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Table 1. The distribution of 67 subjects according
to age
Age group Frequency (%)

<30 10 (15.0)
30~39 9 (13.4)
40~49 9 (13.4)
50~59 15 (22.4)
60~69 15 (22.4)

70> 9 (13.4)

Total 67 (100.0)
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#AAEe Eoll P (calvarium)e A 1/3 298 3
L wigko 7 F3sl= BHeto 2 AFF(frontal bone)
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margin)ol] A-sIL 3 A
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Fig. 1. The ectocranial sections corresponding  with
differences in the character of the sutures
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F2 FE3ke C1-R, C1-L, C2-R, C2-L, C3-R, o F

C3-L2 %9Ysih

Stage 0 Stage 1
: Open suture. The closure of suture is not observed. : Suture is closed, but visible through the loupe.

Stage 2 Stage 3
. Suture is closed as a small point and visible with the . Suture is closed in a wide area.
naked eyes.

Stage 4
. Suture is completely obliterated or only pits indicate where
the suture is located.

Fig. 2. Description of the five stages of suture closure
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Table 3. Correlation  coefficients of the ectocranial
closure stage of each suture with age

(p<0.01)

Suture section N Correlation coefficients
S 268 0.569
S2 268 0.681
S3 268 0.565
S4 264 0.586

CI-R 268 0.559
Cl-L 268 0.557
C2-R 268 0.602
C2-L 268 0.559
C3-R 268 0.606
C3-L 268 0.580
LI-R 256 0513
L1-L 256 0.568
L2-R 256 0.550
L2-L 256 0.577
L3-R 252 0.577
L3-L 252 0.559
"Sa 0.600
“Co 0577
"La 0.557
"Total 0578

“Sa : Mean of the correlation coefficients of S1, S2, S3,
S4

“Co : Mean of the correlation coefficients of C1-R, C1-L,
C2-R, C2-L, C3-R, C3-L

“La : Mean of the correlation coefficients of L1-R, L1-L,

L2-R, L2-L, L3-R, L3-L

"Total : Mean of the correlation coefficients of 16 suture

sections

oA 19 743 A== 4009 o
‘e 50, ‘3 50~60th Y] S Ur
BUglon, Zhzhe] A3 104 o) AAE ‘)r‘:/]r
T 22 AR {3 HEHE Hol= A9
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Table 4. Frequency(%) of closure stage in sagittal suture according to the age group

Suture Age group
section <30 30~39 40~49 50~59 60~69 0=
N 40 36 36 60 60 36
stage 0 715 41.7 194 20.0 6.7 0.0
1 175 444 306 233 133 11.1
Sl 2 50 139 30.6 183 35.0 333
3 0.0 0.0 194 133 26.7 333
4 0.0 0.0 0.0 250 183 222
N 40 36 36 60 60 36
stage 0 60.0 444 11.1 11.7 0.0 0.0
1 325 278 306 16.7 8.3 2.8
S2 2 50 25.0 33.3 23.3 20.0 139
3 25 2.8 25.0 16.7 333 306
4 0.0 0.0 0.0 317 383 52.8
N 40 36 36 60 60 36
stage 0 60.0 61.1 194 10.0 5.0 0.0
1 20.0 16.7 25.0 133 150 0.0
S3 2 125 11.1 11.1 20.0 13.3 250
3 75 0.0 194 16.7 28.3 222
4 0.0 11.1 25.0 40.0 383 52.8
N 40 36 36 60 56 36
stage 0 65.0 58.3 139 150 18 0.0
1 20.0 16.7 222 8.3 71 56
S4 2 10.0 22.2 194 26.7 25.0 306
3 50 2.8 194 30.0 179 333
4 0.0 0.0 25.0 20.0 482 306
ol wal wA uehga 58 Baude AR FAF 4Ed 39 £F Yxo) e ARy
(CI-R, C1-L)¢F HFH(C2-R, C2-L)oIA 9] Ao AHEES FEIATHTable 8).
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Table 5. Frequency(%) of closure stage in coronal suture according to the age group

Suture Age group
section <30 30~39 40~49 50~59 60~69 70>
N 40 36 36 60 60 36
stage 0 875 55.6 389 23.3 3.3 56
1 75 389 36.1 283 250 222
ClI-R 2 50 56 139 21.7 50.0 250
3 0.0 0.0 56 183 15.0 222
4 0.0 0.0 56 8.3 6.7 25.0
N 40 36 36 60 60 36
stage 0 82.5 58.3 278 25.0 1.7 8.3
1 15.0 41.7 417 283 20.0 194
oL 2 25 0.0 194 283 63.3 218
3 0.0 0.0 0.0 10.0 10.0 25.0
4 0.0 0.0 11.1 8.3 50 194
N 40 36 36 60 60 36
stage 0 72.5 389 16.7 133 0.0 56
R 1 20.0 444 389 383 15.0 139
2 50 16.7 444 35.0 40.0 444
3 25 0.0 0.0 8.3 30.0 333
4 0.0 0.0 0.0 5.0 15.0 2.8
N 40 36 36 60 60 36
stage 0 80.0 306 56 21.7 1.7 56
oL 1 15.0 472 444 36.7 21.7 16.7
2 25 194 50.0 183 36.7 218
3 25 2.8 0.0 10.0 250 444
4 0.0 0.0 0.0 3.3 15.0 56
N 40 36 36 60 60 36
stage 0 52.5 306 278 6.7 0.0 56
IR 1 375 58.3 33.3 23.3 16.7 139
2 10.0 11.1 194 40.0 217 139
3 0.0 0.0 139 16.7 21.7 25.0
4 0.0 0.0 56 133 40.0 41.7
N 40 36 36 60 60 36
stage 0 45.0 25.0 194 1.7 3.3 56
oL 1 45.0 52.8 36.1 417 83 11.1
2 10.0 22.2 278 30.0 30.0 22.2
3 0.0 0.0 11.1 150 15.0 25.0
4 0.0 0.0 56 11.7 433 36.1
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Table 6. Frequency(%) of closure stage in lambdoidal suture according to the age group

Suture Age group
section <30 30~39 40~49 50~59 60~69 70>
N 40 36 32 60 52 36
stage 0 75.0 444 125 10.0 77 83
1 5.0 278 313 15.0 77 83
LI-R
2 10.0 16.7 28.1 33.3 25.0 16.7
3 75 2.8 156 15.0 19.2 4.7
4 25 83 125 26.7 40.4 25.0
N 40 36 32 60 52 36
stage 0 75.0 41.7 9.4 10.0 39 0.0
1 5.0 278 344 16.7 154 56
L1-L
2 125 194 31.3 30.0 21.2 194
3 5.0 56 188 16.7 19.2 44.4
4 25 56 6.3 26.7 40.4 30.6
N 40 36 32 60 52 36
stage 0 62.5 389 6.3 10.0 5.8 56
1 15.0 25.0 375 10.0 96 16.7
L2-R
2 20.0 30.6 344 40.0 21.2 194
3 0.0 56 156 33.3 21.2 25.0
4 25 0.0 6.3 6.7 42.3 33.3
N 40 36 32 60 52 36
stage 0 675 389 31 10.0 0.0 2.8
1 175 22.2 40.6 183 77 194
L2-L
2 125 33.3 344 36.7 25.0 30.6
3 0.0 56 188 30.0 25.0 16.7
4 25 0.0 31 5.0 42.3 30.6
N 40 36 28 60 52 36
stage 0 675 58.3 0.0 117 39 2.8
1 225 30.6 50.0 26.7 154 278
L3-R
2 75 111 286 40.0 21.2 194
3 0.0 0.0 214 16.7 30.8 194
4 25 0.0 0.0 5.0 299 30.6
N 40 36 32 60 52 36
stage 0 75.0 52.8 0.0 117 19 83
1 15.0 22.2 39.3 26.7 135 25.0
L3-L
2 75 25.0 35.7 433 23.1 194
3 0.0 0.0 25.0 16.7 269 22.2
4 25 0.0 0.0 1.7 346 25.0

385
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Table 7. Mean age and standard deviation by closure stage of each suture

Suture section

Ectocranial suture closure stage

0 1 2 3 4
S1 34.2+145 45.4£164 56.3+14.6 59.4£10.4 60.5+ 8.2
S2 30.8+114 40.6+154 50.8€13.9 57.2+11.8 63.4+ 99
S3 33.1£13.0 43.8+16.2 53.0+16.0 56.3+13.0 58.5+12.9
S4 325+12.4 416+17.8 53.6+16.1 56.6+12.2 59.1£10.3
CI-R 35.1+15.1 50.4£15.5 58.6£12.0 60.0+ 9.2 61.5+ 9.2
Cl1-L 35.4£16.0 479£15.6 59.8+ 9.6 63.0+ 84 58.7£10.6
C2-R 32.8%15.3 458+14.7 55.4+135 63.1+ 9.7 64.2+ 5.3
C2-L 34.0£16.7 477154 53.5%12.7 62.5+11.2 65.1+ 5.2
C3-R 33.6x15.3 42.6£16.6 52.1£13.8 59.9+10.1 63.3 7.2
C3-L 34.2£175 41.8415.6 52.3t14.6 60.3£10.4 63.1= 69
L1-R 33.8+16.1 46.2+139 51.8+14.4 59.4+159 56.9£11.9
L1-L 30.7£16.1 47.2+14.0 50.8£15.0 59.4+15.0 58.3+11.8
L2-R 33.3£15.7 46.2£17.7 48.6£15.3 57.0+11.0 63.0+10.1
L2-L 29.9+13.7 472+17.8 51.1+14.6 55,7+ 99 63.3+10.2
L3-R 32.1+145 48.3£17.0 52.4£13.7 59.2+ 94 63.9£10.3
L3-L 326%16.1 49.9+16.6 50.9+13.6 58.3+ 94 64.5£10.3
£ Fogts AS gt ol 3 gES 747 2 24 29 ASE, A 5 AlA ]
T Bt Zk= 7keAlelH Table O}EH«] & Wl A S Tt i A% Aste A
(constant)#2 EE F919 & A= 0d 25 oRlas A
FAH s Agolth £3] 421 =4 ¢ Ao} = s 5

AR FGAER e AP S A=) HsiA o ¢ AE, A= AFH ,AE 2 AE Y
= 2t B F99 % AEE 7ol BA HA4st WA ST, = AoAA PSR FF
o I/ Ard = —’F | £ Table 805 A4 sketzbe] ws) o] 39 9 of, NI &
grol gHakstal wpAeo 2 AFQl 25238 7HiFsho ¥ AJofe] wRE B X573 S5 T AAgRe
FAAHES T3tk 2R A8 FHo] o]FoA”

Table 99 Ye dol A= 16 B399 +3 & Acsadi®} Nemeskeri"®= T2 B30 43
T 7FEA ] §o] 26550]a A7) A4 25238 9 = T3 §E, dEEH % A 5
s 51.780lgte FAHAHE S S & Utk o 4 £ #Est dEs FAHsIAE ol e <l
Aol AR ] 5001 ER 2= 178417} 3ol FHE ol Fol 2] A5
Hr} o 3 Lovejoy™P= o o &

o] de) W3H(metamorphosis), WEF FAF
V. 52 % & (trabecular) 3}, FHA=S & Fo3t 2o} v
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Table 8. Calculator for age estimation by ectocranial closure stage of the three suture

Ectocranial suture closure stage

Suture section

0 1 2 3 4
S1 0 -3.23 -5.44 -8.34 -6.60
S2 0 -0.80 8.07 17.60 25.32
S3 0 0.83 135 0.29 3.01
S4 0 -0.71 794 1.46 489
CI-R 0 1.67 -8.57 -10.53 -10.31
Cl-L 0 3.67 13.62 14.78 13.33
C2-R 0 6.19 9.25 9.12 7.35
C2-L 0 1.28 -1.80 0.36 -2.86
C3-R 0 -3.55 -2.05 3.39 -1.15
C3-L 0 443 562 6.60 9.85
L1-R 0 342 3.56 -10.69 -18.74
L1-L 0 244 0.31 17.01 14.52
L2-R 0 1.04 -7.00 -4.43 1.56
L2-L 0 0.29 1.60 -6.99 -7.18
L3-R 0 2.93 1.74 -2 -2.01
L3-L 0 1.64 -1 511 7.21
Constant=25.23 R*=0.6944 p<0.01
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Table 9. An example of age estimation
e Suture closure Parz?meter
stage estimate

Sl 4 -6.60

S2 4 25.32

S3 4 3.01

S4 4 4.89
C1-R 1 1.67
Cl-L 1 3.67
C2-R 2 9.25
C2-L 1 1.28
C3-R 1 -3.95
C3-L 1 443
L1I-R 4 -18.74
L1-L 4 14.52
L2-R 2 -7.00
L2-L 3 -6.9
L3-R 1 2.93
L3-L 2 -1.54
Sum 26.95

Estimated age : 26.55 + 25.23 = 51.78
Real age : 50

Estimation error : 1.78
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-ABSTRACT-

The Closure Stage of Cranial Sutures in Correlation with Age

Hyoung-Joon Ahn', D.D.S., Kyoung-Jin Sin®, D.D.S.M.S.D,,
Jeong-Seung Kwon', D.D.S., Hyung-Joo Do', D.D.S.,,
Jong—Hoon Choi‘, D.D.S.,M.S.D.,Ph.D., Chong-Youl Kim‘, D.D.S.M.S.D.,Ph.D.

Dept. of Oral medicine, College of Dentistry, Yonsei University'
Dept. of Forensic Medicine, College of Medicine, Yonsei University2

In order to study the closure stage of cranial sutures and its correlations with age, the ectocranial closure stage of
coronal suture, sagittal suture, and lambdoidal suture of 67 skulls was measured. Among the skulls kept at the department
of anatomy, college of medicine, Yonsei University, the ones with ages identified were used for this study. These
measurements of suture closure were conducted by 4 examiners independently. The sutures were further divided by
Frederic’s method into 16 suture parts. The closure stages were classified by five stages of Broca-Ribbe. The following
results were obtained:

1. The inter-observer reliability among 4 examiners showed high intraclass correlation coefficient of over 0.75(mean :
0.856) in all suture parts. Therefore, the determination of closure stage wasn't influenced by the subjective view of each
examiner.

2. In all suture parts, the closure stage increased proportionally with age.(p<0.01) In terms of each suture part, the S2
part of sagittal suture showed the highest correlation(68.196) while the L1-R part of lambdoidal suture showed the
lowest correlation(51.3%). In addition, in terms of suture types, the correlation with age decreased in the order of
sagittal suture(60.0%), coronal suture(57.7%), and lambdoidal suture (55.7%). In general, the average value of suture
closure stages had 57.8% correlation with age(p<0.01).

3. The most frequent suture closure stage according to age group was ‘0’ for ages below 30, ‘0" and ‘1’ for ages within
the 30’s, ‘1" and 2" for ages within the 40’s, and ‘2’ for ages within the 50’s. With older age groups, the frequency of
‘3 and ‘4’ increased, and the suture closure stage increased proportionally with age.

4. The mean age by closure stage of each suture were within the 40’s for the closure stage of ‘1’, within the 50’s for
the closure stage of ‘2’, and from 50’s through 60’s for the closure stage of ‘3. The standard deviation was over 10
for all closure stages. In addition, at the same suture closure stage, the mean age according to the coronal suture was
higher than the ages according to the sagittal suture or lambdoidal suture. Especially, C1-R, C1-L, C2-R, and C2-L
parts showed the highest age when at the same suture closure stage.

5. The values appropriate for age estimations using suture closure stages of 16 suture parts were calculated, and a

calculator for age estimation (R2=0.6944, p<0.01) by ectocranial suture closure stage for Koreans is presented.

From the above results, the method of using the closure stage of sutures of the skull to estimate age can be useful
in individual identification of forensic science. Further extensive and accurate research using larger samples would be
worthy of study.

Key words : skull, sagittal suture, coronal suture, lambdoidal suture, closure stage, age estimation
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