref107
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref107
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref107
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref107
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref108
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref108
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref108
http://refhub.elsevier.com/S1360-8592(17)30117-1/sref108

	Pathoanatomical characteristics of temporomandibular dysfunction: Where do we stand? (Narrative review part 1)
	1. Introduction
	2. Muscles of mastication
	3. The lateral pterygoid: two distinct muscles
	4. Etiology of temporomandibular dysfunction with anterior disc displacement
	5. Etiology of temporomandibular dysfunction with anterior disc displacement: superior head of lateral pterygoid
	6. Etiology of temporomandibular dysfunction with anterior disc displacement: articular disc
	7. Etiology of temporomandibular dysfunction with anterior disc displacement: inferior head of lateral pterygoid
	8. Temporomandibular pain: lateral pterygoid
	9. Temporomandibular dysfunction: an appropriate pain model
	10. Conclusion
	References


