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FOUR FIGURES

INTRODUCTION

Within the past few years physical anthropologists have
become increasingly involved in the problems of human iden-
tifieation.” Peehniques have been applied to individuals which
were originally devised for the description of groups, and
while these are the best available, they do not provide the
desired certainty for the identification of an individual. Re-
cent work on identification criteria has concentrated on im-
proving the existing methods. Trotter and Gleser {752} have
published new material on stature estimation, and Stewart
and Trotter (’34) have pul together all the important pre-
vious material on aging. Currently, research is underway
to improve techniques for age estimation {McKern and
Stewart, ’a7).

There is obviously a need not only for the improvement

of older methods, but also for the establishment of new

criteria.

A measurement of the living weight of a man is a potentially
important piece of information available to the identification
worker; however, presel\t teechniques kave not permitied any
stalistieal use of these data. Anthropologists have felt that
the size and weight of the skeleton were a good guide to the
living weight of the individual, but no quantification was
attempted. Ingalls (’31) reported that bone weights fluctnated
in the same direction as body weight with aging. However,
he does not present individual data and draws his conelusions
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from eross-sectional group fluctuations. More recently Trot-
ter (’34) established that dry skeletal weight is related to
living stature, but the correlation is not high enough to
warrant stature predietion on a bone-weight basis. Physiol-
ogists have claimed that bone mineral eonstitutes 5 to 7'% of
the fat free weight of the body (Behnke et al, ’42). In all
cases it is implied that the skeletal weight forms a relatively
constant proportion of the normal human body. If the hone
does form a consistent segment, it could also act as a con-
venient guide for predieting the living weight. With this
prediction in mind, research was undertaken by Army Graves
Registration Service Headguarters, Kokura, Japan on the
war dead remains that were being repatriated during *“Oper-
ation Glory.’*

PREPARATION AND MEASUREMENTS

For the purposes of this study only remains which had
been completely skeletonized by natural factors were used.
Care was also taken to select only complete skeletons from
which the fat in the bone had leached out; bones were not de-
fatted by chemical or mechanical means. Moisture was re-
moved from the skeleton by drying al a temperature of
150°F until there was less than a 10 gm per hour loss. This
usually required 12 to 15 hours of drying. The complete
skeleton and its segmental parts were weighed and measured
before the bones had reabsorbed the atmospherie moisture
at room femperature,

Measurements were made on 125 skeletons. Dry weight of
the total skeleton, the skull, and the following right and left
bones and bone combinations was obtained: femur, tibia Plus
fibula, humerus, radius plus ulna, innominate, and clavicle.
AMaximum lengths were taken of the long bones using an
osteometric board. Volume measurements of the right elaviele
and long bones were made by water displacement in specially
constructed tanks. Two different containers were used. One
tank 61 em high and 10.0 by 12.6 cm in eross section was used
for measuring femur and tibia plus fibula volume. The other
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hones were measured in a eylinder 51 em high and 9.4 cm in
diameter. The meniseal change in an ailtached glass tube of
4 mm inside diameter was measured in millimeters and con-
verted to eubic centimeters of water. These values were
corrected for water absorption in the bone by weighing the
bone before and after immersion. Measurement by other
volumetric techniques was not at{empiled.

The identification of the individuils studied was not avail-
able to the investigators at the time of measurement, and
the sample was not selected for any biological criteria other
than eondition and completeness, Individual’s specimens on
whom identifieation was not established by the Army Graves

TABLE 1

Demographic data on the skeletal population

AGE LIVING WEMHT BTATURR
N  Mean 8D, Mean S.D. Mean S.D.

pr. i, in.
Killed in action ‘Whites 15 202 13 1403 16.4 8.2 2.0
Negroes 1 182 176.0 — 672 -
Died as POWS Whitea 80 254 6.0 152.7 263 8.2 2.6
Negroes 19 265 34 145.5 149 67.0 2.6

Registration Services were rejected from the series before
statistical analysis. The demographic information presented
in table I wasg obtained from personnel files at the Office of
the Quartermasfer Gteneral.

RESULTS
Nutritional and racial factors in bone weight

The skeletal material used in the study came from many
different cemeteries in North Korea, and it is possible that
differing soil conditions eould lead to differential leaching
and decaying proecesses. The internal consistency of the
sample was investigated, but only one significant factor was
uncovered : the soldiers killed in action and interred by Amer-
ijcans were wrapped in-canvas, while those who died in POW
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camps were buried without any cover. Consequently, the
skeletons of the men killed in action still contained appreeciable
fat and could not be used for this analysis without defatting.

The exclusive use of the remains of men who died in POW
camps made it necessary to consider the possible effects of
nutritional deficieney on bone weight. Two methods were
used to investigate this problem. First, the skeletal weight

TABLE 2

Negro-While differences in bone measuremenis

NEGRO-WIITE

WIIITE NEGRCG
e
Mean S Mean 8D ginleans
om gm gnt

Dry weight
Total skeleton 4290 60T 4585 445 205 2417
Rt femur 409 60 420 41 11 94
Rt. tibiz 4+ fibula 299 a0 324 36 25 2.381
Rt. humerus 152 23 166 22 14 2.331
Rt. radivs -+ uloa 106 16 121 13 15 4357
Rt. elavicle 22 5 23 4 1 76
Rt. innominate 184 34 380 28 —4 — .53
Skult 676 117 740 7 64 2907

Volume
Rt. femur 398 88 410 77 12 .58

Length
Rt. femur 470 24 476 23 6 1.60
Sample size 80 19

15% level of significance = 1.99.
? 19 level of significance = 2.63.

of men who were reported to have died from nutritiélnal
deficiency diseases was compared to the skeletal weight of
those who presumably died from pulmonary disorders. Second,
skeletal weights were correlated to the length of time that
a man was held prisoner prior to his death, In neither case
were the results statistically significant. This is partially
explained by the short time the men spent as prisoners of
war; the average was only four and one-half months with a
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standard deviation of less than two months. While these tests
cannot be considered eonclusive evidence doncerning the effects
of nuiritional inadequacy on adult bone weight, for the pur-
poses of this study, the men who died from deficiency diseases
did not show signifieant changes in bone weight.

Within the POW war dead group signifieant racial dif-
ferences appeared in the bone weights. The Negro skeletons
were approximately 7% heavier than the White skeletons,
even though the living weight of the Negroes at the time of
induction into the Army was 5% (or 7 pounds) lighter than
the Whites. An analysis of the differences in individual
hones, given in table 2 shows that the difference is concen-
trated in the extremities and the skull. TIn contrast, the
innominate bone is slightly heavier in the Whites.

The overall skeletal difference in weight as well as the seg-
mental difference required separate racial analyses,

The relationship between Lving weight
and bone measurements

The plots of living weights against total skeletal weights
are shown in figures 1 and 2. Although the relationship is
closer for the Whites, it can be seen from the figures that the
correspondence between these two weights is not high for
either Whites or Negroes. The correlation coefficient for the
‘Whites is .544 and for the Negroes .392. In neither case are
the values sufficient to make dry skeletal wetght an efficient
predictor for exact living welght, However, the ecorrespon-
dence found for Whites is close enough to warrant broad
classification, that is, a low bone weight may be safely aseribed
to an individual of below average weight, and an average
skeletal weight belongs to a person who was of near average
weight. The top of the scale presents a more eomplex picture
beeause a very heavy person may have ouly a moderately
heavy skeleton. It appears that whatever relationship exists
hetween total weight and skeletal weight is a function of the
correspondence between the hone and the rest of the fat free
tissue. Therefore, very obsese individuals have the same
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bone weights that would be found for men who weighed as
much as a hundred pounds less.

In an effort to simplify the procedures and eliminate the
requirement that the total skeleton be present, the relationship
between femur measurements (the heaviest single bone in the
body) and living weight was investigated. The correlation
coefficients are presented in table 3, and the plots are shown in
figures 3 and 4. ’

TABLE 3

The correlation cocflicients of bone measurements 1o living weight

WIHITES NEGEOES
T . T
Living weight to dry skeletal weight 5442 382
Living weight to dry femur weight : 4357 . 4452
Living weight to femur volume 398 042
Living weight fo femur length 952 085

1 5% level of significance = 456,
? Significant at the 1% level.

The correlation coefficients of dry femur weight to living
weight for the Whites and Negroes are equivalent fo those
obtained by using the total skeleton, and the use of the femur
alone seems well warranted as measurement of the fermur alone
is simpler than total skeletal weight and can be used even on

-incomplete skeletons. In the White sample the additional

fernur measurements of volume and length were also sig-
nificantly correlated to living weight, but a multiple correla-
tion using all three femur measurements was only .541, which
is not substantially better than the value using only femur
weight, and requires additional measures, It appears that
dry femur weight alone is probably the most efficient predictor
available. Table 4 gives the prediction equations which ecan
be used for the predietion of living weight. Separate equa-
tions must be used for Negroes and Whites to insure maximum
accuracy of prediction.
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The prediction of bone weights from
living weight and stature

In the preceding section the analysis has been directed
toward predicting living weight from the skeletal material.
A different, but equally valid, approach for associating an
unknown skeleton with a specific individual is the prediction
of a skeletal charaeteristic from information concerning the
individual while alive. In this case bone weights may be

TABLE 4

Equations for the prediction of lving weights from bone weights

Whites Living weight* = .024 (Dry skeletal weight)* - 50.593 = 20.1
Living weight = .233 (Dry femur weight) - 57.385 =+ 22.2
Negroea Living weight == .013 (Dry skeletal weight) - 85.406 = 13.7

Living weight = .163 (Dry femur weight) -4 76.962 = 13.3

* Living weight in pounds. Bone weight in grams.
g £ P

TAEBLE 5

The multiple correlation cdefficients and vegression equations
of stature end weight to dry skeletal weight

B REGRESIION

White 642 Dry skeletal weight * = 8.155 living weight * - 91.736
stature ! - 3214.457 & 462

Negro 511 Dry skeletal weight == 5.545 living weight - 74.374

stature - 1273.608 = 376

! Pry bone weight in grams. Living weight in pounds, Stature in inches.

predicted from the living stature and weight. The multiple
correlation coefficients and regression equations for total
skeletal weight from stature and living weight are shown in
table 5.

These correlation coefficients are substantially better than
those obtained by using the reverse procedure of predieting
living weight from bone measurements. As shown by the R
values, the application of the same weight and stature criteria
gives an even better prediction of femur weight than skeletal
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weight. The exact reasons for this further improvement are
not obvicus, but it may be that the lesser degree of weathering
and other post mortem changes in the femur make ifs weight
a more accurate measurement than total skeletal weight.
Whatever the reason may be the higher correlations indicate
that the femur weight should be used and the more diffienlt
measarement of skeletal weight is not required for imple-
menting this identification technique. Table 6 gives the mul-
tiple correlation eoefficient values and the regression equations
derived from these samples.

TABLE 6

The multiple correlation coeficiends and regression equations of stature and weight
to dry femur weight

ol REGRESSICN

‘White 03 Right femur weight?® == .650 living weight' 4 12.314

stature ' — 530.073 &= 43.1

Negro 706 Right femur weight == .400 living weight 4 10.001

stature — 317.912 = 20.2

3 Femur weight in prams. Living weight in pounds. Stature in inches.

The interrelationship of the skeletal components

‘When commingled remains are found they must be separ-
ated into skeletons representing the individuals present in
the common grave. With present techniques the anthropol-
ogist must depend on the subjective eriteria of morphology,
color, and component articulation. The dry bone weight
offers an additional and objective criterion for segregating
the bones into individuals. Table 7 gives the corrélation
matrices for the skeletal parts, and the prediction formulae
for all significant relationships are given in Appendix B.
The intercorrelations of the skeletal components are high
enough to warrant accurate prediction in many cases. When
the correlation is above .8 the actual weight of bone Y should
correspond closely with the value predicted from bone X.
When the “r*” value falls between .7 and .8 a greater differ-
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ence should be expected. Below a coefficient of .7 large dis-
crepaneies may be anticipated.

Trom the matrices it is apparent that the skull weight is
very poorly related to the axial skeletal components and the
weights do not offer 2 practical method for establishing as-
sociation.

TABLE 7 ”

The intercorrelafions of dry bone weights

RIGHT RIGHT TRIGHT RIGHT

RIGHT (s anp mUM-  (RaeDIUS  TIORT

WIOITES X = 80

FEMUE "prnpra)  xmUs AND ULNa) OLAVICRE ars oo
Total skeletal 887 878 842 841 720 917 724
Right femur 506 739 77l £01 829 464
Right (tibis snd fibula) 762 793 602 67 A80
Right humerus 851 659 T77 459
Right (radius and ulna) : 718 bt 482
Right clavicle 634 508
Right innominate 549

5% level of significance = .220 1% level of significance = 287

RIGIT RIGHT  RIGHT EIGHT

KEGROES W = 19 :;:"gfl (:'rx_?)?rjim i::x: A)SgA‘lII’II;sA) ctiie:f’:an Ig‘i(;n:- BEULL

Taotal skeletal 828 749 606 497 507 790 a97
Right femur .B62 43 636 351 760 096
Right (tibia and fibula) 01 683 373 630 160
Right humerus 750 236 6851 —.138
Riglt (radivus and ulnz} 556 432 079
Right clavicle 262 364
- Right innominate . 371

59% level of significance — 4506 1% level of significance = .575

Bone weight intercorrelations are substantially lower for
the Negroes. An examination of the methodology and statis-
tical techniques failed to show any reason for this artifact
and it must, therefore, be assumed that there is gemerally
less interrelationship between the components of the Negro
skeleton than there is in the White skeleton, Nevertheless,
the long bone weights can be predicted with some accuracy
even for the Negroes.:
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An additional independent criterion improves the associa-
tion by reducing the probability of two individual bones having
the same values. The fermur analysis showed the Iength to be
moderately independent of the weight. As indicated in table
8 the same is true of the other long bones.

Trotter and Gleser (’52) have shown that the long bone
lengths are very highly intercorrelated and, since the lengths
are moderately independent of the weights, length predietions
can be added to weight predictions for a more aceurate es-
timate of association. Trotter’s article lists only the prediction
equations for long bones from femur length. Thus, at present,
length criteria can be applied only when the femur is present
and in good condition. A practical example of how to use these
criteria is given in Appendix A. ‘

TABLE 8

Correlation coefficients of bone weighls to bone lengths

FEMUR WT. TIBIA + FIRULA WT, HUMERUS WT. RADIUS + ULNA WT.

TQ ™ o
FTEMUR LOGTIH. TIBIA LOTH. HUMERUS LGTH. ULNA LGTH.
T r T r
Whites N =Tt 427 553 340 600
Negroes N = 19 504 647 ABT 816

DISCUSSION AND CONCLUSIONS

The measurement of dry bone weight provides the iden-
tification specialist with new information which ¢an be applied
to two areas of identification. First, the bones may be as-
sociated with an individeal by the prediction of dry femur
weight from living stature and weight. Second, dry bone
weights can be utilized for sorting individuals from .com-
mingled remains, However, drying the skeleton for weighing
is a lengthy process which requires the use of large drying
ovens and requires that the remains be skeleionized when
obtained. Beeause many remains are not gkeletonized when
brought to the specialist, the predietion of dry femur weight
from living stature and body weight cannot be used as a
routine identification technique. Commingled remains are
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generally skeletonized, and the technique of assoeiating bones
by weights can be implemented. The high degree of reliability
inherent in the method makes it even more desirable as a
standard procedure. Therefore, while the associations of
femur weight with living weight and stature cannot at present
he recommended as a standard tool, the segregating of com-
mingled remains by bone weight could be used as a routine
technigue. 7

Stature reconstruction and age estimation from skeletal
matertal has provided much interesting information abount
ancient populations. Unfortunately, the reconstruction of
living weights from the skeletal weights of these populations
does not appear to be a feasible undertaking. Cook and Heizer
{’51 and ’52) have shown that beth the mineral and organic
components of bone undergo radical change when buried in
the soil for any great period of time. Therefore, while bone
weights probably do not alter to any important extent in 5
or 10 years of burial (as is frequently encountered in forensic
medico-legal identification work), they do alter after the
many centuries involved in most archaeological specimens.
Cook also found these changes to be highly individualistic to
the site, making it impossible to even reconstruet the weight
of the freshly de-fatted bone according to age. Unless the
worker has the material and the patience to investigate the
rate and nature of bone change for each given site, bone
weights appear to have little utility in archaeological studies.

‘Throughout this réport the standard errors of estimate
of regression equations have been ineluded for the guidance
of the investigator in deeiding how far individually ealeulated
valnes may diverge from the expected results. However, the
standard errors apply only to the samples reported here, so
this statistic has two limitations which must be taken into
account. First, any future sample will probably differ in
some characteristics from the present one, and second, even
if future samples were drawn from the same population, such
samples will probably not have the same standard errors
{Snedecor, '46). For these reasons the investigator should




614 PAUL T. BAKER AND RUSSELL W, NEWMAN

uge the standard error of the regression only as a general
guide to divergence and mnot expeet all his results to fall
within the exact limits defined in this study.

BUMMARY

The skeletal remains of 125 individuals were dried and
weighed to investigate the utility of bone weight for identifica-
tion and for segregating individuals in group burials. Skeletal
components formed differing proportions of {otal skeletal
weight in Whites and Negroes: therefore, the racial groups
were analyzed separately. It was found that bread categories
of living weight can be predicted from fotal dry skeletal
weight or from the dry right femur weight. However, the
reliability of associating bone weights with living measure-
ments can be inereased by reversing the procedure, that is,
predicting dry right femur weight from living weight and
stature. The separale dry bone weights of the skéleton were
found to be closely correlated to each other in most cases; in
conjunction with length measurements they may be used for
a highly reliable method of segregating commingled long
bones into individuals. The regression equations and a prae-
tieal example for segregating individuals are provided in the
appendices. .
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APPENDIX A

Theoretical examples for applying weight and length in deternining
bone association

Tor this example it is assumed that the commingled fat-free bones
of 6 White individuals have been found. Ali of the long bones should
first be measured for length. Then they should be dried, as described
in the Methods Section, and the individual bones weighed., Since
the right femur weight is highly correlated to the other bone weights,
it, is a logieal initial choice. The left femur will be easy to determine
as it has an almost identical weight and length. From the right
femur the weight of almost any bone belonging to the same individual

- can be predicted using the formulae presented in Appendix B. For

example, if the femur weighed 409 gm, then the associated right
hamerus should weigh about 152 gm, It is not probable that any
of the right humeri found will have exactly the predicted value, but
one should fall within plus or minus 40 gm of this value. If more
than one or none of the humeri are between these values, then using
TProtter’s regression equations, length measurement may be applied to
determine the associated bone.

The same basie procedure applies to the association of the other
long bones, although onee two bones have been associated, both can be
used for predicting the third. Thus, as each new bone is segregated
new criteria are provided, This does not mean that the last associations
need utilize all the other-bones of the individual as predicting eriteria;
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