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Summary: Good patient outcomes after treatment of the glabellar complex with
botulinum toxin type A entail elimination of glabellar lines and maintenance of a
natural eyebrow position. A precise injection technique that accurately targets the
muscles that influence eyebrow position is required to reduce the risk of adverse
aesthetic outcomes or unmasking an underlying eyelid ptosis. Here, we describe
the glabellar lines optimization (GLO 3 + 2) injection anatomy technique, a pre-
cise five-point injection pattern that is based on current understanding of facial
functional anatomy and which aims to minimize the risk of affecting nontargeted
muscles. Injection sites above the brow or that do not target the precise location of
the muscles in the glabellar complex are likely to inadvertently expose the frontalis
to botulinum toxin type A and result in undesirable aesthetic outcomes. Because
the frontalis is a strong determinant of aesthetic outcomes, it is important to con-
sider the overall effects of the interactions between the eyebrow depressors and
the opposing forces of the frontalis on brow outcomes in both the resting brow
position and during dynamic brow movement. (Plast Reconstr Surg Glob Open 2024;

12:¢5650; doi: 10.1097/GOX.0000000000005650; Published online 4 March 2024.)

INTRODUCTION

Achievement of optimal outcomes after glabellar com-
plex treatment with botulinum toxin type A (BoNTA)
entails elimination of glabellar lines and maintenance
of natural or pleasing eyebrow positions and shapes."*
Eyebrow outcomes typically perceived to be unappeal-
ing or unnatural have excessive elevation of the lateral
brow relative to the medial brow, causing “quizzical” brow
shapes at rest or on animation, or cause the brow to drop,
resulting in tired or depressed appearances, and which
may be overly masculinizing. Although facial anatomy
varies between patients, the anatomical principles that
affect the relative dominance of facial muscles on eye-
brow symmetry and position are relatively consistent."” In
particular, the medial and lateral frontalis regions con-
tribute to maintenance of eyebrow shape at rest and to
aesthetically pleasing outcomes at maximum forehead
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lift.” Hence, injection techniques that avoid the frontalis
and precisely target the glabellar muscles that influence
eyebrow position are as important as dosing for good
patient outcomes.**

The conventional five-point injection pattern for
glabellar treatment with BoNTA aims to target the
procerus, the medial and lateral aspects of the corru-
gator supercilii, and the horizontal fibers of the supe-
rior orbicularis. Treatment guidelines recommend
an individualized approach and avoiding the lower
frontalis to minimize adverse brow effects.” In practice
and, in part, because of outdated/incorrect anatomi-
cal images, practitioners may attempt to lower the risk
of eyelid ptosis by administering BONTA 1-2cm above
the upper brow.>* New insights into facial functional
anatomy suggest this approach does not target the ana-
tomical location of the key muscles that cause glabel-
lar lines to form and increases the risk of the frontalis
being exposed to BONTA.*"? Thus, a more precise injec-
tion pattern that requires accurate location and target-
ing of the procerus and corrugator supercilii muscles is
needed. Here, we describe the glabellar lines optimiza-
tion (GLO 3 + 2) injection anatomy technique, a precise
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five-point injection pattern for glabellar line treatment
with BoNTA that is based on current understanding of
facial functional anatomy and which aims to minimize
the risk of affecting nontargeted muscles.”'’

FACIAL FUNCTIONAL ANATOMY RELEVANT
TO GLABELLAR LINE TREATMENT

Evidence from cadaver and in vivo imaging studies show
that corrugator muscles extend horizontally from below the
superciliary arch along the natural hairy brow line, rarely
extending above the hairy eyebrow margin (Fig. 1).%%7
The frontalis, the only muscle that suspends the eyebrows,
originates from the galea and extends caudally, remaining
superficial, and interdigitates with the corrugator and pro-
cerus muscles at the upper brow margin.” Because eyebrow
position is a balance between the downward forces of the
depressor complex and the upward forces of the frontalis,
any weakening of the lower frontalis by BONTA exposure
will unbalance these forces, potentially resulting in adverse
brow outcomes. Conventional teaching has encouraged
practitioners to place corrugator injection points 1-2cm
above the brow, to minimize gravity-driven spread of
BoNTA into the superior orbit and to prevent exposure
of the levator palpebrae superioris to BONTA.” However,
whether injecting the medial or lateral corrugator regions,
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Takeaways

Question: How to accurately target the muscles in the gla-
bellar complex and avoid adverse eyebrow outcomes and
eyelid ptosis when treating glabellar lines with botulinum
toxin type A.

Findings: A precise and accurate injection technique that
targets the muscles that influence eyebrow position is as
important as dosing to ensure good patient outcomes
when treating the glabellar complex with botulinum
toxin type A.

Meaning: Avoiding adverse outcomes with glabellar line
treatment requires accurate identification of the true ana-
tomic location of the procerus and the medial and lateral
corrugator regions, considerations for assessment of fron-
talis activity and underlying eyelid ptosis, and a precise
injection technique.

injections above the brow and those that do not target
the precise location of the glabellar muscles are likely to
inadvertently expose the frontalis to BoNTA, resulting in
undesirable aesthetic outcomes.* These unwanted effects
can occur by several mechanisms, depending on where
the lower frontalis is weakened. Inactivation of the lower
medial frontalis through inadvertent BoNTA exposure
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Fig. 1. lllustration of glabellar injection sites with botulinum toxin type A when treating upper facial
lines. Colored circles and segments represent the locations of the facial muscles in most patients. Yellow
and green dashed lines denote the medial and lateral corrugator supercilii, respectively; red dashed
lines and shading denote the frontalis muscle; blue dashed lines denote the procerus; and pink lines
and shading denote the orbicularis oculi. The recommended technique includes superficial injections
to the lateral corrugator (A), which overlies the frontalis; deep injections to the inferior medial corruga-
tor (B), which underlies the frontalis and where the bulk of medial corrugator mass is located for most
patients; and deep injections to the lower procerus (C), where the bulk of the muscle mass is located.
Injection sites more likely to be at risk of exposing the central frontalis to botulinum toxin type A include
the superior medial corrugator (D), which may also include the frontalis and procerus, irrespective of
injection depth, and the superior procerus (E), which may also include the frontalis and orbicularis oculi.
Reproduced with permission of Oxford University Press from BertucciV, Green JB, Fezza JP, et al. Impact
of glabellar injection technique with DaxibotulinumtoxinA for Injection on brow position. Aesthet Surg

J.2023;43(Suppl 1);510-S18.
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can result in medial brow drop (which may be perceived
as lateral brow elevation), resulting in a “Spock” eyebrow
shape, whereas weakening of the lower medial and lat-
eral frontalis regions can result in a brow drop across all
regions. Unbalanced changes in medial and lateral brow
position may be evident at rest and will be intensified upon
dynamic brow movement.’ The supplemental video shows
how to accurately identify the true anatomic location of
the corrugators and procerus in patients before glabellar
line treatment and considerations for assessment of fron-
talis activity. [See Video (online), which displays (1) how to
accurately locate target muscles for glabellar line treatment
(24 seconds), (2) considerations for frontalis activity and
preexisting eyelid and baseline eyebrow ptosis (1 minute,
39 seconds), (3) identification of target muscles in patients
during the pretreatment assessment, and (4) the GLO 3 + 2
injection anatomy technique (3 minutes, 9 seconds)].

GLO 3 + 2 INJECTION ANATOMY

TECHNIQUE

The GLO 3+2 injection anatomy technique was
identified after an analysis of the effects of subtle differ-
ences in a five-point glabellar injection technique with
daxibotulinumtoxinA-lanm  for  injection  (Revance
Therapeutics, Inc., Nashville, Tenn.) on resting brow posi-
tion among four clinical trial investigators.! Brow position was
measured quantitatively using vertical and horizontal brow
displacement. An injection technique that precisely targeted
the true anatomic location of the corrugators and procerus
did not result in negative eyebrow outcomes, whereas tech-
niques that did not precisely target the true location of these
muscles (ie, medial corrugator injections above the brow,
lateral corrugator injections deeply or toward the medial
third of the brow, procerus injections above the inferomedial

brow) were associated with suboptimal outcomes.' [See fig-
ure, Supplemental Digital Content 1, which displays eyebrow
outcomes after glabellar line treatment with botulinum toxin
A'in (A) a 54-year-old woman who received the GLO 3 + 2
injection technique that precisely targeted the true anatomic
location of the corrugators and procerus and (B) a 36-year-
old woman who did not receive the GLO 3 + 2 technique.
In patient B, injection points to the medial regions of the
corrugators were accurately targeting the medial region,
but injections to the lateral regions of the corrugators and
the procerus exposed the lower frontalis to botulinum
toxin A. Adapted with permission from Bertucci V, Jean D
Carruthers JD, Sherman DD, et al. Integrative Assessment for
Optimizing Aesthetic Outcomes When Treating Glabellar
Lines With Botulinum Toxin Type A: An Appreciation of the
Role of the Frontalis. Aesthet Surg J. 2023;43(Suppl 1);S19-
S31. http://links.lww.com/PRSGO /D94]. Although a direct
comparison was not conducted, the anatomical specificity of
this technique should be applicable to the treatment of gla-
bellar lines with other neuromodulators.

Video 1 demonstrates the GLO 3 + 2 injection anat-
omy technique. Medial corrugator injections are full-
dose and placed medially, deep into the muscle bulk,
inferomedial to the natural hairy brow (Fig. 2).* Lateral
corrugator injections are placed at or just medial to the
midpupillary line; superficially; and, as low as possible,
slightly above the upper margin of the natural hairy brow
to minimize exposure of the frontalis to BoNTA.**!
Procerus injections are placed deep into the greatest
muscle bulk, close to its origin, in the midline, and gener-
ally horizontally aligned with the medial canthi regions.*

Selection of BoNTA injection patterns and doses for
glabellar line treatment typically involve facial assessments
that are centered on glabellar complex activation. Because
of individual differences in the location, size, and activity

Fig. 2. Recommended five-point injection pattern for treatment of the glabellar complex with botulinum toxin type A. A, As shown on
the left, medial corrugator injection sites above the medial brow, lateral corrugator injection sites administered deeply or more medially
toward the medial third of the brow, and procerus injection sites superior to the horizontal line connecting the inferior region of the
medial brows are not recommended. B, The recommended five-point injection pattern is shown on the right and comprises deep injec-
tions into the inferomedial aspect of the natural hair-bearing eyebrow, near the origin of the corrugator supercilia; superficial injections
into the lateral corrugator, between the midpupillary and lateral limbal lines and within 1 mm of the natural hair-bearing eyebrow; and a
deep midline injection to the procerus, at or below the horizontal line connecting the inferior region of the medial brows. Representative
images are shown for a 54-year-old woman. Reproduced with permission of Oxford University Press from Bertucci V, Green JB, Fezza JP,
et al. Impact of glabellar injection technique with DaxibotulinumtoxinA for Injection on brow position. Aesthet Surg J. 2023;43(Suppl

1);510-518.
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of facial muscles, and because the frontalis is such a strong
determinant of aesthetic outcomes, it is critical to include
a broader and more detailed assessment that considers
the overall effects of the interactions between the eyebrow
depressors and the opposing forces of the frontalis on brow
outcomes in the resting brow position and during dynamic
brow movement.” For patients with a compensated eye-
lid ptosis, inadvertent exposure of the lower frontalis to
BoNTA may weaken involuntary frontalis activity, unmask-
ing the ptosis. Patients with “wavy” forehead lines, which
usually indicates a central aponeurosis, have limited medial
frontalis activity and less latitude for weakening before the
frontalis is overwhelmed by the downward forces of the
depressor complex.” These patients are at a greater risk of
medial brow drop with injection sites that are more cranial,
resulting in adverse outcomes.” For patients with existing
eyebrow ptosis, inadvertent exposure of the lower frontalis
to BoNTA is likely to worsen the ptosis. For these patients,
it is particularly important to precisely identify the location
of, and precisely inject, the lateral corrugator region to
ensure minimal impact on the frontalis.

CONCLUSIONS

Practitioners need to be aware of the implications of
imprecise injection techniques on patient outcomes when
treating glabellar lines, irrespective of neuromodulator
type. Although seemingly easy, optimal glabellar line treat-
ment requires individualized approaches based on an up-
to-date understanding of facial functional anatomy and
the interplay of the frontalis with the depressor complex,
to inform the pretreatment assessment and selection of
treatment patterns and dosing.” The GLO 3 + 2 Injection
technique minimizes exposure of the frontalis to BONTA
during glabellar injection by precisely targeting the gla-
bellar muscles. However, individual treatment responses
can vary and, as with any injection technique, it is impor-
tant to conduct a posttreatment assessment to determine
whether adjustments are necessary.”
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