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Abstract

Purpose The aim of this study was to characterize the origin and course of the zygomaticus major muscle (Zmj) with its
topographic relationships with the nasal ala, tragus, philtrum, and lateral canthus.

Methods The Zmj was examined in 50 specimens of 25 embalmed adult Korean cadavers. Facial muscles were dissected to
expose the origin and course of the Zmj in 48 specimens of 24 cadavers. The 25th cadaver was sectioned to obtain images
of the Zmj.

Results The positional relationships of the Zmj origin with the nasal ala and the tragus were classified into three categories.
A horizontal line through the center of the Zmj origin and the nasal ala passed through the tragus in 20 of 48 specimens
(41.7%), the intertragic notch in 18 specimens (37.5%), and above the tragus in 10 specimens (20.8%). In a horizontal sec-
tion of the head, the Zmj origin was located near the level of the nasal ala and tragus. In a coronal section of the head, the
fibers of the Zmj arising at its origin were located close to the zygomatic bone, lateral to the zygomaticus minor muscle.
Conclusion By combining dissection with the analysis of sectioned images and ultrasound images of the Zmyj, this study
has yielded positional information for easily predicting the location of the origin and the course of the Zmj and its related
structures underlying the skin.
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Introduction

Aesthetic facial treatments require knowledge of the tar-
get structures underlying the facial skin. The location
of the zygomaticus major muscle (Zmj) is important for
achieving safer and more effective treatments and avoiding
unexpected contraindications especially when performing
SMAS (superficial musculoaponeurotic system) lifting and
botulinum neurotoxin type A (BoNT-A) injection for lower
crow’s feet or accordion wrinkle. The Zmj has also been
targeted using ultrasound-guided BoNT-A injections to
treat asymmetrical smile and in ultrasound-guided nee-
dle EMG to identify Zmj paralysis in patients with facial
asymmetry [7, 12].

Previous studies have revealed the positional relation-
ships of the Zmj relative to anatomical landmarks and the
facial muscles. Mendelson [8] found obliquely oriented
fibers of the Zmj at 5.5 cm anterior to the tragus. Mowlavi
and Wilhelmi [9] observed the lateral border of the Zmj
at 4.4+ 2.2 mm (mean + SD) lateral and parallel to the
oblique line extending from the mental protuberance to
the notch defined at the most anterior/inferior aspect of
the temporal fossa at the junction of the frontal process
and temporal process of the zygomatic bone. Hur et al.
[3] revealed the general pattern and variations in heights
and spatial relationships of the Zmj with the facial mus-
cles passing beneath the nasolabial fold. Mowlavi and
Wilhelmi [9] stated that the location of the lateral border
of the Zmj may reduce the probability of nerve injury,
because the nerves innervating the Zmj may penetrate the
deep SMAS layer more laterally and be prone to injury
following release of the SMAS in transition from the
subSMAS to the supramuscle (prezygomaticus major)
plane. Using facial landmarks such as the nasal ala, tra-
gus, philtrum, and lateral canthus will make it easier to
identify the location of the Zmj.

The aim of this study was to characterize the origin and
course of the Zmj with its topographic relationships with
the nasal ala, tragus, philtrum, and lateral canthus. This
information will be useful for determining the location
of the Zmj underlying the facial skin using facial land-
marks when performing various treatments and surgeries
for aesthetics.

Materials and methods
Specimens and dissection of cadavers

The Zmj was examined in 50 specimens of 25 embalmed
adult Korean cadavers (13 males and 12 females) with a
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mean age of 73.4 years (age range 40-95 years). Facial
muscles were dissected to expose the origin and course of
the Zmj in 48 specimens of 24 cadavers. The 25th cadaver
was sectioned to obtain images of the Zmj. There was no
history of trauma or surgery in the midface. The study was
performed in accordance with the Declaration of Helsinki
arising from the 64th WMA General Assembly in For-
taleza, Brazil in October 2013.

Positional relationships of the origin and course
of the Zmj

In 48 specimens of 24 cadavers, the positional relationships
of the origin and course of the Zmj were observed based on
a circle and lines defined as follows (referring to Fig. 1):

1. The circle indicates where the Zmj origin is located.

2. HI1 is the horizontal line passing through the nasal ala.

3. H2 is the horizontal line passing through the middle of
the philtrum.

4. P is the perpendicular line passing through the lateral
canthus.

Sectioned images of the origin of the Zmj

We used sectioned images of the head of one cadaver
obtained from the Visible Korean Project. The high spatial
resolution of the head sectioned images (obtained at inter-
vals of 0.2 mm with a pixel size of 0.06 mm X 0.06 mm) and
the use of true color (48 bits) [6] meant that face structures
including the Zmj with facial landmarks (nasal ala and tra-
gus) could be identified accurately in the images of horizon-
tal and coronal planes.

Fig. 1 Facial landmarks for defining positional relationship of the ori-
gin and course of the Zmj on the face surface. The circle indicates
where the Zmj origin is located. H1 is the horizontal line passing
through the nasal ala. H2 is the horizontal line passing through the
middle of the philtrum. P is the perpendicular line passing through
the lateral canthus
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Results
Location of the Zmj origin on the face surface

The Zmj origin was located horizontally on HI and verti-
cally between P and the tragus in all 48 of the investigated
specimens (100%). The positional relationships of the Zmj
origin with the nasal ala and the tragus were classified into
three categories (Fig. 2). A horizontal line through the center
of the Zmj origin and the nasal ala passed through the tra-
gus in 20 of 48 specimens (41.7%), the intertragic notch in
18 specimens (37.5%), and above the tragus in 10 speci-
mens (20.8%). The perpendicular level of the Zmj origin
was located lateral to that of the eyebrow in all specimens
(100%).

The positional relationships of the Zmj with the philtrum
and lateral canthus were also classified into three categories
(Fig. 3). The location where H2 crossed P was where the
lower third of the Zmj was located in 38 specimens (79.2%)

Fig.2 Positional relationships of the Zmj origin with the nasal ala
and tragus. A horizontal line through the Zmj origin and nasal ala
passed through the tragus A, the intertragic notch B, or above the
tragus C. The white dots indicate the tragus. OOc, orbicularis oculi
muscle; LLS, levator labii superioris. The horizontal line passes
through the center of the Zmj origin

Fig.3 Positional relationships of the Zmj with the philtrum and lat-
eral canthus. The location where H2 (horizontal line) crossed P (per-
pendicular line) was typically where the lower third of the Zmj was
located A and the middle part of the Zmj was located B. C The lower
third of the Zmj was typically located below that position

and the middle part of the Zmj was located in 1 specimen
(2.1%). The lower third of the Zmj was located below that
location in nine specimens (18.8%). Along the entire course
of the Zmj, the fibers arising at its origin were thicker than
other Zmj fibers.

Sectioned images of the head for observing
the fibers of the Zmj arising at its origin

The position of the Zmj origin relative to facial landmarks
including the nasal ala and tragus was revealed in sectioned
images of the head (Fig. 4). In a horizontal section of the
head, the Zmj origin was located near the level of the nasal
ala and tragus. In a coronal section of the head, the fibers
of the Zmj arising at its origin were located close to the
zygomatic bone, lateral to the zygomaticus minor muscle.
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Fig.4 Sectional images of the head for observing the fibers of the
Zmj (black arrowheads) arising at its origin. A In a horizontal section
of the head, the fibers of the Zmj arising at its origin were located
near the level of the nasal ala (white arrow) and tragus. B In a coronal
section of the head, the arising fibers of the Zmj were located close to
the zygomatic bone, posterolateral to zygomaticus minor (Zmi) and
LLS. The red dot indicates the tragus

Ultrasound images for observing the fibers
of the Zmj arising at its origin

Along H1, the fibers of the Zmj arising at its origin on the
zygomatic bone were observed as a distinct oval shape in
longitudinal and transverse views. Zmj fibers were observed
on the maxilla at the horizontal level where the middle of the
philtrum crossed P (Fig. 5).

Discussion

This study developed a method for easier identification of
the origin and course of the Zmj on the face surface using
several landmarks, dissection, sectioned images, and ultra-
sound images. In general, a horizontal line through the Zmj
origin and the nasal ala passed through the tragus or the
intertragic notch. In most specimens, the lower third of the
Zmj was located at the intersection of H2 and P. The Zmj
origin was located at the perpendicular level between the
lateral canthus and the tragus. Knowledge of the positional
relationships of the Zmj with the landmarks on the face sur-
face can be helpful for predicting the location of the Zmj
origin and its course underlying the facial skin when target-
ing this muscle for aesthetic treatments. In addition, MRI,
CT, and ultrasound images can be used to easily distinguish
the Zmj and its adjacent structures at the levels of the nasal
ala and tragus.

The present study found that the origin of the Zmj was
located on H1 in all specimens. Hur et al. [2] reported that
the inferior length of the OOc at the lateral canthus level
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Fig.5 Ultrasound images of the Zmj. At the horizontal level of the
nasal ala, the fibers of the Zmj arising at its origin observed in trans-
verse A and longitudinal B views. C Zmj fibers in the transverse view
were found on the maxilla (Mx) where H2 crossed P. Superf, superfi-
cial; Med, medial

was 30.5+3.7 mm. Those authors also stated that for the
maximum inferior length of the OOc, the inferior margin
of the OOc at the lateral canthus was located just above the
nasal base, whereas for the minimum inferior length of the
OOc, the inferior margin of the OOc at the lateral canthus
was located just above the nasal ala. It can, therefore, be con-
cluded that the inferior margin of the OOc usually extends
just above the level of the nasal ala, whereas the Zmj origin
is located at the level of the nasal ala.

Caution is needed when targeting the Zmj in BoNT-A
injections due to the possibility of adverse situations when
its location is predicted incorrectly. Injecting BoNT-A into
the mouth-corner elevators such as the Zmj may result in
an awkward and asymmetrical smile [6]. The mouth corner
will not be elevated when attempting to smile if the Zmj is
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paralyzed, and so, great care is needed to avoid both deep
injections into the Zmj and large doses of BoONT-A even
during superficial injections [10]. Furthermore, a selective
approach to the Zmj can be attempted when using BoNT-A
to treat the nasolabial fold in cases where smiling exagger-
ates the nasolabial fold or induces asymmetry. The “Zmj-
type” nasolabial fold caused by excessive contraction of the
Zmj results in elongation of this structure up to the lateral
cheek [10].

The vector of SMAS lifting in rhytidectomy is often
described in relation to the Zmj, so that the suspension of
SMAS prevents distortion of the mimetic musculature and
an appearance where it is obvious that a facelift has been
performed. The native vector of the Zmj varies significantly
between rhytidectomy patients [5]. Wang et al. [14] stated
that in most facelift surgeries, the SMAS should be mainly
be manipulated parallel to the direction of the Zmj, implying
the importance of knowledge of the Zmj location.

The SMAS has been shown to attach to the lateral bor-
der of the Zmyj, with the superficial and deep SMAS layers
surrounding that muscle. Therefore, traction on the SMAS
posteriorly only deepens the nasolabial fold due to its attach-
ment to the underlying muscles including the Zmj [1, 11]. In
addition, extended subSMAS dissection requires release of
the SMAS typically from the upper lateral border of the Zmj
and continued dissection medial to this muscle [9]. There-
fore, knowledge of the positional relationships of the Zmj
origin and course on the face surface relative to landmarks
such as the nasal ala, tragus, philtrum, and lateral canthus
will allow clinicians to predict the location and vector of the
Zmj before performing SMAS lifting.

Limitation of this study is a relatively small sample size.
Thus, to make up for such limitation we demonstrated using
several approaches, such as utilizing dissection, sectioned
images, and ultrasound images of the Zmj, providing clas-
sification of the positional relationships of the Zmj origin
with the nasal ala and the tragus.

Conclusion

By combining dissection with the analysis of sectioned
images and ultrasound images of the Zmj, this study has
yielded positional information for easily predicting the loca-
tion of the origin and the course of the Zmj and its related
structures underlying the skin. This information is crucial
when performing aesthetic treatments such as BoNT-A
injections and SMAS lifting, or when evaluating MRI, CT,
and ultrasound images.
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