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Assessment of Histomorphological Features of Tibia and
Fibula for Age Estimation in Koreans
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Abstract : Estimation of age at death is one of the first and most important step with sex determination and stature
estimation for individual identification in physical and forensic anthropologies. Recently, histomorphological methods
have attempted to estimate age at death through the osteon. In particular, it is known that the long bones are less
affected by external factors and are frequently found in a complete form, and the accuracy of age estimation is also
high. The purpose of this study is to help estimate age of skeletal remains, which is found by developing equations
to estimate age at death using the tibia and fibula extracted from the Korean cadavers. The right tibias and fibulas of
31 Korean cadavers were extracted in anatomy dissection at medical school, and then produced and photographed
bone tissue slices. Number of intact osteon (Pi) and number of fragmentary osteon (Pf), osteon population density
(OPD), average osteon area (OA), relative cortical area (RCA), cortical width (CW) of each sample was measured and
statistically analyzed. Seven of all measurements of the tibia and fibula had statistically significant difference between
sexes (p<0.05). Pi of the tibia in male and Pf, OPD, RCA of the fibula in female were statistically correlated with age.
In simple regression analysis, RCA of the fibula in female had highest regression coefficient (0.62) and its standard
error estimate (SEE) was 8 years. Equation at multiple regression analysis which was the tibia and fibula in male had
0.44 (R-squared value) and 11years (SEE). In female, regression coefficient was 0.91, SEE was 6 years. In this study,
the results in female were higher than in male and in others. This study was the first attempt to estimate age at death
and was proved the possibility of estimating age using the tibia and fibula in Korean. As a result of this study, it was
found that equations suitable for sex and population-specific were needed to estimate the accurate age, using the tibia
and fibula of skeletal remains in Koreans could help estimate age at death with high accuracy.
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Table 1. Age distribution of samples

Age Pooled Males Females
41~50 3 3 0
51~60 7 4 3
61~70 8 7 1
71~80 8 4 4
81~90 5 3 2

Total 31 21 10
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Fig. 1. Microscopic measuring fields for the tibia and fibula. Specimens were analyzed by counting and sizing osteon with light microscope
attached with polarized filter. A, Total five areas (zero degree, + 10 degree, 20 degree) for the tibia; B, Total eight areas (in every direction
by each 45 degree) for fibula.

Table 2. Descriptive statistics of histomorphological measurements from the tibia and fibula

(unit: #/mm®)

Measurements Pooled (n=31) Males (n=21) Females (n=10) p-value
Tibia Pi 14.150 £2.800 13.390£2.375 15.746 £3.069 0.050
Pf 7.936+2.645 6.838+ 1415 10.242+3.184 0.008
OPD 22.086 £4.966 20.228 £3.407 25.988+5.605 0.011
OA (mm?) 0.024+0.003 0.024+0.003 0.023+0.004 0.372
CW (mm) 5.00£1.071 5.323+0.958 4.330+1.021 0013
Fibula Pi 14.063 £1.665 13.990+£1.752 14.219+1.540 0.727
Pf 10.509 £2.359 9.500+1.513 12.628 £2.470 0.003
OPD 24.572+3.310 23489+2.713 26.846+3.418 0.006
OA (mm®) 0.024+£0.003 0.024+£0.003 0.024£0.004 0.944
RCA (ratio) 0.263+£0.071 292.810+£42.300 199.240+79.502 0.005

Pi, number of intact osteon; Pf, number of fragmentary osteon; OPD, osteon population density; OA, average osteon area; CW, cortical width; RCA, relative

cortical area.
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Table 3. Results of multivariate and univariate analysis of covariance for the pooled and both sexes from the tibia and fibula

Parameter B t Significance Partial °
Tibia Multivariate
Intercept - - 0.000 0.857
Age - - 0.053 0.252
Sex - - 0.007 0.367
Univariate*
OPD Intercept 10513 2.837 0.008 0.233
Age 0.148 2.691 0012 0.205
Sex 4.985 3331 0.002 0.284
OA Intercept 0.025 7.291 0.000 0.655
Age 0.000 -0.199 0.844 0.001
Sex —0.001 —0.869 0.392 0.026
CwW Intercept 5.395 5.594 0.000 0.528
Age —0.001 -0.077 0.939 0.000
Sex —0.986 —2.531 0.017 0.186
Fibula Multivariate
Intercept - - 0.000 0.926
Age - - 0.077 0.228
Sex - - 0.003 0415
Univariate*
OPD Intercept 17.380 6.540 0.000 0.604
Age 0.093 2.359 0.026 0.166
Sex 2.870 2.674 0.012 0.203
OA Intercept 0.024 7.804 0.000 0.685
Age 0.000 0.083 0934 0.000
Sex 0.000 0.065 0.948 0.000
RCA Intercept 379.160 7.129 0.000 0.645
Age -1317 —1.666 0.107 0.090
Sex —86.684 —4.035 0.000 0.368

OPD, osteon population density; OA, average osteon area; CW, cortical width; RCA, relative cortical area.

*The parameter of each dependent variable, [Sex =M], is set to zero.
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Table 5. Histomorphological variables versus age for the pooled and both sexes of the tibia and fibula by simple regression analysis

=

Measurements Intercept Slope SEE* R square p-value
Tibia Pooled (n=31)
Pi 38417 2.038 11.787 0.195 0.013
Pf 50.660 2.092 11.873 0.183 0016
OPD 39.842 1.241 11.546 0.228 0.007
OA 73.429 —258.508 13.107 0.005 0.711
CcwW 73.140 -1.176 13.076 0.009 0.602
Males (n=21)
Pi 33.231 2415 12.037 0.193 0.046
Pf 47152 2.694 12.815 0.085 0.199
OPD 34 .425 1.639 12.113 0.183 0.053
OA 64.117 59915 13.397 0.000 0.947
CwW 46.578 3.568 12.932 0.068 0.252
Females (n=10)
Pi 47.879 1.456 12.400 0.127 0311
Pf 47.190 2.305 10.751 0.344 0.075
OPD 40.128 1.180 11.268 0.279 0.116
OA 82.950 —527.722 13.118 0.023 0.673
CwW 103.445 —7.538 10.466 0.378 0.058
Fibula Pooled (n=31)
Pi 21.407 3.260 11.923 0.177 0.019
Pf 48.564 1.779 12.426 0.106 0.075
OPD 24.789 1.728 11.780 0.196 0.013
OA 65.370 78.168 13.136 0.000 0.922
RCA 83.955 —0.064 12.306 0.123 0.053
Males (n=21)
Pi 26.891 2.765 12.443 0.138 0.098
Pf 67.321 —0.184 13.396 0.000 0.927
OPD 39.816 1.096 13.047 0.052 0.321
OA 34.295 1296.585 12.951 0.066 0.262
RCA 59.805 0.020 13372 0.004 0.784
Females (n=10)
Pi 8.806 4.360 11.202 0.288 0.110
Pf 26.015 3.547 9.481 0.490 0.024
OPD —2.682 2.737 8.817 0.559 0.013
OA 96.577 —1064.202 12.474 0.117 0.334
RCA 95.503 -0.124 8.179 0.620 0.007

Pi, number of intact osteon; Pf, number of fragmentary osteon; OPD, osteon population density; OA, osteon area; CW, cortical width; RCA, relative cortical

area.

*SEE means standard error of estimate and unit of it is years.
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Table 6. Age-predicting equations conducted from multiple regression analysis

Equation Multiple r* SEE

For tibia in pooled sexes

Age=3.432+1.635 OPD+891.938 OA+1.285 CW 0.273 11.611
For fibula in pooled sexes

Age=6.141 — 0.015 RCA +1.847 OPD + 814.898 OA 0.242 11.853
For tibia and fibula in males

Age=1.306 tOPD — 107.468 tOA +4.902 CW +0.037 fRCA +2782.508 fOA + 1.277 fOPD — 97.347 0.449 11.584
For tibia and fibula in females

Age=109.027 — 0.193 tOPD — 532.140 tOA — 3.313 CW - 0.101 fRCA +0.989 fOPD — 539.395 fOA 0910 6.497

t, tibia; f, fibula; OPD, osteon population density; OA, average osteon area; CW, cortical width; RCA, relative cortical area.

*SEE: Standard error of estimate (years).
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