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The identification for skeletal remains is one of roles of forensic medicine. For
this purpose, dating, i.e., estimating the birth year and death year is expected
as useful, however has not yet been practically applied. A dating method using
radiocarbon analysis was recently introduced and related studies have been
reported. In this study, we tried to confirm the applicability of radiocarbon
dating for the identification of skeletal remains and to develop formulas to
estimate the death year. Thirty-four autopsy cases from the National Forensic
Service, from December 2014 to July 2022, with known death year were
selected for inclusion. For each case, two samples were taken: the spongy
bone of the femur head, and the compact bone of the femur midshaft. For each
sample, radiocarbon analysis was carried out and the corresponding femur
year were calculated using the bomb peak curve. The differences between
the femur year and the death year were determined and analyzed on the
influence of variables. A formula for estimating the death year was developed
and the applicability of the formula was determined. The results showed that
the difference between death year and femur head year was 14.2 years on
average. In male, the difference between death year and femur head year
increased with age, however, it did not show any difference according to age
in female. The estimation formula of death year was as follows: (In male)
Death year=0.993x(Femur head year)+0.288x(Age)+15.061, (In female) Death
year=0.769x%(Femur head year)-0.218%(Age)+489.676. The formula for male had
relatively high explanatory power (adjusted R’=0.710), however, the formula for
female had low explanatory power (adjusted R’=0.588). This study is meaningful
because it is the largest single study of its kind, to date, and uses specific
and identical skeleton (femur head/femur midshaft) to increase the accuracy
of the death year estimation. We expect that the results of this study will be
supplemented through additional research in the future.
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Fig. 1. Sampling of femur.
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Table 1. Basic information of cases

Death Year Estimation of Skeletal Remains | O|£Z! 2|

No.  Age (yr) Sex Deathyear  Residence coD Decomposition status
1 29 Male 2011 Busan Ligature strangulation Complete skeletonization
2 50 Male 2010 Busan Ligature strangulation Complete skeletonization
3 65 Male 1966 Yangpyeong Unknown Complete skeletonization
4 51 Female 1951 Yangpyeong Unknown Complete skeletonization
5 87 Female 2015 Wonju Multiple injuries due to TA Fresh
6 43 Male 2015 Gimpo Multiple injuries due to fall Fresh
7 53 Female 2015 Ansan Unknown Partial skeletonization
8 49 Male 2015 Incheon Hanging Partial skeletonization
9 54 Male 2015 Incheon Hanging Partial skeletonization
10 73 Male 2015 Chungju Unknown Partial skeletonization
1 57 Male 2015 Yeongwol Multiple injuries due to TA Fresh
12 16 Male 2015 Wonju Multiple injuries due to TA Fresh
13 43 Male 2015 Donghae Unknown Partial skeletonization
14 47 Female 2015 Chuncheon Multiple injuries due to fall Fresh
15 87 Female 2015 Yongin Multiple injuries due to TA Fresh
16 24 Male 2015 Chungju Hanging Partial skeletonization
17 56 Male 2015 Eumseong Multiple injuries due to TA Fresh
18 22 Male 2015 Yangpyeong Multiple injuries due to TA Fresh
19 58 Male 2015 Gangneung Multiple injuries due to fall Fresh
20 59 Male 2015 Gunpo Hanging Partial skeletonization
21 79 Female 1992 Seoul Unknown Partial skeletonization
22 51 Female 2019 Incheon Unknown Partial skeletonization
23 75 Female 2020 Paju Unknown Partial skeletonization
24 35 Male 2021 Suwon Unknown Partial skeletonization
25 54 Male 2021 Seoul Multiple injuries due to fall Partial skeletonization
26 50 Male 2020 Incheon Hanging Complete skeletonization
27 61 Female 2021 Seoul Multiple injuries due to fall Complete skeletonization
28 61 Male 2021 Incheon Unknown Partial skeletonization
29 51 Male 2021 Taebaek Hanging Partial skeletonization
30 59 Male 2019 Daegu Hanging Complete skeletonization
31 59 Male 2021 Busan Drowning Partial skeletonization
32 57 Male 2020 Pohang Unknown Partial skeletonization
33 64 Female 2017 Daegu Unknown Complete skeletonization
34 59 Male 2022 Incheon Hanging Partial skeletonization
COD, cause of death; TA, traffic accident.
2 SYULE = OFHIIARHL o188 H(FHY A
D, GrkEm 02 QRS SYNSE S BedYAR () APTAE-0.993x(drkeml vE] o1)+0.288x(
M4 2), 1217 thed) Gekem ve dmel A A %)+15.061
AEsh gtz ve A% Aol o] B HF AGHA (C1) ATAE=0769x(drrim vz A)-0.218x(<
3) ol’d AI7HAIE sk ATt F7g A ol Bet Ul-§-2 Table 4 &)+489.676
off AJAI3HATE. FA4 2
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Table 2. Results of radiocarbon analysis

No. Sample BP year pMC (%) 20 Calender year range (AD) Femur year range F;Z;L:r
1 Femur head -590+40 107.65+0.51 1956.5-1957.5,1999.5-2002.5 or 2004.5-2004.5 1999.5-2002.5 or 2004.5 2002
Femur midshaft -780+40 110.23+0.52 1957.5 or 1996.5-1999.5 1996.5-1999.5 1998
2 Femur head -1040+40 113.81+0.52 1957.5-1958.5 or 1991.5-1994.5 1991.5-1994.5 1993
Femur midshaft -2030+40 128.70+0.57 1959.5,1961.5 or 1979.5-1981.5 1979.5-1981.5 1980.5
3 Femur head -1290+40 117.46+0.54 1958.5 or 1987.5-1989.5 1958.5 1958.5
Femur midshaft 120+40 98.47+0.46 1548-1651, 1665-1708, 1712-1752, <1950 -
1758-1791 or 17951950
4 Femur head 210+40  97.46+0.50 1506—-1520, 1534-1549, 1556-1597, <1950 -
1622-1907 or 1917-1950
Femur midshaft 120+40  98.57+0.47 1642-1651,1665—-1708, 1712-1752, <1950 -
1758-1791 or 1795-1949
5 Femur head -440+40 105.60+0.48 1956.5 or 2002.5-2008.5 2002.5-2008.5 2005.5
Femur midshaft -660+40 108.62+0.50 1956.5-1957.5 or 1998.5-2001.5 1998.5-2001.5 2000
6 Femurhead —700+40 109.16+0.49 1957.5 or 1997.5-2000.5 1997.5-2000.5 1999
Femur midshaft -1230+40 116.51+0.51 1958.5 or 1987.5-1990.5 1987.5-1990.5 1989
7 Femur head -690+40 108.92+0.49 1957.5 or 1998.5-2001.5 1998.5-2001.5 2000
Femur midshaft —-1210+40 116.24+0.54 1958.5 or 1988.5-1991.5 1988.5-1991.5 1990
8 Femurhead -410+40 105.20+0.49 1956.5 or 2003.5-2010.5 2003.5-2010.5 2007
Femur midshaft —-1250+40 116.78%0.52 1958.5 or 1987.5-1990.5 1987.5-1990.5 1989
9 Femur head -460+40 105.95+0.49 1956.5, 2002.5-2006.5 or AD 2008.5 2002.5-2006.5 or 2008.5 2005.5
Femur midshaft —940+40 112.35%0.52 1957.5-1958.5 or 1993.5-1996.5 1993.5-1996.5 1995
10 Femur head —-630+40 108.20+0.50 1956.5-1957.5 or 1999.5-2002.5 1999.5-2002.5 2001
Femur midshaft —950+40 112.49+0.52 1957.5-1958.5 or 1993.5-1996.5 1993.5-1996.5 1995
11 Femur head —770+40 110.01+0.52 1957.5 or 1996.5-1999.5 1996.5-1999.5 1998
Femur midshaft —1290+40 117.35+0.54 1958.5 or 1987.5-1990.5 1987.5-1990.5 1989
12 Femur head —-180+40 102.31+0.49 1955.5-1956.5 or 2012.5-2015.5 2012.5-2015.5 2014
Femur midshaft  —240+40 103.03+0.47 1955.5-1956.5, 2009.5-2013.5 or 2015.5 2009.5-2013.5 or 2015.5 2012.5
13 Femur head -660+30 108.51+0.44 1956.5-1957.5 or 1999.5-2001.5 1999.5-2001.5 2000.5
Femur midshaft —1040+30 113.76+0.45 1957.5-1958.5 0or 1991.5-1994.5 1991.5-1994.5 1993
14 Femur head -810+30 110.67+0.42 1957.5 or 1996.5-1998.5 1996.5-1998.5 1997.5
Femur midshaft -790+30 110.39+0.42 1957.5 or 1996.5-1999.5 1996.5-1999.5 1998
15 Femur head —-450+30 105.70+0.41 1956.5, 2002.5-2006.5 or 2008.5 2002.5-2006.5 or 2008.5 2005.5
Femur midshaft -530+30 106.79+0.40 1956.5 or 2001.5-2005.5 2001.5-2005.5 2003.5
16 Femur head -290+30 103.73+0.42 1955.5-1956.5 or 2007.5-2012.5 2007.5-2012.5 2010
Femur midshaft -480+30 106.13%£0.42 1956.5 or 2002.5-2005.5 2002.5-2005.5 2004
17 Femur head -420+30 105.35+0.43 1956.5 or 2003.5-2008.5 2003.5-2008.5 2006
Femur midshaft -960+30 112.73%£0.45 1957.5-1958.5 or 1992.5-1995.5 1992.5-1995.5 1994
18 Femur head —-400+30 105.05+0.40 1956.5, 2003.5 or 2005.5-2010.5 2003.5 or 2005.5-2010.5 2007
Femur midshaft -440+30 105.69+0.40 1956.5, 2002.5-2006.5 or 2008.5 2002.5-2006.5 or 2008.5 2005.5
19 Femur head —700+30 109.07+0.42 1957.5 or 1998.5-2000.5 1998.5-2000.5 1999.5
Femur midshaft —1700+30 123.62+0.48 1958.5-1959.5, 1961.5 or 1982.5-1983.5 1982.5-1983.5 1983
20 Femur head -910+30 112.00+0.43 1957.5 or 1994.5-1996.5 1994.5-1996.5 1995.5
Femur midshaft —-2650+30 139.05+0.53 1962.5 or 1974.5-1975.5 1974.5-1975.5 1975
Continued
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Table 2. Continued
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No. Sample BP year pMC (%) 20 Calender year range (AD) Femur year range F;gl:r
21 Femur head -1580+29 121.73+£0.44 1958.5-1961.5 or 1983.5-1985.5 1983.5-1985.5 1984.5
Femur midshaft —-1331+31 118.02+0.45 1958.5 or 1987.5-1988.5 1987.5-1988.5 1988
22 Femur head -412+26 105.26+0.34 1956.5, 2003.5 or 2005.5-2008.5 2003.5 or 2005.5-2008.5 2006
Femur midshaft -1333+25 118.04+0.36 1958.5 or 1987.5-1988.5 1987.5-1988.5 1988
23 Femur head -252+26 103.18+0.33 1955.5-1956.5 or 2011.5-2013.5 2011.5-2013.5 20125
Femur midshaft -521+27 106.70+0.35 1956.5 or 2001.5-2005.5 2001.5-2005.5 2003.5
24  Femur head —243+26 103.07+0.34 1955.5-1956.5 or 2011.5-2013.5 2011.5-2013.5 20125
Femur midshaft -571+32 107.36%0.42 1956.5-1957.5, 2000.5-2002.5 or 2004.5 2000.5-2002.5 or 2004.5 2002.5
25 Femurhead -481+27 106.17+0.36 1956.5 or 2002.5-2005.5 2002.5-2005.5 2004
26 Femur head -534+28 106.87+0.37 1956.5 or 2001.5-2005.5 2001.5-2005.5 2003.5
Femur midshaft —-1297+26 117.52+0.38 1958.5 or 1987.5-1989.5 1987.5-1989.5 1988.5
27 Femur head -524+28 106.75+0.37 1956.5 or 2001.5-2005.5 2001.5-2005.5 2003.5
Femur midshaft -633+28 108.20%0.38 1956.5-1957.5 or 1999.5-2001.5 1999.5-2001.5 2000.5
28 Femur head —723+27 109.42+0.37 1957.5 or 1997.5-1999.5 1997.5-1999.5 1998.5
Femur midshaft —1942+26 127.35+0.42 1958.5-1959.5, 1961.5 or 1980.5-1981.5 1980.5-1981.5 1981
29 Femur head -367+32 104.67+0.41 1956.5 or 2005.5-2011.5 2005.5-2011.5 2008.5
Femur midshaft —-1056+30 114.06+0.43 1958.5 0r 1991.5-1993.5 1991.5-1993.5 1992.5
30 Femur head -1180+29 115.83+0.41 1958.5 or 1989.5-1991.5 1989.5-1991.5 1990.5
Femur midshaft  -793+30 110.38+0.41 1957.5 or 1996.5-1999.5 1996.5-1999.5 1998
31 Femurhead -402+30 105.13+0.39 1956.5,2003.5 or 2005.5-2010.5 2003.5 or 2005.5-2010.5 2007
Femur midshaft —1490+29 120.38+0.43 1958.5, 1961.5 or 1984.5-1987.5 1984.5-1987.5 1986
32 Femurhead -991+31 113.13+£0.43 1957.5-1958.5 0r 1992.5-1995.5 1992.5-1995.5 1994
33 Femurhead -1207+32 116.22+0.47 1958.5 or 1988.5-1991.5 1988.5-1991.5 1990
34 Femur head -931+32 112.29+0.44 1957.5-1958.5 or 1993.5-1996.5 1993.5-1996.5 1995
Femur midshaft -743+33  109.70%0.45 1957.5 or 1997.5-1999.5 1997.5-1999.5 1998.5

BP, before present; pMC, percent modern carbon.
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THE 19509 o] F2 Ugtoud drtew 589 A3k
1950 o] o Lpot A AXE AL 4 Tk 1
A o] = wrheEm vl Aakgh 2744] 1958-1959\
I} 1986-19909 & E7HA S Aesjof st Aol Hrh

Table 3. Variables analysis on difference between death year and
femur head year

Variable No. MeantSD  P-value

Age (yr) 33 0.157
Age (yr) in male 24 0.002
Sex

Male 24 14.3+7.0 0.849

Female 9 13.8+6.3
cob

Trauma 11 12554 0.615

Strangulation 10 15.3+£8.0

Others and unknown 12 14.8+£7.0
Decomposition status

Complete skeletonization 7 17.6+8.0 0.200

Partial skeltonization 17 14.246.5

Feresh 9 11.445.5

P-value for age was determined with use of Pearson correlation.
P-value for age in male was determined with use of Pearson
correlation (correlation coefficient=0.600).

P-value for sex weas determined with use of the two-sample t-test.
P-values for COD and decomposition status were determined with

2w B59 Axrt 195049 o]l FE o &
W9 A2 1958-1959W S Aeid 4 glo} Jdohaw &
594 A4 237t ddiFAol ==o] Hoith. S 49 4
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7119509 o]0 R e EeEE A AFgdEs 19509
1T £ lega HoFE At FF AA A A=
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S ¢ fle AR7F R @7HQA 0 tis F7HAQ A7)
F 235t

0

drkeme) BAS B9 ARdse] 248 drkelw v
297} smol 1 Yrkem BERS UM gomn
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F B5F 19509 o] dE U S ALt 304 &
26712 oj9} 22 AAE WEAZATE L2t 439 (No. 14,
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7b doheim o] FH AL Hlsl AFgAE] 77k o
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Ur‘ﬂz] 258= 04’“01131 4OEH 1% 501’41 2”3

use of the one-way ANOVA.
SD, standard deviation; COD, cause of death.

Table 4. Estimation formulas by multivariate analysis and evaluation of their usefulness

o]l
10 oz = g3} Ao WOE S92 ol ¢
],

F SEoM = AT #EEAo,

Sex Variable B P-value VIF R-square  Adjusted R-square  Root MSE
Male
Death year formula 1 Constant 15.061 0.955 0.735 0.710 5.57
Age 0.288 0.008 1.361
Femur head year 0.993 <0.001 1.361
Death year formula 2 Constant 423.908 0.118 0.628 0.611 6.52
Femur head year 0.795 <0.001 1.000
Death year formula 3 6.86
Female
Death year formula 1 Constant 489.676 0.322 0.691 0.588 4.64
Age -0.218 0.141 1.008
Femur head year 0.769 0.015 1.008
Death year formula 2 Constant 544.180 0.322 0.542 0.477 5.56
Femur head year 0.735 0.024 1.000
Death year formula 3 5.96

VIF, variance inflation factor; MSE, mean squared error.
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Table 5. Difference between death year and femur head year by age
and sex

Male Female

Age (yr)

No. Mean+SD No. Mean+SD
10-19 1 1.0 0 -
20-29 3 7.3+2.1 0 -
30-39 1 8.5 0 -
40-49 3 12.8+4.3 1 17.5
50-59 13 17.616.2 2 14.0+1.4
60-69 2 15.0£10.6 2 22.3+6.7
70-79 1 14.0 2 7.5£0.0
80-89 0 - 2 9.5+0.0
Total 24 14.3£7.0 9 13.8+6.3

SD, standard deviation.
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