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I. INTRODUCTION 
The basis of any forensic anthropological study of found human remains consists of determining 
the following main permanent characteristics: sex, age, height and race. Defining sex according to 
the dental measurements is the least developed field in anthropology, but it is a particularly 
important step in creating the biological profile of unidentified human remains, as it would halve 
the number of possible matches. 

This requires the creation of dental files of individuals, including dental status, dental tables, 
radiographs, casting plaster models on impressions of the dentition and archiving them in a 
common database for a given population. The creation of such files is mandatory in Western 
countries. 

Sexual dimorphism varies from population to population, making the collection of population-
specific dental size data particularly important. So far, there are no data for the Bulgarian 
population in the specialized literature on certain odontometric indicators. 

According to various studies, the standards for skeletal identification vary from population to 
population, i.e. the standards for some populations are not applicable to others. 

Population differences reflect systemic prenatal influences on the width and length of dental 
crowns, as well as genetic factors. The influence of environmental factors, as well as genetic 
factors on the inheritance of dental traits, as well as on the reduction of their size, is still not fully 
understood. Explaining them would contribute to the study of evolutionary processes associated 
with changes in the skeletal system in modern man, as well as phylogenetic relationships between 
populations. 

 Variations between populations in tooth size can help determine ethnicity, eating habits, 
socioeconomic status, which is also important for preparing the biological profile of an individual. 

Odontometric dimensions can also be used to plan orthodontic treatment and achieving the best 
possible functional and aesthetic results is the goal of all clinicians. Many factors influence the 
outcome of such treatment, one of which is the mismatch between tooth sizes, which is defined as 
the disproportion between the sizes of individual teeth. In order to achieve an orthognathic 
occlusion, the dimensions of the maxillary and mandibular teeth must be proportional. 
Interalveolar relationships are also population specific. There are no up-to-date data in the 
specialized literature on calculated dental and interdental indices of people from the Bulgarian 
population. 
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II. PURPOSE AND TASKS OF THE STUDY 
2.1. Purpose of the study 

The aim of the study is to determine the odontometric profile of people from the Bulgarian 
population and to compare the two sexes of the Bulgarian population, as well as those from other 
populations. 

2.2. Tasks of the study 

To achieve this goal, the following main tasks are set: 

1. To conduct an odontometric study of the size of dental crowns and to calculate dental and 
interdental indices in Bulgarians. 

2. To conduct a comparison of the data from the odontometric indicators between sexes. 

3. To compare the odontometric indicators and the calculated indices of the people from the 
Bulgarian population with other populations. 

4. To compare the interdental indices of modern people from the Bulgarian population and people 
from the Eneolithic. 

5. To check the reliability of odontometric indicators in determining sex and their application in 
forensic practice for human identification, as well as the application of calculated indices in 
dentistry. 

 

III. MATERIAL AND METHODS 
3.1. Material 

3.1.1. Number of cases studied 

For the purpose of the study, the sizes of the clinical crowns of 121 men and 111 women were 
measured. The people included in the study are of Bulgarian origin only, in order to avoid possible 
divergence in the results based on ethnic and racial factors. Persons with non-Bulgarian ethnicity 
of a parent / great-grandfather are also excluded from the sample. Most of the respondents are from 
the same region - Pazardzhik and Plovdiv regions, southern Bulgaria, aged between 20 and 40 
years. The studied people are the patients admitted to outpatient treatment in dental practice 
"Harizanovi", Dental Clinic, Pazardzhik. 

In accordance with the Helsinki Convention on Human Rights, all subjects are informed in advance 
of the objectives, tasks and procedure of the study and give written informed consent to participate 
in the study in the presence of a witness. The study was approved by the Commission on Scientific 
Ethics at the Medical University - Plovdiv. 

3.1.2. Criteria for inclusion in the study: 
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• Presence of complete permanent dentition with clinically healthy periodontium 

• Lack of teeth in the eruption 

• Lack of carious or other defects in the dental crown 

• No abrasion of tooth surfaces 

• Lack of obturations, coronal restorations or bridges 

• Presence of an orthognathic bite on the lower ones 

• Lack or presence of third molars - not the subject of the study 

3.1.3. Exclusion criteria: 

• Presence or clinical history of upper lip fissures 

• Presence or clinical history of cleft palate and alveolar ridge 

• Injuries in the maxillofacial area 

• Surgical or plastic interventions in the maxillofacial area 

• Endocrine diseases, metabolic diseases, skeletal disorders, growth retardation or other diseases 

3.2. Methods 

3.2.1. Instruments 

To investigate the measurements, we used: 

• Dental slider caliper with vernier caliper with pointed edges - Dentistry Sliding Vernier Caliper 

• Ridge Mapping Caliper Type A 

• Cylinder type B with perpendicularly curved edges - Ridge Mapping Caliper Type B 

In the course of the study, a series of anthropometric measurements of the dimensions of clinical 
dental crowns were performed. The tests were performed on the teeth located in the bone alveoli. 

3.2.2. Measured indicators: 

3.2.2.1. Medio-distal size - in the upper (occlusal) third or middle third of the height of the crown. 

3.2.2.2. Vestibulo-oral size - perpendicular to the medio-distal size, in the cervical region or the 
middle third of the crown. 

3.2.2.3. Crown height - the distance from the highest point of the crown to the tooth neck. 

3.2.3. Calculated indices 

3.2.3.1. Dental indices 

3.2.3.1.1. Crown module 
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CM = (MD + VO) / 2 

• Mean module of the crown of the upper molars 

The modules of the upper molars are summed and the result is divided by their number. 

(CM16 + CM17 + CM26 + CM27) / 4 

3.2.3.1.2. Crown index 

CI = (VO / MD) x100 

• Mean crown index of the lower molars 

The indices of the lower teeth are summed and the result is divided by their number. 

(CI36 + CI37 + CI46 + CI47) / 4 

3.2.3.2. Interdental indices 

3.2.3.2.1. Incisive index 

II = (MD12 / MD11) x100 

3.2.3.2.2. Premolar index 

PI = (MD45 / MD44) x100 

3.2.3.2.3. Step indices 

• Upper molars index 

UMI = (MD17 / MD16) x 100 

• Lower molar index 

LMI = (MD47 / MD46) x 100 

3.2.3.2.4. Bolton index 

• Anterior Bolton Index 

ABI = ((MD43 + MD42 + MD41 + MD31 + MD32 + MD33) / (MD13 + MD12 + MD11 + MD21 
+ MD22 + MD23) x 100 

• Total Bolton Index 

TBI = (MD46 + MD45 + MD44 + MD43 + MD42 + MD41 + MD31 + MD32 + MD33 + MD34 
+ MD35 + MD36) / (MD16 + MD15 + MD14 + MD13 + MD12 + MD11 + MD21 + MD22 + 
MD23 + MD24 + MD25 + MD26)) x 100 

3.2.4. Statistical analysis of data 

Mathematical and statistical data processing 
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The obtained results were processed with the programs SPSS 23.0 (Statistical Package for the 
Social Sciences) and INSTAT. The following analyzes were used: 

• Descriptive statistics 

• Parametric analyzes: 

- One – Sample T Test - Student’s t-test. The degree of significance was considered low (P <0.05), 
medium (0.01> P> 0.001) or high (P <0.001). 

- Independent Paired Samples T Test. An acceptable level of statistical significance p <0.05 was 
assumed at a 95% confidence interval. 

• Graphic analysis: charting and data analysis. 

All quantitative data are presented visually in 88 tables and 13 diagrams, which are inserted in the 
text. 

IV. RESULTS AND DISCUSSION 
4.1. Sexual dimorphism 

4.1.1. Upper jaw 

4.1.1.1. Medio-distal size of the crowns of the upper incisors 

Table 9. Comparison between MD crown sizes of upper incisors in men and women. 

 Males  Females 

 N Mean SD SE  N Mean SD SE P 

I11MD 121 8.47 0.74 0.11 I11MD 111 8.42 0.59 0.09 0.75 

I12MD 121 6.74 0.70 0.11 I12MD 111 6.80 0.74 0.11 0.77 

I21MD 121 8.49 0.74 0.11 I21MD 111 8.44 0.59 0.09 0.75 

I22MD 121 6.67 0.81 0.12 I22MD 111 6.80 0.77 0.12 0.50 

 

The medio-distal sizes of the crowns of the central and lateral upper incisors in men and women 
did not show statistically significant differences (P> 0.05) between the two sexes. There is only a 
tendency for the mean values of the central incisors to be higher in men, while the average values 
of the lateral incisors are higher in women. 

4.1.1.2. Vestibulo-oral size of the crowns of the upper incisors 

Table 10. Comparison between VO sizes of crowns of upper incisors in men and women. 

 

 Males  Females 

 N Mean SD SE  N Mean SD SE P 
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I11VО 121 6.74 1.18 0.18 I11VL 111 6.58 0.79 .12 0.45 

I12VО 121 5.98 0.71 0.11 I12VL 111 5.93 0.63 .10 0.75 

I21VО 121 6.86 1.41 0.21 I21VL 111 6.53 0.80 .12 0.19 

I22VО 121 5.88 0.82 0.13 I22VL 111 5.84 0.72 .11 0.78 

Vestibulo-oral crown sizes of the central and lateral upper incisors in men and women did not 
show statistically significant differences (P> 0.05) between the sexes. There is only a tendency for 
their average values to be higher for men than for women. 

4.1.1.3. Height of the crowns of the upper incisors 

Table 11. Comparison between the height of the crowns of the upper incisors in men and women. 

 Males  Females 

 N Mean SD SE  N Mean SD SE P 

I11H 121 9.30 0.94 0.14 I11H 111 8.78 0.90 0.14 0.008 

I12H 121 7.88 1.05 0.16 I12H 111 7.33 0.78 0.12 0.006 

I21H 121 9.30 0.83 0.13 I21H 111 8.74 0.90 0.14 0.004 

I22H 121 7.79 1.06 0.16 I22H 111 7.26 0.88 0.13 0.013 

The heights (cervico-incisal dimensions) of the crowns of the central and lateral upper incisors 
(11, 12, 21, 22) in men and women show statistically significant differences (P <0.05) between the 
two sexes and their average values in men are significantly higher of those in women. 

4.1.1.4. Medio-distal size of the crowns of the upper canines 

Table 12. Comparison between MD sizes of crowns of upper canine teeth in men and women. 

 Males  Females 

 N Mean SD SE  N Mean SD SE P 

I13MD 121 8.72 0.63 0.10 I13MD 111 7.95 0.65 0.10 0.001 

I23MD 121 8.72 0.59 0.09 I23MD 111 7.95 0.62 0.09 0.001 

The medio-distal sizes of the crowns of the upper canines (13, 23) in men and women show 
statistically significant differences (P <0.05) between the two sexes with a high degree of 
significance. Their average values for men are statistically significantly higher than those for 
women. 

4.1.1.5. Vestibulo-oral size of the crowns of the upper canines 

Table 13. Comparison between VO sizes of crowns of upper canine teeth in men and women. 

 Males  Females 

 N Mean SD SE  N Mean SD SE P 

I13VО 121 8.02 0.89 0.14 I13VL 111 7.98 0.80 0.12 0.799 

I23VО 121 8.02 0.91 0.14 I23VL 111 8.00 0.79 0.12 0.900 
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The vestibulo-oral sizes of the crowns of the upper canine teeth in men and women are not 
statistically significant differences (P> 0.05) between the two sexes. There is only a tendency for 
the average values to be very high for men compared to those for women. 

4.1.1.6. Height of the crowns of the upper canines 

Table 14. Comparison between the height of the crowns of the upper canine teeth in men and 
women. 

 Males  Females 

 N Mean SD SE  N Mean SD SE P 

I13H 121 9.40 0.69 .11 I13H 111 8.67 0.78 0.12 0.001 

I23H 121 9.42 0.70 .11 I23H 111 8.65 0.81 0.12 0.001 

The heights (cervico-incisional dimensions) of the crowns of the upper canines (13, 23) in men 
and women show statistically significant differences (P <0.05) between the two sexes with a high 
degree of significance as their mean values in men are significantly higher than those in women. 

4.1.1.7. Medio-distal size of the crowns of the upper premolars 

Table 15. Comparison between MD sizes of the crowns of the upper premolars in men and women. 

 Males  Females 

 N Mean SD SE  N Mean SD SE P 

P14MD 121 6.72 0.59 0.09 P14MD 111 6.49 0.67 0.10 0.091 

P15MD 121 6.40 0.62 0.09 P15MD 111 6.40 0.66 0.10 1.000 

P24MD 121 6.70 0.60 0.09 P24MD 111 6.47 0.67 0.10 0.093 

P25MD 121 6.20 0.67 0.10 P25MD 111 6.26 0.69 0.11 0.753 

The medio-distal sizes of the crowns of the upper first and second premolars in men and women 
did not show statistically significant differences (P> 0.05) between the two sexes. There is only a 
tendency for their mean values to be higher in men than in women, with the exception of the left 
second premolar, where the mean value in women is higher than in men. 

4.1.1.8. Vestibulo-oral size of the crowns of the upper premolars 

Table16. Comparison between VO sizes of crowns of the upper premolars in men and women. 

 Males  Females 

 N Mean SD SE  N Mean SD SE P 

P14VО 121 9.42 0.63 0.10 P14VL 111 9.23 0.57 0.09 0.154 

P15VО 121 9.49 0.51 0.08 P15VL 111 9.28 0.50 0.08 0.058 

P24VО 121 9.37 0.62 0.09 P24VL 111 9.07 1.39 0.21 0.195 

P25VО 121 9.51 0.51 0.05 P25VL 111 9.30 0.51 0.08 0.060 
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The vestibulo-oral sizes of the crowns of the upper first and second premolars in men and women 
did not show statistically significant differences (P> 0.05) between the two sexes. There is only a 
tendency for their average values to be higher for men than for women. 

4.1.1.9. Height of the crowns of the upper premolars 

Table 17. Comparison between the height of the crowns of the upper premolars in men and women. 

 Males  Females 

 N Mean SD SE  N Mean SD SE P 

P14H 121 6.95 0.87 0.13 P14H 111 6.58 0.63 0.10 0.026 

P15H 121 6.65 0.72 0.11 P15H 111 6.20 0.60 0.09 0.003 

P24H 121 6.95 0.87 0.13 P24H 111 6.53 0.59 0.09 0.011 

P25H 121 6.58 0.70 0.10 P25H 111 6.23 0.57 0.09 0.013 

The heights (cervico-occlusal dimensions) of the crowns of the upper first and second premolars 
(14, 15, 24, 25) in men and women show statistically significant differences (P <0.05) between the 
sexes and their mean values in men are significantly higher than those in women. 

4.1.1.10. Medio-distal size of the crowns of the upper molars 

Table 18. Comparison between MD sizes of upper molar crowns in men and women. 

 Males  Females 

 N Mean SD SE  N Mean SD SE P 

M16MD 121 10.70 0.67 0.10 M16MD 111 9.95 .62 0.09 0.001 

M17MD 121 10.00 0.53 0.08 M17MD 111 9.56 1.48 0.23 0.070 

M26MD 121 10.58 0.82 0.13 M26MD 111 10.00 .65 0.10 0.001 

M27MD 121 9.98 0.51 0.08 M27MD 111 9.78 0.65 0.10 0.100 

The medio-distal sizes of the crowns of the upper first molars (16, 26) in men and women show 
statistically significant differences (P <0.05) between the two sexes with a high degree of 
significance. Their average values for men are significantly higher than those for women. 

The medio-distal crown sizes of the upper second molars in men and women do not show 
statistically significant differences (P> 0.05) between the two sexes. There is only a tendency for 
their mean values to be higher in men than in women. 

4.1.1.11. Vestibulo-oral size of the crowns of the upper molars 

Table 19. Comparison between VO sizes of upper molar crowns in men and women. 

 Males  Females 

 N Mean SD SE  N Mean SD SE P 

M16VО 121 10.84 0.53 0.08 M16VL 111 10.53 0.59 0.09 0.015 

M17VО 121 10.47 0.55 0.08 M17VL 111 10.23 0.57 0.09 0.058 
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M26VО 121 10.84 0.53 0.08 M26VL 111 10.56 0.59 0.09 0.024 

M27VО 121 10.35 0.53 0.08 M27VL 111 10.26 0.58 0.09 0.440 

The vestibulo-oral sizes of the crowns of the upper first molars (16, 26) in men and women show 
statistically significant differences (P <0.05) between the two sexes as their mean values in men 
are higher than in women. 

The vestibulo-oral sizes of the crowns of the upper second molars in men and women did not show 
statistically significant differences (P> 0.05) between the two sexes. There is only a tendency for 
their average values to be higher for men than for women. 

4.1.1.12. Height of the crowns of the upper molars 

Table 20. Comparison between the height of the crowns of the upper molars in men and women. 

 Males  Females 

 N Mean SD SE  N Mean SD SE P 

M16H 121 6.19 0.55 0.08 M16H 111 5.81 0.55 0.08 0.002 

M17H 121 6.11 0.50 0.08 M17H 111 5.74 0.49 0.08 0.001 

M26H 121 6.16 0.75 0.11 M26H 111 5.81 0.59 0.09 0.019 

M27H 121 5.95 0.62 0.09 M27H 111 5.72 0.55 0.08 0.068 

The heights (cervico-occlusal dimensions) of the crowns of the upper right and upper left first 
molars (16, 17, 26) in men and women show statistically significant differences (P <0.05) between 
the sexes and their mean values in men are higher of those in women. 

The heights (cervico-occlusal dimensions) of the crowns of the upper left second molars in men 
and women do not show statistically significant differences (P> 0.05) between the two sexes. 

Diagram 1. Sexual dimorphism in upper teeth. 

 

4.1.2. Lower jaw 

Statistically significant differences in upper teeth between males and females 

 

males females 
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4.1.2.1. Medio-distal size of the crowns of the lower incisors 

Table 21. Comparison between MD sizes of lower incisor crowns in men and women. 

 Males  Females 

 N Mean SD SE  N Mean SD SE P 

I31MD 121 5.16 0.43 0.07 I31MD 111 5.14 0.35 0.05 0.785 

I32MD 121 5.47 0.55 0.08 I32MD 111 5.58 0.50 0.08 0.307 

I41MD 121 5.16 0.43 0.07 I41MD 111 5.14 0.35 0.05 0.785 

I42MD 121 5.51 0.55 0.08 I42MD 111 5.51 0.51 0.08 1.000 

The medio-distal sizes of the crowns of the central and lateral lower incisors in men and women 
did not show statistically significant differences (P> 0.05) between the two sexes. There is only a 
tendency for their mean values to be higher in men than in women, with the exception of the left 
lower lateral incisor, where the mean value in women is higher than in men. 

4.1.2.2. Vestibulo-oral size of the crowns of the lower incisors 

Table 22. Comparison between VO sizes of lower incisor crowns in men and women. 

 Males  Females 

 N Mean SD SE  N Mean SD SE P 

I31VО 121 5.60 0.69 0.11 I31VL 111 5.77 0.53 0.08 0.224 

I32VО 121 5.63 0.69 0.11 I32VL 111 5.88 0.45 0.07 0.045 

I41VО 121 5.56 0.70 0.11 I41VL 111 5.74 0.58 0.09 0.184 

I42VО 121 5.72 0.63 0.10 I42VL 111 5.84 0.53 0.08 0.357 

The vestibulo-oral sizes of the crowns of the right central and lateral lower incisors, as well as of 
the left central lower incisors in men and women do not show statistically significant differences 
(P> 0.05) between the two sexes. There is only a tendency for their average values to be higher for 
women than for men. 

The vestibulo-oral sizes of the crowns of the lower left lateral incisors (32) in men and women 
showed statistically significant differences (P <0.05) between the sexes, with their mean values in 
women being higher than in men. 

4.1.2.3. Height of the crowns of the lower incisors 

Table 23. Comparison between the height of the crowns of the lower incisors in men and women. 

 Males  Females 

 N Mean SD SE  N Mean SD SE P 

I31H 121 7.14 0.91 0.14 I31H 111 7.26 0.73 0.11 0.516 

I32H 121 7.21 0.83 0.13 I32H 111 7.28 0.80 0.12 0.692 

I41H 121 7.28 1.12 0.17 I41H 111 7.26 0.73 0.11 0.909 

I42H 121 7.14 0.80 0.12 I42H 111 7.21 0.83 0.13 0.694 
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The heights (cervico-incisal dimensions) of the crowns of the central and lateral lower incisors in 
men and women do not show statistically significant differences (P> 0.05) between the two sexes. 

4.1.2.4. Medio-distal size of the crowns of the lower canines 

Table 24. Comparison between MD crown sizes of lower canine teeth in men and women. 

 Males  Females 

 N Mean SD SE  N Mean SD SE P 

I33MD 121 6.8837 .73060 .11142 I33MD 111 6.5116 .59250 .09035 0.011 

I43MD 121 6.8837 .85103 .12978 I43MD 111 6.5116 .59250 .09035 0.021 

The medio-distal sizes of the crowns of the lower canines (33, 43) in men and women show 
statistically significant differences (P <0.05) between the sexes, and their mean values in men are 
significantly higher than in women. 

4.1.2.5. Vestibulo-oral size of the crowns of the lower canines 

Table 25. Comparison between VO sizes of crowns of lower canine teeth in men and women. 

 Males  Females 

 N Mean SD SE  N Mean SD SE P 

I33VО 121 7.33 1.02 0.16 I33VL 111 7.47 0.85 0.13 0.493 

I43VО 121 7.44 1.01 0.15 I43VL 111 7.44 0.85 0.13 1.000 

The vestibulo-oral sizes of the crowns of the lower canine teeth in men and women did not show 
statistically significant differences (P> 0.05) between the two sexes. 

4.1.2.6. Height of the crowns of the lower canines 

Table 26. Comparison between the height of the crowns of the lower canine teeth in men and 
women. 

 Males  Females 

 N Mean SD SE  N Mean SD SE P 

I33H 121 8.77 0.90 0.14 I33H 111 8.60 0.95 0.15 0.417 

I43H 121 8.79 0.80 0.12 I43H 111 8.65 0.90 0.14 0.449 

The heights (cervical-incisional dimensions) of the crowns of the lower canine teeth in men and 
women do not show statistically significant differences (P> 0.05) between the two sexes. There is 
only a tendency for their average values to be higher for men than for women. 

4.1.2.7. Medio-distal size of the crowns of the lower premolars 

Table 27. Comparison between MD sizes of the lower premolar crowns in men and women. 

 Males  Females 

 N Mean SD SE  N Mean SD SE P 

P34MD 121 6.47 0.74 0.11 P34MD 111 6.47 0.63 0.10 1.000 
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P35MD 121 6.37 0.82 0.12 P35MD 111 6.47 0.74 0.11 0.580 

P44MD 121 6.47 0.74 0.11 P44MD 111 6.47 0.63 0.10 1.000 

P45MD 121 6.30 0.83 0.13 P45MD 111 6.37 0.72 0.11 0.679 

The medio-distal sizes of the crowns of the lower first and second premolars in men and women 
did not show statistically significant differences (P> 0.05) between the two sexes. 

4.1.2.8. Vestibulo-oral size of the crowns of the lower premolars 

Table 28. Comparison between VO sizes of the lower premolar crowns in men and women. 

 Males  Females 

 N Mean SD SE  N Mean SD SE P 

P34VО 121 8.70 0.96 0.15 P34VL 111 8.51 0.74 0.11 0.317 

P35VО 121 8.84 0.78 0.12 P35VL 111 8.58 0.70 0.11 0.114 

P44VО 121 8.81 0.88 0.13 P44VL 111 8.51 0.83 0.13 0.104 

P45VО 121 8.88 0.88 0.13 P45VL 111 8.65 0.72 0.11 0.183 

The vestibulo-oral sizes of the crowns of the lower first and second premolars in men and women 
did not show statistically significant differences (P> 0.05) between the two sexes. 

4.1.2.9. Height of the crowns of the lower premolars 

Table 29. Comparison between the height of the crowns of the lower premolars in men and women. 

 Males  Females 

 N Mean SD SE  N Mean SD SE P 

P34H 121 7.16 0.72 0.11 P34H 111 6.47 0.70 0.11 0.001 

P35H 121 6.95 0.75 0.12 P35H 111 6.40 0.69 0.11 0.001 

P44H 121 7.07 0.77 0.12 P44H 111 6.37 0.72 0.11 0.001 

P45H 121 6.79 0.83 0.13 P45H 111 6.28 0.91 0.14 0.008 

The heights (cervico-occlusal dimensions) of the crowns of the lower first and second premolars 
(34, 35, 44, 45) in men and women show statistically significant differences (P <0.05) between the 
two sexes and their mean values in men are statistically significant by -higher than in women. With 
the exception of the lower right second premolar (45), the statistical significance of the others is 
of a high degree of significance. 

4.1.2.10. Medio-distal size of the crowns of the lower molars 

Table 30. Comparison between MD sizes of lower molar crowns in men and women. 

 Males  Females 

 N Mean SD SE  N Mean SD SE P 

M36MD 121 10.79 0.56 0.09 M36MD 111 10.42 0.85 0.13 0.019 
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M37MD 121 10.05 0.62 0.09 M37MD 111 10.02 0.56 0.08 0.855 

M46MD 121 10.77 0.57 0.09 M46MD 111 10.36 0.76 0.12 0.006 

M47MD 121 10.07 0.46 0.07 M47MD 111 10.00 0.53 0.08 0.517 

The medio-distal sizes of the lower molar crowns (36, 46) in men and women show statistically 
significant differences (P <0.05) between the two sexes, with their mean values in men being 
significantly higher than in women. 

The medio-distal sizes of the lower second molar crowns in men and women did not show 
statistically significant differences (P> 0.05) between the two sexes. There is only a tendency for 
their average values to be higher for men than for women. 

4.1.2.11. Vestibulo-oral size of the crowns of the lower molars 

Table31. Comparison between VO sizes of lower molar crowns in men and women. 

 Males  Females 

 N Mean SD SE  N Mean SD SE P 

M36VО 121 10.65 0.72 0.11 M36VL 111 10.05 0.53 0.08 0.001 

M37VО 121 10.28 0.59 0.09 M37VL 111 9.98 0.46 0.07 0.010 

M46VО 121 10.67 0.68 0.10 M46VL 111 10.05 0.49 0.08 0.001 

M47VО 121 10.26 0.54 0.08 M47VL 111 10.00 0.49 0.07 0.023 

The vestibulo-oral sizes of the crowns of the lower first and second molars (36, 37, 46, 47) in men 
and women show statistically significant differences (P <0.05) between the two sexes as in the 
lower first molars (36, 46) the differences are with high degree of significance. Their average 
values are significantly higher in men than in women. 

4.1.2.12. Height of the crowns of the lower molars 

Table 32. Comparison between the height of the crowns of the lower molars in men and women. 

 Males  Females 

 N Mean SD SE  N Mean SD SE P 

M36H 121 6.28 0.63 0.10 M36H 111 5.90 0.53 0.08 0.004 

M37H 121 6.19 0.59 0.09 M37H 111 5.84 0.53 0.08 0.005 

M46H 121 6.23 0.61 0.09 M46H 111 5.83 0.58 0.09 0.003 

M47H 121 6.12 0.63 0.10 M47H 111 5.72 0.59 0.09 0.003 

The heights (cervico-occlusal dimensions) of the crowns of the lower first and second molars (36, 
37, 46, 47) in men and women show statistically significant differences (P <0.05) between the 
sexes and their mean values in men are statistically significant by -higher than in women. 

Diagram 2. Sexual dimorphism in lower teeth. 
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The results we obtained show sexual dimorphism in almost all sizes of dental crowns, as in men 
the average values are higher than in women. These results are consistent with the results obtained 
by Ditch and Rose (1972), who were the first to prove that dental dimensions can be successfully 
used to determine gender. Other authors after them also confirm this - Iscan and Kedici (2003), 
Pettenati - Soubayroux et al. (2002). The conclusions that can be drawn from our study show a 
higher sexual dimorphism in the teeth of the upper jaw. They are consistent with the results 
obtained by Nagpal et al. (2017), who also found greater sexual dimorphism in maxillary teeth. 

The results we obtained show that the highest degree of sexual dimorphism shows the medio-distal 
size of the maxillary canines (9.68%), and the differences between them in men and women are of 
high significance (P <0.001). The results for the upper canines are similar to those of the studies 
of Acharya and Sivapathasundharam (2006), which also reported the most pronounced sexual 
dimorphism in the width of the upper canine teeth (5.93%). 

Krishnamurthy et al. (2011), which examined the size of teeth in the South Indian population, also 
cited the media-distal size of maxillary canine teeth as a sign of the most pronounced sexual 
dimorphism (5.41%), and Lund and Mornstad (1999), who measured the same in the Swedish 
population. According to our results, the medio-distal dimensions of the upper first molars also 
show high sexual dimorphism (7.54%) and the differences between the mean values in men and 
women are again with a high degree of significance. 

This is also confirmed by the results obtained by Narang SR et al. (2015), which studied the 
northern Indian population, as well as Iscan and Kedici (2003), who observed the highest sexual 
dimorphism in the upper first molars (5.24%) in measurements of people from the Turkish 
population. The results are consistent with research by other scientists, Rai et al. (2008), Acharya 
et al. (2008). Next in percentage of sexual dimorphism, according to our study, are the vestibulo-
oral sizes of the lower first molars (6.26%), in which the differences in mean values between men 
and women have a high degree of significance (P <0.001). 

Statistically significant differences in upper teeth between males and females 
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Next in percentage of sexual dimorphism in our study are the medio-distal dimensions of the lower 
canines (5.68%). The lowest percentage of sexual dimorphism in our study showed the medio-
distal size of the lower first molars (3.65%), which is consistent with the study Narang RS (2015). 
According to our results, there are no statistically significant differences between the medio-distal 
and vestibulo-oral sizes of dental crowns in the upper incisors between the two sexes. Our results 
show statistically significant differences in the vestibulo-oral sizes of the dental crowns of the 
lower left lateral incisors, with the mean values being higher this time in women. 

Reverse sexual dimorphism, ie in favor of women, although without statistical significance, has 
been reported by other scientists such as Acharya AB et al. (2007), as well as Prabhu et al. (2009). 
The fact that different populations show sexual dimorphism in different populations proves once 
again that the size of dental crowns is specific to different populations and information is needed 
for each population. In addition, in some studies, the media-distal dimensions of the dental crowns 
showed a higher degree of sexual dimorphism, in others the differences in vestibulo-oral sizes 
were statistically significant, and in others the heights of the crowns. 

For these reasons, it is recommended to measure all sizes of dental crowns. According to the results 
of our study, teeth are a reliable material for determining gender, especially if combined with other 
measurements of the skull. Also, their size is specific to each population. 

4.2. Comparative characteristics between the sizes of the crowns of the upper 
and lower teeth in Bulgarian sites and other populations. 

Table 33. Comparison between MD sizes of the crowns of the upper teeth in Bulgarian and Serbian 
men, where there is a statistically significant difference. 

 Bulgarian males Serbian males 

 N Mean SD N Mean SD P 

C13MD 121 8.72 0.63 101 7.90 0.39 0.001 

M16 МD 121 10.70 0.67 101 10.11 0.66 0.001 

The medio-distal sizes of the crowns of the upper canines and first molars in Bulgarian and Serbian 
men show statistically significant differences (P <0.05) with a high degree of significance. The 
average values for Serbs are lower than for Bulgarians. 

Table 34. Comparison between MD sizes of the crowns of the lower teeth in Bulgarian and Serbian 
men, where there is a statistically significant difference. 

 Bulgarian males Serbian males 

 N Mean SD N Mean SD P 

I41 МD 121 5.16         0.43 101 5.50 0.31 0.001 

I42 МD 121 5.47 0.55 101 6.06 0.37 0.001 

P44 МD 121 6.47 0.74 101 6.94 0.41 0.001 

P45 МD 121 6.37 0.82 101 7.02 0.41 0.001 
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The medio-distal sizes of the crowns of the lower central incisors, lateral incisors, first and second 
premolars in Bulgarian and Serbian men also show statistically significant differences with a high 
degree of significance, but the mean values in Serbs this time are higher than in Bulgarians. 

Table 35. Comparison between MD sizes of the crowns of the upper teeth in Bulgarian and Serbian 
women, where there is a statistically significant difference. 

 Bulgarian females Serbian females 

 N Mean SD N Mean SD P 

C13 МD 111 7.95 0.65 101 7.60 0.51 0.001 

P14 МD 111 6.49 0.67 101 6.85 0.53 0.001 

P15 МD 111 6.40 0.66 101 6.65 0.48 0.012 

The medio-distal sizes of the crowns of the upper canine teeth, first and second premolars in 
Bulgarian and Serbian women also show statistically significant differences, as in canine teeth and 
the first premolars are with a high degree of significance. The average values of the Serbs are 
higher than those of the Bulgarians, with the exception of the canine tooth, which has a higher 
value among the Bulgarians. 

Table 36. Comparison between MD sizes of the crowns of the lower teeth in Bulgarian and Serbian 
women, where there is a statistically significant difference. 

 Bulgarian females Serbian females 

 N Mean SD N Mean SD P 

I41 МD 111 5.14         0.35 101 5.47 0.31 0.000 

I42 МD 111 5.58 0.50 101 6.00 0.35 0.000 

P44 МD 111 6.47 0.63 101 6.84 0.46 0.000 

P45 МD 111 6.37 0.73 101 6.93 0.43 0.000 

The medio-distal sizes of the crowns of the lower central incisors, lateral incisors, first and second 
premolars in Bulgarian and Serbian women also show statistically significant differences with a 
high degree of significance, as the mean values in Serbs are higher than in Bulgarians. 

Diagram 3. Comparison between odontometric dimensions in Bulgarians and Serbs. 
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Table 37. Comparison between MD and VO sizes of the crowns of the upper teeth in Bulgarian 
and Greek men, where there is a statistically significant difference. 

 Bulgarian males Greek males 

 N Mean SD N Mean SD P 

I11 VO 121 6.74 1.18 15 7.42 0.36 0.0297 

I11 VO 121 5.98 0.71 22 6.48 0.51 0.0025 

C13 МD 121 8.72  0.63 32 7.73 0.51 <0.0001 

C13 VO 121 8.02 0.89 32 8.55 0.63 0.0025 

P14 МD 121 6.72 0.59 32 7.03 0.67 0.0184 

P15 МD 121 6.40 0.62 32 6.73 0.43 0.0081 

M16 МD 121 10.70 0.67 32 10.38 0.63 0.0241 

M16 VO 121 10.84 0.53 31 11.34 0.52 <0.0001 

M17 МD 121 10.00 0.53 32 9.64 0.92 0.0104 

M17 VO 121 10.47 0.55 33 11.44 0.71 <0.0001 

The vestibulo-oral sizes of the crowns of the upper central and lateral incisors, canines, first and 
second molars in Bulgarian and Greek men show statistically significant differences (P <0.05), as 
in the first and second molars they have a high degree of significance (P <0.0001). The medio-
distal sizes of the crowns of the upper canines, first and second molars, first and second molars in 
Bulgarian and Greek men also show statistically significant differences, as in canine teeth they 
have a high degree of significance. The mean values of the Greeks are higher than those of the 
Bulgarians, except for the medio-distal sizes of the crowns of the canines, the first and second 
molars, where the Bulgarians show higher mean values. 

Table 38. Comparison between MD and VO sizes of the crowns of the lower teeth in Bulgarian 
and Greek men, where there is a statistically significant difference. 

 Bulgarian males Greek males 

Statistically significant differences between Bulgarians and Serbians 
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 N Mean SD N Mean SD P 

I41 МD 121 5.16         0.43 32 5.35 0.41 0.0372 

I42 МD 121 5.47 0.55 32 5.92 0.56 0.0002 

I42 VO 121 5.63 0.69 30 6.24 0.46 <0.0001 

C43 VO 121 7.33 1.02 32 7.94 0.63 0.0020 

P44 МD 121 6.47 0.74 32 6.97 0.50 0.0008 

P44 VO 121 8.70 0.96 36 7.80 0.59 <0.0001 

P45 МD 121 6.37 0.82 32 7.06 0.56 <0.0001 

P45 VO 121 8.83 0.78 34 8.13 0.67 <0.0001 

M46 VO 121 10.65 0.72 29 10.35 0.38 0.0344 

M47 МD 121 10.05 0.62 32 10.75 0.65 <0.0001 

The medio-distal sizes of the crowns of the lower central and lateral incisors, the first and second 
premolars, as well as the second molars in Bulgarian and Greek men show statistically significant 
differences (P <0.05), and in the second premolars and molars the differences are high degree of 
significance (P <0.0001). Vestibulo-oral sizes in the crowns of the lower lateral incisors, canines, 
first and second premolars, as well as first molars in Bulgarian and Greek men also show average 
statistical differences, as in the lateral incisors, first and second premolars they have a high degree 
of significance. The mean values of the Greeks are higher than those of the Bulgarians, except for 
the vestibulo-oral sizes of the first and second premolars, as well as the first molars, where the 
Bulgarians show higher mean values. 

Table 39. Comparison between MD and VO sizes of the crowns of the upper teeth in Bulgarian 
and Greek women, where there is a statistically significant difference. 

 Bulgarian females Greek females 

 N Mean SD N Mean SD P 

C13 МD 111 7.95 0.65 15 7.26 0.42 <0.0001 

P14 VO 111 9.23 0.57 17 8.43 0.69 <0.0001 

P15 VO 111 9.28         0.50 20 8.73 0.63 <0.0001 

 

The medio-distal sizes of the crowns of the upper canine teeth in Bulgarian and Greek women 
show statistically significant differences with a very high degree of significance (P <0.0001). The 
vestibulo-oral sizes of the crowns of the upper first and second premolars in Bulgarian and Greek 
women also show statistically significant differences with a high degree of significance, as in 
women of the Bulgarian population the values are significantly higher. 

Table 40. Comparison between MD and VO sizes of the crowns of the lower teeth in Bulgarian 
and Greek women, where there is a statistically significant difference. 

 Bulgarian males Greek males 

 N Mean SD N Mean SD P 
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P45 МD 111 6.47 0.74 22 6.88 0.52 0.0161 

P44 VO 111 8.51 0.74 24 7.20 0.71 <0.0001 

P45 VO 111 8.58         0.70 25 7.81 0.57 <0.0001 

M47 VO 111 9.98 0.46 28 9.59 0.54 0.0003 

 

The medio-distal sizes of the crowns of the lower second premolars in Bulgarian and Greek women 
show statistically significant differences (P <0.05). The vestibulo-oral sizes of the crowns of the 
lower first and second premolars, as well as the second molars also show statistically significant 
differences, as in the first and second premolars they are of high significance (P <0.0001). The 
average values of the Greeks are again significantly lower than those of the Bulgarians. The only 
exception is the medio-distal size of the lower second premolars, where the Greeks show higher 
averages. 

Diagram 4. Comparison between odontometric dimensions in Bulgarians and Greeks. 

 

Table 41. Comparison between MD and VO sizes of the crowns of the upper teeth in Bulgarian 
and Spanish men, where there is a statistically significant difference. 

 Bulgarian males Spanish males 

 N Mean SD N Mean SD P 

I11 VO 121 6.74         1.18 24 8.58 1.38 0.001 

I11 МD 121 8.47 0.74 24 7.46 0.80 0.001 

C13 VO 121 8.02 0.87 24 8.53 0.58 0.001 

P14 МD 121 6.72 0.59 24 7.92 0.81 0.001 

Statistically significant differences between Bulgarians and Greeks 
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P15 МD 121 6.40 0.62 24 7.23 0.46 0.001 

M16 МD 121 10.70 0.67 24 11.26 0.50        0.001 

M16 VO 121 10.84 0.53 24 11.56 0.65 0.001 

The vestibulo-oral sizes of the crowns of the upper central incisors, canines and first molars in 
Bulgarian and Spanish men show statistically significant differences (P <0.05), and in all of them 
we have a high degree of significance. The medio-distal sizes of the crowns of the upper central 
incisors, first and second premolars, and first molars also show statistically significant differences 
again with a very high degree of significance. The mean values of the Spaniards are higher than 
those of the Bulgarians, except for the medio-distal size of the central incisor. 

Table 42. Comparison between MD and VO sizes of the crowns of the lower teeth in Bulgarian 
and Spanish men, where there is a statistically significant difference. 

 Bulgarian males Spanish males 

 N Mean SD N Mean SD P 

M46 VO 121 10.65 0.72 24 11.78 0.40 0.001 

The vestibulo-oral sizes of the crowns of the lower first molars in Bulgarian and Spanish 
men show statistically significant differences (P <0.05) with a high degree of significance. The 
average values of the Spaniards are higher compared to the Bulgarians. 

Table43. Comparison between MD and VO sizes of the crowns of the upper teeth in Bulgarian and 
Spanish women, where there is a statistically significant difference. 

 Bulgarian females Spanish females 

 N Mean SD N Mean SD P 

I11 МD 111 8.42         0.59 36 8.87 0.60 0.001 

M14 МD 111 6.49 0.67 36 7.36 0.50 0.001 

M16 МD 111 9.95 0.62 36 10.73 0.52 0.001 

M16 VO 111 10.53 0.59 36 11.23 0.51 0.001 

The vestibulo-oral sizes of the crowns of the upper first molars in Bulgarian and Spanish women 
show statistically significant differences (P <0.05) with a high degree of significance. The medio-
distal sizes of the crowns of the upper central incisors, first premolars and first molars also show 
statistically significant differences with a high degree of significance. The average size values for 
women are also higher for Spaniards compared to Bulgarians. 

Table 44. Comparison between MD and VO sizes of the crowns of the lower teeth in Bulgarian 
and Spanish women, where there is a statistically significant difference. 

 Bulgarian females Spanish females 

 N Mean SD N Mean SD P 

M36 МD 111 10.36 0.76 36 11.35 0.66 0.001 

M36 VO 111 10.05 0.49 36 10.58 0.43 0.001 
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The medio-distal and vestibulo-oral sizes of the crowns of the lower first molars in Bulgarian and 
Spanish women show statistically significant differences (P <0.05) with a high degree of 
significance. The average values of the Spaniards are higher compared to the Bulgarians. 

Diagram 5. Comparison between odontometric dimensions in Bulgarians and Spaniards. 

 

 

Table 45. Comparison between MD and VO sizes of the crowns of the upper teeth in Bulgarian 
and Chilean men, where there is a statistically significant difference. 

 Bulgarian males Chilean males 

 N Mean SD N Mean SD P 

I11 VO 121 6.74         1.18 26 7.68 0.75 0.001 

I11 MD 121 8.47 0.74 26 9.35 0.77 0.001 

I12 VO 121 5.98 0.71 26 6.94 0.73 0.001 

I12 МD 121 6.74 0.69 26 7.52 0.73 0.001 

C13 VO 121 8.02 0.89 26 8.67 0.60 0.001 

C13 МD 121 8.72 0.63 26 8.01 0.47        0.001 

P14 МD 121 6.72 0.59 26 7.83 0.55 0.001 

P15 МD 121 6.40 0.62 26 7.42 0.57 0.001 

M16 VO 121 10.84 0.53 26 11.70 0.75 0.001 

M16 МD 121 10.70 0.67 26 11.45 0.52 0.001 

 

The vestibulo-oral sizes of the crowns of the upper central incisors, lateral incisors, canines and 
first molars in Bulgarian and Chilean men show statistically significant differences (P <0.05), all 

Statistically significant differences between Bulgarians and Spanish 
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of which have a high degree of significance. The medio-distal sizes of the crowns of the upper 
central incisors, lateral incisors, canines, first and second premolars, and first molars also show 
statistically significant differences again with a very high degree of significance. There is a 
tendency for the average values in the Spaniards to be higher than in the Bulgarians, except for the 
medio-distal size of the canine tooth. 

 Bulgarian males Chilean males 

 N Mean SD N Mean SD P 

M36 МD 121 10.79 0.56 28 12.47 0.73 0.001 

M36 VO 121 10.65 0.72 28 11.12 0.75 0.010 

The medio-distal and vestibulo-oral sizes of the crowns of the lower first molars in Bulgarian and 
Chilean men show statistically significant differences (P <0.05). The average values of the 
Chileans are higher compared to the Bulgarians. 

Table 47. Comparison between MD and VO sizes of the crowns of the upper teeth in Bulgarian 
and Chilean women, where there is a statistically significant difference. 

 Bulgarian females Chilean females 

 N Mean SD N Mean SD P 

I11 МD 111 8.42 0.59 52 9.21 0.60 0.001 

I12 VO 111 5.93 0.63 52 6.41 0.74 0.003 

C13 МD 111 7.95 0.65 52 8.64 0.47         0.001 

P14 МD 111 6.49 0.67 52 7.96 0.46 0.001 

P15 МD 111 6.40 0.66 52 7.62 0.40 0.001 

P15 VO 111 9.28 0.50 52 9.58 0.39 0.007 

M16 VO 111 10.53 0.59 52 11.42 0.49 0.001 

M16 МD 111 9.95 0.62 52 11.05 0.46 0.001 

The vestibulo-oral sizes of the crowns of the upper lateral incisors, second premolars and first 
molars in Bulgarian and Chilean women show statistically significant differences (P <0.05), with 
the first molars having a high degree of significance. The medio-distal sizes of the crowns of the 
upper central incisors, canines, first and second premolars, and first molars also show statistically 
significant differences again with a very high degree of significance. The average values for the 
Chileans should be significantly higher than for the Bulgarians. 

Table 48. Comparison between MD and VO sizes of the crowns of the lower teeth in Bulgarian 
and Chilean women, where there is a statistically significant difference. 

 Bulgarian females Chilean females 

 N Mean SD N Mean SD P 

M36 МD 111 10.36 0.76 31 11.99 0.60 0.001 

M36 VO 111 10.05 0.49 31 10.84 0.55 0.001 
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The medio-distal and vestibulo-oral sizes of the crowns of the lower first molars in Bulgarian and 
Chilean women show statistically significant differences (P <0.05) with a high degree of 
significance. The average values of the Chileans are higher compared to the Bulgarians. 

Diagram 6. Comparison between odontometric dimensions in Bulgarians and Chileans 

 

 

Table 49. Comparison between MD and VO sizes of the crowns of the upper teeth in Bulgarian 
and Indian men, where there is a statistically significant difference. 

 Bulgarian males Indian males 

 N Mean SD N Mean SD P 

I11 VO 121 6.74      1.18 51 7.26 0.63 0.007 

I12 VO 121 5.98 0.71 51 6.34 0.47 0.003 

C13 МD 121 8.72 0.63 51 7.65 0.54 0.001 

M16 МD 121 10.70 0.67 51 9.96 0.55 0.001 

M16 VO 121 10.84 0.53 51 11.21 0.62 0.002 

M17 МD 121 10.00 0.53 51 9.43 0.72 0.001 

M17 VO 121 10.47 0.55 51 10.89 0.66 0.001 

The vestibulo-oral sizes of the crowns of the upper central incisors, lateral incisors, first molars 
and second molars in Bulgarian and Indian men show statistically significant differences (P <0.05). 
The average values for Bulgarians are lower. The medio-distal dimensions of the crowns of the 
upper canines, first and second molars also show statistically significant differences with a high 
degree of significance. The average values for Bulgarians are higher. 

Statistically significant differences between Bulgarians and Chileans 
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Table 50. Comparison between MD and VO sizes of the crowns of the lower teeth in Bulgarian 
and Indian men, where there is a statistically significant difference. 

 Bulgarian males Indian males 

П-л N Mean SD N Mean SD P 

I41 VO 121 5.60          0.69 51 5.86 0.43 0.029 

I42 VO 121 5.63 0.69 51 6.10 0.42 0.001 

I42 МD 121 5.47 0.55 51 5.88 0.41 0.001 

P44 VO 121 8.70 0.96 51 7.92 0.54 0.001 

P45 МD 121 6.37 0.82 51 6.82 0.46 0.001 

The vestibulo-oral sizes of the crowns of the lower central incisors, lateral incisors, first premolars 
in Bulgarian and Indian men show statistically significant differences (P <0.05), and in the latter 
two differences are of high significance. The average values of the Bulgarians are lower, except 
for the vestibular-oral size of the first premolar. The medio-distal sizes of the crowns of the lower 
lateral incisors, second premolars also show statistically significant differences, as in the lateral 
incisors we again have a high degree of significance. The average values for Bulgarians are lower. 

Table 51. Comparison between MD and VO sizes of the crowns of the upper teeth in Bulgarian 
and Indian women, where there is a statistically significant difference. 

 Bulgarian females Indian females 

П-л N Mean SD N Mean SD P 

I11 VO 111 6.58         0.79 51 7.06 0.47 0.001 

I12 VO 111 5.93 0.63 51 6.27 0.53 0.005 

C13 МD 111 7.95 0.65 51 7.44 0.40 0.001 

P14 МD 111 6.49 0.67 51 6.77 0.45 0.017 

M16 VO 111 10.53 0.59 51 10.85 0.64 0.013 

The vestibulo-oral sizes of the crowns of the upper central incisors, lateral incisors, first molars in 
Bulgarian and Indian women show statistically significant differences (P <0.05), as in the central 
incisors they are of high significance. The medio-distal sizes of the crowns of the upper canines 
and the first premolars also show statistically significant differences, as in the case of canines they 
have a high degree of significance. The average values in Bulgarians are lower, except for the 
medio-distal size of the dog's teeth. 

Table 52. Comparison between MD and VO sizes of the crowns of the lower teeth in Bulgarian 
and Indian women, where there is a statistically significant difference. 

 Bulgarian females Indian females 

 N Mean SD N Mean SD P 

I42 VO 111 5.83 0.53 51 6.15 0.58 0.008 

C43 VO 111 7.44 0.85 51 7.03 0.51 0.004 

P44 VO 111 8.51 0.83 51 7.79 0.50 0.000 
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P44 МD 111 6.47 0.63 51 6.78 0.46 0.009 

P45 VO 111 8.65 0.72 51 8.28 0.51 0.004 

P45 МD 111 6.37 0.72 51 6.74 0.48 0.003 

The vestibulo-oral sizes of the crowns of the lower lateral incisors, canines, first and second 
premolars in Bulgarian and Indian women show statistically significant differences (P <0.05), and 
in the first premolars the differences are of high significance. The media-distal dimensions of the 
crowns of the lower first and second premolars also show statistically significant differences. The 
average values of the vestibulo-oral sizes of the canines, the first and the second premolars are 
higher for the Bulgarians, for the other sizes the average values for the Indians are higher. 

Diagram 7. Comparison between odontometric dimensions in Bulgarians and Indians 

 

 

Table 53. Comparison between MD and VO sizes of the crowns of the upper teeth in Bulgarian 
and Malaysian men, where there is a statistically significant difference. 

 Bulgarian males Malaysian males 

 N Mean SD N Mean SD P 

I11 МD 121 8.47 0.74 30 8.79 0.42 0.030 

I12 МD 121 6.74 0.69 30 7.14 0.51 0.001 

I12 VО 121 5.98 0.71 30 6.67 0.45 0.001 

C13 МD 121 8.72 0.63 30 8.17 0.44         0.001 

P14 МD 121 6.72 0.59 30 7.51 0.44 0.001 

P15 VО 121 9.42 0.63 30 9.80 0.53 0.008 

P15 МD 121 6.40 0.62 30 7.10 0.43 0.001 

M16 VО 121 10.84 0.53 30 11.61 0.52 0.001 

Statistically significant differences between Bulgarians and Indians 
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M17 МD 121 10.00 0.53 30 10.28 0.50 0.026 

The vestibulo-oral sizes of the crowns of the upper lateral incisors, first premolars and first molars 
in Bulgarian and Malaysian men show statistically significant differences (P <0.05), as in the 
lateral incisors and first molars we have a high degree of significance. 

The media-distal sizes of the crowns of the upper central incisors, lateral incisors, canines, first 
and second premolars, and second molars also show statistically significant differences again with 
a very high degree of significance, except for the central incisors and second molars. The average 
values in Malaysians are significantly higher than in Bulgarians, except for the medio-distal 
dimensions in canine teeth. 

Table 54. Comparison between MD and VO sizes of lower tooth crowns in Bulgarian and 
Malaysian men, where there is a statistically significant difference. 

 Bulgarian males Malaysian males 

 N Mean SD N Mean SD P 

I41 МD 121 5.16 0.43 30 5.55 0.32 0.001 

I41 VО 121 5.56 0.70 30 5.98 0.35 0.003 

I42 МD 121 5.51 0.55 30 6.11 0.35 0.001 

I42 VО 121 5.72 0.63 30 6.25 0.38 0.001 

C43 МD 121 6.88 0.85 30 7.13 0.40 0.001 

P44 МD 121 6.47 0.74 30 7.42 0.40 0.001 

P44 VО 121 8.81 0.88 30 8.32 0.50 0.008 

P45 МD 121 6.30 0.83 30 7.43 0.42 0.001 

M46 МD 121 10.77 0.57 30 11.56 0.54 0.001 

M46 VО 121 10.67 0.68 30 11.04 0.48 0.001 

M47 МD 121 10.07 0.46 30 10.64 0.50 0.001 

M47 VО 121 10.26 0.54 30 10.78 0.50 0.001 

The vestibulo-oral sizes of the crowns of the upper central incisors, lateral incisors, first premolars, 
first and second molars in Bulgarian and Malaysian men show statistically significant differences 
(P <0.05) of very high significance, except for the central incisor . The medio-distal sizes of the 
crowns of the upper central incisors, lateral incisors, canines, first and second premolars, and first 
and second molars also show statistically significant differences again with a very high degree of 
significance. The average values of the Malaysians are significantly higher than those of the 
Bulgarians, except for the vestibulo-oral dimensions of the first premolars, where the values of the 
Bulgarians are higher. 

Table 55. Comparison between MD and VO sizes of the crowns of the upper teeth in Bulgarian 
and Malaysian women, where there is a statistically significant difference. 

 Bulgarian females Malaysian females 

 N Mean SD N Mean SD P 
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I11 VО 111 6.58 0.79 30 7.10 0.47 0.001 

I12 VО 111 5.93 0.63 30 6.52 0.90 0.001 

P14 МD 111 6.49 0.67 30 7.35 0.42 0.001 

P15 МD 111 6.40 0.66 30 6.94 0.39 0.001 

M16 МD 111 9.95 0.62 30 10.40 0.49 0.001 

M16 VО 111 10.53 0.59 30 11.17 0.51 0.001 

M17 VО 111 10.23 0.57 30 10.93 0.58 0.001 

The vestibulo-oral sizes of the crowns of the upper central and lateral incisors, first and second 
molars in Bulgarian and Malaysian women show statistically significant differences (P <0.05) with 
a high degree of significance. The medio-distal dimensions of the crowns of the upper first and 
second premolars, as well as the first molars, also show statistically significant differences again 
with a very high degree of significance, with the exception of the first molars. The average values 
for Malaysians are significantly higher than for Bulgarians. 

Table 56. Comparison between MD and VO sizes of the crowns of the lower teeth in Bulgarian 
and Malaysian women, where there is a statistically significant difference. 

 Bulgarian females Malaysian females 

 N Mean SD N Mean SD P 

I41 МD 111 5.14 0.35 30 5.43 0.32 0.001 

I42 МD 111 5.51 0.51 30 6.00 0.35 0.001 

I42 VО 111 5.84 0.53 30 6.15 0.34 0.008 

P44 МD 111 6.46 0.63 30 7.26 0.40 0.001 

P44 VО 111 8.51 0.83 30 8.02 0.43 0.004 

P45 МD 111 6.37 0.72 30 7.27 0.43 0.001 

M46 МD 111 10.36 0.76 30 11.20 0.51 0.001 

M46 VО 111 10.05 0.49 30 10.74 0.45 0.001 

M47 VО 111 10.00 0.49 30 10.38 0.47 0.001 

The vestibulo-oral sizes of the crowns of the lower lateral incisors, first premolars, first and second 
molars in Bulgarian and Malaysian women show statistically significant differences (P <0.05) and 
in the first molars it is of very high importance. The medio-distal sizes of the crowns of the lower 
central incisors, lateral incisors, first and second premolars, and first molars also show statistically 
significant differences, again with a very high degree of significance. The average values of the 
Malaysians are significantly higher than those of the Bulgarians, except for the vestibulo-oral 
dimensions of the first premolars, where the values of the Bulgarians are higher. 

Diagram 8. Comparison between odontometric dimensions in Bulgarians and Malaysians. 
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In our study we found statistically significant differences in the size of the teeth between 
Bulgarians and Serbs, Spaniards, Greeks, Chileans, Indians and Malaysians. Variations between 
coronal sizes in different populations are probably due to genetic factors, eating habits, and 
environmental factors. Our results show that there are the least significant differences in tooth size 
between the Bulgarian and Serbian populations. 

What our results show is that the significant differences between Bulgarians and Serbs in the upper 
jaw are much smaller than in the lower jaw. The next population similar to the Bulgarian one is 
the Greek one, with which we are again close in genetic origin and geographical location. It is an 
interesting fact that our results show much more significant differences in men than in women, 
and that in women the differences in vestibulo-oral sizes prevail, as in women of the Bulgarian 
population the values are significantly higher than in the Greek population, unlike other 
populations, where in most cases Bulgarians show lower values. 

The next similar population to the Bulgarian one is the Spanish one. In the comparison between 
Bulgarians and Spaniards we find the exact opposite - the significant differences in the upper jaw 
are much greater than in the lower jaw. The next population in terms of significant differences 
with the Bulgarian one is the Chilean population, followed by the Indian population, and we find 
the most statistically significant differences between Bulgarians and Malaysians, as the average 
values for both women and men are lower among Bulgarians. 

Similar results were found by Suazo et al. (2008) who studied the Chilean population and 
concluded that variations in coronal sizes between populations are due to ethnic factors. For these 
reasons, the standards for tooth sizes vary between different populations, ie. the standards used in 
one population are not applicable to another, so it is necessary to set population-specific values in 
order to make identification based on tooth size possible. 

Statistically significant differences between Bulgarians and Malaysians 
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4.3. Dental and interdental indices 

4.3.1. Dental indices 

4.3.1.1. Comparison between crown modulus and dental crown index in men and women of the 
Bulgarian population 

Table 57. Comparison between the modulus of the crowns of the upper teeth in men and women 

 Males  Females 

 N Mean SD SE  N Mean SD SE P 

CM13 121 8.37 0.62 0.09 CM13 111 7.97 0.49 0.08 0.001 

CM14 121 8.07 0.46 0.07 CM14 111 7.86 0.44 0.07 0.034 

CM16 121 10.77 0.44 0.07 CM16 111 10.24 0.44 0.07 <0.001 

CM17 121 10.23 0.43 0.07 CM17 111 9.90 0.43 0.07 0.016 

The module of the crowns of the upper canines and the first molars shows differences of a high 
degree of significance between men and women of the Bulgarian population. The same for the 
first premolars as well as the second molars shows a statistically significant difference with a low 
degree of significance. The average values for women are lower than for men. 

Table 58. Comparison between the modulus of the crowns of the lower teeth in men and women 

 Males  Females 

 N Mean SD SE  N Mean SD SE P 

CM32 121 5.55 0.47 0.07 C32 111 5.73 0.37 0.06 0.045 

CM36 121 10.72 0.49 0.07 CM36 111 10.23 0.49 0.08 <0.001 

The modulus of the crowns of the lower lateral incisors showed statistically significant differences 
with a low degree of significance, with the mean values being higher in women than in men. The 
same for the lower molars shows differences with a high degree of significance, while in men the 
average values are significantly higher. 

Diagram 9. Comparison of the crown module between men and women of the Bulgarian 
population. 
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Table 59. Comparison between the index of the crowns of the upper teeth in men and women 

 Males  Females 

 N Mean SD SE  N Mean SD SE P 

CI13 121 92.23 10.14 1.55 CI13 111 101.1 14.37 2.19 0.001 

CI16 121 101.69 8.09 1.23 CI16 111 106.16 7.82 1.19 0.011 

The crown index for the upper molars shows differences with a high degree of significance, for 
the upper molars the differences are of low significance. The average values are higher for women 
than for men. 

Table 60. Comparison between the index of the crowns of the lower teeth in men and women. 

 Males  Females 

 N Mean SD SE  N Mean SD SE P 

CI33 121 107.34 17.33 2.64 CI33 111 115.60 17.32 2.64 0.030 

The index of the crowns of the lower canines shows statistically significant differences with a low 
degree of significance, as in the women of the Bulgarian population the average values are higher. 

Diagram 10. Comparison of the crown index between men and women of the Bulgarian 
population. 

Statistically significant differences in crown module between males and 
females 
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4.3.1.2. Comparative characteristic between the average modulus for the crowns of the upper teeth 
and the average index for the crowns of the lower teeth in Bulgarians and other populations. 

Table 61. Comparison between the mean modulus for the crowns of the upper molars in Bulgarians 
and Greeks 

 Bulgarians Greeks  

CM N Mean SD CMUM N Mean SD CMUM P 

CM16 232 10.51 0.52  

10.29 

146 10.68 0.54  

10.48 

 

0.432 CM17 232 10.06 0.65 146 10.25 0.61 

CM26 232 10.49 0.52 146 10.72 0.5 

CM27 232 10.09 0.46 146 10.28 0.54 

The mean modulus of the upper molars in Bulgarians and Greeks did not show statistically 
significant differences (P> 0.05). 

Table 62. Comparison between the mean index for the crowns of the lower molars in 
Bulgarians and Greeks. 

 Bulgarians Greeks  

CI N Mean SD CMUM N Mean SD CILM P 

CI36 232 98.00 8.74  

99.69 

146 93.72 4.74  

94.38 

 

<0.0001 CI37 232 101.24 7.62 146 93.72 5.15 

CI46 232 98.45 8.09 146 94.98 4.91 

CI47 232 101.08 5.90 146 94.93 4.51 

The mean index of the lower molars in Bulgarians and Greeks shows statistically 
significant differences (P <0.0001) with a high degree of significance. The value of the index 
among the Greeks is significantly lower than that among the Bulgarians. 

Table 63. Comparison between the mean modulus for the crowns of the upper molars in 
Bulgarians and Nepalese. 

Statistically significant differences in crown index between males and 
females 
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 Bulgarians Nepalese  

CM N Mean SD CMUM N Mean SD CMUM P 

CM16 232 10.51 0.52  

10.29 

119 10.93 0.51  

10.71 

 

0.504 CM17 232 10.06 0.65 119 10.53 0.61 

CM26 232 10.49 0.52 119 10.87 0.48 

CM27 232 10.09 0.46 119 10.51 0.56 

The mean modulus of the upper molars in Bulgarians and Nepalese did not show 
statistically significant differences (P> 0.05). 

Table 64. Comparison between the mean index for the crowns of the lower molars in 
Bulgarians and Nepalese. 

 Bulgarians Nepalese  

CI N Mean SD CMUM N Mean SD CILM P 

CI36 232 98.00 8.74  

99.69 

119 97.29 4.7  

99.56 

 

0.881 CI37 232 101.24 7.62 119 101.72 5.08 

CI46 232 98.45 8.09 119 97.27 4.65 

CI47 232 101.08 5.90 119 101.94 4.97 

The mean index of the lower molars in Bulgarians and Nepalese does not show statistically 
significant differences (P> 0.05). 

Table 65. Comparison between the mean modulus for the crowns of the upper molars in 
Bulgarians and Indians. 

 Bulgarians Indians  

CM N Mean SD CMUM N Mean SD CMUM P 

CM16 232 10.51 0.52  

10.29 

146 10.91 0.53  

10.73 

 

0.431 CM17 232 10.06 0.65 146 10.58 0.60 

CM26 232 10.49 0.52 146 10.9 0.49 

CM27 232 10.09 0.46 146 10.52 0.57 

The mean modulus of the upper molars in Bulgarians and Indians did not show statistically 
significant differences (P> 0.05). 

Table 66. Comparison between the mean index for the crowns of the lower molars in 
Bulgarians and Indians. 

 Bulgarians Indians  

CI N Mean SD CMUM N Mean SD CILM P 

CI36 232 98.00 8.74  

99.69 

146 96.87 4.8  

98.57 

 

<0.0001 CI37 232 101.24 7.62 146 100.86 5.12 

CI46 232 98.45 8.09 146 96.22 4.83 
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CI47 232 101.08 5.90 146 100.32 4.49 

The mean index of the lower molars in Bulgarians and Indians shows statistically 
significant differences (P <0.0001) with a high degree of significance. The value of the index 
among Indians is significantly lower than that among Bulgarians. 

Table 67. Comparison between the mean modulus for the crowns of the upper molars in 
Bulgarians and Mongols. 

 Bulgarians Mongols  

CM N Mean SD CMUM N Mean SD CMUM P 

CM16 232 10.51 0.52  

10.29 

146 11.02 0.54  

10.85 

 

0.432 CM17 232 10.06 0.65 146 10.69 0.61 

CM26 232 10.49 0.52 146 11.05 0.5 

CM27 232 10.09 0.46 146 10.63 0.54 

The mean modulus of the upper molars in Bulgarians and Mongols did not show 
statistically significant differences (P> 0.05). 

Table 68. Comparison between the mean index for the crowns of the lower molars in Bulgarians 
and Mongols. 

 Bulgarians Mongols  

CI N Mean SD CMUM N Mean SD CILM P 

CI36 232 98.00 8.74  

99.69 

146 97.86 4.74  

99.86 

 

0.835 CI37 232 101.24 7.62 146 101.92 5.15 

CI46 232 98.45 8.09 146 97.8 4.91 

CI47 232 101.08 5.90 146 101.86 4.51 

The mean index of the lower molars in Bulgarians and Mongoloids does not show statistically 
significant differences (P> 0.05). 

Table 69. Comparison between the mean modulus for the crowns of the upper molars in Bulgarians 
and Iranians. 

 Bulgarians Iranians  

CM N Mean SD CMUM N Mean SD CMUM P 

CM16 232 10.51 0.52  

10.29 

146 10.37 0.54  

10.27 

 

0.803 CM17 232 10.06 0.65 146 10.11 0.61 

CM26 232 10.49 0.52 146 10.48 0.5 

CM27 232 10.09 0.46 146 10.13 0.54 

The mean modulus of the upper molars in Bulgarians and Iranians did not show statistically 
significant differences (P> 0.05). 

Table 70. Comparison between the mean index for the crowns of the lower molars in Bulgarians 
and Iranians. 
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 Bulgarians Iranians  

CI N Mean SD CMUM N Mean SD CILM P 

CI36 232 98.00 8.74  

99.69 

146 99.23 4.74  

107.03 

 

<0.0001 CI37 232 101.24 7.62 146 116.8 5.15 

CI46 232 98.45 8.09 146 102.95 4.91 

CI47 232 101.08 5.90 146 109.13 4.51 

The mean index of the lower molars in Bulgarians and Iranians shows statistically 
significant differences (P <0.0001) with a high degree of significance. The value of the index 
among Iranians is significantly higher than that among Bulgarians. 

Table 71. Comparison between the mean modulus for the crowns of the upper moolars in 
Bulgarians and Brazilians. 

 Bulgarians Brazilains  

CM N Mean SD CMUM N Mean SD CMUM P 

CM16 232 10.51 0.52  

10.29 

187 10.84 0.54  

10.57 

 

0.430 CM17 232 10.06 0.65 187 10.41 0.61 

CM26 232 10.49 0.52 187 10.76 0.5 

CM27 232 10.09 0.46 187 10.25 0.54 

The mean modulus of the upper molars in Bulgarians and Brazilians did not show 
statistically significant differences (P> 0.05). 

Table 72. Comparison between the mean index for the crowns of the lower molars in 
Bulgarians and Brazilians. 

 

 

The mean index of the lower molars in Bulgarians and Brazilians shows statistically significant 
differences (P <0.0001) with a high degree of significance. The value of the index for Brazilians 
is significantly lower than that for Bulgarians. 

Diagram 11. Statistically significant differences in the crown index between the Bulgarian 
population and others. 

 Bulgarians Brazilains  

CI N Mean SD CMUM N Mean SD CILM P 

CI36 232 98.00 8.74  

99.69 

187 93.95 4.74  

92.74 

 

<0.0001 CI37 232 101.24 7.62 187 92.18 5.15 

CI46 232 98.45 8.09 187 92.98 4.91 

CI47 232 101.08 5.90 187 91.83 4.51 
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An option that may be useful is the calculation of so-called dental indices. They are obtained from 
mathematical combinations between the linear dimensions of dental crowns. In our study, we 
calculated the crown modulus and crown index for the patients we examined, divided them into 
upper and lower jaw, as well as men and women. The results we obtained were summarized in 
four tables. The results on sexual dimorphism for the crown module are similar to the linear 
measurements of the same teeth, i.e., again canines and molars show the greatest sexual 
dimorphism. The first upper premolar also shows statistically significant differences. It is 
noteworthy that the significant differences in the upper jaw are greater than those in the lower. For 
the lower jaw only in the lateral incisor and the first molar we have significant differences. 
Significant differences between the sexes are much greater when comparing the linear sizes of 
dental crowns, which is most likely due to the fact that we compare individual teeth between men 
and women, without taking into account the relationship between these sizes or with other teeth. 
For this reason, a tooth may not show statistically significant differences in its individual size but 
may contribute to sex determination when its size is examined in combination or in combination 
with other teeth. When calculating the crown index, we found even less statistically significant 
differences between the two sexes. We found these only in the upper and lower canines and upper 
molars, which is unique to our study, given the fact that the lower molars are also teeth with high 
sexual dimorphism. These results call into question the application of the crown index to sex 
determination. According to Kondo and Townsend (2004), this index expresses the percentage of 
one linear size to another, ie the fact that men usually have higher linear dimensions does not mean 
that this will be the case when we take them in combination. In odontology, it is accepted that the 
middle module for the crowns of the upper canines gives the best general characteristic for the 
absolute size of the dentition. Based on its value, the following groups are distinguished: 

• microdontism (x - 10.19) 

Statistically significant differences in crown index between 
Bulgarian and other populations 
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• mesodontism (10.20-10.49) 

• macrodontism (10.50- x) 

The following heading has been entered for the index of the lower canines: 

• dolichodontism (x- 89.9) 

• mesodontism (90,0-99, 9) 

• brachydontism (100.0) 

According to many authors, dental indices can be used to determine the biological relationships 
between populations, as they are an expression of historical, cultural and biological macro and 
micro-evolutionary processes, which would help a fuller understanding of origin, formation, 
contacts, migration. of the population. We calculated the average modulus of the upper canines for 
the people of the Bulgarian population, which is 10.29 and according to which we belong to the 
group of mesodonts. This is not confirmed by the research of Moorrees (1959), according to which 
the western branches of the European race, which include the Bulgarians, have the smallest teeth, 
respectively belong to the group of microdonts. On the other hand, when comparing the average 
index of the lower canines with that of Greeks, Iranians, Brazilians and Indians, we find 
statistically significant differences with a high degree of significance. We do not find such when 
comparing the same index between Bulgarians and Mongols. In accordance with the opinion of 
other scientists (JULIUS A. KIESER, 1990), we believe that the role of genetic factors is of 
paramount importance for dental characteristics, as well as the size of tooth sizes, variations in 
different populations, and human evolution. The concept of the individuality of human dentition, 
which is expressed by different dental phenotypes, is the result of genetic interaction with the 
environment. 

4.3.2. Interdental indices 

4.3.2.1. Interincisive index 

Table 73. Comparison of the incisor index in teeth found on Bulgarian territory during the 
Eneolithic and in modern Bulgarian population. 

 Eneolithic      Current study 

 N Mean  N Mean 

I11MD 98 8.0 I11MD 232 8.44 

I12MD 98 6.5 I12MD 232 6.76 

Incisive index 81.25 % Incisive index 80.09 % 

The interdental index in teeth found on the territory of Bulgaria dating from the Eneolithic is 
81.25%. The same in people from the Bulgarian population studied in the present study is 80.09%. 
There is a decrease in this index, which shows a tendency to reduce the percentage of the lateral 
upper incisor to the central one. 

4.3.2.2. Index of premolars 
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Table 74. Comparison of the index of premolars found on Bulgarian territory during the Eneolithic 
and in modern Bulgarian population. 

 Eneolithic      Current study 

 N Mean  N Mean 

I44MD 98 6.5 I44MD 232 6.46 

I45MD 98 6.8 I45MD      232 6.33 

Premolar index 104.62 % Premolar index 97.99 % 

The index of anterior teeth found on the territory of Bulgaria dating from the Eneolithic is 
104.62%. The same in people from the Bulgarian population studied in the present study is 
97.99%. There is a decrease in this index, which shows a tendency to reduce the percentage of the 
second lower premolar compared to the first one. 

4.3.2.3. Index of the upper molars 

Table 75. Comparison of the index of the upper molars, found on Bulgarian territory during the 
Eneolithic and in modern Bulgarian population. 

 Eneolithic      Current study 

 N Mean  N Mean 

I16MD 98 9.60 I16MD 232 10.32 

I17MD 98 9.30 I17MD   232 9.77 

Upper molar index 96.88 % Upper molar index 94.67 % 

 

The index of the upper molars found on the territory of Bulgaria dating from the Eneolithic is 
96.88%. The same in people from the Bulgarian population studied in the present study is 94.67%. 
There is a decrease in this index, which shows a tendency to reduce the percentage of the second 
upper molar compared to the first one. 

4.3.2.4. Index of the lower molars 

Table 76. Comparison of the index of the lower molars, found on Bulgarian territory during the 
Eneolithic and in modern Bulgarian population. 

 Eneolithic      Current study 

 N Mean  N Mean 

I46MD 98 10.50 I46MD 232 10.56 

I47MD 98 10.10 I47MD   232 10.03 

Lower molar index 96.19 % Lower molar index 94.98 % 

 

The index of the lower molars, found on the territory of Bulgaria dating from the Eneolithic, is 
96.19%. The same in people from the Bulgarian population studied in the present study is 94.98%. 
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There is a decrease in this index, which shows a tendency to reduce the percentage of the second 
lower molar compared to the first one. 

 

 

Diagram 12. Comparison of interdental indices between people of the Eneolithic and modern 
people. 

 

In our study we calculate the interdental indices of objects from the Bulgarian population: the 

interdental index, which shows the percentage of the upper lateral incisor to the upper central one; 

the forearm index, which shows the percentage of the lower second premolar to the lower first 

premolar; the step indices of the molars, which show the percentage of the upper and lower second 

molars to the respective upper and lower first molars. Then we calculate these indices for teeth 

found on the territory of Bulgaria from the Eneolithic (Yordanov J., 1981). When comparing them, 

we find a decrease in the values of these indices in modern man, which confirms the theories of 

reducing tooth size. According to our study, the size of the distal member of each morphological 

tooth group (incisors, premolars and molars) is reduced compared to those of their medial 

neighbors. According to our study, the greatest reduction is in the percentage of the second lower 

premolar to the first, followed by the reduction in the percentage of the lateral upper incisor to the 

central upper incisor. higher than for women (Abadjiev et al., 2017). This is also confirmed by 

Norihisa et al., (2018), according to which a possible reason for this is the simpler morphology of 

the lateral upper incisor, which may make it easier to influence mutations and other factors. 

Comparison of interdental indices between people of Eneolithic and modern 
people 

En. Modern 
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Reduction of the incisal index, ie reduction of the percentage of the lateral incisor to the central 

one, has been found by other researchers such as Brook et al., (2009), and Gungor et al., (2013). 

Endo T. et al., (2004), who studied these ratios in the Japanese, confirmed that the percentage of 

the lateral upper incisor with the central one suffered the greatest reduction. In our study, however, 

the largest reduction is in the percentage of the lower second premolar to the first. Similar results 

were obtained by Norihisa et al., (2018). However, we also find a reduction in the indices of the 

upper and lower molars, which shows a decrease in the percentage of the second upper and lower 

molars compared to the first upper and lower molars, respectively. The reasons are again in human 

evolution. For example, canine teeth in prehistoric man are longer than other teeth, and the second 

molar is the largest tooth in a person's mouth. In modern man, this has changed as the size of the 

dog's teeth has decreased and their level has reached the occlusal surface of other teeth. The size 

of the second molars also decreases and their percentage compared to the first decreases 

significantly, so that in modern man the first molar has the largest size. These processes have been 

described by Haile-Selassie et al., (2001), as well as by Brace et al., (1987). Some authors, such 

as Schwartz et al., (2000), believe that the reasons for this may be in the formation of the human 

chin, which is formed as a result of shortening of the lower jaw and dental arch. This contradicts 

the research of Ichim et al., (2007), according to which the formation of the chin may be due to 

the reduction of perioral muscles, as well as that of the tongue. 

4.3.2.5 Bolton Index 

Comparative characteristics between the Bolton index, studied in Caucasians, Bulgarians and other 
populations. 

Table 77. Comparison between the Bolton index in Caucasians and Bulgarians. 

 Bulgarians Caucasians P 

 N Min Max Mean SD N Min Max Mean SD 

Bolton- ABI 232 61.54 95.65 74.03 6.49 55 74.5 80.4 77.2 1.65 <0.0001 

Bolton- TBI 232 79.17 100.00 87.33 5.18 55 87.5 94.8 91.3 1.91 <0.0001 

The Bolton index for the frontal section in Bulgarians and Caucasians shows statistically 
significant differences with a high degree of significance (P <0.001). The average values of the 
Caucasians are significantly higher compared to the Bulgarians. The same for the whole alveolar 
arches is again much higher in the Caucasians. 

Table 78. Comparison between the Bolton index in Bulgarian and Greek men. 

 Bulgarians Greeks P 
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 N Mean SD N Mean SD 

Bolton- ABI 121 73.59 7.0 32 79,19 5.99 <0.0001 

Bolton- TBI 121 86.53 5.39 32 91.60 4.88 <0.0001 

 

The Bolton index for the frontal area in Bulgarian and Greek men shows statistically significant 
differences with a high degree of significance (P <0.001). The average values of the Greeks are 
significantly higher than those of the Bulgarians. The same highly significant differences are found 
between Bulgarian and Greek men and in the Bolton index for the whole alveolar arches, while in 
the Greeks we again have higher average values. 

Table 79. Comparison between the Bolton index in Bulgarian and Greek women. 

 Bulgarians Greeks P 

 N Mean SD N Mean SD 

Bolton- ABI 111 74.46 5.99 32 79.54 4.8 <0.0001 

Bolton- TBI 111 88.15 4.99 32 92.51 4.52 <0.0001 

The Bolton index for the frontal area in Bulgarian and Greek women also shows statistically 
significant differences with a high degree of significance (P <0.001). The average values of the 
Greeks are significantly higher than those of the Bulgarians. The same highly significant 
differences are found between Bulgarian and Greek women and in the Bolton index for the whole 
alveolar arches, as in the Greeks we again have higher average values. 

Table 80. Comparison between the Bolton index in Bulgarian and Serbian men. 

 Bulgarians Serbians P 

 N Mean SD N Mean SD 

Bolton- ABI 121 73.59 7.0 100 79.60 5.63 <0.0001 

Bolton- TBI 121 86.53 5.39 100 91.98 4.73 <0.0001 

The Bolton index for the frontal area in Bulgarian and Serbian men shows statistically significant 
differences with a high degree of significance (P <0.001). The average values for Serbs are 
significantly higher than for Bulgarians. The same highly significant differences are found between 
Bulgarian and Serbian men and in the Bolton index for whole alveolar arches, while in Serbs we 
again have higher average values. 

Table 81. Comparison between the Bolton index in Bulgarian and Serbian women 

 Bulgarians Serbian P 

Показатели N Mean SD N Mean SD 

Bolton- ABI 111 74.46 5.99 101 79.83 4.92 <0.0001 

Bolton- TBI 111 88.15 4.99 101 91.29 4.43 <0.0001 

The Bolton index for the frontal area in Bulgarian and Serbian women also shows statistically 
significant differences with a high degree of significance (P <0.001). The average values for Serbs 
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are significantly higher than for Bulgarians. The same highly significant differences are found 
between Bulgarian and Serbian women and in the Bolton index for whole alveolar arches, while 
in Serbs we again have higher average values. 

Table 82. Comparison between the Bolton index in Nigerian and Bulgarian men. 

 Bulgarians Nigerians P 

Показатели N Min Max Mean SD N Min Max Mean SD 

Bolton- ABI 121 62.50 95.65 73.59 7.0 376 76.34 82.10 78.22 3.38 <0.0001 

Bolton- TBI 121 79.17 100.00 86.53 5.39 376 89.24 94.12 91.68 2.44 <0.0001 

The Bolton index for the frontal area in Bulgarian and Nigerian men shows statistically significant 
differences (P <0.001) with a high degree of significance. The average values of Nigerians are 
significantly higher than those of Bulgarians. The same for whole alveolar arches is again much 
higher in Nigerians. 

Table 83. Comparison between the Bolton index in Nigerian and Bulgarian women. 

 Bulgarians Nigerians P 

Показатели N Min Max Mean SD N Min Max Mean SD 

Bolton- ABI 111 61.54 85.00 74.46 5.99 376 74.95 82.93 78.94 3.99 <0.0001 

Bolton- TBI 111 80.39 97.62 88.15 4.88 376 89.52 95.38 92.45 2.93 <0.0001 

The Bolton index for the frontal area in Bulgarian and Nigerian women shows statistically 
significant differences (P <0.001) with a high degree of significance. The average values of 
Nigerians are significantly higher than those of Bulgarians. The same for whole alveolar arches is 
again much higher in Nigerians. 

Table 84. Comparison between the Bolton index in Brazilian and Bulgarian men. 

 Bulgarians Brazialians P 

Показатели N Min Max Mean SD N Mean SD 

Bolton- ABI 121 62.50 95.65 73.59 7.0 100 76.74 2.19 <0.0001 

Bolton- TBI 121 79.17 100.00 86.53 5.39 100 89.89 1.63 <0.0001 

The Bolton index for the frontal area in Bulgarian and Brazilian men shows statistically significant 
differences (P <0.001) with a high degree of significance. The average values of the Brazilians are 
significantly higher than the Bulgarians. The same for whole alveolar arches is again much higher 
in Brazilians. 

Table 85. Comparison between the Bolton index in Brazilian and Bulgarian women. 

 Bulgarians Brazialians P 

Показатели N Min Max Mean SD N Mean SD 

Bolton- ABI 111 61.54 85.00 74.46 5.99 100 76.59 2.28  0.0012 

Bolton- TBI 111 80.39 97.62 88.15 4.88 100 90.47 1.63 <0.0001 
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The Bolton index for the frontal area in Bulgarian and Brazilian women shows statistically 
significant differences (P <0.001) with a high degree of significance. The average values of the 
Brazilians are higher compared to the Bulgarians. The same for the whole alveolar arches shows 
statistically significant differences with a high degree of significance (P <0.001), as the average 
values of the Brazilians are higher than those of the Bulgarians. 

Table 86. Comparison between the Bolton index in Iranians and Bulgarians. 

 Bulgarians  Iranians P 

Показатели N Min Max Mean SD N Min Max Mean SD 

Bolton- ABI 232 61.54 95.65 74.03 6.49 50 73.68 84.6 78.00 3.1 <0.0001 

Bolton- TBI 232 79.17 100.00 87.33 5.18 50 88.09 97.05 92.00 2.4 <0.0001 

 

The Bolton index for the frontal area in Bulgarians and Iranians shows statistically significant 
differences (P <0.001) with a high degree of significance. The average values of the Iranians are 
significantly higher than those of the Bulgarians. The same for the whole alveolar arches is again 
much higher in the Iranians. 

Table 87. Comparison between the Bolton index in Thais and Bulgarians. 

 Bulgarians Тhais P 

Показатели N Min Max Mean SD N Min Max Mean SD 

Bolton- ABI 232 61.54 95.65 74.03 6.49 37 72.9 83.8 77.09 2.18 <0.0001 

Bolton- TBI 232 79.17 100.00 87.33 5.18 37 87.0 93.8 91.66 1.74 <0.0001 

The Bolton index for the frontal area in Bulgarians and Thais shows statistically significant 
differences (P <0.001) with a high degree of significance. The average values of the Thais are 
significantly higher than the Bulgarians. The same for whole alveolar arches is again much higher 
in Thais. 

Table 88. Comparison between Bolton index in men and women of the Bulgarian population. 

 

 Bulgarian males Bulgarian females P 

 N Min Max Mean SD N Min Max Mean SD 

Bolton- ABI 121 62.50 95.65 73.59 7.0 111 61.54 85.00 74.46 5.99  0.538 

Bolton- TBI 121 79.17 100.00 86.53 5.39 111 8039 97.62 88.15 4.88 0.149 

 

The Bolton index for the front teeth, as well as for all teeth in men and women of the Bulgarian 
population does not show statistically significant differences (P> 0.05). The average values in 
women are higher than in men. 

Diagram 13. Comparison of the Bolton index between Bulgarian and other populations. 
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There is much evidence, however, that populations differ in both tooth size and interalveolar 
relationships. Different relationships can be expected, not only due to the specifics of individual 
populations, but also due to sexual dimorphism. Considering ethnic, racial, population and gender 
factors, the question arises as to whether the Bolton Index is applicable everywhere. In our study 
we measured the medio-distal teeth of 86 women and 83 men from Southern Bulgaria who did not 
have deviations in the bite (Angle class I). We calculated the Bolton index for the frontal section 
- 74.03% and for the entire dental arches - 87.33%. We have a statistically significant difference 
in both values, which has a high degree of significance, as the values of the Bolton index measured 
by it in the Caucasians are significantly higher. These results give us reason to assume that the 
Bolton index is not applicable to Bulgarians, which requires the calculation of specific values for 
our population. Similar results were obtained by Oyeyemi et al., (2013), who calculated the Bolton 
index in 376 people in the Nigerian population and found that Nigerians had significantly higher 
values, which also concluded that the Bolton index was inapplicable in the Nigerians. Smith et al., 
(2000) compared the index values between black and white people and Latinos. The results they 
report are that the values of people of negro race are the highest (93.4%), followed by those of 
Latinos (93.1%) and the lowest of people of Caucasian race (92.3%). This is confirmed by our 
study, according to which the values of Bulgarians are significantly lower than those of Nigerians. 
When comparing the index for Bulgarians and Greeks, we find that both men and women have 
statistically significant differences, as the values of Greeks are higher than those of Bulgarians. 
We get the same results when comparing the index for Bulgarians and Serbs, as again the average 
values for Serbs for both men and women are higher. In contrast to our study, Freire et al., (2007), 
who calculated the Bolton index in Brazilians, reported that there was no statistically significant 
difference between their values and those of Bolton for either the frontal area or the entire dental 
arch. The same results reported by Mirzakouchaki et al., (2007) found no significant differences 
between the Bolton index and the Iranian index. The Bolton index is also applicable to Thais, as 
according to studies by Manopatanakul et al., (2011) the values of their calculated index for the 
Thai population are close to the original Bolton values. In our study, we compared the Bolton 

Comparison of Bolton index between Bulgarian and other populations 
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index, which we calculated for people in the Bulgarian population, with that found by the above 
scientists for their populations and found statistically significant differences with all three 
populations: Brazilians, Iranians and Thais. The differences are of a very high degree of 
significance as the values of the people from the Bulgarian population are significantly lower 
(<0.0001). An exception is the value of the Bolton index for the frontal area, measured for women 
in the Brazilian population, where again we have a significant difference in favor of Brazilians, 
but it is moderate (0.0012). Many scientists report that teeth in men are larger than in women 
(Bishara SE et al., 1989). One of the teeth with the highest sexual dimorphism are the canines and 
molars, which is confirmed by our results. Lavelle (1972) compared the size of teeth in men and 
women and reported that they were larger in men, but when comparing the Bolton index between 
the two sexes found no statistically significant difference. Richardson and Malhotra (1975) found 
that North American men had larger teeth than women, but again there was no statistically 
significant difference between the sexes when comparing the Bolton Index. The results of Al-
Tamimi and Hashim (2005), who studied people from Saudi Arabia, are similar. A statistically 
significant difference between the two sexes in the comparison of the Bolton index was not found 
by O’Mahony et al. (2011) who studied people from the Irish population. We find similar results, 
namely - there is no statistically significant difference in the comparison of the Bolton index 
measured in the frontal area, and for the entire dental arches between men and women from 
southern Bulgaria. The average values for women are slightly higher than for men, but in our 
opinion a sign of sexual dimorphism is not found in this index. This gives us reason to assume that 
the probability of gender differences in the ratio between the size of the teeth of the upper and 
lower jaw is not proportional to the absolute tooth size, which can be explained by differences in 
embryonic development of the jaws on the one hand and on the other hand.On the other hand 
Oyeyemi et al. (2013) also reported higher values of the Bolton index in women compared to men 
in the Nigerian population, but found that there was a statistically significant difference between 
the two sexes. 

Diverse results in this direction once again prove the influence of genetic, ethnic and 
environmental factors. 

V. CONCLUSIONS 
5.1. Sexual dimorphism 

5.1.1. Upper jaw 

5.1.1.1. Statistically significant differences between the two sexes are found in the height of the 
crowns of the upper central and lateral incisors (11, 12, 21, 22) and the size of their mean values 
is in favor of men. 

5.1.1.2. Statistically significant differences between men and women are found in the height and 
in the medio-distal sizes of the crowns of the upper canines (13, 23) and they have a high degree 
of significance. The size of their averages is again in favor of men. 

5.1.1.3. The height of the crowns of the upper premolars (14, 15, 24, 25) also shows statistically 
significant differences as their average values in men are higher than those in women. 
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5.1.1.4. In the height, medio-distal size and vestibulo-oral size of the crowns of the upper first 
molars (16, 26), as well as in the height of the upper right second molar (17), we find statistically 
significant differences. Their average values are higher for men than for women. 

5.1.2. Lower jaw 

5.1.2.1. We found statistically significant differences between the vestibulo-oral sizes of the 
crowns of the lower left lateral incisors (32) in men and women, with their mean values being 
higher in women than in men. 

5.1.2.2. Statistically significant differences between the two sexes are found in the media-distal 
sizes of the crowns of the lower canines (33, 43) again in favor of men. 

5.1.2.3. We find statistically significant differences between the two sexes in the height of the 
crowns of the lower premolars (34, 35, 44, 45) and in the first premolars (34, 44) these differences 
are of high significance. The average values are significantly higher in men than in women. 

5.1.2.4. The height, medio-distal and vestibulo-oral sizes of the lower first molar crowns (36,46) 
also show statistically significant differences, with the mean values in men being higher than in 
women. We have similar differences in the height and vestibulo-oral dimensions of the lower 
second molars (37, 47) again in favor of men. 

5.2. Population specificity 

5.2.1. When comparing the teeth of the upper and lower jaw between Bulgarians and Serbs, we 
find that Bulgarian men have significantly higher values in MD sizes of the upper canines and first 
molars, but lower values in the lower incisors, as well as lower first and second premolars. 
Significant differences are also found in women, as Bulgarian women have lower MD sizes of the 
upper and lower premolars, as well as the lower incisors. The average values in Bulgarian women 
are higher in MD size of the upper canine teeth. 

5.2.2. When comparing the sizes of the crowns of the upper and lower teeth between Bulgarians 
and Greeks, we find a much larger number of statistically significant differences in men than in 
women. In men for the upper jaw they are 10 in number. In Greek men we find significantly higher 
values for the following parameters: IN sizes of the upper incisors, canines, molars; MD 
dimensions of the premolars. In Bulgarians the following parameters are significantly higher: HE 
of the upper canines, MD of the molars. In the lower jaw, Greek men have higher parameters in: 
VO of the lateral incisor, canine tooth; MD of the two incisors, the premolars, the second molar, 
and the Bulgarian men in HE: the premolars and the first molar. In Bulgarian and Greek women, 
the significant differences in the size of the upper teeth are only 3: HE of the premolars; MD on 
canine teeth. The three sizes are larger for Bulgarian women. In the teeth of the lower jaw we find 
the following significant differences: IN the first premolar, larger in Bulgarian women; MD of the 
second premolar, larger in Greek women. 

5.2.3. When comparing teeth between Bulgarians and Spaniards, we again find statistically 
significant differences, but unlike Serbs, they are much more in the upper jaw for both sexes than 
the differences in the lower jaw, and such a result has not been found in other studies. In Bulgarian 
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men we have significantly lower average values of MD sizes of the upper central incisors, 
premolars, first molars, as well as VO sizes of the central incisors, canines and first molars; in the 
case of the lower jaw only in the VO size of the first molar: the values of the MD size of the lower 
central incisor are higher. In women, statistically significant differences in the upper jaw are again 
greater than in the lower jaw, Bulgarian women have lower values in MD size of the central 
incisors, first premolars and molars, as well as VO sizes in the first molar, for lower jaw are in MD 
and in the size of the first molar. 

5.2.4. Significant differences are found in the comparison between the teeth of Bulgarians and 
Chileans, as for the upper jaw for both sexes they are much more than those in the lower jaw. In 
Bulgarian men we find lower values for the upper jaw in MD and HE sizes of incisors, canines 
and first molars, MD sizes of the premolars, for lower jaw MD and HE sizes of the first molars. 
Bulgarians have higher values only in MD sizes of the upper canines. In Bulgarian women we 
again have lower values for the upper jaw: MD sizes of the central incisors, canines, premolars, 
first molars, as well as VO sizes of the lateral incisors, second premolars, first molars, for lower 
jaw MD and VO sizes of the first molars. 

5.2.5. A large number of statistically significant differences are found when comparing the teeth 
of the upper and lower jaw between Bulgarians and Indians for both sexes. In Bulgarian men, the 
average values for the upper jaw in VO sizes of incisors, molars, as well as MD sizes of molars, 
and for lower - VO sizes of incisors, first molars, MD sizes of lateral incisors and second 
premolars, are lower. Exceptions are MD size of the upper canines and molars and VO size of the 
lower first premolars, where Indians have lower values. The Bulgarian women show lower average 
values for the upper jaw in VO sizes of incisors and first molars and MD sizes of canines and first 
premolars, and for lower - in VO size of lateral incisors, canines, premolars and MD sizes of 
molars. Indians have lower values of MD size of the upper canine teeth, as well as VO size of the 
lower canine teeth and premolars. 

5.2.6. We find a large number of statistically significant differences in the comparison of teeth 
between Bulgarians and Malaysians in both jaws for both sexes. Bulgarian men for the upper jaw 
show lower values in MD sizes of incisors, canines, premolars, second molars, as well as VO sizes 
of lateral incisors, first premolars and molars, and for lower - in MD sizes of all teeth, as well as 
In the sizes of all teeth, except for the canine teeth and the second premolars, where we do not find 
differences with a high degree of significance. Malaysians have lower values for MD size of the 
upper canines, as well as VO size of the lower first premolars. Bulgarian women have significantly 
lower values for the upper jaw in VO sizes of incisors and molars, as well as MD sizes of premolars 
and first molars, for lower jaw - MD sizes of all teeth without second molar, and VO sizes of lateral 
incisors, first premolars and molars. Malaysians have lower values at VO size of the lower first 
premolars. 

5.3. Dental and interdental indices 

5.3.1. Dental indices 

5.3.1.1. When comparing the modulus of crowns for upper and lower teeth between men and 
women of the Bulgarian population, our results show statistically significant differences with a 
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high degree of significance for the upper canines, upper and lower first molars and in men the 
average values are significantly higher. Statistically significant differences are also shown by the 
crown modules of the upper first premolars, upper second molars, and lower lateral incisors, with 
mean values for men again higher, except for lateral incisors, where women show higher mean 
values. 

5.3.1.2. The crown index for the upper and lower teeth in men and women of the Bulgarian 
population shows statistically significant differences only in the upper and lower canines, as well 
as the upper molars. The average values for women are higher than for men. 

5.3.1.3. When comparing the average module for upper canines between Bulgarians and Indians, 
Mongols, Iranians, Brazilians and Greeks, as well as the average index for lower canines between 
Bulgarians and Mongols, our results do not show statistically significant differences between these 
populations (P> 0.05). 

5.3.1.4. Statistically significant differences with a high degree of significance were found when 
comparing the average index of the lower canines between Bulgarians and Indians, Iranians, 
Brazilians and Greeks (P <0.0001). The average values of the Bulgarians were significantly higher. 

5.3.2. Interdental indices 

5.3.2.1. Interdental index, anterior tooth index, upper and lower molar index. 

5.3.2.1.1. We find a decrease in the percentage of the lateral to the central incisor of the teeth of 
people from the Bulgarian population compared to those dating from the Eneolithic in Bulgaria. 
Reduction of the percentage is also found in the upper and lower second molars compared to the 
first ones. The largest reduction in the percentage (by more than 6%) is found in the lower second 
premolars compared to the first ones. 

5.3.2.2. Bolton Index 

5.3.2.2.1. When comparing the Bolton index in men and women of the Bulgarian population, we 
do not find statistically significant differences either in the frontal area or in the entire dental 
arches. 

5.3.2.2.2. We find statistically significant differences when comparing the Bolton index for front 
teeth between Bulgarians and Caucasians, Greeks, Serbs, Nigerians, Brazilians, Iranians and Thais 
in both men and women. We find the same in the Bolton index for whole alveolar arches. The 
differences have a very high degree of significance and are significantly lower for Bulgarians. 
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VI. CONTRIBUTIONS OF THE DISSERTATION 
Original 

1. A detailed anthropological status of the clinical crowns of the Bulgarian population has been 
determined. This allows to create a modern database on the parameters of the clinical crowns of 
the Bulgarian population in theoretical and practical aspects for application in anthropology, 
orthodontics, therapeutic dentistry, forensic medicine, archeology and others. 

2. Determining the characteristic features of the manifestation of sexual dimorphism in dental 
crowns in the Bulgarian population / crown height, vestibulo-oral and medio-distal size / 

3. Comparison of the parameters of the clinical crowns of the teeth between the Bulgarian 
population and other nations. 

4. Calculation of dental indices (module and crown index) of modern Bulgarians, their gender 
comparison and their comparison with those of other nations. 

5. Calculation of interdental indices (interdental index, anterior tooth index, step indices, Bolton 
index) for the Bulgarian population, gender comparison, comparison of their values with those of 
other peoples and people of the Eneolithic, and their application in anthropology , forensic 
medicine, archeology, dentistry. 

Affirmative 

1. The conclusions of other researchers for the presence of sexual dimorphism in the parameters 
of clinical crowns characteristic of the European race are confirmed. 

2. Confirmation of some peculiarities in the manifestation of sexual dimorphism in the crowns of 
the teeth characteristic of the southern / Mediterranean type / of the European race. 

3. Confirmation and supplementation of data on trends in the development of human dentition 
from the Eneolithic to the present day. 

4. Confirmation of the need for renewal or derivation of normative values for the dentition of 
Bulgarians due to differences with the parameters and indices accepted as norms indicated in the 
literature. 
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