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Abstract
Biomimetic oral appliance therapy (BOAT) has been shown to increase midfacial bone volume in adults non-surgically. This study tests the hypothesis that facial 
enhancement can also be achieved using BOAT. In this investigation, 12 adults underwent BOAT by a dentist with advanced training in BOAT. The following 
craniofacial parameters were measured on standardized lateral photographs; frontonasal angle; nasolabial angle; labiomental angle, and thyromandibular angle. The 
mean configurations were also subjected to statistical analyses, principal components analysis (PCA), and finite-element analysis (FEA). The results showed that the 
mean labiomental angle improved from 126.3° to 134.0° (p<0.01) and the mean thyromandibular angle improved from 126.5° to 118.6° (p<0.01). The mean, pre- 
and post-treatment craniofacial configurations, however, were not statistically different when tested using PCA (p>0.05), with the first two principal components 
accounting for approx. 70% of the total shape change. But, using FEA, the submandibular region showed a relative 32% decrease in size and the labiomental region 
also showed a 20% relative size-decrease. Therefore, this study supports the notion that BOAT may enhance facial appearance non-surgically in adults. 
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Introduction
Currently, much emphasis is being placed on understanding the 

process of human facial aging, and patients often request enhancement 
of their facial esthetics from dental personnel. For example, since loss 
of muscle tone and supportive fat promotes wrinkling and sagging of 
the skin, dermal filling agents for soft tissue augmentation have been 
used in the past [1]. But, individuals age at different rates, and these 
changes become apparent as wrinkles, accentuation of facial lines, 
laxity and dependency of the facial skin [2]. Thus, repeated applications 
of moisturizing creams, oils, and cosmetics may be helpful in hydrating 
the facial skin and improving its appearance, while chemosurgery 
(peeling) and dermabrasion may also reduce facial lines and wrinkles 
[3]. In addition, collagen implants may improve facial contours. 
However, the collagen later migrates into subcutaneous planes, which 
explains the loss of correction [4]. Alternatively, Botox (botulinum 
neurotoxin) may be used, but despite its ubiquity in cosmetic circles 
and broad general awareness, there is a dearth of studies on botulinum 
regarding facial cosmesis [5].

On the other hand, the non-Caucasian face has various unique 
attributes, including skin tone and subcutaneous fat content, and 
these differences may place a patient at increased risk of post-operative 
scarring and pigmentation. Therefore, it is important to discuss both 
surgical and non-surgical treatment options for rejuvenation of the 
non-Caucasian midface, including the periorbital region to meet a 
patient’s expectations [6]. For example, Korean women prefer an ideal 
eyebrow of middle height with an arched shape [7]. In fact, from an 
Asian esthetic point of view, a soft facial appearance seems to be more 
attractive, especially in the gonial angle and mental region from the 
lateral view to obtain a more slender, oval face. Therefore, Li et al. [8] 
undertook a combination of surgical osteotomies to reshape the face to 
make it look more harmonious, particularly in the middle and lower 
one-third of the face. But, Asians increasingly seek non-surgical facial 

esthetic treatments, especially at younger ages. In addition, Asians 
differ from Caucasians in terms of attitudes to beauty, structural 
facial anatomy, as well as signs and rates of aging. Presumably, these 
treatment requests to improve facial shape reflect a desire to correct 
underlying facial structural deficiencies that detract from cultural 
ideals of facial beauty [9]. For example, Chinese women, who have a 
characteristic flattened facial contour prefer enhanced projection of the 
nose, including the nasal dorsum, nasal tip and columella [10]. 

As noted above, an improved understanding of the anatomy and 
physiology of the face provides a foundation for a more comprehensive 
approach to facial rejuvenation, using a holistic approach that considers 
the entire facial structural framework to provide more natural 
outcomes [11]. But, the associated phenomena that take place in the 
underlying bone of the facial skeleton are often overlooked. Skeletally, 
the maxilla changes its form due to remodeling in a downward 
direction over time. These bony changes result in a thinner upper lip 
and result in more tooth-show during smiling, due to an increase in 
vertical maxillary dimension [12]. The reduced maxillofacial bone 
volume results also in the deepening of the nasolabial grooves. Thus, 
retrusion of the facial skeleton below the soft tissue of the nasolabial 
fold causes the nasolabial fold to appear more prominent in both males 
and females [12]. Until more recently, some dental professionals have 
concerned themselves largely with facial development in children, 
while the esthetic concerns of adults have been somewhat neglected. 
Recently, however, an increased midfacial bone volume in adults 
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treated with a non-surgical, biomimetic oral device was demonstrated 
[13]. Biomimetic oral appliance therapy (BOAT) was also shown to 
have beneficial effects in adults with mild, moderate and even severe 
obstructive sleep apnea [14,15]. But, in addition, this non-surgical, 
pain-free technique, which does not use drugs or injections, may have 
other effects, such as improving facial appearance. Therefore, the aim 
of this study is to test the hypothesis that facial enhancement can be 
achieved using BOAT in Korean adults. 

Materials, methods and sample
After obtaining informed consent, 12 consecutive patients were 

recruited for this study (9 females; 3 males; mean age = 29 yrs ± 3). 
The rights of the subjects were protected by following the Declaration 
of Helsinki. Inclusion criteria were: adults over age 16yrs; good 
compliance; no history of hospitalization for craniofacial trauma or 
surgery; no congenital, craniofacial anomalies, and a fully-dentate 
upper arch. The exclusion criteria included: age <16 yrs; lack of 
compliance; active periodontal disease; tooth loss during treatment; 
poor oral hygiene, and systemic bisphosphonate therapy. After careful 
history-taking and craniofacial examination, standardized, pre-
treatment lateral photographs were taken for subjects that met these 
criteria. 

Following diagnostics, an upper, biomimetic oral appliance (DNA 
appliance®) was constructed specifically for each individual. This 
biomimetic device has 6 (patented) 3D axial springs and a labial bow 
(Figure 1). It includes a midline expansion screw that is advanced 
approx. 0.25 mm per week; a width, which is consistent with sutural 
homeostasis [16]. All subjects who underwent biomimetic oral 
appliance therapy (BOAT) were treated by a general dentist (KYK) 
with advanced training in this technique. All subjects were instructed 
to wear the appliance 12 to16hrs per day, starting in the late afternoon 
and throughout the night. The appliance was not worn during the day, 
and was removed for eating and cleaning. 

All subjects reported for review each month. At each monthly 
follow-up, examination for the progress of midfacial development 
was recorded. Adjustments to the devices were performed to optimize 
their efficacy. The fitting surface acrylic/posterior border was adjusted 
gradually to permit palate to remodel inferiorly. The device was 
selectively equilibrated and the occlusal acrylic reduced to permit the 
lower teeth to track the occlusion. Only gentle pressures were transmitted 
to the teeth, and the functionality of the device was checked with the 
subject activating a mild force on biting. The subjects were encouraged 
to maintain their treatment regimen as outlined. Development of the 
lower arch was implemented using a lower biomimetic appliance to 
permit arch re-coordination. A lower appliance was implemented after 
1-3 months, depending on the patient’s progress. On completion of 

treatment, standardized, post-treatment lateral photographs were 
taken for all subjects.

Using appropriate software, 12 homologous landmarks (Table 
1; Figure 2) were digitized on the pre- and post-treatment lateral 
photographs. The following mean craniofacial parameters were 
measured: frontonasal angle; nasolabial angle; labiomental angle, 
and thyromandibular angle. The measurement parameters are 
summarized in Figure 2. The findings were subjected to statistical 
analysis, using paired t-tests. In addition, the mean, pre- and post-
treatment craniofacial configurations were computed using Procrustes 
superimposition. These configurations were subject to principal 
components analysis (PCA) and finite-element analysis (FEA).

 

Figure 1. A biomimetic, upper oral appliance (DNA appliance®) that was customized for 
each individual.  This biomimetic device has 6 (patented) 3D axial springs and a labial bow.

 
Figure 2. The craniofacial parameters that were measured in this study were:
Frontonasal angle: Angle between 10-9-8
Nasolabial angle: Angle between 8-7-6
Labiomental angle: Angle between 4-3-2
Thyromandibular angle: Angle between 2-1-11.  

Landmark Name Definition
1 Submandibulare Most concave point of the junction of the mandible 

with the neck
2 Soft pogonion Most prominent point of the chin
3 Soft B point Most concave point of the labiomental groove
4 Prolabiale inferior Most prominent point of the lower lip
5 Oral commissure Junction of the upper and lower lips at the corner of 

the mouth
6 Prolabiale superior Most prominent point of the upper lip
7 Base of columella Most concave point of the junction of the columella 

and the upper lip
8 Pronasale Most prominent point on the tip of the nose
9 Soft tissue nasion Most concave point of the frontonasal suture on the 

bridge of the nose
10 Soft tissue glabella Most prominent point of the frontal bone on the 

forehead
11 Laryngeal 

prominence
Most prominent point of the thyroid cartilage in the 
neck

Table 1. Definitions of homologous landmarks digitized on the pre- and post-treatment 
lateral photographs.
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Results
The 12 adults that participated in this study had a mean age of 29 

yrs ± 8. The mean treatment time was 11.2 mos. ± 7. Figure 3 shows the 
pre- and post-treatment facial features. Overall, the midface appears fuller 
with less pronounced labiomental and thyromandibular angles. The mean 
changes in the craniofacial parameters measured are summarized in 
Table 2. Specifically, the mean labiomental angle improved from 126.3° 
± 11.3 to 134.0° ± 7.3 (p<0.01), and the mean thyromandibular angle 
improved from 126.6° ± 11.2 to 118.6° ± 14.3 (p<0.05). 

The mean, pre- and post-treatment craniofacial configurations were 
not statistically different when tested using PCA (p>0.05), with the first 
two principal components accounting for approx. 70% of the total shape 
change (Figure 4). Using FEA, the submandibular region showed a relative 
32% decrease in size (blue coloration, Figure 5). The direction of change 
was mostly horizontal (green coloration, Figure 6). The labiomental region 
also showed a 20% relative size-decrease (blue coloration, Figure 5). 

Discussion
The popularity of cosmetic procedures for rejuvenating the face 

has undergone enormous growth over the past few years. However, 
pain and potential adverse events are challenges for patients undergoing 
surgical facelifts and other rejuvenating procedures. For example, 
patients being treated with calcium hydroxyapatite experienced 
increased pain, erythema, swelling, bruising and redness in the needle-
treated side compared to using a blunt cannula [17]. Therefore, the 
current trend is away from surgical interventions and toward non-
invasive cosmetic procedures. Non-invasive procedures for achieving 
a “non-surgical face-lift” include radiofrequency (RF) and infra-red 
light devices, which stimulate collagen production, as well as electro-
stimulation of facial muscles. Taub [18] evaluated eye-lift and neck-lift 
achieved at 12 months, and concluded that an electrical, facial muscle-
stimulating procedure yields significant improvements of the face and 
neck. In another study, RF in non-ablative skin tightening for skin 

 
Figure 3. The pre- and post-treatment facial features of subjects that participated in this study.  Note that the midface appears fuller with less pronounced labiomental and thyromandibular 
angles.
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laxity was assessed in Asians. The investigators judged treatment of 
nasolabial folds, marionette lines, and sagging jowls. The RF treatment 
was found to be effective at the 6-month evaluation [19]. In this regard, 
the mean treatment time this present study was approx. 11 months, 
thus it is important for the clinician to help their patient understand 
and select the most appropriate rejuvenating treatment based on a 
variety of factors, such as timing, age, ethnicity, motivating factors, area 
to be addressed, and desired outcome [20].

Restoration of facial volume by surgically-redistributing the facial 
fat compartments may assuage the effects of ageing. But, research 
continues to suggest the importance of bony remodeling in facial aging 
[21]. The results of this particular study highlight the importance of 
skeletal remodeling in improving the soft-tissue contours of the face 
(Figure 3). Facial wrinkles, however, are not a single groove, but 
comprise a functional unit, which participates in facial functions 
responsible for expression, protection, and communication. Thus, 

 
Figure 5. Using FEA, the submandibular region shows a relative 32% decrease in size 
(blue coloration). The labiomental region also shows a 20% relative decrease in size (blue 
coloration). 

 
Figure 6. The direction of the facial change was mostly forwards in the horizontal axis, 
using the circular, pseudocolor scale (green coloration).

 Frontonasal angle Nasolabial angle Labiomental angle Thyromandibular angle
Subject Pre Tx Post Tx Pre Tx Post Tx Pre Tx Post Tx Pre Tx Post Tx

1 145.8 149.5 137.4 105.1 126.5 134.2 130 124.5
2 135.4 139.7 87.4 81.3 138.5 128.5 110.5 95.6
3 138.1 139.1 82.7 90.5 118.5 128 147.4 131.4
4 134.9 137.3 88.2 86.8 131.8 139 125.7 106.5
5 131.2 127.7 95.2 86.5 130.2 135.8 115.8 117.7
6 122 116.2 101.2 101.7 150.9 147.4 110.5 106.3
7 138.6 144.8 71.1 78.8 119 132.9 132 109.2
8 143.2 141.6 90.1 83.9 131.7 145.9 134.7 148
9 138 137.9 78.9 81.8 114.7 132.7 122.2 115.4
10 139.8 135.4 89.6 88.7 113.3 121.5 140.6 133.5
11 142.4 143.7 76 81.4 127.7 132.7 123.8 122.4
12 135.2 137.4 68.1 66.8 113.1 129.4 125.7 112.8
         

Mean 137 137.5 86.8 86.1 126.3 134 126.6 118.6
Std 5.9 8.2 12.6 10.1 11.3 7.3 11.2 14.3

P Value NS  NS  0.004  0.009  

Table 2. The findings of craniofacial parameters measured in this study.

Figure 4. Principal components analysis, showing that the mean, pre- and post-treatment 
craniofacial configurations were not statistically different when tested using PCA (p > 
0.05), with the first two principal components accounting for approx. 70% of the total 
shape change. 
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while wrinkles are related to increased muscle tone or contraction [22], 
the effect of BOAT appears to diminish the appearance of some facial 
contours, such as the labiomental groove, while enhancing others such 
as the thyromandibular angle. 

Owsley [23] reported on the surgical correction of prominent 
nasolabial folds by undermining the malar fat pad and fixation by 
sutures. In contrast, the findings of this particular study suggest 
that improvements in the nasolabial folds can be also achieved non-
surgically (Figure 3). The biomimetic oral device that was worn to 
promote an increase in midfacial bone volume also achieved overall 
facial enhancement (Figure 3). The biomimetic device widened the 
smile by remodeling the maxilla and likely increased maxillary volume 
[13]. Aging also affects the skin, the facial contour, the dentition and 
periodontium, the facial and masticatory muscles, the facial skeleton 
and the temporomandibular joints. Using this novel biomimetic 
device, however, dental professionals may be able to assist cosmetic/
esthetic facial plastic surgeons and other cosmetology professionals by 
providing patients with a biomimetic appliance to wear overnight that 
aims to increase midfacial volume, and remodel the maxilla upward 
and outwards to prevent and retard the premature aging of the face. 
Indeed, the mean nasolabial angle improved from 86.7° ± 12.6 to 86.1° 
± 10.1 in our study but marginally failed to reach statistical significance 
(p=0.07).

In addition to addressing the aging changes of the forehead, nose, 
eyes and cheeks, the natural progression of these endeavors are to 
understand aging of the lower one-third of the face and aging of the 
neck (24). In this present study, we found the mean labiomental angle 
improved from 126.3° ± 11.3 to 134.0° ± 7.3 (p<0.01). A relatively 
acute labiomental angle indicates not only a deep bite (which may be 
associated with temporo-mandibular joint issues) but also a retruded 
mandible. But mandibular retrognathia is associated with an increased 
risk of OSA (25). In addition, in our study the thyromandibular angle 
decreased from 126.6° ± 11.2 to 118.6° ± 14.3 (p <0.01). Lam et al. [26] 
showed that an increased thyromandibular angle is associated with an 
increased severity of OSA in both Asian and Caucasian subjects. Thus, 
we suggest that BOAT might not only be used for facial enhancement 
but also for the possible prevention of undiagnosed OSA. Therefore, 
further studies are planned to correlate 3D facial changes with the 
outcomes of overnight sleep studies to determine whether non-surgical 
facial enhancement can be used to prevent OSA in both children and 
adults. 
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