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Abstract

Background: Glabellar contraction patterns were introduced to the scientific literature to help guide glabellar neuromodulator injection algo-
rithms. However, the relationship between the underlying musculature and its influence on these glabellar contraction patterns is unclear.
Objectives: The aim of this study was to identify by magnetic resonance imaging (MRI) glabellar muscle parameters that display an influence on
the distribution of individual glabellar contraction patterns.

Methods: Thirty-four healthy young individuals of Caucasian Polish descent were investigated (17 females, 17 males) with a mean age of
23.6 years and a mean BMI of 22.8 kg/m?. MRI-based measurements of length, thickness, width, and surface area of procerus, corrugator super-
cilii, orbicularis oculi, and frontalis muscles were conducted.

Results: Unadjusted models revealed that there was no statistically significant difference between the 5 glabellar contraction types and the
investigated muscle parameters, indicating that, independent of the skin rhytid pattern, the underlying musculature was not different between
the investigated groups in this sample, with all P> .102. Adjusted models revealed that sex was the most influential factor, with males generally
displaying higher values for the investigated parameters than females.

Conclusions: The results of this study reveal that, based on the MRI parameters investigated and the investigated cohort, there does not ap-
pear to be a strong relationship between glabellar contraction patterns and underlying glabella muscle anatomy. Utilizing glabellar contraction
patterns to design neuromodulator treatment algorithms may be of variable clinical merit.

Level of Evidence: 3 (Therapeutic)

The number of neuromodulator treatments conducted in the US has
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2022, according to The Aesthetic Society and the American
Society of Plastic Surgeons, respectively.1'2 Of the various facial re-
gions targeted with FDA-approved botulinum toxin products, the up-
per face is the most frequently requested region for neuromodulator
treatments and includes horizontal forehead lines, glabellar frown
lines, and lateral canthal lines.

A recent survey-based study identified that the forehead is consid-
ered by injectors 1 of the top 3 most difficult facial regions to treat with
neuromodulators, although the glabella is considered the easiest fa-
cial region to address with toxins.® This discrepancy can best be ex-
plained by understanding the functional anatomy behind the
eyebrow: the frontalis muscle (FM) is the sole eyebrow elevator, and
its muscular action is opposed by the muscles of the glabellar complex
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(corrugator supercilii [CSM], procerus [PM], orbicularis oculi muscles
[OOM]), which together are considered eyebrow depressors.*

De Almeida et al suggested in a double publication released in
2010 and 2012 classifying patients by 5 different glabellar contraction
patterns and adjusting an FDA-approved injection algorithm to the in-
dividual skin rhytid pattern for each glabellar contraction type.5 The
authors contended that an observed glabellar skin wrinkle pattern
was influenced by anatomic variations in muscle morphology (includ-
ing muscle activity and recruitment), among other factors such as sex,
age, ethnicity, and environmental factors (eg, sun exposure, BMI).5
Consequently, according to the authors, the glabellar injection algo-
rithm should be adapted to address the variable glabellar muscle
anatomy and optimize toxin treatment outcomes.

Subsequent publications evaluated whether this injection strategy
was generalizable to other ethnicities. In 2014 Kim et al reviewed the
glabellar contraction pattern proposed by de Almeida et al and the sug-
gested adjustments in the neuromodulator injection algorithm and
“found the former classification somewhat confusing” when applied
to a Korean study population of 139 patients.® Similar feedback was
provided by Kamat et al, who stated that the classification by de
Almeida et al “was found to be confusing by many practitioners”
when an Indian study population of 200 patients was investigated.7
Additional discrepancies (especially in the frequency of each subtype)
were noted when a Chinese population was investigated by Jiang et al
in a sample of 456 and by Hsieh et al in a sample of 489 patients.®°

Given the inconsistencies identified among glabellar contraction
patterns across different ethnicities and the dearth of information re-
garding the underlying glabellar musculature contributing to these
skin surface patterns, the present study was designed. The research
question posed was whether variations in glabellar muscular anato-
my exist, and if they do what their contribution is to each of the pro-
posed glabellar contraction pattern types initially suggested by de
Almeida et al. It can be argued that despite the existence of interin-
dividual differences in glabellar muscular anatomy their contribution
to a different skin rhytid pattern is limited. Therefore, minimal to no
alterations to the FDA-approved injection algorithm are necessary.
To address this question, a study sample of young, healthy, toxin-
naive patients was recruited, and factors including sex, age, BMI,
and various parameters (length, width, thickness, etc) of the glabellar
muscles were collected and statistically analyzed. It was hoped that
the results of this study would provide more insight into the relation-
ship of glabellar skin rhytids and contraction patterns with the under-
lying musculature and how these findings might be clinically relevant
to neuromodulator treatments.

METHODS
Study Population

In this observational magnetic resonance imaging (MRI)-based
study we investigated the glabellar muscles of young healthy
neuromodulator-naive volunteers between March 2022 and July
2024. Parts of this investigation have been published previously by
Rams et al'® The study received ethics committee approval by the
Jagiellonian University Ethics Committee in Krakow, Poland, under reg-
istration number NO 1072.6120.209.2022. Each participant provided
written informed consent, endorsing their enroliment in the study and
the utilization of their demographic and imaging-related data.

Beyond an age of 18 to 30 years old, no specific inclusion criteria
were applied, to allow for a wide range of community-based MRI
data sets. Exclusion criteria encompassed individuals with a BMI
<18.50r>27.99 kg/mz, contraindications to undergoing MRI (eg, metal
implants), current connective tissue diseases (eg, collagenosis), or a

history of facial injuries or facial aesthetic procedures that could influ-
ence the visibility of the upper facial musculature during MRI. The last
exclusion was applied to assure that the imaged muscles were cap-
tured in their physiologic state without alterations from surgical or non-
surgical interventions. Such changes to the upper facial musculature
could influence their visibility and the measurements conducted.

Glabellar Contraction Pattern

Before initiating the MRI scanning procedures, patients were
asked to maximally frown and thereby contract the glabellar mus-
cles (PM, CSM, OOM, and FM). The resulting skin surface wrinkle
pattern was classified according to previous publications by
D.J.R. and M.K.: U-shaped, V-shaped, converging arrows, omega,
and inverted omega.®

MR Imaging Sequence

MR imaging data were acquired with a 1.5T Siemens Magnetom
Sola MR System with a 32-channel head coil (Siemens Healthcare
GmbH, Erlangen, Germany). A custom T1 MPRAGE sequence was
performed with the following parameters: TR =2340 ms, TE=5.1ms,
TI=1180 ms, FA = 8°, FOV =240 x 240 mm, slice thickness = 0.9 mm,
288 axial slices. Patients were asked to have a relaxed facial expres-
sion during the scanning procedure to allow for accurate recording
of the muscles in repose.

MR Image Analysis

Following MR image quality completion, DICOM data sets were eval-
uated by 2 radiological operators with at least 10 years of dedicated
experience in head and neck imaging, applying the multiplanar mode
for image reconstruction in all 3 axes and the standardized radiology
workstation (syngo.via software, Siemens AG, Germany). All mea-
surements were repeated twice, and each side counted separately.
The following measurements were manually conducted (Figure 1):

Procerus Muscle (PM)

1. Length of the PM = maximal vertical linear distance between the
origin of the muscle at its most inferior point at the nasal bone
and its fusion with the frontalis muscle

2. Width of the PM = maximal horizontal linear distance measured at
reference point halfway between the nasion and a horizontal line
at the upper margin of the eyebrow cilia

3. Thickness of the PM = maximal anteroposterior dimension mea-
sured at reference point halfway between the nasion and a hori-
zontal line at the upper margin of the eyebrow cilia

Corrugator Supercilii Muscle (CSM)

1. Length of the CSM = maximal linear distance from the muscle’s
medial bony origin to its lateral dermal insertion near the midpupil-
lary line

2. Width of the CSM = average vertical linear distance from the infe-
rior to the superior border of the muscle (based on measurements
obtained in each equal third)

3. Thickness of the CSM = average linear distance from the most an-
terior to the most posterior surface, perpendicular to the long axis
of the muscle (based on measurements obtained in each equal
third)
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Figure 1. (A) Magnetic resonance imaging (MRI) displaying the measurement methodology for length, width, and thickness of the procerus muscle (PM). Red and white squares
indicate the area of measurement. (B) MRI displaying the measurement methodology for length, width, and thickness of the corrugator supercilii muscle (CSM). Red and white
squares indicate the area of measurement. (C) MRI displaying the measurement methodology for height, width, and thickness of the orbicularis oculi muscle (OOM). Red and
white squares indicate the area of measurement. (D) MRI displaying the measurement methodology for length, width, and thickness of the frontalis muscle (FM). Red and white

squares indicate the area of measurement.

Orbicularis Oculi Muscle (OOM)

1. Surface area of the OOM = best-fit area determined by approxi-
mating the elliptical shape from the given points corresponding
to the boundaries of the muscle

2. Height of the OOM = maximal vertical linear distance from the
most caudal border of the muscle in the midface to the upper bor-
der before fusion with frontalis muscle

3. Width of the OOM = maximal horizontal linear distance from the
most medial border of the muscle to the most lateral border mea-
sured in the horizontal midpupillary line

4. Thickness of the OOM = average distance between its most ante-
rior and most posterior surface (based on reference points in each
quadrant of the muscle)

Frontalis Muscle (FM)

1. Length of the FM = maximal vertical distance between the upper
margin of eyebrow cilia to the transition into the galea aponeuro-
tica measured bilaterally in the vertical midpupillary line

2. Width of the FM = maximal horizontal distance between the most
lateral (= temporal) muscle margins, measured 1.5 cm cranial to
the bony supraciliary arch

3. Thickness of the FM =average anteroposterior distance mea-
sured 1.5 cm cranial to the bony supraciliary arch

The decision to select length, width, and thickness of a muscle in-
stead of origin and insertion was based on the fact that such param-
eters are more likely to capture a muscle’s “active” contractile

behavior instead of the “static” or “rigid” parameters that describe
a muscle’s connection to bone or skin.

Reliability Analyses

To ensure MRI muscle parameter measurement consistency, a set of
parameters was measured twice by the MRI analysts, and the agree-
ment between the initial and the repeated measurement was deter-
mined by the intraclass correlation coefficient (ICC). For all
measurements, the ICC was calculated to be 1.00, which has been
defined as excellent reliability.

Statistical Analysis

The analytic strategy of this study was to classify the study partici-
pants into 5 glabellar contraction pattern subgroups and to identify
which of the collected variables best predicted the distribution of
each subgroup pattern. To do so, multinomial logistic regression
models were calculated with the inclusion of age, sex, and BMI as co-
variates; not more than 4 covariates were allowed per calculation
step so as not to underpower the model. All tests were run with
SPSS 27 (IBM, Armonk, NY) and results are presented as the mean
value and the respective standard deviation (SD). All variables except
PM thickness, CSM thickness, and OOM thickness were normally dis-
tributed with the Shapiro-Wilk test P> .05, and therefore either a t
test or Mann Witney U-test was performed to compute sex differenc-
es. Additionally, nonadjusted testing was conducted with 1-way anal-
ysis of variance (ANOVA) to identify across-group differences. Data
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Figure 2. Distribution of the 5 glabellar contraction patterns in the study participants included in our study. Clinical photographs legend: V-shaped—healthy 27-year-old male;
U-shaped—healthy 28-year-old female; converging arrows—healthy 25-year-old male; inverted omega—healthy 25-year-old male; omega—healthy 27-year-old female.

are presented for the entire sample in the tables, whereas data are
presented stratified by sex in the “Results” section.

RESULTS
General Description

Thirty-four healthy young individuals of Caucasian Polish descent
were investigated (17 females and 17 males) with a mean age of
23.6 (2.4) years [range: 20-30] and a mean BMI of 22.8 (2.4) kg/m?
[range: 18.6-27.8].

The glabellar contraction pattern distribution was V-shaped n =13
(38.2%); U-shaped n =10 (29.4%); converging arrows n = 6 (17.6%); in-
verted omega n =3 (8.8%); and omega n =2 (5.9%) (Figure 2).

Descriptive Muscle Parameters

Procerus Muscle (PM)

The average length of the PM was 25.76 (3.2) mm in females vs 26.05
(4.2) mm in males, with P = .818 for sex differences. The values for PM
thickness and width were (female/male) 0.83 (0.2) mm/1.15 (0.3) mm

and 26.85 (4.8) mm/28.59 (3.7) mm, with P <.001 and P=.250 for
sex differences, respectively (Figure 3).

Corrugator Supercilii Muscle (CSM)

The average length of the CSM was 23.19 (3.0) mm in females, where-
as in males it was 25.38 (3.8) mm, with P =.073 for sex differences.
The respective values for average thickness and width in females/
males were 0.76 (0.1) mm/1.02 (0.2) and 7.87 (0.7) mm/8.94 (0.8),
with P <.001 and P < .001 for sex differences, respectively (Figure 4).

Orbicularis Oculi Muscle (OOM)

The OOM average surface area was 3133 (382) mm? in females,
whereas in males it was 3137 (398) mm?, with P=.978. The average
OOM thickness was 0.82 (0.1) mm in females, whereas in males it was
1.02 (0.2) mm, with P < .001. The average OOM height and width were
in females/males 59.50 (4.8) mm/59.20 (4.8) mm and 66.91 (4.4) mm/
67.58 (5.4) mm, with P=.855 and P =.695, respectively (Figure 5).

Frontalis Muscle (FM)
The average FM length was 49.64 (6.3) mm in females, whereas in
males it was 70.57 (7.2) mm, with P <.001. The average thickness
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Figure 3. The average values in millimeters (mm) for each glabellar contraction type
for the procerus muscle (PM) length, width, and thickness. Probability values (P val-
ues) from across-group testing were calculated by analysis of variance (ANOVA).

Figure 4. The average values in millimeters (mm) for each glabellar contraction type
for the corrugator supercilii muscle (CSM) length, width, and thickness. Probability
values (P values) from across-group testing were calculated by analysis of variance
(ANOVA).
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Figure 5. The average values in millimeters (mm) for each glabellar contraction type
for the orbicularis oculi muscle (OOM) height, width, and thickness. Probability val-
ues (P values) from across-group testing were calculated by analysis of variance
(ANOVA). (Surface area not shown).

and width in females/males were 0.94 (0.2) mm/1.11 (0.2) mm and
134.2 (8.7) mm/144.0 (11.1) mm, with P=.016 and P = .007, respectively
(Figure 6). Values for the investigated muscle parameters stratified by
glabellar contraction pattern are provided in Table 1along with P val-
ues for across-group comparisons (Table 1).

Multivariate Analyses

To identify the influence of the various muscle parameters on the dis-
tribution of the 5 glabellar contraction patterns, multinomial logistic
regression models were calculated. Age, sex, and BMI were included
in the model because it is known that these factors can influence skin
wrinkle formation alongside the respective muscle variables of inter-
est. With the exception of frontalis muscle length (P =.022), none of
the investigated muscle parameters displayed a statistically signifi-
cant influence on the distribution of the glabellar contraction pattern,
with all P> .05. For detailed information on each muscle parameter
please see Table 2.

DISCUSSION

The present study was conducted to provide scientific validity
for previously proposed treatment recommendations based on
the respective underlying glabella musculature in a cohort of

Figure 6. The average values in millimeters (mm) for each glabellar contraction type
for the frontalis muscle (FM) length, width, and thickness. Probability values (P val-
ues) from across-group testing were calculated by analysis of variance (ANOVA).

neuromodulator-naive patients.® The assessment of glabellar
skin rhytids in our study sample confirmed the presence of typical
patterns, in line with the publication of de Almeida et al.® However,
the identified glabellar contraction type distribution in the present
study was different when compared to the initial publication, with
the most frequent type being the V-shaped pattern (38.2%) and
the least frequent being the omega pattern (5.9%). This discrepancy
was likewise noted by Kim et al, Kamat et al, Jiang et al, and Hsieh
et al, which could be due to differences in ethnic backgrounds of the
investigated cohorts: Korean vs Indian vs Chinese vs Polish
Caucasian vs Brazilian.®® This variation most likely indicates that fac-
tors other than muscular anatomy may play a role in the formation of
glabellar rhytids.

It may be helpful to review the formation of glabellar rhytids in this
context: glabellar muscles originate all together from bony features
and either connect directly to the skin (CSM, PM) or fuse with other
periorbital muscles to form muscle complexes (PM, OOM, FM)."3
Under contraction, these muscles move the skin in the direction of
their longitudinal axis and cause skin folds that are oriented perpen-
dicular to the muscle fiber orientation: horizontal forehead lines dur-
ing FM contraction, horizontal glabellar lines during PM contraction,
vertical glabellar lines during CSM contraction, lateral canthal lines
during OOM contraction.™®

However, the probability of forming a fold and its location is influ-
enced by the stability of the overlying soft tissues, which is influenced
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Table 1. Muscle Parameters Stratified By Glabellar Contraction Pattern, Mean (SD)

U-shaped V-shaped Converging arrows Omega Inverted omega P value by ANOVA

PM length, mm 26.59 (3.3) 25.48 (4.4) 25.95 (3.9) 2478 (0.3) 26.10 (3.9) .956
PM thickness, mm 0.93(0.2) 1.01(0.3) 0.95 (0.2) 1.05 (0.3) 116 (0.7) .818
PM width, mm 26.03 (4.0) 29.07 (3.4) 29.45 (7.0) 25.49 (0.9) 25.50 (1.7) 293
CSM length 23.49 (1.5) 25.54 (4.2) 22.46 (3.4) 21.87 (0.9) 26.80 (5.3) 191

CSM thickness 0.86 (0.2) 0.97 (0.2) 0.77 (0.1) 0.94 (0.1) 0.84(0.2) 299
CSM width 7.96 (0.7) 8.93(0.9) 8.08 (1.0) 8.53 (0.1) 8.24 (0.9) 102
OOM surface area, mm? 3126 (307) 3165 (383) 3134 (448) 3168 (84) 3015 (198) 977
OOM thickness 0.85(0.2) 0.98 (0.2) 0.92 (0.1) 0.92 (0.1) 0.92 (0.2) 534
OOM height, mm 59.73 (4.4) 58.78 (4.6) 60.10 (4.6) 63.64 (8.3) 56.20 (2.0) 513
OOM width 66.57 (2.7) 68.50 (5.4) 66.30 (7.1) 63.82 (6.7) 68.41(2.7) .688
FM length 56.69 (15.1) 63.63 (11.3) 58.59 (11.5) 65.46 (4.4) 55.63 (15.6) .649
FM thickness 0.92 (0.2) 1.06 (0.2) 1.09 (0.3) 1.01(0.1) 1.08 (0.1) 492
FM width 134.4 (9.5) 145.1 (11.6) 137.9 (10.6) 134.8 (1.7) 134.6 (9.5) 152

Unadjusted probability value is provided by 1-way analysis of variance (ANOVA) to identify differences across glabellar contraction patterns. CSM, corrugator supercilii muscle;
FM, frontalis muscle; OOM, orbicularis oculi muscle; PM, procerus muscle; SD, standard deviation.

Table 2. Multinomial Regression Analyses of Age, Sex, BMI, and Muscle Parameters

Age

PM length .870 .040* 319 939
PM thickness 725 .019* 337 326
PM width .980 .056 .250 31
CSM length 679 .023* a1 .095
CSM thickness 798 427 212 .760
CSM width 913 .236 .330 .501
OOM area .838 .036* 193 .816
OOM thickness .862 .022* 247 .216
OOM height .824 .041* A73 .295
OOM width 921 .040* .284 723
FM length 456 .004* 274 .022*
FM thickness .874 .015* 226 182
FM width .893 .093 137 152

Age, sex, BMI, and the respective muscle parameter are covariates, and the distribution of the glabellar contraction type is the dependent variable. Statistically significant
values are highlighted with an asterisk (P <.05). BMI, body mass index; CSM, corrugator supercilii muscle; FM, frontalis muscle; OOM, orbicularis oculi muscle; PM,

procerus muscle.

by dermal thickness, dermal stability, subdermal fatty layer thickness,
and collagen network firmness located within the superficial fatty lay-
er (like the suprafrontalis fascia of the forehead).’®'® These factors
oppose wrinkle formation and can therefore dictate if and where a
fold is formed; see the transition of wrinkles from dynamic to static.

An example to consider is the creases of shoes: each shoe develops
creases after a certain time in use and each shoe has a different pat-
tern, depth, and number of creases. This shoe-specific crease pattern
however does not depend on the foot inside that causes the move-
ment but rather on the material composition of the shoe. In other
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words, the same foot can cause different crease patterns depending
on which shoes are worn.

Translating this into a glabellar contraction pattern, it can be ar-
gued that the underlying glabellar musculature is primarily constant
in origin and insertion (the foot), whereas the overlying soft tissue en-
velope (the shoe) may be influenced by various factors such as age,
sex, BMI, etc. The resulting glabellar contraction pattern might not be
the result of variable glabellar muscular anatomy but rather the result
of a combination of factors that affect the surrounding soft tissue en-
velope. Assuming that variations in the shape of glabellar skin rhytids
are solely related to the underlying muscular anatomy may mislead
clinicians into following neuromodulator algorithms that provide min-
imal to no clinical benefit.

Comparing the length, width, and thickness of the procerus, corru-
gator supercilii, orbicularis oculi, and frontalis muscles, unadjusted
models revealed that there was no statistically significant difference
between the 5 glabellar contraction types. This indicates that inde-
pendent of the skin rhytid pattern, the underlying musculature was
not different between the investigated groups in this sample for the
measured parameters, with all P>.102 (Table 1). Adjusting for age,
sex, and BMI revealed that only 1 parameter (FM length) displayed
a statistically significant influence on the glabellar contraction pattern
(Table 2). However, this outcome was most likely related to the influ-
ence of sex, because male study participants had an average FM
length of 70.57 (7.2) mm, whereas females had an average FM length
of 49.64 (6.3) mm, with P <.001. It must be noted that after conduct-
ing Bonferroni adjustment for multiple testing (0.05 divided by 13
tests conducted led to a new probability level of P <.004) the FM
length would likewise lose its statistical significance. The most influ-
ential factor in this study seemed to be sex, because direct compar-
isons between male and female study participants showed in general
higher values for males than for females. The absence of statistical
significance of age and BMI in the conducted analyses is most likely
the consequence of the homogenous study sample which had an
age range of 20 to 30 years and a BMI range of 18.6 to 27.8 kg/m2.

Support for the results obtained comes from the aesthetic injector
community, which indicated in a blinded survey that treatment of the
glabella presents the least perceived difficulty for obtaining a perfect
aesthetic outcome when compared to all other facial regions.3 This is
most likely attributed to the fact that, independent of a skin contrac-
tion pattern, the underlying glabellar musculature can be repeatedly
and precisely targeted by following approved algorithms. Adjusting
neuromodulator administration points according to a skin rhytid pat-
tern may result in adverse events or reduced effectiveness for the pa-
tient. This is especially true because a glabellar neuromodulator
treatment targets glabellar muscles for skin rhytid reduction. Some
examples of clinical consequences resulting from injecting in other
than the FDA-approved injection sites are the following: (1) injecting
too high into the forehead can affect the eyebrow elevation segment
of the frontalis muscle and result in eyebrow ptosis; (2) medializing
the injection algorithm may have less effect on the most lateral fron-
talis muscle fibers, resulting in a “Spock” eyebrow formation; and (3)
targeting the glabella in a location higher than the level of the eye-
brows may result in medial eyebrow ptosis and cause an angry facial
expression.'219-26

This study, however, is not free of limitations. First, the study sam-
ple was relatively small, with n = 34 patients. A larger sample would
have been favorable for the statistical tests conducted. (It should
be noted that this study did not receive any funding support but in-
stead was carried out with the help of the involved departments
and authors.) Second, the slice thickness of the MR imaging proce-
dures was 0.9 mm, which may have resulted in inaccuracies during

the conducted measurements. Here it must be stated that for the
measurements conducted, average values were obtained for muscle
length, width, and thickness, which allows for the accounting of small-
er measurement errors. Third, only study patients of Polish Caucasian
origin were included. The results may differ if another sample is in-
vestigated, and future studies will need to address the limitations
mentioned and expand on the results presented here. Future studies
could incorporate ultrasound-based investigations to measure der-
mal or full soft tissue thickness, cutometry could be utilized to mea-
sure dermal elasticity or dermal stiffness, and electromyographic
analyses could be conducted to determine baseline and contraction
muscle tone to increase understanding of the results presented in
this study.

Despite the absence of a clinical investigative study arm to confirm
or disprove the assumptions made regarding clinical outcome, our
results indicate a potential trend: glabellar muscles parameters as
evaluated by MRI (such as length, width, thickness, surface area)
do not statistically significantly influence the distribution of glabellar
contraction patterns (Tables 1, 2, Figures 3-6).

CONCLUSIONS

The results of this study reveal that, based on the MRI parameters in-
vestigated and the investigated cohort, there does not appear to be a
strong relationship between glabellar contraction patterns and un-
derlying glabella muscle anatomy. Utilizing glabellar contraction pat-
terns to design neuromodulator treatment algorithms may be of
variable clinical merit. Future investigations will be needed to confirm
and expand on the results presented here. In particular, clinical trials
with an interventional study arm may help to evaluate any potential
relationship in more depth.
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