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a b s t r a c t
The intraoral palpability of the inferior caput of the lateral pterygoid muscle has been a matter of ambiguity because of its topography. Thus, none of the recently published studies has provided reliable proof
of the possibility of digital intraoral palpation, although palpation of the muscle is part of most of the
examination catalogs for clinical functional analysis and functional therapy.
Digital muscle palpation was performed intraorally on ﬁve preparations after exposure of the infratemporal fossa and visualization of the lateral pterygoid muscle. Direct digital palpation of the lateral
pterygoid muscle was seen in all ﬁve cases. The successful palpation was carried out and approved during laterotrusion to the examined side (relaxation). While opening and closing the mouth (contraction)
the muscle is palpable. In real-time kinematic measurements (MRI) an impression of the lateral caput
of the left lateral pterygoid muscle of a 30-year-old control male person was found up to 6 mm. Electromyographic detection by direct signal conduction with concomitant palpation is possible. The injection
electrode tested in situ in the muscle was felt transorally with the palpating ﬁnger.
The intraoral palpability of the inferior caput of the lateral pterygoid muscle is veriﬁed. The basic
requirement for successfully palpating the lateral pterygoid muscle is the exact knowledge of muscle
topography and the intraoral palpation pathway. After documented palpation of the muscle belly in
cadaverous preparations, MRI and EMG also visualized palpation of the lateral pterygoid muscle in vivo.
The palpation technique seems to be essential and basically feasible.
© 2015 Elsevier GmbH. All rights reserved.

1. Introduction
The intraoral palpability of the inferior caput of the lateral
pterygoid muscle is part of most of the examination catalogs for
clinical functional analysis and functional therapy (Ahlers, 2011;
Bumann and Lotzmann, 2000; Reichert and Stelzenmüller, 2008;
Stelzenmüller and Wiesner, 2004, 2010) and the lateral pterygoid
muscle is one of the muscles of the jaw that causes the most
pain (Ahlers, 2011; Bumann and Lotzmann, 2000; Reichert and
Stelzenmüller, 2008; Stelzenmüller and Wiesner, 2004, 2010). To
treat this muscle it must be ensured that the digital palpation of
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the quality of muscular tissue, the assessment of pain, and the following functional massage is possible (Reichert and Stelzenmüller,
2008). However, none of the recently published studies has provided reliable proof of the possibility of digital intraoral palpation.
Discussions about the possibility of intraoral palpability of the
inferior pterygoid muscle began in 1966/1971, starting with KroghPoulson’s study “the movement analysis” (Krogh-Poulsen, 1971;
Schumacher, 1997). The intraoral palpability has been questionable because of its topography (Stratmann et al., 2000; Tuerp and
Minagi, 2001). It is important to answer this question, because
the lateral pterygoid muscle is one of the “key-muscles” (Ahlers,
2011; Bou-Atme et al., 2005; Bumann and Lotzmann, 2000; Murray
et al., 2004; Okeson, 1996, 2003; Reichert and Stelzenmüller, 2008;
Schindler et al., 2006; Stelzenmüller et al., 2004; Stelzenmüller
and Wiesner, 2004, 2010) for the treatment of craniomandibular disorders (McNeill, 1983) (CMD). In the USA and UK, CDN and
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Australia using the term temporomandibular disorders (Okeson,
1995; Posselt, 1971; Thompson, 1964) (TMD) is more useful.
TMD/CMD symptoms arise in the head/jaw/face (Ahlers, 2011;
Bou-Atme et al., 2005; Bumann and Lotzmann, 2000; Murray
et al., 2004; Okeson, 1996, 2003; Reichert and Stelzenmüller, 2008;
Schindler et al., 2006; Stelzenmüller et al., 2004; Stelzenmüller
and Wiesner, 2004, 2010). Literally, this describes the suboptimal
functioning of the cranium (condylar path on the skull) and the
mandible (the head[s] of the lower jaw) joint partners (Reichert
and Stelzenmüller, 2008). The term temporomandibular joint disorder (TMD) is more commonly used in English. It describes the
suboptimal functioning of the head of the mandible (including the
articular disk located in the joint) and the temporal bone more
precisely and names the bones that contribute anatomically to the
temporomandibular joint (TMJ). A TMJ never moves alone and the
interaction with the contralateral joint must always be considered.
Many of these craniomandibular symptoms present themselves in
different types of headache or as ear, tooth, jaw, or face pain. This
frequently involves “referred pain” arising from structures such as
muscular trigger points (where pain is projected from sections of
the muscle into other regions). In addition to the systematic subjective and objective assessments, precise palpation of the muscles
and, as much as possible, the articular structures, is of importance.
Disorders of the temporomandibular joints are characterized
as temporomandibular dysfunction (TMD) (Okeson, 1995; Posselt,
1971; Thompson, 1964), craniomandibular dysfunction (CMD)
(McNeill, 1983) or as orofacial pain (Okeson, 1995, 1996). According
to Mayer et al., 2007, the hyperactive, pressure-sensitive masticatory, head, and maxillofacial muscular systems are signiﬁcant
correlates of neuromuscular incoordination or craniomandibular
dysfunction, not the occlusal problems.
The signiﬁcance of digital palpability is that the muscle structure
and pain sensation can be determined by digital palpation in manual functional diagnosis and subsequently treated by functional
massage (opening and closing the mouth during digital palpation) (Reichert and Stelzenmüller, 2008; Stelzenmueller, 2013;
Stelzenmüller et al., 2004; Stelzenmüller and Wiesner, 2004, 2010).
The biomechanics of the TMJ enable movement in all three
spatial axes (vertical, transverse, sagittal). Mandibular movements are never purely translational and also never purely
rotational (Benninghoff, 2004; Reichert and Stelzenmüller, 2008;
Schumacher, 1997; Schünke et al., 2006).
The main movements in the mandible are:
• Elevation and depression (opening and closing the mouth).
• Protrusion and retrusion (translation movement of the mandible
anteriorly and posteriorly).
• Lateral and medial deviation (movement of the mandible to the
side away from or toward the median plane) (Benninghoff, 2004;
Reichert and Stelzenmüller, 2008; Schumacher, 1997; Schünke
et al., 2006).
The rotational–translational movement pattern at the TMJ is
ﬂowing, but is described in three phases hereinafter to make the
complex biomechanics easier to understand (Benninghoff, 2004;
Reichert and Stelzenmüller, 2008; Schumacher, 1997; Schünke
et al., 2006). Mouth opening: Presented simply, mouth opening
involves rotation initiated by the pull of the lateral pterygoid and
the suprahyoid muscles and controlled by the mouth closure muscles that decelerate movement (Benninghoff, 2004; Reichert and
Stelzenmüller, 2008; Schumacher, 1997; Schünke et al., 2006).
In phase 1 (ﬁrst phase of rotation), the condyles in the inferior compartment rotate slightly. This movement is initiated by
the pull of the lateral pterygoid and the suprahyoid muscles and
acts to overcome the occlusion of the teeth. This causes the head
of the mandible to brieﬂy rotate anteriorly. Following the mobile

joint socket “principle,” the articular disk ideally moves in an anterior direction along the condylar path similar to the operation
of a pasta machine. Its movement is decelerated by the superior
stratum of the bilaminar zone, the posterior ﬁbers of the temporalis muscle, and the lateral ligament (Benninghoff, 2004; Reichert
and Stelzenmüller, 2008; Schumacher, 1997; Schünke et al., 2006).
The inferior stratum, secured onto the condyle, relaxes. The
ﬁrst phase ﬂows into phase 2, in which more gliding occurs at
the head of the mandible. The lateral pterygoid muscle pulls the
disk, acting as a mobile joint socket, in an inferoanteromedial
direction beneath the articular tubercle. This is also deﬁned as
protrusion. This movement is produced by the pull of the lateral
pterygoid, assisted and controlled by the muscles mentioned above,
and is essentially decelerated by the superior stratum of the bilaminar zone, the posterior ﬁbers of temporalis, and the lateral
ligament (Benninghoff, 2004; Reichert and Stelzenmüller, 2008;
Schumacher, 1997; Schünke et al., 2006).
To open the mouth as widely as possible, the condyles must
rotate once again at the end of the condylar path in phase 3 (second phase of rotation). The disk has been pulled underneath the
articular tubercle in the second phase and is now “pulled along”
anteriorly, as the head of the mandible rotates, and is pulled up
onto the articular tubercle with the assistance of the lateral pterygoid muscle and the above-mentioned muscles (Benninghoff, 2004;
Reichert and Stelzenmüller, 2008; Schumacher, 1997; Schünke
et al., 2006). Only then, can the mouth open up fully by further
rotating. The movement of the disk is decelerated again by the superior stratum of the bilaminar zone. The inferior stratum, secured
onto the condyle, is now placed under tension (Benninghoff, 2004;
Reichert and Stelzenmüller, 2008; Schumacher, 1997; Schünke
et al., 2006).
The superior head of the lateral pterygoid muscle originates
on the infratemporal crest of the sphenoid bone. The inferior
head comes from the lateral plate of the pterygoid process. The
superior head is attached to the articular disk, pulls the disk
anteriorly, and initiates mouth opening. The inferior head inserts
into the condylar process of the mandible (Benninghoff, 2004;
Reichert and Stelzenmüller, 2008; Schumacher, 1997; Schünke
et al., 2006). When acting alone, it displaces the lower jaw to
the contralateral side (medial deviation). When the two inferior
heads act together, they move the lower jaw anteriorly (protrusion) (Benninghoff, 2004; Reichert and Stelzenmüller, 2008;
Schumacher, 1997; Schünke et al., 2006). The kinematics initiated by the lateral pterygoid muscle continue with the suprahyoid
muscles. Recent studies (Schindler et al., 2006) have shown that
the lateral pterygoid muscle is involved in almost all movements
of the TMJ in one way or another. The lateral pterygoid muscle is one of the muscles of the jaw that causes the most pain
(Stelzenmüller and Wiesner, 2004, 2010). The function is protrusion and abduction (bilateral activity) and mediotrusion (unilateral
activity).
The aim of this study is to show “reliable proof” of the intraoral
palpability of the inferior caput of the lateral pterygoid muscle by
palpation of the muscle belly in cadaverous preparations, magnetic
resonance imaging (MRI) and electromyography (EMG).
The research questions of this study are:
• Is it possible to visualize, document and objectively evaluate the
intraoral palpability of the lateral pterygoid muscle?
• Can the effects of intraoral palpability of the lateral pterygoid
muscle be evaluated by anatomical preparations?
• Can the effects of intraoral palpability of the lateral pterygoid
muscle be evaluated by magnetic resonance imaging (MRI)?
• Can the effects of intraoral palpability of the lateral pterygoid
muscle be evaluated by electromyography (EMG)?
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2. Materials and methods
2.1. Control person
The inclusion criterion for the control person of this study was
that he must have healthy TMJs. One 30-year old man was chosen
as control person. He had a clinically and morphologically normal
disk-condyle complex and bilaterally symmetrical muscle conditions. This had been veriﬁed before by MRI and manual functional
analysis. He also had no functional disorders of the chewing muscles.
2.2. Course of the examination
The digital palpation of the lateral pterygoid muscle takes place
intraorally in the cheek using either the little ﬁnger or the index ﬁnger. The patient deviates the mandible laterally (shifts the lower jaw
sideways, away from the midline) toward the side to be assessed.
The examiner’s little ﬁnger or index ﬁnger then palpates along the
oral vestibule parallel to the superior section of the alveolar process
of the maxilla, onto the maxillary tuberosity, and then further, until
the lateral plate of the pterygoid process is reached. The palpation
crosses over the superior section of the medial pterygoid muscle
during this step. During palpation, the palpating ﬁnger makes a
craniomedial movement at the end, while the control person is
opening and clothing the mouth.

Fig. 1. Palpation inside MRI.

2.3. Five anatomical cadaverous preparations
The postulated access pathway will be tested on ﬁve anatomical
cadaverous preparations. After exposure of the infratemporal fossa
and visualization of the lateral pterygoid muscle the digital muscle
palpation follows the above-mentioned technique (Figs. 6–8).
2.4. MRI
A Siemens Symphony 1.5 T (MRI) is used for localization and
identiﬁcation of the lateral pterygoid muscle. The Siemens Magnetom Symphony is an advanced high speed, short-bore, 1.5 T MRI
system. The bore is 1.6 m (5 3 ) length with an inside diameter of
60 cm (almost 2 ) with a ﬂared 120 cm (4 ) opening. The 1.5 T highﬁeld magnet has an advanced gradient coil system. Zero helium
boil-off technology, passive and active shimming, XF gradients
(33 mT/m@125 T/m/s), Tim [96 × 24], [96 × 16].
The MRI examination is used for acquisition of statistic T2weighted axial slices for verifying bilaterally equivalent muscle
conditions. Subsequent determination of the scanning axes and
kinematic real-time imaging (true ﬁsp), during intraoral digital muscle palpation of the inferior M. pterygoideus lateralis
(Figs. 1–3).
During this MRI examination, the examiner carries out the
intraoral digital muscle palpation (above the head of the control
person). After laterotrusion of the mandible to the examined side,
e.g. index ﬁnger or little ﬁnger runs parallel to the superior alveolar
process along the oral vestibule beyond the maxillary tuberosity up
to the lateral pterygoid plate. The cranial part of the medial pterygoid muscle is crossed here. During palpation, the palpating ﬁnger
makes a craniomedial movement at the end.
2.5. EMG
The third testing method is electromyography. For localization
and identiﬁcation of the lateral pterygoid muscle we are using an
EMG apparatus from Dantec Co. (Keypoint Portable, Keypoint System Software 3.03). The ﬁrst examiner uses the electrode needle.

Fig. 2. Palpation inside MRI with mouth open.

Fig. 3. Fulﬁllment of the inclusion criteria.

This electrode needle (monopolar lumen electrode from
Medtronic Co. 50 mm × 0.45 mm) is dorsocranially inserted about
3.5 cm into the middle of the soft-tissue gap, which is formed by
the semilunar incisure and the zygomatic bone.
A second examiner carries out the intraoral digital muscle palpation while EMG examination (Figs. 4 and 5). After laterotrusion of
the mandible to the examined side, the index ﬁnger or little ﬁnger,
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Fig. 4. Palpation of the incisure.

Fig. 6. Access pathway.

Fig. 5. Insertion of the electrode.

Fig. 7. Palpation via the oral vestibule.

respectively, runs parallel to the superior alveolar process along
the oral vestibule beyond the maxillary tuberosity up to the lateral
pterygoid plate. The cranial part of the medial pterygoid muscle is
crossed here. During palpation, the palpating ﬁnger makes a craniomedial movement at the end.
For maximum innervation of the lateral pterygoid muscle, the
patient is asked to shift the lower jaw in the contralateral direction during intraoral digital muscle palpation. The monitor setting
is adjusted to 100 ms. The ampliﬁcation is in the 100–500 V range.
Positive palpation effect of intraoral palpability of the lateral pterygoid muscle is shown as a line change.
2.6. Video documentation
All parts of the study are documented on video (four cameras,
Sony).
3. Results
3.1. Five anatomical preparations
Digital muscle palpation was performed intraorally according
to the above-mentioned criteria on ﬁve preparations (Figs. 6–8)
after exposure of the infratemporal fossa and visualization of the
lateral pterygoid muscle. The direct digital palpation of the lateral
pterygoid muscle was shown in all ﬁve cases.

Fig. 8. Red: lateral pterygoid muscle. Yellow: medial pterygoid muscle. (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the
web version of this article.)

3.2. MRI – magnetic resonance imaging
The successful palpation was carried out and approved during laterotrusion to the examined side (relaxation). While opening
and closing the mouth (contraction) the muscle is palpable. In the
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Fig. 11. (A) Red: lateral pterygoid muscle; yellow: palpating ﬁnger; (B) red: lateral
pterygoid muscle; yellow: palpating ﬁnger. (For interpretation of the references to
color in this ﬁgure legend, the reader is referred to the web version of this article.)

Fig. 10. (A) Measurement slice during palpation; (B) measurement slice during
palpation.

real-time kinematic measurements (Figs. 9–11), an impression of
the lateral caput of the left lateral pterygoid muscle was found up
to 6 mm.
3.3. EMG – electromyography
Electromyographic detection by direct signal conduction with
concomitant palpation is possible. The injection electrode tested
in situ in the muscle was felt transorally with the palpating ﬁnger
(Figs. 12–15).
4. Discussion
The lateral pterygoid muscle is one of the “key” muscles in the
management of TMD. The clinical opinion is that the lateral pterygoid muscle is dysfunctional in patients with TMD (Murray et al.,
2001) and is one of the muscles of the jaw that causes the most pain.
Therefore the possibility of digital intraoral palpation of the lateral
pterygoid muscle is essential for clinical functional analysis and
functional therapy (Ahlers, 2011; Bumann and Lotzmann, 2000;
Reichert and Stelzenmüller, 2008; Stelzenmüller and Wiesner,
2004, 2010) and is part of most of the examination catalogs for clinical functional analysis (Ahlers, 2011; Bumann and Lotzmann, 2000;
Reichert and Stelzenmüller, 2008; Stelzenmüller and Wiesner,
2004, 2010). Before the possibility of digital intraoral palpation of
the lateral pterygoid muscle was approved, the muscle had to be

Fig. 12. Laterotrusion.

tested isometrically outside the mouth. This test is not as informative as digital palpation. To conduct this test, the patient was
instructed to open his mouth slightly and then move his lower
jaw to the side, for example, to the left. This movement is decelerated using submaximal resistance applied to the left side of
the mandible. This tests the strength and presence of pain in the
right lateral pterygoid muscle. Up until the palpation of the lateral pterygoid muscle was proven, this technique had also been
used as treatment to relax the lateral pterygoid muscle using
the contract–relax technique (Reichert and Stelzenmüller, 2008;
Stelzenmüller and Wiesner, 2004, 2010). Now the intraoral palpability of the inferior caput of the lateral pterygoid muscle is shown
and veriﬁed by documented palpation of the muscle belly in cadaverous preparations, MRI and EMG.
The basic requirement for successfully palpating the lateral
pterygoid muscle is the exact knowledge of muscle topography
and the intraoral palpation pathway and was successfully performed intraorally according to the above-mentioned criteria on
ﬁve preparations after exposure of the infratemporal fossa and
visualization of the lateral pterygoid muscle (Benninghoff, 2004;
Reichert and Stelzenmüller, 2008; Schumacher, 1997; Schünke
et al., 2006). The direct digital palpation of the lateral pterygoid
muscle was shown in all ﬁve cases. In contrast to reports in the
literature (Stratmann et al., 2000; Tuerp and Minagi, 2001), we
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and Stelzenmüller, 2008; Schumacher, 1997; Schünke et al., 2006).
The use of EMG and MRI for showing the effect of palpation bases
on EBM reports in the literature. The use of EMG in dentistry
was described as early as the 1950s, e.g. by Bigland and Lippold
(1954) and Perry and Harris (1954). The 1970s brought works by
Jarabak (1956), Vig (1963), Yemm (1976), Michler et al. (1988),
Riise (1983) and Sheikhoieslam et al. (1986), up to and including
the most important advocate, Jankelson (1979, 1980) known as the
founder of the myocentric therapy. Newer studies also conﬁrm the
use of EMG in dentistry (Jankelson, 1990; Stelzenmüller and Kopp,
2010; Hugger et al., 2008). MRI seems to be the “gold standard” for
imaging temporomandibular joints (Bumann and Lotzmann, 2000;
Ruf and Pancherz, 2000; Stehling et al., 2007; Stelzenmüller and
Wiesner, 2004, 2010; Vahlensieck et al., 2002).
5. Conclusion
Fig. 13. Palpation of the lateral pterygoid muscle.

The basic requirement for successfully palpating the lateral
pterygoid muscle is the exact knowledge of muscle topography and
the intraoral palpation pathway. After documented palpation of the
muscle belly in cadaverous preparations, MRI and EMG also visualized palpation of the lateral pterygoid muscle in vivo. The palpation
technique seems to be essential and basically feasible.
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