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Streszczenie
Zabieg protrakcji szczęki z użyciem ortopedycznej maski 
twarzowej jest metodą często stosowaną u pacjentów ze 
szkieletowymi wadami zgryzu klasy III z powodu retrogna-
cji szczęki. Cel. Celem tego badania jest ocena zmian para-
metrów mierzonych na dwuwymiarowych zdjęciach 
czołowych i profilowych wykonanych na początku (T0) i na 
końcu (T1) leczenia z zastosowaniem ortopedycznej maski 
twarzowej u pacjentów ze szkieletowymi wadami zgryzu 

Abstract
Maxillary protraction procedure with an orthopedic face mask 
is a method frequently used in patients with skeletal Class III 
malocclusion due to maxillary retrognathia. Aim. The aim of 
this study is to evaluate the changes in the parameters mea-
sured in two-dimensional frontal and profile photographs 
taken at the beginning (T0) and at the end (T1) of orthopedic 
face mask (FM) treatment in patients with skeletal Class III 
malocclusion, using artificial intelligence (AI). Material and 
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klasy III, przy użyciu sztucznej inteligencji (AI). Materiał  
i metody. Do badania włączono łącznie 23 pacjentów ze 
szkieletowymi wadami zgryzu klasy III leczonych ortope-
dyczną maską twarzową. W tym badaniu oceniono osiem pa-
rametrów: kąt nosowo-wargowy, kąt bródkowo-wargowy, 
kąt projekcji podbródka, kąt A'B' w płaszczyźnie frankfurc-
kiej, stosunek górnej wargi do dolnej wargi, stosunek środ-
kowej części twarzy do dolnej części twarzy, górna warga 
- linia E, dolna warga - linia E. Wyniki. Z wyjątkiem kąta no-
sowo-wargowego zaobserwowano znaczące zmiany we 
wszystkich parametrach między pomiarami w punkcie cza-
sowym T0 i T1. Stwierdzono umiarkowanie ujemną korelację 
między kątem utworzonym przez kąt A'B' w płaszczyźnie 
frankfurckiej a stosunkiem górnej wargi do dolnej wargi i od-
ległością między górną wargą a linią E. Stwierdzono umiar-
kowanie dodatnią korelację między odległością dolnej wargi 
od linii E a stosunkiem środkowej i dolnej części twarzy oraz 
odległością górnej wargi od linii E. Wniosek. Zastosowanie 
analizy z wykorzystaniem AI jest skuteczną, łatwą i niedrogą 
metodą oceny zmian w strukturach twarzy spowodowanych 
leczeniem u pacjentów z wadami zgryzu klasy III. (Soylu S, 
Coban G, Ozturk T, Cengiz SM. Ocena skuteczności lecze-
nia ortopedyczną maską twarzową przy użyciu sztucznej 
inteligencji na dwuwymiarowych fotografiach. Forum 
Ortod 2023; 19 (3): 77-83).
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methods. A total of 23 patients with skeletal Class III mal-
occlusion receiving orthopedic FM treatment were included 
in the study. Eight parameters were evaluated in this study: 
Nasolabial Angle, Mentolabial Angle, Chin Projection Angle, 
Frankfurt Horizontal–A'B' angle, Upper Lip/Lower Lip Ratio, 
Midface/Lower Face Ratio, Upper Lip–E-Line, Lower lip – 
E-line. Results. Except for the Nasolabial Angle, significant 
changes were observed in all parameters between the T0 
and T1 measurements. A moderate negative correlation was 
found between the angle formed by the Frankfurt Horizon-
tal–A'B' angle and the Upper Lip/Lower Lip Ratio and Upper 
Lip–E-line distance. A moderate positive correlation was 
found between the distance of the Lower Lip to the E-line 
and the Midface/Lower Face Ratio and Upper Lip to E-line 
distance. Conclusion. The use of analysis with AI is an ef-
fective, easy, and inexpensive method to evaluate changes 
in facial structures caused by treatment in patients with 
skeletal Class III malocclusion. (Soylu S, Coban G, Ozturk 
T, Cengiz SM. Evaluation of the Effectiveness of Ortho-
pedic Face Mask Treatment Using Artificial Intelligence 
on Two-Dimensional Photographs. Orthod Forum 2023; 
19 (3): 77-83). 
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Introduction
Skeletal Class III malocclusion is an orthodontic and or-

thopedic problem resulting from an incompatibility of the 
sagittal dimension of the maxilla and mandible. It is less 
common than other craniofacial anomalies and is very dif-
ficult to treat (1,2). Although its incidence varies between 
societies, the incidence of Class III malocclusion was found 
to be 10%–12% in studies conducted in the Turkish popu-
lation (3). Class III malocclusions may be caused by maxil-
lary retrognathia, mandibular prognathia, or a combination 
of both (4). Class III malocclusions have a multifactorial eti-
ology that includes genetic and environmental factors (5).

Treatments of skeletal Class III malocclusions vary de-
pending on the severity of the anomaly, the jaw affected, 
and the growth and development stage of the patient (6,7). 
Functional orthopedic treatment options can be applied in 
patients with Class III malocclusion during the growth and 
development period, while camouflage treatment or orthog-
nathic surgical treatment can be applied depending on the 

severity of the anomaly in patients who have completed 
growth and development (6,8).

Orthopedic face mask (FM) treatment, which is used to 
correct skeletal Class III malocclusion in individuals during 
growth and development, is one of the most preferred meth-
ods for the treatment of individuals with skeletal Class III 
malocclusion due to maxillary retrognathia because it pro-
vides forward movement of the maxilla and limits the growth 
of the mandible (9). In addition to providing an orthopedic 
effect that moves the maxilla forward in the sagittal direction, 
orthopedic treatment using an FM applied before the growth 
spurt generally causes a counterclockwise rotation of the 
maxilla and a clockwise rotation in the mandible (10,11).

In the Kılıçoglu and Kırlıç study reported that a decrease 
in the concavity of the profile with orthopedic FM treat-
ment. This was attributed to a slight inhibition of the for-
ward movement of the lower lip, repositioning of the soft 
tissue pogonion backward, and forward displacement of 
the upper lip (12).
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Many researchers have detected significant changes in 
the soft tissue profile because of the forward movement of 
the upper lip with FM treatment (11,13,14). Some research-
ers have reported a significant retroclination of the lower 
incisors along with a backward movement of the lower lip 
because of in treated with maxillary protraction treatment 
using an FM (11,15), while others have reported no signifi-
cant change in the position of the lower lip (12). When plan-
ning an orthodontic treatment, cephalometric and 
posteroanterior radiographs, dental models, and intraoral 
and extraoral photographs are primarily used. Clinical in-
traoral and extraoral photographs are useful and necessary 
for orthodontists (16,17). However, most of the artificial 
intelligence (AI) studies related to orthodontics have fo-
cused on 2-dimensional (2D) or 3D digital radiographs (18-
20). To present knowledge, only a few studies have focused 
on digital orthodontic photographs (21, 22).

Aim
The aim of this retrospective study is to evaluate the changes 
in the parameters measured on 2D frontal and profile pho-
tographs taken at the beginning and end of orthodontic 
FM treatment using AI. The null hypothesis of the study is 
that there will be no significant change in soft tissue mea-
surements in two-dimensional photographs after face mask 
treatment in individuals with skeletal class III malocclu-
sion.

Material and methods
The ethical approval required at the beginning of the study 
was obtained from the Clinical Research Ethics Committee 
of Erciyes University (Approval no: 2023/264; Approval 
Date: 04/12/2023). An informed consent form was obtained 
from all patients and their parents. According to the power 
analysis performed with the G*Power software (ver. 3.1.9.7, 
Heinrich Heine University, Duesseldorf, Germany) using the 
pre- and post-treatment values of the Upper Lip - E line dis-
tance in the study of Yavuz et al. before the study using sim-
ilar treatment mechanics, alpha 0.05, d= 0.636 and 85% 
power unidirectional paired samples t (23-24). According 
to the test, it was determined that at least 20 patients should 
be taken. In order not to jeopardize the study safety, 23 pa-
tients were included. In this study, 23 individuals (15 males 
and 8 females, mean age: 11.64 ± 1.16 years) with skeletal 
Class III malocclusion who applied to the Department of Or-
thodontics at Erciyes University Faculty of Dentistry for 
treatment were examined. The orthopedic FM treatment 
was applied to these individuals and changes were evalu-
ated using 2D frontal and profile photographs taken before 
and after treatment.

Patients with an ANB angle between -5° and 0°, an SN-
GoGN angle between 26° and 38° with normal vertical growth, 

no previous orthodontic treatment, all maxillary incisors, 
and first permanent molars erupted, and either an edge-to-
edge or a crossbite relationship in the anterior and without 
any craniofacial deformities were included in this study.

Before applying the FM, the screw (Forestadent Co., 
Pforzheim, Germany) of the McNamara-type rapid maxil-
lary expansion device (Fig. 1A) was turned twice per day 
for a week. After one week, a Petit-type FM (American Or-
thodontics, Sheboygan, WI, USA) was applied by hanging 
elastics on hooks placed between the lateral and canine 
teeth on the right and left sides of the bonded rapid maxil-
lary expansion appliance, applying approximately 350g of 
force unilaterally and forming an angle of 20°–30º with the 
occlusal plane (Fig. 1B). Measurements were taken on fron-
tal and profile photographs obtained before (T0) and after 
(T1) the FM treatment, which lasted an average of 0.87 ± 
0.15 years for the individuals included in the study. An in-
dividual premium account was created on the WebCeph 
website (https://webceph.com; Assemblecircle, Seoul, South 
Korea) for this study.

Photographs were taken of all individuals participating 
in the study and the Frankfurt horizontal plane and the line 
passing through the pupils in the frontal view were drawn 
parallel to the ground (Tab. 1, Fig. 2AB). Photographs of ev-
eryone were uploaded to the system separately and the 
drawing processes on the photos were completed in a few 
seconds by the website. The images were automatically pro-
cessed by the deep learning–based program and the up-
loader changed the orthodontic analysis points if necessary. 
All measurements were obtained from the WebCeph data-
base for each image.

Statistical analysis
The Statistical Package of Social Sciences (SPSS) software 
(Ver. 24.0, IBM, Armonk, NY, USA) was used for statistical 
analysis of the data. Differences between genders were eval-
uated using the independent samples t-test. Because no sig-
nificant differences were observed, the data were evaluated 
as a single group. Normality analysis was performed using 
the Shapiro–Wilk test. Due to the normal distribution of all 
data, paired samples t-tests were used for pre- and post-
treatment evaluations. The Pearson correlation coefficient 
was used to evaluate the relationship between the changes 
that occurred after the end of treatment. In addition, cor-
relation coefficient results; insignificant: 0.00-0.10; weak: 
0.10-0.39; medium: 0.40-0.69; strong: 0.70-0.89; and 0.90-
1.00 is rated as very strong (25). A p-value of less than 0.05 
was considered statistically significant.

Results
When comparing the T0 and T1 measurements, it was ob-
served that there was a statistically significant change in all 
parameters except for the nasolabial angle (Tab. 2).  
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Table 1. Figures 3 and 4 are descriptions of the measurements shown

Nasolabial Angle The angle measured between the columella of the nose and the upper lip. The angle ranges between 85 and 105 degrees 
and is affected by the anatomical structure of the nasal columella as well as the position and angle of the upper incisors.

Mentolabial Angle This angle is formed by the intersection of the lower lip and the soft tissue of the chin. The angle should be 120 ± 
10 degrees.

Chin Projection Angle The angle between the facial line defined by the soft tissue nasion and pogonion points and the Frankfurt 
Horizontal plane.

The Frankfurt 
Horizontal – A' B' 
Angle

Angle between the Frankfurt Horizontal and the soft tissue A point (the deepest point of the contour between the 
subnasale and the upper lip) and the soft tissue B point (the deepest point of the contour between the lower lip and 
the chin).

Upper Lip/Lower Lip 
Ratio

The ratio of the length of the upper lip (distance between the subnasale point and the inferior border of the upper lip) to 
the length of the lower lip (distance between the soft tissue menton and the superior border of the lower lip).

Midface/Lower Face 
Ratio

The ratio of midface height (distance between the soft tissue nasion and subnasale points) to lower face height (distance 
between the subnasale and soft tissue menton points).

Upper Lip – E-line Ricketts drew a line tangent to the soft tissue chin and nose tip called the aesthetic line (E-line). For the upper lip – E-line 
measurement, the distance between the most anterior point of the upper lip and the Ricketts' E-line is measured.

Lower Lip – E-line The distance between the most prominent point of the lower lip and Ricketts' E-line.

Table 2. Comparison table of pre-treatment and post-treatment measurements

Parameters
T0 T1 Changes (T0 to T1)

Mean SD Mean SD Mean SD P values*

Nasolabial Angle 110.40 13.12 107.73 9.22 2.67 8.45 0.144

Mentolabial Angle 147.77 12.36 141.79 8.32 5.98 9.39 0.006

The Chin Projection angle 88.03 0.9 88.62 1.20 -0.59 1.17 0.025

The Frankfurt Horizontal - A' B' angle 81.27 3.36 75.06 3.01 6.21 3.30 0.000

Upper Lip / Lower Lip Ratio 0.46 0.07 0.49 0.07 -0.03 0.06 0.017

Midface / Lower Face Ratio 1.03 0.07 0.98 0.09 0.05 0.07 0.001

Upper Lip – E Line (mm) -5.08 1.90 -2.37 2.22 -2.70 1.78 0.000

Lower lip - E line (mm) -0.95 2.25 -0.11 2.53 -0.84 1.84 0.039

mm: Millimeter. SD: Standard Deviation. T0: Pre-treatment. T1: Post-treatment. * Results of Paired Samples-t test.

Table 3. Evaluation of the Correlations between Parameters

Mentolabial 
Angle

The Chin 
Projection 

angle

The 
Frankfurt 

Horizontal- 
A' B' angle

Upper Lip 
/ Lower 

Lip Ratio

Midface / 
Lower 

Face Ratio

Upper Lip 
– E Line 

(mm)

Lower 
lip- E line 

(mm)

Nasolabial Angle 0.391 -0.073 -0.043 0.245 0.194 -0.200 -0.099

Mentolabial Angle 1 -0.169 0.302 0.074 -0.020 -0.434* -0.467*

The Chin Projection angle  1 0.292 0.015 -0.060 -0.100 -0.004

The Frankfurt Horizontal- A' B' angle   1 -0.463* -0.170 -0.603** -0.047

Upper Lip / Lower Lip Ratio    1 0.433* 0.400 0.337

Midface / Lower Face Ratio     1 0.200 0.454*

Upper Lip – E Line (mm)      1 0.554**

Data was given Pearson correlation coefficients. * Correlation is significant at the 0.05 level. ** Correlation is significant at the 0.01 level.
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With the treatment, mentolabial angle, the Frankfort 
Horizontal/A’B’ line angle, midface/lower face ratio de-
creased significantly, while chin projection angle, upper 
and lower lip - E line distances increased significantly (Tab. 
2; p<0.05). When evaluating the Mentolabial Angle, a mod-
erate negative correlation was found between the Mento-
labial Angle and the Upper Lip – E-line (r = -0.434; p<0.05; 
Tab. 3) and Lower Lip – E-line distances (r = -0.467; p<0.05; 
Tab. 3). A moderate negative correlation was found be-
tween the angle formed by the Frankfurt Horizontal line 
and soft tissue A-B and the Upper Lip/Lower Lip Ratio (r 
= -0.463; p<0.05; Table 3) and Upper Lip – E-line distance 
(r = -0.603; p<0.01; Tab. 3). A moderate positive correla-
tion was found between the distance of the Lower Lip to 
the E-line and the Midface/Lower Face Ratio and Upper 
Lip to E-line distance (Tab. 3).

Discussion
The aim of this study is to use AI to evaluate the changes in 
the measured parameters on 2D frontal and profile photo-
graphs taken at the beginning and end of patients’ orthope-
dic FM treatment.

This study included 23 individuals (15 males and 8 fe-
males, mean age: 11.64 ± 1.16 years) who were treated with 
an orthopedic FM for skeletal Class III malocclusion. FM 

treatment, which is used for the correction of skeletal Class 
III malocclusion in individuals in the growth and develop-
ment period, is one of the most preferred methods to treat 
individuals with skeletal Class III malocclusion, especially 
in cases due to maxillary retrognathia, as it provides for-
ward movement of the maxilla and limits the growth of the 
mandible (9).

Statistically significant differences were detected in all 
measurements except the Nasolabial Angle (Mentolabial 
Angle, Chin Projection Angle, The Frankfurt Horizontal –  
A' B' Angle, Upper Lip/Lower Lip Ratio, Midface/Lower Face 
Ratio, Upper Lip – E-Line, Lower lip – E-line). If the maxilla 
is poorly developed vertically and sagittally the mandible 
continues to grow in the forward direction, resulting in 
a concave profile; that is, a retruded upper lip and increased 
nasolabial angle (4,26). Although we observed a decrease 
in the nasolabial angle with orthopedic FM treatment in this 
study, it was not statistically significant. Consistent with this 
result, Kılıçoğlu and Kırlıç did not find a significant differ-
ence in the nasolabial angle in patients treated with a De-
laire-type FM (12).

It was determined that the mentolabial angle significantly 
decreased with orthopedic FM treatment. We think that the 
decrease in the mentolabial angle is due to the upper teeth 
and lip coming forward to support the lower lip and clock-
wise rotation in the lower lip. Similarly, to these findings, 

Figure 1. A) McNamara-type rapid maxillary expansion. B) Petit-type face mask.

Figure 2. A) Profile photograph parameter measurements. B) Frontal photograph parameter measurements.
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Bavbek et al. reported a significant decrease in the mento-
labial angle with orthopedic FM treatment (27). 

There was a statistically significant decrease in the chin 
projection angle measurements. This is thought to be due to 
the backward displacement of the soft tissue pogonion. Ngan 
et al. reported a similar decrease in the projection angle of 
the jaw in their study in which they treated class III skeletal 
malocclusion with a protraction headgear (13). In many stud-
ies, it has been shown that the pogonion moves backward 
and the mandible undergoes posterior rotation (10,11,13).

There was a statistically significant decrease in the Frank-
furt horizontal – A' B' angle after treatment. It is thought 
that this situation is caused by the soft tissue point A moving 
forward and point B moving backward, as has been shown 
in many studies before (10,11).

When the upper lip/lower lip ratio was examined, it was 
observed that there was a greater increase in the length of 
the upper lip compared to the lower lip during treatment. 
We think that this is because the upper lip, which was trapped 
under the lower lip before the treatment, was released and 
continued to grow vertically because of the treatment's 
effect. Ngan et al. reported similar results to this study, show-
ing that the growth of the upper lip was more pronounced 
than that of the lower lip (13).

When the midface/lower face ratio was examined, it was 
found that there was a statistically significant decrease after 
FM treatment. This is thought to be due to the mandibular 
posterior rotation and the increase in the lower facial height. 
Many studies have shown that the mandible rotates clock-
wise during FM treatment, causing an increase in the verti-
cal dimension (14, 28).

The distance between the upper lip and E-line decreased 
significantly with treatment. As the upper dentition and 
maxilla come forward, the support of the upper lip increases 
and the upper lip approaches Ricketts' E-line. Like this find-
ing, Kılıçoglu and Kırlıç reported that the forward move-
ment of the upper lip and backward movement of the soft 
tissue pogonion bring the upper lip closer to the E-line (12).

The distance between the lower lip and the E-line decreased 
after FM treatment. It has been predicted to occur due to the 
relative anterior movement of the lower lip, posterior rota-
tion of the mandible, and backward movement of the soft 
tissue pogonion. Although some studies have indicated that 
the lower lip moves backward during treatment (29, 30), 
others have found a slight inhibition in lower lip growth (12).

For this study, an individual account was created on the 
WebCeph website (31-33). Photographs were taken of all par-
ticipants, and the Frankfurt horizontal plane and the line pass-
ing through the pupils in a frontal view were both drawn 
parallel to the ground.

Ryu et al. reported that AI achieved a success rate of 98% 
in classifying orthodontic photographs taken routinely and 
suggested that AI should be used in the diagnosis process 
in orthodontics (22). Further, Çoban et al. used AI while 

determining the location of the cephalometric points and 
stated that despite there being important differences between 
the cephalometric points determined by AI and those deter-
mined by an author of the study, AI is still useful for making 
a quick preliminary clinical evaluation (19). In addition, Duran 
et al. reported that the AI-assisted automatic analysis gave 
similar results with the non-automatic analysis type, accord-
ing to their study using a similar software (33).

Limitations
The limitations of this study include the small sample size, 
the loss of depth because of using 2D photographs, and the 
lack of a control group or radiological assessment. Although 
AI was used to determine the positions of the points, the 
positions of the points were changed by the researcher who 
made the measurements in cases that were thought to be 
incorrect. Even though the standardization of these analyzes 
performed on two-dimensional photographs is difficult and 
this situation creates a limitation, the use of artificial intel-
ligence-based software is increasing, and it is being exam-
ined in every field. The results of this study show that 
analysis using AI can reveal which angles and measures are 
affected by FM therapy in skeletal Class III patients. Although 
the use of AI in orthodontic evaluation has become increas-
ingly popular, it is necessary to adjust the points because 
the auto-drawing is not yet sufficiently developed. The im-
portance of AI is increasing day by day; thus, we think that 
the benefits of these software will become more important 
in the future and that the programs will be substantially im-
proved. This study creates a different view for further anal-
ysis methods or for examining three-dimensional photographs 
with AI infrastructure in future studies.

Conclusions
1. The upper lip of the patients moved forward and the 

pogonion moved backward, resulting in a decrease in 
the concavity of the profile.

2. By supporting the vertical growth of the midface region, 
FM treatment increased the midface/lower face ratio.

3. The measurement most correlated with changes in other 
parameters was the Lower Lip – E-line distance. 

4. Using artificial intelligence, evaluations of 2D photos of pa-
tients can be made quickly, simply, and relatively reliably.
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