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AGE ESTIMATION USING INDEX OF ALVEOLAR PROCESS
RESORPTION IN PERMANENT DENTITION
— AGAINST A LARGE-SCALE DISASTER —

TARAHIRO INOUE
Department of Legal Medicine, Nava Medical University
Received February 13, 2001

Abstract © There have been numerous medico-legal reports regarding age estimation
on the basis of oral cavities, but none on the relationship between alveolar process
resorption and age. The author took 600 X-ray photos (males 300, females 300, aged 20-99
years)of each proximal alveolar process except for wisdom teeth. A straight line between
the mesial cervical point and the distal cervical point, was made on each photograph. A
line of falseness, parallel to the first line and the tooth root apex, was set up. The
distance (A) from the cervical line (cement-enamel junction, CEJ), the distance (B) from
the deepest point that the alveolar process is absorbing, to the tooth root apex from the
falseness line was measured, and the index of the alveolar process resorption for each
region was calculated by the following formula: Index of the alveolar process
resorption = the deepest point of the alveolar process—root apex distance (B) %100,CE]J
—root apex distance (A). There was a tendency for the index of the alveolar process
resorption to decrease with increasing age, and it was found that the index and age were
negatively correlative (coefficient of correlation r =—0.909 ~—0.982, P <0.001) both in the
anterior and posterior groups of both jaws. The following formulae were established : All
teeth examined group, Y=—1.84X+191.94 (£4.06 years); Upper anterior teeth group, Y=—
2.17X+22289 (+4.03 years); Upper molar teeth group, Y=—182X+18841 (+456 years);
Lower anterior teeth group, Y=—1.60X+17349 (%348 years); Upper molar teeth group, Y=
—1.77X + 18295 (* 4.11 years) where Y=estimated age, and X=the average of the indicies
of alveolar process resorption in each group. The age estimation equations showed
accuracies of 82.9 % or more for the age range of *5 years, and 99.1 % for +7 years in
the all teeth examined group. This accuracy is satisfactory for age estimation in
personal identification in large-scale disasters.

Key words: age estimation, oral cavity, index of alveolar process resorption,
personal identification, large-scale disaster
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DEFAICBWT, 1O UBEEICELD T, X H5EEIC

Table 1. Age distribution of males and females
in the collected 600 cases

Collected samples

Age Male Female Total
20-29 50 50 100
30-39 50 50 100
40-49 50 50 100
50-59 50 50 100
60-69 50 50 100
70-79 25 25 50
80-89 15 15 30
90-99 10 10 20

Total 300 300 600
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Table 2. Criteria of accuracy of roentgenographs
in the collected 600 cases

1. The image of the tips of molar cusps will be recorded
with little or none of the occlusal surface showing.

2. Open interproximal spaces, proximal contacts do not
overlap unless the teeth are actually out of line
anatomically.

3. Distinct enamel caps and pulp chambers.

(1973, Prichard, J. F, cited from reference®®)

Table 3. Irradiation time (seconds) in each region

Sex Region Anterior Premolar Molar
Male Upper ].aw 0.25 0.32 0.37
Lower jaw 0.15 0.22 0.25
Femal Upper jaw 0.18 0.22 0.25
emate Lower jaw 0.10 0.15 0.18

TFORESN TV IBLNOBERTHEL .
(Table 3). ¥f&13 INSTANT DQD wRHH X7 1 )V
L BUEERE 1 e (BT ZERT) 2 vy, 74 LA
WNICEEREEEZEAL, 0B 7 1 VANTHEES
1HEHE L CHEBLABITKEL, EBRICANREEZL
72(Fig.1). TOT7 4 VAEAWT, RO Z2EHH L
7z, ETEELOEEERERS (LAY P -2 F A0
TVx 7 ar, CE]) DA (RER) 2 HHEIZL T,
Z DRI TAT CHRRIG % B 5 KR A RE L7z, SHF
2B B30, EOMBREEICBWT, HERB L0
WEEORIER L ZORBICERE T A L, WERDL
O HIRSCHE  COMRER A, 7 O ISR ORIES
POEWRKEE COREZBLL, FOESE /XA
(1/100 mm #5EE) TEHAI L 72 (Figs. 2, 3). 2L °C, whif¥
BRIREDFHEL LT, B/ A X100 281 L, iz
#E IR I $5 %% (Index of alveolar process resorption) & %
FL, FilE OBMREMRE Lz, BHIIE 2 BEEBRIES,
FHREXREFIL, WIRTRZZ2HEETT N THEBRYS
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Fig. 1. After taking the Xray (MAX F1®, Morita
corporation), with the ISO speed D Xray
dental film®(Hanshin Giken), the developer
utilized INSTANT DQD® (Hanshin Giken).
The photograph shows that the developer is
infused into the dental film directly.

SRR ORERETLE L, AHEEPKAEICBY
THARA 2 AROFE I, FRBERR D S 0t & L
KREEIZB T, ELOBEEZSRR U EHIT O RE
5, Bl OEAEZETINUIEEE MR & DFH &
L7z. %7 38 (Upper jaw, U)Fr80eE D 0MEl (Mesial
side, M) DEifzE#e% UIM, T2E(Lower jaw, L)% 2
KE# D& (M (Distal side, D) DH#EZSERIN%E L7D
EMEFEL 72, 2B, FELAEE, BELTWAHE, KT
B RERKIEOMH, EEEET COMITES CE] 75
WThVEEaE, BLOEEREIHRETEI R WEEE
TERNL TWAREED L ) ZEREORE R, EHEM
AR, KEENMECBERIERZ DL DB L7,
EMERLEE, BAR, Wi & B OO s I
BHOLE, BIUKEREICBT 5 LETHEO M
ERDEER O LI, FRET2HISHHTHLI L
ZHERR L /2%, unpaired t-test % V>, HEKHEH 5%
Rz HEED ) & L. 5HEIIHEFTY 7 + DA Stat®

Table 4. Collected samples to make sure of reliability

Collected samples

Age n Male n Female n Total

20-29 25 246 + 26 25 258 + 22 50 252 + 25
30-39 25 349 =29 25 359 =23 50 354 +26
40-49 25 449 + 24 25 456 + 25 50 452 =25
50-59 25 555 + 27 25 561 + 21 50 553 * 25
60-69 25 653 + 28 25 643 + 28 50 648 + 2.8
70-79 25 755 =27 25 751 = 23 50 753 * 25
80-89 15 838 =29 15 838 =25 30 838 =+ 27
90-99 10 931 +2.7 10 922 %22 20 927 =25
Total 175 7702 + 21.1 175 558 =+ 204 350 555 = 20.7

The values are indicated as mean =+ standard deviation.

n, Number of collected samples.
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Fig. 2. The dental film (a) shows resorption of the alveolar process in the lower anterior

teeth. Each alveolar process is atrophic. The right panel (b) shows the tracing of the
dental film and each measuring point.

A, Distance between CEJ and root apex

B, Distance between the deepest point of the alveolar process and the root apex
CE]J, Cement- enamel junction

(a)

(b)

Lamina dura Alveolar process

CEJ (Distal)

CEJ (Mesial)

Fig. 3. The dental film (a) shows resorption of the alveolar process in the upper posterior teeth. Each alveolar

process is atrophic. The right panel (b) shows the tracing of the dental film and each measuring point.
A , Distance between CE]J and root apex

B, Distance between the deepest point of the alveolar process and the root apex
CE]J, Cement- enamel junction
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TBI R o7z, FEEMICBI) 5 R RIGER &
WL ORIEIX, MR L Pearson DAHERE % 6FH
L, Excel 2000 CTT— ¥ LB %2 BT o 7=,
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TERRTRAE (L1-3), B X O THEHEEE L4-7)125 T,
BEEC BT 2 B ZSRIIR R OFHE 2 S EHiEE %
B\, KWEEICHBIT S hit case rate Z 5Bk L 7=,

b 3

1. BRHEOEHSETINGEEE O L (Tables 5-32)

FENL, BAERB SBT3 B OwEzsRERIGEE
DIERZRIZE L7 (Tables 5-32). B itz
WIFEH LML ) DEBEICKRE oD, 20-298 D
U2D, U3D, L6M, 30-39 % UIM, U4D, U5M, L4D,
40-49 $® L5M, 50-59 B UID, U3M, U3D, 60-69
B O U2M, USM, L4M, L6D, 80-89 #%® L3D, L5D,
90-99 # 7 USD T - 7= (Tables 5-10, 12-14, 19, 24—

Table 5. Index of alveolar process resorption of UIM region

30). WIEHEOEEERBIVERISBEL Y EZIC
KED o720, 20-29 %D L4M, L4D, L6D, 30-39
m ® U2M, U2D, 40-49 7% © L7M, L7D, 50-59 3% @
U4M, 60-69 % @ U3D, U7D, L5D, 70-79 5 @ U3D,
L2M, 80-89 & UIM, L1D, 90-99 % L1M, L3D T
& o7 (Tables 5, 7, 8, 10, 11, 18, 20, 21, 24-26, 28,
30-32). FEALICBI) 2 BUHOEHISERIIEROAS
E MO REERRIIHEROAFHZBWTIE, #heh
FBEEZRROLP o7, TLBREIZHMICBNT,
EEE A T I L IS IE SRR IHR AN & Ao 72,

2. FEFITBT B EOLOEEEETIGER & = L0

PR ZSEIRINIEEL & © I (Table 33)
ZWD L2, L4, L6 T, L0 BRIEZSEIRINFE I A s
DENI Y BEFEEINE oz, HIZERETIZUL, US
TR L ORISR LDOZFN L) B FITA
Shodz. B X ) EWEHTOFY, wiESRERINE
PRAEZH 572, ZNENOFWAICB VT, Bl
DEZ Lo 7.

3. HERBICBIT 5 FETHOEMERRIIEKD
8 (Table 34)

30-39 RDEMB IS BT 5 BWHE, ki, A5, BLU

Table 6. Index of alveolar process resorption of U1D region

Collected samples

Collected samples

Age n Male n Female n Total Age n Male n Female n Total

20-29 50 8958 + 251 50 9051 = 218 100 89.91 + 239 20-29 50 90.14 = 219 50 9065 + 235 100 90.35 + 2.24
30-39 50 87.13 = 219 50 8593 = 248" 100 86.59 + 2.35 30-39 50 8754 =241 50 8661 = 228 100 86.84 = 2.37
40-49 50 8341 + 218 50 8318 =253 100 83.24 + 233 40-49 50 80.71 + 444 50 8243 + 463 100 8157 + 453
50-59 50 74.38 = 468 50 7597 £ 422 100 74.93 + 447 50-59 50 76.22 = 453 50 7449 + 418" 100 7503 = 4.37
60-69 50 69.38 = 3.77 50 6793 £ 392 100 69.01 + 3.88 60-69 50 69.59 = 328 50 6854 + 352 100 69.24 + 344
70-79 25 6582 + 617 25 6321 £601 50 64.72 = 6.05 70-79 25 5824 = 296 25 5948 + 268 50 5912 + 287
80-89 15 5563 = 1.87 15 57.83 £ 211" 30 56.71 = 195 80-89 15 5481 = 351 15 5643 + 342 30 5531 + 347
90-99 10 4527 + 368 10 4821 + 383 20 4646 * 3.75 90-99 10 4654 + 238 10 4732 + 252 20 4752 + 248

Total 300 77.02 = 11.78 300 7829 + 12.84 600 76.89 + 11.92

Total 300 76.35 + 11.87 300 77.91 + 11.27 600 77.59 + 11.37

"P<0.05, “P<0.01 for the difference between male and female
in each age group.

The values are indicated as mean =+ standard deviation.

n, Number of collected samples.

U, Upper jaw, M, Mesial side

Table 7. Index of alveolar process resorption of U2M region

"P<0.05 for the difference between male and female in each
age group.

The values are indicated as mean + standard deviation.

n, Number of collected samples.

U, Upper jaw, D, Distal side

Table 8. Index of alveolar process resorption of U2D region

Collected samples

Collected samples

Age n Male n Female n Total Age n Male n Female n Total

20-29 50 89.38 = 253 50 90.31 + 228 100 89.67 % 231 20-29 50 9021 = 170 50 89.34 = 1.74" 100 89.87 + 1.72
30-39 50 8478 =221 50 86.73 + 256" 100 85.85 = 2.23 30-39 50 85838+ 169 50 8658 = 1.62° 100 8644 + 1.68
40-49 50 79.02 = 378 50 7754 =414 100 7899 % 398 40-49 50 8261 = 1.88 50 8191 + 203 100 8224 + 197
50-59 50 7668 = 255 50 7558 + 248 100 7645 * 2.35 50-59 50 7956 £ 222 50 7865 % 238 100 79.36 + 2.29
60-69 50 6827 = 328 50 66.04 + 313" 100 67.14 = 311 60-69 50 76.87 =281 50 7579 = 266 100 7653 * 2.78
70-79 25 6398 + 448 25 61.74 + 457 50 6364 * 415 70-79 25 6174 = 254 25 6289 = 243 50 6266 + 249
80-89 15 5846 =351 15 60.72 + 358 30 59.84 + 349 80-89 15 5508 =544 15 5332 =567 30 54.34 + 555
90-99 10 55.78 = 473 10 5212 + 452 20 54.25 * 4.62 90-99 10 4844 + 653 10 5237 = 638 20 5053 + 646

Total 300 76.28 + 11.04 300 74.69 = 11.73 600 7548 + 1147

Total 300 7531 + 9.87 300 74.26 = 814 600 74.92 + 9.17

*P<0.01 for the difference between male and female in each
age group.

The values are indicated as mean =+ standard deviation.

n, Number of collected samples.

U, Upper jaw, M, Mesial side

"P<0.05 for the difference between male and female in each
age group.

The values are indicated as mean + standard deviation.

n, Number of collected samples.

U, Upper jaw, D, Distal side
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Table 9. Index of alveolar process resorption of U3M region

& 5

Table 10. Index of alveolar process resorption of U3D region

Collected samples

Collected samples

Age n Male n Female n Total Age n Male n Female n Total

20-29 50 9059 = 291 50 90.23 = 2.77 100 90.26 + 2.85 20-29 50 90.03 = 144 50 89.11 + 1.68™ 100 89.87 + 1.66
30-39 50 8532 = 255 50 86.18 = 281 100 85.68 + 2.74 30-39 50 8568 =184 50 8624 + 171 100 8614 = 1.73
40-49 50 8045 + 452 50 8263 = 438 100 81.72 + 448 40-49 50 81.17 = 244 50 80.16 = 281 100 80.81 + 2.65
50-59 50 77.38 + 445 50 7548 + 4.28" 100 7667 + 4.38 50-59 50 7858 = 1.74 50 77.21 + 1.92™ 100 7757 * 1.86
60-69 50 6814 + 361 50 69.25 = 383 100 6893 + 3.76 60-69 50 7321 £ 168 50 7555 * 142™ 100 74.72 + 157
70-79 25 5802 = 298 25 5641 =285 50 57.35 = 293 70-79 25 6519 = 1.77 25 6742 + 1.82" 50 66.39 + 1.81
80-89 15 5517 =310 15 5328 =325 30 54.32 + 3.18 80-89 15 6281 =365 15 60.18 =387 30 6144 + 3.79
90-99 10 4532 + 268 10 47.22 + 241 20 4643 + 257 90-99 10 5328 + 566 10 50.01 + 587 20 51.84 * 5.83

Total 300 7352 + 1245 300 74.67 + 11.94 600 74.13 + 12.23

Total 300 74.84 + 10.18 300 73.21 + 1047 600 7454 + 10.36

"P<0.05 for the difference between male and female in each
age group.

The values are indicated as mean = standard deviation.

n, Number of collected samples.

U, Upper jaw, M, Mesial side

Table 11. Index of alveolar process resorption of U4M region

“P<0.01 for the difference between male and female in each
age group.

The values are indicated as mean =+ standard deviation.

n, Number of collected samples.

U, Upper jaw, D, Distal side

Table 12. Index of alveolar process resorption of U4D region

Collected samples

Collected samples

Age n Male n Female n Total Age n Male n Female n Total

20-29 50 8898 = 160 50 8947 = 1.81 100 8941 *+ 1.73 20-29 50 89.28 =181 50 8913 =169 100 89.18 + 1.74
30-39 50 86.03 =162 50 8542 = 193 100 85.76 = 1.79 30-39 50 8552 + 321 50 8358 + 2.84™ 100 84.39 * 3.10
40-49 50 7887 = 455 50 77.37 = 481 100 7816 + 4.71 40-49 50 7743 £558 50 7874 = 6.02 100 7823 * 574
50-59 50 7368 = 368 50 7581 = 357" 100 74.85 + 3.63 50-59 50 76.78 + 466 50 7496 + 493 100 75.63 * 4.82
60-69 50 68.83 = 4.08 50 6848 = 432 100 67.73 + 4.22 60-69 50 7342 £ 354 50 7438 =344 100 7351 * 350
70-79 25 5878 =383 25 60.38 =358 50 59.76 = 3.78 70-79 25 6351 £ 305 25 6485+ 364 50 64.29 = 3.34
80-89 15 5228 = 154 15 5151 =128 30 5236 + 146 80-89 15 6058 =321 15 5888 = 314 30 5943 + 3.19
90-99 10 49.25 = 6.19 10 4554 + 683 20 4743 * 6.83 90-99 10 5387 £ 578 10 5581 + 548 20 54.36 = 5.77

Total 300 73.35 + 10.62 300 72.83 + 10.87 600 73.14 + 10.84

Total 300 70.66 = 965 300 71.85 + 10.74 600 7143 = 10.31

"P<0.01 for the difference between male and female in each
age group.

The values are indicated as mean = standard deviation.

n, Number of collected samples.

U, Upper jaw, M, Mesial side

Table 13. Index of alveolar process resorption of U5M region

“P<0.01 for the difference between male and female in each
age group.

The values are indicated as mean =+ standard deviation.

n, Number of collected samples.

U, Upper jaw, D, Distal side

Table 14. Index of alveolar process resorption of U5D region

Collected samples

Collected samples

Age n Male n Female n Total Age n Male n Female n Total

20-29 50 8885 = 144 50 89.35 = 153 100 89.20 + 1.49 20-29 50 89.15 + 146 50 8872 + 165 100 8889 * 154
30-39 50 8514 = 263 50 8357 = 242™ 100 84.42 * 253 30-39 50 8342 + 321 50 8224 + 335 100 8286 + 347
40-49 50 7954 = 462 50 81.33 = 4.89 100 80.24 + 4.77 40-49 50 7542 =538 50 77.32 514 100 7713 % 522
50-59 50 7345 = 464 50 7212 + 488 100 7264 * 4.75 50-59 50 7258 + 315 50 7371 =301 100 72.87 * 3.05
60-69 50 6854 = 562 50 65.33 £ 546™ 100 67.28 * 558 60-69 50 66.18 + 452 50 64.37 = 468 100 6552 * 4.63
70-79 25 5668 = 552 25 59.34 =588 50 57.76 + 581 70-79 25 6014 £ 467 25 6170 £ 523 50 60.88 = 4.99
80-89 15 5395 = 342 15 5262 + 357 30 5334 * 346 80-89 15 5434 £ 305 15 5513 +286 30 54.81 = 297
90-99 10 4738 =532 10 4878 =581 20 4804 * 561 90-99 10 51.35 + 203 10 4943 + 1.89" 20 50.82 + 1.98

Total 300 69.74 = 13.01 300 68.25 = 1354 600 69.14 =+ 13.33

Total 300 66.52 + 10.57 300 6813 + 1142 600 6745 + 11.02

“P<0.01 for the difference between male and female in each
age group.

The values are indicated as mean = standard deviation.

n, Number of collected samples.

U, Upper jaw, M, Mesial side

Table 15. Index of alveolar process resorption of U6M region

"P<0.05 for the difference between male and female in each
age group.

The values are indicated as mean =+ standard deviation.

n, Number of collected samples.

U, Upper jaw, D, Distal side

Table 16. Index of alveolar process resorption of U6D region

Collected samples

Collected samples

Age n Male n Female n Total Age n Male n Female n Total

20-29 50 86.05 = 154 50 8647 = 1.82 100 86.98 + 1.72 20-29 50 8658 = 132 50 87.01 =+ 1.28 100 8689 =+ 1.38
30-39 50 8323 =285 50 8374 =251 100 84.04 + 274 30-39 50 8532 =321 50 86.21 * 233 100 8581 =+ 2.37
40-49 50 7671 = 383 50 7654 = 359 100 76.82 + 3.78 40-49 50 7669 * 472 50 74.86 * 455 100 76.08 * 4.69
50-59 50 6803 = 548 50 66.38 = 541 100 67.73 = 546 50-59 50 70.38 + 532 50 7159 =+ 524 100 70.74 * 545
60-69 50 59.32 = 6.18 50 5861 = 633 100 59.04 + 6.25 60-69 50 64.26 = 453 50 6581 =+ 4.86 100 64.71 * 4.69
70-79 25 5631 = 355 25 5754 =388 50 57.66 + 372 70-79 25 5430 + 731 25 5281 %724 50 5380 * 7.55
80-89 15 5325+ 816 15 5465 =812 30 5429 + 815 80-89 15 5228 =988 15 5119 * 978 30 5222 =+ 999
90-99 10 4719 = 734 10 4521 =745 20 4690 * 742 90-99 10 46.34 *+ 758 10 44.37 + 722 20 4576 + 754

Total 300 65.11 = 12.98 300 6645 = 13.25 600 65.83 + 13.18

Total 300 6745 + 1348 300 66.94 + 12.59 600 67.21 + 13.05

The values are indicated as mean =+ standard deviation.
n, Number of collected samples.
U, Upper jaw, M, Mesial side

The values are indicated as mean = standard deviation.
n, Number of collected samples.
U, Upper jaw, D, Distal side
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Table 17. Index of alveolar process resorption of U7M region

Table 18. Index of alveolar process resorption of U7D region

Collected samples

Collected samples

Age n Male n Female n Total Age n Male n Female n Total

20-29 50 86.88 = 157 50 8755 + 1.88 100 8834 + 1.84 20-29 50 86.81 = 1.83 50 8745 % 218 100 87.37 % 2.02
30-39 50 8553 =391 50 8446 + 374 100 85.18 + 3.88 30-39 50 8357 =284 50 8256 = 263 100 8318 * 2.77
40-49 50 7532 = 588 50 74.03 = 561 100 74.74 + 578 40-49 50 75.14 = 445 50 7355 % 478 100 74.48 + 4.65
50-59 50 70.21 = 458 50 6861 + 441 100 69.58 + 4.49 50-59 50 6347 =531 50 6537 = 514 100 64.68 * 5.27
60-69 50 6541 = 338 50 6649 + 425 100 66.16 + 4.02 60-69 50 61.22 =396 50 6311 = 3.74" 100 6213 * 3.86
70-79 25 53.78 = 844 25 5576 + 853 50 5485 + 861 70-79 25 5578 =528 25 5325 * 544 50 5466 * 538
80-89 15 51.35 =745 15 5385 + 738 30 5276 + 744 80-89 15 5431 =552 15 5128 =571 30 5291 * 564
90-99 10 4656 = 652 10 4484 + 648 20 4625 + 6.53 90-99 10 4481 =708 10 4557 =726 20 4528 * 7.21

Total 300 67.31 = 12.14 300 6849 + 12.76 600 6814 + 1249

Total 300 68.72 = 1246 300 67.58 = 12.81 600 68.27 + 1265

The values are indicated as mean =+ standard deviation.
n, Number of collected samples.
U, Upper jaw, M, Mesial side

_ Table 19. Index of alveolar process resorption of L1M region

"P<0.05 for the difference between male and female in each
age group.

The values are indicated as mean =+ standard deviation.

n, Number of collected samples.

U, Upper jaw, D, Distal side

Table 20. Index of alveolar process resorption of L1D region

Collected samples

Collected samples

Age n Male n Female n Total Age n Male n Female n Total

20-29 50 90.28 = 145 50 9243 + 1.33 100 91.39 + 1.39 20-29 50 9157 =221 50 9214 = 201 100 92.02 + 2.09
30-39 50 86.33 £ 373 50 87.57 = 4.08 100 87.43 + 392 30-39 50 87.92 = 267 50 8874 = 258 100 8835 * 2.64
40-49 50 79.71 = 434 50 81.19 + 488 100 80.48 + 4.62 40-49 50 8227 =371 50 81.86 = 349 100 8311 + 3.68
50-59 50 76.83 £ 378 50 7592 = 351 100 7644 + 364 50-59 50 7541 + 448 50 7532 + 431 100 7537 + 4.34
60-69 50 69.57 = 383 50 68.88 + 393 100 69.18 + 3.85 60-69 50 7152 = 268 50 7048 = 258 100 71.06 + 2.62
70-79 25 6537 = 265 25 64.66 + 301 50 64.89 + 2.84 70-79 25 6286 =391 25 64.15=* 401 50 6356 * 3.94
80-89 15 5507 =121 15 5418 £124 30 5458 + 1.23 80-89 15 57.25 =204 15 59.32 = 2.01™ 30 5805 * 2.03
90-99 10 49.87 + 155 10 5215 + 1.88™ 20 51.17 = 1.73 90-99 10 52.81 =333 10 5041 =352 20 5201 * 3.97

+

Total 300 77.16 + 10.78 300 78.62 + 11.05 600 7823 + 10.94

Total 300 78.38 = 11.55 300 76.88 * 10.85 600 77.18 + 11.31

"P<0.01 for the difference between male and female in each
age group.

The values are indicated as mean = standard deviation.

n, Number of collected samples.

L, Lower jaw, M, Mesial side

Table 21. Index of alveolar process resorption of L2M region

“P<0.01 for the difference between male and female in each
age group.

The values are indicated as mean = standard deviation.

n, Number of collected samples.

L, Lower jaw, D, Distal side

Table 22. Index of alveolar process resorption of L2D region

Collected samples

Age

Collected samples

Age

n Male n Female n Total n Male n Female n Total
20-29 50 90.85 = 138 50 90.35 = 1.32 100 9049 + 1.36 2029 50 9024 =183 50 90.82 + 144 100 90.64 + 153
30-39 50 87.32 =302 50 86.18 =291 100 86.81 + 2.97 30-39 50 87.81 £ 316 50 86.63 + 302 100 86.24 + 3.08
40-49 50 8257 =523 50 81.39 + 508 100 81.58 * 513 40-49 50 82.05 = 432 50 8354 = 4.08 100 8243 + 415
50-59 50 7336 + 382 50 7481 = 402 100 73.86 + 3.97 50-59 50 7832 + 488 50 76.73 £ 451 100 77.58 * 4.65
60-69 50 69.87 = 348 50 71.01 = 367 100 70.75 + 355 60-69 50 7253 +391 50 71.33 £ 374 100 71.68 + 3.89
70-79 25 6272 £ 307 25 6448 = 311" 50 6349 + 3.08 70-79 25 64.25 281 25 6328 239 50 6364 = 256
80-89 15 5857 =233 15 56.79 + 254 30 57.71 = 241 80-89 15 5343 £395 15 5648 =572 30 5553 * 3.89
90-99 10 5218 = 488 10 5154 = 504 20 51.86 + 501 90-99 10 51.22 = 303 10 5341 + 311 20 5256 = 3.05

Total 300 77.58 + 10.54 300 76.34 = 11.68 600 76.59 *+ 11.45

Total 300 77.64 + 1048 300 79.13 + 11.52 600 77.61 + 11.21

"P<0.05 for the difference between male and female in each
age group.

The values are indicated as mean = standard deviation.

n, Number of collected samples.

L, Lower jaw, M, Mesial side

Table 23. Index of alveolar process resorption of L3M region

The values are indicated as mean =+ standard deviation.
n, Number of collected samples.
L, Lower jaw, D, Distal side

Table 24. Index of alveolar process resorption of L3D region

Collected samples

Collected samples

Age n Male n Female n Total Age n Male n Female n Total

20-29 50 8963 =153 50 90.21 = 141 100 90.34 + 1.49 20-29 50 90.25 = 147 50 89.71 = 1.38 100 90.21 %= 144
30-39 50 8227 = 353 50 80.87 = 367 100 81.67 + 341 30-39 50 8631 =305 50 8519 + 281 100 85.86 * 2.99
40-49 50 7714 =325 50 7577 £ 403 100 76.26 * 3.72 40-49 50 7438 =527 50 7633 £ 502 100 75.09 * 512
50-59 50 69.54 = 317 50 6826 = 354 100 6864 + 3.34 50-59 50 68.35 + 365 50 66.85 + 4.01 100 67.89 * 3.86
60-69 50 6331 =204 50 6243 = 281 100 63.09 + 221 60-69 50 6351 =271 50 6261 £ 244 100 6326 = 259
70-79 25 5455 = 266 25 5614 + 293 50 5583 + 2.84 70-79 25 5590 + 225 25 57.08 £ 251 50 56.85 = 2.34
80-89 15 5256 =121 15 5342 = 118 30 5248 + 1.19 80-89 15 5221 =150 15 51.18 + 1.11" 30 5227 = 1.31
90-99 10 4855+ 0.87 10 4925 = 0.71 20 4895 + 0.79 90-99 10 49.28 =148 10 50.88 = 161" 20 5044 *+ 1.59

Total 300 72.74 = 1157 300 70.81 * 13.55 600 72.74 *+ 12.58

Total 300 7317 + 13.08 300 7131 + 12.28 600 72.93 = 12.76

The values are indicated as mean =+ standard deviation.
n, Number of collected samples.
L, Lower jaw, M, Mesial side

"P<0.05 for the difference between male and female in each
age group.

The values are indicated as mean =+ standard deviation.

n, Number of collected samples.

L, Lower jaw, D, Distal side
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Table 25. Index of alveolar process resorption of L4M region

=G/

Table 26. Index of alveolar process resorption of L4D region

Collected samples

Collected samples

Age n Male n Female n Total Age n Male n Female n Total

20-29 50 8851 = 137 50 8943 + 1.25" 100 88.39 = 1.32 20-29 50 8841 =222 50 89.81 + 265" 100 87.58 + 2.05
30-39 50 8521 = 371 50 8387 = 349 100 84.27 * 354 30-39 50 8431 =351 50 8261 + 319" 100 83.66 + 3.28
40-49 50 7393 + 257 50 74.87 £ 349 100 7449 * 251 40-49 50 7556 £ 271 50 7459 = 291 100 74.69 + 2.87
50-59 50 7134 =441 50 70.04 = 425 100 70.38 * 4.37 50-59 50 6741 £ 502 50 6931 + 466 100 68.34 + 4.89
60-69 50 63.55 % 218 50 6227 = 293" 100 6248 * 260 60-69 50 60.94 + 325 50 6211 =301 100 61.74 + 3.07
70-79 25 5861 + 227 25 5968 + 259 50 5951 * 2.39 70-79 25 5718 £ 381 25 5918 + 325 50 5878 + 344
80-89 15 56.23 + 406 15 5877 + 418 30 57.13 = 398 80-89 15 5452 =295 15 5656 + 253 30 57.06 + 2.79
90-99 10 4981 + 582 10 4481 + 571 20 4877 * 562 90-99 10 49.71 =388 10 4913 + 391 20 49.26 * 4.02

Total 300 71.67 + 11.51 300 70.06 + 11.98 600 71.18 + 11.87

Total 300 71.36 = 11.82 300 73.17 + 10.93 600 72.04 + 11.78

"P<0.05, "P<0.01 for the difference between male and female
in each age group.

The values are indicated as mean =+ standard deviation.

n, Number of collected samples.

L, Lower jaw, M, Mesial side

Table 27. Index of alveolar process resorption of L5M region

"P<0.05, "P<0.01 for the difference between male and female
in each age group.

The values are indicated as mean =+ standard deviation.

n, Number of collected samples.

L, Lower jaw, D, Distal side

Table 28. Index of alveolar process resorption of L5D region

Collected samples

Collected samples

Age n Male n Female n Total Age n Male n Female n Total

20-29 50 89.18 + 1.38 50 88.87 = 1.76 100 8807 = 164 20-29 50 88.30 = 218 50 8743 =234 100 87.69 = 222
30-39 50 8387 =302 50 85.08 + 368 100 84.15 =+ 3.59 30-39 50 8512 + 418 50 8387 =376 100 84.05 + 397
40-49 50 7531 + 523 50 7318 + 451" 100 7394 * 4.39 40-49 50 74.03 =508 50 7266 = 432 100 7391 * 458
50-59 50 67.71 = 382 50 6945 + 477 100 69.86 * 4.85 50-59 50 66.84 £ 512 50 6856 = 499 100 68.38 = 501
60-69 50 59.84 = 348 50 6112 = 358 100 61.64 * 343 60-69 50 60.83 = 355 50 6237 = 321" 100 61.53 = 341
70-79 25 5669 = 307 25 5852 = 311 50 59.23 * 3.33 70-79 25 5886 =266 25 6035+ 286 50 5924 * 275
80-89 15 5426 = 233 15 5633 = 3.03 30 5629 * 2.79 80-89 15 5639 =241 15 5431 + 264" 30 5542 + 256
90-99 10 55.38 = 4.88 10 53.26 = 263 20 54.27 * 247 90-99 10 4688 +£511 10 4832 + 503 20 49.87 + 504

Total 300 70.18 + 11.28 300 71.71 + 11.70 600 70.98 * 11.50

Total 300 71.55 + 12.83 300 72.21 + 11.35 600 71.23 + 11.75

"P<0.05 for the difference between male and female in each
age group.

The values are indicated as mean =+ standard deviation.

n, Number of collected samples.

L, Lower jaw, M, Mesial side

Table 29. Index of alveolar process resorption of L6M region

"P<0.05 for the difference between male and female in each
age group.

The values are indicated as mean =+ standard deviation.

n, Number of collected samples.

L, Lower jaw, D, Distal side

Table 30. Index of alveolar process resorption of L6D region

Collected samples

Collected samples

Age n Male n Female n Total Age n Male n Female n Total

20-29 50 8893 %= 144 50 87.21 = 155" 100 88.89 =+ 146 20-29 50 8855 + 1.82 50 89.73 + 1.66™ 100 88.67 = 1.73
30-39 50 84.03 + 311 50 84.87 =327 100 8365 = 3.16 30-39 50 84.29 = 301 50 8511 + 3.08 100 84.38 + 3.06
40-49 50 7518 =328 50 76.35 + 342 100 75.33 * 3.36 40-49 50 7541 £ 454 50 7557 = 482 100 75.72 + 4.76
50-59 50 70.14 =532 50 7224 =551 100 71.16 % 547 50-59 50 7338 =470 50 71.83 = 431 100 7201 * 451
60-69 50 6542 + 361 50 64.24 =370 100 64.72 = 363 60-69 50 67.22 = 343 50 6541 * 3.66" 100 66.93 + 353
70-79 25 6093 = 301 25 6233 =318 50 6193 * 3.06 70-79 25 6151 + 432 25 6338 + 422 50 6242 + 419
80-89 15 5941 = 208 15 57.77 = 252 30 60.35 = 221 80-89 15 57.36 + 254 15 5883 = 234 30 5809 + 249
90-99 10 5567 = 394 10 5257 + 418 20 53.25 * 401 90-99 10 4845 + 568 10 4947 =518 20 50.62 * 529

Total 300 69.17 = 10.88 300 67.45 + 11.34 600 6841 * 11.18

Total 300 68.18 = 11.03 300 69.51 + 10.59 600 69.75 + 10.65

“P<0.01 for the difference between male and female in each
age group.

The values are indicated as mean = standard deviation.

n, Number of collected samples.

L, Lower jaw, M, Mesial side

Table 31. Index of alveolar process resorption of L7M region

"P<0.05, "P<0.01 for the difference between male and female
in each age group.

The values are indicated as mean = standard deviation.

n, Number of collected samples.

L, Lower jaw, D, Distal side

Table 32. Index of alveolar process resorption of L7D region

Collected samples

Collected samples

Age n Male n Female n Total Age n Male n Female n Total

20-29 50 87.87 = 244 50 87.08 + 252 100 87.04 = 248 20-29 50 87.93 £ 149 50 8813 = 154 100 88.08 + 151
30-39 50 84.39 + 468 50 83.09 + 448 100 83.28 * 452 30-39 50 84.29 = 335 50 8533 + 358 100 84.15 + 341
40-49 50 7531 + 384 50 7751 + 3.94™ 100 76.31 = 393 40-49 50 76.87 =316 50 7825+ 3.21" 100 77.04 + 3.18
50-59 50 7318 =578 50 7531 = 558 100 74.29 *+ 561 50-59 50 7364 £ 531 50 7213 + 543 100 7263 = 5.03
60-69 50 6833 + 391 50 66.83 =374 100 67.11 = 3.85 60-69 50 66.01 =427 50 6471 = 455 100 65.87 + 4.38
70-79 25 6319 = 373 25 6158 + 366 50 6245 * 364 70-79 25 6346 =592 25 6207 377 50 6330 + 3.89
80-89 15 5314 + 313 15 54.72 # 355 30 5421 + 325 80-89 15 5421 = 244 15 5560 = 263 30 54.70 + 254
90-99 10 4912 + 253 10 5132 + 274 20 50.29 *+ 2.66 90-99 10 4461 = 401 10 4773 + 408 20 4464 + 404

Total 300 69.48 + 1048 300 68.11 + 11.38 600 68.84 = 10.53

Total 300 68.27 = 10.79 300 69.38 + 1141 600 6893 + 11.31

“P<0.01 for the difference between male and female in each
age group.

The values are indicated as mean =+ standard deviation.

n, Number of collected samples.

L, Lower jaw, M, Mesial side

"P<0.05 for the difference between male and female in each
age group.

The values are indicated as mean =+ standard deviation.

n, Number of collected samples.

L, Lower jaw, D, Distal side
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Table 33. Comparison of index of the alveolar process resorption between
mesial and distal alveolar process resorptions in each teeth region

Region Male Female Total

1 77.02 = 11.78 7829 + 12.84 76.89 = 11.92
76.35 = 11.87 7791 = 11.27 7759 = 11.37
76.28 = 11.04 7469 + 11.73 7548 + 1147
75.31 = 9.87 7426 = 8.14 7492 = 9.17
7352 + 1245 7467 + 1194 7413 + 12.23
74.84 + 10.18 73.21 £ 1047 7454 *+ 106
73.35 = 10.62 72.83 = 10.87 7314 + 10.84
7066 + 9.65™ 71.85 = 10.74 7143 + 10.31
69.74 = 13.01 6825 = 1354 69.14 + 13.33
66.52 + 1057 68.13 + 1142 6745 + 11.02°
65.11 = 12.98 6645 = 13.25 65.83 = 13.18
6745 = 1348 66.94 + 1259 67.21 = 13.05
67.31 = 1214 6849 = 12.76 6814 + 1249
68.72 = 12.46 67.58 + 12.81 68.27 + 1265
7716 = 10.78 7862 = 11.05 7823 + 1094
78.38 = 11.55 76.88 = 10.85 7718 = 11.31
7758 + 10.54 76.34 + 11.68 76.59 = 1145
7754 + 1048 7913 = 1152™ 7761 £ 11.21
72.74 = 1157 7081 + 1355 72.74 = 1258

=]

2

cle|jf|jlclc|jc|lclc|alc
ot

3 73.17 = 13.08 71.31 + 12.28 72.93 + 12.76

L 4 7167 = 1151 70.06 = 11.98“ 7118 = 11.87
71.36 + 11.82 73.17 = 10.93 72.04 = 11.78

L s 70.18 + 11.28 7171 = 11.70 70.98 + 11.50
71.55 + 12.83 72.21 * 11.35 71.23 = 11.75

L 6 69.17 + 10.88 6745 * 11.34* 6841 = 11.18*
68.18 + 11.03 69.51 *+ 10.59 69.75 = 10.65

L 7 6948 + 1048 6811 + 11.38° 6884 + 10.53

DSOS PR PR PR PR LR CRIDR DR DR DR DR

68.27 + 1049 69.38 = 1141 6893 + 11.31

"P<0.05, "P<0.01 for the difference between mesial (M) and distal (D)
alveolar process resorptions in each teeth region.

The values are indicated as mean =+ standard deviation.

U, Upperr jaw, L, Lower jaw

Table 34. Comparison of the index of the alveolar process resorption between upper and lower jaws

Age Region n Male n Female n Total
Upper 700 8875 * 1.85" 700 8885 + 1.63™ 1400 89.01 + 1.81™

20-29 Lower 700 8943 + 173 700 8957 + 1.85 1400 8955 + 1.77
Full 1400  89.32 + 1.83 1400 8945 + 1.79 2800 8946 + 1.81
Upper 700  85.08 + 344 700  84.83 + 341 1400 8495 * 343

30-39 Lower 700 8529 + 254 700  85.03 % 251 1400 8523 + 253

Full 1400 8526 * 3.05 1400 8512 + 301 2800 8542 =+ 2.99
Upper 700 7712 = 455" 700 77.36 = 467" 1400  77.31 + 462"
40-49 Lower 700 7877 + 416 700 7831 % 462 1400 7874 + 423
Full 1400 7843 + 4.46 1400 7822 * 465 2800 7845 =+ 457
Upper 700 7162 = 463" 700  72.05 + 453" 1400 7206 + 455"
50-59 Lower 700 7368 = 4.31 700 7328 * 449 1400 7348 = 442
Full 1400  72.27 * 452 1400 7195 * 455 2800 7217 + 454
Upper 700  66.32 + 3.30" 700 6597 + 3.39" 1400 6653 =+ 3.33"
60-69 Lower 700 6819 + 373 700  67.84 = 3.85 1400 6811 =+ 381
Full 1400  67.38 + 362 1400 6712 + 3.75 2800 6736 + 3.78
Upper 350 5945 =+ 447" 350 5881 + 455" 700 5964 + 453"

70-79 Lower 350  60.73 + 321 350 6120 = 3.19 700 6122 = 321
Full 700 60.72 = 3.92 700 60.39 = 3.98 1400 60.64 =+ 3.99
Upper 210 5531 = 452 210  57.73 = 455" 420 5525 =+ 455

80-89 - Lower 210 5569 * 2.39 210 5616 + 258 420 5629 * 257
Full 420 5562 = 353 420 5526 + 357 840 5568 + 371
Upper 140 4867 + 525 140 4834 + 528 280 4876 =+ 533"

90-99 Lower 140 50.23 = 347 140 4956 + 352 280 5053 =+ 352
Full 280 4961 * 442 280  49.03 * 457 560 4945 + 454

Upper 4200 7158 * 1258™ 4200 7114 = 1274% 8400 7144 * 1267
Total Lower 4200 7263 + 1233 4200 7237 = 1254 8400 7258 * 1242
Full 8400  72.24 + 1253 8400 7195 + 1268 16800  72.29 * 1259
"P<0.05, "P<0.01 for the difference between Upper and lower jaws in each teeth region.
The values are indicated as mean =+ standard deviation.
n, Number of collected samples.
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Fig. 4. Scatter diagram of each region in the upper anterior teeth.

U, Upper jaw

M, Mesial alveolar process resorption
D, Distal alveolar process resorption
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Fig. 5. Scatter diagram of each region in the upper premolar and molar teeth.

U, Upper jaw

M, Mesial alveolar process resorption
D, Distal alveolar process resorption
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Fig. 6. Scatter diagram of each region in the lower anterior teeth.

L, Lower jaw

M, Mesial alveolar process resorption
D, Distal alveolar process resorption
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Fig. 7. Scatter diagram of each region in the lower premolar and molar teeth.

L, Lower jaw

M, Mesial alveolar process resorption
D, Distal alveolar process resorption
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Table 35. The correlation between index of the alveolar process resorption

and age
Correlation Pearson’s
Region coefficient Regression equation iggé}gitég? SE.
@ ®Y)

U 1 | M| - 0953 Y= — 215X + 221.29 0.927 368
D — 0954 Y= — 217X * 22247 0914 361
U 2 M| - 0916 Y= - 217X = 221.33 0.933 467
D — 0911 Y= — 226X + 235.08 0.904 473
U 3 | M| — 0950 Y= —219X = 22649 0.943 382
D — 0951 Y= — 205X = 210.65 0.931 379
U 4 | M| - 0938 Y= - 210X = 214.25 0.292 431
D — 0925 Y= — 203X = 210.70 0.890 444
U s M| -0925 Y= — 207X = 209.90 0.895 447
D - 0.929 Y= — 173X + 18449 0.865 4.38
U 6 |M | -0921 Y= — 153X = 162.71 0.836 462
D — 0.909 Y= — 176X * 18261 0.820 4.86
U 7 M| -0917 Y= — 156X * 165.64 0.856 467
D - 0.937 Y= - 174X = 177.38 0.855 4.27
L 1 | M| - 0968 Y= - 164X = 179.39 0.948 349
D — 0.967 Y= - 159X * 177.15 0.951 355
L 2 (M| -0971 Y= - 167X = 18047 0.955 343
D — 0.963 Y= — 164X % 17958 0.943 357
L 3 | M| — 0982 Y= — 151X %= 161.70 0.972 3.31
D - 0974 Y= - 153X * 16265 0.966 337
L 4 | M| —0953 Y= — 168X % 174.29 0.907 3.68
D = 0.959 Y= - 1.70X £ 175.30 0.906 358
L s | M| — 0942 Y= — 169X * 175.66 0.882 426
D - 0944 Y= — 168X * 174.00 0.870 404
L 6 | M | — 0949 Y= — 188X = 192.73 0.894 431
D = 0.950 Y= — 185X + 191.03 0.895 4.29
L 7 | M| - 0937 Y= — 185X * 192.06 0.875 4.26
D - 0.949 Y= — 181X * 18854 0.897 4.32

X, Index of alveolar process resorption, Y, Estimated age,

SE, Standard error

M, Mesial alveolar process resorption, D, Distal alveolar process resorption

U, Upperr jaw, L, Lower jaw

Table 36. The index of the alveolar process resorption in each group

Region n Male n Female n Total
M 900  75.38 + 11.83 900 7594 * 1220 1800 7562 + 11.92
U 1-3|D 900 7564 = 10.72 900  78.08 + 10.11 1800  75.71 =+ 10.54
T 1800 7554 *+ 1146 1800  75.68 + 11.37 3600 7569 =+ 1147
M| 1200 6872 + 1227 1200 69.36 = 1271 2400 6225 + 1252
U 47|D 1200  67.81 = 11.62 1200 6873 = 11.96 2400 6872 + 11.83
T 2400 6837 = 11.92 2400  68.63 + 1251 4800 6876 + 1217
M 900 7593 = 11.07 900 7516 = 1224 1800 7594 + 11.85
L 1-3|D 900 7642 = 11.86 900 7552 = 11.75 1800 7627 + 1216
T 1800 7631 = 1141 1800 7556 = 11.92 3600 7646 * 11.87
M| 1200 7034 = 1121 1200 6944 + 11.68™ 2400 69.93 * 11.37
L 47|D 1200 6991 = 11.72 1200 7107 = 11.25 2400 7052 * 1146
T 2400 7012 + 11.67 2400 7063 + 1145 4800 7026 = 1148
M| 4200 7241 + 1259 4200 7189 +1312™ 8400 7212 + 12.83"
UL1-7| D | 4200 7253 + 1243 4200 7295 + 1217 8400 7289 = 1234
T | 8400 7271 £ 1262 8400 7248 + 1274 16800 7259 + 12.64

*P<0.01 for the difference between mesial (M) and distal (D) alveolar process resorptions

in each teeth region.
The values are indicated as mean +
n, Number of collected samples.

standard deviation.

U, Upperr jaw, L, Lower jaw, T, Total

(53)
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Table 37. Regression equation in each group (P<0.001)

Correlation
Region coefficient Regression equation SE.
@
U 1-3 — 0938 = — 217X + 22289 4.03
U 47 — 0925 Y= — 182X + 18341 456
L 1-3 - 0971 Y= — 160X + 17349 348
L 47 — 0937 Y= — 177X £ 18295 411
UL 1-7 — 0945 Y= — 184X + 19194 4.06

X, Index of alveolar process resorption, Y, Estimated age,
SE., Standard error
U, Upper jaw, L, Lower jaw

Table 38. Reliability of age estimation by regression analysis in all teeth
examined group in each age group

Within * 3years Within + 5years Within *+ 7 years
Male Female Total | Male Female Total | Male Female Total

20-29 20 21 41 23 24 47 25 25 50
(80.0) (84.0) (820) | (920) (96.0) (98.0) | (100) (100)  (100)

30-39 18 17 35 22 21 43 25 25 50
(720) (68.0) (70.0) | (880) (84.0) (86.0) | (100) (100) (100)

40-49 15 16 31 21 19 40 25 25 50
(60.0) (64.0) (62.0) | (80.0) (80.0) (80.0) | (100) (100)  (100)

Age

50-59 14 15 29 21 19 40 25 24 49
(56.0) (60.0) (58.0) | (80.0) (80.0) (80.0) | (80.0) (96.0) (98.0)
60-69 17 17 34 22 20 42 24 25 49
(680) (68.0) (68.0) | (80.0) (80.0) (80.0) | (96.0) (100) (98.0)

70-79 16 18 34 21 20 41 25 25 50
(640) (720) (68.0) | (80.0) (80.0) (80.0) | (100) (100)  (100)

80-89 7 8 15 12 10 22 15 14 29
(467) (533) (50) | (80.0) (80.0) (80.0) | (100) (93.3) (96.7)

90-99 2 4 6 8 7 15 10 10 20
(200) (40.0) (30.0) | (80.0) (80.0) (80.0) | (100) (100)  (100)

Total 100 116 225 | 150 140 290 | 174 173 347
(62.3) (66.3) (64.3) | (85.7) (80.0) (829) | (994) (989) (99.1)

Reliability (%)

Table 39. Reliability of age estimation by regression analysis in upper anterior
teeth group in each age group

Within = 3 years ‘Within + 5 years Within = 7 years
Male Female Total | Male Female Total | Male Female Total

920-29 21 21 41 25 25 50 25 25 50
(84.0) (84.0) (820) | (100) (100) (100) | (100) (100)  (100)

30-39 18 17 35 23 22 45 25 25 50
(72.0) (680) (70.0) | (92.0) (88.0) (90.0) | (100) (100)  (100)

40-49 15 16 31 22 23 45 25 25 50
(60.0) (64.0) (62.0) | (88.0) (92.0) (90.0) | (100) (100)  (100)

50-59 14 15 29 21 22 43 25 24 49
(56.0) (60.0) (58.0) | (84.0) (88.0) (86.0) | (80.0) (96.0) (98.0)

60-69 16 17 33 23 22 45 25 25 50
(64.0) (68.0) (66.0) | (920) (88.0) (90.0) | (100) (100)  (100)

70-79 16 18 34 21 23 44 25 2 50
(64.0) (720) (68.0) | (840) (92.0) (88.0) | (100) (100) (100)

Age

80-89 7 8 15 13 13 2% 15 15 30
(467) (533) (50) | (86.7) (86.7) (86.7) | (100) (100)  (100)

90-99 2 4 6 8 9 17 10 10 20
(20.0) (40.0) (30.0) | (80.0) (90.0) (85.0) | (100) (100)  (100)

Total 1090 116 225 | 156 159 315 | 175 174 349
(62.3) (66.3) (64.3) | (89.1) (90.9) (90.0) | (100) (99.4) (99.7)

Reliability (%)
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Table 40. Reliability of age estimation by regression analysis in upper premolar

and molar group in each age group

Within * 3 years

Within * 5years

Within + 7 years

Age Male Female Total | Male Female Total | Male Female Total
20-29 19 20 39 22 23 45 25 25 50
(76.0) (84.0) (80.0) | (88.0) (920) (90.0) | (100) (100) (100)
30-39 17 17 34 21 21 42 25 25 50
(68.0) (68.0) (68.0) | (84.0) (84.0) (84.0) | (100) (100)  (100)
40-49 13 13 2% 18 19 37 24 2% 49
(60.0) (64.0) (620) | (720) (76.0) (74.0) | (100) (100)  (100)
50-59 14 14 28 19 20 39 25 2% 49
(56.0)  (56.0) (56.0) | (76.0) (80.0) (78.0) | (80.0) (96.0) (98.0)
60-69 17 16 33 20 19 39 24 25 49
(64.0) (68.0) (680) | (80.0) (76.0) (78.0) | (96.0) (100) (98.0)
70-79 15 16 31 18 20 38 24 25 49
(64.0) (720) (68.0) | (72.0) (80.0) (76.0) | (100) (100)  (100)
80-89 5 5 10 10 11 21 15 14 29
(46.7) (533)  (50) | (66.7) (733) (70.0) | (100) (93.3) (96.7)
90-99 2 3 5 6 6 12 10 10 20
(30.0)  (30.0) (30.0) | (60.0) (60.0) (60.0) | (100) (100) (100)
Total 102 104 206 | 134 139 273 | 172 173 345
(58.3) (594) (589) | (766) (794) (78.0) | (983) (989) (986)

Table 41. Reliability of age estimation by regression analysis in lower anterior

teeth group in each age group

Reliability (%)

Within + 3 years

Within + 5years

Within * 7 years

Age Male Female Total | Male Female Total | Male Female Total

20-29 22 22 44 25 25 50 25 25 50
(88.0) (88.0) (88.0) | (100) (100) (100) | (100) (100)  (100)

30-39 19 19 38 23 24 47 25 25 50
(76.0) (76.0) (76.0) | (92.0) (96.0) (94.0) | (100) (100)  (100)

40-49 17 16 33 22 22 44 25 25 50
(68.0) (64.0) (66.0) | (88.0) (880) (88.0) | (100) (100)  (100)

50-59 15 16 31 23 22 45 25 24 49
(60.0) (64.0) (620) | (920) (880) (880) | (80.0) (96.0) (98.0)

60-69 17 17 34 23 24 47 25 25 50
(68.0) (68.0) (68.0) | (92.0) (960) (94.0) | (100) (100)  (100)

70-79 16 18 34 24 23 47 25 25 50
(64.0) (720) (68.0) | (96.0) (920) (94.0) | (100) (100)  (100)

80-89 7 8 15 13 12 25 15 15 30
(46.7) (533) (50) | (86.7) (80.0) (83.3) | (100) (100)  (100)

90-99 2 4 6 9 10 19 10 10 20
(20.0) (40.0) (30.0) | (90.0) (100) (95.0) | (100) (100)  (100)

Total 115 1200 235 | 162 162 324 | 175 174 349
(65.7) (686) (67.1) | (926) (926) (926) | (100) (994) (99.7)
Reliability (%)

Table 42. Reliability of age estimation by regression analysis in lower premolar
molar group in each age group

and

Age

Within %= 3 years

Within + 5 years

Within + 7 years

Male Female Total

Male Female Total

Male Female Total

20-29

20 20 40
(80.0) (840) (820)

23 23 46
(100)  (100)  (100)

25 25 50
(100)  (100)  (100)

30-39

17 17 34
(720) (68.0) (70.0)

21 20 41
(920)  (920) (92.0)

25 25 50
(1000 (100) (100

40-49

13 15 28
(60.0)  (64.0) (62.0)

21 21 42
(88.0) (840) (86.0)

24 25 49
(96.0) (1000 (100

50-59

13 15 28
(56.0)  (60.0) (58.0)

21 21 42
(840) (880) (86.0)

25 24 49
(1000 (96.0) (98.0)

60-69

17 15 28
(68.0) (68.0) (68.0)

20 20 40
(80.0) (80.0) (80.0)

24 25 49
(96.0)  (100)  (98.0)

70-79

16 18 34
(64.0) (720) (68.0)

19 18 37
(880) (920) (90.0)

25 25 50
(100)  (100)  (100)

80-89

5 6 14
(467)  (533)  (50)

10 11 21
(86.7)  (80.0) (83.3)

15 14 29
(100)  (93.3) (96.7)

90-99

3 3 6
(30.0)  (30.0) (30.0)

7 6 13
(80.0)  (100)  (90.0)

10 10 20
(100) (1000  (100)

Total

104 108 212

(594)  (61.7) (60.6)

142 140 282
(81.1)  (80.0) (80.6)

174 173 347
(994) (989) (99.1)

Reliability (%)
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DRRBERIREDREZT TR, HMEOE, HERPE
OMER EDPEESLTwA, S5612, HEZEREOIRINIC
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BT, RERBD» O BERE T, HEFTICDS
EHWFEOBNFTBHICHE X TL B72012, HERHBT
RSN EREPERE L CORIMER T —RICE
EINBWERY, FlHEEEHLTLE ) THEMD
ZErohs., MIERHEELZEILTLEIHANEL
i3, EERERR EORESFAELST, BWICTI—2a
YiE—VENR, FUINIQDBENIELDREZLND
L, SMICIIEROFEEDEESCEZ F R EPEEL
TWBDRD Lk,

REOREH L LCid, FBRZIT TR ERIBRTY
JEHTE, BE3Wo§, FMTRHEI, BElbrE
DIFBHZ L%, BEOHWFEHEEITETHSL.
TN ER ORI REHE 7 v &V X SR (- 2
X, R—F TNVERT Y ¥V X #HERE MAX-DC70 ¥ 4
7T, E ¥ EERT) R, MERBOEA TV L HRHE
TV NVXBEBICBNTHRATET, 2R
BIBFTICHIRZ <, X BHREPTHEIT®YICB I hbh
WE, REFERRPSOE L oTWED, 7LV
LADHBE L ) EEFBRIBIRICEAESINIICWL, B
WHREOFEEZ DT, FERMHEE IS 28Ik 1 AE
WZOZ0FRBRETHY, WORETIPLRLRVWK
BEAECORFIOTCTREL S, BEESEVETE
HTharLEbs.

$7:CE] DFFET HKARDS, REEZEDLRWIE T
FELTRETSL L) 2G40, FWMETEICERL
[OlJRE#I (Table 35) 12, FRAFoR OISR %
ARALT, HIEREDOHEL V) EPDD, FNLDF
BlEARIRTAZLI2LoC, EETHTHLEEZD
NaH. RELLTC, EWEOEE, FELVEE EEO
WEEEE, RIS HRRIESI R CE] A5 s & W7z FRAR
BT, FIRHEELTHEBICIEL2HE60DHD, fin
LOFARZER L 2T NERLRNWI LD 5.

BED X312, RBgRic BT, sflizeielEes
EVIBERZRIT T, KERBCHERDD HIIHHZE
Bxd LI LT, ERESITERA, FizhERpEERE
BH L., ZORICKEBMEOEROTEHEEZMRAL, &
WEEOEE 2 FIRT L, EEEB L, WERERH
EVETTE, BERPEEBOH - 2EREEL LT,
FLWHRDSIZ S5 &HEr L7z,

CREN DI FHEZEL DR RS, ERMEEDEEER
LT, g (iEgee) IR L, BEMICBIT A

ISRz K, T Ol & Eip L
DOAABIBIGR & MRET L 7z,

1. BAEZEREIIRE RO L ) ITEEL, A,
BEAE SRR R 3 = B DU R A — S AR S B EE (B)
CEJ — BRARSSHEHE (A) X 100

2. BEAIZBVT, HMEZERFIEER X) LER(Y) &
12, BOTHBIEIR FHRIREr = — 0909 ~ — 0.982,P <
0001)12d 1), FEALIZ BT 5 B sEEZERLIE
Bobete, ZEOEEERBIGEHOAEHIB VT,
EEBD LD o7,

. EEEERIER X LERY OfiCik, AEOMHEHE
HrHY, RORXTRDOLNS.

SWH Y = — 184X + 191.94(+ 406 %), EHAIHE
BEIY = — 217X + 22289(+ 403 7%), hHEEFIME :
Y =— 182X + 18841 (£ 456 %), TEARISEE Y =
— 160X + 17349(+ 3487%%), THHABEMH Y= —
177X + 18295 (+ 4115%). Wihd BIFRIEEREE
PHEON, THEAEHD? L OHEEBRENR LD Lro
7=.

4. HERETIE, BTVRBEHEETLHEIELON
WREZ DL WECTHTPRET 25413, &S
CICEH L2 ERESR (Table 35) 12, BAFEOHE
R EMRA LT, 205 0THMHEL HEEER
ELTHERT AL oC, InHTRETHL LED
ns.

5. X# 7 4 v & 13 ISO speed D X-ray dental film ®
(B SR BT BF 22 57), B 13 INSTANT
DQD R X # 7 1 )V 2 BiE A 1 e () % A
W, 20T 4VADREITRICBNTIE, BEIW
BTk, BBEESUFS1EETHY, 18H720 30
BCTHRENFTET, AEEIERLTWS,

6. FEMIEEICB VT, EPBORRETILRAN
IZEMTBETRETH BDS, RED DS OERBEEEL,
HFEE DR, B THREE B PR
PDETHZVE, BECTEEOEVEREEITIETD
BHHRT, REEKECOHEATEETHY, BRATHA
LEZ 5N
(AWFEONBEO—ERIL, 4 84 B HAEEZARS -

MEIL, FA7TEEREEERTSB S - KR, %85

O HAEEFZARSE - ABKTEELE.)

WERZBICHIZY, WY - HEEE) £ L5E
B ER AR E I BEEAR 100 b B O &
ERLETE LI, HRE - #MBSHY T LA%D
FENBEBEMATIELCEIR, 72 O CICRZERI B 5
EHERMIRCEH P LD T ET.

w



(58) I st

X 73

1) ABEE & FEOMBRMELR S ORI O
ZAUICBI T 5 MARERORTZE. JUNEARE. 521 477-
498, 1998.

2) JIAmBE, EEFAX, ZEEE, & BE, & =
#&, WWHEARSA, BHRTE, BAER, SHERSE, L
R, MEHEZ ¢ FETRICBT2BERED
et BOMNEE. 45 : 782-787, 1999.

3 JIF X, JFXEHE, KHEMTF, 8 #X =56
EHF, EH—8, muLr v, #TEX MER

S I PCREK L AHAD S OWRHE. HEER.
49 :193-198, 1995.

4) REHBRX BRSO EICE T 5 EEER
ZRUHIE. MBI X 2B ITOWT. M.
29 : 324-332, 1995.

5) EHBE | MG EIC L EMOMEEOMT 5815,

WA, 77 1 16231636, 1977.

6) R —H : quintuplex PCR 12 X 5 % DNA %5
®»vWA, THO0l, TPOX, CSFIPO B X U7 2 u¥
VU= ADEKE STRAT—H AD N NEEB &
'CSFIPO U —HADT U=V 15DY—r v v
7. BR#%. 73 118-29, 1999.

7) F{E3hEH, BOFME, XKBE>F, SHEAETF %
HFHEKES, RHEF, EE T, BHER  ERE
FIREILE KL D PCR HEIC & B WBIHIEIC BT B 7 A
O = VBETHIER TS 4 < — Ok, BHETR
.47 1 71-76, 1994

8) MELRRT : HRIC X AMEAGRIICE T 5 DNA G0
B, HEEARE 40 241-248, 1998.

9) EFBEE | WA 50 MN RIMERBRHICE T 55
38, M4)IgESE. 17 © 331-352, 1982.

10 WA £, WHERIE, k& &, MBEX, REE
£, SEE, XF =, WAREX, EBHKT .
WA S OERIC X ZE AR 2 5. HIEERK. 51
324-330, 1997.

11) SRS, BREE—, = FTE .V IV XKEE

ZHVEAGRIES. HEEER. 42:530-547, 1988.

12) kO &, EEE—, fRLIE, LUE—F, Z208%
R & D HBREEROBARINEG. —2—
N=f Y R=IFEEXHa V¥ o — 5 —BREE
DISH—. HLE. 48 :282-288, 1994.

13) AMEE, BIIKRE, RELESL  RBOEELZ
DFEZ. JUGREE. 34 :15-29, 1968.

14) $6KFEB, BAER, kO &, BBAEX : HHEIC

BEN-EROERE. HIEERE. 331615 1979.

15) Suzuki, K. and Tsuchihashi, Y. : Two criminal
cases on lip print. Act. Crim. Japon. 41 : 61-64,
1975.

16) fEm#*#—, F LR, & =iE, KO B hEzR
& L7z DNA 547 0 728 O FEBER BT & S RIRH
DR, HEEERE. 49 1 1-10, 1995.

17) NERIE, BARH, hHERE, FiR M, KHS
BhF, JIIE X, & HEX SBEHEF XK
5F A= —A Y R—XEB L UTDNA BREIC &
>HBRAEORRBRIIES. HREE. 70 : 680-
696, 1996.

18) Kirkham, W. R., Andrews, E. E., Snow, C. C.,
Grape, P. M. and Snyder, L. : Postmortem pink
teeth. J. Forensic. Sci. 22 : 119-131, 1977.

19) Padayachee, A.: Pigmentation of teeth : a review.
Int. J. Forensic. Odonto-Stomatol. 7:67-75, 1989.

20) REFER : 85 ICBI T 2R EEAMI%E. HEEEES.
5 :170-186, 1951.

21) Takei, T.: Age estimation from dental attrition
and state of dental treatment-by application of
the theory of quantification type-J. Nihon Univ.
Sch. Dent. 26 : 119-132, 1984.

22) MARSE, ALE—, IHEE, TE#RE =N
BB, EEHER, BA B, FiRE— @ THUELE
Eh o OERHEE—TREOFEIOBRE— HEE
EE. 47 113-17, 1993.

23) I X RAeH, BB X UEOLEIRES S A
7RO E—EIE DF BRI L 5—. HKHE
%, 50 : 280-288, 1976.

24) VRS | BEZORBOMREL L TDERK. £
4. 13 1 157-165, 1999.

25) BFE— EWRETY v X keEE T vk
WOMEMRH S OEMAEE. HAREZE. 731330~
337, 1999.

26) Drusini, A. G. : Age estimation from teeth using
soft X-ray findings. Anthrop. Anz. 51 @ 41-46,
1993.

27) ABEHERRE, MEEAIX, MRE—, $HAEX, T
SR X B R FIUH L2k 2 b oFEREE. H
EIEFE. 39 : 244-250, 1985.

28) Helfman, P. M. and Bada, J. L. : Aspartic acid
racemization in dentin as a measure of aging.
Nature. 262 : 279-281, 1976.

20) K& &, BF ¥, AXKBE, WUXB—: 73/



RBBIE 2 2 T oM SRBIPERE L H W e (59)

BT & IALERIC X 2 PEFERD D S DR EE 2 f.

H¥EERR. 43 :191-197, 1989.
30) K& &, WHRIE, WWAREXR, AKBE, BF

¥, BAEE, MNEEER, UEXE: 7ATY
RO T & IALFUREE (T 2 IR 2 FIHT 58
b OEHEEE. HIEERE. 54 1 207-218, 2000.

3) WHFER, FTEE  OBREOEE. 43CH, B
X, D 246-269, 1990.

32) BHAR | V#HEISHE 2R FIFATHADESH
ZROMFBIE. HHH®K. 17 419-430, 1937.

33) Moorees, C. F. A., Fanning, E. A. and Hunt, E.
E. ! Age variation of formation stages for ten
permanent teeth. J. Dent. Res. 42:1490-1502, 1963.

34) deHiR— | RAWBEEORIIER ICBT 20%. &
Bha#. 41 31-38, 1936.

35) NREFESR  HRNMNRICBIT 538 - AAHEO
B RIS B 5 AR SR, /NJRERES. 20 1 131-
142, 1982.

36) £HEF MW TEHHLEOESHWE/IZOVT. H
NI, 2:8, 1954

37) MEE—B  HoWEIZOWT, BIREFR. 2314
11, 1956.

38) fRERASEA | T OISR ICH T A AR HEERS.

26 . 31-41, 1972.

39) Gustafson, G.:Age determination on teeth. J.
Am. Dent. Assoc. 41 : 45-54, 1950.

40) F L&A, PIBE @ THEOBILEEEF O
RUMEAT & EERF I ARRIIC BT 2 EE. BEFD
ERR L BFFE. 43 : 105-114, 2000.

41) F EEHI, PTBE BRAKRAOWT B L UHF]
B ORENFE—IEIEE, FiEEICBIT 5
BH— BEZEOEBELHIZE. 43 :95-103, 2000.

42) Narasaki, S.:Estimation of age at death by
femoral osteon remodeling . Application of
Thompson’s core technique to modern Japanese.
J. Anthrop. Soc. Nippon. 98 @ 29-38, 1990.

43) Yoshino, M., Imaizumi, K., Miyasaka, S. and
Seta, S. : Histological estimation of age at death
using microradiographs of humeral compact
bone. Forensic Sci. Int. 64 : 191-198, 1994.

44) RAME, REXH, HMEE, BEH B, REFE
Bh, AUGESER, hIFRERR, MILIEHE (QCT TV
HWELBREELBRF~—H — 1T TORE.
IR =157 BEk. 66 : 37-43, 1995.

45) RAME, SH—EB, #BH B, XEXH, HRE

w, BR X, AGEE, MER, iEsE, &
FEERR, BILMEHE QCT X 2B IEOEE
EE & BHBREREC OV TORS. BA=84
BEFd. 65 : 69-76, 1994.

46) KOFX, PEEE, Hf B BFRICIIEF
HADOERR VI DXA IC L 52 BEEZ BV BH%E
DWEHE. HER/SA 4 2 7455 181 311-316, 1997.

47) HEBXEA, B EHH, WEMX  UERZICBTS
BEEBEEREEMBOME. WKEAERER. 2:
35-40, 1999.

48) Prichard, J. F. : The roentgenographic depiction
of periodontal disease. J. Am. Soc. Prev. Dent. 3:
44-50, 1973.

49) Solheim, T. : Amount of secondary dentin as an
indicator of age. Scand. J. Dent. Res. 100 : 193-
199, 1992.

50) Schei, O., Waerhaug, J., Lovdal, A. and Arno,
A.Alveolar bone loss as related to oral hygiene
and age. J. Periodontol. 30 : 7-16, 1959.

51) Yoshino, M., Akiyama, F, Tsunoda, T,
Kurosawa, A., Horiguchi, R., Arai, T. and
Nakamura, J.: An orthopantomographic study of
the relationship between mandibular height and
alveolar bone resorption, crown and root lengths
and anatomical crown-root ratio. J. Jpn. Ass.
Periodont. 28 : 263-269, 1986.

52) Rohner, F, Cimasoni, G. and Vuagnat, P :
Longitudinal radiographical study on the rate of
alveolar bone loss in patients of a dental school.
J. Clin. Periodontol. 10 : 643-651, 1983.

53) HBEESE, MHWEA, =T B, FE X #EH
18, EER— XHRSEX FEBOELICHET 5%
GRS IORIZE. RAEZ. 51 0 1040-1041, 1978.

54) Kolltveit, K. M., Solheim, T. and Kvaal, S.:
Methods of measuring morphological
parameters in dental radiographs comparison
between image analysis and measurements.
Forensic Sci. Int. 94 : 87-95, 1998.

55) Lindhe, J. : Textbook of clinical periodontology.
1st ed, Munksgaard, Copenhagen, p520-530, 1983.

56) LB, EHRL, BER=, T & FEA
—, NHEX B EARANEZEREZICB T 5 Bone
level L4 & OBIEICDOWT. HEEE. 27
610-617, 1985.

57) BEGEGSER  ERWAEOB . EFE. HE,



(60) # Ok

p 125-130, 2000.

58) MELIHE © BEFEBERE AR v b L ZOWEEICH T
AHFge. HEEEEE. 31 :608-632, 1989.

59) ME B, HHE&R  fMREXRIESL X OWEERD
X MRS, HRDOFRE. 24 © 289-295, 1998.

60) HFE=, HPEF, it FEH, HFIEEA, FEA

—, FHIEX : WHHEABLOEOBIZ L EERE
TR § 2 X P ATZE. HEEEE. 27 © 168
178, 1985.

61) ED &, RREBEED): RERGOEA. BEHRE
13 :3-7, 1998.



