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Esthetic evaluation of facial cheek volume:
A study using 3D stereophotogrammetry

Jie Feng?; Hongyou Yu®; Yijia Yin¢; Yingiu Yan®; Zheng Wang?; Ding Bai°; Xianglong Han'

ABSTRACT

Objectives: To investigate the influence of cheek volume on facial esthetics judged by

orthodontists and non-specialists.

Materials and Methods: A 25-year-old female’s natural and smiling face was captured by 3D
stereophotogrammetry. Cheek volume of the 3D image was altered to different degrees three-
dimensionally. For the natural and smiling face, seven groups of facial images were created:
decreased grade I/lI/lll, increased grade I/II/lll, and the original one. Thirty orthodontists and 30
nonspecialists were invited to perform esthetic evaluation of the original and transformed images
using a questionnaire. Data were calculated with one-way analysis of variance (least significant
difference test) and independent samples t test.
Results: Compared to nonspecialists, orthodontists gave lower esthetic scores to the decreased
grade Il facial images (maximum deformation degree: 7.500 mm and 7.327 mm in natural and
smiling face-oriented image groups, respectively). The decreased grade Ill facial images also
received the highest age ranks. However, the increased grade Il facial images received the lowest
scores and highest age ranks from nonspecialists (maximum deformation degree: 6.994 mm and
5.300 mm in natural and smiling face-oriented image groups, respectively) (P < .01).

Conclusions: Orthodontists and nonspecialists showed different esthetic evaluation of varied
cheek volume. The influence of cheek volume in orthodontic diagnostic analysis needs further
consideration. (Angle Orthod. 2019;89:129—-137.)
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INTRODUCTION

Enhanced esthetic appearance is consistently an
objective of orthodontic treatment. Seeking a better
dentofacial appearance has been reported to have a
strong influence on a patients’ decision to start
orthodontic treatment.’ Patient satisfaction was
shown to be associated with perceived esthetic
outcome.* The perspective of facial esthetics may vary
among individuals but previous studies showed that
balanced facial proportion®” and a harmonious dento-
labial relationship at relaxed lip posture and in the full
smile was generally preferred.? It may be said that
orthodontic treatment for esthetic reasons is a sign of
the times and, recently, orthodontists have become
more and more focused on developing treatment plans
for improvement of facial esthetics.®

With the introduction of cephalometrics, normal
measurements between dentofacial structures and
facial soft tissues have been established in recent
decades.'" This provided orthodontists with access to
abundant information to use for concrete treatment
planning and to achieve more predictable treatment
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outcomes. The soft tissue-oriented treatment approach
has been advocated for current orthodontic practice.?
Physiologic characteristics of soft tissue changes with
growth and morphologic improvements of the soft
tissues produced by orthodontic treatment have been
studied using cephalometrics.™ It is noteworthy that the
information presented using cephalometrics is about
the profile.

Recently, some patients have expressed their
concerns about unpleasant soft tissue changes in the
cheek area that cannot be presented by cephalomet-
rics. They were worried about the “orthodontic face” as
quoted from social media and the social network." The
so-called “orthodontic face” features the loss of cheek
volume and consequently high cheekbones. The
cheek is critical when evaluating a face. Plastic
surgeons believe that cheek volume is an important
determinant of facial beauty and youthful appear-
ance." Using a 3D imaging system, changes in the
cheek were found after orthognathic surgery consisting
of preoperative orthodontic treatment and maxilloman-
dibular transverse osteodistraction.'®'® Since, the
current analysis of soft tissues in orthodontics is
primarily based on two-dimensional images,'° there
is little evidence available on how cheek volume, a
three-dimensional variable, might influence perception
of facial esthetics in orthodontic practice.

Three-dimensional (3D) stereophotogrammetry is an
innovative method for collecting clinical data. It
features easy and quick data collection, noninvasive
image capture, and quantified data which can be
extracted as x, y, z coordinate data for future
analysis.?® With images taken by 3D stereophotogram-
metry and computer image processing, the dimension-
al transformation of cheek volume can be manipulated
digitally. In this study, the influence of varied cheek
volume on facial esthetics was investigated in ortho-
dontists and nonspecialists. The purpose was to
explore the potential value of including cheek volume
in orthodontic diagnostic analysis.

MATERIALS AND METHODS

Ethical approval was granted by the local institutional
research ethical board (WCHSIRB-ST-2016-086). 3D
stereophotogrammetry (3dMDface system, 3dMD Inc.,
Atlanta, Ga) was used to capture both natural and
smiling facial images of the model in natural head
position. A 25-year-old female was chosen as the
model. The inclusion criteria of the model were as
follows: (1) average growth pattern; (2) no facial
deformity; (3) acceptable cheek volume without dis-
cernible volume loss; and (4) no history of plastic

surgery.
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Cheek area was defined with four distinct facial
landmarks: the outer limit as the tragus; the inner
border as the nasolabial groove; the upper limit to the
infraorbital margin and zygomatic arch; and the lower
extended to the inferior region of the mandible.?’ The
trend of soft tissue deformation was assumed to satisfy
the Gaussian distribution (Figure 1A):#23
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The point selected was deformed and then gradually
diminished around, which could be viewed in accor-
dance with the Gaussian distribution in a 3D manner
(Figure 1B). The shape of the Gaussian distribution
curve could be controlled based on pu and o2, thus
controlling the contour of deformation. Layers were
provided to control the extent of deformation. Convex
and concave parameters were presented to select the
direction of deformation.

Volume transformation was within the defined cheek
area. After exporting the image in .obj format in the
novel software designed for this study, grid data were
chosen to execute transformation. By adjusting the
contours, layers, and parameters, the patterns of
deformation were set as desired. A convex parameter
(above the black bar) resulted in increased cheek
volume, while a concave parameter (below the black
bar) generated decreased cheek volume (Figure 2A).
Combinations of different deformation patterns were
adopted occasionally to make the transformed facial
images vivid. Then, transformed 3D images were
superimposed on the original to ensure the transfor-
mation was limited to the defined cheek area (Figure
2B). In this research, there were three groups of
images with increased cheek volume and three groups
of images with decreased cheek volume derived from
the natural and smiling face. Original and transformed
images were imported to the 3dMD face system to
acquire images in a unified head position. Color-coded
mapping was used to show the quantitative deforma-
tion (Figure 2C).2*2® All 3D facial images in this study
are presented in Figures 3—7. Each set of images
included views of the front, the oblique, and the profile.

A questionnaire was designed to investigate esthetic
evaluation of the original and transformed facial
images by orthodontists (including senior orthodontic
residents) and nonspecialists who were not dentists or
orthodontists. In the orthodontist group, the age of the
evaluators ranged from 23 to 36 years old and the ratio
of males to females was 1:2. In the nonspecialist
group, the ages ranged from 17 to 52 years old and the
ratio of males to females was 3:2. Within each group of
natural and smiling face-oriented images, the one
original image and six transformed images were
presented in random order. Orthodontists and nonspe-
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Figure 1. An illustration of Gaussian distribution (A); the Gaussian distribution in a 3D manner (B) in which the selected point had the largest

deformation and gradually diminished around.

cialists were asked to grade all facial images on a scale
of 0 to 100, indicating the least attractive and most
attractive, respectively. They were also asked to rank
all images on a scale of 1 to 7 in order from the most
visually youngest to the most aged.

Thirty complete questionnaires from orthodontists
and nonspecialists were collected in five days. SPSS
(version 22.0, IBM, Armonk, NY) was used for analysis.
One-way analysis of variance (least significant differ-
ence test) was used to assess statistically significant
differences between images within orthodontists and
nonspecialists. Raw data were adjusted by subtracting
the values of the original images (scores and ranks)
from values of the transformed images to coordinate
the evaluation of baseline between orthodontists and
nonspecialists. The independent samples f test was
used to compare the evaluation results between
orthodontists and non-specialists. Classification of
cheek volume deformation (maximum deformation
degree) is shown in Table 1. Means and standard
deviations of the scores and ranks for each image were
calculated (Table 2) and P < .01 was considered
statistically significant.

RESULTS

Orthodontists

Decreased grade lll images received lower esthetic
scores and higher age appearance ranks (Figure 8A,
8C, 9A, 9C; P < .01). Also, decreased grade Il ranked
higher than other images (Figure 9A, 9C; P < .01).
Increased grade Il and Ill received lower esthetic
scores (Figure 8A, 8C; P < .01).

Nonspecialists

Increased grade Il images received lower esthetic
scores and higher age appearance ranks (Figure 8B,
8D, 9B, 9D; P < .01).

Orthodontists vs. Nonspecialists

The decreased grade Il images received lower
scores and higher ranks from orthodontists compared
to non-specialists in the natural face-oriented image
group. Nonspecialists gave increased grade Il and IlI
images higher ranks in the smiling face-oriented image
group (Figure 10; P < .01).

DISCUSSION

Dogliotti et al. reported that maxillomandibular
transverse osteodistraction (MMTOD) produced facial
changes in the cheek.'® Efforts have been made to
predict quantitative soft tissue deformations after
orthognathic surgery. However, shortcomings existed
in the prediction of the final position of the lip and cheek
areas.' In an investigation of soft tissue changes after

Table 1. Classification and the Maximum Deformation Degree

Groups Natural Face (mm) Smiling Face (mm)
Decreased grade Il 7.5 7.327
Decreased grade Il 4.48 3.414
Decreased grade | 2.193 1.519
Original image - -
Increased grade | 2.282 1.893
Increased grade I 5.15 4.796
Increased grade lll 6.994 5.3

Angle Orthodontist, Vol 89, No 1, 2019



132

.*.

AR
T

FENG, YU, YIN, YAN, WANG, BAI, HAN

faces with increasad faces with decreased
chesk volume cheek volume

3D image wiﬂ?gu!tntl:g?skin set the transformation transformed grid data
(grid data) pattern merge with the skin
A

I

Figure 2. An illustration of cheek volume transformation: an original 3D facial image was shown in grid data, and then transformation of cheek
volume was conducted according to varied transformation patterns (A); transformed faces were superimposed on the original to ensure the
deformation was limited to the defined cheek area (B); color-coded mapping showed the measurable deformation degrees; warm-toned bar
represents dimensionally convex deformation to increase cheek volume, while cold-toned bar represents dimensionally concave deformation to

decrease cheek volume (mm) (C).

rapid maxillary expansion (RME), the largest median
increase was found in cheek projection of the
prepubertal group.?® Decreased grade Ill images was
graded as less attractive and as the most aged by
orthodontist evaluators. Additionally, increased grade
Il images were found to be the least attractive, but
there was no rank difference. In nonspecialists,
increased grade Ill images were evaluated to be the
least attractive and the most aged.

Cheek volume loss was related to facial aging in a
medical esthetic evaluation.?”*® This may explain why
orthodontists regarded decreased grade Ill images as
less attractive and visually more aged compared to
nonspecialists.

Angle Orthodontist, Vol 89, No 1, 2019

Interestingly, the general response of the nonspe-
cialist group was not consistent with some patients’
concerns. The nonspecialist evaluators expressed
lower esthetic evaluation for increased grade Il
images, while the patients appear to be worried about
losing cheek volume. Some patients may take the
initiative to collect information about treatment out-
comes by using the internet. Through social media and
the social network, the concept of “orthodontic face”
has been deeply engraved in their mind. This could be
why such patients have special concerns; patients
under treatment may sometimes complain about cheek
volume loss, which is unwanted for them. In many
cases, they have had extraction treatment due to
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Figure 3. Original 3D images, natural face and smiling face (from top
to bottom).

bimaxillary dentoalveolar protrusion. Additionally, they
may have high cheekbones and retruded mandibles.
Whether patients with specific types of malocclusion or
maxillofacial deformity are predisposed to certain
tendencies for cheek volume change after orthodontic
treatment still needs further investigation.

There was feedback from some study participants
that the difference among images was subtle. Error of
3dMD face system (3dMDface system, 3dMD Inc.,
Atlanta, Ga) has been reported to be below 1.0 mm.?®
And the 3dMD stereophotogrammetry scanner has
been proven as a valid and reliable tool to measure
volumetric changes in facial contours of more than 5.9
mL.*® The quantitative difference was shown by the
measurement of distance in this study as it was easier
to perceive by color-coded mapping. The scale of

Figure 4. Natural faces with increased cheek volume and the
maximum deformation degree (from top to bottom): 2.282 mm
(Increased Grade 1), 5.150 mm (Increased Grade Il), 6.994 mm
(Increased Grade llI).

Figure 5. Natural face with decreased cheek volume and the
maximum deformation degree (from top to bottom): 2.193 mm
(Decreased Grade |), 4.480 mm (Decreased Grade Il), 7.500 mm
(Decreased Grade lll).

distribution and variation between these groups might
be refined more delicately for more potential details.
The manipulation of cheek volume in this study cannot
be interpreted as the reflection of treatment outcomes.
It was a simulation based on observation. Precise
prediction of soft tissue changes in the cheek area
remains a challenge. Additionally, classic biological
factors related to esthetic evaluation include sex, age,
race, etc.®® Though professional experience was
shown to be an influence in this study, more
comprehensive information might be gained with finer
categorization of the evaluators.

Arnett believed, “We only treat what we are
educated to see. The more we see, the better the
treatment we render our patients.”®® It is not the

Figure 6. Smiling faces with increased cheek volume and the
maximum deformation degree (from top to bottom): 1.893 mm
(Increased Grade 1), 4.796 mm (Increased Grade Il), 5.300 mm
(Increased Grade llI).

Angle Orthodontist, Vol 89, No 1, 2019
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adopted a series of descriptive and subjective scales to
evaluate the cheek and mid-face, such as age-related
midface volume deficit (MVD), Global Aesthetic Im-
provement Scale (GAIS), look and feel of the midface
(LAFM), and self-perception of Age (SPA).?”*® With the
emergence of advanced imaging systems, more
quantitative details will continue to become accessible
in treatment planning through computed tomography,
magnetic resonance imaging, and 3D stereophotog-
rammetry.®** The 3D facial photographic average and
3D superimposition of individual samples to the
average have been investigated and the protocol for
mapping human faces in three dimensions has been
established.®® But, in terms of cheek volume, a protocol
of diagnostic analysis is still unavailable for orthodontic

Figure 7. Smiling faces with decreased cheek volume and the practice.
maximum deformation degree (from top to bottom): 1.519 mm
(Decreased Grade |), 3.414 mm (Decreased Grade Il), 7.327 mm CONCLUSIONS

(Decreased Grade lll).
 Orthodontists and nonspecialists show different

orthodontist’s obligation to manipulate cheek volume. esthetic evaluations of alterations in cheek volume.
However, it may not be advisable to exclude factors - Discrepancies exist between orthodontists and non-
that could possibly upgrade overall knowledge of specialists in perception of cheek esthetics, which
orthodontic diagnostic analysis. Plastic surgeons have needs further investigation.

Table 2. Means and Standard Deviations of the Scores and Ranks for Each Image Group

Orthodontists Nonspecialists
Groups Order of Images Mean SD Mean SD
Esthetic scores for natural-face-oriented images
Decreased grade Il 1 65.23 13.86 7117 12.9
Decreased grade Il 7 75.8 13.61 7217 10.53
Decreased grade | 3 80.97 9.85 71.53 10.31
Original image 5 82.17 12.68 75.67 12.62
Increased grade | 4 755 15.28 73.63 13.83
Increased grade Il 2 68.83 12.01 68.13 11.78
Increased grade lll 6 59.07 12.89 61.03 14.33
Esthetic scores for smiling-face-oriented images
Decreased grade Il 1 72 13.24 76.1 12.85
Decreased grade Il 7 78.73 10.93 74.2 11.04
Decreased grade | 3 83.77 8.67 69.53 11.2
Original image 5 82.83 11.33 75.7 13.91
Increased grade | 4 75.93 12 69.33 12.84
Increased grade Il 2 70.63 10.64 69.07 13.2
Increased grade lll 6 63.17 10.79 60.87 13.12
Age ranks for natural-face-oriented images
Decreased grade Il 1 6.13 1.61 4.1 2.4
Decreased grade Il 7 4.3 2.1 3.57 1.87
Decreased grade | 3 3.67 1.58 3.97 1.77
Original image 5 2.87 1.28 2.93 1.86
Increased grade | 4 3.57 1.48 3.87 1.78
Increased grade Il 2 3.33 1.71 4.4 1.67
Increased grade lll 6 4.13 2.4 5.3 1.97
Decreased grade Il 1 5.93 1.78 3.67 2.26
Decreased grade Il 7 4.8 1.9 3.9 2.02
Decreased grade | 3 3.57 1.61 4.33 1.71
Original image 5 3.23 1.48 2.67 1.81
Increased grade | 4 3.6 1.5 4.07 1.78
Increased grade I 2 2.97 1.71 4.13 1.5
Increased grade lll 6 3.9 2.37 5.23 2.1

Angle Orthodontist, Vol 89, No 1, 2019
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Figure 8. Esthetic scores for each image group (P < .01; D indicates decreased grade; In, increased grade; O, original image).
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Figure 9. Age ranks for each image group (P < .01).
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Figure 10. Comparison between orthodontists and nonspecialists (with adjusted data, P < .01).

« The value of cheek volume in orthodontic diagnostic
analysis requires more consideration.
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