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Supplementary information 

 

 

Supplementary Figure S1. Age-related changes in the frequency of observed dental codes 

across all radiographs in the training set 

A description of the dental codes is provided in Table 2. Code V was excluded from the 

regression analysis due to the multicollinearity problem. 
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(a) Code V
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(b) Code X
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Supplementary Figure S2. Age and sex distribution of each dataset 

M radiographs of males, F radiographs of females, Tr training set, Te test set 
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Supplementary Table S1. Comparison of the number of dental codes between sexes by age 

group according to the Mann–Whitney U test 

Age group 

(years) 

P-value 

V X T F P L 

20s 0.017* 0.303 0.686 0.254 0.171 0.308 

30s 0.002** 0.008** 0.139 0.138 0.361 0.627 

40s 0.988 0.767 0.230 0.012* 0.018* 0.040* 

50s 0.135 0.050 0.398 0.154 0.012* 0.005** 

60s 0.605 0.068 0.080 <0.001** 0.955 0.010* 

70s 0.188 0.804 0.877 0.030* 0.327 0.171 

80s 0.795 0.713 0.295 0.909 0.852 0.728 

Total 0.211 0.840 0.789 <0.001** 0.504 0.030* 

*P < 0.05, **P < 0.01. P values below 0.05 indicate a statistically significant difference in the 

number of dental codes between the sexes. A description of the dental codes is provided in 

Table 2. 

 

  



Supplementary Table S2. Comparison of the number of dental codes between the left and 

right sides in each sex and for the entire sample population by age group using the Wilcoxon 

signed-rank test 

Age group 

(years) 

P-values for the male population 

V X T F P L 

20s 0.859 0.153 0.901 0.576 0.995 0.405 

30s 0.819 0.883 0.759 0.981 0.998 0.893 

40s 0.942 0.375 0.698 0.789 0.178 0.858 

50s 0.358 0.095 0.101 0.733 0.907 0.766 

60s 0.098 0.577 0.710 0.090 0.431 0.944 

70s 0.110 0.266 0.934 0.201 0.635 0.564 

80s 0.668 0.774 0.763 0.392 0.097 0.491 

Total 0.161 0.308 0.349 0.126 0.274 0.748 

Age group 

(years) 

P-values for the female population 

V X T F P L 

20s 0.052 0.317 0.721 0.049* 0.370 0.655 

30s 0.817 0.782 0.410 0.079 0.107 0.861 

40s 0.004** 0.093 0.159 0.002** 0.506 0.433 

50s 0.237 0.364 0.578 0.170 0.873 0.917 

60s 0.194 0.751 0.942 0.764 0.626 0.912 

70s 0.083 0.709 0.726 0.722 0.062 0.472 

80s 0.775 0.534 0.162 0.748 0.416 0.461 

Total 0.970 0.928 0.441 0.085 0.129 0.404 

Age group 

(years) 

P-value for the entire sample population 

V X T F P L 

20s 0.127 0.087 0.864 0.076 0.505 0.637 

30s 0.735 0.992 0.717 0.210 0.277 0.822 

40s 0.034* 0.705 0.482 0.036* 0.552 0.524 

50s 0.858 0.580 0.409 0.202 0.987 0.858 

60s 0.039* 0.813 0.752 0.173 0.370 0.854 

70s 0.019* 0.306 0.763 0.282 0.300 0.942 

80s 0.621 0.509 0.230 0.729 0.081 0.990 

Total 0.301 0.478 0.901 0.814 0.796 0.780 

*P < 0.05, **P < 0.01. P values below 0.05 indicate a statistically significant difference in the 

number of dental codes between the left and right sides. A description of the dental codes is 

provided in Table 2. 

  



Supplementary Table S3. Comparison of the number of dental codes between the upper and 

lower jaws in each sex and for the entire sample population by age group using the Wilcoxon 

signed-rank test 

Age group 

(years) 

P-value for the male population 

V X T F P L 

20s 0.396 0.007** 0.153 0.021* 0.212 0.739 

30s 0.055 0.075 0.003** 0.89 0.016* 0.976 

40s <0.001** 0.859 0.002** 0.101 0.056 0.749 

50s <0.001** 0.099 0.969 0.152 0.012* 0.272 

60s <0.001** <0.001** 0.33 0.451 0.149 0.691 

70s <0.001** 0.001** 0.599 0.245 <0.001** 0.041* 

80s <0.001** 0.217 0.219 0.018* 0.105 0.493 

Total <0.001** <0.001** <0.001** 0.060 <0.001** 0.162 

Age group 

(years) 

P-value for the female population 

V X T F P L 

20s 0.022* 0.013* 0.003** 0.832 0.006** 0.096 

30s <0.001** 0.012* 0.092 0.012* 0.087 0.884 

40s <0.001** 0.226 0.021* 0.006** 0.134 0.516 

50s <0.001** 0.245 0.040* 0.036* 0.175 0.312 

60s <0.001** 0.197 0.032* <0.001** 0.744 0.299 

70s <0.001** <0.001** 0.833 0.089 0.600 0.829 

80s <0.001** 0.042* 0.106 0.520 0.529 0.454 

Total <0.001** <0.001** <0.001** <0.001** 0.148 0.249 

Age group 

(years) 

P-value for the entire sample population 

V X T F P L 

20s <0.001** <0.001** 0.002** 0.126 0.004** 0.157 

30s <0.001** 0.003** 0.001** 0.063 0.003** 0.928 

40s <0.001** 0.359 <0.001** 0.002** 0.016* 0.897 

50s <0.001** 0.044* 0.147 0.011* 0.006** 0.815 

60s <0.001** <0.001** 0.027* <0.001** 0.193 0.723 

70s <0.001** <0.001** 0.601 0.039* 0.035* 0.299 

80s <0.001** 0.024* 0.045* 0.032* 0.500 0.977 

Total <0.001** <0.001** <0.001** <0.001** <0.001** 0.820 

*P < 0.05, **P < 0.01. P values below 0.05 indicate a statistically significant difference in the 

number of dental codes between the upper and lower jaws. A description of the dental codes 

is provided in Table 2. 



Supplementary Table S4. Frequency of dental codes in the training set for each sex 

Age group 

(years) 

Percentages (number of dental codes in male radiographs) 

V X T F P L 

20s 82.2 (3338) 2.3 (92) 2.6 (107) 12.8 (519) 2.6 (105) 0.3 (11) 

30s 74.6 (3027) 2.1 (85) 6.0 (242) 15.4 (626) 8.0 (326) 0.7 (30) 

40s 63.1 (2560) 3.5 (140) 9.1 (371) 17.2 (697) 16.6 (674) 3.1 (127) 

50s 57.6 (2338) 6.2 (251) 9.1 (368) 14.2 (575) 23.9 (970) 6.5 (263) 

60s 49.3 (2000) 13.5 (547) 7.9 (319) 8.3 (337) 31.1 (1263) 12.4 (503) 

70s 39.6 (1609) 21.8 (883) 10.2 (413) 6.3 (255) 34.1 (1383) 9.3 (376) 

80s 21.5 (871) 40.7 (1653) 10.7 (433) 5.6 (226) 33.6 (1365) 6.2 (251) 

Total 55.4 (15743) 12.8 (3651) 7.9 (2253) 11.4 (3235) 21.4 (6086) 5.5 (1561) 

Age group 

(years) 

Percentages (number of dental codes in female radiographs) 

V X T F P L 

20s 79.1 (3210) 3.3 (132) 2.8 (114) 14.2 (575) 3.4 (136) 0.2 (7) 

30s 69.5 (2823) 4.4 (177) 7.0 (283) 17.5 (711) 8.2 (334) 0.8 (33) 

40s 63.1 (2560) 3.2 (131) 7.6 (310) 20.5 (831) 13.2 (535) 1.7 (69) 

50s 60.8 (2467) 4.5 (184) 8.7 (351) 15.7 (638) 19.7 (800) 3.9 (157) 

60s 51.3 (2084) 9.3 (378) 10.0 (404) 11.8 (478) 30.6 (1242) 8.3 (337) 

70s 36.3 (1473) 21.4 (868) 9.7 (392) 8.6 (350) 37.0 (1500) 12.4 (503) 

80s 22.0 (893) 42.0 (1703) 8.9 (361) 5.3 (215) 33.0 (1341) 5.7 (232) 

Total 54.6 (15510) 12.6 (3573) 7.8 (2215) 13.4 (3798) 20.7 (5888) 4.7 (1338) 

A description of the dental codes is provided in Table 2. Percentage represents the proportion 

of observations of each code relative to the total number of codes observed in each age group. 

  



Supplementary Table S5. Spearman correlation coefficients between the number of dental 

codes and chronological age in the training set for each sex 

Age group 

(years) 

Spearman correlation coefficient in male population 

V X T F P L 

20s -0.057 0.018 0.098 0.011 0.166* -0.076 

30s -0.173* -0.010 0.146 0.095 0.196* 0.243** 

40s 0.117 -0.025 -0.241** -0.069 -0.019 0.035 

50s -0.128 0.149 0.043 -0.056 0.127 -0.022 

60s -0.177* 0.169* -0.070 -0.051 0.156 0.183* 

70s -0.350** 0.233** 0.081 0.015 0.054 -0.129 

80s -0.059 0.134 -0.021 -0.113 -0.082 -0.067 

Total -0.734** 0.630** 0.267** -0.375** 0.615** 0.354** 

Age group 

(years) 

Spearman correlation coefficient in female population 

V X T F P L 

20s -0.160 0.098 -0.005 0.145 0.012 0.189* 

30s -0.176* -0.077 0.187* 0.172* 0.176* 0.059 

40s 0.049 -0.143 0.002 0.023 -0.057 0.051 

50s -0.024 0.071 -0.019 -0.064 -0.002 -0.037 

60s -0.193* 0.206* 0.182* -0.113 0.226** 0.102 

70s -0.083 0.153 -0.099 -0.069 -0.074 -0.230** 

80s -0.159 0.217** -0.140 -0.059 -0.200* -0.216** 

Total -0.720** 0.572** 0.247** -0.369** 0.623** 0.369** 

*P < 0.05, **P < 0.01. A description of the dental codes is provided in Table 2. 

  



Supplementary Table S6. Regression coefficients, intercepts, and performance of developed model for each sex 

 Regression coefficient in male population 
Intercept 

Training set Test set 
Adj. R2 

Model X T F P L RMSE MAE RMSE MAE 

 (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) 

Model 1 1.586** 0.211 0.197 1.712** -0.013 37.997 13.482 11.111 15.616 12.702 0.535 

 (0.156) (0.448) (0.301) (0.249) (0.422) (1.902) (0.132) (0.122) (0.380) (0.341) (0.042) 

Model 2 2.854** 0.260 -0.122 2.457** 0.355 37.118 13.147 10.621 15.222 12.260 0.558 

 (0.240) (0.604) (0.345) (0.361) (0.512) (2.022) (0.141) (0.124) (0.398) (0.339) (0.040) 

Model 3 5.196** -0.078 0.435 4.041** 0.515 38.468 14.048 11.427 16.034 12.895 0.496 

 (0.440) (1.003) (0.611) (0.602) (0.855) (1.861) (0.148) (0.130) (0.421) (0.358) (0.043) 

Model 4 4.947** 1.016 -1.067** 3.054** 1.721** 42.864 14.660 11.980 16.473 13.286 0.451 

 (0.519) (1.031) (0.659) (0.690) (0.984) (2.045) (0.148) (0.135) (0.396) (0.366) (0.036) 

 Regression coefficient in female population 
Intercept 

Training set Test set 
Adj. R2 

Model X T F P L RMSE MAE RMSE MAE 

 (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) 

Model 1 1.669** -0.251 0.336* 2.129** 0.005 36.062 12.903 10.634 16.046 12.978 0.583 

 (0.148) (0.456) (0.273) (0.241) (0.424) (1.971) (0.124) (0.450) (0.434) (1.400) (0.039) 

Model 2 2.932** -0.392 0.334* 2.820** 0.310 34.709 13.096 10.649 16.053 12.945 0.570 

 (0.241) (0.605) (0.323) (0.354) (0.534) (2.190) (0.136) (0.470) (0.442) (1.408) (0.040) 

Model 3 5.319** 0.199 0.713** 3.943** 1.637** 37.556 14.481 11.944 16.828 13.366 0.475 

 (0.476) (1.039) (0.580) (0.665) (0.985) (2.112) (0.143) (0.505) (0.434) (1.517) (0.044) 

Model 4 5.306** -0.301 0.329 4.095** 1.247** 38.548 14.212 11.502 16.649 13.680 0.494 

 (0.506) (1.022) (0.653) (0.579) (0.895) (2.202) (0.152) (0.514) (0.404) (1.407) (0.043) 

*P < 0.05, **P < 0.01. RMSE root mean square error, MAE mean absolute error, Adj. R2 adjusted R2, CI confidence interval. A description of the 

dental codes is provided in Table 2. 



Supplementary Table S7. Distribution of excluded radiographs with only sound teeth by age 

group and sex 

Age group 

(years) 
 M (n) F (n) T (n) 

20.00–29.99  81 60 141 

30.00–39.99  15 15 30 

40.00–49.99  21 15 36 

50.00–59.99  22 21 43 

60.00–69.99  30 22 52 

70.00–79.99  9 16 25 

80.00–89.99  17 14 31 

Total  195 163 358 

M radiographs of males, F radiographs of females, T radiographs of the entire sample 

 

  



Supplementary Table S8. Mean age of samples according to age group and sex in each 

dataset 

Age group 

(years) 

 Training set 

 M  F  T 

 n Mean SD  n Mean SD  n Mean SD 

20.00–29.99  145 25.61 3.01  145 25.53 2.82  290 25.57 2.91 

30.00–39.99  145 34.77 2.83  145 35.03 2.91  290 34.90 2.87 

40.00–49.99  145 45.38 2.94  145 44.55 2.68  290 44.97 2.84 

50.00–59.99  145 55.23 2.91  145 54.87 2.87  290 55.05 2.89 

60.00–69.99  145 65.58 2.58  145 65.38 3.05  290 65.48 2.82 

70.00–79.99  145 75.31 2.68  145 75.59 2.87  290 75.45 2.78 

80.00–89.99  145 83.43 2.45  145 84.06 2.54  290 83.75 2.51 

Total  1015 55.04 19.84  1015 55.00 20.04  2030 55.02 19.93 

Age group 

(years) 

 Test set 

 M  F  T 

 n Mean SD  n Mean SD  n Mean SD 

20.00–29.99  23 24.74 3.26  20 24.17 2.92  43 24.47 3.09 

30.00–39.99  31 35.40 3.01  27 34.65 2.92  58 35.05 2.97 

40.00–49.99  29 45.41 2.97  28 44.91 3.13  57 45.17 3.04 

50.00–59.99  26 55.29 2.99  24 55.60 2.71  50 55.44 2.83 

60.00–69.99  25 64.96 2.71  24 64.91 2.69  49 64.94 2.68 

70.00–79.99  29 74.85 3.00  29 74.59 3.04  58 74.72 3.00 

80.00–89.99  20 84.61 3.04  26 84.48 2.60  46 84.54 2.77 

Total  183 54.14 19.40  178 55.78 19.95  361 54.98 19.70 

M radiographs of males, F radiographs of females, T radiographs of the entire sample, SD 

standard deviation 

  



Supplementary Table S9. Variance inflation factors for dental characteristics variables in 

regression models by each sex and for the entire sample population 

 

Variable 
VIF in male population 

Model 1 Model 2 Model 3 Model 4 

X 1.246 1.278 1.218 1.212 

T 1.620 1.711 1.707 1.611 

F 1.317 1.406 1.284 1.340 

P 2.796 2.856 2.538 2.585 

L 1.927 2.126 1.925 1.983 

Variable 
VIF in female population 

Model 1 Model 2 Model 3 Model 4 

X 1.215 1.304 1.252 1.264 

T 1.651 1.817 1.760 1.541 

F 1.306 1.461 1.368 1.454 

P 2.730 3.078 2.639 2.433 

L 1.925 2.182 1.915 1.780 

Variable 
VIF in entire sample population 

Model 1 Model 2 Model 3 Model 4 

X 1.225 1.285 1.230 1.234 

T 1.627 1.762 1.730 1.564 

F 1.305 1.424 1.320 1.388 

P 2.754 2.950 2.584 2.470 

L 1.922 2.146 1.922 1.859 

VIF variance inflation factor. A description of the dental codes is provided in Table 2. 

 


