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Table 1 Composition of examined teeth

Number of Examined teeth
Age range | Average Male | Female | Subtotal
10—19 15.5 9 6 15
20—29 24.7 7 12 19
30—-39 33.7 12 13 25
40—49 44,9 19 16 35
50—59 54.0 11 16 27
60—69 64.0 12 19 31
70~79 73.0 3 2 5
Total 44.1 73 84 157
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Fig. 1. Six changes found in teeth accentuated by age. Taken from Gustafson, G. (1950).



Table 2-1. Point Values of 157 Subjects.
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Table 2-2. Point Values of 157 Subjects.
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Table 2-3. Point Values of 157 Subjects.
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Table 2-4. Point Values of 157 Subjects.
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Table 3-1. Comparison of Estimation Error in 157 Cases.

Age Estimation by

Age Estimation by

Observation L e Ae Gustafson’s Method Multiple Regression
Y Value Y Estimate Residual Y Estimate Residual
1. 12.00000 15.92083 - 3.920829 16.27884 - 4.273837
2. 13.00000 12.39899 6010103 13.19392 -.1939178
3. 13.00000 19.44267 - 6.442668 13.65068 - 6506765
4 14.00000 8.877151 5.122849 8.565934 5.434066
5. 14.00000 15.92083 - 1.920829 14.34349 -.3434924
6. 14.00000 26.48635 - 12.48635 25.81077 -11.81077
7. 15.00000 15.92083 -.9208288 1558923 - 5892266
8. 15.00000 12.39899 2.601010 9.910551 5.089349
9. 15.00000 15.92083 -.9208288 14.34349 6565076
10. 17.00000 12.39899 4.601010 10.96124 6.038757
11. 18.00000 12.39899 5.601010 11.26357 6.736427
12. 18.00000 8.877151 9.122849 8.565934 9.434066
13. 18.00000 22.96451 -4.964507 27.09214 -9.092144
14 18.00000 22.96451 - 4.964507 20.31619- | -2.316193
15. 18.00000 15.92083 2.079171 16.27384 1.726163
16. 20.00000 22.96451 - 2.964507 20.69847 - .6984737
17. 20.00000 26.48635 - 6.486346 27.07280 -7.072799
18. 20.00000 15.92083 4.079171 15.89156 4.108444
19. 21.00000 37.05186 -16.05186 34.86339 - 13.86339
20, 21.00000 30.00819 -9.008185 2579142 -4791421
21. 21.00000 30.00819 -9.008185 31.71192 -10.71192
22. 23.00000 22.96451 .3549308E-01f 22.42852 .5714839
23, 23.00000 19.44267 3.557332 20.03321 2.956793
24, 24.00000 26.48635 - 2.486346 28.42572 - 4.425721
25. 26.00000 54.66106 - 28.66106 50.26583 - 24.26583
26. 26.00000 4409554 - 18.09554 38.90574 - 12.90574
27. 26.00000 40.57370 - 14.57370 41.23771 - 15.23771
28. 26.00000 30.00819 -4,008185 25.79142 .2085788
29. 28.00000 30.00819 -2.008185 28.03524 -.3523528E-01
30. 29.00000 22.96451 6.035493 2435886 4.641139
31. 29.00000 22.96451 6.035493 20.58217 - 8.317826
32. 29.00000 33.53002 -4.530024 28.30192 .6980787
33. 29.00000 30.00819 - 1.008185 30.43875 - 1.438749
34, 29.00000 33.53002 -4.530024 37.19536 - 8.195356
3s. 30.00000 33.53002 - 3.530024 3401614 -4.016141
36. 30.00000 30.00819 - .8185079E-02] 32.36909 - 2.369094
37. 30.00000 30.00819 - .8185079E-02| 32.36909 - 2.369094




Table 3-2. Comparison of Estimation Error in 157 Cases.

Age Estimation by

Age Estimation by

Observation Real Age Gustafson’s Method Multiple Regression
Y Value Y Estimate Residual Y Estimate Resid ual
38. 30.00000 37.05186 -7.051863 34.56106 -4.561056
39. 30.00000 30.00819 - .8185079E-02 | 27.33949 2.660515
40. 30.00000 37.05186 -7.051863 35.05853 - 5.058528
41. 31.00000 40.57370 -9.573702 39.49137 - 8.491369
42. 32.00000 4409554 - 12.09554 39.10098 - 7.100883
43. 32.00000 44.09554 -12.09554 44.43282 -12.43282
44, 32.00000 30.00819 1.991815 32.76251 -.7625142
45. 32.00000 33.53002 -1.530024 35.46015 - 3:460153
46. 32.00000 4409554 - 12.09554 40.15148 - 8.151475
47. 33.00000 40.57370 -7.573702 43.88637 - 10.83637
48. 33.00000 30.00819 2991815 30.43875 2.561251
49. 35.00000 40.57370 -5.573702 44.71612 -9.716120
50. 35.00000 40.57370 - 5.573702 4142171 -6.421714
S1. 35.00000 47.61738 -12.61738 51.55541 - 16.55541
52. 35.00000 33.53002 1.469976 31.78847 3.216534
53. 36.00000 4761738 -11.61738 42.84911 - 6.849114
54, 37.00000 37.05186 -.5186324E-01| 38.34179 -1.341795
55. 37.00000 37.05186 -.5186324E-01 | 37.78437 -.7643716
56. 38.00000 47.61738 -9.617380 42.84911 -4.849114
57. 39.00000 37.05186 1.948137 40.08814 .| - 1.088137
58. 39.00000 44.09554 - 5.095541 45.18108 - 6.181084
59. 39.00000 40.57370 - 1573702 4471612 -5.716120
60. 40.00000 47.61738 -7.617380 51.16199 -11.16199
61. 40.00000 40.57370 -.5737023 44.83445 - 4.834447
62. 40.00000 4761738 -7.617380 46.33066 - 6.330659
63. 40.00000 47.61738 -7.617380 48.92931 - 8.929315
64. 41.00000 5466106 - 13.66106 52.30336 - 11.30336
65. 41.00000 40.57370 4262977 40.23963 7603687
66. 42.00000 51.13922 -9.139220 50.95864 - 8.958642
67. 42.00000 51.13922 -9.139220 45.92903 - 3.929034
68. 42.00000 54.66106 - 12.66016 51.25277 -9.252767
69. 42.00000 54.66106 -12.66106 51.25277 -9.252767
70. 42.00000 51.13922 -9.139220 50.27403 - 8.274032
71. 44.00000 40.57370 3.426298 39.30737 4.692634
72. 44.00000 26.48635 17.51365 26.49538 17.50462
73. 44.00000 51.13922 -7.139220 53.20246 -9.202457
74. 44.00000 47.61738 -3.617380 47.21041 -3.210412
75. 45.00000 51.13922 | -6.139220Q.... | 49.90805 -4.908050
76. 46.00000 4409554 1.904459 46.16802 -.1680248
77. 46.00000 47.61738 -1.617380 47.87872 - 1.876723

—~




Table 3-3. Comparison of Estimation Error in 157 Cases.

Real Age

Age Estimation by

Age Estimation by

. Gustafson’s Method Multiple Regression
Observation
Y Value Y Estimate Resid ual Y Estimate Residual
78. 46.00000 44.09554 1.904459 4691629 -.9162869
79. 46.00000 44.09554 1.904459 43.93535 2.064650
80. 46.00000 54.66106 - 8.661059 53.35395 - 7.353951
81. 46.00000 44.09554 1.904459 47.21862 -1.218617
82. 46.00000 58.18290 -12.18290 54.69867 - 8.698668
83. 47.00000 44.09554 2.904459 41.70268 5.297325
84, 47.00000 33.53002 13.46998 39.04575 7.954250
85. 47.00000 38.18290 -11.18290 59.72128 - 12.72829
86. 47.00000 54.66106 - 7.661059 51.80580 - 4.805887
87. 48.00000 40.57370 7.426298 43.53404 4.465963
88. 48.00000 40.57370 7.426298 43.88537 4.163633
89. 48.00000 44.09554 3.904459 44.87875 3.121246
90. 48.00000 41.13922 -3.139220 47.87305 6269544
91. 48.00000 4409554 3.904459 42.18911 5.810992
92. 49.00000 47.61738 1.382620 44.59546 4.404544
93, 49.00000 37.05186 11.94814 40.08814 8911863
94, 49.00000 54.66106 - 5.661059 53.35395 - 4.353951
95. 50.00000 54.66106 - 4.661059 50.07068 - .7068436E-01
96. 50.00000 40.57370 9.426298 44.13870 5.861303
97. 50.00000 44.09554 5.904459 4548341 4516586
98. 50.00000 44.09554 5.904459 45.48341 4.516586
99. 50.00000 54.66106 - 4661059 59.56554 -9.565643
100. 50.00000 61.70474 -11.70474 59.32665 -9.326652
101. 50.00000 47.61738 2.382620 50.49368 -.4936786
102. 51.00000 4409554 6.904459 47.61204 3.387963
103. 52.00000 51.70474 -9.704737 56.04338 - 4,043385
104. 52.00000 44.09554 7.904459 49.14896 2.851038
105. 53.00000 47.61738 5.382620 48.26100 4.738996
106. 53.00000 58.18290 - 5.182898 61.96095 - 8.960952
107. 53.00000 54.66106 - 1.661059 59.56564 -6.565643
108. 53.00000 61.70474 - 8.704737 63.30567 - 10.30567
109. 53.00000 44.09554 8.904459 48.28035 4.719652
110. 54.00000 58.18290 -4.182898 59.72828 - 5.728277
111, 56.00000 54.66106 1.338941 52.30336 3.696641
112. 57.00000 54.66106 2.338941 53.35395 3.646049
113, 57.00000 51.13922 5.860780 44.87844 12.12156
114, 57.00000 54.66106 2.338941 58.38356 - 1.383560
115. " 57.00000 | 61.70474° | - 4704737 61.07299 | -4.072994
116, 58.00000 54.66106 3.338941 51.25277 6.747233
117. 58.00000 58.18290 -.1828977 59.71714 -1.717138




Table 3-4. Comparison of Estimation Error in 157 Cases.

Age Estimation by

Age Estimation by

Observation Real Age Gustafson’s Method Multiple Regression

Y Value Y Estimate Residual Y Estimate Real Age
118. 59.00000 54.66106 4.338941 58.38356 6164399
119. 59.00000 47.61738 11.38262 53.59294 5.407058
120. 59.00000 51.13922 7.860780 49.60572 9.394280
121. 59.00000 58.18290 8171023 54.69867 4.301332
122. 60.00000 40.57370 19.42630 42.78578 17.21422
123. 60.00000 54.66106 5.338941 50.07068 9.929316
124. 60.00000 61.70474 - 1.704737 61.07299 - 1.072994
125. 60.00000 51.13922 8.860780 48.72597 11.27403
126. 60.00000 61.70474 - 1.704737 61.07299 - 1.072994
127. 60.00000 54.66106 5.338941 56.64836 3.351643
128. 61.00000 58.18290 2.817102 61.96095 -.9609517
129. 61.00000 68.74841 -7.748415 67.04569 - 6.045694
130. 61.00000 58.18290 2.817102 61.96095 -.9609517
131. 61.00000 54.66106 6.338941 55.98005 5.019954
132. 62.00000 51.13922 10.86078 53.19132 8.808683
133. 63.00000 54.66106 8.338941 52.00103 10.99897
134 64.00000 58.18290 5.817102 59.72828 4271723
135. 64.00000 58.18290 5.817102 54.69867 9.301332
136. 65.00000 54.66106 10.33894 55.08915 9.910346
137. 65.00000 54.66106 10.33894 55.58663 . 9.413374
138. 65.00000 61.70474 3.295263 59.32665 5.673348
139. 65.00000 54.66106 10.33894 56.63722 8.362782
140. 65.00000 58.18290 6.817102 57.98193 7.018065
141. 65.00000 65.22658 -.2265759 67.43618 -2.436180
142. 65.00000 65.22658 -.2265759 67.43618 -2.436180
143. 65.00000 58.18290 6.817102 67.98193 7.018065
144. 66.00000 61.70474 4.295263 62.25508 3.744923
145. 66.00000 65.22658 7734241 65.70098 .2990227
146. 66.00000 51.13922 14.86078 48.17285 17.82715
147. 66.00000 47.61738 18.38262 48.75848 17.24152
148. 68.00000 58.18290 9.817102 53.64808 14.35192
149, 68.00000 54.66106 13.33894 57.33297 10.66703
150. 69.00000 58.18290 10.81710 60.91036 8.089640
151, 69.00000 47.61738 21.38262 49.53418 19.46582
152. 69.00000 58.18290 10.81710 61.98095 7.039048
153. 70.00000 68.74841 1.251585 67.04569 2.954306
154. 70.00000 65.22658 4773424 62.40657 7.593429
155. 73.00000 65.22658 7.773425 65.70098 7.299023
156. 73.00000 61.70474 11.29526 64.35526 8.643739
157. 79.00000 61.70474 17.29526 62.25508 16.74492
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Comparative study of age estimation accuracy in Gustafson’s method and

prediction formula by multiple regression.

Kyoung Whan Kwak, D.D.S., Chong Youl Kim, D.D.S.

Dept of Dental Science, Graduate School, Yonsei University

Abstract

This study comprised 157 extracted teeth, 73 of the teeth originated from males and 84 from
females, the age range was 12-79 years. The correlation coefficient of each Gstafson’s criteria in
relation to age was carried out. Age estimation were performed on 157 teeth according to the
method by Gustafson and by use of multiple regression, as used by Johanson, after evaluating the
six criteria of Gustafson by multiple regression computer analysis. Two prediction formulas and
standard deviations were compared with each other.

The results were as follows:

1. The author found that six Gustafson’s criteria had strong correlation with age except root
resorption, and correlation coefficients were r = 0.79 (Transparent dentin), r = 0.72 (Secon-
dary dentin), r = 0.69 (Periodontal change), r = 0.63 (Attrition), r = 0.39 (Root resorption),
respectively.

2. The age estimation formula by Gustafson’s method was calculated as follows:

Y = 8.88 + 3.52X

r=0.87,r*=0.76

SD=8.18

F = 483.56, P < 0.01

The age estimation formula by multiple regression was calculated as follows: -

Y =857+637T+6.37T + 4.63P + 2.70S + 2.40C + 3.08A + 1.34R

r=0.89,r% = 0.78

SD=7.82

F=91.62, P<0.01

Durbin-Watson Coefficient = 1.09
3. In comparison of two estimation formulas, the formula by multiple regression, the method of

Johanson, was found to be slightly more relable than Gustafson’s method.

Gustafson’s method SD = 8.18

Multiple regression (Johanson’s method) SD = 7.82
4. It was reaffirmed that Gustafson’s six criteria could be a independent variable in multiple

regression analysis,



