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ABSTRACT: In this investigation, we relate transverse midshaft diameter of the femur, age,
and weight in a sample of 183 children from Central Ohio. Age and femur diameter considered
separately are similar in their ability to predict weight. Considering all sex and ancestry
groupings (male, female, white, black), age explains between 90% to 96.8% of the variation
in weight while femur diameter explains between 93% to 97.4%. However, estimates of
individual weight from age or femur diameter have very large 95% prediction limits.

Using age and femur diameter together results in a greater proportion of the variation in
weight explained, 97.7% for the total sample, but the 95% prediction limits are similar to those
using femur diameter alone.
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In the identification of skeletal remains of children, age [7] and often ancestry [I] can
be determined with a reasonable degree of accuracy. However, unless appropriate soft tissue
is preserved, other physical features of children such as sex, hair and skin color and weight
cannot be determined. Weight is routinely included in reports of missing children, but to
date has received little attention by osteologists. The accurate estimation of the weight of
a child from skeletal remains can be a valuable piece of information in identification,
especially when used in conjunction with other physical features.

The purpose of this report is to present analyses that relates weight and femoral midshaft
diameter and weight, femoral midshaft diameter, and age in a sample of children from
Central Ohio.

Material and Methods

The sample consists of all subadults (age <20 years) brought to the Franklin County
Ohio Coroner’s Office between 1 July 1990 and 30 June 1991. The total sample is 186,
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but three individuals of Asian ancestry are excluded due to the small size of the group,
and two white males and two black males are excluded in the femoral analysis because of
trauma to the femora. Age, sex, ancestry, and weight are available for each individual.
Table 1 contains the age and sex distribution of the sample used in this study.

Medio-lateral or transverse femur midshaft diameter is obtained by measuring the maxi-
mum width of the femur midshaft to the nearest 0.1 mm from an X-radiograph of the leg.
Errors due to radiographic enlargement are minimized by using correction factors calculated
specifically for each radiograph [2].

The analyses consist of calculating a simple linear regression of the natural logarithm
of weight (lbs) on the natural logarithm of femur midshaft diameter (mm), the simple linear
regression of the natural logarithm of weight (Ibs) on the natural logarithm of age (years),
and the multiple regression of In weight on In age and In femur midshaft diameter. The
regression equations resulting from these analysis are transformed to original units by expo-
nentation.

Results

Table 2 contains the results of the analysis of femur midshaft diameter and weight:
regression equations, squared correlations, and the quantities needed for calculating 95%
prediction intervals [3]. The squared correlation indicate a good fit for all subgroups (see
also Fig. 1) with a minimum of 93% of the variation in weight explained by femur midshaft
diameter in black females.

Table 3 contains predicted weights for given femur midshaft diameters using the equations
in Table 2. As can be seen, although the 95% prediction limits are relatively narrow for
the smaller femur diameters, the limits rapidly expand. In order to provide better prediction
of weight, we included age along with femur midshaft diameter in a multiple regression.

The analysis of age and weight produces results similar to the analysis of femur midshaft
diameter and weight: for In-In regression of weight on age, age explains between 90% to
96.8% of the variation in weight in the subgroups. But as in the case of femur midshaft
diameter, predictions of individual weight based on age yield very wide 95% prediction
limits in this case, for older individuals.

The regression of In weight on In age results in a significant proportion of the variation
in weight determined by age, F = 2857.8. The increment in determination due to the
addition of In femur midshaft diameter is also significant F = 274.3, indicating that
significant additional explanation of the variation in weight is achieved by adding femur
diameter to age. Table 4 contains the multiple regression equations including both age and
femur midshaft diameter and the quantities necessary for calculating 95% prediction intervals
for individual estimates. Table 5 shows estimates and 95% prediction intervals for given
ages and femur midshaft diameters, and Table 6 is the covariance matrix and mean vector
for the logged variables in the total sample (n = 179).

TABLE 1—Age and sex distribution of the sample.

Age Black Black  White = White
(years) Female  Male Female Male Total

0-2 9 8 26 37 80
2-6 1 3 1 11 16
6-12 1 3 1 7 12
12-20 2 22 12 35 71

13 36 40 90 179
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TABLE 6—Covariance matrix and vector of means of natural
log transformed data. Total sample, n = 179,

Femoral
Weight Age Dia.

Weight 1.2971 .. . 3.7508
Age 22547 4.1617 0.8118
Femoral Diameter 0.6903 1.2137 0.3373 2.7540

Discussion

The combination of femur midshaft diameter and age yields estimates of weight similar
to that of femur midshaft diameter alone. For example, for a child of unknown sex and
ancestry with a femur diameter of 13 mm, the weight estimated from the equation for the
total sample in Table 2 is 30.16 lbs with a 95% prediction interval of (20.88 to 43.52)
pounds. If the age of this individual is known, for example, 2.5 years, the weight estimate
from the multiple regression equation for the total sample (Table 4) is 33.08 Ibs with the
95% prediction interval of (23.45 to 46.67).

For children of unknown age, weight can be estimated by using femur transverse midshaft
diameter (Table 2). Femur midshaft diameter and age each show similar relationships to
weight and each result in similar predictions. However, in older children (age greater that
approximately 6 years) with femur transverse diameters (FD greater than approximately
15 mm), prediction intervals based on age or femur transverse diameter are unacceptably
large. This same problem holds for femur transverse midshaft diameter and age. Thus based
on the present data, weight estimates from femur diameter alone or from femur diameter
and age will have acceptable limits only for children less than or about 6 years of age
(with FD’s less than or about 15 mm).

If ancestry and sex cannot be determined from the skeletal remains, as is often the case
with young children, the weight estimates based on the total sample appear to be appropriate
in the case of femur midshaft diameter alone and in the case of FD and age since the
estimates of weight from these variable are similar for the sexes and for blacks and whites.
If sex only can be determined, then 95% prediction limits can be calculated with that data
given in Table 2 or the bottom of Table 4. Prediction limits are not given for sex-ancestry
combinations as they are substantially the same as the units for sex alone.

Although these results are derived from a specific population(s) from Central Ohio,
further study may reveal a more general application for these results in the identification
of missing children in the United States.

References

[7] El-Najjar, M. Y. and McWilliams, K. R., Forensic Anthropology, Charles C Thomas, Springfield,
Illinois, 1978.

[2] Pfay, R. O. and Sciulli, P. W., “Method for Establishing the Age of Subadults,” Journal of
Forensic Sciences, Vol. 39, 1994, pp. 163-174,

[3]1 Sokal, R. R. and Rohlf, F. J., Biometry, Witt Freeman and Co., San Francisco, 1981.

Address requests for reprints or additional information to
Paul W. Sciulli

Ohio State University

Department of Anthropology

124 W. 17th Ave

Columbus, OH 43210





