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Background: Understanding the precise position and course of the superior
and inferior labial arteries within the upper lip and the lower lip is crucial for
safe and complication-free applications of volumizing materials.

Methods: One hundred ninety-three anatomical head specimens (56.5 per-
cent female cadavers) of Caucasian ethnicity were investigated in this large
multicenter anatomical study. In total, six 3-cm-long vertical incisions were
performed on each lip (midline and 1 cm medial to the angles of the mouth)
to identify the position of the superior and inferior labial arteries in relation
to the orbicularis oris muscle.

Results: Three different positions of the superior and inferior labial arteries
were identified: submucosal (i.e., between the oral mucosa and the orbicularis
oris muscle in 78.1 percent of the cases), intramuscular (i.e., between the su-
perficial and deep layers of the orbicularis oris muscle in 17.5 percent of the
cases), and subcutaneous (i.e., between the skin and the orbicularis oris muscle
in 2.1 percent of the cases). The variability in changing the respective position
along the labial course was 29 percent for the total upper and 32 percent for
the total lower lip. The midline location was identified in both the upper and
lower lips to be the most variable.

Conclusions: Based on the results of this investigation, a safer location for the
application of volumizing material is the subcutaneous plane in the paramedi-
an location of both the upper lip and the lower lip. Care has to be taken when
aiming to inject in the midline, as the artery can be identified more frequently
in superficial positions. (Plast. Reconstr. Surg. 139: 1075, 2017.)
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the application of soft-tissue fillers has
gained considerable interest in our society. The
use of soft-tissue fillers has increased between 2000
and 2015 by 274 percent and from 2014 to 2015 by
6 percent.! Most products are based on hyaluronic
acid, and the most frequent locations for facial
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volumizing procedures are the lips.*® Enhance-
ment of lip volume, reformation of the Cupid’s
bow, and restoration of the vermillion border are
frequent indications for the application of materi-
als into the upper and lower lips.® Interestingly, the
inability to conceal these signs of aging has been
associated with increased anxiety and depression.”

Frequent application of volumizing materi-
als in the head and neck region has led to mul-
tiple complications, including pain, bruising,
inflammation, and necrosis,® but also hemiplegia,
aphasia, and blindness.” The latter, however, has
also been reported to result from application of
volumizing materials into the lips, which suggests
a potential involvement of the arterial vascular
system.'0!2

Disclosure: The authors have no commercial asso-
ciations or financial disclosures that might pose or
create a conflict of interest with the results presented
or methods applied in this study.
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Previous reports have focused on the anatomy
of the upper and lower lips and have revealed that
the superior and inferior labial arteries show a
high variability in presence and course.”™'® The
results of these studies, however, lack the informa-
tion of the precise position of both labial arteries
in relation to the different layers of the lips. This
information is of essential interest for manufac-
turers and health care professionals when apply-
ing volumizing materials.

Therefore, the aim of the present study was
to investigate the precise position and course of
the superior and inferior labial arteries within
the upper and lower lips to provide guidance
for manufacturers and health care professionals
concerning the application of volumizing materi-
als into the lips. We specifically designed a large
multicenter anatomical study based on data from
six different anatomical departments to provide
reliable and valid results to answer this clinically
relevant question. In addition, we included a
computed tomographic imaging part in our anal-
yses to show the well-developed vascularization of
the lips.

MATERIALS AND METHODS

Study Sample

One hundred ninety-three human anatomi-
cal head specimens were included in this multi-
center study, with 56.5 percent of those being
female cadavers. All specimens were taken from
Caucasian body donors from the body donation
programs of the universities participating in this
study. While alive, all body donors gave informed
consent for participation in medical education
and in scientific investigations with a medical
background. The procedures applied in this study
complied with the laws of the country in which
they were performed.

Anatomical Dissection

Anatomical dissection was performed accord-
ing to astandardized central protocol in six differ-
ent anatomical departments, without significant
difference in sex distribution between the six
participating anatomical sites (p=0.67): Institute
of Anatomy, Paracelsus Medical University Salz-
burg & Nuremberg, Salzburg, Austria; Center of
Anatomy and Cell Biology, Division of Anatomy,
Medical University of Vienna, Vienna, Austria;
Institute of Anatomy, Christian-Albrechts-Uni-
versity of Kiel, Kiel, Germany; Institute of Anat-
omy, Department of Clinical Anatomy and Cell
Analysis, University of Tuebingen, Tuebingen,
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Germany; Institute of Anatomy, University of
Luebeck, Luebeck, Germany; and Department
of Anatomy, Ross University School of Medicine,
Roseau, Commonwealth of Dominica. The stan-
dardized central protocol provided information
on the dissection procedure, and all participat-
ing sites followed this protocol during dissec-
tions, which were carried out by two investigators
at each site.

Anatomical dissection was based on verti-
cal 3-cm-long incisions of the upper and lower
lips in each three defined locations: midline,
1 cm medial to the left angle (paramedian left),
and 1 cm medial to the right angle of the mouth
(paramedian right) (Fig. 1). The position of the
main trunk of the superior/inferior labial artery
in relation to the orbicularis oris muscle was
documented.

Computed Tomographic Imaging

To show the well-developed vascularization
of the upper and lower lips, a computed tomo-
graphic imaging series was obtained in 10 fresh
frozen cephalic specimens originating from six
female and four male cadavers, with a mean =+
SD age of 72.6 + 8.2 years. Bilateral access to the
facial artery was made introducing an intrave-
nous port for the application of contrast agent.
Arterial contrasting was performed by injecting
radiopaque dye (Lipidiol Ultra-Fluide Iohexol,
Omnipaque; Amersham, Princeton, N.J.). Mul-
tiple computed tomographic scans were obtained
to achieve maximal contrasting of the labial vascu-
lature. The following parameters were applied to
each of the computed tomographic scans: field of
view, 200 mm; slice thickness, 0.6 mm; increment,
0.4 mm; voltage, 120 kV; and current, 400 mA/
second.

Statistical Analysis

The Manhattan metric was used to count the
number of jumps (i.e., the change of position of
the measured artery along its course within the
upper or lower lip from paramedian right to mid-
line to paramedian left). Generalized linear mod-
els were used to identify whether the measured
location or the sex had an influence on the posi-
tion of the superior and inferior labial arteries.
All reported tests were two-sided, and values of
p < 0.05 were considered as statistically signifi-
cant. All statistical analyses in this report were
performed by use of Mathematica, Version 7.0
(Wolfram Research, Inc., Champaign, Ill.) and
Statistica 13 (StatSoft, Tulsa, Okla.).
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Fig. 1. Schematic of the dissection procedure, provided in the central
study design protocol. Three incisions were made in the upper lip and
in the lower lip: 1 cm medial to the right angle of the mouth, midline,
and 1 cm medial to the left angle of the mouth.

RESULTS

In all of the 193 investigated anatomical head
specimens, the superior and inferior labial arter-
ies were identified within the respective lip. The
superior labial artery was identified to run at the
level of the vermillion border, whereas the infe-
rior labial artery was found in general inferior to
the vermillion border in the lower lip. The overall
distribution of the position of the superior and
inferior labial arteries was 78.1 percent submuco-
sal, 17.5 percent intramuscular, and 2.1 percent
subcutaneous (Table 1 and Figs. 2 and 3). In 0.6
percent of the cases, two arteries were found in
the same lip to run in the submucosal and intra-
muscular position, 1.3 percent in the submuco-
sal and subcutaneous position, and 0.2 percent
in the intramuscular and subcutaneous position.
No statistical significant differences were detected
when investigating the influence of sex on these
distributions.

The distribution for the upper lip was 78.1,
17.6, and 2.6 percent, whereas the distribution
for the lower lip was 78.1, 17.3, and 1.7 percent
for the respective arterial position. The calculated
variation (i.e., the change between the layers) was
29 percent for the total upper lip and 32 percent
for the total lower lip. When calculating the num-
ber of jumps (i.e., how often one artery changes
its plane during its course within the upper/lower
lip), it was identified that 71 percent in the upper
lip and 67 percent in the lower lip of the cases did
not change the plane, whereas 16 percent and 9
percent changed one time and 13 percent and 23
percent changed two times, respectively (Fig. 4).

Looking at the position of the arteries in the
midline location, it was observed that in 70.5 per-
cent (77.2 percent upper lip versus 63.7 percent
lower lip) of the cases the artery was identified
in the submucosal position, in 23.6 percent (18.7
percent upper lip versus 28.5 percent lower lip) it

Table 1. Distribution of the Superior and Inferior Labial Arteries in the Upper and Lower Lips*

Anatomical Position

Submucosal and Submucosal and Intramuscular and

Submucosal Intramuscular Subcutaneous Intramuscular Subcutaneous Subcutaneous

Labial Location (%) (%) (%) (%) (%) (%)
Upper lip

Paramedian right 150 (77.7) 36 (18.7) 5 (2.6) 1(0.5) 1 (0.5) 0

Midline 149 (77.2) 36 (18.7) 4 (2.1) 2(1) 1 (0.5) 1 (0.5)

Paramedian left 153 (79.3) 30 (15.5) 6 (3.1) 2(1) 2 (1) 0
Lower lip

Paramedian right 166 (86) 23 (11.9) 2 (1) 3 (1.6) 0

Midline 123 (63.7) 55 (28.5) 6 (3.1) 2 (1) 6 (3.1) 1 (0.5)

Paramedian left 163 (84.5) 22 (11.4) 2 (1) 0 6 (3.1) 0

*Three anatomical positions and their combinations in relation to the orbicularis oris muscle were identified: submucosal, intramuscular, and
subcutaneous. Data are given as absolute values and percentages of the total sample (n=193).
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Fig. 2. Schematic drawings (exemplified for the lower lip) of the three identified
positions of the superior and inferior labial arteries in the upper and lower lips:
(right) submucosal (i.e., between the oral mucosa and the orbicularis oris muscle);
(center) intramuscular (i.e., between the superficial and the deep layer of the orbi-
cularis oris muscle); (left) subcutaneous (i.e., between the skin and the orbicularis

oris muscle).

was identified in the intramuscular position, and
in 2.6 percent (2.1 percent upper lip versus 3.1
percent lower lip) it was identified in the subcuta-
neous position (Table 1).

The probability of the superior and infe-
rior labial arteries to change planes along their
courses was significantly higher when compared
to the submucosal position, if the arteries were
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(left) subcutaneous (i.e.,
between the skin and the orbicularis oris muscle); (center) intramuscular (i.e., between the superficial and deep layer of the orbicu-
laris oris muscle); (right) submucosal (i.e., between the oral mucosa and the orbicularis oris muscle.

once identified in the midline in the intramus-
cular (upper lip, p < 0.001; lower lip, p < 0.001)
or in the subcutaneous (and combinations) posi-
tion (upper lip, p < 0.001; lower lip, p < 0.001)
(Fig. 5). On the contrary, arteries in the submu-
cosal position in the midline of both the upper
and lower lips indicate a significantly more stable
course with significantly less change in planes
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Fig. 4. Bar graph showing the frequencies of the superior and inferior labial
arteries within the upper (blue bars) and lower (orange bars) lips to change
planes, calculated by the number of jumps of each artery along its course in
the lip. The y axis represents the number of investigated cases and the x axis
represents the number of jumps of the respective arteries.

along the course in the respective lip (Fig. 5).
The results of the computed tomographic scans
revealed a well-vascularized capillary network of
lips, with small arteries reaching until the sur-
face of the lips and thus leading to a complete
contrasting of the outer morphology of the lips

(Fig. 6).
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DISCUSSION

The results presented in this large multi-
center anatomical investigation including 193
specimens reveal a variable coursing pattern of
both the superior and inferior labial arteries.
The position of each respective artery varies
between three different positions (and their
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Fig. 5. Whisker plots showing the number of jumps (i.e., the frequency of the superior labial artery within the upper lip and of the
inferior labial artery within the lower lip to change planes when identified in the midline location). Data are presented as means

with 95 percent confidence intervals.
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Fig. 6. Three-dimensional reconstruction of a computed tomo-
graphic scan of the head after the application of contrast agent
into the right facial artery. Please consider that the facial veins
have also been partially filled as the contrast agent passed the
capillary network and partially entered the venous system.

combinations). The most frequent position iden-
tified was the submucosal position, followed in
frequency by the intramuscular position and the
subcutaneous position.

The strength of the present study is its sample
size, with 193 human anatomical specimens of
Caucasian ethnicity, which was only accomplished
by the collaboration of six anatomical depart-
ments from different countries. Moreover, the
investigated anatomical specimens were not hemi-
sected as reported previously'®!* but were used in
completeness to follow the complete course of the
arteries.

The results presented in this study are par-
tially in line with previous reports about the arte-
rial distribution of the superior and inferior labial
arteries.”* ' Recently, Lee et al."* studied 36 body
donors of Asian ethnicity, and reported that the
superior labial artery followed a constant course
along the vermillion border at a depth of 3 mm,
without providing any information regarding vari-
ability in position."* Our results are partially in
line with these findings, as we likewise identified
the superior labial artery at the level of the vermil-
lion border. However, we found a high variability
in the position of the artery in relation to the orbi-
cularis oris muscle and thus in the depth of the
artery. Our results reveal that the artery is mostly
found in the submucosal position (78.1 percent)
but varies especially within the upper lip. Thereby,
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it showed a variation of 29 percent, and predomi-
nantly in the midline the superior labial artery was
found to lie more superficial. This is of great inter-
est, as aesthetic procedures aiming to increase the
volume of the upper lip or to contour the Cupid’s
bow are applied in this delicate region of the
upper lip. Therefore, awareness of the anatomical
variations is a crucial concept, and is mandatory
when injecting superficially in the midline.

In another publication by Lee et al."” investigat-
ing the distribution pattern of the inferior labial
artery, the authors identified its position in 46 per-
cent of the cases in the periosteal layer and in 15.9
percent of the cases in the intramuscular layer."
However, the authors did not specify the location
(midline versus paramedian) in which the arteries
were investigated or whether a change of planes
occurred during their course. Our results showed
that, similar to the upper lip, the artery can be iden-
tified more superficially in the midline, with 28.5
percent in the intramuscular position. In addition,
we found an overall variability to change planes of
32 percent within the lower lip. These results are
unique in their presented form because, for the
first time, a study provides reliable data based on
large-sample analysis to estimate the risk of inject-
ing volumizing materials into the respective planes
of the upper and lower lips. Future guidelines of
scientific societies and industrial partners can be
coordinated with regard to the respective position
of the artery to minimize the risk of adverse effects
when applying specific products into the respec-
tive layers of the lip.

The variation in the distribution pattern of
the labial arteries is explainable when focusing
on facial embryogenesis.'®*' In the embryo, the
formation of the superior and the inferior labial
arteries precedes the formation of the orbicularis
oris muscle, and thus the muscle precursor cells
have to form around preexisting vessels. This
implies that a high variability in the migratory
pathway of the muscle precursor cells is given and
that this fact is responsible for the three definite
positions the labial artery is able to occupy (i.e.,
submucosal, intramuscular, and subcutaneous).
In addition, the muscle precursor cells form a
thicker layer in the upper lip compared with the
lower lip, with fewer cells being present in the
midline in both lips."” This explains the relative
thinness of both the upper and lower lips in the
midline and the different pattern of the superior
and inferior labial arteries in the midline com-
pared with paramedian locations.

In postnatal life, the orbicularis oris mus-
cle complex is a two-layer muscular sphincter
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arranged in fibers running circular and perpen-
dicular to the oral commissure. The deep layer of
this muscle is formed by a continuation of the buc-
cinator muscle, and the superficial layer is estab-
lished by the irradiating muscle fibers derived
from the muscles of facial expression.

The facial artery can be identified super-
ficial to the buccinator muscle but deep to the
muscles of facial expression within the buccal
space in the midface.” The modiolus represents
the location where the aforementioned muscles
fuse and form a perpendicular muscular pillar
with an extension of 1.0 x 1.5 cm.*”® The facial
artery is attached to the modiolus by means of a
ligamentous structure® and can be identified in
most cases within 1 to 2 cm posterior to the angle
of the mouth in the horizontal plane. Both the
superior and inferior arteries (if present) travel
in relation to the two layers of the orbicularis
oris muscle complex toward the midline and
anastomose with the respective vessels from the
contralateral side.'” As the labial arteries were
previously shown to display high variability with
regard to course, presence, and location,'®*!7 it
is plausible that they can be found in different
positions in relation to the orbicularis oris mus-
cle. In our study, three different position of the
arteries were identified (i.e., submucosal, intra-
muscular, and subcutaneous), and these results
are contradictory to the previously established
“rule” that, within the lips, the labial arteries fol-
low a constant course in the submucosal plane.
The results presented provide robust evidence
that a change in the current paradigm has to
occur to account for the anatomical variation in
the arterial vascular pattern and to limit the risk
for vascular complications, of which irreversible
blindness is the most severe’ and that can occur
even in the hands of experienced injectors when
applying volumizing materials.

Given the amount of labial augmentation
procedures, it is remarkable that the severity
and amount of complications are limited com-
pared with the number of injections in the
perioral region.? This could be because the capil-
lary network of the upper and lower lips is well
developed and vascular complications are “well”
tolerated and potentially occur more frequently
than clinically observed but with less clinical
or aesthetic impact. This fact has been demon-
strated by the imaging part of our study, which
supports this assumption when revealing the
total contrasting of the lips as compared to other
facial regions where only the vessel itself was con-
trasted (Fig. 6).

The position of the arteries within the upper
and lower lips could be ensured by using imaging
techniques or by means of clinical examination to
estimate safer locations for the volumizing proce-
dures. Based on the results of our investigation,
a safer location for the application of volumizing
material is the subcutaneous plane in paramedian
locations both in the upper lip and in the lower
lip. In the midline, however, injectors have to be
aware of the anatomical variations reported when
aiming to inject into more superficial planes.

CONCLUSIONS

Here, we present data from a large multi-
center anatomical study investigating 193 head
specimens revealing the distribution pattern of
the superior and inferior labial arteries in the
upper and lower lips. We identified three differ-
ent positions of the arteries in relation to the orbi-
cularis oris muscle: submucosal (78.1 percent),
intramuscular (17.5 percent), and subcutaneous
(2.1 percent). The variability in the position of
the superior labial artery to change the plane is 29
percent, whereas it is 32 percent for the inferior
labial artery. Profound anatomical knowledge of
the precise position of the superior and inferior
labial arteries can reduce the risk of adverse effect
and increase the probability of safe and long-last-
ing results.
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