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     ABSTRACT  

AIM: The aim of study was to make a cephalometric characterization of young Bulgarians using 3D 

laser scan. MATERIALS AND METHODS: The study included 46 males and 49 females of Bulgarian 

origin aged 21-30 years. Three-dimensional images were obtained using a hand-held laser scanner 

(FastSCAN Cobra, Polhemus Inc., Colchester VT). A set of probing points on the obtained images were 

used to make certain facial measurements: morphological face height, physiognomical upper facial 

height, lower face height. The data were statistically analyzed in SPSS 17.0. RESULTS: The facial 

measurements were significantly greater in males than in females. For morphological facial height most 

of the individuals were in very high category. For physiognomical upper facial height majority of males 

were in category high and females in moderate high. Regarding lower facial height most of the 

individuals were assessed as metriognath. CONCLUSION: The data obtained characterizing facial 

morphology can be used as criteria in genetic disorders diagnosis and outcome assessment in aesthetic 

and reconstructive surgery.  
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INTRODUCTION 

Direct classical anthropometry is a basic 

method of cephalometric analysis of the face 

that continues to be used as a tool by many 

researchers. With the advent of new computer 

technologies, it is possible to create three-

dimensional digital images of the face, in 

which it is possible to make a quantitative 

analysis of the volume and area of individual 

facial structures - eyes, nose, mouth and lips, 

chin and ears (1). Three-dimensional soft 

tissue analysis of the face is used for 

assessment of morphological changes and 
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gender differences occurring during growth (2-

5), generation of a worldwide database of 

measurements of a person of known 

chronological age, gender and ethnicity (6-9), 

providing useful information in facial 

reconstruction of unidentified persons and lost 

kids (10-11). Facial proportional analysis is an 

important component in the pre-operative 

evaluation in plastic and aesthetic surgery (12-

14). 
 

AIM 

The aim of the present study was to make a 

cephalometric characterization of young 

Bulgarian individuals using 3D laser scanning.  
 

MATERIAL AND METHODS  

The study included 46 males and 49 females of 

Bulgarian ancestry aged 21-30 years. Three-

dimensional   images   were   obtained  using a  
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handheld laser scanner (FastSCAN Cobra, 

Polhemus Inc., Colchester VT). A set of probing 

points were placed on the obtained images: 

nasion, stomion and gnathion (15) (Figure 1). 

Using these points certain linear facial 

measurements were taken: morphological facial 

height (mm) – n-gn, physiognomical upper facial 

height (mm) – n-sto, lower facial height (mm) – 

sto-gn (16). 

 

 
Figure 1.  Landmarks placed on the obtained imagines 

 
Descriptive statistics (mean±standard deviation / 

proportion±standard error), t-test (numeric 

variables) and z-test (categorical variables) were 

used for data analysis. Significance was set at 

p<0.05.  

RESULTS AND DISCUSSION  

The males have greater facial measurements than 

the females with difference reaching statistical 

significance for all variables (p<0.001) (Table 

1).  
 

Table 1. Linear measurements of the face. 

Variable  

(mm) 

sex N mean SD SEM Absolute 

difference  

min max р 

n-gn males 46 126,18 6,73 0,99 8,19 113,46 139,56 p<0,001 

 females 49 117,99 7,18 1,03  103,99 134,04  

sto-gn males 46 48,41 4,82 0,71 4,33 37,22 63,09 p<0,001 

 females 49 44,08 4,15 0,59  37,10 53,12  

n-sto males 46 79,74 4,07 0,60 3,56 73,33 88,98 p<0,001 

 females 49 76,18 5,24 0,75  67,52 94,55  

 

To verify the results obtained by 3D laser 

scanning, these were compared with literature 

data obtained by classical direct 

anthropometry, finding similar values in males 

and females in terms of the three facial sizes 

examined (Table 2, Table 3). 

 

Table 2. Comparison between the facial measurements in Bulgarians obtained using 3D laser 

scanning with literature data obtained using classical anthropometry. 

Variable 

(mm) 

Author Method Males 

mean/SD 

P 

n-gn Present study 3D laser scanning 126,18±6,73 p>0,05 

 Yordanov, 2006 Direct anthropometry 126,6±6,7  

n-sto Present study 3D laser scanning 79.74±4.07 p>0,05 

 Yordanov, 2006 Direct anthropometry 78,8±4,9  

sto-gn Present study 3D laser scanning 48.41±4.82 p>0,05 

 Yordanov, 2006 Direct anthropometry 47,8±4,5  
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Table 3. Comparison between the facial measurements in Bulgarians obtained using 3D laser 

scanning with literature data obtained using classical anthropometry. 

 
For morphological facial height most of the 

males fell in the category very high - 73.9%. In 

the categories low and moderate high males 

presented with close percentages - 15.2% and 

10.9%, respectively. No individuals fell in the 

categories - very low face and high face. In the 

females most of the subjects were in the 

category very high - 38.8%. Close percentages 

were found for categories high and moderate 

high - 28.6% and 26.5%, respectively. Only 

6.1% of the females fell in the category low 

face, and none in the category very low face 

(Table 4). Statistically significant between sex 

differences were found in two of the categories 

– high face and very high face (p<0.001). In 

the physiognomic upper facial height, most of 

the males were in the categories high and 

moderate high - 63.0% and 30.4%, 

respectively. In the category very high face 

males presented with low percent - 6.5%, 

whereas no individuals were found in the 

categories very low and low. The females, 

unlike the males, showed the highest 

percentage in the categories moderate high and 

high - 53.1% and 44.9% respectively. The 

percentage in the category very high was 

insignificant - 2%, and no females were found 

in the categories low and very low (Table 5). 

Statistically significant between sex difference 

was found in the category moderate high 

(p<0.05). For the lower facial height, the 

highest percentage of the males was found in 

the categories metriognath - 56.5% and  

hypsignath - 37.0%. The percentage of the 

males in the categories tapeinognath and 

hyperhypsignath was insignificant - 4.3% and 

2.2%, respectively. Hypertapeinognath were 

not found. In the females most of the subjects 

were in the category metriognath - 67.3%, 

being significantly higher than the females in 

the categories hypsignath -14.3% and 

tapeinognath - 18.4%. None of the females in 

our sample fell in the categories 

hypertapeinognath and hyperhypsignath 

(Table 6). Between sex differences in the 

category distribution reached statistical 

significance (p<0.05) for two of the categories 

– tapeinognath and hypsignath. 

 
Table 4. Morphological face height (n-gn). Distribution of the studies individuals after Lebzelter-

Saller᾿ categories. 

Categories Males 

% 

Females 

% 

p 

very low 0 0 P > 0,05 

low 15,2 6,1 P > 0,05 

moderate high 10,9 26,5 P > 0,05 

high 0 28,6  P < 0,001 

very high 73,9 38,8  P < 0,001 

 

Table 5. Physiognomical upper facial height (n-sto).Distribution of the studied individuals after 

Lebzelter-Saller᾿categories. 

Categories Males 

% 

Females 

% 

p 

very low 0 0 P > 0,05 

low 0 0 P > 0,05 

moderate high 30,4 53,1 P < 0,05 

high 63,0 44,9 P > 0,05 

very high 6,5 2,0 P > 0,05 

 

Variable 

(mm) 

Authors Method Females 

mean/SD 

P 

n-gn Present study 3D laser scanning 117,99±7,18 P<0,05 

 Yordanov, 2006       Direct anthropometry 116,2±6,1  

n-sto Present study 3D laser scanning 76.18±5.24 P<0,001 

 Yordanov, 2006        Direct anthropometry 73,4±4,6  

sto-gn Present study 3D laser scanning 44.08±4.15 P<0,05 

 Yordanov, 2006        Direct anthropometry 42,8±3,9  
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Table 6. Lower facial height (sto-gn). Distribution of the investigated individuals after Schlaginhaufen

᾿ 

categories. 

Categories Males 

% 

Females 

% 

p 

hypertapeinognath 0 0 P > 0,05 

tapeinognath 4,3 18,4 P < 0,05 

metriognath 56,5 67,3         P >0,05 

hypsignath 37,0 14,3 P < 0,05 

hyperhypsignath 2,2 0 P > 0,05 

 
The results obtained were compared with the 

results of a national study (17) including adult 

individuals from both sexes of Bulgarian origin 

aged between 30 and 40 years. With respect to 

the morphological facial height the results 

showed statistically significant differences 

(p<0.05) for males in four of the categories - 

high, very high, low and moderate high. In our 

study, the highest percentage of males fell in 

the category very high - 73.9%, while in the 

control study the males fell almost equally in 

the categories very high and high were close, 

respectively 33.6% and 33.5% (Table 7). In 

females no statistically significant difference 

(p> 0.05) was found in the categories between 

the two studies. In our study most of the 

females were in the category very high - 

38.8%, while in the control one most were in 

the category high - 38.5% (Table 8). For the 

physiognomic facial height, the males from the 

two studies presented with similar category 

distribution (p>0.05). In both studies, most of 

the males were in the category high, 63.0% and 

60.6% respectively (Table 9). In females, 

statistically significant difference (p<0,05) was 

found in two of the categories – moderate high 

and high. The highest percentage of them falls 

into the category of moderate high - 53.1% in 

our study and 69.1% in the control study 

(Table 10). No statistically significant 

differences (p>0.05) were found in the 

category distribution of physiognomic lower 

facial height between males from the two 

studies. Most of the males were metriognath, 

with the percentage being 56.5% in our study 

and 62.2% in the control one (Table 11). 

Regarding this indicator, the differences in 

category distribution between the females from 

the two studies were statistically significant 

(p<0.05) in the hypsignath category. Most of 

the females fell in metriognath category - 

67.3% in our study and 78.3% in the control 

one (Table 12). 

 

 

Table 7. Morphological face height (n-gn). Comparison of the categorization between the present study and the 

study by Yordanov et al., 2006
* 

Categories Males 

% 

Males
* 

% 

p 

very low 0 1,2 P > 0,05 

low 15,2 7,4 P < 0,05 

moderate high 10,9 24,3 P < 0,05 

high 0 33,5 P < 0,05 

very high 73,9 33,6 P < 0,05 
 

 

 

Table 8. Morphological face height (n-gn). Comparison of the categorization between the present study and the 

study by Yordanov et al., 2006*
 

Categories Females 

% 

Females
* 

% 

p 

very low 0 1,2 P > 0,05 

low 6,1 5,9 P > 0,05 

moderate high 26,5 25,2 P > 0,05 

high 28,6 38,5 P > 0,05 

very high 38,8 29,2 P > 0,05 
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Table 9.  Physiognomical upper face height (n-sto). Comparison of the categorization between the present study 

and the study by Yordanov et al., 2006* 
 

Categories Males 

% 

Males
* 

% 

p 

very low 0 0 P > 0,05 

low 0 0,5 P > 0,05 

moderate high 30,4 32,4 P > 0,05 

high 63,0 60,6 P > 0,05 

very high 6,5 6,4 P > 0,05 

 

 

Table 10. Physiognomical upper face height (n-sto). Comparison of the categorization between the 

present study and the study by Yordanov et al., 2006*
 

Categories Females 

% 

Females
* 

% 

p 

very low 0 0 P > 0,05 

low 0 6,6 P > 0,05 

moderate high 53,1 69,1 P < 0,05 

high 44,9 23,9 P < 0,05 

very high 2,0 0,5 P > 0,05 

 

 

Table 11. Lower face height (sto-gn). Comparison of the categorization between the present study and 

the study by Yordanov et al., 2006*
 

Categories Males 

% 

Males* 

% 

p 

hypertapeinognath 0 0 P > 0,05 

tapeinognath 4,3 3,3 P > 0,05 

metriognath 56,5 62,2 P >0,05 

hypsignath 37,0 33,9 P >0,05 

hyperhypsignath 2,2 0,7 P > 0,05 

 

 

Table 12. Lower face height (sto-gn). Comparison of the categorization between the present study and 

the study by Yordanov et al., 2006* 
 

Categories Females 

% 

Females* 

% 

p 

hypertapeinognath 0 0,2 P > 0,05 

tapeinognath 18,4 17,5 P > 0,05 

metriognath 67,3 78,3 P > 0,05 

hypsignath 14,3 4,0 P < 0,05 

hyperhypsignath 0 0 P > 0,05 

 

 

 

CONCLUSION 

Males present with greater values than females 

in the three studied facial measurements. The 

categorization shows that most of males and 

females have very high morphological facial 

height. The physiognomical upper facial height 

in mostly high in males is moderate high in 

females. In terms of lower facial height, 

subjects from both sexes fall into the 

metriognath category. Compared to literature 

data, the most significant differences are found  

 

 

 

 

in the morphological facial height 

categorization in males. Comparing the data  

obtained with 3D laser scanning and classical 

anthropometry, close values of the facial 

measurements are found in both sexes. 
 

The data obtained characterizing facial 

morphology can serve as criteria for 

dysmorphological distinctions in genetic 

diseases and assessment in surgical 

interventions in aesthetic and reconstructive 

surgery. 
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