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ABSTRACT

Introduction: Botulinum toxin injections are a popular cosmetic treatment for smoothing wrinkles. Recent trends emphasize

not just wrinkle reduction but also the correction of facial expressions that convey emotions. Among these, the sad face expres-

sion, associated with the omega pattern, is often overlooked despite its significant role in emotional expression.

Methods: This study explored the anatomy and muscle activity related to the sad face expression, focusing on the occipitofronta-

lis, corrugator supercilii, depressor supercilii, procerus, and orbicularis oculi muscles. A new classification system was developed
to categorize this expression based on patient control and muscle strength.
Results: The study found that the omega pattern is produced by the interaction of specific facial muscles, with three types of

patient muscle control identified: automatic, controllable, and uncontrollable gestures. The visibility of the sad face expression

varies among individuals due to differences in muscle strength and control.

Conclusion: Incorporating the assessment of the sad face expression into pretreatment evaluations can enhance the effective-

ness of botulinum toxin treatments by addressing both aesthetic and emotional aspects of facial expressions.

Level of Evidence: V.

1 | Introduction

Botulinum toxin injections have become the most popular min-
imally invasive cosmetic procedure worldwide, primarily recog-
nized for their ability to smooth wrinkles. However, the focus
has gradually shifted from merely addressing wrinkles to cor-
recting facial expressions, which play a crucial role in conveying
emotions. The relationship between botulinum toxin and emo-
tional expression is gaining increasing attention, as studies sug-
gest that altering facial expressions through these injections can
influence emotional well-being. Emotions such as anger, sur-
prise, happiness, and sadness are often expressed through five
distinct glabellar contraction patterns, each leading to different
wrinkle formations [1]. These patterns, identified as “U,” “V,”

”

“Omega,” “Inverted Omega,” and “Converging Arrows,” have
been widely recognized in the evaluation of facial wrinkles in
aesthetic medicine [2, 3].

Despite the importance of these patterns, the sad face expres-
sion, associated with the omega pattern, has been largely over-
looked in clinical assessments, even though it plays a significant
role in emotional expression. In botulinum toxin treatments,
assessments typically focus on the surprise, happy, and angry
gestures, often neglecting the expression of sadness. Evaluating
patients for botulinum toxin injections usually involves assess-
ing the contraction patterns of facial muscles by asking them
to frown (glabellar lines), elevate the brows (forehead lines),
and smile (crow's feet). However, variations in these frowning
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manifestations have been noted. For instance, in some indi-
viduals when frowning, the brow moves downwards, creating
an angry face, while in others, the brow head moves upwards,
depicting a sad face. These variations highlight the complex-
ity of facial expressions, which are not merely isolated muscle
movements but also reflections of underlying emotions. Notably,
there is a lack of substantial literary evidence on assessing the
sad face expression, which this article aims to address by help-
ing clinicians identify this expression and include it in preopera-
tive assessments for optimal treatment of facial wrinkles.

The omega pattern is characterized by the approximation and
elevation of the glabella to form the shape of the Greek letter
omega [1, 4]. This pattern is closely linked to feelings of sadness
and melancholy, as first described by Darwin, and is thought
to be triggered by specific emotional states, particularly during
stress or agitation [5, 6]. Although its incidence is reported to be
relatively low, authors argue that nearly everyone is capable of
producing this expression. The omega pattern may not be solely
determined by individual contraction patterns but rather serves
as a reflection of an emotional state, similar to how raising the
brows might be associated with surprise. Variations in the anat-
omy and strength of the muscles involved can lead to differences
in the visibility of the omega pattern across individuals.

This study examines the sad face expression, correlating it with
the responsible musculature and identifying the causes behind
this gesture. Recognizing the importance of this expression is
crucial when administering botulinum toxin injections. By inte-
grating the sad face expression, particularly the omega pattern,
into preoperative assessments, clinicians can better address the
emotional and psychological aspects of facial aesthetics, ulti-
mately enhancing patient satisfaction and well-being [1, 7].

2 | Materials and Methods
2.1 | Anatomical Consideration

Understanding the sad face expression requires an in-depth
knowledge of the anatomy of the mimetic muscles responsible
for facial expressions, which play a critical role in nonverbal
communication.

+ Occipitofrontalis muscle: Often referred to as a single mus-
cle, the occipitofrontalis consists of two independent parts:
the frontalis (anterior) and occipitalis (posterior) bellies
[8]. This muscle attaches to the eyebrow, with its vertical
fibers interdigitating with those of the procerus, corrugator
supercilii muscle (CSM), depressor supercilii (DSM), and
orbicularis oculi muscle (OOM) [8]. When the occipitofron-
talis contracts, it elevates the eyebrows and forms horizon-
tal wrinkles across the forehead [9]. The muscle presents in
four distinct configuration patterns, each leading to differ-
ent forehead wrinkling patterns:

Type I: Full-form bellies that meet at the midline, creating
straight lines across the forehead.

Type II: V-shaped bellies separated by a V-shaped aponeu-
rotic galea, forming gull-wing-shaped lines.

Type III: Central form bellies that join above the medial half
of the orbital rims, creating short lines in the middle of the
forehead.

Type IV: Lateral form bellies that create two short lateral
columns of lines, leaving the middle area smooth [9].

The occipitofrontalis muscle is responsible for elevating the
eyebrows.

CSM: Located beneath the frontalis and OOM, the CSM is
part of the deep forehead muscle layer. It originates approx-
imately 16 mm above the horizontal intercanthal plane and
4-14mm from the midline, extending at a 30° angle to in-
sert into the dermis roughly 30 mm above the same plane
[10-13]. Despite having two bellies, the CSM functions as a
single muscle: the transverse (lateral) and oblique (medial).
The transverse head runs laterally, blending with the OOM
and frontalis muscles. In contrast, the oblique head extends
parallel to the DSM and attaches to the medial brow. It can
be either narrow, merging with the frontalis in the medial
third, or broad, covering more area and producing stronger
eyebrow contractions. The two heads often merge, making
them difficult to distinguish [14-16]. The CSM is innervated
by the frontal and angular nerves. The transverse head pri-
marily receives innervation from the frontal nerve, whereas
the oblique head is supplied by the angular nerve [17, 18].
Traditionally recognized as a brow depressor, the CSM col-
laborates with the medial OOM to create vertical glabellar
furrows, commonly associated with expressions of anger or
concentration [9, 11, 19-22]. However, newer studies sug-
gest that the CSM's structural features allow it to elevate
and medialize the medial brow, depending on its interaction
with the frontalis and OOM [23-25].

DSM: once considered part of the CSM, is now recognized
as an independent, fan-shaped muscle. It originates from
the frontal process of the maxilla, approximately 1cm above
the medial canthal ligament, and inserts into the skin be-
neath the medial eyebrow. This anatomical distinction,
confirmed by detailed studies, highlights the DSM's unique
role in facial expression, particularly in depressing the me-
dial brow and contributing to the formation of vertical rhyt-
ids [26, 27]. Botulinum toxin injections targeting the DSM
can elevate the medial brow, making it a critical focus in
aesthetic treatments [25, 28, 29].

Procerus muscle: The procerus muscle is pyramid-shaped,
originating from both the superficial and deep layers at the
midline of the nasal bone and cartilage. It inserts into the
skin of the lower forehead between the eyebrows and into
the frontalis muscle belly. When contracted, its vertical
fibers depress the medial eyebrow angle, forming a trans-
verse fold across the nasal root and creating horizontal rhyt-
ids [9].

OOM: Located just beneath the skin of the eyelids, it plays a
vital role in eyelid movement. Extending from the medial to
the lateral canthal regions, it contributes significantly to both
the structural integrity and functionality of the eyelids. As a
sphincter-like muscle, it encircles the upper and lower eyelids
in a concentric pattern. Its primary function is to close the
eyelids, which is crucial for protecting the eyes and facilitating
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tear drainage. The muscle is divided into two main sections:
the orbital and palpebral, each further subdivided to perform
specialized tasks. Notably, the orbital portion of the muscle, in
conjunction with the CSM and DSM, acts as a depressor of the
lateral, central, and medial parts of the eyebrow, influencing
various facial expressions [30].

All patients included in this study provided written informed
consent for the use of their medical records and data extraction
for research purposes. Additionally, all participants granted per-
mission for the publication of their photographs.

3 | Results
3.1 | Muscle Activity in Key Facial Expressions

Facial expressions like surprise, sadness, and anger result from
the coordinated activity of various facial muscles. A deep under-
standing of these muscle interactions is essential for both aes-
thetic and therapeutic applications:

« Surprise gesture: The surprise expression is primarily
driven by the contraction of the frontalis muscle, which
elevates the eyebrows and creates horizontal forehead
wrinkles. This action is relatively simple, involving only
the frontalis muscle, which is the main elevator of the eye-
brows. In this gesture, all other involved muscles remain
relaxed, allowing the expression to emerge fully.

« Angry face gesture: The angry expression involves the
activation of the DSM, CSM, procerus, and OOM. These

muscles collectively pull the eyebrows downward and
medially, forming vertical glabellar furrows (J lines,
central lines). The DSM acts as a primary depressor in
conjunction with the procerus; the CSM medializes the
brow while the OOM enhances the frown by contracting
around the eyes. It is important to note that the trans-
verse portion of the CSM, procerus, and DSM are inter-
connected through their fibers with the OOM, working
together to depress the brows while the frontalis muscle
remains relaxed.

Sad face gesture: The sad face expression activates a com-
bination of the frontalis and CSM (transverse and oblique
portions), forming the distinctive omega sign on the fore-
head. This pattern emerges when the CSM and frontalis
muscles work together to elevate the medial brow while
depressing the lateral brow. For this expression to be
clearly visible, the DSM and procerus must remain re-
laxed, allowing the other muscles to perform their roles.
The interplay between these muscle groups—some func-
tioning as elevators and others as depressors—is what
creates the characteristic sad face expression. The omega
sign itself, an “Q” shape on the forehead, results from the
coordinated movement of these muscle groups. The fron-
talis and CSM elevate the medial brow, while the lateral
portion of the OOM contributes to the downward pull of
the lateral brow. At the same time, the DSM, the medial
part of the OOM, and the procerus remain relaxed, accen-
tuating the curvature of the omega sign. The prominence
and visibility of this expression depend on the balance of
these muscle forces, reflecting the underlying anatomical
and muscular dynamics (Figure 1).

FIGURE 1 | Muscle activation patterns in angry face and sad face expressions, illustrated in a 26-year-old female subject. Active muscles are
shown in green, and inactive muscles in red. (A) Angry face gesture: Shows activation of the DSM, CSM, procerus, and OOM. These muscles work
together to pull the brows medially and downward, creating vertical glabellar lines (J lines, central lines). The DSM and procerus primarily act as
depressors, while the CSM medializes the brow and the OOM contracts around the eyes, all while the frontalis muscle remains relaxed. (B) Sad face
gesture: Involves a combination of the CSM (transverse and oblique portions) and the frontalis muscle, forming an “omega sign” on the forehead.

This expression is characterized by elevation of the medial brow and depression of the lateral brow, with a distinct “Q” shape. For the sad face to be

prominent, the DSM, medial OOM, and procerus must remain inactive, allowing the CSM and frontalis to elevate the medial brow.
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3.2 | Classification of Sad Face Gesture

Sad face gestures can be classified into three distinct types
based on the patient's ability to control the expression and the
underlying muscle strength (Video S1):

« Automatic gesture (Class 1): The sad face gesture appears
automatically, often seen in patients with a hypokinetic
DSM and procerus. This weakness allows the remaining
elevator muscles to dominate, creating the movement spon-
taneously. Patients in this category can easily produce the
gesture, even when attempting an angry face expression.

« Controllable gesture (Class 2): It involves a balanced muscle
force, allowing patients to control and consciously produce
the sad face gesture. This category is advantageous for ac-
tors or individuals who can be coached to create this ex-
pression on command. In these cases, simply instructing
the patient to make a sad face or an angry face often results
in the desired expressions.

« Uncontrollable or weak gesture (Class 3): It is characterized
by an inability to fully control the gesture, typically due to
weaker central frontalis strength, and/or the CSM with the
oblique portion potentially contributing to the weakness,
combined with an excessively hyperkinetic DSM and pro-
cerus muscle. Consequently, the sad face may appear faint,
incomplete, or suggest an inability to fully produce the ex-
pression. To identify this gesture, a specific maneuver can
be used: First, the patient is asked to raise their eyebrows.
Then, the practitioner places their thumb on the central gla-
bellar region and applies upward pressure to block it. While
maintaining this block, the patient is instructed to frown.
Afterward, they are asked to relax the central glabellar area
while the pressure remains applied. Once the practitioner
releases the block, the sad face expression usually becomes
noticeable (Video S2). This technique often reveals a more
subtle version of the gesture.

4 | Discussion

The intricate relationship between facial muscle activity and
emotional expression has been a central focus in both medical
and psychological research for many years. Hyperkinetic activ-
ity in mimetic muscles, such as the procerus, DSM, and CSM,
plays a crucial role in the formation of facial wrinkles, which
serve as indicators of various emotional states. Horizontal frown
lines in the glabellar region are primarily caused by the procerus
and DSM, while vertical lines are predominantly attributed to
the CSM, with some contribution from the OOM [19].

Patient evaluations have revealed that the CSM and lower fron-
talis muscles can create a sinusoidal contraction pattern at
the forehead's center, contributing to the sad face expression.
Traditionally, the CSM is recognized for generating vertical
furrows associated with emotions of suffering; however, it also
plays a role in the upward movement of the brow. This move-
ment cannot be solely attributed to the CSM, indicating a more
complex interaction among facial muscles. Specifically, the CSM
works synergistically with the frontalis muscle medially and
with the OOM laterally, while acting antagonistically against

the procerus and OOM at the brow [23-25]. This complex mus-
cle dynamics highlight the intricacy of brow movement and
expression.

It is noteworthy that the relationship between the omega sign
and Veraguth's sign (lateral wrinkles accompanying the omega
shape, causing brow depression) has been recognized histor-
ically in connection with melancholy. Darwin first described
this phenomenon in 1872, linking it to the contraction of the
corrugator muscle [5]. This observation was later validated by
findings from an electromyography study conducted in 1985,
where patients who imagined scenarios evoking fear or sadness
exhibited the omega sign, with the corrugator muscle being the
primary one involved. These findings confirm and extend ear-
lier historical observations [6].

Behavioral research has long identified six universal facial ex-
pressions: disgust, anger, sadness, happiness, surprise, and fear
[31]. Each expression correlates with distinct muscle activities
and emotional states (Video S3). Despite its universal signifi-
cance, the sad face expression—marked by the omega sign—has
frequently been overlooked in aesthetic medicine, even though
it is well-recognized in other fields such as behavioral science.
This gesture involves complex muscle interactions, including the
procerus and CSM. It is important to note that the sad face and
fear expressions are similar, both characterized by the omega
sign, but they differ in the lower third of the face [32].

To improve the precision of botulinum toxin treatments in the
upper third of the face, the authors recommended that pretreat-
ment assessments and photographic documentation include a
series of frontal view photographs capturing a full range of facial
expressions: neutral, angry, surprised, happy, disgusted, and
sad (Figure 2). This comprehensive approach enables a detailed
evaluation of muscle dynamics and emotional expressions, re-
sulting in more accurate and effective treatment outcomes.

Findings indicate that while all individuals have the muscula-
ture necessary to produce universal facial expressions, such as
surprise or happiness, the same holds true for the sad face in
facial mimics. The visibility and intensity of these expressions
vary depending on muscle strength and control, which is partic-
ularly evident in the sad face. As Vanessa Van Edwards notes,
sadness is the hardest emotion to fake, and it is less frequently
practiced or observed in daily life, making it more challenging to
identify and replicate [32, 33]. This might explain why previous
research incorrectly classified it as a mere contraction pattern
rather than a universal emotion [1-4]. Previous studies, such
as those by Almeida et al. and Kamat et al., have reported low
percentages (10.2%-15%) of individuals displaying the sad face
expression, likely due to this misunderstanding [1, 2]. Moreover,
a recent study by Cotofana et al. reinforces the authors' con-
clusions, showing that in the cohort and Magnetic Resonance
Imaging parameters examined, there appears to be minimal
correlation between glabellar contraction patterns and the un-
derlying muscle anatomy in the glabella. Thus, designing neuro-
modulator treatment plans based on these contraction patterns
may offer limited clinical benefit [34].

Author's observation across a diverse patient population, rang-
ing from 3months to 65years, showed that nearly all could
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Neutral

Surprised Disgusted

FIGURE 2 | Illustration of the recommended pretreatment assessments with photographic documentation, featuring frontal view photographs

that capture a full range of facial expressions in a 26-year-old female subject: (A) Neutral, (B) Angry, (C) Sad, (D) Happy, (E) Surprised, and (F)

Disgusted.

FIGURE 3 | Observations across a diverse patient population, ranging from 3 months to 65years, revealed variability in the expression of angry
and sad gestures across different age groups, with all participants being capable of performing both expressions. The numbering denotes the spe-
cific action being performed: “1” represents brow furrowing for the angry expression, while “2” indicates the sad facial expression. The letter labels

correspond to patient age groups in each decade: (A) male in his sixties, (B) female in her fifties, (C) male in his forties, (D) female in her thirties, (E)

female in her twenties, (F) male in his teens, (G) male aged 3years, and (H) male aged 3 months.

produce the angry face, but the sad face expression exhibited
significant variability (Figure 3). This observation underscores
the need for personalized assessments in clinical and aesthetic
practices. The similarity between the fear and sad face expres-
sions was also observed in a 3-month-old subject (Figure 3: H1,
H2). Inducing sadness proved difficult, so it was opted to evoke
fear, which successfully triggered the omega sign.

These insights, combined with our previous publication on the
CSM's role, shed light on why the omega sign becomes more pro-
nounced when using a modified technique [25]. By selectively
blocking the DSM while leaving the oblique portion of the CSM
unaffected during botulinum toxin treatment, we produced an
undesirable omega sign (automatic Class 1) effect when frown-
ing [25]. Studies have shown that patients exhibiting the omega
sign may require higher doses targeting the CSM while avoiding
treatment of the procerus [4], a finding supported by the author's
research as well [25]. Additionally, Kim et al. suggest that this
glabellar contraction pattern is often linked to a hypokinetic
procerus muscle, which may sometimes be divided into two lat-
eral portions [3].

This comprehensive understanding of muscle function and the
sad face gesture highlights the need for a more refined tech-
nique, one that emphasizes both anatomical and emotional
considerations in toxin administration. The authors are actively
developing a novel injection technique based on these find-
ings to achieve natural facial expressions following botulinum
toxin treatment. This approach aims to prevent the formation of
omega lines while maintaining a higher eyebrow position com-
pared to traditional methods. The results of this research are
currently being prepared for publication.

5 | Conclusion

This study highlights the importance of incorporating the sad
face gesture (omega sign) in botulinum toxin assessments. By
understanding the muscle dynamics of this expression, clini-
cians can improve treatment outcomes, balancing cosmetic and
emotional considerations. Future research will focus on refining
injection techniques to prevent omega lines, ensure natural ex-
pressions, and maintain ideal eyebrow positioning.
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