
Journal of Korean Dental Science 101

Introduction

The face is an important structure related to beauty 
and is highly associated with interpersonal relation-

ships and self-seteem1). The beauty of the face is 
determined by socio-cultural aspects such as race, 
ethnicity, and age2), and in particular, a youthful 
appearance has been commonly favored. Natural 
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aging of the face can be clearly visible over time. An 
important part of the face is the infraorbital region, 
where several signs of aging such as fat deposition 
and wrinkling may appear for which several proce-
dures against aging have been introduced and per-
formed. 

Acquisition of data on the patient’s face is a crucial 
step in diagnosis, evaluation, and treatment plan-
ning. To achieve an optimal outcome, accurate and 
precise information on the skin, subcutaneous tissue, 
and muscles must be obtained to avoid possible un-
desirable outcomes. 

In various medical and dental areas including sur-
gical, prosthodontic, forensic, and cosmetic fields, 
three-dimensional (3D) scanning system has ren-
dered a solution for the assessment of diverse facial 
characteristics such as recognition of individual 
face and facial emotion capture, promoting better 
outcomes in diagnosis, smile design, and esthetic 
rehabilitation3). In addition, 3D scanning system is 
technically easier, less invasive and faster in data ac-
quisition than traditional procedures4). The non-inva-
siveness of the 3D scanner allows restructuring data 
from real objects maintaining their main physical 
characteristics such as shape, color, and proportions, 
resulting in virtually generated point clouds of geo-
metric measurements and samples reproduced on 
the surface of the object5). Moreover, one of the main 
advantages of the 3D scanning system over other 
systems is the non-contact data acquisition with high 
reliability in short time6). Structured light scanners 
have been widely used for the study of facial soft tis-
sues7,8) producing reliable guidelines. 

For minimally invasive cosmetic surgical proce-
dures, 3D anatomical knowledge of the facial struc-
tures is essential. Complete guidelines based on the 
critical clinical anatomy have been scarce while most 
clinicians rely on palpation of facial superficial refer-
ences during operation. Operation using visible su-
perficial characteristics of the face may lead to high 
risk of damage on the non-targeted muscle or struc-

ture, leading to undesirable side effects.
Therefore, this study aimed to describe the thick-

ness of the skin and subcutaneous tissue and depths 
of the facial muscles in the infraorbital region using 
a 3D scanner to provide critical clinical anatomical 
guidelines for enhancement of minimally invasive 
cosmetic procedures. 

Materials and Methods

Thirty-eight Korean cadavers (22 males, 16 females; 
age range, 51~94 years at the time of death) were 
used. All facial scans were performed from 2017 to 
2020.

The study was approved by the Institutional Re-
view Board (IRB) of Yonsei University (IRB no. 
2-2017-0023) and conducted in accordance with the 
principles outlined in the Declaration of Helsinki. 
Permission and approval were received from the 
families of cadavers before beginning the dissection. 

1. Facial Landmarks 
To describe the components of the infraorbital re-

gion, four vertical and three horizontal lines were de-
fined using the inferior orbital rim of the zygomatic 
bone, mid-pupillary line, lateral and medial canthi, 
and nasal point as references. These lines were used 
to establish eight facial landmarks (P1~P8) that were 
marked on the faces of the cadavers. The four verti-
cal lines are defined as follows:

VL1: The line passing the medial canthus
VL2: The line passing the mid-pupil 
VL3: The line passing the lateral canthus
VL4: The line passing the lateral orbital rim 

The three horizontal lines are defined as follows: 
HL1: The line passing the inferior orbital rim 
HL2: The mid-half-line between HL1 and HL3
HL3: The line passing the bilateral to the alar point

The points at which HL1 intersected with VL1, 
VL2, VL3, and VL4 were defined as P1, P2, P3, and 
P4, respectively, while those at which HL2 intersect-



103

Alonso Andrés Hormazábal Peralta, et al: Infraorbital Soft Tissue Thickness

J Korean Dent Sci 2021;14(2):101-109

ed with VL1, VL2, VL3, and VL4 were defined as P5, 
P6, P7, and P8, respectively (Fig. 1).

2. Three-dimensional Facial Scanning 
All images from the frontal and oblique bilateral as-

pects of the face were obtained using a Morpheus 3D 
structured light scanner (Morpheus Co. Ltd., Seong-
nam, Korea). The cadavers were placed on a dissec-
tion table, and their faces were carefully scanned in 
three steps:

1)  Scanning of the undissected face in its natural 
state

2)  Scanning of the face after careful skinning was 
performed only on the left side of the cadaver 
and slightly deviated from the midline

3)  Scanning of the face after removal of the subcuta-
neous tissue, revealing only the superficial facial 
muscles and superficial musculoaponeurotic sys-
tem

During all dissection procedures, attention was 

paid not to overstretch nor to put excessive pressure 
on the face to avoid distortion of the soft tissues. In 
addition, the right half of the face was preserved 
from any dissection procedure to be used later as 
reference points with the designed landmarks and to 
compare the distance between the points on the dis-
sected and undissected hemi face. 

After the images were obtained, and the landmarks 
were carefully placed and aligned, the images of 
both halves of the face were superimposed through 
geometric analysis using Morpheus Plastic Solution 
3.0 software (Morpheus Co. Ltd.).

All the landmarks were digitalized and aligned 
with the undissected 3D face according to the same 
criteria described above and were used as refer-
ence points preliminarily marked on the skin of 
the cadaver’s face. The thickness or depth at each 
landmark point was automatically calculated using 
Morpheus Plastic Solution 3.0, which uses a geomet-
ric algorithm based on the perpendicular projection 
onto the tangential plane of the landmark of the un-
dissected half from the dissected one, providing the 
distance between the two points. 

3. Statistical Analysis 
Descriptive analyses were performed using 

mean±standard deviation values. Data normality 
was evaluated separately for each variable using the 
Shapiro–Wilk normality test. Student’s t-test was 
used to identify significant differences in the thick-
ness of the skin and subcutaneous tissue and depths 
of the infraorbital region muscles according to sex. 
Data were processed using STATA (version 14.0; Sta-
ta Corp., College Station, TX, USA), and P<0.05 was 
considered significant.

Result

1. Thickness of the Skin and Subcutaneous Tissue 
Table 1 presents the measured thickness of the skin 

and subcutaneous tissue and comparisons according 

VL1VL1 VL2VL2 VL3VL3 VL4VL4

P1P1 P2P2 P3P3 P4P4
HL1HL1

P5P5 P6P6 P7P7 P8P8
HL2HL2

HL3HL3

Fig. 1. Illustration representing the eight facial landmarks (points) 
used in this study. P1 is the meeting point between HL1 and VL1; 
P2 is the meeting point between HL1 and VL2; P3 is the meeting 
point between HL1 and VL3; P4 is the meeting point between HL1 
and VL4; P5 is the meeting point between HL2 and VL1; P6 is the 
meeting point between HL2 and VL2; P7 is the meeting point be-
tween HL2 and VL3; P8 is the meeting point between HL2 and VL4. 
VL: vertical line, HL: horizontal line, P: facial landmark point.



104 J Korean Dent Sci 2021;14(2):101-109

Alonso Andrés Hormazábal Peralta, et al: Infraorbital Soft Tissue Thickness

to sex. Fig. 2~5 illustrate the thickness of the facial 
skin and subcutaneous tissue in males and females. 
No significant sex-related differences were found 
for the skin at any landmark. The thickness of the 
subcutaneous tissue differed significantly (P<0.05) at 
P8 (5.1±2.7 mm in males and 7.4±3.5 mm in females). 
However, no significant sex-related differences were 
observed at P1, P2, P3, P4, P5, P6, and P7.

2. Depths of Muscles in the Infraorbital Region
Table 2 presents the muscle depths and their dif-

ferences according to sex after removing the skin 
and subcutaneous tissue of the face. The depth of 
the orbicularis oculi muscle differed significantly ac-
cording to sex at P4 (5.8±2.5 mm in males and 7.6±2.4 
mm in females; P=0.042), P7 (7.1±2.7 mm in males 

VL2 VL3 VL4

P1 P2 P3 P4 HL1

HL2

HL3

P5 P6 P7 P8
1.9 1.9 1.9 2.4

1.6 2.4 2.4 2.5

Fig. 2. Illustration representing the mean thickness of the infra-
orbital region skin in each facial landmark by three-dimensional 
scanning (Morpheus 3D; Morpheus Co. Ltd., Seongnam, Korea) in 
a male participant. Unit: mm. VL: vertical line, HL: horizontal line, P: 
facial landmark point.

VL2 VL3 VL4

P1 P2 P3 P4 HL1

HL2

HL3

P5 P6 P7 P8
3.8 2.5 3.3 4.0

3.2 5.1 5.5 5.1

Fig. 3. Illustration representing the mean thickness of the infraor-
bital region subcutaneous tissue in each facial landmark by three-
dimensional scanning (Morpheus 3D; Morpheus Co. Ltd., Seong-
nam, Korea) in a male participant. Unit: mm. Statistically significant 
differences are represented in red. VL: vertical line, HL: horizontal 
line, P: facial landmark point.

Table 1. Comparison of the thicknesses of the infraorbital region skin and subcutaneous tissue by sex using a three-dimensional scanning 
system (n=38) 
Facial landmark 

point
Skin Subcutaneous tissue

Male (n=22) Female (n=16) P-value Male (n=22) Female (n=16) P-value
1 1.9±1.1 1.7±0.6 0.519 3.8±2.4 3.7±2.5 0.801
2 1.9±1.3 1.6±0.7 0.449 2.5±2.1 3.43±2.1 0.162
3 1.9±1.2 1.8±0.9 0.865 3.3±2.2 4.5±2.6 0.130
4 2.4±1.8 1.9±0.8 0.324 4.0±2.6 5.5±2.2 0.081
5 1.6±1.0 1.6±0.8 0.906 3.2±2.3 3.5±2.2 0.661
6 2.4±1.3 1.9±0.5 0.124 5.1±2.9 6.5±2.7 0.122
7 2.4±1.4 2.0±1.0 0.367 5.5±2.7 7.2±2.4 0.058
8 2.5±1.7 1.7±0.9 0.063 5.1±2.7 7.4±3.5 0.025*

Values are presented as mean±standard deviation.
The Student’s t-test was used to identify significant differences in the thickness of the skin and subcutaneous tissue of the infraorbital 
region according to sex. 
*P<0.05 was considered significant. 
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and 9.1±2.9 mm in females; P=0.049), and P8 (6.5±2.5 
mm in males and 8.9±2.9 mm in females; P=0.028). 
The depth of the zygomaticus minor muscle differed 
significantly according to sex at P8 (7.8±2.4 mm in 

males and 11.2±2.8 mm in females; P=0.019).
No statistically significant differences were found 

in the depths of the levator labii superioris, levator 

VL2 VL3 VL4

P1 P2 P3 P4
HL1

HL2

HL3

P5 P6 P7 P8

1.7 1.6 1.8 1.9

1.6 1.9 2.0 1.7

Fig. 4. Illustration representing the mean thickness of the infra-
orbital region skin in each facial landmark by three-dimensional 
scanning (Morpheus 3D; Morpheus Co. Ltd., Seongnam, Korea) in a 
female participant. Unit: mm. VL: vertical line, HL: horizontal line, P: 
facial landmark point.

VL2 VL3 VL4

P1 P2 P3 P4
HL1

HL2

HL3

P5 P6 P7 P8

3.7 3.4 4.5 5.5

3.5 6.5 7.2 7.4

Fig. 5. Illustration representing the mean thickness of the infraor-
bital region subcutaneous tissue in each facial landmark by three-
dimensional scanning system (Morpheus 3D; Morpheus Co. Ltd., 
Seongnam, Korea) in a female participant. Unit: mm. Statistically 
significant differences are represented in red. VL: vertical line, HL: 
horizontal line, P: facial landmark point.

Table 2. Comparison of the depths of the muscular components of the infraorbital region by sex using a three-dimensional scanning 
system (n=38)

Facial 
landmark 

point
Muscle

Male (n=22) Female (n=16)
P-value

n
Mean±standard 

deviation
n

Mean±standard 
deviation

1 Orbicularis oculi muscle 13 3.9±2.6 14 4.9±2.4 0.343
Levator labii superioris alaeque nasi muscle 16 5.1±2.2 13 4.9±1.8 0.841

2 Orbicularis oculi muscle 22 4.3±2.6 16 5.1±2.2 0.290
Levator labii superioris muscle 4 7.0±2.8 2 12.3±2.5 0.091

3 Orbicularis oculi muscle 22 4.9±2.7 16 5.9±2.6 0.272
4 Orbicularis oculi muscle 21 5.8±2.5 15 7.6±2.4 0.042*
5 Levator labii superioris alaeque nasi muscle 14 5.9±2.6 12 6.9±1.1 0.232

Levator labii superioris 6 7.4±4.2 6 9.0±1.7 0.375
6 Orbicularis oculi muscle 19 6.7±3.5 13 7.7±2.7 0.179

Levator labii superioris muscle 18 9.6±3.0 12 10.7±2.3 0.264
7 Orbicularis oculi muscle 22 7.1±2.7 13 9.1±2.9 0.049*
8 Orbicularis oculi muscle 19 6.5±2.5 11 8.9±2.9 0.028*

Zygomaticus minor muscle 8 7.8±2.4 8 11.2±2.8 0.019*

The Student’s t-test was used to identify significant differences in the depths of the infraorbital region muscles according to sex.
 *P<0.05 was considered significant.
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labii superioris alaeque nasi, and zygomaticus major 
muscles according to sex.

Discussion

To achieve an optimal clinical outcomes of cosmetic 
surgical procedures without undesirable side ef-
fects, understanding on the 3D locations and depths 
of the various muscles and vessels, thickness of the 
skin and subcutaneous tissue, and their surrounding 
structural characteristics is required9,10).

Therefore, the present study aimed to describe the 
thickness of the skin and subcutaneous tissue and 
the depths of the muscular components of the infra-
orbital region using a 3D scanning system. 

The skin of the infraorbital region was the thinnest 
at the facial landmarks P1~P4, which is in accor-
dance with the results reported by Lee et al.8), Cho-
pra et al.11), and Kim et al.12).

The results showed that the soft tissues in the in-
fraorbital region tend to be thicker and deeper in 
the lower part than in the upper and in the lateral 
aspect than in the medial, independent of sex, which 
is consistent with the data reported by Kim et al.12), 
who analyzed Korean and Thai cadaveric specimens 
using the same scanning system. Since the muscles 
lie behind the subcutaneous tissue, the depths of 
the muscles appear to follow similar pattern, which 
could be related to the progressive thickening of the 
superficial fat pads from the medial to lateral and 
upper to lower aspects. Among the muscles found 
in the infraorbital region, the orbicularis oculi muscle 
was the most superficial, while the levator labii su-
perioris and zygomaticus minor muscles were the 
most deeply located muscles.

The muscles tended to be significantly deeper in 
females, regardless of the imaging method, which is 
consistent with Spiegel and DeRosa10) who studied 
Caucasian cadaveric samples. However, the data 
obtained in the present study revealed more deeply 
located components. This may be because the Asian 

face differs from that of other ethnicity due to greater 
amount of malar fat and thicker skin13,14).

In our study, the thickness of the skin and subcuta-
neous tissue and depths of the facial muscles were 
greater and deeper, respectively, compared to those 
measured using ultrasonographic imaging in the 
same region of the face15).

The infraorbital region is a key structure of the 
face where the initial aging signs appear. Therefore, 
many procedures against aging are performed in 
this area. Facial rejuvenation procedures performed 
without direct visualization of muscles and neigh-
boring structures may be risky. It is inadequate to 
relying solely on the observations of the rhytids or 
on the palpation of landmarks to estimate the path of 
the muscles or the location of anatomical structures 
when performing procedures such as injection of 
botulinum toxins and/or fillers. As reported in this 
study and previous studies15-17), the same muscle can 
be seen at different depths due to normal variations, 
presence of fat components, history of previous pro-
cedures, and natural influence of sex.

Several studies have demonstrated the feasibility, 
reliability, and advantages of using 3D scanning 
in the assessment of the characteristics of facial soft 
tissues1,6,8,18), but not specifically in the infraorbital re-
gion. We observed that the orbicularis oculi muscle 
was the most superficial muscle among all anatomi-
cal structures found in this area. Therefore, a super-
ficial injection must be performed for the procedure 
performed on the landmarks located in the most 
medial part of the HL1 line where the depth was the 
least among the landmarks. A deeper injection can 
injure other structures, leading to undesirable out-
comes. In the case of P5, the levator labii superioris 
alaeque nasi and levator labii superioris muscles 
were seen together but at different depths. The leva-
tor labii superioris muscle is located deeper than the 
levator labii superioris alaeque nasi. Therefore, this 
point is considered critical as it is close to the refer-
ence plane for the prezygomatic space where filler 
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injections for the nasojugal groove are commonly 
performed19). Thus, if the levator labii superioris or 
levator labii superioris alaeque nasi muscle is incor-
rectly targeted, functional problems may occur in the 
elevation of the lip and traction of the nose17).

Our study data can serve as a basis for clinical 
anatomy-based guidelines or for improved surgical 
procedures in the infraorbital region (Fig. 6). These 
guidelines will help clinicians and practitioners 
avoid possible side effects or unwanted damage to 
the major anatomical structures.

The present study has several limitations. Firstly, 
information on body fat of the cadaveric sample 
was not available, for which further analysis related 
to the fat pads could not be performed. It would be 
interesting to investigate the relationship between 
the expansion and reduction of the facial fat pads 
according to several variables such as body mass in-
dex, fat mass index, and age. Secondly, some of the 
images obtained were blurry which interfered ac-
curacy in the analysis. Those images were excluded 
from the study. Finally, the sample included older 
participants and it would be necessary to perform 
similar research with younger cadaver samples to 
develop proper guidelines for younger individuals. 

Conclusion 

The study aimed to offer a better understanding 
of soft tissue in the infraorbital region using a 3D 
scanning system. 3D scanning of the facial skin, 
subcutaneous tissue (after removing the skin), and 
underlying muscles was performed respectively 
and the layer-by layer configuration of the face was 
reconstructed with using 3D software. Finally, the 
thickness of the skin and subcutaneous tissue and 
the depth of the muscles were measured. A ten-
dency of the skin and subcutaneous tissue to become 
thicker from the upper to lower and from medial to 
lateral aspects, regardless of sex, was observed. The 
most superficial muscle was the orbiculalris oculi, 
and the most deeply located muscles were the leva-
tor labii superioris and zygomaticus minor for both 
sexes. However, the muscles tended to be located in 
deeper layer in female participants. During cosmetic 
procedures, to avoid undesirable outcomes, it is 
recommended to perform injections in the shallow 
region represented on HL1 and to pay attention to 
landmarks where multiple muscles can be located, 
such as P5. The study results can serve as a basis for 
guidelines for procedures in the infraorbital region 
based on clinical anatomical data. 

Fig. 6. Illustration representing 
the depth of the infraorbital 
region muscular component in 
each facial landmark by ultraso-
nographic analysis. (A) Male. (B) 
Female. P: facial landmark point.

P1P1 P2P2 P3P3 P4P4

P5P5 P6P6 P7P7 P8P8

P1P1 P2P2 P3P3 P4P4

P5P5 P6P6 P7P7 P8P8

3.9 mm3.9 mm 7.4 mm7.4 mm 4.9 mm4.9 mm 12.3 mm12.3 mm

A B
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