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Abstract: The temporalis muscle is usually described as a single layer originating at the temporal line, converging to a
tendon, and inserting onto a narrow site of the coronoid process. However, recent studies have shown that the temporalis
muscle can be divided into two or three separate segments and the distal attachment continues inferiorly beyond the coronoid
process. Therefore, the aims of this study were to analyze the morphology of the temporalis muscle focusing on the tendinous
attachment onto the coronoid process and to provide educational values. The temporalis muscle was carefully dissected in
26 cadavers and classified based on the muscle fascicle direction. Each divided part was sketched and measured based on
bony landmarks to elucidate its tendinous insertion site onto the coronoid process, and the results obtained were reviewed
through the literature. The temporalis muscle ends at two distinct terminal tendons with wider insertion sites than usually
presented in textbooks and atlases and separates into two parts that combine to act as a single structural unit. The superficial
part is a large fan-shaped muscle commonly recognized as the temporalis muscle. This converges infero-medially to form
the superficial tendon and the lateral boundary of the retromolar triangle. Meanwhile, the deep part is a narrow vertically
oriented rectangular muscle that converges postero-laterally to form the deep tendon and the medial boundary of the
retromolar triangle. These results indicate that understanding the temporalis muscle’s insertion site onto the coronoid process
will be useful clinically with educational values during surgical procedures.
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Introduction

The temporalis muscle (TM) is composed of a single layer
within the temporal line of the parietal bone and attaches to
the coronoid process [1-4]. In major textbooks and atlases, it
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is usually illustrated simply as originating at a wide attach-
ment site, converging to the form of a tendon, and inserting
onto a narrow site of the coronoid process [5-7]. However,
recent studies have shown that the distal tendon of the TM
with a wider and lower attachment site continues inferiorly
to the retromolar triangle and forms the pterygomandibular
depression [7, 8]. This extended attachment site of the TM
can provide a better balance on the forces produced by the
muscles [7]. In addition, it is used as a landmark for inferior
alveolar nerve block anesthesia, third molar extraction, and
determining posterior denture flange, and is also used for
direct temporalis tendon injections and temporalis tendon
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transfers in plastic surgery [7, 9-12]. These various clinical
applications in the mandible require accurate knowledge of
the morphology of the TM including its tendinous attach-
ment.

Following muscle fiber direction is important because it
determines the force vectors that it can exert [2]. Currently,
the TM is divided into three parts according to fiber direc-
tion: anterior (orbital or vertical fibers), middle (temporal
or oblique fibers), and posterior (horizontal fibers) [13-15].
According to electromyographic analysis, these fiber direc-
tions are responsible for the mandible protrusion, rotation,
and retraction, respectively [13, 14, 16]. Studies using Sihler’s
staining, which allows observation of the nerve distribution
within the muscles without dissection, also revealed that
the three parts of the temporal muscle were each innervated
respectively by the anterior deep temporal nerve, the middle
deep temporal nerve, and the posterior deep temporal nerve
[15].

Study of the development of the TM in the human fe-
tus found that it extends inferiorly to two muscle fascicles
onto the coronoid process: one that inserts into the anterior
border of the mandibular ramus and the other that inserts
into the medial surface of the ramus [17]. Another study of
the TM confirmed the presence of two separate tendons:
(1) a superficial tendon attached to the anterior border of
the mandibular ramus; and (2) a deep tendon attached to
the temporal crest of the medial surface of the ramus [8, 13,
18]. Further, a histological study found that, in contrast to
the superficial part, the deep part includes numerous nerve
structures that are similar to the superior belly of the lateral
pterygoid muscle [1]. Thus, the presence of these two distinct
terminal tendons could raise the possibility that the TM is
divided into two layers or parts. These different studies indi-
cate clearly that the morphology of the TM is not as simple
as previously understood.

Studies have shown clearly that the TM is not a single
layer and that its morphology is often confused because of
various nomenclature and differently classified muscle parts
[19]. For example, the anterolateral and anteromedial muscle
bundles of the TM are variously named, such as the spheno-
frontal part of the temporalis [20] and the first layer of the
zygomaticomandibularis [21], and the deep sphenoid part of
the temporalis [20], the medial portion of the temporalis [22],
the second layer of the zygomaticomandibularis [21], and
the accessory head of the temporalis [23], respectively. Fur-
thermore, Shankland et al. [24] and Dunn et al. [25] reported
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these as new muscles, and were given the name “pre-anterior
belly” of the TM and “sphenomandibularis.” Because of the
inconsistency in describing the TM, particularly the lateral
and medial parts, it is necessary to evaluate more clearly the
anatomy and action on the superficial layer or lateral portion
and the deep layer or medial portion of the TM.

Therefore, the aims of this study were to analyze the mor-
phology of the TM focusing on the tendinous attachment in
order to identify how each part of the TM fascicle attaches
onto the coronoid process, and to provide educational values.

Materials and Methods

We dissected the TM in 26 embalmed cadavers that were
donated for educational purposes to the Department of
Anatomy, Chosun University School of Medicine in Gwangju,
Republic of Korea. They comprised 18 males and 8 females
whose age at death ranged from 40 to 97 years, with a mean
age of 64.9 years. We chose these 26 specimens (14 right and
12 left) because they displayed no obvious signs of damage
to the TM and the mandible regardless of any morphological
changes resulting from any tooth loss. This study followed in
accordance with the ethical principles for medical research
involving human subjects, outlined in the Declaration of
Helsinki of 1975.

To elucidate the tendinous attachment and insertion site
of the TM onto the coronoid process, the skin and subcuta-
neous tissues of each hemiface were first removed to reveal
the superficial temporal fascia and the masseter muscle. Fol-
lowing the methods described in Schén Ybarra and Bauer [2]
and Geers et al. [1], the masseter muscle and the zygomatic
arch were removed in turn. In that way, the origin of the TM
and the mandible blocks that contain the entire TM could
be identified. The retromolar pad was removed via a frontal
approach without damaging the temporal tendon and then
carefully dissected with the aid of a surgical microscope
(OPMI-EC; Carl Zeiss, Oberkochen, Germany). After remov-
ing the superficial and deep temporal fasciae, the TM was
dissected and separated based on the direction of the muscle
fascicle. After each divided part was sketched, its insertion
site that presented repeatedly were analyzed. And the results
obtained were reviewed through the literature.

To analyze the portion of each part attached to the coro-
noid process, the two divided tendons were measured based
on bony landmarks such as the inferior border of the man-
dible, the mandibular notch, and the lingula that is a bone
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Fig. 1. Diagram showing the dimensions measured the two separate
parts of the temporalis muscle attached onto the coronoid process
based on the bony landmarks. (D, height of the ending point of the
superficial part of the temporalis muscle (TMs) from the inferior
border of the mandible; @), height of the ending point of the deep
part of the temporalis muscle (TMd) from the inferior border of the
mandible; @), height of the separating point of the two parts from
the inferior border of the mandible; @), height of the lingula from
the inferior border of the mandible; ®), width of the TMd from the
anterior border of the mandibular ramus; ®), width of the lingula
from the anterior border of the mandibular ramus; @), distance of the
end point of the posterior border of the TMs based on the mandibular
notch.

structure anterior to the mandibular foramen that serves as
the entrance of the inferior alveolar neurovascular bundle.
It was measured with a digital caliper (Mitutoyo, Kawasaki,
Japan) by the height from the inferior border of the man-
dible to their lowest points, the width from the anterior
border of the mandibular ramus in the mandibular medial
surface, and the end point of the posterior border based on
the mandibular notch (Fig. 1). The superior angle, where
the superficial and deep tendons separated, was measured
in the photograph taken from the anterior direction of the
mandibular ramus as in Fig. 2. Two observers performed the
measurements twice on different days following the same
method. At this time, the measurement difference between
both observers showed no significant differences in any of
the measurement items. Thus, the subsequent analyses used
the average of the values measured between both observers.
Statistical analysis was performed utilizing IBM SPSS ver-
sion 22.0 (IBM Corp., Armonk, NY, USA). One-way ANOVA
was used to detect significant differences according to the
height from the inferior border of the mandible to each mea-
surement point. A post-hoc comparison on Scheffe was then
performed. All measurements are presented as mean+SD
values, and the significance criterion was set at P<0.05.
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Fig. 2. Photograph (A) and schematic (B) illustrating the two distinct
terminal tendons of the temporalis muscle that formed the boundary
on both sides of the retromolar triangle. The blue and green colors
indicate the dimensions of the TMs and TMd onto the coronoid
process, respectively. TMs, superficial part of the temporalis muscle;
TMd, deep part of the temporalis muscle.

Results

The TM separates and attaches as two strong tendons
on the lateral and medial sides of the coronoid process: (1) a
superficial tendon and (2) a deep tendon (Fig. 2). The super-
ficial part of the TM is the large fan-shaped TM that is often
described in many textbooks and anatomical atlases. It also
originates in the inferior temporal line and temporal fossa,
descends into the superficial tendon infero-medially, and
inserts at the apex, anterior, and posterior margins on the
lateral and medial surfaces of the coronoid process (Figs. 3, 4).
This superficial tendon descends into the external oblique
line along the anterior border of the mandibular ramus
and stops close to the third molar; thus forming the lateral
boundary of the retromolar triangle on the buccal side (Fig. 2).
The lowest point of this tendon is located at a mean height
of 3.2940.55 cm from the inferior border of the mandible,
which was slightly below the lingula (Table 1). Its end point
at the posterior border stops anteriorly at a mean of 0.33+0.15
cm based on the mandibular notch.

As other research has shown [1, 2] the present study
reconfirms that the deep part of the TM is located on the
medial side of the superficial part of the TM. The deep seg-
ment arises from the anterior and posterior ridge of the
pyramidal-shaped process on the infratemporal crest of the
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Fig. 3. Photograph (A) and schematic
(B) showing the dimensions of the TMs
attached onto the coronoid process
on the lateral side of the mandible.
TMs, superficial part of the temporalis
muscle.

Fig. 4. Photographs (A-C) and sche-
matic (D) showing the dimensions of
the TMs and TMd attached onto the
coronoid process on the medial side
of the mandible. The dotted arrows
indicated that the muscle fibers of two
separate parts of the temporalis muscle
were intermingled in the posterior
side. TMs, superficial part of the tem-
poralis muscle; TMd, deep part of the

temporalis muscle.

Table 1. Dimension of the two separate parts of the temporalis muscle attached onto the coronoid process based on the bony landmarks

Measurement item Minimum (cm) Maximum (cm) Mean+SD (cm) Ratio

Height of apex of coronoid process 5.30 8.45 6.51+0.80 1

Height of ending point of TMs 2.20 4.32 3.29+0.55 0.50
Height of ending point of TMd 2.51 3.65 3.05+0.36 0.47
Height of separating point of TMs and TMd 3.58 6.67 4.84+0.74 0.74
Height of lingula 2.13 4.30 3.42+0.64 0.52
Width of mandibular ramus 2.94 391 3.43+0.29 1

Width of TMd 0.77 248 1.46+0.41 0.43
Width of lingula 0.66 2.56 1.51+0.47 0.44

Each height was measured from the inferior border of the mandible, and each width was measured from the anterior border of the mandibular ramus. The ratio

of height was based on a mean height of apex of the coronoid process from the inferior border of the mandible, and the ratio of width was based on a mean width

of the mandibular ramus from the anterior border of the mandibular ramus. TMs, superficial part of the temporalis muscle; TMd, deep part of the temporalis

muscle.
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greater wing of the sphenoid bone that lies inside the anterior
roof of the infratemporal fossa and the pterygopalatine fossa.
This narrow and long rectangular muscle descends slightly
postero-laterally, which contrasts with the superficial part of
the TM, forms the deep tendon and attaches only to the me-
dial surface of the coronoid process. This deep tendon runs
vertically along the lingual margin of the temporal crest,
forms the medial boundary of the retromolar triangle on
the lingual side, and stops closer to the third molar than the
superficial tendon (Figs. 2, 4). In particular, while the muscle
fibers of the deep part of the TM was removing, these two
tendons could be clearly distinguished when examined from
the anterior direction of the mandibular ramus, while their
tendinous structures were not as clearly delineated when
viewed from the posterior direction (Fig. 4). The lowest point
of this tendon is located at a mean height of 3.05+0.36 cm
from the inferior border of the mandible and lies below the
insertion site of the superficial part of the TM (Table 1). It
has a mean width of 1.46+0.41 cm and stops ahead of the lin-
gula (Table 1). The mean angle of the superior angle, where
the superficial and deep tendons separated, is 28.9°+3.77°
ranged from 22° to 38.5°. These two tendons are separated
at a mean height of 4.84+0.74 cm from the inferior border of
the mandible. This is higher than the end point of each ten-
don, resulting in a retromolar fossa of the triangular shape
where the minor salivary gland and the retromolar pad are
located.

Discussion

The TM is a large fan-shaped muscle that has a wide
attachment site, a large volume, and serves as one of the
essential masticatory muscles that perform elevation, retrac-
tion, and unilateral contraction of the mandible [5, 6, 13].
Although these complicated and delicate masticatory action,
in many textbooks and anatomical atlases the TM is often
described simply as a single layer muscle that originates from
the inferior temporal line and temporal fossa and inserts into
the coronoid process [5-7]. However recently, Benninger and
Lee [7] suggested that the distal lateral tendon and distal me-
dial tendon head of the TM should be marked and illustrated
beyond the coronoid process and as far as the retromolar
fossa to represent the segment most accurately. In addition,
recent studies have shown that the TM can be divided into
two or three separate segments [1-3, 11, 14]. Therefore, the
purpose of this study was to analyze the morphology of the
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TM focusing on the tendinous attachment onto the coronoid
process.

Here, we found that the TM was also attached to two
strong terminal tendons and divided into a superficial layer
and a deep layer. This is in agreement with some previous
studies [1, 2]. The superficial part of the TM represents what
is commonly known as the TM and constitutes the main
part as a large fan-shaped muscle. It forms the superficial
tendon that is positioned along the anterior border of the
mandibular ramus to the lingula level and forms the lateral
border of the retromolar triangle. Because the buccal nerve
passes over the surface of this superficial tendon, care should
be taken when making any incision in the retromolar area
[26]. Interestingly, the size of this superficial part of the TM
decreases with age [27], and so further investigation is re-
quired into the effect of tooth loss on both the dimensions of
the TM and mastication more generally.

There have been questions of whether the anterolateral
muscle bundle of the TM is an independent muscle by itself
[19-21, 24]. This muscle originates from the posterior region
of the orbital part of the zygomatic bone and the outer lateral
region of the greater wing of the sphenoid bone, and inserts
directly into the anterior border of the mandibular ramus
[7, 19]. In the present study, this muscle forms part of the
anterior portion of the superficial part of the TM and the
superficial tendon. Akita et al. [19] reports that this muscle is
distributed by the anterior deep temporal nerve. Therefore,
it is more appropriate to recognize the anterolateral muscle
bundle of the TM as part of the anterior portion of the main
part of the TM. And it is thought that extended distal tendon
attachment of this muscle provides stronger action of eleva-
tion and protrusion to the mandible.

The deep belly or medial portion of the TM is located on
the medial side of its main part. This area originates from
the pyramidal-shaped process on the infratemporal surface
of the greater wing of the sphenoid bone and inserts into
the temporal crest of the medial surface of the ramus [1, 2].
Dunn et al. [25] concluded that the deep belly is an indepen-
dent muscle named as “sphenomandibularis” distinct from
the classic description of the TM. However, here we found
that the deep temporal fascia covers both the superficial part
and the deep part of the TM. Because this muscle is distrib-
uted by the anterior-most twigs of the anterior deep temporal
nerve [28], Akita et al. [19] considers that this anteromedial
muscle bundle is closely related to the anterior portion of
the main part of the TM. It is therefore reasonable to assume
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that the deep part of the TM is simply one part of a single
muscular complex that is combined with its superficial part,
not an independent muscle.

Previous studies found that the deep part of the TM had
a mean length of 5.2 cm and mean width of 1.4 cm, and that
it was situated inferior to the superficial part on the anterior
side and ahead of the mandibular foramen on the posterior
side [1, 8, 12, 25]. In the present study, the deep part was
found to be a vertically oriented rectangular muscle with a
mean width of 1.4 cm and attached ahead of the lingula, as
can also be seen from the results of Akita et al. [19]. Thus,
when the deep tendon is damaged due to failure of the infe-
rior alveolar nerve blocks in the pterygomandibular space
around the mandibular foramen behind the lingula [29], the
patient may experience severe pain and difficulty in opening
and closing the mandible. The deep tendon forms the medial
boundary of the retromolar triangle and stops at a mean
height of about 3 cm from the inferior border of the man-
dible inferior to the superficial tendon. This means that the
temporalis tendon can be used as a reference landmark for
surgical procedures in the retromolar region, including de-
termination of the posterior denture flange and reduction of
temporomandibular joint dislocations. The finding reported
here could also be useful during manual palpation for direct
injections into the temporalis tendon.

Although the deep and superficial parts of the TM are a
single muscular complex covered by the deep temporal fas-
cia, the deep part needs to be separated from the superficial
part to better understand the muscle action. This is because
the deep part has a distinct origin and insertion sites and its
muscle fibers descend slightly postero-laterally, in contrast
to the superficial segment that descends infero-medially.
This could mean that the superficial part operates unilateral
contraction on the working side while the deep part provides
unilateral contraction on the balancing side. Since lateral
movements on the bilateral temporomandibular joint are
much more complicated and delicate than the movements
of opening and closing the mouth, it apparently requires the
subdivision of the TM according to the direction of the mus-
cle fascicle forming the tendon for understanding these com-
plicated masticatory movements. However, as a limitation
of this study, which dissected a small number of cadavers,
the muscle action of these two parts could not be confirmed.
In addition, these two parts were found to be intermingled
on the posterior side without any special structure dividing
them. Thus, further studies are needed to examine action of
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the two parts of the TM in detail using electromyographic
analysis and 3 dimensional reconstruction.

In conclusion, the TM ends at two distinct terminal ten-
dons with wider insertion sites than usually presented in ma-
jor textbooks and atlases. Thus, it is clear that the temporalis
tendon can be separated into two separate parts that com-
bine to act as a single structural unit. The superficial part
is a large fan-shaped muscle commonly recognized as the
TM that converges infero-medially to form the superficial
tendon and the lateral boundary of the retromolar triangle.
Meanwhile, the deep part is a narrow vertically oriented
rectangular muscle that converges postero-laterally to form
the deep tendon and the medial boundary of the retromolar
triangle. These results on the anatomical morphology of the
TM as related to its insertion site onto the coronoid process
will be useful clinically with educational values during surgi-
cal procedures in the retromolar region, such as extraction,
anesthesia, and reduction of temporomandibular joint dislo-
cations.
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