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Introduction: The masseter muscle is considered to be bilayered, consisting of a superficial and a deep part.
However, a few historical texts mention the possible existence of a third layer as well, but they are ex
tremely inconsistent as to its position. Here we performed an anatomical study to clarify the presence and
morphological characteristics of a distinct third layer of the masseter muscle.
Materials and methods: We dissected 12 formaldehyde-fixed human cadaver heads, analysed CTs of 16 fresh
cadavers, evaluated MR data from one living subject and examined histological sections using methyl
methacrylate embedding of one formaldehyde-preserved head.
Results: An anatomically distinct, deep third layer of the masseter muscle was consistently demonstrated,
running from the medial surface of the zygomatic process of the temporal bone to the root and posterior
margin of the coronoid process. Ours is the first detailed description of this part of the masseter muscle.
Conclusions: To facilitate discussion of this newly described part of the masseter, we recommend the name
M. masseter pars coronoidea (coronoid part of the masseter) as a further reference. The arrangement of its
muscle fibers suggest it being involved in stabilising the mandible by elevating and retracting the coronoid
process.
© 2021 Published by Elsevier GmbH.
CC_BY_NC_ND_4.0
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1. Introduction
The masseter muscle is the most prominent masticatory muscle.
Its main function is to elevate the mandible against the maxilla and
to exert masticatory force. The masseter also plays a small part in
protracting the mandible and in lateral movements. The masseter
muscle also has a special significance for facial aesthetics
(Almukhtar and Fabi, 2019).
Textbooks of anatomy traditionally describe the masseter as
quadrilateral, and distinguish between a superficial and a deep
portion (Arnold, 1845; Aumüller et al., 2020; Terminologia
Anatomica: International Anatomical Terminology, 1998; Waschke
et al., 2019). The superficial part originates by a thick aponeurosis on
the temporal process of the zygomatic bone and the inferior side of
the zygomatic arch. The fibers run inferior-posteriorly, superficial to
the deep part, and insert onto the mandibular angle at the masse
teric tubercle, as well as on the inferior portion of the lateral surface
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of the mandibular ramus. The deep part originates along the entire
length - or according to other sources, just the posterior two-thirds
(Dauber, 2019) - of the zygomatic arch; the fibers pass inferiorly and
converge to insert on the mandibular ramus, superior and deep to
the superficial portion. Anteriorly, the deep part is covered by the
superficial portion, whereas posteriorly it is shielded only by the
parotid gland. Both layers are innervated by the masseteric branch of
the anterior trunk of the mandibular nerve.
However, looking at a larger spectrum of anatomical descrip
tions, a controversy surfaces regarding the two-layered structure of
the masseter. In a historical (38th) edition of Gray`s Anatomy, the
muscle was described as consisting of a superficial, a middle, and a
deep layer (Williams, 1995). By doing so, the author reflected a much
older observation by von Haller (1784) who discussed that the
masseter muscle may consist of two or three layers. In this case, the
middle part arises from the medial aspect of the anterior two-thirds
of the zygomatic arch and from the lower border of the posterior
third, and inserts into the central part of the mandibular ramus. The
deep layer originates along the entirety of the deep, temporal surface
of the zygomatic arch and inserts onto its coronoid process. Williams
(1995) declared that the middle and deep layers described in Gray`s
Anatomy correspond together to the deep part in the modern
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Terminologia Anatomica (1998). However, since the sources referred
to by Williams (1995) regarding the third, deep layer investigated
different species and are not in accordance with each other, neither
with respect to the origin and insertion of the different muscle parts
nor the nomenclature (Schumacher, 1961; Yoshikawa and Suzuki,
1969), their results are difficult to interpret, especially in human
specimens. More recently, Gaudy et al. (2000) and Brunel et al.
(2003) also describe a 3-layered arrangement of the masseter, with a
superficial, intermediate and deep plane. In both cases, the super
ficial and intermediate layers correspond to the superficial masseter
and the deep portion is equivalent to the official deep part of the
masseter according to the Terminologia Anatomica (1998).
In order to clarify the structure of the masseter and the resulting
inconsistency in nomenclature, we performed anatomical dissec
tions and methylmethacrylate embedding of formaldehyde-fixed
cadavers, and supplemented this by computer tomography (CT) ex
aminations of fresh cadavers and magnetic resonance (MR) imaging
of a live subject.
As a result, we describe and show here for the first time a distinct
portion of the human masseter muscle, which we suggest should be
called the coronoid part.

slices were then infiltrated with MMA for 3 days at 4 °C. The re
sulting solution was exchanged for pure MMA for the final embed
ding at 4 °C. The duration of polymerization depended on the size of
the sample and lasted approximately one month. All further steps
were carried out on the head slices embedded in cured MMA blocks.
Transverse sections were cut using a diamond circular saw with a
blade thickness of 400 µm. The resulting 1200 μm thick slices were
fixed on white, translucent object holders for further processing. The
slides were then ground to a maximum thickness of 250 µm and
polished. The following staining methods were used:

2. Materials and methods

2.3. CT analysis

2.1. Macroscopical dissection

Sixteen fresh cadavers (mean age: 85 years; range: 66–95 years;
4 men, 12 women) were imaged with a CT system (SOMATOM 16,
Siemens, Erlangen, Germany, 130 kVolt, axial slices) with a slice
thickness of 0.6 mm. Images were acquired using the B31S standard
soft tissue convolution kernel. For further analysis, the DICOM axial
image series were transformed into 3D reconstructions of the head
using Slicer (version 4.10.2), with global thresholding defined for
bone and muscular elements. A region in the temporal and infra
temporal fossa defined by the zygomatic arch and the temporal
bone, the coronoid and condylar process was reconstructed and the
presence of the muscle was observed.

i. Toluidine blue epoxy staining (penetration thickness: 3 µm) for
basophil structures.
ii. Trichrome Masson-Goldner surface staining (penetration thick
ness: 3 µm), where mineralized bone and collagen are stained
green, calcified cartilage is light green, and muscle tissue and
cytoplasm appear in different shades of red.
The resulting histologic slices were documented for inspection
(IMS Client software, 20.5: 1 Zoom and FusionOptics Technology
Leica M205C; Canon EOS 40D).

For the macroscopical dissection study, 12 heads were obtained
from formaldehyde-embalmed cadavers (mean age: 78 years; range:
65–91 years; 7 men, 5 women), who had signed their consent during
their lifetime for body donation for educational and medical re
search purposes in accordance with the guidelines of the Swiss
Federal Office of Public Health. The signed consents are available on
reasoned request. No inclusion or exclusion criteria were defined.
A layered dissection using the outside-in technique was per
formed: after removal of the skin, subcutaneous fat and the mas
seteric fascia, the overlying superficial masseter was separated from
the deep portion by inserting a pair of forceps between the layers.
The diagonally-posteriorly oriented fibers of the superficial masseter
were then cut parallel to the zygomatic arch, halfway between their
origin and insertion. The superficial muscle layer was then retracted
superiorly and inferiorly, exposing the deep masseter. The fanshaped deep masseter was identified by its longitudinally running
fibers originating along the zygomatic arch and converging onto the
ramus of the mandible. The deep masseter was then transected
again following the same line as with the superficial part.
Meanwhile, the branches of the masseteric nerve and vessels were
exposed in the opening between the condylar process of the
mandible and the deep part of the masseter. At this point, the at
tachment of the temporal muscle onto the coronoid process also
became clearly visible, marking the correct depth for locating the
attachment of the third, deepest layer of the masseter, the pars
coronoideus. The coronoid part of the masseter was identified by its
diagonally-running fibers, which lie underneath the deep masseter,
originate posteriorly from the temporal side of the zygomatic arch,
and run diagonally-anteriorly towards the coronoid process of the
mandible. Following dissection, the length, width and thickness of
the coronoid part of the masseter were quantified.

2.4. MR analysis
The MR imaging was performed on one research subject (age: 40
years, female) using a Siemens MR system, slice thickness: 4, mag
netic field strength: 1.5 T. The resulting images were reconstructed
and analysed for the presence of the muscle using Slicer (ver
sion 4.10.2).
2.5. Quantitative measurements
Muscle length, width and thickness were measured directly on
formaldehyde-embedded cadavers with the jaw fully closed. MR and
CT images were analysed using ImageJ (version 1.53c) for the pre
sence of the muscle.
3. Results
The results of our macroscopical and radiological investigations
have proved the consistent existence of a third, distinct layer of the
masseter muscle in humans. This deepest layer of the masseter,
which we call the coronoid part (suggested latin name: M. masseter,
pars coronoidea), originates posteriorly on the inner, temporal side of
the zygomatic process of the temporal bone, with the muscle fibers
running diagonally anteriorly, the muscle attaching at the base and
along the posterior margin of the coronoid process of the mandible
(Figs. 1–3). The coronoid part of the masseter was present in each
case studied, indicating that it is a constant architectural element of
the masseteric muscle rather than an anatomical variation. The main
findings are summarized in Figs. 1–3.

2.2. MMA embedding
For the methylmethacrylate (MME) embedding, one head was
used (for detailed methods see Hauser et al. (2015). In short:
Two centimeter-thick transversal sections of a formaldehydeembalmed head were sequentially dehydrated with 40% ethanol
ascending to 100% over a period of 25 days. The initial defatting
process was completed with isopropyl alcohol and chloroform. The
2
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Fig. 1. Macroscopical dissection and schematic drawing representing the coronoid part of the masseter. C = coronoid part of masseter; S = superficial part of masseter; D = deep
part of masseter; T = temporal muscle; Z = zygomatic arch; arrow head = coronoid process of mandible; arrow = condylar process of mandible. (S: superior, I: inferior, P: posterior,
A: anterior).

3.1. Origin

antero-medial-inferior insertion on the coronoid process. The
muscle is thus elongated and quadrangular, with an average anterior
length of 22.8 mm, an average posterior length of 20.7 mm, an
average anterior width of 9.2 mm, an average posterior width of
12.7 mm, and an average thickness of 2.0 mm (Table 1). The fibers
consistently run parallel to the axis of force generation. Thus, the
physiological and anatomical cross-sectional area coincide, and are
on average 44.6 mm2. On the other hand, fibers of the deep part of
the masseter run longitudinally, along the shortest path from the
zygomatic arch, converging on the lateral side of the mandibular
ramus, shaped like a fan. Fibers of the coronoid part are oriented
perpendicularly to those of the superficial part. Thus, the three
layers of the masseter form a network of diagonally arranged muscle
fibers, resulting in a cruciate architecture.

The origin of the fibers of the coronoid part is different from that
of the deep part of the masseter. The coronoid part takes its mus
cular origin from posterior to the temporozygomatic suture of the
zygomatic arch, anteriorly from the temporomandibular joint. The
muscle arises from the medial surface of the zygomatic process of
the temporal bone, and in some cases from the deep layer of the
temporal fascia close to its attachment on the zygomatic arch, thus
forming the deepest layer of the masseter. On the other hand, the
origin of the deep part of the masseter extends along the entire
inferior part of the zygomatic arch, bridges over the temporozygo
matic suture, and attaches to both the zygomatic process of the
temporal bone and the temporal process of the zygomatic bone. The
enthesis is of a muscular form.

3.3. Attachment
3.2. Fiber orientation
The attachment of the coronoid portion of the masseter on the
coronoid process of the mandible can be clearly separated from the
tendinous attachment of the temporal muscle. The tendon and
muscle fibers of the coronoid part of the masseter run

The orientation of the muscle fibers is specific for the coronoid
part of the masseter. The fibers run parallel and diagonally, from a
postero-lateral-superior origin on the zygomatic arch, towards an
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Table 1
Summary statistics of the dimensions of the posterior part of the masseter muscle in
formaldehyde-fixed specimens. (Measurements rounded to the nearest whole milli
meter.).
Measure (mm)
Length
posterior
anterior
Width
posterior
anterior
Thickness

Average

Minimum

Maximum

20.7
22.8

13
15

30
32

12.7
9.2
2.0

10
5
2

15
15
2

Fig. 2. A Postero-superior view of the temporal fossa on a dissected specimen. B 3DCT reconstruction of the temporal fossa, postero-superior view. C = coronoid part of
masseter; S = superficial part of masseter; D = deep part of masseter; T = temporal
muscle; Z = zygomatic arch; arrow head = coronoid process of mandible. (A: anterior,
P: posterior, M: medial, L: lateral).

posterolaterally from the coronoid process of the mandible towards
the posterior third of the zygomatic arch. Fibers from the tendinous
attachment of the temporal muscle run medially and superiorly
from the coronoid process, towards the zygomatic bone and the
squamous part of the temporal bone.
From a histological perspective, the attachment of the tendon of
the coronoid part of the masseter forms a fibrous enthesis, similar to
the periosteal-diaphyseal attachment of long bones, with the fibres
passing through the periosteum into the bone (Fig. 4.).

Fig. 4. A Inferior view of an MMA-embedded transverse section, showing the en
theses of the temporal muscle and the coronoid part of the masseter on the coronoid
process. A Attachment of the temporal muscle tendon (arrowheads) on the anterior
part of the coronoid process (*) via the periost. Scalebar: 200 µm. B The fibrous en
thesis of the cornoid part tendon (arrowheads), with fibres passing through the
periost (*). Scalebar: 100 µm. (A: anterior, P: posterior, M: medial, L: lateral).

Fig. 3. Inferior view of an MMA-embedded transverse section. C = coronoid part of masseter; S = superficial part of masseter; D = deep part of masseter; T = temporal muscle;
Z = zygomatic arch; arrow head = coronoid process of mandible; arrow = condylar process of mandible; * = maxillary sinus. (A: anterior, P: posterior, M: medial, L: lateral).
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the coronoid process (CRL 117 mm) (Radlanski et al., 2003). This
biphasic development of the coronoid process can also be observed
by the different attachment types of the coronoid part of the
masseter and the temporal muscle. Stronger pulling forces by the
temporal muscle result in secondary cartilage formation and a fi
brocartilaginous attachment, whereas weaker forces exerted by the
coronoid part of the masseter enable a less robust, fibrous entheses.
The formation of both the zygomatic arch and the coronoid
process represent a response to the differentiation and active pre
sence of the masseter & temporal muscles (Katsube et al., 2021;
Shimizu et al., 2018). Thus, the different developmental origins of
the zygomatic process of the temporal bone and the coronoid pro
cess of the mandible provide the embryological basis for the in
tegration of a unit into the masseter that is separate from the main
muscular elements connecting the entire zygomatic arch to the
mandibular ramus.

Fig. 5. Lateral view of a the coronoid part of the masseter, showing an innervating
muscular branch (arrow) branching off the masseteric nerve (arrowhead). CP: cor
onoid part of masseter, D: deep part of masseter, S: superficial part of masseter, Z:
anterior end of zygomatic arch (the rest removed) (A: anterior, P: posterior, I: inferior,
S: superior).

4.2. Comparative anatomy
From a comparative perspective, the presence of the coronoid
part of the masseter is difficult to establish in other mammalian
species, as the deep part of the masseter is often described sepa
rately and referred to as the zygomaticomandibular or max
illomandibular muscle, or the suprazygomatic part of the temporal
muscle (Cox and Jeffery, 2011; Schumacher, 1961; Yoshikawa and
Suzuki, 1965). The literature mentioned by Williams (1995) when
discussing the three layers of the masseter (Schumacher, 1961;
Yoshikawa and Suzuki, 1965) involves several mammalian species,
including humans. The squirrel monkey (Saimiri sciurea) and the
Yezo brown bear (Ursus arctos yezoensis) present muscles that may
correspond to the coronoid part in humans (Yoshikawa and Suzuki,
1965). In the squirrel monkey, the muscle is classified as the pos
terior deep part of the masseter. Here, however, the authors did not
address the exact origin and insertion of this muscle part, so these
can only be deduced from the figures and do not provide sufficient
evidence. Furthermore, a muscle part with similar origin and in
sertion is missing in the chimpanzee (Pan troglodytes), making the
evaluation and the comparison of the results difficult. In the Yezo
brown bear, a muscle similar to the coronoid part in humans is re
ferred to as the zygomaticomandibular muscle (Yoshikawa and
Suzuki, 1965) or the suprazygomatic part of the temporal muscle
(Schumacher, 1961), which arises from the posterior half of the zy
gomatic arch and attaches to the lateral surface of the coronoid
process. However, a similar muscle has not been found in the phy
logenetically closely related Japanese black bear (Selenarctos thibe
tanus japonicus). Thus, a careful analysis of the literature suggests
that the presence of the coronoid part of the masseter in other
mammalian species cannot be ruled out and requires further
investigation.

3.4. Innervation
The main innervation of the coronoid part of the masseter are
branches of the masseteric nerve (Fig. 5.). The mandibular nerve
passes through the gap between the posterior border of the coronoid
part and the condylar process of the mandible and reaches the deep
part of the masseter through the mandibular incisure.
4. Discussion
We here describe a new, third subdivision of the masseter, the
coronoid part, which forms the deepest layer of the masseter
muscle. Our anatomical analysis of the direction of the muscle fibers
implies that the coronoid part is involved in the retraction of the
mandible, and specifically in the stabilization of the mandibular
coronoid process.
4.1. Development
The development of the muscles of mastication and their sup
porting skeletal elements involve an interlaced network of processes
in which the formation of each distinct unit reciprocally influences
the development of all other associated units. Thus, the development
of the zygomatic arch, mandible, and masseter & temporal muscles
are intricately intertwined. The zygomatic arch is built as a response
to forces originating from the masseter muscle, which moves the
lower jaw and shapes parts of the temporal and zygomatic bones
into processes that meet at the zygomaticotemporal suture
(Hylander and Johnson, 1997; Katsube et al., 2021; Rafferty et al.,
2000; Shimizu et al., 2018; Spyropoulos, 1977).
The coronoid process of the mandible, which is a common in
sertion point shared by both the newly-described coronoid part of
the masseter and the temporal muscle, develops from a separate
ossification centre, distinct from the main body of the mandible. It is
integrated into the mandibular ramus only later in development, at
about the 8th-9th gestational week (CRL 56 mm) in humans
(Radlanski et al., 2003; Spyropoulos, 1977). During this first devel
opmental phase, the coronoid process of the mandible develops
endochondrally from a primary ossification centre separate from
Meckel's cartilage (Lee et al., 2001; Radlanski et al., 2003). Later on,
however, the tip and the anterior part of the coronoid process is also
shaped by secondary cartilage formation driven by forces originating
from the temporal muscle (Anthwal et al., 2015; Velasco et al., 2009).
By the 14th week of gestation, this second phase of development is
complete and the newly formed bone is being fully incorporated into

4.3. Perspectives in humans
Schumacher (1961) divides the masseter muscle into two seg
ments, superficial and deep, corresponding to the currently re
cognised superficial and deep parts, respectively. He also describes
in detail 5 separate tendinous layers, 3 of which he assigns to the
superficial and 2 to the deep layer. The description of the deep
segment of the muscle includes a division that may correspond to
the coronoid part. It originates on the inner side of the zygomatic
arch and inserts on the mandibular insicure and the lateral side of
the coronoid process. Unfortunately, there is no clear illustration to
support this statement or clarify exactly which segment of the zy
gomatic arch this muscle segment originates from, but from the
description it can be surmised that it is the entire length of the arch.
Thus, the coronoid part was probably either overlooked or simply
classified as part of the deep portion.
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almost perpendicular to the fibers of the superficial masseter,
creating a cruciate muscle, where the two layers are able to function
antagonistically by either retracting or protracting the jaw, respec
tively. From all portions of the masseter muscle, however, it is only
the coronoid part that is able to selectively retract the mandible.
Further physiological studies can in the future support the anato
mical findings and lead to a more detailed analysis of the function of
the coronoid part of the masseter.

Brunel et al. (2003) also describe three planes of the masseter, all
of them attaching on different aspects of the mandibular ramus. The
superficial and the intermediate planes together correspond to the
modern superficial masseter. The deep plane is divided up into an
anterior and a posterior part, which together make up the deep
masseter according to the Terminologia Anatomica (1998). Although
the posterior part of the deep masseter in this case must have also
contained the coronoid portion, there is no mention of the muscle
attaching onto the coronoid process, and thus the functional re
levance of the retractor part of the masseter has been, until now,
overlooked.

5. Conclusions

4.4. Innervation and blood supply

The specifications of the coronoid part of the masseter muscle
are as follows:

The masseteric nerve and the masseteric branches of the max
illary artery reach the masseter muscle posterior to its coronoid part,
or as a variation, also anteriorly, passing between the muscle and the
condylar and/or the coronoid process of the mandible (Kaya et al.,
2014; Pinheiro et al., 2020), at the same time giving off branches to
innervate and supply the coronoid part of the masseter.
Since the coronoid part of the masseter inserts onto the coronoid
process, a possible source of innervation could come – as an ana
tomical variation described for the attachment of the temporal
muscle – from a recurrent branch of the inferior alveolar nerve via
the retromolar canal and its openings, alternatively from the long
buccal nerve, (Schejtman et al., 1967). Further investigations are
needed to clarify whether the innervation of the small area at the
attachment of the coronoid part of the masseter on the coronoid
process originates – at least to some extent – from the inferior
alveolar or the long buccal nerve.

1. It has its muscular origin on the medial, temporal surface of the
zygomatic process of the temporal bone and the deep layer of the
deep temporal fascia, clearly separated and distinguishable from
the temporal muscle and from the deep part of the masseter.
2. The muscle fibers have a diagonal orientation, starting posterior
and supero-lateral on the zygomatic process of the temporal
bone, running medially and anteriorly towards the root and
posterior edge of the coronoid process.
3. The coronoid part has a slightly tendinous insertion at the root
and along the posterior edge of the coronoid process.
4. It has a narrow, elongated, rectangular shape.
5. The mandibular nerve and vessels reach the deep and superficial
masseter from the temporal fossa, passing through the man
dibular incisure both anteriorly and posteriorly from the coronoid
part of the masseter.
We would like to stress that the significance of the newly de
scribed coronoid part of the masseter is not only anatomical. Our
measurements suggest that the coronoid part of the masseter
muscle we describe here has distinct orientation and attachment,
and we propose that this could be sufficient to provide further
functional stabilization of the lower jaw. Precise knowledge of the
architecture of the masseter muscle may also be important in a
clinical context, with regard to the management of tempor
omandibular disorders or surgical interventions in the zygomatic
arch region. Knowledge of normal muscle mass and location can
facilitate minimally-invasive procedures and optimal patient
therapy.

4.5. Relationship to the temporal muscle
The tendinous attachment of the coronoid part of the masseter
on the posterior edge and at the root of the coronoid process is si
milar in structure to the insertion of the temporal muscle along the
inferior-anterior edge of the coronoid process, in that it is anchored
into the bone via the periosteum (Fig. 4.). At the tip and along the
superior-anterior edge of the coronoid process, however, the tem
poral muscle is inserted into the bone with a fibrocartilaginous at
tachment, formed by secondary cartilage formation due to the
strong mechanical forces invoked by the muscle (Hems and
Tillmann, 2000; Kasahara et al., 2020). The fibrous entheses of the
coronoid part along the posterior edge of the coronoid process re
semble those of periosteal-diaphysary attachments on long bones
suggesting that the coronoid masseter portion exerts less force on
the bone than the temporal muscle and thus does not induce the
formation of secondary cartilage (Hems and Tillmann, 2000;
Kasahara et al., 2020).
The common attachment of the temporal muscle and the cor
onoid part of the masseter could imply that the coronoid part of the
masseter is a segregated part of the temporal muscle. This, however,
considering the distinct and separate innervation of the muscles, is
unlikely.
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4.6. Functional relevance
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