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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 [1] and often ancestry [1] 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 (lbs) 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 midshafi 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 l--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 



[o
 

13
o 

PO
 

T
A

B
L

E
 2

--
L

in
ea

r 
re

gr
es

si
on

 e
qu

at
io

ns
 fo

r 
In

 w
ei

gh
t 

on
 I

n 
fe

m
u

r 
m

id
sh

af
t 

di
am

et
er

. 
N

 i
s 

sa
m

pl
e 

si
ze

, 
R

 2
 is

 t
he

 s
qu

ar
ed

 c
or

re
la

ti
on

 c
oe

ff
ic

ie
nt

 (
al

so
 t

he
 r

at
io

 
o

f 
th

e 
ex

pl
ai

ne
d 

m
ea

n 
sq

ua
re

 t
o 

to
ta

l 
m

ea
n 

sq
ua

re
),

 R
E

S 
M

SQ
 i

s 
th

e 
re

si
du

al
 o

r 
un

ex
pl

ai
ne

d 
m

ea
n 

sq
ua

re
, 

SS
Q

 F
D

 i
s 

th
e 

su
m

 o
f 

sq
ua

re
s 

o
f 

th
e 

fe
m

ur
 

di
am

et
er

, 
an

d 
M

ea
n 

F
D

 i
s 

th
e 

av
er

ag
e 

fe
m

ur
 d

ia
m

et
er

 fo
r 

th
e 

gr
ou

p.
 

r O
 

c ;3
o 

z w
" 

O
 

-r
l 

"1
-1 

O
 

m
 

z 

G
ro

u
p

 
N

 
E

q
u

at
io

n
 

R
 2

 
R

es
. 

M
sq

 
S

S
Q

 F
D

 
M

ea
n

 F
D

 
0 f.o

 

B
la

ck
 M

al
es

 
36

 
L

N
(w

g
t)

 =
 

-1
.2

0
7

 
+

 
1.

80
0 

X
 L

N
(F

D
) 

0.
95

8 
0

.0
4

9
 

11
.9

70
 

W
G

T
 =

 
(0

.2
99

)F
D

 L
S~

~ 
W

hi
te

 M
al

es
 

90
 

L
N

(w
g

t)
 =

 
-1

.3
2

8
 

+
 

1.
84

2 
X

 L
N

(F
D

) 
0.

97
8 

0.
02

9 
32

.8
10

 
W

G
T

 =
 

(0
.2

65
)F

D
 1"

~2
 

B
la

ck
 F

em
al

es
 

13
 

L
N

(w
g

t)
 =

 
-1

.0
6

8
 

+
 

1.
72

9 
X

 L
N

(F
D

) 
0.

93
3 

0.
07

4 
3.

79
8 

W
G

T
 =

 
(0

.3
44

)F
D

 17
29

 
W

hi
te

 F
em

al
es

 
40

 
L

N
(w

g
t)

 =
 

-1
.3

8
5

 
+

 
1.

87
9 

X
 L

N
(F

D
) 

0.
97

8 
0.

02
5 

11
.7

91
 

W
G

T
 =

 
(0

.2
50

)F
D

 L
s7

9 
A

ll
 M

al
es

 
12

6 
L

N
(w

g
t)

 =
 

-1
.2

9
6

 
+

 
1.

83
0 

x 
L

N
(F

D
) 

0.
97

4 
0.

03
4 

47
.0

11
 

W
G

T
 =

 
(0

.2
74

)F
D

 t'8
3~

 
A

ll
 F

em
al

es
 

53
 

L
N

(w
g

t)
 =

 
-1

.3
1

2
 

+
 

1.
84

5 
X

 L
N

(F
D

) 
0.

96
6 

0.
03

6 
15

.6
40

 
W

G
T

 =
 

(0
.2

69
)F

D
 L

~5
 

T
ot

al
 S

am
pl

e 
17

9 
L

N
(w

g
t)

 =
 

-1
.2

8
8

 
+

 
1.

83
0 

X
 L

N
(F

D
) 

0.
97

4 
0.

03
4 

67
.1

58
 

W
G

T
 =

 
(0

.2
76

)F
D

 L
83

~ 

3.
06

7 

2.
77

3 

2.
45

5 

2.
52

7 

2.
85

7 

2.
50

9 

2.
75

4 

o_
 

m
 

z o m
 

60
 



T
A

B
L

E
 3

--
P

re
di

ct
ed

 w
ei

gh
ts

 fo
r 

gi
ve

n f
em

ur
 m

id
sh

af
t d

ia
m

et
er

s "
(F

D
). 

o 

W
ei

gh
t 

(p
ou

nd
s)

 

M
al

es
 

F
em

al
es

 

c I-
" r-
- 

F
D

 
W

hi
te

 
B

la
ck

 
B

ot
h 

W
hi

te
 

B
la

ck
 

B
ot

h 
T

ot
al

 
S

am
pl

e 
95

%
 L

im
it

s 
z o "0

 

5 
5.

14
 

5.
42

 
5.

21
 

5.
14

 
5.

56
 

5.
24

 
5.

24
 

9 
15

.1
7 

15
.6

1 
15

.2
8 

15
.5

2 
15

.3
6 

15
.5

0 
15

.3
9 

13
 

29
.8

6 
30

.2
5 

29
.9

4 
30

.9
8 

29
.0

1 
30

.5
5 

30
.1

6 
17

 
48

.9
5 

49
.0

3 
48

.9
2 

51
.2

8 
46

.1
3 

50
.1

1 
49

.2
8 

2l
 

72
.2

4 
71

.7
2 

72
.0

1 
76

.2
8 

66
.4

8 
74

.0
0 

72
.5

4 
25

 
99

.6
0 

98
.1

7 
99

.0
8 

10
5.

84
 

89
.8

7 
10

2.
08

 
99

.8
0 

29
 

13
0.

91
 

12
8.

23
 

13
0.

00
 

13
9.

89
 

11
6.

16
 

13
4.

24
 

13
0.

95
 

33
 

t6
6.

09
 

16
1.

81
 

16
4.

68
 

17
8.

33
 

14
5.

23
 

17
0.

38
 

16
5.

88
 

37
 

20
5.

06
 

19
8.

81
 

20
3.

03
 

22
1.

10
 

17
7.

00
 

21
0.

42
 

20
4.

51
 

(3
.6

3,
 7

.5
9)

 
(1

0.
66

, 
22

.1
8)

 
(2

0.
88

, 
43

.5
2)

 
(3

4.
03

, 
71

.2
7)

 
(4

9.
95

, 
10

5.
20

) 
(6

8.
53

, 
14

5.
16

) 
(8

9.
66

, 
20

0.
00

) 
(1

13
.2

7,
 2

42
.6

2)
 

(1
39

.2
7,

 2
99

.9
2)

 

c
 m
 

G
~
 

m
 -r
 

.--
4 

"1
" 

o r
n
 

z
 ro

 



to
 

O
o 

4~
 

T
A

B
L

E
 4

--
M

ul
ti

pl
e 

re
gr

es
si

on
 e

qu
at

io
ns

 fo
r 

pr
ed

ic
ti

ng
 w

ei
gh

t f
ro

m
 f

em
ur

 m
id

sh
af

t 
di

am
et

er
 a

nd
 a

ge
. 

T
he

 b
la

ck
 fe

m
al

e 
sa

m
pl

e 
is

 n
ot

 i
nc

lu
de

d 
be

ca
us

e 
o

f 
th

e 
sm

al
l 

sa
m

pl
e 

si
ze

. 
F

or
 t

he
 t

ot
al

 s
am

pl
e 

(N
 =

 1
79

), 
th

e 
qu

an
ti

ti
es

 n
ee

de
d 

fo
r 

95
%

 p
re

di
ct

io
n 

in
te

rv
al

s f
o

r 
in

di
vi

du
al

 w
ei

gh
t 

es
ti

m
at

es
 a

re
: 

m
ea

n 
F

D
 =

 2
.7

54
, 

m
ea

n 
ag

e 
=

 0
.8

12
, 

un
ex

pl
ai

ne
d 

st
an

da
rd

 d
ev

ia
ti

on
 =

 0
.1

72
9,

 G
au

ss
ia

n 
m

ul
ti

pl
ie

rs
 C

~ 
=

 0
.0

21
9 

C
22

 =
 0

.2
41

4 
C

12
 =

 
-0

.0
7

1
4

 (
C

H
 f

o
r 

ag
e 

an
d 

C
22

fo
r 

F
D

).
 

c
- 

O
 

c z I"
 

O
 

G
ro

u
p

 
N

 
E

q
u

at
io

n
 

R
 2

 
R

es
. 

m
sq

 

B
la

ck
 M

al
es

 
36

 
L

N
(w

g
t)

 =
 

-0
.2

6
8

 
+

 
1.

42
1 

• 
L

N
(F

D
) 

+
 

0.
96

3 
0.

04
6 

0.
13

2 
• 

L
N

(A
g

e)
 

W
G

T
 =

 
(0

.7
65

)(
F

D
la

21
)(

A
ge

 ~ 
W

hi
te

 M
al

es
 

90
 

L
N

(w
g

t)
 =

 
-0

.5
4

0
 

+
 

1.
53

0 
• 

L
N

(F
D

) 
+

 
0.

98
0 

0.
02

7 
0.

09
5 

• 
L

N
(A

g
e)

 
W

G
T

 =
 

(0
.5

83
)(

FD
L

53
~ 

~1
76

 
W

h
it

e 
F

em
al

es
 

4
0

 
L

N
(w

g
t)

 =
 0

.3
57

 +
 

1.
17

4 
• 

L
N

(F
D

) 
+

 0
.2

05
 

0.
98

4 
0.

01
9 

X
 L

N
(A

g
e)

 
W

G
T

 =
 

(1
.4

29
)(

F
D

L
m

)(
A

ge
~

17
6 

A
ll

 M
al

es
 1

 
12

6 
L

N
(w

g
t)

 
=

 
-0

.4
5

2
 

+
 

1.
49

3 
X

 
L

N
(F

D
) 

+
 

0.
97

6 
0.

03
1 

0.
10

6 
• 

L
N

(A
g

e)
 

W
G

T
 =

 
(0

.6
36

)(
F

D
 1

49
3)

(A
ge

~1
76

 
A

ll
 F

em
al

es
 2 

53
 

L
N

(w
g

t)
 =

 0
.3

84
 +

 
1.

16
2 

X
 L

N
(F

D
) 

+
 0

.2
00

 
0.

97
6 

0.
02

7 
• 

L
N

(A
g

e)
 

W
G

T
 =

 
(1

.4
68

)(
FD

L
16

2)
(A

ge
 ~

17
61

76
 

T
ot

al
 S

am
pl

e 
17

9 
L

N
(w

g
t)

 
=

 
-0

.2
2

6
 

+
 

1.
40

5 
• 

L
N

(F
D

) 
+

 
0.

97
7 

0.
03

0 
0.

13
2 

x 
L

N
(A

g
e)

 
W

G
T

 =
 

(0
.7

80
)(

FD
L

4~
 

~ 

IT
I 

Z C
~ 

C
O

 
_o

 
m

 
z i'

n
 

~Q
ua

nt
iti

es
 n

ee
de

d 
fo

r 
95

%
 p

re
di

ct
io

n 
in

te
rv

al
s:

 m
ea

n
 F

D
 =

 
2.

85
7,

 m
ea

n
 a

ge
 =

 
1.

11
5,

 
u

n
ex

p
la

in
ed

 s
ta

nd
ar

d 
de

vi
at

io
n 

=
 

0.
24

87
, 

G
au

ss
ia

n
 m

ul
ti

pl
ie

rs
 C

H
 =

 
0.

03
12

; 
C

22
 =

 
0.

33
54

; 
C

~z
 =

 
-0

.0
9

8
9

. 
2Q

ua
nt

iti
es

 
ne

ed
ed

 
fo

r 
95

%
 

pr
ed

ic
ti

on
 

in
te

rv
al

s:
 

m
ea

n
 

F
D

 
=

 
2.

50
94

, 
m

ea
n

 
ag

e 
=

 
0.

09
09

, 
u

n
ex

p
la

in
ed

 
st

an
da

rd
 

de
vi

at
io

n 
=

 
0.

16
33

, 
G

au
ss

ia
n

 
m

ul
ti

pl
ie

rs
 

C
H

 =
 

0.
07

89
; 

C
22

 =
 

0.
98

65
; 

C
~z

 =
 

-0
.2

6
9

8
. 



T
A

B
L

E
 5

--
P

re
di

ct
ed

 w
ei

gh
ts

 fo
r 

gi
ve

n 
fe

m
ur

 d
ia

m
et

er
s 

an
d 

ag
e.

 
o~

 
_o

 

F
D

 
(m

m
) 

A
ge

 
(y

ea
rs

) 

W
ei

gh
t 

(p
ou

nd
s)

 

M
al

es
 

F
em

al
es

 

W
hi

te
 

B
la

ck
 

B
ot

h 
W

hi
te

 
B

ot
h 

T
ot

al
 

S
am

pl
e 

95
%

 L
im

it
s 

T
ot

al
 

S
am

pl
e 

C
 E
 

z c3
 

"o
 

5 
0.

05
 

5.
15

 
5.

07
 

5.
12

 
5.

t2
 

5.
23

 
5.

15
 

9 
0.

40
 

15
.4

1 
15

.3
9 

15
.3

4 
15

.6
2 

15
.7

0 
15

,5
0 

13
 

2.
50

 
32

.2
0 

33
.0

4 
32

.2
7 

35
.0

2 
34

.7
3 

33
.0

8 
17

 
7.

00
 

53
.5

2 
55

.4
2 

53
.7

2 
59

.2
7 

58
.2

8 
55

.2
0 

21
 

10
.0

0 
76

.5
0 

78
.4

4 
76

.4
8 

81
.7

2 
80

.0
1 

77
.9

2 
25

 
12

.0
0 

10
1.

63
 

10
2.

94
 

10
1.

15
 

10
4.

10
 

10
1.

62
 

10
1.

97
 

29
 

14
.0

0 
12

9.
43

 
12

9.
72

 
12

8.
32

 
12

7.
89

 
12

4.
53

 
12

8.
20

 
33

 
17

.0
0 

16
0.

65
 

15
9.

91
 

15
8.

86
 

15
4.

89
 

15
0.

33
 

15
7.

71
 

37
 

19
.0

0 
19

3.
42

 
19

0.
93

 
19

0.
69

 
18

1.
20

 
17

5.
68

 
18

7.
95

 

3.
65

-7
.2

7 
11

.0
1-

21
.8

2 
23

.4
5-

-4
6.

67
 

39
.1

3-
77

,8
7 

53
.3

0-
10

9.
80

 
72

.4
3-

14
3.

54
 

90
.9

8-
18

0.
66

 
11

1.
92

-2
22

.2
5 

13
3.

11
-2

65
.3

8 

C
) 

m
 

t~
 

-1
- 

rn
 

z r 



1286 JOURNAL OF FORENSIC SCIENCES 

TABLE 6--Covariance matrix and vector o f  means of  natural 
log transformed data. Total sample, n = 179. 

Femoral 
Weight Age Dia. 

Weight 1.2971 ... 3.7508 
Age 2.2547 4.i617 ... 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 lbs 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. 
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