PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Hur M-S, Lee S, Jung H-S, Schneider RA
(2022) Anatomical connections among the
depressor superecilii, levator labii superioris alaeque
nasi, and inferior fibers of orbicularis oculi:
Implications for variation in human facial
expressions. PLoS ONE 17(3): e0264148. https:/
doi.org/10.1371/journal.pone.0264148

Editor: JJ Cray, Jr., Ohio State University, UNITED
STATES

Received: September 22, 2021
Accepted: February 3, 2022
Published: March 1, 2022

Copyright: © 2022 Hur et al. This is an open access
article distributed under the terms of the Creative
Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in
any medium, provided the original author and
source are credited.

Data Availability Statement: All relevant data are
within the paper.

Funding: This work was supported by a National
Research Foundation of Korea (NRF) grant funded
by the Korean government (MSIT)
(N0.2020R1C1G1003237). RAS was supported in
part by grants (R0O1 DE025668 and RO1
DE016402) from the National Institute for Dental
and Craniofacial Research (NIDCR). SL was
supported by Korea University Grant and a National

RESEARCH ARTICLE

Anatomical connections among the depressor
supercilii, levator labii superioris alaeque nasi,
and inferior fibers of orbicularis oculi:
Implications for variation in human facial
expressions

Mi-Sun Hur®', Seunggyu Lee®2, Han-Sung Jung®*, Richard A. Schneider®***

1 Department of Anatomy, Daegu Catholic University School of Medicine, Daegu, Korea, 2 Division of
Applied Mathematical Sciences, Korea University, Sejong, Korea, 3 Division in Anatomy and Developmental
Biology, Department of Oral Biology, Taste Research Center, Oral Science Research Center, BK21 FOUR
Project, Yonsei University College of Dentistry, Seoul, South Korea, 4 Department of Orthopaedic Surgery,
University of California at San Francisco, San Francisco, California, United States of America

F HSJ and RAS contributed equally to this work as corresponding authors.
* HSJUNG @yuhs.ac (HSJ); rich.schneider @ ucsf.edu (RAS)

Abstract

The aim of this study was to determine how the depressor supercilii (DS) connects to the
levator labii superioris alaeque nasi (LLSAN) and inferior fibers of the orbicularis oculi (OOc
INF) in the human midface. While grimacing, contraction of the DS with fibers connecting to
the LLSAN and OOc INF can assist in pulling the medial eyebrow downward more than
when these connecting fibers are not present. Contraction of these distinct connecting fibers
between the DS and the LLSAN can also slightly elevate the nasal ala and upper lip. The DS
was examined in 44 specimens of embalmed adult Korean cadavers. We found that the DS
connected to the LLSAN or the OOc INF by muscle fibers or thin aponeuroses in 33 (75.0%)
of the 44 specimens. The DS was connected to both the LLSAN and OOc INF by muscle
fibers or aponeuroses and had no connection to either in 5 (11.4%) and 11 (25.0%) speci-
mens, respectively. The DS was connected to the LLSAN by the muscle fibers and thin apo-
neuroses in 6 (13.6%) and 4 (9.1%) specimens, respectively. The DS was connected to the
OOc INF by the muscle fibers and thin aponeuroses in 5 (11.4%) and 23 (52.3%) speci-
mens, respectively. Our findings regarding the anatomical connections of the glabellar
region DS to the midface LLSAN and OOc INF provide insights on the dynamic balance
between the brow depressors such as the DS and brow-elevating muscle and contribute to
understanding the anatomical origins of individual variation in facial expressions. These
results can also improve the safety, predictability, and aesthetics of treatments for the gla-
bellar region with botulinum toxin type A and can be helpful when performing
electromyography.
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Introduction

The mimetic muscles are an assemblage of striated skeletal muscles that are innervated by the
facial nerve (i.e., cranial nerve VII) and that control a broad range of voluntary and involun-
tary movements such as frowns and smiles, which are essential forms of non-verbal communi-
cation among humans. Charles Darwin eloquently argued in The Expression of Emotion in
Man and Animals that the mimetic muscles convey intrinsic and universal emotions including
sadness, anxiety, grief, joy, happiness, determination, anger, disgust, horror, pride, surprise,
fear, and shame [1]. While grimacing or frowning, several facial muscles can be involved

(Fig 1). The corrugator supercilii (CS) is a small pyramidal muscle located at the medial end of
each eyebrow, lying deep to the frontalis and orbicularis oculi (OOc). The OOc is a broad, flat,
elliptical muscle that surrounds the circumference of the orbit and is the sphincter muscle of
the eyelids [2-4]. The depressor supercilii (DS) originates from the frontal process of the max-
illa and inserts into the skin in the medial third of the eyebrow and into the OOc complex. The
DS can be regarded as the fourth part of the OOc [5]. The procerus (P) is a small muscle that
overlies the nasal bone. The frontalis of the occopitofrontalis arises from the epicranial apo-
neurosis and inserts into the skin of the eyebrow and the root of the nose. The levator labii
superioris alaeque nasi (LLSAN) lies in the sulcus between the nose and cheek. The LLSAN
arises from the upper part of the frontal process of the maxilla, and it descends to insert partly
into the ala of the nose and partly into the skin of the lateral half of the upper lip. The LLSAN
raises the lateral half of the upper lip and the wing of the nose [2-4].

Fig 1. Connection of the DS to the LLSAN. (A) The DS was connected to the originating fibers of the LLSAN by the muscle fibers (arrowheads). (B)
Some connecting muscle fibers (arrowheads) between the DS and LLSAN were connected with the OOc INF (arrows). (C) The DS was connected to the
middle portion of the LLSAN by a thin aponeurosis (arrowheads). (D) The DS was connected to the originating fibers of the LLSAN by a thin
aponeurosis (arrowheads).

https://doi.org/10.1371/journal.pone.0264148.9001
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Sir Charles Bell, who Darwin cited often, believed that one of the mimetic muscles, the CS,
was “the most remarkable muscle of the human face. It knits the eyebrows with a peculiar and
energetic meaning, which unaccountably, but irresistibly, conveys the idea of mind and senti-
ment” [6]. The CS is part of the glabellar complex, which also includes the DS, P, and the
medial and superior fibers of the OOc [7]. These muscles contract in different directions to
create dynamic wrinkles that appear and disappear rapidly while expressing emotions.
Dynamic wrinkles become more permanent with age, and so for cosmetic purposes they can
be treated temporarily using botulinum toxin (BoNT) type A to target the glabellar complex
and improve moderate-to-severe frown lines (i.e., glabellar lines) between the eyebrows [8].
Normally, the dynamic balance of the eyebrows is maintained by the brow-elevating frontalis
along with the brow depressors that include the CS, P, DS, and OOc [9]. DS contraction pulls
the medial eyebrow down, creating a menacing expression. Contracting the CS pulls the eye-
brow toward the middle and downward, creating vertical lines between the eyebrows. Con-
tracting the P depresses the medial eyebrow, creating a horizontal wrinkle between the
eyebrows. Contracting the orbital region of the OOc lowers and protrudes the eyebrow [10].
The force applied to the DS is directed toward its origin point on the orbital rim. Simulated DS
contractions appear to act on the medial head of the eyebrow to depress the eyebrow more
directly than the forces on the medial head of the orbital portion of the OOc [11]. BoNT type
A use, however, can cause an imbalance between these facial muscles and may result in various
subtle changes to facial expressions [8]. Whenever a muscle in a certain region is weakened,
the force equilibrium shifts, and facial skin is pulled in the direction of the opposing muscles
[12]. Different muscle patterns may also cause unexpected consequences from BoNT type A
treatment [9]. Glabellar muscles are closely interconnected, and so BoNT type A injected into
the targeted CS muscle will rapidly diffuse to the surrounding muscles [13]. Common adverse
effects from treating glabellar wrinkles with BoNT type A include headaches, bruising, facial
expression alteration, and ptosis [13]. Steinsapir et al. (2015) [14] therefore suggested a micro-
droplet BoNT type A injection method to selectively weaken the eyebrow depressors causing
the brow to lift. A key muscle to understand in this context is the DS.

Several authors have confirmed the distinction of the DS [11, 15, 16], although there has
been some confusion regarding whether the DS is part of the OOc or the CS [15, 17, 18]. Dan-
iel and Landon (1997) [15] indicated that the DS is clearly separated from both the OOc and
CS by distinct anatomical planes, each containing neurovascular structures and adipose tissue.
Those authors also reported that the bone origin is discrete, the vertical muscle belly is easily
isolated, and the medial eyebrow insertion is clearly visible. Cook et al. (2001) [16] suggested
that the origin, insertion, and anatomy of the DS creates a depressing action of the eyebrow,
and the DS has a distinct origin and insertion, as observed histologically. If BONT type A treat-
ment paralyzes the DS, the eyebrows may lift upward [13], indicating that the DS can act inde-
pendently. Waller et al. (2006) [19] suggested that glabellar wrinkles are more likely to be
caused by contraction of the DS than the CS. Therefore, considering the individual effects of
the DS on eyebrow movements and the glabellar skin is critical to achieve a better understand-
ing of the interactions among the DS, other glabellar muscles, and the frontalis. Accurate
knowledge of DS anatomy can help elucidate the origins of variations in human facial expres-
sions and can reduce unexpected alterations of the position and shape of the medial eyebrow,
as well as the risk of facial asymmetry from BoNT type A injections.

Prior observations on the different contraction directions for each glabellar muscle and a
microdroplet BoNT type A injection method for selective glabellar muscles indicate that pre-
cise anatomical data on the glabellar muscles are required for the delicate and accurate use of
BoNT type A injections as a treatment. The connections among the DS and the LLSAN or infe-
rior fibers of the OOc (OOc INF) have not been reported previously. Moreover, the extent to
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which these connections occur via muscle fibers or aponeuroses remain unclear, and this is
important since the type of connection likely affects the movements of glabellar muscles as
well as those in surrounding regions, and presumably can establish the range of motion during
coordinated facial expression.

The aim of this study was to determine the anatomical connections of the glabellar DS to
the midface LLSAN and OOc INF, as a means to identify individual variations in the topo-
graphic relationships that may influence facial expressions. This information will also assist in
designing precise therapies for the glabellar region that involve BoNT type A, performing vari-
ous types of facial surgeries, and in studies that use electromyography (EMG).

Materials and methods
Specimens and dissection

This study examined the DS in 44 specimens of embalmed adult Korean cadavers (10 males,
12 females; mean age of 72.1 years, age range of 40-94 years). All cadavers had been legally
donated to the Catholic Kwandong University College of Medicine. This study was conducted
in accordance with the Declaration of Helsinki. No transplant donor was from a vulnerable
population, and all donors or their next of kin voluntarily provided written informed consent.
This study was approved by the Institutional Review Board of the Catholic Kwandong Univer-
sity (IRB No. CKU-21-01-0101).

The upper and middle portions of the face were dissected to expose the DS, LLSAN, OOc,
and their surrounding structures. A detailed dissection that focused on the anatomical connec-
tions of the DS to the LLSAN and OOc was performed. When the structures connecting the
DS to the LLSAN and OOc were identified, they were followed to observe their courses, con-
nection, and attachments.

Results

The DS was connected to the LLSAN or the OOc INF by muscle fibers or aponeuroses in 33 of
the 44 (75.0%) specimens. The DS was connected to both the LLSAN and OOc INF by muscle

fibers or aponeuroses and had no connection to either in 5 (11.4%) and 11 (25.0%) specimens,
respectively.

The DS was connected to the LLSAN by muscle fibers and thin aponeuroses in 6 (13.6%)
and 4 (9.1%) of the 44 specimens, respectively (Fig 1). The muscle fibers or aponeuroses con-
necting to the DS and LLSAN were often attached to the originating fibers of the LLSAN and
sometimes to the middle portion of the LLSAN. The connecting muscle fibers or aponeurosis
between the DS and LLSAN tended to be thicker than those between the DS and OOc INF.

The DS was connected to the OOc INF by muscle fibers and thin aponeuroses in 5 (11.4%)
and 23 (52.3%) of the 44 specimens, respectively (Fig 2). In the cases where the DS was con-
nected to the OOc INF by thin aponeuroses, the muscle fibers of the OOc INF replaced the
thin aponeurosis, coursing on the medial palpebral ligament, and the thin aponeurosis of the
OOc INF was then connected to the DS. One specimen had two thin aponeuroses between the
DS and OOc INF.

Among the five specimens where the DS was connected to both the LLSAN and OOc INF,
the DS of one specimen had muscle fibers connecting to the LLSAN and OOc INF. The DS in
one specimen had aponeuroses connected to the LLSAN and OOc INF. The DS in three speci-
mens had the muscle fibers and aponeurosis connected to the LLSAN and OOc INF, respec-
tively. In the specimen that had muscle fibers of the DS connected to both the LLSAN and
OOc INF, two muscle fibers were connected before combining with the DS (Fig 3).
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Fig 2. Connection of the DS to the OOc INF. (A) The DS was connected to the OOc INF by the muscle fibers (arrowheads). (B) The DS was
connected to the OOc INF by the thin aponeurosis (arrows). Some muscle fibers (arrowheads) of the OOc INF were connected to the thin aponeurosis
(arrows) coursing on the medial palpebral ligament, and the thin aponeurosis (arrows) of the OOc INF was connected to the DS.

https://doi.org/10.1371/journal.pone.0264148.9002

The muscle fibers or a thin aponeurosis connected to the DS and LLSAN were often located
slightly medial to the angular vein, and sometimes slightly lateral or superficial to the angular
vein, whereas the muscle fibers or a thin aponeurosis connected to the DS and OOc INF were
often located slightly lateral to and sometimes superficial to the angular vein. Two aponeuroses
were found between the DS and OOc INF in one specimen, with each aponeurosis located just
medial and lateral to the angular vein.
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Fig 3. Connections of the DS to both the LLSAN and OOc INF. (A) Connecting muscle fibers were found between the DS and LLSAN
(arrowheads) and between the DS and OOc INF (arrows). (B) Connecting aponeuroses were found between the DS and LLSAN
(arrowheads) and between the DS and OOc INF (arrows). Some muscle fibers (white arrows) of the OOc INF were connected to the thin
aponeurosis (black arrows) coursing on the medial palpebral ligament, and the thin aponeurosis (black arrows) of the OOc INF was
connected to the DS.

https://doi.org/10.1371/journal.pone.0264148.9003

Sex-related differences in the prevalence of the muscle fibers or the aponeurosis connecting
the DS and LLSAN or between the DS and OOc INF were analyzed. Muscle fibers or the apo-
neurosis were connected to the DS and LLSAN and the DS and OOc in 5 males and 5 females,
and in 15 males and 13 females, respectively. However, our analysis indicated a significant dif-
ference between males and females in the prevalence of muscle fibers connecting to the DS

PLOS ONE | https://doi.org/10.1371/journal.pone.0264148 March 1, 2022 6/13


https://doi.org/10.1371/journal.pone.0264148.g003
https://doi.org/10.1371/journal.pone.0264148

PLOS ONE

Anatomical connections between the depressor superecilii and midfacial muscles

and LLSAN or the DS and OOc INF: all five specimens with muscle fibers connected to the DS
and OOc INF were male, while males constituted four of the six specimens with muscle fibers
connected to the DS and LLSAN. The presence of muscle fibers or aponeurosis connecting to
the DS and LLSAN and to the DS and OOc was found to be symmetrical in one male and two
females, and in six males and four females, respectively.

Discussion

This study found that the glabellar muscle DS was most often connected to muscle fibers or
the aponeurosis by the LLSAN or OOc INF, accounting for 75.0% of the specimens. Hur
(2017) [20] reported connections between the P and the LLSAN or transverse nasalis, indicat-
ing that the action of the P is closely related to movements in the nasal area. The DS and the P
that constitute the glabellar muscles were therefore thought to have close anatomical and func-
tional relationships with the middle facial muscles. The connecting muscle fibers or aponeuro-
sis linking the glabellar region to the midface may affect facial expressions and may cause
unexpected outcomes of BONT type A treatment and EMG analysis.

During grimacing, the medial eyebrows depress, and the nasal ala and upper lip elevate.
The associated contraction of the DS alongside its distinct fibers connecting to the LLSAN and
OOc INF can assist in further pulling the medial eyebrow downward compared to when these
connecting fibers are not present. Contraction of the fibers connecting the DS and LLSAN can
also slightly elevate the nasal ala and upper lip (Fig 4). The connecting aponeurosis may detect
and diffuse tension between the DS and LLSAN or between the DS and OOc INF so as to alter
facial expressions.

The DS was connected to the LLSAN by muscle fibers or aponeuroses in 22.7% of the speci-
mens examined. The LLSAN primarily has a mimetic function [21], being somewhat inactive
during respiration but having a high level of activity during complex mimetic activities. The
LLSAN controls various motions during forehead frowning, whistling, elevation of the upper
lip and nasal ala, upper lip eversion, lip compression, blowing with cheek distension, nostril
dilation, and other facial expressions [22]. We therefore suggest that the muscle fibers or apo-
neurosis connecting the DS to the LLSAN can assist in connecting glabellar and midface
movements during these expressions.

Waller et al. (2006) [19] indicated that intramuscular electrical stimulation of the LLSAN
lowered and protruded the glabellar region. It is possible that the fibers connecting the DS and
LLSAN explain the medial eyebrow depression found in EMG investigations. Hur (2017) [20]
reported that some medial fibers originating in the LLSAN superomedially extended to com-
bine the area between the P and the DS or into the P in 21.2% of the specimens. In our study,
some muscle fibers or aponeuroses of the LLSAN were connected to the DS in 22.7% of the
specimens, which likely further pulls the DS downward.

The DS was connected to the OOc INF by muscle fibers or aponeuroses in 63.6% of the
specimens. Between the DS and OOc INF, the aponeurosis was observed as a connection more
often than the muscle fibers, whereas the muscle fibers were observed as a connection more
often than the aponeurosis between the DS and LLSAN. The OOc plays an important role in
facial expression and various ocular reflexes [2]. The lower half of the orbital portion of the
OOc pulls the cheek skin and lower eyelids upward, causing wrinkles that radiate from the cor-
ner of the eye [3, 23]. Waller et al. (2006) [19] indicated that intramuscular electrical stimula-
tion of the orbital portion of the OOc pushed the skin that is inferior and lateral to the eye
medially and superiorly, causing bags and wrinkles in the skin below the eye. The OOc is a
phasic mimetic muscle, and the marked predominance of type I muscle fibers within the OOc
indicates its phasic protective function during rapid eye closure [24]. These muscle fibers or
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Fig 4. Contractions and vectors of the glabellar muscles and the fibers connecting the DS and the LLSAN and OOc INF while
grimacing. Contracting the DS (yellow arrow) will pull the medial eyebrow down. Contracting the CS (orange arrow) pulls the eyebrow
medially and down. Contracting the P (dark-blue arrow) depresses the medial eyebrow. Contracting the superior fibers of OOc (purple
arrow) lowers and protrudes the eyebrow inferomedially. Contracting the OOc INF (pink arrow) elevates the cheek superomedially.
Contracting the frontalis (black arrows) elevates the eyebrow. Contracting the LLSAN (green arrow) elevates the nasal ala and upper lip.
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The fibers (yellow and green arrows) connecting the DS and LLSAN (green arrow) and those (light-blue arrows) connecting the DS and
OOc INF (pink arrow) may assist in depressing the medial eyebrow, elevating the nasal ala, upper lip, and cheek.

https://doi.org/10.1371/journal.pone.0264148.9004

aponeurosis connecting the DS to the OOc INF may therefore assist in pulling the medial eye-
brow and elevating the inferomedial orbital region for rapid movements of the orbital and gla-
bellar regions simultaneously.

The variation among the specimens we examined both in the anatomy of the DS, LLSAN,
OOc INF and in the tissues (i.e., muscle fibers versus aponeuroses) that interconnect these
muscles is striking and points to underlying differences in the developmental programs that
pattern the facial musculature. During embryonic development, the presumptive craniofacial
muscles are surrounded by neural crest mesenchyme (NCM), which migrates into the facial
primordia and produces numerous cell types including all the chondrocytes that make carti-
lage, osteoblasts that make bone, tenocytes that make tendons and aponeuroses, and ligamen-
tous fibroblasts that make other muscle connective tissues [25-36]. In contrast, craniofacial
muscles and all their skeletal muscle fibers are derived from paraxial mesoderm that migrates
as myogenic precursors alongside NCM on route to the facial primordia [37-43]. Numerous
aspects of craniofacial muscle pattern are regulated by NCM-derived connective tissues
including fiber type, muscle orientation, and the precise locations of attachments [44-51].
This is like what happens in the limb where connective tissue fibroblasts provide essential sig-
nals that presage muscle pattern and guide both fast- and slow-twitch muscle differentiation
[52-54]. The interactions between NCM and mesodermal mesenchyme not only ensure the
structural integration necessary for attaining proper muscle function during development, but
they also appear to help orchestrate the co-evolution of the musculoskeletal system across spe-
cies [55, 56]. Such conclusions are based on transplant experiments between quail and duck
embryos, which demonstrate that NCM-derived tendon and muscle connective tissues and the
molecular signals that emanate from them, determine the species-specific shape of muscles,
location of attachment sites, and local mechanical force environment [57-59]. Thus, in the
case of the muscles of expression, NCM-mediated changes to associated connective tissues
during development likely underlie the individual anatomical variation that we have observed
in our study, could have functional implications among individuals and related species, and
may reflect differences in an adaptive landscape for the musculoskeletal system that has influ-
enced the course of human evolution.

The DS is common in chimpanzees, gorillas, and humans, and hence has been retained dur-
ing the evolutionary history of hominids. The DS controls the supraorbital tactile vibrissae of
lower primates. The glabellar and supraorbital musculature were found during a progressive
stage of human evolution. Although the DS behaves somewhat similarly to the primitive mus-
cle complexes of chimpanzees and gorillas, its occurrence increases in progressive cases, espe-
cially for Caucasians [60]. Waller et al. (2006) [19] reported that the upper face of humans
appears more specialized for eyebrow movement than in the chimpanzee perhaps due to the
increased signal value of the eyebrows. Likewise, as a product of domestication, dogs have
achieved an ability to raise their eyebrows in a manner that seemingly solicits a nurturing
response in humans (i.e., “puppy dog eyes”) by using the levator anguli oculi medialis muscle,
which is not present in wolves [61].

The DS was observed in all the human specimens in the present study, and the muscle fibers
or aponeuroses were often connected to the LLAN or OOc INF, which implies their roles in
synergic actions that connect the movements of the glabellar and midface regions of humans.
In contrast, the DS was present in only 50% of rhesus macaque (Macaca mulatta) specimens
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and was located between the P and LLSAN in Hypolepis muelleri specimens [62, 63]. The DS

of chimpanzees (Pan troglodytes) is attached inferiorly to the skin of the nasal bone, and deep
relative to the P [64], whereas the DS of humans is attached to the frontal process of the max-
illa, lateral to the P.

Our findings regarding the anatomical connections of the glabellar region DS to the
LLSAN and OOc INF in the midface contribute to understanding the dynamic balance
between the brow depressors, such as the DS and the brow-elevating muscles. The ability to
control eyebrow movements is a vital component of human social interactions that are facili-
tated by facial expressions [65-67] and our results help explain the anatomical basis for indi-
vidual variation in this ability. Our results may also improve the safety, predictability, and
aesthetics of the glabellar region during treatment involving BoNT type A and can help inform
studies involving EMG.
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