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Abstract. The aim of this study has been to establish the values of soft tissue profile angles in subjects with dentoskeletal 

Class I, Class II Division 1, Class II Division 2, and Class III pattern, in order to examine the influence of sagittal 

dentoskeletal relation on the value of angular profile parameters. This comparative cephalometric study included the 

examination and the analysis by lateral cephalograms to evaluate soft tissue profile angles for 120 adult Caucasian subjects 

(60 women and 60 men) from the mid Balkan region divided into four groups towards ANB angle and incisors inclination. 

The following angles were examined: angle of facial convexity, facial convexity angle for the lower face and the angle of 

total facial convexity. By investigating the influence of the sagittal dentoskeletal pattern on the value of facial convexity 

angles, significant differences have been established between subjects with Class I and Class II Division 1 and 2 for all 

examined angles (p<0.001; p=0.011), while the differences between Class I and Class III are only significant for the facial 

convexity angle and facial convexity angle for the lower face, while the differences in the overall facial convexity angle are 

not significant (p=0.067). There are significant differences between subjects for all examined angles except the total facial 

convexity angle between Class I and Class III. 
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Introduction

 

The human face profile represents the perspective of a 

person’s face at an angle of 90° in relation to the "en 

face" projection. It can be viewed from the aspect of 

aesthetics and the aspect of harmony. The aesthetic as-

pect is very important because the human face plays a 

key role in basic social interactions. Therefore, it is no 

surprise that people with pleasant faces are considered 

socially more successful in life. When assessing facial 

beauty, psychological effects and personal attitudes are 

superimposed [1, 2]. Profile harmony, unlike aesthetics, 

is defined by numerous parameters (among them the 

angle ones are predominant), making it clearly defined 

and measurable. Angle thought that universal measure-

ment for assessing different facial profiles harmony [3] 

cannot be applied, because the profile morphotype is 

affected by various factors such as: ethnic and geo-

graphical [4], gender [5], ecological, biological, age and 

nutritional factors [6]. 

On the other hand, the profile aesthetics is the ulti-

mate result of some other factors that are not related 

only to the profile, such as hairstyle, color and shape of 

eyes, color and texture of complexion [79]. 
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What is the role of facial profile harmony in sagittal 

dentoskeletal pattern? Correlation between the facial 

profile harmony on the one hand and the sagittal den-

toskeletal pattern and occlusal relationship on the other 

hand, has been the subject of research since the begin-

ning of the last century, when Angle observed that the 

effect of sagittal malocclusion on facial contours pro-

duces different profile disharmonies. Angle also con-

cluded that the profile balance quality would be propor-

tional to the proximity with normal occlusion [3]. It has 

been established that Class I is more connected with a 

pleasant profile and Class III with the least evaluated 

profile aesthetics, which indicates that the sagittal posi-

tion of the lower jaw affects the quality of profile aes-

thetics [10, 11]. However, Bittner et al [12] consider 

that there is no unconditional relationship between the 

profile harmony and the sagittal occlusal relationship, 

i.e. that occlusal deviations are only partially seen in the 

face. The occlusal relationship of Class II or III at the 

dental level basically does not have to be related to the 

skeletal disorder, while some subjects with Class I oc-

clusion presented skeletal deviations adequately com-

pensated by occlusion. Consequently, normal occlusion 

does not always indicate the profile harmony [12, 13]. 

The aim of this study has been to establish the val-

ues of soft tissue profile angles of facial convexity, fa-

cial convexity for the lower face and the overall angle of 

facial convexity in subjects with dentoskeletal Class I, 

Class II Division 1, Class II Division 2, and Class III 
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pattern, in order to, in this way, examine the influence 

of sagittal dentoskeletal relation on the value of angular 

profile parameters, as well as to examine the signifi-

cance of established differences for each angle sepa-

rately. 

Material and Method 

The study was conducted at the Dental Clinic in Nis. 

Before the commencement of the study, each volunteer 

gave an informed consent as to the purpose and nature 

of the study. All work was performed in accordance 

with the Declaration of Helsinki and was approved by 

the Faculty’s Ethics Committee, (General project title of 

Clinical and Experimental Examination of the Stoma-

tognathic System and ModernTherapeutic Procedures, 

Project Number 11, of March 8, 2017, Nis, Republic of 

Serbia). 

This study included the examination and the analysis 

of cephalometric radiography derived lateral cephalo-

grams to evaluate profile angles for 120 adult Caucasian 

subjects (60 female and 60 male) from the mid-Balkan 

region (Serbia), which were taken from the patient ar-

chives. Cephalometric radiography derived lateral ceph-

alograms were recorded during routine diagnostic pro-

cedures for patients who were examined at the Depart-

ment of Jaw Orthopedics at the Clinic of Dentistry in Niš, 

aged between 18–30 years, and who underwent 

orthodontic therapy for the first time. Patients were ex-

cluded from the study if they had a history of trauma, 

craniofacial anomalies, cleft lip and palate, and previous 

orthodontic, prosthetic or orthognathic surgical treatment. 

Cephalometric radiographs of the head were done using a 

cephalostat (head-holding device). All patients included 

in the study underwent a detailed clinical assessment and 

analyses of their dental and skeletal profiles, as well as 

soft tissue profiles on cephalometric radiography. The 

equipment used for the imaging analyses was the 

Rotograf Plus (20090 Buccinasco MI Italy) (Number and 

series: 00036045), and the CEI-OPX/105X-ray tube 

(CEI, Bologna), which had a protective filter (2.5mm a 

luminum - equivalent). Lateral cephalometric films were 

taken from a distance of 165cm from the tube, using a 

cephalostat to ensure rigid head fixation. The patients 

were placed in the cephalostat in such a way that the 

sagittal plane of the head was at a 90° angle to the path of 

the X-rays. The Frankfort horizontal plane (from the 

lower edge of foramen orbitale and upper rim of the 

external auditory canal) was parallel to the ground, the 

teeth were in central occlusion position, and the lips were 

in relaxed position. No correction for magnification 

factors was required, since all the radiographs were taken 

with the same equipment and the same proportions. Each 

cephalogram was fixed on the viewing box with the 

profile to the right, and the acetate tracing paper was 

fixed by tape at the top. The soft tissue and skeletal 

features were traced manually in a darkened room, using 

a 0.5 mm lead pencil. All the image tracing was done by 

the main investigator. Subjects were divided into four 

groups. The criteria for categorizing into four groups in 

the study was the size of the ANB angle according to 

Steiner and the angle inclination of the upper incisors. 

The cephalometric ANB angle was the parameter that 

defined the sagittal relationship between the upper and 

lower jaw as orthognathic, distal, or mesial (Fig. 1). The 

points that determined the ANB angle included, point 

(N), the nasion, located on the suture between the frontal 

and nasal bones; point A, the lowest point on the line 

between the anterior nasal spine and the prosthion 

(alveolar point); and point B, the lowest point from the 

line between the infradentale and the pogonion (midline 

of the chin). 

The first group was with an orthognathic jaw rela-

tionship (Class I) and the ANB angle between 2–4°. The 

second group was with a distal jaw relationship, an 

ANB angle >4°, and the inclination angle of the upper 

incisor >22° (Class II, Division I, or Class II/1).The 

third group was with a distal jaw relationship, an ANB 

angle >4° and the inclination angle of the upper incisors 

inclination <22° (Class II, Division 2, or Class II/2). 

The fourth group consisted of a mesial jaw relationship 

and an ANB angle <1° (Class III). Each group consisted 

of 30 subjects (15 female, 15 male). Since subjects with 

Class I generally show a harmonic profile due to the 

orthognatic jaw relationship, this group is taken as a 

control and compared to the other three groups. 

Then, on the radiograph of each patient, the follow-

ing anthropometric soft tissue points were determined 

(Table 1, Fig. 2). 

By pulling lines from these points, the following 

profile angles have been formed (Fig. 3): 

1. Facial convexity angle, excluding the nose (G-Sn-

Pg)  angle between glabella to subnasale (Sn) line and 

subnasale (Sn) to pogonion (Pg) line; 

2. Facial convexity angle for the lower profile part 

(G-Sn-Pg/1)  angle between glabella to subnasale (Sn) 

line and subnasale (Sn) to pogonion (Pg) line (supple-

mentary angle to the previous angle); 

3. Total facial convexity angle including the nose 

(G-Prn-Pg) – angle between glabela (G) to pronasale 

(Prn) and pronasale (Prn) to pogonion (Pg) line. 

Since these are angular measures, all results are ex-

pressed in degrees (ᵒ). 

Statistical analysis 

Statistical analysis of obtained morphometric data was 

performed by IBM SPSS Statistics (version 25). Results 

of the Kolmogorov-Smirnov test showed that majority 

of the morphometric parameters were not normally dis-

tributed. Consequently, significance of detected differ-

ences were evaluated by non-parametric Mann-Whitney 

U test. In the statistical evaluation, the following levels 

of significance were used: Not significant p>0.05; Sig-

nificant 0.05 ≥ p > 0.01(*); Highly significant 0.01 ≥ p > 

0.001(**); Very highly significant p ≤0.001(***); p =  

probability value.  
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Results 

Descriptive statistics of the average angular measure-

ments for different parameters in all four groups with 

different jaw relationship (Class I, Class II/1, Class II/2, 

Class III) are shown in Table 2. In the Table 3, statisti-

cal differences of average values of the examined angles 

between the group with Class I and the other three groups 

are shown.  

Table 1 Facial landmarks used for the determination of angular parameters. 

Glabella (G) the most anterior point of the middle line of the forehead 

Subnasale (Sn) the point where the upper lip joins the columella 

Pronasale (Prn) the most prominent point of the tip of the nose 

Pogonion (Pg) the most anterior point of the chin 

Table 2 Descriptive statistics for Class I, Class II division 1, Class II division 2 and Class III (mean value, standard 

deviation and min-max value). 

Classes I            II/1 II/2 III 

G-Sn-Pg 166.23±4.58 159.30±6.23 163.00±7.56 174.13±6.42 

Minmax 158.0174.0 139.0167.0 151.0182.0 165.0189.0 

G-Sn-Pg/1 13.77±4.58 20.70±6.23 17.00±7.56 5.87±6.42 

Minmax 6.022.0 13.041.0 -2.0029.00 -9.015.0 

G-Prn-Pg 141.17±5.02 136.30±6.24 137.43±5.33 144.57±6.62 

Minmax 129.0150.0 121.0147.0 127.0145.0 131.0160.0 

 

Fig. 1 The cephalometric ANB angle 

and the angle of inclination of 

upper incisors. 

 

Fig. 3 Angular parameters: 1. the facial 

convexity angle (excluding the 

nose) (G–Sn–Pg); 2. the facial 

convexity angle for lower part of 

facial profile (G–Sn–Pg/1); 

3. total facial convexity angle 

(including the nose) (G–Prn–Pg). 

 

Fig. 2 The landmarks used in this 

investigation: glabella (G), 

pronasale (Prn), subnasale 

(Sn), pogonion (Pg). 

Table 3 Statistical differences between Class I and other groups (Z value; p - probability value). 

Classes I-II/1 I-II/2 I-III 

G-Sn-Pg    (Z) -4.167 -2.555 -4.564 

p <0.001
***

 0.011
**

 <0.001
***

 

G-Sn-Pg/1 (Z) -4.167 -2.555 -4.564 

p <0.001
***

 0.011
**

 <0.001
***

 

G-Prn-Pg   (Z) -3.030 -2.681 -1.831 

p 0.002
**

 0.007
**

 0.067 
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Discussion 

The development of the facial soft tissue profile is the re-

sult of complex changes in the facial hard and soft tissue 

structures [14]. Altemus found a high variability in the 

thickness of soft tissue of some profile segments [15]. This 

was confirmed by subsequent researches of this topic 

[1621]. Although the skeletal profile is inclined to "cor-

rection" during maturation, the soft tissue profile has re-

mained relatively convex, with convexity decreasing with 

the age growth [2224]. 

The established average values of the facial convexity 

angle for Caucasian subjects with a class amount to (ac-

cording to different authors): 168.8 ± 4.96ᵒ [5], 168 ± 6ᵒ 

[10], 169.4± 3.2ᵒ [20], and according to the current study, 

166.23 ± 4.58ᵒ, that is somewhat lower than the quoted 

ones. For subjects with Class II, the values are significantly 

lower - 159.30 ± 6.23 (p<0.001) for Division 1; 163.00 ± 

7.56ᵒ (p = 0.011) for Division 2. Contrary to the previous 

one, for subjects with Class III, the average value of this 

angle is 174.13 ± 6.42 (p<0.001) (Table 2, 3). A similar 

result was obtained by Godt et al [25] with significant dif-

ferences of this angle between the subjects with a different 

dentoskeletal pattern, as expected, because the undevel-

oped mandible in Class II is positioned more Pogonion 

posterior while overdeveloped in Class III is positioned 

more anterior than in Class I. Other studies of the influence 

of sagittal jaw relationship to the profile harmony confirm 

that the facial convexity angle is extremely sensitive to 

sagittal skeletal disorders [5, 10, 26].  Fortes  et al [26] by 

comparing the values of this angle in the Caucasion Bra-

zilian subjects with a pleasant and unpleasant facial profile, 

established an average of 169.20 ± 3.88ᵒ for a pleasant 

facial profile and 165.17 ± 5.81ᵒ for unpleasant facial pro-

files, which implicitly points out that the reduction of this 

angle affects the aesthetic perception in a negative way. 

The difference is statistically significant. 

The facial convexity angle for the lower face represents 

the supplementary angle to the previous one and allows an 

estimation of the chin projection in relation to the middle 

part of the face.According to Reis et al [10] its normal 

value is 12.32 ± 3.93ᵒ, and according to Uysal et al [27] it 

is 14.2ᵒ for women and 12.1ᵒ for men. When comparing 

the value of facial convexity angle of the lower face, the 

significance finding is identical to the previous angle (G-

Sn-Pg), with the average value for subjects with Class II/1 

(20.7 ± 6.23) and Class II/2 (17 ± 7.56ᵒ) is higher while for 

subjects with Class III (5.87 ± 6.42ᵒ) it is lower compared 

to subjects with Class I (13.77 ± 4.58ᵒ) (Table 2). Similar 

findings were published by other authors [10, 28, 29]. Ac-

cording to these studies, people whose facial convex angles 

are above 16.25° or below 8.39° have an aesthetically dis-

harmonic profile. 

Furthermore, there is a direct connection between the 

profile convexity and an unpleasant aesthetic profile [10]. 

For a female profile, the recommended type is slightly 

convex, while for a male profile, the advantage is given to 

the straight profile. Any increase of this angle above stand-

ard deviation of the average harmonic profile was associ-

ated with a reduced result of profile aesthetics. It is be-

lieved that women with increased and men with reduced 

anterior chin projection are less attractive [30, 31]. 

For the values of total facial convexity angle (G-Prn-

Pg), for the group of our subjects with dentoskeletal Class I 

pattern, average values of 141.17 ± 5.02ᵒ have been deter-

mined (Table 2). This is close to the values established for 

the Croatian population 141.55 ± 4.074ᵒ [5], but the values 

of this angle do not differ much with other researchers: 

Wen et al [4] 141.5ᵒ for men and 141.0ᵒ for women; Pana-

dian et al [13] determined 141.54 ± 4.96 for men and 

140.92 ± 4.79 ᵒ for women. 

By comparing differences of average values between 

groups, significant differences have been established be-

tween Class I and II/1 (136.30 ± 6.24ᵒ; p = 0.002), Class I 

and II/2 (137.43 ± 5.33ᵒ; p = 0.007). Differences in values 

between Class I and III have not shown any significance 

(Table 3). 

Fortes et al [26] compared this angle with Caucasian 

Brazilian subjects with a pleasant and unpleasant facial 

profile and set a value of 142.67 ± 4.72ᵒ for pleasant facial 

profiles and 139.10 ± 4.95ᵒ for unpleasant facial profiles. 

The difference is statistically significant. It is interesting 

that the published papers examining this problem pointed 

to the fact that the total facial convexity angle, with nasal 

projection taken into account is not related to profile aes-

thetics. What might the explanation be? The facial convex-

ity angle is directly related to the sagittal jaw relationship, 

i.e. to the sagittal pattern, and therefore any changes in its 

value are directly related to the sagittal deviations between 

jaws. The total facial convexity angle, however, gives an 

estimation of the nasal projection in relation to the chin and 

forehead. The change in this convexity type can be associ-

ated not only with skeletal disagreements but also with 

higher or smaller nasal projection, that does not similarly 

affect the aesthetic profile estimate [32]. 

However, some researchers think otherwise - the main 

factors responsible for the unpleasant profile aesthetics 

were the nose in 38.35% of cases and chin in 18.9% of 

cases [10, 33]. 

Conclusion 

By investigating the influence of the sagittal dentoskel-

etal pattern on the value of facial convexity angles, sig-

nificant differences have been established between sub-

jects with Class I and Class II Division 1 and 2 for all 

examined angles, while the differences between Class I 

and Class III are only significant for the facial convexity 

angle and facial convexity angle for the lower face, 

while the differences in the total facial convexity angle 

are not significant. 
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