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Birth Year Estimation of Skeletal Remains by Radiocarbon
Dating for Teeth
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Identifying remains is an important role of forensic medicine. For identification,
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 conducted radiocarbon analysis on teeth and aimed
to develop a formula to estimate the birth year. Fifteen autopsy cases from
the National Forensic Service, from December 2014 to December 2020, with
known birth year were selected for inclusion. For each case, dentin of the first
molar in mandible was taken, radiocarbon analysis was carried out and the
corresponding estimated birth year were calculated using the bomb peak curve.
The differences between the birth year and the teeth year were determined
and analyzed on the influence of variables. A formula for estimating the birth
year was developed and the applicability of the formula was determined.
The difference between the birth year and the teeth year was 2.6 years on
average for cases born before 1963, and 5.7 years for those born after 1963.
The estimation formula of birth year was as follows: (Before 1963) Birth
year=0.565x(Tooth year)-0.446x(Age)+875.001, (After 1963) Birth year=Tooth
year-5.7. This study is meaningful in that it reduced the error by using only the
first molars of the lower jaw as a sample, and presented an estimation formula
of birth year that can be applied in practice through radiocarbon analysis of
teeth.
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Table 1. Decomposition and skeletonization among unknown cause of death

Year
2012 2013 2014 2015 2016 2017
No. of decomposition 236 211 176 403 607 754
No. of skeletonization 55 47 58 88 135 145
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Table 2. Basic information of cases
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No. Age (yr) Sex Birth year Residence cob Decomposition degree
1 29 Male 1981 Busan Ligature strangulation Complete skeletonization
2 50 Male 1960 Busan Ligature strangulation Complete skeletonization
3 51 Female 1900 Yangpyeong Unknown Complete skeletonization
4 43 Male 1972 Gimpo Multiple injuries due to fall Fresh
5 53 Female 1962 Ansan Unknown Partial skeletonization
6 54 Male 1961 Incheon Hanging Partial skeletonization
7 16 Male 1999 Wonju Multiple injuries due to TA Fresh
8 24 Male 1990 Chungju Hanging Partial skeletonization
9 56 Male 1958 Eumseong Multiple injuries due to TA Fresh

10 22 Male 1993 Yangpyeong Multiple injuries due to TA Fresh

1 58 Male 1957 Gangneung Multiple injuries due to fall Fresh

12 59 Male 1956 Gunpo Hanging Partial skeletonization

13 61 Male 1953 Cheonan Unknown Fresh

14 51 Female 1967 Incheon Unknown Complete skeletonization

15 75 Female 1944 Paju Unknown Complete skeletonization

COD, cause of death; TA, traffic accident.
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Table 3. Results of radiocarbon analysis

No. Age (yr) Sex Birth year BP year pMC (%) 20 Calender year range (AD) Tooth year range Tooth year
1 29 Male 1981 -1360+40 118.4+0.56 1958.5 or 1987.5-1988.5 1987.5-1988.5 1988
2 50 Male 1960 -3390+30 152.6+0.65 1962.5 or 1970.5-1971.5 1962.5 1962.5
3 51 Female 1900 120140 98.48+0.45 1674-1766, 1774-1776 or 1799-1943 <1950 -

4 43 Male 1972 -2500+30  136.6+0.59 1962.5 or 1975.5-1976.5 1975.5-1976.5 1976
5 53 Female 1962 -3330+30  151.4+0.62 1962.5 or 1970.5-1971.5 1962.5 1962.5
6 54 Male 1961 -3430+30 153.4+0.61 1962.5 or 1969.5-1971.5 1962.5 1962.5
7 16 Male 1999 -540+40 107+0.48 1956.5-1957.5 or 2001.5-2005.5 2001.5-2005.5  2003.5
8 24 Male 1990 -840+30 111+0.40 1957.5 or 1995.5-1998.5 1995.5-1998.5 1997
9 56 Male 1958 -2030+40 128.8+0.58 1959.5-1961.5 or 1979.5-1981.5 1959.50r1961.5  1960.5

10 22 Male 1993 -710+30 109.2+0.43 1957.5 or 1997.5-2000.5 1997.5-2000.5 1999

1 58 Male 1957 -3170+30 148.4+0.57 1962.5 or 1971.5-1972.5 1962.5 1962.5

12 59 Male 1956 -940+30 112.4+0.44 1957.5-1958.5 or 1993.5-1996.5 1957.5-1958.5 1958

13 61 Male 1953 -560+30 107.2£0.39  1956.5-1957.5,2001.5-2002.5 or 2004.5 1956.5-1957.5 1957

14 51 Female 1967 —2942+24 144.2+0.43 1962.5 or 1972.5-1973.5 1972.5-1973.5 1973

15 75 Female 1944 124432 98.47+0.39 1675-1744,1750-1765 or 1799-1942 <1950 -

BP, before present; pMC, percent modern carbon.

Table 4. Variables analysis on difference between birth year and
teeth year

Variable No. Mean+SD P-value
Age (yr) 13 0.033
Sex
Male 11 4.2+2.0 0.577
Female 2 3.3+3.9
Birth year
<1963 7 2.6+1.7 0.003
>1963 6 5.7+1.3
CcoD
Trauma 5 45+1.4 0.838
Strangulation 5 4.0+2.8
Unknown 3 3.5+2.9
Decomposition status
Complete skeletonization 3 52424 0.320
Partial skeletonization 4 2.8+2.9
Fresh 6 44421

SD, standard deviation; COD, cause of death.

P-value for age was determined with use of Pearson correlation
(correlation coefficient=-0.592).

P-values for sex and birth year were determined with use of the two-
sample t-test.

P-values for COD and decomposition status were determined with
use of the one-way ANOVA.
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Table 5. Estimation formulas by multivariate analysis and evaluation of their usefulness

Year Formula Variable B P-value VIF R-square  Adjusted R-square  Root MSE
<1963 Birth year formula 1 Constant 875.001 0.357 0.843 0.764 1.168
Age —-0.446 0.167 2.626
Tooth year 0.565 0.252 2.626
Birth year formula 2 Constant -250.321 0.693 0.731 0.678 1.626
Tooth year 1.126 0.014 1.000
Birth year formula 3 1.529
>1963 Birth year formula 1 Constant 160.651 0.825 0.990 0.984 1.338
Age -0.065 0.849 34618
Tooth year 0.917 0.069 34618
Birth year formula 2 Constant 23.810 0.819 0.990 0.988 1.167
Tooth year 0.985 <0.001 1.000
Birth year formula 3 1.147
VIF, variance inflation factor; MSE, mean squared error.
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