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Abstract

Background: The forehead is a common site for injection of botulinum neurotoxin type A (BoNT-A) to treat hyperactive facial muscles. Unexpected
side effects of BONT-A injection may occur because the anatomy of the forehead musculature is not fully characterized.

Objectives: The authors described the lateral border of the frontalis in terms of facial landmarks and reference lines to determine the safest and most
effective forehead injection sites for BoNT-A.

Methods: The hemifaces of 49 embalmed adult Korean cadavers were dissected in a morphometric analysis of the frontalis. L2 was defined in terms of
FT (the most protruding point of the frontotemporal region), LO (the line connecting the infraorbital margin with the tragus), and L1 (the line parallel to LO
and passing through FT) such that L2 was positioned 45° from L1 and passed through FT.

Results: The distance from FT to the superior margin of the orbicularis oculi was 12.3 + 3.3 mm. The frontalis extended more than 5 cm along L2 in 49
of 49 cases (100%), more than 6 cm in 47 cases (95.9%), more than 7 cm in 34 cases (69.4%), more than 8 cm in 11 cases (22.4%), and more than 9
cm in 3 cases (6.1%). The lateral border of the frontalis ran parallel to and within 1 cm of the medial side of L2.

Conclusions: Surface anatomy mapping can assist with predicting the lateral border of the frontalis to minimize the side effects and maximize the effi-
ciency of BoNT-A injections into the forehead.
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such as the orbital rim and eyebrow. Ahn et al® suggested
targeting 5 equally spaced points along a horizontal line
2 cm above the orbital rim. Cho et al” proposed 6 injection
sites for the frontalis with medial injection sites positioned
1.5 cm above the medial end of the eyebrow and lateral in-
jection sites positioned approximately 1.5 cm laterally and
parallel to the medial injection sites. Lorenc et al® suggested
that injection sites should be located 1 to 2 cm above the
orbital rim.

The occipitofrontalis comprises an anterior frontal belly
and a posterior occipital belly that are joined by a layer of
dense fibrous tissue called the galea aponeurotica. The
medial, middle, and lateral muscle fibers of the frontal belly
(ie, the frontalis) are attached to the procerus, the orbicularis
oculi and corrugator supercilii, and the orbicularis oculi, re-
spectively. Contraction of the frontalis raises the eyebrows
and the upper eyelid. Over time, these actions produce hori-
zontal forehead lines. The medial border of the frontalis and
the depth of the frontalis in the glabella have been described
in cadaveric studies.”'” However, injection sites at the lateral
border of the frontalis muscles have not been determined.
Injection of BONT-A into the medial and middle parts of the
frontalis without addressing the lateral parts creates an im-
balanced state of muscle contraction and relaxation that is
visible as drooping of the inner eyebrows and raising of the
outer eyebrows (ie, the Mephisto sign or Samurai face).”

Figure 1. Reference points and lines applied for a morphomet-
ric analysis of the frontalis in this 72-year-old male cadaver.
FT, the most protruding point of the frontotemporal region; L0,
the line connecting the inferior margin of the orbit with the
tragus; L1, the line parallel to L0 and passing through FT; L2,
the line positioned 45° from L1 and passing through FT.

We conducted a cadaveric study to better characterize
the anatomy of the lateral borders of the frontalis and in
turn improve the delivery of BoNT-A into this region. We
suggest that precise mapping of reference lines along the
forehead will avoid unexpected side effects of BONT-A in-
jection at this site and will produce safer and more effective
outcomes.

METHODS

From March 2013 to June 2014, the hemifaces of 49 em-
balmed Korean cadavers, donated legally to the Yonsei
Medical Center (Seoul, Korea), were dissected in a morpho-
metric analysis of the frontalis. All cadavers had intact
faces without signs of trauma or surgery. After removing
the skin and subcutaneous tissues covering the forehead,
the cadavers were carefully dissected to preserve the lateral
fibers of the frontalis. The following landmarks and refer-
ence lines then were identified: (1) FT, the most protruding
point of the frontotemporal region; (2) L0, the line connect-
ing the infraorbital margin with the tragus; (3) L1, the line
parallel to LO and passing through FT; and (4) L2, the line
positioned 45° from L1 and passing through FT (Figure 1).

Landmarks on the dissected specimens were fixed with
a pin and thread. LO was fixed first followed by L1 and then
L2. Points were marked on L2 at 1-cm intervals from FT.
Intervals from0to1,1t02,2t03,3t04,4t05,5t06,6to
7,710 8, and 8 to 9 cm from FT were referred to as sections
1 to 9, respectively (Figure 2). This reference system facili-
tated several measurements. First, the superior boundary of
the orbicularis oculi at the lateral border of the frontalis
was characterized given that the orbicularis oculi overlaps
the frontalis in the superior orbital region. The minimum
distance between FT and this boundary was determined to
predict injection sites that would target only the frontalis.
Second, the distance along L2 from FT to the musculoapo-
neurotic junction of the lateral border of the frontalis with
the galea aponeurotica was determined. Third, the minimum
distance from L2 to the lateral border of the frontalis was as-
certained by assigning lengths on the medial side of L2 posi-
tive values and assigning lengths on the lateral side of L2
negative values. All measurements were made by means of a
digital caliper (CD-15CP, Mitutoyo, Kawasaki, Japan) with a
resolution of 0.01 mm. Except where stated otherwise, data
were presented as means + standard deviations (SD). The
threshold for statistical significance was set at P < .05.

The purpose of this study was to provide a guideline for
identifying the lateral border of the frontalis on the surface
of the patient’s face. In other words, this study is not to
verify the effectiveness of BONT-A injection sites during clin-
ical practice but rather to identify accurate injection sites
in accordance with cadaveric studies. Therefore, we did not
get IRB approval for this study.
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Figure 2. The region in which the orbicularis oculi overlapped the frontalis occurred in (A) section 1 in 15 of 49 cases (30.6%)

and in (B) section 2 in 34 cases (69.4%).

Not observed

6.1%
22.4%
69.4%
95.9%

Wedans

Figure 3. Distance from FT to the musculoaponeurotic junc-
tion of the lateral border of the frontalis with the galea apo-
neurotica. Shading indicates the different running patterns of
the lateral border of the frontalis muscle. The lateral border of
the frontalis extended at least to section 5 in 49 of 49 cases
(100%), to section 6 in 47 cases (95.9%), to section 7 in 34
cases (69.4%), to section 8 in 11 cases (22.4%), and to section
91in 3 cases (6.1%).

RESULTS

The hemifaces of 49 embalmed Korean cadavers (33 males,
16 females; age range, 46-92 years; mean age, 69.71 years)
were dissected.

The Boundary of the Orbicularis Oculi
at the Frontalis

The minimum distance from FT to the superior boundary
of the orbicularis oculi along L2 was 12.3 £+ 3.3 mm. This

boundary was located in section 1 in 15 of 49 cases
(30.6%) and in section 2 in 34 cases (69.4 % ; Figure 2).

The Musculoaponeurotic Junction of the
Frontalis and the Galea Aponeurotica

The distance along L2 from FT to the musculoaponeurotic
junction of the lateral frontalis with the galea aponeurotica
extended at least to section 5 in 49 of 49 cases (100%). This
distance extended to section 6 in 47 cases (95.9%), to section
7 in 34 cases (69.4%), to section 8 in 11 cases (22.4%), and
to section 9 in 3 cases (6.1 %; Figure 3; Table 1).

The Minimum Distance Between the
Lateral Border of the Frontalis and L2

The mean minimum distances from L2 to the lateral border
of the frontalis at each section are presented in Table 2. The
mean distance for each case was positive, indicating that
the lateral border of the frontalis was located on the medial
side of L2 in most cases. In addition, the SD associated
with each mean was <10 mm. These results indicate that
the lateral border of the frontalis runs parallel and within
1 cm of L2. There were no significant differences between
the left and right lateral margins of the frontalis regarding
the distance from L2 (P > .05; data not shown). No signifi-
cant difference between genders was observed in this study
population, but the mean minimum distance tended to be
greater among females.

DISCUSSION

Most skeletal muscles originate from and insert into bony
structures and can be visualized in terms of location and
gross morphology on the outer surface of the body. In con-
trast, the borders and locations of facial muscles are
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Table 1. Lateral Extensions of the Frontalis

Section Interval®

No. (%) of cases 49 (100%) 47 (95.9%)

34 (69.4%)

11 (22.4%) 3(6.1%) 0 (0%)

Injections of botulinum neurotoxin type A into sections 2 and beyond avoid the region where the orbicularis oculi overlaps the frontalis. *Sections 1 to 9 were defined as distances of 0 to 1, 1t0 2, 2

t03,3t04,41t05,5t06,6107,7108, and 8 to 9 cm from FT along L2, respectively.

Table 2. Mean Minimum Distances from L2 to the Lateral Border of the
Frontalis

Section® Mean (+ SD) Mean (+ SD) Mean (+ SD)

Distance, All Distance, Male Distance, Female

Cases, mm Cases, mm Cases, mm
1 5.6 (+3.6) 2.7 (£3.1) 7.6 (= 2.6)
2 3.7 (x36) 2.7(x33) 5.7 (+3.6)
3 3.9(x3.9) 2.8(x3.8) 6.3 (x2.9)
4 3337 2.3(+3.6) 5.2 (+3.2)
5 3.5 (x 4.0) 2.7 (x4.1) 5.2 (+3.3)
6 41(x58) 2.9(x5.3) 6.6 (+6.2)
7 43(x53) 36(5.7) 6.3 (x3.4)
8 7.9(4.0) 76(4.3) 8.5(x3.7)
9 6.6 (+7.9) 2.2 (£3.1) 15.4°

Positive and negative values were assigned to measurements made where the lateral border of
the frontalis was located medially and laterally to L2, respectively. L2 is defined in terms of FT
(the most protruding point of the frontotemporal region), LO (the line connecting the infraorbital
margin with the tragus), and L1 (the line parallel to LO and passing through FT) such that L2 is
positioned 45° from L1 and passes through FT. SD, standard deviation. ®Sections 1 to 9 were
defined as distances of 0to 1,1102,2103,3104,4105,5t06,6t07,71t08,and 8t0 9 cm
from FT along L2, respectively. °It was not possible to calculate an SD for this measurement
because it corresponded to only 1 sample.

difficult to demarcate from the surface anatomy because
their insertions and origins are close to the subcutaneous
layer and skin. For these reasons, designating the location
and length of the frontalis is challenging.

Before BoNT-A injection, the borders of target muscles
must be identified because injection of BONT-A into unin-
tended muscles or incomplete injection into the target
muscle could produce unwanted side effects, such as asym-
metric or otherwise altered contractility. Incorrectly placed
injection also reduces the effectiveness of BoNT-A on
the target muscle. Moreover, the biological effectiveness of
BoNT-A is greatest when the preparation is distributed in
small aliquots throughout the muscle rather than as a
single dose.'' Thus, BoNT-A injection into the forehead
should span the frontalis rather than being focused at the
points described in previous studies.®®

We conducted a morphometric analysis of fixed cadavers
to map the precise position of the frontalis. We considered a
study of chemically fixed hemifaces to be optimal for high-
resolution structural assessments because fixed muscles are

Infraorbital

Figure 4. The forehead musculature and reference map de-
scribed in this study are superimposed on a photograph of this
24-year-old woman. It is difficult to definitively locate the lateral
border of the frontalis in a clinical setting. However, the refer-
ence points (infraorbital margin, tragus, and FT) and lines (LO,
L1, and L2) described in this study may be helpful for identifying
the lateral border of the frontalis on the skin prior to injection of
botulinum neurotoxin type A into the forehead.

not subject to the laws of physics in the same way as fresh
specimens. However, a comparison of our results with those
obtained with fresh cadavers is warranted. The reference lines
we described enable treatment over a defined injection area
based on surface anatomy. Reference LO passes through the
infraorbital margin and tragus, which are easily identifiable
and palpable structures on the surface of the face. Similarly,
FT is a palpable landmark located superolaterally to the orbit
where it separates into temporal and frontal components.
From FT and LO, L1 and L2 can readily be determined, and
the margins of the frontalis can subsequently be predicted.
We found that the superior border of the orbicularis
oculi where it overlaps with the frontalis was located
12.3 + 3.3 mm from FT. Therefore, the orbicularis oculi is
positioned 0 to 2 cm from FT along L2. Accordingly, we ad-
vocate that clinicians performing BoNT-A treatment of the
frontalis should position the injection at least 2 cm from FT
along L2. Second, we measured the distance from FT to the
musculoaponeurotic junction of the lateral border of the
frontalis with the galea aponeurotica. Our findings indicate
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that injections targeting the frontalis should be performed
in sections 2 to 5 or sections 2 to 6 along L2 (Figure 3;
Table 1). In the majority of cases, the lateral border of the
frontalis occurred parallel to and within 1 cm of the medial
side of L2. In 9 of 49 cases (18.4%), the lateral border of the
frontalis occurred on the lateral side of L2. However, the
greatest distance between L2 and the frontalis was 0.9 cm
for these cases (ie, within 1 cm).

Based on the findings of the present study, we suggest
several steps for BONT-A injection into the forehead area
(Figure 4). First, locate the infraorbital margin, tragus, and
FT by palpation. Second, draw a line connecting the infraor-
bital margin and tragus (ie, LO) and a parallel line passing
through FT (ie, L1). Third, draw an oblique line from FT at
an angle of 45° from L1 (ie, L2). With this facial map, the
frontalis can be targeted with injections at 1-cm intervals
within sections 2 to 6 along L2. This approach avoids sec-
tions 0 to 2, which span the overlap of the orbicularis oculi
and frontalis. The lateral border of the frontalis occurs pre-
dominantly in sections 0 to 6, and most of the lateral border
of the frontalis runs within 1 cm medial to L2.

There were no significant differences in minimum
distances from L2 to the lateral frontalis between the left
and right sides of the head. However, we observed a non-
significant tendency of female cases to exhibit a greater
minimum distance. In a cadaveric study, Spiegel et al’ re-
ported gender differences in the location and running
aspect of the medial border of the frontalis. These authors
noted that the angle created by the bilateral medial borders
of the frontalis was 62° in males and 38° in females; that is,
the frontalis ran more vertically in females than in males.’
The present findings suggest that this may also be the case
for the lateral border. The study by Spiegel et al’ was con-
ducted with Caucasian cadavers and addressed the medial
borders of the frontalis. The present study was conducted
with Asian cadavers and addressed the lateral borders of
the frontalis. Therefore, direct comparisons of these studies
are limited. A subsequent study of the medial borders of
the frontalis in Asian cadavers is planned. We expect that
the results of this study will enable a comparison of this
facial muscle in Asians and Caucasians.

CONCLUSIONS

The infraorbital margin, tragus, and FT can be readily observed
in a clinical setting before injection of BONT-A. L2 follows from
these reference points and facilitates the identification of the
lateral border of the frontalis on the skin. These findings may
be helpful for minimizing the side effects and maximizing the
efficiency of BONT-A injection into the forehead.
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