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FOUR FIGURES 

The estimation of stature from length of long bones of the 
free limbs is often an important contribution to the identifica- 
tion of unknown human remains. The need for  identification 
was realized, perliaps more keenly than ever before in  the 
history of mankind, during the United States Repatriation 
Program. This program was established by an Act of Congress 
in 1944. It incladed the identification (when possible) of un- 
known war casualties and was assigned to the American Graves 
Registration Service under Quartermaster Corps. Identifica- 
tion Laboratories were established in suitable parts of the 
world and the aid of physical anthropologists was enlisted. 

Interest in stature estimation from long bones is not new but 
the number of actual investigations on the subject is relatively 
few. The most significant report in the last century was that 
by Rollet in 1888. He measured stature and lengths of the long 
bones of 50 male and 50 female French cadavers ranging in  
age from 24 to 99 years and presented all pertinent data in- 
cluding not only the methods of measurement but also the indi- 
vidual measurements and the resultant tables for  stature 
estimation. Stature measurements were taken “generally in 
the week which followed death” with the cadaver lying on a 
graduated stretcher. The soft parts were then dissected away 
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from the long bones which were measured on the osteometric 
board of Broca in the “fresh state” without having gone 
through maceration. A “certain number of the bones” were 
remeasured 8 or 10 months later in the “dry state” and it was 
determined that they had lost in general, 2 mm of their length. 
Thus, when stature is to be estimated from the length of “dry” 
bones it has been the practice to  add 2mm to the measured 
length of each bone before application of Rollet’s tables. The 
greatest length of the humerus, radius, ulna and fibula ; both 
greatest and bicondylar lengths of the femur; and the distance 
from the two condyles of the head (with the intercondyloid 
eminence in the opening of the board) to the extremity of the 
medial malleolus of the tibia were taken. The tables present 
the average length of each of the 6 long limb bones of each 
side of the body for a given range of stature. 

The raw data of Rollet served as a basis for application of 
different methods by Manouvrier (1892 and 1893) and by 
Pearson (1899). Manouvrier excluded those subjects of 60 
years of age and over, 26 males and 25 females. He stated 
that due to the effect of “old age” on the length of the trunk 
they had lost 3 ern of their maximum stature. From data on 
the remaining 49 subjects (24 males and 25 females) he de- 
rived tables of average stature corresponding to given long 
bone lengths. In other words, Manouvrier determined the 
average stature of those individuals who presented the same 
lengths for a given long bone, whereas Rollet determined the 
average length of a given long bone from those who presented 
the same stature. The values obtained by these two methods 
are not interchangeable. Manouvrier also indicated that 2 ern 
should be subtracted from statures obtained by means of his 
tables in estimating stature of the living. 

Pearson applied stature regression formulae utilsizing all of 
Rollet’s cases, but limiting long bone lengths to those of the 
right side unless the right bone was missing in which cases he 
used the left. IIe was aware of the wide age range but included 
all in calculating the constants noting that 50 cases are hardly 
sufficient for this method of treating data. He also reasoned 
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that, since there were as  many old individuals with a stature 
above as  below the median stature, “whatever shrinkage may 
he due to old age it is not of a very marked character in these 
data or largely disappears when a body is measured after 
death on a flat table.” The mean stature of the 26 males over 
59 years of age was only 1.77 cm less than the mean stature of 
the 24 males under 60 years of age ; the older group of females 
presented a mean stature of only .04 em less than the younger 
group. It has been noted elsewhere (Trotter and Gleser, ’51a) 
that Pearson failed to take cognizance of the greater long bone 
length in the older group of females than in the younger group 
and that the older group, therefore, had been taller individuals 
in their younger years than the stature measurements after 
death indicated. Pearson made a most valuable contribution 
to the problem of reconstruction of stature but emphasized 
that his formulae and curves must not be taken as  final, that 
they merely represent the most probable conclusions which 
could be drawn from the data at his disposal,. He hoped for a 
wider range of facts, more refined analysis, experiment and 
observation. I n  the course of his discussion he stated that 
“the extension of the stature regression formulae from one 
local race - say, modern French - to other races - say 
palaeolithic man-must be made with very great caution’’ 
and “stature is quite as marked a racial character as cephalic 
index. ’ ’ 

I n  1929 Stevenson accumulated data on a contemporary 
group of 48 Northern Chinese male cadavers (no ages given) 
according to methods which were the same as those applied 
by Rollet. He calculated stature regression formuleae which he 
believed were comparable in all respects to Pearson’s formulae 
for the French and then applied the formulae of each race to 
the other. The result was a failure of the formulae of one race 
to give satisfactory prediction results for the second. He em- 
phasized the need of additional data in the form of similar 
series of regression formulae based 011 comparable data from 
other races. Pearson was the editor of the journal in which 
Stevenson’s report was published and thus had the oppor- 
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tunity to add a note to  Stevenson’s paper. He suggested that 
there should be some liesitation in accepting all the conclusions 
but stated frankly that he was prepared to admit that better 
results from regression formulae will be obtained by applying 
a formula peculiar to a race itself than by applying a formula 
arising from a second race. 

Breitinger ( ’37) approached the problem with the statistical 
methods introduced by Pearson but his data were from living 
subjects. He  pointed out that cadaver material is ill-suited 
since it mostly represents a certain selection of the population 
according to age, socio-economic status and geographical dis- 
tribution ; and that stature measurements of cadavers are en- 
cumbered with greater errors than stature measurements of 
the living. His subjects comprised 2400 German males of 
which 1400 were participants in an athletic meet in Munich in 
1923 and 1000 were students in 1925-26. The average age was 
reported to be about 26 years. Measurements of pertinent 
divisions of the limbs were taken between certain bony promi- 
nences and thus were not as accurate as measurements derived 
directly from the bones themselves. 

Telkka (’50) presented a chronological review of the litera- 
ture in addition to his own results based on 154 Finnish ca- 
davers, 115 males and 39 females. The average age of the 
males was 42.3 years and of the females 50.4 years. The stature 
was measured on the “prostrate” corpse and the bones were 
measured after maceration and drying. The skeletons had not 
all been preserved intact and thus the number of bones of a 
kind available for measurement was somewhat smaller than 
the number of subjects. The statistical treatment comprised 
corre1,ation and regression coefficients between stature and 
bone measurements. 

The United States’ program for the return from foreign 
territory of the remains of World War I1 deceased made pos- 
sible the measurements of long limb bones of American mili- 
tary personnel. Such measurements on individuals whose 
identity had never been lost will contribute to the improvement 
of identification criteria aiid thereby help in establishing the 



ESTIMATION O F  STATURE FROM BONES 467 

iclentity of unknown remains. The records taken at the time of 
induction provided the stature measurements. Thus, for the 
purpose of evolving formulae for stature estimates of Ameri- 
can White and Negro males from long bone lengths the desired 
combination of records was for the first time procurable, viz., 
the stature measured during life and bones at hand for meas- 
urement after death. In  addition to the advantage of having 
living stature measurements of the same individuals whose 
long bones are measured, it should be noted that these subjects 
embrace not only a younger age span than cadaver series are 
known to do, but also a broader and more representative 
cross-section of the American population. Furthermore, it has 
been suggested repeatedly that formulae are most accurate 
when derived from an extensive number of subjects and are 
applied most suitably to  the population from which they were 
derived. This report will present formulae for estimation of 
stature from long bone lengths bqsed on American White and 
Negro military personnel. 

I n  1948 Stewart wrote “Someone should work up the ex- 
tensive records of cadaver stature and bone lengths assembled 
at Western Reserve University and Washington University. ” 
Dupertuis and Hadden (’51) a t  Western Reserve University 
have responded by their analysis of “groups of 100 male and 
100 female American Whites and an equal number of both 
sexes of Negroes from the Todd Osteological Collection.” 
Stature measurements of these cadavers had been taken by 
Todd and Lindala (’28). The subjects were secured in the 
upright position by means which insured that the heels were 
fairly planted on the floor. Dupertuis and Hadden considered 
this stature measurement of cadavers to be equivalent to living 
stature. Their calculations of the regression formulae were 
based on the values of the bones of the right side only. 

In  further answer to Stewart the present report includes a 
study of evidence available in the Terry Anatomical Collec- 
tion. This material has already served in a study of the effects 
of ageing 011 stature (Trotter and Gleser, ’Sla), a parameter 
which has not been considered, heretofore, in relation to sta- 
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ture estimation. By making appropriate allowances for the 
difference in age, i t  has been ascertained that these data for 
males and those from the military personnel yield essentially 
the same formulae. In  addition, the Terry Collection supplies 
data from which equations for estimation of stature from 
length of long bones can be determined for  the females of both 
races. 

MATERIAL 

The military persorinel were drawn from American World 
War I1 casualties in the Pacific zone. The remains were 
brought by the American Graves Registration Service to 
Hawaii for  preparation for final burial a t  which time the long 
bones were measured. Their remains ha8d been skeletonized by 
natural processes during the temporary burials and the bones 
were clean and dry. All studied were American citizens of the 
male sex who had been born in the United States. Stature 
measurements had been recorded at the time of induction into 
military service. 

The Terry Skeletal Collection is composed of complete 
skeletons of American White and Negro cadavers which had 
been assigned to the medical school for scientific study. The 
collection is well documented with respect to race, sex and age. 
Its constitution is similar to that of the Todd Skeletal Collec- 
tion insofar as racial admixture of Whites and Negroes is con- 
cerned-even though there is not complete agreement on the 
question of extent of hybridizatioii of the American Negro 
(Herskovits, '28; Terry, '29, '32 ; Todd and Lindala, '28). 

The distribution of subjects contributing to this study from 
both military personnel and the Terry Collection is shown in 
table 1 according to source, race, sex and age. The age recorded 
for the military personnel is that at the time of induction into 
service when stature was measured; age for the Terry Collec- 
tion is that at the time of death. 

The right and left long bones of both upper and lower free 
limbs were considerecl, viz., h~imeriis, radius, ulna, femur, tibia 
and fibula. When all twelve were present the list is referred 
to as complete; when one or more was absent, as incomplete. 
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The subjects of the Terry Col’lection were all complete and of 
the military personnel, 568 White males and 55 Negro males 
were complete. The incomplete group was classified under two 
categories : (a)  absence of ulna(e) and/or fibula(e) ; and (b) 
miscellaneous absences. 

The ages of the great majority of military personnel are in 
the late teens and early twenties. During this period the 
amount of increase in stature is small; and soon thereafter 

TABLE 1 

Distribution of subjects according to soiirce, race, $ex and age 

MILITARY PEEIIONNEL TERRY COLLICPTION 

ARE White Negro 

Male Female Male Female 
White Negro 
Male Male 

17  
18 
19 

20-29 
30-39 
40-49 
50-59 
60-69 
50-79 
80-89 
9&99 

Total 

46 
210 
105 
676 

76 
3 

1,115 

3 
9 
7 

52 1 
14 11 

37 
53 
86 
52 
15 

85 255 

1 
8 
3 

16 
18 
9 

a 

63 

2 
46 31 
66 38 
69 36 
76 26 
65 16 
29 19 

9 8 
1 

360 177 

the maximum stature is reached. In  order to utilize the data 
most effectively it was necessary to determine at how young an 
age stature does not differ significantly from the maximum 
stature. A decision to  include all subjects of 18 years and over 
was based on findings which indicate that the amount of in- 
crease in stature after 18 years is insignificant. Randall (’49) 
in a study of age changes in 17,341 Army males, ranging in age 
from 17 to 26 wrote on the subject of stature, 

“Even though the mean values indicate a maximum at- 
tained at age 24, there is no statistically significant change 
after age 18. Consequently, evidence is strong that the 
American White male attains his adult stature, as an aver- 
age, in the 18th year.” 
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The military series under present coilsideration support Ran- 
dall's evidence. The mean statures according to race and age 
are  presented in table 2. Actually, in  the White group the 
average stature of the 17 year olds is greater thaa that of the 
18 and 1 9  year old subjects, no one of which shows a statisti- 
cally significant difference from the average stature of the total 

TABLE 2 

Mean stature ( c m )  and length of period ( years )  between statirre measurement and 
dea th  of mili tary personnel according to age 

WHITE MALE8 NEGRO MALES 
AGE AGE 

KO. Stature Period No. Stature Period 

1 7 '  46 
18 210 
19 105 
20 121 
2 1  9 4  
23 95 
23 67 
34 71 
55 73 
26  67 
27 3 1  
28 3 1  
29 26 
30 26 

34-48 2 1  
31-33 3 1  

1i4.85 
174.05 
174.40 
175.43 
175.14 
174.32 
174.43 
173.14 
174.15 
173.45 
172.52 
174.74 
173.27 
173.23 
171.03 
172.27 

1.95 17 3 169.00 2.58 
1.96 18 9 174.00 2.30 

2.32 

2.41 
2.22 23-28 22 171.27 2.47 
2.44 
1.81 
2.29 
2.50 
2.28 

2.61 
1.94 
2.82 

2.30 19-20 12 171.50 1.66 

2.47 21-22 2 1  172.29 2.84 

2.49 29-37 18 173.06 2.36 

Total 1,115 174.23 2.25 Total 85 172.14 2.41 
- 

A given gear of age indicates a period from one birthday until the next. Periods 
of more than one year were made arbitrarily in instances where the frequency was 
small. 

group. I n  the Negro group the number of subjects in these age 
categories is too small to justify conclusions. Fo r  both races, 
only those subjects who were 18 years and over at the time 
stature was measured a re  included in the statistical analysis. 
The subjects who were excluded on account of their youth con- 
sist of 46 White males (23 complete, 10 with absence of ulmna(e) 
and/or fibula( e ) ,  and 13 with miscellaneous absences) and 
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three Negro males (one complete, two with misce1,laneous ab- 
sences). 

The average length of the period which elapsed between the 
measurements of stature and death is also summarized in 
table 2. It may be seen that the lapse of time is relatively short 
- slightly more than two years, on the average. It is only be- 
fore maximum stature is reached that a disparity between 
times of measurement of stature and of long bones could in- 
troduce an error. 

The Terry Collection subjects are all’ over 18 years of age 
but the range extends into the tenth decade and thereby intro- 
duces the need of correction for loss of stature with age 
increment after maturity. The correction formula is available 
(Trotter and Gleser, ’51a) and thus stature measurements de- 
rived from these older subjects can be made comparable to 
those of the military personnel. 

METHOD 

The stature measurements of the military personnel were 
made under the direction of either the War Department or  the 
Navy, thereby involving not only many different stations but 
many different observers. It is desirable to have a1.l measure- 
ments of a given variable made by the same individual in order 
to keep the observational error at a minimum. Errors incurred 
by many different observers tend to  reduce the correlation 
between variables but this effect is relatively small when suf- 
ficiently large series of observations are obtained. All obser- 
vations were recorded in inches and have been transformed to 
the nearest centimeter. Numerous attempts have been made to 
learn the directions for taking height with the following re- 
sults : in Mobilization Regulations, War Department, October 
15, 1942, there was found: 

“10. Directions for taking height. Use a board at least 
2 inches wide by 80 inches long, placed vertically, and care- 
fully graduated to 4 inch between 58 inches from the floor 
and the top end. Obtain the height by placing vertically, 
in firm contact with the top of the head, against the measur- 
ing rod an accurately square board of abont 6 by 6 by 2 
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inches, best permanently attached to graduated board by a 
long cord. The individual should stand erect with back to 
the graduated board, eyes straight to the front.” 

In  another set of Mobilization Regulations dated 19 April 1944 
essentially the same directions were given and in addition the 
following sentence : 
“The shoes should be removed when the height is taken.’’ An 
extract from Manual of the Medical Department, Revised 1945, 
United States Navy indicates : 
“ A  minimum height of 60 inches without shoes is required.’’ 
It has been assumed, therefore, that the statures listed on the 
records for all military personnel were taken with the subject 
in the erect position and with shoes removed. The stature 
acceptable for induction varied slightly among the service 
divisions with the extremes from 60 inches to 78 inches (152 
em-198 em) inclusive. 

The stature measurements of the Terry Collection subjects 
were made when the cadavers were brought to the Medical 
School. A specially constructed vertical measuring panel with 
a foot board was utilized. 

“With careful attention to  the several details involved in 
posing and fixing the cadaver on the panel, the characteristic 
features of the standing posture can be reproduced: ankles 
bent, knees and hips extended, lumbar curve produced. 
shoulders squared and arms hanging at the sides, the face 
front and eye-ear plane horizontal.” (Terry, ’40.) 

A metric scale was attached to the measuring panel. Each 
subject was photographed in anterior and lateral views. The 
photographs record the actual position of the cadaver and 
make feasible a correction in the stature measurement when, 
for example, the heels are not flat on the baseboard. 

Measurements of length of all 12 long limb bones for Terry 
Collection subjects, and of as many as were present for military 
personnel were made by the senior author as follows and re- 
corded to the nearest millimeter: 

Huinerus. Maximum length. Head was applied to the verti- 
cal part  of the osteometric board, bone was held by left hand, 



ESTIMATION O F  STATURE FROM BONES 473 

block was applied horizontally to distal extremity, bone was 
raised slightly, moved up and down as well as from side to 
side until maximum length was determined (HrdliEka, '47). 

Radius. Maximum length. Taken in same way as that of 
humerus (Hrdli6ka) . 

Ulna. Maximum length. Taken in same way as that of hu- 
merus (HrdliEka) . 

Femur. Bicondylar length. Both condyles were adjusted to 
the vertical part of the osteometric board and with the bone 
reposing on the board, the block was applied to the other ex- 
tremity (Hrdli6ka). 

Maximum length (indicated subsequently as femur,). Medial 
condyle was applied to the vertical part of the osteometric 
board and measurement was made in the same way as the 
maximum length of other bones (Martin, '28). 

Tibia. Maximum length (indicated subsequently as tibia,,,). 
End of malleolus against vertical wall of the osteometric board, 
bone resting on its dorsal surface with its long axis parallel 
with the long axis of the board, block applied to the most 
prominent part of lateral half of lateral condyle. 

Ordinary length. Measured with spreading calipers from 
the center of the articular surface of the lateral condyle to the 
center of the inferior articular surface (Krogman, '48). 

Fibula. Maximum length. Taken in same way as that of 
humerus (Hrdlicka). 

The statistical analyses do not invoive new methods. Re- 
gression equations introduced into this field by Pearson in 
1899 and based on a linear relationship between the variables 
are proved again to be satisfactory. However, three refine- 
ments have been introduced: one, the utilization of stature 
measured on the living in combination with bone lengths meas- 
ured after death on the dry skeleton; two, recognition of and 
adjustment f o r  the effect of ageing on stature; and, three, a 
test of the validity of the resultant equations by application to 
a different sample of reasonably large size. 
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RESULTS AND DISCUSSION 

Coniparisoiz of leiigths of right and  Left Dorz,cs. The 54.5 mili- 
tary White subjects who were 18 years or older and with all 
long bones present provided the data  for  comparisons between 
lengths of right and left bones. The object was to determine 
any possible difference resulting from utilization of one or the 
other bone of a given pair in  estimation of stature. The com- 
plete matrix of intercorrelmations is summarized in table 3. 
There is neither a large nor consistent difference in the amount 
of correlation for right and left bones of any pair  except for  
the radius in  which instance the left bone has a higher corre- 
lation with all other bones and with stature than does the right 
radius. Since the difference in standard deviation for any two 
corresponding bones is likewise very small there could be very 
little difference between estimation equations for stature 
evolved from them. There is, in general, a slight advantage in 
using the average length of the two bones of a pair  when both 
a re  present, because of the greater reliability of an average. 
In addition, equations of estimation based on average values 
niinimize the error of estimate when only one bone of a pair is 
present, since neither the right nor left member of a pair has 
a greater likelihood of preservation. Accordingly, it  was de- 
cided to use the average length of bone pairs in this study. 

The mean difference between right minus left bone lengths 
of a given pair  and the standard deviations of these differ- 
ences are  recorded in table 4 for the 545 military White 
males and also fo r  all available bone pairs of the military 
Negro males. The differences between the two races are  in 
the same direction for any given bone except the humerus. The 
differences are  all significantly different from zero for the 
larger sample (Whites), whereas the differences only for ra- 
dius, ulna, and femur are  significant for the smaller sample 
(Negroes). As has been found previously (Pearson, 1890 ; 
Telkka, '50; Dupertuis and Ha$dden, '51) these differences are  
small on the average (the highest being 0.3 em for the radius of 
the Negroes) although in some individual pairs they may be 
as much or  more than 0.5 cni. I t  is impossible to predict the 
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aniount o r  direction of this difference for any particu1,ar pair 
in a single individual. However, the error could be corrected 
in an estimation equation by adjusting for the difference be- 
tween the means. When the equation is based on the average 
length of both bones only one-half of the indicated difference 
between the right and left bones shoul'd be added o r  subtracted 
to  the measured length for insertion in the equation. This 
amounts to less than a millimeter for all excepting the radius 
and ulna and thus is less than the error of measurement itself. 

TABLE 4 

Hean differences (cm)  (wi th  standard errors) and standard deviations between 

in parentheses indicate the number of subjects involved) 
lengths of right and le f t  paired bones of  military personnel. (The numbers 

NEQRO MALES (68 -80 )  

Mean diff. 

Humerus 
Radius 
Ulna 
Femur 
Femur,,, 
Tibia, 
Tibia 
Fibula 

+ .045 2 .016 
+ .185 2 .023 
+ .193 ? .017 
- .111 f .OlB 

- .055 2 .016 
- .028 f .014 
- .035 k .015 

- .058 & .021 

S.D. 

.365 

.510 

.389 

.404 

.472 

.359 

.321 

.326 

Mean diff. 

- .021 k .041 
+ .300 2 .037 
-+ .252 -C. .039 
- .095 2 .045 
- .043 f .046 
- .054 ? .033 
- .046 .033 
- .057 f .047 

S.D. 

.366 

.323 

.319 

.405 

.411 

.282 

.295 

.388 

The difference is expressed as length of right hone minus length of left, thus a 
+ figure signifies a longer right bone and a - figure, a longer left bone. 

Even for these two bones it can easily be shown that the re- 
sultant error in the estimated stature is less than half a centi- 
meter. It seems impractical and unnecessary, therefore, to 
make an adjustment when only one bone of a pair is available 
for stature estimation. 

Equations for estimation of stature from a given bone length. 
For the determination of equations for estimation of stature 
from long bone lengths, the average length of the paimd bones 
was utilized. Complete matrices of intercorrelations of stature, 
age, and long bone measurements were computed. In  the mili- 
tary White group those cases (165) in which all but the ulsna (e)  
and/or fibula( e)  were present were treated separately from 
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the “complete” cases. (Data for the “miscellaneous incom- 
plete” White subjects were not included in these computa- 
tions.) In the military Negro group all possible bone pairs 
were included in each correlation with stature because of the 
small sample. All subjects from the Terry Collection were 
complete and were utilized for obtaining correlations and re- 
gression equations. 

The means (with standard errors) and the standard devia- 
tions of the distribution of measurements for each group are 
presented in table 5. For the Terry Collection the stature is 
that of the cadaver whereas for  the military samples the sta- 
ture is that of the living, thus the averages are  not directly 
comparable. However, all bones measured were without carti- 
lage and dry and hence are directly comparable. 

The differences between the mean measurements and be- 
tween the standard deviations for the two groups of military 
White males are insignificant, indicating as  may have been 
expected, uniformity of the complete and incomplete groups 
with respect to age, stature and average length of bone pairs. 

Erery  measurement for White males is significantly smaller 
for the Terry Collection subjects than for military personnel. 
However, the standard deviations of these measurements for 
the two sources are in agreement within the limits of sampling 
error, excepting that of stature which is significantlay greater 
for the Terry Collection subjects. It is suggested that part  of 
the variance in cadaver stature has resulted from post-mortem 
changes which are differentially produced. In this connection 
it is noted that the standard deviation of stature measurements 
is much larger for Negro males of the Terry Collection than 
for Negroes of military origin. This large difference is par- 
tially due to a difference in general variability between the two 
samples since the Negroes of the Terry Collection have a sig- 
nificantly larger standard deviation for each bone measure- 
ment than do the military Negroes or any of the White samples. 
It is interesting also, that the Negro samples from the two 
sources have comparable measurements of upper limb bones, 
but that the measurements of the lower limb bones differ sig- 
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TABLE 5 

Mean (with standard error) and standard deviation of age (years),  stature' and long bone 
measurements (em)  arcording to  race, sex and source of data 

White males 
~ 

MILITARY COMPLETE ( 5 4 5 )  MIlrITARY INCOMPLETR ( 1 6 5 )  TERRY COLLECTION (255)  

S.D. Mean S.D. Mean 

23.14 f .18 
173.899 % 2 8 4  

33.618 ? .072 

Mean 

61.66 C .77 
170.392 f .461 
32.998 ? .112 
24.403 C .084 
26.218 C .088 
45.415 & .151 
45.660 & .154 
36.374 & .136 
35.345 C .134 
36.782 ? .132 

S.D. 

12.25 
7.343 
1.787 
1.334 
1.402 
2.411 
2.447 
2.170 
2.139 
3.103 

4.31 
6.626 
1.672 
1.280 

22.65 2 .35 
174.442 t .476 
33.678 & .124 
25.099 C .I03 

47.179 2 .187 
47.525 C .188 
37.991 C ,181 
37.059 2 .180 

4.46 
6.091 
1.582 
1.316 

2.391 
2.410 
2.316 
2.307 

-4 ge 
Stature 
Humerus 
Radius 
Ulna 
Femur 
Femur 

25.151 C .055 
27.035 & .055 
46.908 f .099 

~ 

1.283 
2.306 
2.346 47.261 f . lo0 

37.826 ? .093 Tibia, 
Tibia 
Fibula 

2.179 
2.113 
2.084 

36.848 % .091 
38.135 C .089 

Negro males 

TERRY COLLECTION (360)  MILITARY ( 5 4 )  

Mean S.D. 

25.07 2 .68 4.98 
172.111 2 .843 6.139 

33.793 & .184 1.337 
26.568 2 ,170 1.240 
28.509 2 .182 1.323 
47.930 2 .307 2.234 
48.337 2 .310 2.256 
39.554 2 .316 2.298 
38.606 2 .322 2.344 
39.763 2 .315 2.295 

Menn S.D. 

Age 
Stature 
Humerus 
Radius 
Ulna 
Femur 
Femur ,  
Tibia, 
Tibia 
Fibula 

49.46 t .82 
172.729 & .412 
33.777 t .099 
26.322 & .084 
28.164 2 .086 
47.073 -C .153 
47.424 f .157 
38.721 & .134 
37.667 -C .131 
38.950 2 .130 

15.51 
7.807 
1.883 
1.597 
1.623 
2.903 
2.969 
0.533 
2.486 
2.456 

Females (Terry Collection) 

WHITE ( 6 3 )  'NEGRO (177) 

N e e n  S.D. Mean 

63.93 & 2.02 
160.682 5 .946 
30.430 % 218 

S.D 

16.07 
7.508 
1.738 

Age 
Stature 
Humerus 
Radiue 
Ulna 
Femur 
Femur,. 

47.21 2 1.55 
160.892 2 .574 
30.764 t .139 
23.602 t .130 
25.390 & .115 
43.273 2 2 0 5  
43.712 t .210 
35.415 & .188 
34.538 & .184 
35.549 & .184 

17.64 
6.534 
1.518 
1.477 

~~ 

22.211 % . l56 
23.994 & .173 
42.654 % .315 

1.240 
1.372 
2.503 

1.305 
2.336 
2.391 
2.135 
2.098 
2.099 

42.959 -t .319 
34.029 % .271 

2.531 
2.151 
2.091 
2.143 

Tibia., 
Tibia 
Fibula 

33.181 & 2 6 3  
34.335 & .270 

Stature indicates measurement of the living for  military personnel and of the cadaver for 
the Terry Collection subjects. 
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nificantly, the Negro sample from the Terry Collection having 
the shorter bones. 

The two female samples from the Terry Collection, which 
are directly comparable with regard to stature, differ mainly 
in the lengths of the bones of the forearm and leg (radius, ulna, 
tibia and fibula) although for every bone the Negro female has 
a longer average length than the White female. 

The average age of the samples from the Terry Collection 
is much older than the age of the samples of military origin 
and the spread is considerably wider extending into the later 
decades. The coefficient of correlatioii of each measurement 

TABLE 6 

Coe,flcients of correlation of age with stature and with long bone measurements 
for the Terry Collection samples, according to  sex and race 

MALES FEMALES 

White Negro White Negro 

Stature 
Humerus 
Radius 
Ulna 
Femur 
Femur,,, 
Tibia,,, 
Tibia 
Fibula 

- .09 
.03 
.oo 
.01 

- .01 
- .02 

-04 
.04 
.04 

- .24 
- .08 
- .14 
- .12 
- .ll 
- .12 
- .15 
- .15 
- .15 

- .31 
- .14 
- .02 

.06 
- .ll 
- .12 
- .05 
- .08 
- .05 

- 2 0  
- .03 
- .07 

.05 
- .09 
- .11 
- .07 
- .09 
- .09 

with age for the Terry Collection samples is presented in 
table 6. It can be seen that stature and age are negatively 
correlated. This negative relationship is contributed to by 
effects on stature of both the secular trend and ageing. For  
the secular trend it has been shown that the older the indi- 
vidual the less likely he is to have attained as tall a stature as 
younger individuals living in the same period. And, for age- 
ing it has been shown that the older the individual (after 30 
pears of age) the greater will have been his loss of stature 
(Trotter and Gleser, '51a,b). The effect of the secular trend 
on stature is evidenced by the negative correlation between 
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age and length of most of the bones. After eliminating this 
effect by a partial correlation technique, the correlation be- 
tween stature and age was still negative and statistically 
significant and was foillid to be homogeneous for the 4 groups 
amounting to  an average rate of declmine of . N c m  per year 
after 30 years of age (see earlier study). This indicates that 
the additive constant of an equation for estimation of stature 
from long bone lengths would vary according to the age of the 
individual. Thus, a more accurate estimation of stature can 
be made by including in the calculation an adjustment for the 
effect of ageing. 

The coefficients of correlation between stature and each of 
the long bone lengths for the several samples of White and 
Negro subjects are presented in table 7. For the Terry Collec- 
tion samples the partial correlations of stature with bone 
length, when age is held statistically constant, are also indi- 
cated in parentheses. The standard errors of the correlation co- 
efficients are included to permit determination of significant 
differences between the corresponding correlations in different 
samples by inspection. The correlations between stature and 
long bone lengths for the two military White samples differ 
only to an extent which might be expected from sampling flnc- 
tuations. Since the differences in the means and standard 
errors of each measurement were insignificant also, it can be 
concluded that these two samples are drawn from the same 
population and that equations f o r  estimation of stature from 
their long bones would not differ significantly. 

The two military samples of White males (710 subjects) 
were, therefore, combined and the means, standard deviations, 
and correlation coefficients were computed for the total sample 
using as many data as were available for the ulna and fibula 
(table 8).  (Data for the ulna and fibula were included from the 
165 “incomplete ’’ cases when these bone pairs were present.) 
The differences in correlations of stature and long bone lengths 
between the military and the Terry Collection White samples 
are not significant (see tables 7 and 8). The correlations of 
the latter group are all somewhat lower, especially those for 



TABLE 7 

Coefficients of correlation (with standard errors) between stature and long bone 
measurements according to race, sex, and smrce. Partial correlations when 

age is held statistically constant are also shown in parentheses for the 
Terry Collection subjects 

White 

Humerus 
Radius 
Ulna 
Femur 
Femur, 
Tibia, 
Tibia 
Fibula 

YALE 

Military personnel 
Complete Incomplete 

(545)  ( 1 6 5 )  

.790 2 .016 

.756 & .018 

.755 f .018 

.869 -C .010 

.867 f .011 

.864 2 .011 

.872 f .010 

.865 2 .011 

.754 2 .034 
,732 f .036 

.858 f .021 

.861 f .020 

.833 f .024 

.837 t .023 

FEMALE 

Terry Collertion 
( 2 5 5 )  

.751 ? .027 (.757) 

.730 & .029 (.732) 

.726 & .030 (.731) 

.859 f .016 (.862) 

.861 f .016 (.863) 

.818 5 .031 (.826) 

.816 2 .023 (.825) 

.814 & .021 (.822) 

Terry Collertion 
( 6 3 )  

.802 & .045 (.806) 

.789 f .048 (.823) 

.759 -C .053 (.731) 

.851 2 .035 (.864) 

.858 t .033 (.869) 

.845 2 .036 (.873) 

.841 t .037 (.861) 

.851 f .035 (.879) 

Negro 

(68-80) (360) (177) 

Humerus 
Radius 
Ulna 
Femur 
Femur, 
Tibia,,, 
Tibia 
Fibula 

(79) .716 2 .055 
(74) .713 -C .058 
(68) .712 2 .060 
(80) .769 f .046 
(80) .768 t .046 
(79) ,803 t .038 
(79) .i99 2 .041 
(68) .766 C .050 

.821 & .017 (.828) 

.792 2 .020 (.789) 

.773 & .02l (.772) 

.817 & .Ol8 (.820) 

.818 % .017 (.818) 

.859 C .014 (.857) 
.857 ? .014 (.855) 
.861 f .014 (.859) 

.748 f .017 (.759) 

.633 f .053 (.634) 

.649 f .051 (.673) 

.835 C .027 (337)  

.848 f .025 (353)  

.811 2 .030 (.824) 
.809 f .030 (.810) 
.813 f .030 (.814) 

TABLE 8 

Means (standard errors), standard deviations, and coefficients of correlation 
(with standard errors) of stature and long bone measurements (em) 

of military Whites males' 

MEAN S.D. r 

Stature 
Humerus 
Radius 
Ulna 
Femur 
Femur,,, 
Tibia,,, 
Tibia 
Fibula 

174.035 C .244 
33.632 2 .062 
25.139 ? .048 
27.024 C .052 
46.971 f .087 
47.322 ? .089 
37.865 & .083 
36.897 C .082 
38.153 & .087 

6.510 
1.653 
1.287 
1.317 
2.328 
2.365 
2.214 
2.162 
2.095 

.783 5 .015 

.748 2 .017 

.749 2 .016 

.865 t .009 

.865 2 .009 

.856 2 .010 

.862 t .010 

.863 2 ,010 

The statistics are based for ulna on 644 cases, for fihuln on 580 cases, and for 
all other values on 710 cases. 

481 
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the tibia and fibula. The differences in correlations between the 
Negro males from the two sources (table 7)  are  also not sig- 
nificant. It may be concluded, therefore, that the two samples 
are  drawn from populations equally correlated with regard to 
stature and length of long bones. The correlations of stature 
with long bone lengths for the Terry Collection subjects are, 
in  general, slightly higher when age is held statistically con- 
stant (table 7)  than when age is allowed to vary. The differ- 
ences a re  very slight (as predicted by Pearson) and woulcl 
have r e r y  little effect on the slope of the line of regression for 

1 

155 I 
$3 ’ 4;P I 4i.0 ’ 4k.o I da ’ 4.0 52.0 ’ 

LCNGTH W rCMURm (CM) 

Fig. 1 Regression line and mean statures of 710 military White males grouped 
according to increments of 0.5 cm in length of femur,,,. 

stature estimation from long bone length. However, the addi- 
tive constant of the equation, as has alrea,dy been noted, is 
different for different age groups. 

The possibility was considered that a more accurate estima- 
tion of stature from the length of long bones might be obtained 
by utilizing other than a linear relationship. To test this 
possibi1,ity the mean statures corresponding to increments of 
0.5 cm in the length of the femur, were computed for the 710 
military White males. The resulting averages are shown in 
figure 1 together wit11 the best fitting line of regression. The 
correlation ratio for this bivariate distribution, arranged in 
arrays, is 369 as compared to the correlation coefficient of .865. 



ESTIMATION O F  STATURE FROM BONES 483 

This difference is not significant statistically. It may be con- 
cluded that the relationship between stature and length of 
femur is linear and that no advantage would be gained in using 
other than a linear relationship in estimating stature from the 
femur, length. Almso, there is no reason to doubt that linearity 
of regression is obtained for stature when estimated from each 
of the other bones. In  point of fact Breitinger proved linearity 
of regression between stature and length of the radius for his 
sample. Thus, it has been established empirically that the 
Pearsonian method of linear regression is justified. 

The best fitting linear equation for estimation of stature 
from the length of each long bone was obtained for each of the 
samples (table 9) .  These equations are  for estimation of maxi- 

TABLE 9 

Eqztations for estimation of stature (cm)l (wi th  standard errors) from long bone lengths 
according to race, 882 and source 

White 

X A L E  MALE FEMALE 

XIilitary personnel Terry Collection Terry Collection 
(Living stature) (Cadaver stature) (Cadaver stature) 

3.08 Hum 
3.78 Rad 
3.iO Ulna 
2.42 Fen1 
2.38 Fen],, 
2.52 Tib,,, 
2.60 Till 
2.68 Fib 

+ 70.45 C 4.05 
+ 79.01 2 4.32 
+ 74.05 t 4.32 
+ 60.37 & 3.27 
+ 61.41 2 3.27 
+ 78.62 & 3.37 
+ 78.10 & 3.30 
+ 71.78 5 3.29 

3.10 Hum 
4.01 Rad 
3.81 Ulna 
2.61 Fern 
2.58 Fern, 
2.79 Tib, 
2.82 Tib 
2.86 Fib 

+ 70.00 -C 4.78 3.36 Hum 
+ 74.43 c 4.97 4.74 Rad 
+ 72.40 C 4.99 4.27 Ulna 
+ 53.76 & 3.69 2.48 Fern 
+ 54.79 C 3.69 2.47 Fern, 
+ 70.81 5 4.13 2.90 Tib, 
+ 72.62 ? 4.15 2.95 Tib 
+ 67.09 C 4.17 2.93 Fib 

+ 60.47 C 4.45 

+ 60.26 C 4.30 
+ 56.93 t 3.78 
+ 56.60 C 3.72 
+ 64.03 C 3.66 
+ 64.83 C 3.82 
+ 62.11 & 3.57 

+ 57.43 c 4.24 

Negro 

3.26 Hum 
3.42 Rad 
3.26 Ulna 
2.14 Feu1 
2.11 Fern,,, 
2.19 Tib,,, 
2.17 Tib 
2.19 Fill 

+ 62.10 2 4.43 3.35 Hum 
+ 81.56 2 4.30 3.78 Rad 
+ 79.29 2 4.42 3.63 Ulna 
+ 69.74 C 3.93 2.15 Fem 
+ 70.35 t 3.94 2.11 Fern, 
+ 86.02 t 3.78 2.60 Tib, 
+ 88.83 5 3.82 2.64 Tib 
+ 83.65 C 4.08 2.68 Fib 

+ 60.75 C 4.39 3.08 Hum 
+ 74.40 -C 4.79 2.75 Rad 
+ 71.66 & 4.96 3.31 Ulna 
+ 72.69 -C 4.47 2.30 Fen1 
+ 73.84 C 4.49 2.28 Fern, 
+ 73.23 ?I 4.02 2.45 Tib, 
+ 74.46 C 4.05 2.48 Tib 
+ 69.51 2 4.00 2.49 Fib 

+ 67.17 C 4.25 
+ 97.01 5 5.05 
+ 77.88 t 4.83 
+ 62.39 5 3.58 
+ 62.26 5 3.41 
+ 75.15 t 3.70 
+ 76.27 2 3.83 
+ 73.40 C 3.80 

'The stature obtained in each case is that  of an individual of 18 to 30 years of age. For 
the stature of older individuals subtract .06 (age - 30) em to obtain stature a t  desired age. 
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nium stature. An adjustment has been made, where necessary, 
to offset the effect of ageing on stature. This adjustment for 
age was not necessary for the military personnel but for the 
Terry Collection subjects the additive constant was corrected 
to give the best estimate of niaximuni stature. When a stature 
estimate is desired f o r   individual,^ above 30 years of age, the 
equation should be modified by subtracting from the estimate 
the factor, .06 (age - 30) em. Thus, to obtain the original 
cadaver stature of each of the Terry Collection samples, the 
average age of the sample should be inserted in the above ex- 
pression and the resulting value subtracted from the estimates 
obtained from the equations as listed in table 9. 

It should be emphasized again that the estimation equations 
for the military personnel provide an estimate of living stature 
whereas those for the Terry Collection subjects, an estimate of 
cadaver stature. A151 equations are to be applied to measure- 
ments of dry bones without cartilage. For  the military Negro 
males the equafions were computed using the means and stand- 
ard deviations of stature and long bone length of all indi- 
viduals for which the particular bone pair was available. Since 
these values vary somewhat from those listed in table 5 for 
“complete” military Negro males the detailed statistics are 
given : 

B O S P  

Humerus 
Radius 
Ulna 
Femur 
Femur,, 
Tibia, 
Tibia 
Fibula 

BONE LRNGTH KO. O F  
SUBJECTS Mean S.D. 

79 
74 
68 
80 
80 
79 
i9 
68 

STATURE 

Mean S.D. 

33.757 1.392 
26.443 1.2i9 
28.406 1.377 
47.845 2.209 
48.235 2.246 
39.485 2.323 
38.554 2.331 
39.799 2.219 

172.151 6.349 
172.000 6.140 
171.956 6.309 
172.125 6.153 
172.125 6.153 
172.494 6.342 
172.494 6.342 
372.809 6.346 

In  every set of equations, it can be seen that stature has a 
smaller standard error of estimate vhen computed from bones 
of the lower limb than when computed from bones of the upper 
limb. Thiis, the femur, the tibia or  the fibula give the best 
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estimates of stature for each group. The two different measure- 
ments of the femur and of the tibia in every group give prac- 
tically identical equations except for the constant term which 
reflects the difference in average lengths obtained from the 
two measurements. In  general the slopes of the regression 
equations for stature obtained from the military personnel and 
from the Terry Colmlection samples differ only to the extent 
expected by sampling. It is rather interesting to note, how- 
ever, that the standard error of estimate is smaller f o r  the 
military personnel than for the Terry Collection subjects for 
every comparable equation, indicating again that living sta- 
ture measurements introduce less error variance. 

Mdtiple  regression ,equations f o r  estimation of stature. 
When the intercorrelations among several independent vari- 
ables are known it is possible to determine by multiple regres- 
sion techniques the best fitting linear equation using any 
number of these variables in combination. I n  other words, co- 
efficients can be obtained so that the correlation of ax, +bx, + 
cx3 + . . . gx, + h with the dependent variable will be a maxi- 
mum. This method was introduced by Pearson. It includes, as  
special cases, the possibility that the variables be given equal 
weight (in which case the estimates obtained from the different 
variables may be simply averaged) and also the possibility 
that all but one of the variables have negligible weights (in 
which case only one variable need be used for obtaining the 
best estimation). The actual weights or coefficients obtained 
for the variables will, of course, vary from sample to sample 
of a population depending upon the obtained matrix of inter- 
correlations. 

Since the two measurements of the femur and of the tibia 
give practical'ly identical results in each case for the estima- 
tion of stature and since each is almost perfectly correlated 
with the other there is no advantage in using both measure- 
ments of either bone in the determination of multiple equations 
of estimation. Arbitrarily the measurements indicated a s  
femur, and tibia, were retained. The complete matrices of 
intercorrelations among lengths of the 6 long bones for each 
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of the saiiiples are presented in table 10. I n  every sample the 
correlatioiis among the bones are very high indicating that 
little additional precision can be gained from a multiple re- 
gression equation. In  particular, the correlations between 
radius and ulna and between tibia and fibula (both ranging 

TABLE 10 

Inteworwlations nrtiong long bone measurements and stature according to  race, sex and source 

White males 

stat 
Hum 
Raa 
U l m  
Fern, 
Tib,, 
Fib 

MILITARY P E R S O N N E L  (710)l 
Hum Rad Ulna Fern, Tib, Fib Hum 

TERRY C O L L E C T I O N  ( 2 5 5 )  
Rad Ulna Fern, Tib, Fib 

.783 .748 .749 .865 .856 
.829 .805 .843 .828 

.829 .956 .776 .850 

.805 .956 .764 .843 

.843 .776 .764 .880 

.828 .850 .843 .880 

.832 .848 .858 .874 .970 

.863 .751 

.832 
,848 .838 
.858 -819 
.874 .853 
.970 .837 

.836 

.730 .726 .861 .818 .814 

.838 .819 .853 .827 .836 
.970 .799 .863 .873 

.970 ' .796 .852 -868 

.799 .796 .890 .884 

.863 3 5 2  .890 .975 

.873 .868 .884 .975 

Negro males 

MILITABY PEBSONNEL (54 )  TERRY COLLECTION (360) 

Stat 
Hum 
Rad 
Ulna 
Fem, 
Tib, 
F ib  

.701 .649 
. . . .726 

.726 . . 
.676 .961 
.763 .696 
.759 .852 
.749 .836 

.643 .758 .813 .793 

.676 .763 .759 .749 

.961 .696 .852 .836 
.677 .820 .815 

.677 .849 .831 

.820 .849 .974 

.812 .831 .974 

Terry Collection 

.831 .792 
. . .832 

.832 
3 1 3  .967 
.828 .773 
.858 .866 
.860 .880 

females 

.773 

.813 

.967 

.752 

.850 

.864 

. . .  

_________________ 

.818 .859 .861 

.828 .858 .860 

.773 .866 .880 

.752 ,850 2364 
.848 .854 

.848 .980 
3 5 4  .980 

WHITE (63) 
~~ ~ 

NEGRO (177) 

Stat  .802 .789 .759 .858 .845 .851 .748 .633 .649 .848 .811 .813 
Hum .833 .794 .875 .834 .837 .732 .804 .819 .832 .832 
Rad .833 .963 .874 .878 .878 .722 3 2 4  .719 .737 .758 
Ulna .794 .963 .838 .876 .885 .804 .824 .718 .799 ,820 

.905 .910 3 1 9  .719 .718 .870 .880 Fem, .875 .874 .838 
Tib, .834 .878 .876 .905 .983 .832 .73i .799 .8TO .980 
Fib  .837 3 7 8  .885 .910 .983 .832 .758 .820 .880 .980 

' The statistics are based for  ulua on 644 cases, for fibula on 580 cases, and for  all other values 
on 710 cases. 
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above .95 in every group except the Negro females) indicate 
that there is no advantage in using both bones. Since the ulna 
and fibula are broken or missing more frequently than the 
radius and tibia among skeletal remains, they were eliminated 
from the computation of multiple regression equations. 

Multiple regression equations of stature with the lengths of 
two or more bones in various combinations (humerus, radius, 
femur,,, and tibia,,,) fo r  each sample are presented in table 11. 
This table reveals many interesting facts. There is no per- 
ceptible increase in accuracy of estimation obtained from using 
measurements of all 4 bones over that obtained from using two 
selected bones (femur,,, and tibia,). The Negro male groups 
constitute a possible exception, but, even in these, the gain in 
correlation is so slight that it could not be expected to hold for 
a new sample in which these same regression weights are 
utilized. This is evident in the fact that the radius presents a 
lmarge negative weight in the military Negro group whereas its 
weight becomes a small positive value in the comparable Negro 
group of the Terry Collection. There appears, therefore, to be 
no advantage in using lengths of all 4 bones simultaneously for 
estimating stature. Especially should the practice of giving 
equal weight to all 4 bones, by averaging together the estima- 
tions derived from each one, be discouraged. That such a 
procedure leads to less valid estimates is obvious when the 
relative weights of the various bone measurements in equation 
(1) for each group are noted. Fo r  the White male and female 
groups and for the Negro females it is evident that the hu- 
merus and radius add little or nothing to the accuracy of esti- 
mation when the femur and tibia are available. For all these 
three groups equally valid estimates are  obtained from equa- 
tions (6 or 7)  which involve only the femur and tibia. Also, 
these are simpler equations to apply than those utilizing 
lengths of three or 4 bones. Finally, equation (7)  utilizing the 
sum of the lengths of femur and tibia gives a result in every 
group of nearly, if not, the maximum validity. I n  no estima- 
tion of stature should the humerus and radius be used sepa- 
rately or in conjunction with each other (equation 4) if the 



TABLE 11 

Yultiple regression equatioiis for  estimation of stature (cni)' (with standard 
errors) and coefficients of multiple correlation ( R )  from long bone 

lengths according to race, sex and source 

R 

Military personnel - White males (living stature) 

(1) 0.28 Hum-0.02 Rad + 1.32 Pem, + 1.16 Tib, + 58.73 ? 2.99 
(2)  0.27 Hum + 1.32 Fem., + 1.16 Tib, + 58.57 C 2.99 
(3)  0.37 Hum + 0.77 Rad + 1.84 Fem, + 55.16 '. 3.15 
(4)  2.05 Hum + 1.60 Rad + 64.86 & 3.88 
(5)  0.93 Hum + 1.94 Tib, + 69.30 2 3.26 

1.42 Fem, + 1.24 Tib, + 59.88 & 2.99 
1.30(Femm +Tib,) + 63.29 C 2.99 

Terry Collection - White males (cadaver stature)' 

(6) 
(7)  

- 
.888 
.889 
.875 
.803 
.866 
.888 
.888 - 

(1) .873 
(2)  0.04 Hum + 1.82 Fern, + 0.93 Tib, + 54.04 t 3.58 .873 
(3)  0.03 Hum + 0.63 Rad + 2.28 Fern, + 51.81 t 3.66 .867 
(4) 1.97 Hurn-tl .81 Rad , + 63.10 t 4.60 .780 
(5)  0.85 Hum + 2.24 Tib, + 62.76 & 3.96 .842 

1.84 Fem,, + 0.94 Tib, + 54.08 t 3.58 .873 
1.40(Femn, + Tib,) + 57.43 -C 3.69 .865 

0.03 Hum + 0.03 Rad + 1.82 Fern, + 0.92 Tib, + 54.01 t 3.58 

(6) 
(7)  

Military personnel - Negro males (living stature) 

(1) 0.89 Hum - 1.01 Rad + 0.38 Fem, + 1.92 Tib, + 74.56 ? 3.38 
12) 0.67 Hum 4 0.49 Fem- + 1.47 Tib, + 67.64 & 3.44 ... 
(3j  + 53.91 C 3.78 
(4)  2.23 Hum + 1.47 Rad + 57.70 2 4.20 
(5) 0.90 Hum + 1.78 Tib.. + 71.29 & 3.49 

1.02 Hum + 0.75 Rad + 1.32 Fern,[ ' 

0.66 Fem., + 1.62 Tib, + 76.13 2 3.49 
1.15(Femm + Tib,) + 71.04 2 3.53 

Terry Collectioii - Negro males (cadaver stature)' 

(6) 
(7)  

- 
-835 
.828 
.788 
.730 
.823 
3 2 3  
318 
- 

(1) .891 
(2 )  1.05 Hum + 0.60 Fem, + 1.32 Tib, + 54.67 2 3.54 .891 
(3 )  1.36 Hum + 1.10 Rad +0.93 Fem, + 54.90 C 3.74 .878 
(4 )  2.25 Hum + 1.56 Rad + 56.84 & 4.02 2357 
(5)  1.42 Hum + 1.68 Tib, + 60.89 t 3.66 .883 

0.84 Fem, + 1.76 Tib, + 65.91 C 3.67 .882 
1.26(Fernm + Tib,) + 65.36 -C 3.77 .876 

0.95 Hum + 0.35 Rad + 0.60 Fem, + 1.20 Tib, + 57.68 & 3.54 

(6) 
(7)  

Terry Collection -White females (cadaver stature)' 

(1) 0.68 Hum - 0.04 Rad + 1.18 Fern, + 1.16 Tib, + 52.74 k 3.51 
(2) 0.68 Hum + 1.17 Feni, + 1.15 Tib, + 52.62 & 3.51 
(3) 0.80 Hum + 0.65 Rad +1.71 Fern., + 50.47 -C 3.66 
(4) 1.99 Hum + 2.31 Rad + 50.85 2 4.04 
(5 )  1.35 Hum + 1.95 Tib, + 55.27 5 3.67 
(6) 1.48 Fern, + 1.28 Tib, + 55.57 2 3.55 
(7)  1.39(Fem, + Tib,) + 55.70 -C 3.55 

Terry Collection - Negro females (cadaver stature)' 

- 
.884 
.884 
3 7 3  
A43 
.872 
.881 
381 

___ 

(1) 0.44 Hum - 0.20 Rad + 1.46 Fern, + 0.86 Tib, + 58.83 t 3.23 
(2)  0.39 Hum + 1.43 Fem, + 0.82 Tib, + 58.37 k 3.23 
(3)  0.80 Hum- 0.01 Rad + 1.85 Fem, + 56.68 C 3.29 
(4)  2.57 Hum + 0.76 Rad + 64.92 & 4.08 
(5 )  1.08 Hum + 1.79 Tib, + 65.30 & 3.58 
(6)  1.53 Fem, + 0.96 Tib, + 61.04 ? 3.23 
(7) 1.26(Fern, + Tib,) + 62.22 _C 3.28 

'Fo r  estimation of the stature of individuals above 30 years of age 

' Corrected for age to estimate maximum cadaver stature. 
.06 (age - 30) em from the derived estimates. 

488 

3 7 0  
.870 
.864 
.781 
.836 
A69 
.865 

subtract 
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otlier boiies are available, since the bones of the upper limb 
result in greater errors of estimate than the bones of the lower 
limb. 

Estimation of long bone lengths from femur,,,. The inter- 
correlations among the various bone lengths provide the nec- 
essary statistics for constructing estimation equations for any 
bone length in terms of the length of another bone. Such equa- 
tions make possible the comparison of various populations 

TABLE 12 
Equations f o r  estimation of  length of  long bones (em) f rom the length of the 

femur, (with standard errors) according to  source, race and sex 

Military personnel 

WHITE MALE NEGRO MALE 

Hum = .61 Fern, + 4.79 2 0.88 Hum = .45 Fern, + 12.04 2 0.86 
Rad = .42 Fern, + 5.30 2 0.82 Rad = .38 Fern, + 8.20 & 0.89 
Ulna = .42 Fern, + 7.18 & 0.83 Ulna = .40 Fern, + 9.17 f 0.97 
Tib,,, = .81 Fern, - 0.45 2 1.06 Tib, = .86 Fern, - 2.02 2 1.21 
Fib = .78 Fern, + 1.27 2 1.01 Fib = .85 Fern, - 1.32 f 1.28 

Terry Collection 

WHITE FEMALE NEGRO FEMALE 

Hum = .60 Fern, + 4.65 f 0.84 Hum = 5 4  Fern, + 7.16 zk 0.91 
Rad = .43 Fern, + 3.74 & 0.60 Ran = .44 Fern, + 4.37 f 1.03 
Ulna = .45 Fem, + 4.66 & 0.75 Ulna = .39 Fern, + 8.34 f 0.91 
Tib," = .77 Fern, + 0.95 & 0.91 Tib, = .78 Fern, + 1.33 2 1.05 
Fib = .77 Fern, + 1.26 2 0.89 Fib = .77 Fern, + 1.89 & 1.00 

insofar as the relationship among their bone lengths is con- 
cerned. Pearson haa compared Naqada, Aino and French 
samples by such formulae. Comparisons have been made also 
(Dupertuis and Hadden) by using ratios of mean bone lengths, 
such as, tibia/femur or radius/humerus. These ratios imply a 
linear relationship of the form, y = ax. However, the general 
best fitting linear equation is of the form, y = ax + b. Unless 
b is negligible the ratio varies for different values of x. Thus, 
for samples which differ in the average length of the reference 
bone (x) it is possible to obtain a different ratio even though 
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the same estimation equation of y from s would pertain to both 
samples. 

The length of femur,, has been chosen arbitrarily as the ref- 
erence bone length from which estimation equations of other 
bone lengths for each of the samples are obtained. The re- 
sultant equations and the corresponding standard errors of 
estimate are presented in table 12 for the military White and 
Negro male samples and for the White and Negro female 
samples from the Terry Collection. By inserting the average 
leng-th of femur,, for a different sample into these formulae and 
comparing the resultant estimate with the actual average 
length, it is possible to determine whether or not this difference 
is larger than might be expected in random sampling from the 
same population, provided the method of measuring is the 
same. 

The equat.ions for estimation of lengths (cm) of various 
bones based on the military personnel (table 12) were app1,ied 
to  the males of the Terry Collection with the following results: 

WHITE YALE NEGRO MALE 

Length (cm) Length (cm) 
Estimated Ohserved Estimated Observed 

Humerus 32.64 33.00 33.38 33.78 
Radius 24.48 24.40 26.22 26.32 
I'hia 26.36 26.28 28.14 28.16 
Tibia,,, 36.53 36.37 38.76 38.72 
Fibula 36.88 36.78 38.99 38.95 

The estiiiiated bone lengths are  in very close agreement with 
the observed average bone lengths for these samples of the 
Terry Collection except for the humerus. Thus it appears that 
the male samples of the Terry Collection differ from the mili- 
tary personnel in having humeri that are relatively longer, but 
that the other bones from these two sources are quite coni- 
parable. 

Conipariso9t of .equations for es t imat ion  of stotu.re derived 
 fro^^ mil i tary  persotme1 with those derived f r o m  t he  Terry  
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Collection subjects. Data from the subjects of the military 
personnel and the Terry Collection have been treated so far in 
this study by parallel methods. This has made possible a com- 
parison between the equations resulting from the two sources, 
and, a n  appraisal of the applicability of the equations derived 
from the military personnel to American White and Negro 
males of different age and socio-economic status. It is likewise 
believed that the comparison provides evidence for an  evalua- 
tion of the equations for the females of both races, which of 
necessity have been determined only from data  of the Terry 
Collection. 

I n  order to compare directly the estimates of stature ob- 
tained from the milmitary personnel and from the subjects of 
the Terry Collection it is necessary to take into account the 
difference between statures measured on the living and on the 
cadaver. As has been indicated, the equations have already 
been extended to cover the effect of ageing on stature by the 
addition of a linear factor relating stature to age. 

The amount of adjustment required to convert cadaver to 
living stature is not considered to be the same by all investi- 
gators. Manouvrier concluded that stature measured on the 
cadaver was on the average 2 em greater than if  measured on 
the living subject. This amount of increase was utilized by 
Telkka. Pearson estimated the increase to be 1.2 em for males 
and 2 em for females. On the other hand, Dupertuis and Had- 
den accepted the cadaver statures, which had been measured 
by Todd, to be in substantial agreement with the living sta- 
tures. I t  is very likely that 110 one value can be applied in 
general but that  the amount of needed correction differs ac- 
cording to the method used in measuring cadaver stature. In 
those cases where an attempt was made to determine the nec- 
essary correction it has been done on the basis of the difference 
between the average cadaver stature of the sample and some 
independent estimate of the mean stature of the total popula- 
tion. However, such an approach fails to take into account 
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the fact that  the mean stature of a population may have been 
affected by a recent secular trend indicating that a fair  com- 
parison requires means obtained from groups living in the 
same period. Also, this method ignores the fact that the sample 
of cadavers may not have been a random sample from the total 
popuhtion. 

The average difference between cadaver and living statures 
for the present samples has been determined on the basis of 
the equations for estimation of stature for  the White males 
from the two sources. This method is feasible since secular 
trends in stature have been shown to be accompanied by corre- 
sponding trends in length of long bones (Trotter and Gleser). 
Estimation of stature by the complete multiple regression 
equation for military White males should give the average 
living stature of White males from the Terry Collection to 
within an  accuracy of 0.5 ern whereas the comparable equation 
based on the Terry Collection sample should estimate cadaver 
stature for  the military personnel to within the same error. 
The average of the differences between these estimates and the 
recorded values, then, would approximate the difference be- 
tween living and cadaver statures. The estimated cadaver sta- 
ture for  the White males of the military personnel is 176.725 em 
(utilizing the multiple regression equation (2) in table 11,3 
based on White males of the Terry Collection) and their living 
stature is 174.035 cm (see table 8) ; the ,difference between the 
two is 2.69cm. The living stature of the White males of the 
Terry Collection (utilizing the corresponding equation based 
on the military personnel) is 169.94cm and the cadaver sta- 
ture adjusted for age is 172.29 cm; the difference is 2.35 cm. 
The average correction is, therefore, 2.5cm to one decimal 
place. Since it is reasonable to assume that the difference be- 
tween living and cadaver stature is constant for a particular 
method of measurement, this same amount of correction was 
applied to the statures of the Negro males and to the female 
groups. The estimated statures for the 4 groups from the 

Equation ( 2 )  was used since the weight for radius in  equation (1)  is essentially 
zero for both groups. 
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Terry Collection converted to living statures (cm), therefore, 
are as follows : 

AT AQE m m i m u H  
OF DEATH ( 1 8 - 3 0 Y E A M )  

White males 
Negro males 
White females 
Negro females 

167.89 
170.23 
158.18 
158.39 

169.79 
171.40 
160.22 
159.42 

In  figures 2 and 3 the equations obtained from the data of 
White and Negro military personnel are compared to the 
corresponding equations from data of the Terry Collection 
subjects, corrected for age and living stature. For  White 

- HILITAPV PCPSONNCL (710) ---- TLPDY COLLCCIION (255) 

Fig. 2 Comparison of estimates of stature according t o  length of long bones of 
White males of military personnel and Terry Collection. (Data from Terry Collec- 
tion subjects have been converted to maximum living stature.) 

males, substantial agreement is apparent in the stature esti- 
mates which would be obtained for any particular length of 
long bone throughout the range. The difference in estimate is 
less than 1.5 cm f o r  all but those based on the shortest of the 
tibiae and radii. The equations based on the humerus give a 
constant difference in estimated stature, but this is not sur- 



494 MILDRED TROTTER AND GOLDINE C. GLESER 

prising since it has already been noted that the average length 
of the humerus of White males is relatively longer for the 
Terry Collection than f o r  the military personnel. It is certain 
that the equations based on military personnel which have 
been recommended for use (Tib,, Fem,, or the combination of 
the two), would estimate adequately the stature of the White 
males of the Terry Collection. The agreement is quite satis- 
factory, also, for the estimation equations for the Negroes ex- 

MILITARY PLPSONNLL (a.~) -.-.- -.-.- TERRY COLLLCTION (360) 

LLNGTH or BONK (cn) 
Fig. 3 Comparison of estimates of stature according to length of long bones of 

Negro males of military personnel and Terry Collection. (Data from Terry Collec- 
tion subjects have been converted to maximum living stature.) 

cepting in the case of the tibia. For  this bone there is some 
divergence in the slopes of the equations which results in a 
difference in stature estimate at the extremes of the slopes of 
approximately 3cm. Since all the equations are so nearly 
alike, bowever, despite the limited number of cases on which 
the military Negro stature equations were computed, i t  is evi- 
dent that the latter are quite adequate for estimating living 
stature of Negro males. 
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The final, equations for estimation of living stature of Whites 
and Negroes of both sexes, extended to cover all ages, are 
presented in table 13. The equations applicable to males are 
from the military personnel while those for females are the 
corrected equations from the Terry Collection samples. Ap- 
pendixes to the table present stature estimations according to a 
wide range of lengths of long bones f o r  each sex of each race. 

TABLE i a  
Equations for  estimation of living stature (cm) (with standard errors) from long 

bones for American Whites and Negroes between 18 and SO years of age' 

WHITE YALE8 NEGOEO YAlrES 

3.08 Hum + 70.45 2 4.05 
3.78 Rad + 79.01 f 4.32 
3.70 Ulna + 74.05 2 4.32 
2.38 Fern, + 61.41 2 3.27 
2.52 Tib, + 78.62 2 3.37 
2.68 Fib + 71.78 t 3.29 
1.30(Fernm + Tib,) + 63.29 5 2.99 
1.42 Fern, + 1.24 Tib, 

+ 59.88 2 2.99 
0.93 Hum + 1.94 Tib, 

+ 69.30 f 3.26 
0.27 Hum + 1.32 Fem, 

+ 1.16 Tib, + 58.57 2 2.99 

3.26 Hum + 62.10 2 4.43 
3.42 Rad + 81.56 & 4.30 
3.26 Ulna + 79.29 f 4.42 
2.11 Fern, + 70.35 f 3.94 
2.19 Tib, + 86.02 2 3.78 
2.19 Fib + 85.65 f 4.08 
1.15(Fem, + Tib,) + 71.04 2 3.53 
0.66 Fern, + 1.62 Tib, 
+ 76.13 f 3.49 

0.90 Hum + 1.78 Tib, 
+ 71.29 -+ 3.49 

0.89 Hum - 1.01 Rad + 0.38 
Fern, + 1.92 Tib, + 74.56 2 3.38 

WHITE FEMALIS NEQRO FEMALES 
~ ~~ 

3.36 Hum + 57.97 
4.74 Rad + 54.93 
4.27 Ulna + 57.76 
2.47 Fem, + 54.10 
2.90 Tib, + 61.53 
2.93 'Fib + 59.61 
1.39(Femm + Tib,) + 53.20 
1.48 Fem, + 1.28 Tib, 

+ 53.07 
1.35 Hum + 1.95 Tib, 

+ 52.77 
0.68 Hum + 1.17 Fern, 

+ 1.15 Tib, + 50.12 ' 

A 4.45 
e 4.24 
2 4.30 
2 3.72 
2 3.66 
e 3.57 
2 3.55 

2 3.55 

A 3.67 

2 3.51 

3.08 Hum + 64.67 2 4.25 
2.75 Rad + 94.51 2 5.05 
3.31 Ulna + 75.38 f 4.83 
2.28 Fern, + 59.76 & 3.41 
2.45 Tib, + 72.65 2 3.70 
2.49 Fib + 70.90 2 3.80 
1.26(Fem, + Tib,) + 59.72 f 3.28 
1.53 Fem, + 0.96 Tib, 
+ 58.54 -C 3.23 

1.08 Hum + 1.79 Tib, 
+ 62.80 & 3.58 

0.44 Hum - 0.20 Rad + 1.46 
Fern, + 0.86 Tib, + 56.33 2 3.22 

*To estimate stature of older individuals subtract .06 (age in years-30) cm; to 

a This equation is presented in preference to that involving the radius since the 
estimate cadaver stature add 2.5 em. 

weight of the radius is essentially zero. 
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TABLE 13 

APPENDIX 1 
Expected ntazirnnni statiire * from long bone lengths (maximum) for 

American White males 

BAD ULNA BTATWI F'EM TIB FIB F E M + T I B  HUM 

mm 
265 
268 
271 
275 
278 
281 
2 84 
288 
291 
291 
297 
301 
304 
307 
310 
314 
317 
320 
323 
327 
330 
333 
336 
339 
343 
346 
349 
352 
356 
359 
362 
365 
369 
372 
375 
378 
382 
385 
388 
391 
395 
398 
40 1 
404 
408 
411 
414 

mm 
193 
196 
198 
201 
204 
206 
209 
212 
214 
217 
220 
222 
225 
228 
230 
233 
235 
238 
241 
243 
246 
249 
251 
254 
257 
259 
262 
265 
26i 
270 
272 
275 
278 
280 
283 
286 
288 
29 1 
294 
296 
299 
302 
304 
307 
309 
312 
315 

mm 
211 
213 
216 
219 
222 
224 
227 
230 
232 
235 
238 
240 
243 
246 
249 
25 1 
254 
257 
259 
262 
265 
267 
270 
273 
276 
278 
281 
284 
286 
289 
292 
294 
297 
300 
303 
305 
308 
311 
313 
316 
319 
321 
324 
327 
330 
332 
335 

cm 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 

in ** 
5 9' 
60' 
60' 
61 
61a 
61' 
62' 
62' 
63 
633 
63E 
64% 
64' 
65 
65' 
65' 
66' 
66' 
66' 
673 
67' 
68' 
6 8' 
68' 
69' 
69' 
70' 
70' 
7 0' 
7 1' 
71' 
72 
7 2 L  
72' 
731 
7 35 
74 
743 
746 
7 51 
75" 
76 
765 
7 6' 
771 
77' 
78 

m m  
381 
385 
389 
393 
398 
402 
406 
410 
414 
419 
423 
427 
431 
435 
440 
444 
448 
452 
456 
461 
465 
469 
473 
477 
482 
486 
490 
494 
498 
503 
507 
511 
515 
519 
524 
528 
532 
536 
540 
545 
549 
553 
557 
561 
566 
570 
574 

mm 
291 
295 
299 
303 
307 
311 
315 
319 
323 
327 
331 
335 
339 
343 
347 
351 
355 
359 
363 
367 
371 
3i5 
379 
383 
386 
390 
394 
398 
402 
406 
410 
414 
418 
422 
426 
430 
434 
438 
442 
446 
450 
454 
458 
462 
466 
470 
474 

mm 
299 
303 
307 
311 
3 14 
318 
322 
326 
329 
333 
337 
340 
344 
348 
352 
355 
359 
363 
367 
370 
374 
378 
381 
3 85 
389 
393 
396 
400 
404 
408 
411 
415 
419 
422 
426 
430 
434 
437 
441 
445 
449 
452 
456 
460 
463 
467 
471 

mm 
685 
693 
701 
708 
716 
723 
731 
738 
746 
753 
761 
7 69 
776 
784 
791 
799 
806 
814 
82 1 
829 
837 
844 
852 
859 
867 
874 
882 
889 
897 
905 
912 
920 
927 
935 
942 
950 
957 
965 
973 
980 
988 
995 

1003 
1010 
1018 
1026 
1033 

* The expected niaxiinuni stature should be reduced by the amount of .06 (age in 

** The raised number iudicates the numerator of a fraction of an inch expressed 
years - 30) cni to obtain expected stature of individuals over 30 years of age. 

in eighths, thus 59' should be read 59% inches. 
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TABLE 13 

APPENDIX 2 
Expected mazinium stafiirr * from long bone lengths ( i i tax i i i r i i i i t )  for 

A iirrrican Negro males 
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HUM RAD ULNA RTATURE 

mm 
276 
279 
282 
285 
288 
291 
294 
297 
300 
303 
306 
310 
313 
316 
319 
322 
325 
328 
331 
334 
337 
340 
343 
346 
349 
352 
356 
359 
362 
365 
368 
371 
374 
377 
380 
383 
386 
389 
392 
395 
398 
401 
405 
408 
411 
414 
417 

mm 
206 
209 
212 
215 
218 
221 
224 
226 
229 
232 
235 
238 
241 
244 
247 
250 
253 
256 
259 
262 
2 64 
267 
270 
273 
276 
279 
282 
285 
288 
29 1 
294 
297 
300 
302 
305 
308 
311 
314 
317 
320 
323 
326 
329 
332 
335 
337 
340 

mm 
223 
226 
229 
232 
235 
238 
242 
245 
248 
251 
254 
257 
260 
263 
266 
269 
272 
275 
278 
281 
284 
287 
291 
294 
297 
300 
303 
306 
309 
312 
315 
318 
321 
324 
327 
330 
333 
336 
340 
343 
346 
349 
352 
355 
358 
361 
364 

em 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 

in * *  
59' 
60' 
606 
61 
613 
6 1' 
62' 
62' 
63 
633 
63" 
64' 
645 
65 
65' 
65' 
66' 
66' 
66' 
67* 
67' 
6 8' 
68' 
68' 
69' 
69' 
70 
70' 
TO' 
7 11 

72 

72' 
73' 
7 3' 
74 
7 4' 
74' 
7 5' 
755 
76 
76' 
7 6' 
7 71 
7 7' 
78 

713 

7 24 

F R M  TIR 

III m 
387 
391 
396 
401 
406 
410 
415 
420 
425 
430 
434 
439 
444 
449 
453 
458 
463 
468 
472 
477 
482 
487 
491 
496 
501 
506 
510 
515 
520 
525 
529 
534 
539 
544 
548 
553 
558 
563 
567 
572 
577 
582 
586 
591 
596 
601 
605 

m n) 
301 
306 
310 
315 
320 
324 
329 
333 
338 
342 
347 
352 
356 
361 
365 
370 
374 
3 i 9  
383 
388 
393 
397 
402 
406 
411 
415 
420 
425 
429 
434 
438 
443 
447 
452 
456 
461 
466 
470 
475 
479 
484 
488 
493 
498 
502 
507 
511 

F I R  F E M f T I B  

m m  
303 
308 
312 
317 
321 
326 
330 
335 
339 
344 
349 
353 
358 
362 
367 
377 
376 
381 
385 
390 
394 
399 
403 
408 
413 
417 
422 
426 
431 
435 
440 
445 
449 
454 
458 
463 
467 
470 
4 i 6  
481 
486 
490 
495 
499 
604 
508 
513 

mm 
704 
713 
721 
730 
739 
747 
756 
765 
774 
782 
791 
800 
808 
817 
826 
834 
843 
852 
861 
869 
878 
887 
895 
904 
913 
921 
930 
939 
947 
956 
965 
974 
982 
991 

1000 
1008 
1017 
1026 
1034 
1043 
1052 
1061 
1069 
1078 
1087 
1095 
1104 

* The expected maximum stature should be reduced by the amount of .06 (age in 

** The raised number indicates the numerator of a fraction of n n  inch expressed 
years - 30) cm to  obtain expected stature of individuals over 30 years of age. 

in eighths, thus 59' should be read 5936 inches. 
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TABLE 13 

APPENDIX 3 

Expected maximum stature from long bone lengths (maximum) for 
American White females 

HUM RILD ULN& STATURE F E Y  TIB FIB F E Y + T I B  

mm 
244 
247 
250 
253 
256 
259 
262 
265 
268 
271 
274 
277 
280 
283 
286 
289 
292 
295 
298 
301 
304 
307 
310 
313 
316 
319 
322 
324 
327 
330 
333 
336 
339 
342 
345 
348 
351 
354 
357 
360 
363 
366 
369 
372 
375 

mm 
179 
182 
184 
186 
188 
190 
192 
194 
196 
198 
201 
203 
205 
207 
209 
211 
213 
2 15 
217 
220 
222 
224 
226 
228 
230 
232 
234 
236 
239 
241 
243 
245 
247 
249 
251 
253 
255 
258 
260 
262 
264 
266 
268 
270 
272 

mm 
193 
195 
197 
200 
202 
204 
207 
209 
211 
214 
216 
218 
221 
223 
225 
228 
230 
232 
235 
237 
239 
24 2 
244 
246 
249 
251 
253 
256 
258 
261 
263 
265 
268 
270 
272 
275 
277 
279 
282 
284 
286 
289 
291 
293 
296 

cm 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 

in ** 
55' 
55' 
55' 
5 6' 
5 6# 
5 7' 
574 
577 
5 8' 
58' 
59 
594 
59' 
602 
60' 
61 
6 1' 
61a 
62' 
62' 
63 
635 
63# 
64' 
64' 
65 
655 
65a 
6 6' 
66' 
66' 
67' 
67" 
68' 
68' 
68' 
69' 
69' 
70' 
70' 
7 0' 
7 1' 
7 1' 
72 
724 

mm 
348 
352 
356 
360 
364 
368 
372 
376 
380 
384 
388 
392 
396 
400 
404 
409 
413 
417 
421 
425 
429 
433 
437 
441 
445 
449 
453 
457 
461 
465 
469 
473 
477 
481 
485 
489 
494 
498 
502 
506 
510 
514 
518 
522 
526 

mm 
271 
274 
277 
281 
284 
288 
291 
295 
298 
302 
305 
309 
312 
3 15 
319 
322 
326 
329 
333 
336 
340 
343 
346 
350 
353 
357 
360 
364 
367 
371 
374 
377 
381 
384 
388 
391 
395 
398 
402 
405 
409 
412 
415 
419 
422 

mm 
274 
278 
281 
285 
288 
291 
295 
298 
302 
305 
309 
312 
315 
319 
322 
326 
329 
332 
336 
340 
343 
346 
349 
353 
356 
360 
363 
366 
370 
373 
377 
380 
384 
387 
390 
394 
397 
401 
404 
407 
411 
4 14 
418 
421 
425 

mm 
624 
632 
639 
646 
653 
660 
668 
675 
682 
689 
696 
704 
711 
718 
725 
732 
740 
747 
754 
761 
768 
776 
783 
790 
797 
804 
812 
819 
826 
833 
840 
84 7 
855 
862 
869 
876 
883 
891 
898 
905 
912 
919 
927 
934 
941 

* The expected maximum stature should be reduced by the amount of .06 (age in 

** The raised number indicates the numerator of a fraction of an inch expressed 
years-30) c,m to obtain expected stature of individuals over 30 years of age. 

in eighths, thus 55' should be read 55% inches. 
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TABLE 13 

APPENDIX 4 

Expected nuximum stature from long bone lengths (maximum) for 
American Negro f e m k s  
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HUM BAD ULNA STATUBI PEH TIB FIB I?EM+T'IB 

mm 
245 
248 
251 
254 
258 
261 
264 
267 
271 
274 
277 
280 
284 
287 
290 
293 
297 
300 
303 
306 
310 
313 
316 
319 
322 
326 
329 
332 
335 
339 
342 
345 
348 
352 
355 
358 
361 
365 
368 
371 
374 
378 
381 
3 84 
387 

mm 
165 
169 
173 
176 
180 
184 
187 
191 
195 
198 
202 
205 
209 
213 
216 
220 
224 
227 
231 
235 
238 
242 
245 
249 
253 
256 
260 
2 64 
267 
271 
275 
278 
282 
285 
289 
293 
296 
300 
304 
307 
311 
315 
318 
322 
325 

mm 
195 
198 
201 
204 
207 
210 
213 
216 
219 
222 
225 
228 
231 
235 
238 
241 
244 
247 
250 
253 
256 
259 
262 
265 
268 
271 
274 
277 
280 
283 
286 
289 
292 
295 
298 
301 
304 
307 
310 
313 
3 16 
319 
322 
325 
328 

mn 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 

in +* 
55' 
554 
55' 
5 6' 
5 6' 
5 71 
57' 
57' 
5 8' 
5 8' 
59 
594 
5 9' 
60' 
60. 
61 
6 1' 
6 1' 
62' 
62' 
63 
63' 
63O 
64' 
64' 
65 
65' 
65. 
66' 
66' 
66' 
67' 
67' 
68' 
68' 
68' 
69' 
69' 
7 0' 
70' 
7 0' 
7 1' 
7 1' 
72 
724 

mm 
352 
356 
361 
365 
369 
374 
378 
383 
387 
391 
396 
400 
405 
409 
413 
418 
422 
426 
431 
435 
440 
444 
448 
453 
457 
462 
466 
470 
475 
479 
484 
488 
492 
497 
501 
505 
510 
514 
519 
523 
527 
532 
536 
541 
545 

mm 
275 
279 
283 
287 
291 
295 
299 
303 
308 
312 
316 
320 
324 
328 
332 
336 
340 
344 
348 
352 
357 
361 
365 
369 
373 
377 
381 
385 
389 
393 
397 
401 
406 
410 
414 
418 
422 
426 
430 
434 
438 
442 
446 
450 
454 

mm 
278 
282 
286 
290 
294 
298 
302 
306 
310 
314 
318 
322 
326 
330 
334 
338 
342 
346 
350 
354 
358 
362 
366 
370 
374 
378 
382 
386 
390 
394 
398 
402 
406 
410 
414 
418 
422 
426 
430 
434 
438 
442 
446 
450 
454 

mm 
637 
645 
653 
661 
669 
677 
685 
693 
701 
709 
717 
724 
732 
740 
748 
756 
764 
772 
780 
788 
796 
804 
812 
820 
828 
836 
843 
851 
859 
867 
875 
883 
891 
899 
907 
915 
923 
931 
939 
947 
955 
963 
970 
978 
986 

The expected maximum stature should be reduced by the amount of .06 (age in 

** The raised number indicates the numerator of a fraction of an inch expressed 
years - 30) em to obtain expected stature of individuals over 30 years of age. 

in eighths, thus 55l should be read 55% inches. 
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T e s t  of stature estimation equations by a,pplication to a mew 
sample. Equations obtained by curve fitting and regression 
techniques reflect any bias inherent in the constitution of the 
sample. The application of such equations to a new sample 
may result in an error larger than predicted by the sampling 
statistics. This result is not likely to occur if the original 
sample represented a truly random selection from the popula- 
tion to which the equations are subsequently applied, but the 
population may have been ill-defined and the sample one of 
convenience. For  example, Pearson found that his equations 
(based on the French data) resulted in a poor estimation of 
stature for  7 French criminals. He attributed this to the bias 
of the second sample, but it may have been rather the bias of 
the original sample from the standpoint of age, socio-economic 
status and restricted range of statures. 

I n  the present study among the military personnel were 368 
White males with miscellaneous absences of long limb bones. 
These provided an opportunity for an independent check of 
the pertinent formulae. I n  this group were 100 cases fo r  which 
data of the paired arm, thigh and leg bones were present. 
These cases have been utilized as the validation sample. Sta- 
ture was estimated to the nearest centimeter according to for- 
mulae involving each of the three bones and also the formula 
involving length of femur, plus tibia,,,. These estimates were 
compared with the statures recorded at  the time of induction 
into military service. The range of errors and the mean error 
are presented in table 14 together with the percentage of 
statures estimated to within 3cm of the true stature, the ob- 
tained standard error of estimate (standard deviation of 
estimates from true stature) and the standard error of esti- 
mate as  predicted from the correlations in the original samples. 

It may be seen that each of the 4 equations has resulted in 
an almost exact estimation of the average stature of the new 
sample, since the mean errors are practicalley zero. The ob- 
tained standard error of estimate for each equation also com- 
pares favorably to the expected standard error of estimate. 
For  a normal distribution, the standard error of estimate pro- 
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vides the range of errors of approximately two-thirds of the 
cases. I n  this new sample more than two-thirds of the cases lie 
within such a range. In  point of fact, using any of the equa- 
tions except that based on the humerus, two-thirds or more of 
the resultant estimates deviate from the true stature by 3 cm 
or less. Evidently the obtained standard error of estimate is 
increased by a few extreme cases. For  approximately 79% of 
American military White males the statures can be estimated 
to within an accuracy of 3 cm (1.2 inches) by the equation 
utilizing femur, plaus tibia,,,. Thus, equations based on White 
males of military personnel have been applied to a new sample 

TABLE 14 

Statistics (em) obtained from application of selected equations for estimation of 
stature to a new sample of 100 military White mules 

EQUATION FROM MEAN EANOE 01 5 :;tiN OBTAINED EXPECTED 
TABLE 13 EBROE FOE ERROR0 OF 8.E. OP 0.1. O F  
BASED ON QROUP ESTIMATE ,,',",",",E ESTIMATE ESTIMATE 

Humerus - .12 - - t o +  9 62 3.66 4.05 
Femur, - .02 - - t o +  9 69 3.22 3.27 
Tibia, 00 - 7 to + 10 70 3.35 3.37 
(Fern, + Tib,) + .08 - - t o +  9 79 3.05 2.99 

drawn from the same population and have been shown to  pro- 
vide estimates of stature well within the expected range of 
accuracy. It has already been shown that these formulae are 
adequate for a sample such as that provided by the Terry 
Collection when the difference in age and method of measuring 
stature are taken into account. It can be concluded that these 
equations may be applied without reservation to the entire 
population of American White males. It would be worth while 
to test the formulae for Negro males and for White and Negro 
females, were independent samples available from the same 
populations. By extrapolation of evidence for the White males 
of military personnel i t  is suggested that formulae for the 
other three groups will provide uniformly accurate estimates 
when applied to the pertinent race and sex. 
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Comparisorz of equations f o r  estimation. of stature. I n  ad- 
dition to the formul-ae derived from the present samples for 
estimation of stature from long bones there are available also 
the equations and/or tables of Rollet, Manouvrier, and Pearson 
based on data of French males and females ; of Breitinger on 
German males ; of Telkka on Finnish males and females ; and 
of Dupertuis and Hadden on American Whites and Negroes of 
both sexes. Thus, several different populations have been 
studied with more or less representative samples. The question 
now arises as to what generahations can be drawn regarding 
the suitability of any particular set of equations for a specific 
problem of stature estimation. 

There are several aspects to consider in making comparisons 
among the various formulae. I n  the first place, it is unquestion- 
ably true that the equations for estimation of stature derived 
from a particular sample will provide the most accurate esti- 
mate of stature for that sample. This does not necessarily 
mean that they will be the best suited f o r  the general popula- 
tion from which the sample was drawn since the sample may 
have been a biased one (i.e. not a random selection). The 
suitability is particularly open to question if assumptions had 
been necessary in the determination of the additive constant. 
For  example, in adapting Rollet’s data to living stature esti- 
mation, Pearson had to deduce the average length of dry bones 
from the length of humid bones ; the average length of bones 
without cartilage from bones with cartilage ; and the average 
stature of the living population from cadaver stature. I n  ad- 
dition, his sample was composed almost entirely of middle-aged 
or old individuals averaging about 60 years. On the basis of 
his equations stature for a young adult population such as, f o r  
example, French military males would be estimated almost 
2cm too short due to this ageing factor alone. If an adjust- 
ment for age is made it is still doubtful that the estimates 
would be accurate for tall, individuals because of the limited 
range of statures in the original sample. Evidence that Pear- 
son’s equations may not necessarily be the best for Frenchmen 
in general lies in his own experience of estimating the stature 
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of 7 French criminals. The average estimate was 2.73 ern below 
the actual statures, whereas the equation based on the femur 
of the present White male sample yields an average error of 
only - .53 cm for the group. 

Telkka’s equations suffer from similar limitations, namely, 
the smallness of the sample, the possible sampling bias in 
cadaver material, the transformation of cadaver measurements 
to living stature and the uncontrolled age factor. Breitinger 
avoided two of these difficulties by measuring a large sample 
of young adult living subjects but introduced the laiability in- 
vo1ve.d in converting measurements between palpable bony 
prominences on the living to measurements of dry bones. 
Dupertuis and Hadden utilized reasonably large samples each 
with an adequate range of stature excepting the White males. 
But their samples were drawn from the lower socio-economic 
level, no allowance was made for change in stature from age- 
ing, and it was assumed that Todd’s measurements of cadaver 
stature represent ltiving stature. This latter assumption may 
be open to  question in the light of experience with measure- 
ments of cadaver stature for the Terry Collection. 

In  applying formulae derived from data of a particular 
group to bone measurements from another population the pos- 
sibility of differences in the relationship between bone length 
and stature for the two populations must be recognized. How- 
ever, many workers have attributed discrepancies between 
estimated and observed statures to differences in the constitu- 
tion of the populations involved, although much of the dis- 
crepancy may be due to differences in sampling, in methods of 
measurement of stature and bone lengths, and in the conse- 
quent necessary adjustments of constants. How much the 
differences between the various equations for estimation of 
stature reflect actual differences in the relationship of stature 
to long bone length in the national groups on which they were 
formulated and how much they reflect the above mentioned 
differences is difficult to evaluate. 

It is  perhaps impossible to determine which equations are 
best for application to skeletal remains of older races for 
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which there are  no records of actual stature. I n  fact, I h r t h  
('50) has suggested on the basis of his recent experience in 
estimating stature of middle Europeans of the 8th to 10th 
century that measurement, when possible, of the overall length 
of the skeletal remains in situ is preferable to stature estimated 
from the long bones according to equations based on more re- 
cent populations. On the other hand, when the question is one 
of determining the best equations for stature estimation in a 
particular population of the present era, such as the American 
White male, it is possible to obtain a direct answer by testing 
available equations on a new sample of known living stature. 
As already noted, such a sample of 100 American military 
White males is available with data of the paired arm, thigh 
and leg bones. The mean actual stature of this group was 
173.41 cm with a standard deviation of 6.11 cm. Estimates 
based on the length of the humerus and femur, only were 
compared since slight differences exist in the methods of 
measuring the tibia. 

I n  table 15 is listed the investigator, his equation and the 
standard error of estimate for the sample from which the 
equation was derived. The obtained standard error  of esti- 
mate, indicated in the table, is the standard deviation of the 
actual statures for this sample about the line of regression. 
Obviously, if there is a n  error in the estimation of the mean 
stature of the new sample there will be a corresponding incre- 
ment in the standard error of estimate even though the slope 
of the regression equation is adequate to represent the regres- 
sion in the new sample. Conversely, if the slope of the equation 
differs considerably from the line of regression of the sample, 
but the means correspond, the estimate may be accurate a t  and 
near the mean, but become increasingly inaccurate for progres- 
sively shorter or taller statures. In  table 15 are  listed also the 
mean and standard deviation of errors of estimate and the 
range of errors for each equation in order to indicate not only 
the amount, but also the type, of error which is incurred in the 
estimation of stature for this sample. Negative deviations 
indicate that the estimate is smaller than the actual stature and 
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positive values indicate the reverse. The larger the standard 
deviation the poorer is the fit of the slope of regression where- 
as the mean deviation is an indication of the constant error. 
Approximately two-thirds of the errors in each case lie within 
the range of the mean error f the standard deviation. 

TABLE 15 

Errors of estimation of stature (cm)  of 100 additional military White males and 
the obtained standard ewor of estimated statures according to equations 

(wi th  standard errors) of certain investigators based on lengths 
of femur, and humerus 

~~ 

OBTAINED ERRORS OF ESTIMATION 
INVESTILIATOE EQUATION 8.E. O F  

ESTIMATE Range Mean 8.D. 

Femur, 

Breitinger ( '37) 1.64 Fern + 94.31 f: 4.8 3.93 - 10 to + 6 - 1.66 3.57 
Dupertuis and 2.12 Fem + 77.05 -C 3.4 4.68 - 3 to + 11 + 3.22 3.40 

Hadden ( '51) 
Manouvrier (1892) Table 5.63 -12 to  + 5 -4.38 3.53 
Pearson (1899) 1.88 Fern + 81.31 -C 3.2 5.02 - 11 to  + 4 - 3.67 3.43 
Telkka ( '50) 2.10 Fern + 71.85 f: 4.9 4.28 - 9 to + 5 -2.74 3.28 
Present study 2.38 Fem + 61.41 rt 3.3 3.22 - 6 to + 9 -0.02 3.22 

Humerus 
Breitinger ( '37) 2.72 Hum + 83.21 & 4.9 4.03 - 10 to  + 8 - 1.63 3.69 
Dupertuis and 2.27 Hum + 98.34 & 4.6 4.00 - 8 to + 10 + 0.80 3.92 
Hadden ( '51) 

Manouvrier (1892) Table 7.07 - 15 to + 7 -5.76 4.10 
Pearson (1899) 2.89 Hum + 70.64 +- 3.2 7.15 - 15 to + 3 - 6.22 3.53 
Telkka ( '50) 2.80 Hum + 75.28 ? 5.0 5.80 - 12 to  + 5 - 4.57 3.58 
Present study 3.08 Hum + 70.45 -C 4.0 3.66 - 9 to + 9 -0.12 3.65 

From table 15 it is evident that the equations (based on 
femur and humerus) developed in this study provide a more 
accurate estimate of stature for American White males of 
military age than do the other equations that have been tested. 
The estimated mean stature of the group is accurate and the 
obtained standard error of estimation is the smallest. Man- 
ouvrier 's, Pearson's and Telkka's equations result in stature 
estimates which are much too low for American military males 
while those of Dupertuis and Hadden are too high. 
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A comparison of estimates between femur and humerus in- 
dicates that the range of errors in every case is smaller for the 
femur. I ts  mean error is likewise substantially smaller for all 
estimates except for those of Breitinger and Dupertuis and 
Hadden. Equations of the former give practically equivalent 
results for the two bones whereas those of the latter give more 
accurate estimates with the humerus than with the femur. The 
superiority of the equation for the humerus in the case of 
Dupertuis and Hadden is due to two compensating factors. 
Their subjects like those of Rollet, Telkka, and the Terry Col- 
lection have upper limbs which are relatively longer than lower 
limbs when compared to the military subjects. For all such 
groups the estimate derived from the humerus is lower than 
that derived from the associated femur when applied to the 
military subjects. However, the estimate of mean stature from 
the equation of Dupertuis and Hadden based on the femur is 
considerably greater than the true mean, probably the resu1,t 
of their use of cadaver stature as equivalent to living stature. 
Thus, their lower estimate obtained from the humerus lies 
closer to the actual stature of the military group than does 
that obtained from the femur. 

Another comparison of various equations of stature estima- 
tion was based only on the femur. The equation of each in- 
vestigator has been applied (as directed by him to obtain living 
stature) to the mean femur length of every other sample of 
like sex. The application of equations obtained in the present 
study involved age corrections when pertinent. The mean 
deviation of the resultting stature estimate from the mean 
stature of each sample is given in table 16. It may be seen 
that for White males the present equations overestimate only 
slightly the statures of the French, Finnish, and German sam- 
ples, and that these estimates deviate from the means less 
than do the estimates derived for the present sample accord- 
ing to the equations of Pearson, Telkka and Breitinger. This 
difference is due mainly to  the fact that the present equations 
provide for age differences among the groups. For the White 
females, the ages are more nearly comparable and thus the 
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equations of Telkka and Pearson underestimate the mean of 
the present sample approximately to the same extent that the 
present equations overestimate the means of these samples. 
The equations of Dupertuis and Hadden overestimate con- 
siderably the means for every group. Their equations for 
Negroes even overestimate the mean statures of the White 
groups of the present study. It is well known that Negroes 
have shorter statures relative to length of femur than do 
Whites. Thus, it is evident that the cadaver statures as meas- 
ured by Todd are greater than living statures, and that a 
correction is needed for these equations in this regard. 

Comparison  of t he  dif ferences be tween  long bone lengths  
and s ta tures  associated witla race and sex.  Many different 
statistics have been utilized in attempts to determine the type 
of variation in lengths of long bones and stature and in the 
relationship between these measurements associated with race 
and sex. The means and standard deviations of measurements 
obtained from various samples can be compared for significant 
differences. However, it is necessary that other factors, such 
as  age, socio-economic status, period of birth, etc., be care- 
fully controlled. The subjects constituting the Terry Collec- 
tion are quite comparable with regard to  these factors and a 
comparison for differences between these Whites and Negroes 
and males and females should be valid. 

An examination of table 5 reveals that the Negro males and 
females have significantly longer bones on the average than 
have the corresponding sexes of the White race. (The only 
exception to this is the humerus of the female which does not 
differ significantly in length between the two races.) Also, the 
Negro males are significantly taller than the White males, 
whereas the females of the two races have an approximately 
equivalent stature. It may be noted in passing that in the 
military personnel group, the Negro male is significantly 
shorter on the average than the White male. Recent secular 
trends in stature may partially account for these apparently 
contradictory findings. Such findings further illustrate the 
necessity of defining carefully the populations from which 
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samples are drawn fo r  comparison. The Negro males show 
greater variability in every measurement than do the White 
males or the females of either race. The differences are sta- 
tistically significant for most measurements. The White and 
Negro females do not differ significantly in variability nor do 
the White males and females. 

A more interesting type of comparison between the races 
and sexes is that of the relative length of limb segments to 
each other and to  stature. To this end, the ratios of average 
lengths in different groups have often been compared. How- 
ever, such ratios can present misleading results when groups 
with different general, size factors are compared. For  ex- 
ample, Hrdli5ka ( '47) indicates little or no sex difference for 
either the White or Negro race in the ratio of length of femur 
to stature, a result which was substantiated by Dupertuis and 
Hadden. However, when the equations for estimation of sta- 
ture of Dupertuis and Hadden and of Pearson are applied it 
is seen that for a given length of femur the male is taller than 
the female. 

It would appear that more meaningful questions to be an- 
swered are whether or not for a given length of one variable 
the groups to be compared differ in regard to other variables; 
and, throughout what range of measurements such differences 
hold true. Thus, it might be asked which sex or which race is 
taller when individuals with the same length of tibia or  femur 
are compared. To answer this question the linear regression 
equation is admirably suited since it represents the rectified 
average measurement in the dependent variable for any given 
value of the independent variable, throughout the range of 
measurements. A great number of such comparisons could, of 
course, be made since the samples may be matched for any one 
of the variables studied. In  order to limit the number of com- 
parisons the length of femur,,, has been chosen arbitrarily as  
reference. 

Figure 4 depicts graphically the differences in stature and 
in the lengths of radius, humerus, and tibia among Whites and 
Negroes of both sexes of the Terry Collection matched for the 
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length of femur,. It is evident that the males of each race are 
taller than the females for a given length of femur, and that 
the Whites are taller than the Negroes. However, except for 
relatively short statures the White females are taller for a 
given length of femur than are the Negro males. Likewise, for 
the humerus, radius and tibia, the males hare the longer bones 
relative to the length of femur, throughout the range of 

190 

110 

160 

"'1 
w L 

I 

STAT U PK 

TIBIA n 

HUMLRUS 

RADIUS 

..-- 
I I I do 45.0 55.0 

LLNGTH Or TLFIURr( (CM) 

Fig. 4 Comparison of statures and lengths of long bones of Negroes and Whites 
of both sexes of the Terry Collection, matched for the length of the femur.,. 

measurements. The Negro also has a longer tibia and radius 
relative to the femur than the White but the humerus of the 
Negro is longer than that of the White of corresponding sex 
only for those individuals with short femurs. These findings 
substantiate the conclusion generally reached that Negroes 
have longer forearms and legs relative to the more proximal, 
segments of the limbs (arms and thighs) than do White indi- 
viduals, and that, in general, Negroes hare longer limb bones 
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relative to their stature than do Whites. It is evident from 
figure 4 also that it is necessary for the sake of obtaining the 
most accurate estimates of stature to have different equations 
for each of the two sexes and for each of the two races. 

A “general” equation or an average of the equations derived 
from different racial groups would necessarily result in poorer 
estimates of stature for  any particular group or individual to 
which it is applied than would an  equation derived from a 
similar group. However, if it is desired to estimate the weaw 
stature of a mixed group for which the race and sex of each 
individual is indeterminate but for  which there is a priori 
knowledge of the percentage frequency of the racial and sexual 
components, the most accurate result would be obtained by 
weighting the estimates derived from each equation according 
to the relative frequency of the races and/or sexes involved. 
And, if the stature of a single individual from such a mixed 
group were desired, the equation most likely to give the most 
accurate estimate is that pertaining to the race and sex most 
frequently represented in the group. 

SUMMARY 

The American Graves Registration Service has obligations 
which have stimulated interest in improvement of methods 
for identification of skeletal, remains. Coincidentally, the ideal 
combination of data for  the determination of formulae for 
estimation of stature from long bone lengths became available. 
These data  a re  from American White and Negro military per- 
sonnel and comprise measurements of stature during life and 
measurements of long bones of the free limbs after death. The 
Terry Anatomical Collection has been introduced into this 
study in order that formulae from a very different source 
might be provided; that these two sets of formulae, after ad- 
justment for  differences in age and in measurements of living 
and cadaver stature, might be tested against each other; and, 
that formulae for females of both races might be evolved. 

Only subjects who were a t  least 18 years of age when stature 
was measured have afforded data for the equations of stature 
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estimation. All 6 long bones were measured for maximum 
length; in addition, the bicondylar length of the femur and the 
length between the articulating surf aces of the tibia were taken. 
The average length of right and left bones of any given pair 
was utilized in the statistics because of the greater reliability 
of an  average. Furthermore, the differences in length betwecii 
the bones of the two sides a re  small. and when the bone of only 
one side is available an adjustment in a n  equation based on 
tlie average is not necessary. 

Regression equations for estimation of stature from the 
length of each long bone and from the lengths of multiple 
bones were determined for each group of subjects available 
from the two sources. The single bone equations are  almost 
identical for the two lengths of femur and for  the two lengths 
of tibia; thus only the maximum length of each bone was uti- 
lized in the multiple bone equations. Intercorrelations among 
the lengths of the 6 long bones are  very high, particularly be- 
tween radius and ulna and between tibia and fibula, so the 
ulna and fibula were omitted in  the multiple bone equations. 
I n  both single and multiple equations tlie bones of the lower 
limb result in estimations of stature with a smaller standard 
crror than do the bones of the upper limb. 

Equations for estimation of long bone lengths (humerus, 
radius, ulna, tibia, fibula) from the feninr are presented for 
Whites and Negroes of both sexes. 

The increase in  cadaver stature (measured according to the 
method of Terry)  over that of living stature is estimated to be 
2.5 cni. When this correction is made and loss of stature from 
ageing is taken into account, the equations for estimation of 
stature of males based on data from the Terry Collection and 
from the military personnel are  sliowii t o  be in substantial 
agreement. It seemed reasonable to assume that equations 
based on females of tlie Terry Collection, with corresponding 
adjustments are likewise applicable to the American popula- 
tion of White and Negro females. 

Thus, equations (determined from both single and multiple 
bones) for estimation of liviiig stature of American Whites and 
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Negroes of both sexes a re  presented. These equations are  
applicable to maximum lengths of long bones which a re  dry  
and without cartilage. The resultant estimates are  of maxi- 
mum living stature and can be reduced by the amount of 0.06 
(age in years - 30) ern to cover the effects of ageing. A test of 
the equations for White males by application to a different 
sample of American White military personnel gives results 
well within the expected range of accuracy. Comparison of 
statures estimated for this new sample according to equations 
(involving femur and humerus) developed in this study with 
those of other investigators demonstrates that the present 
formulae give the most accurate estimates of stature. Another 
comparison involving the application of each investigator’s 
equation (based on the femur) to every other sample of like 
sex demonstrates the advantage of the age factor in the equa- 
tion and also the need for  a n  adjustment when cadaver stature 
(as measured by Todd) is utilized as  a measurement of living 
stature. 

The Negroes of both sexes have significantly longer bones of 
the free limbs than do the White groups; the Negroes also have 
longer forearm and leg bones relative to the a rm and thigh 
bones than do the Whites; and, in general the Negroes have 
longer bones of the limbs relative to their stature. These com- 
parisons, pointed toward the relationship of the variables, in- 
dicate the necessity of independent equations for estimation of 
stature for each sex of the White and Negro races. 
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