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xi



1. INROUC NC

A secular trend is a progressive change correlated with tin. Secular
trends of human morphological traits spar~ing the last 200 years are well
documented (Davenport and Iove, 1921; Morant, 1950; Trotter and Gleser, 1951b;
Karpinos, 1958; Newman, 1963; Bawkin and Mclauglin, 1964; Damon, 1965; 1968;
Polednak, 1975; Meredith, 1976; Mcullough, 1982; Taner, et al., 1982;
Bradtmiller, et al., 1985; Sten, 1985; Takahashi, 1986; Ctrama, et al.,
1987; Harlan, et al., 1988; Takamura, et al., 1988; Cline, et al., 1989).
These descriptions focus on changes in adults, adolesents, or children.
Generally, these trends are descriptions of changes in stature, weight, or the
various milestones of maturity. Few reports discuss more than a handful of
anthropzmtric dimensions. Data are now available fro several anthropcoetric
surveys of the US Army (Newman and 1Wiite, 1951; %hite and O2wrchill, 1971;
Gordon et al., 1989). These data provide a basis for an analysis of secular
change in a myriad of human body dimensions.

Many factors contribute to secular trends of antbropmetric dimensions.
Although the root cause of secular trends rmains unknown, some of the more
comonly cited possibilities are: improved health, improved nutrition, changing
rates of growth and maturation, assortative mating, immigration resulting in
new population mixtures, imigration resulting in heterosis, changes in
socioeconmic status, and changing cultural attitudes about physical fitness
(Schreider, 1967; Meredith, 1976; Frisancho, 1977; Bielicki, et al., 1981;
Flegal, et al., 1988; Lasker and Mascie-Taylor, 1989). A cplication exists
in that, generally, these causes refer to populations - groups of
interbreeding individuals. The Army, however, is not a population in that
sense, but rather a subsanple of the population of the United States. Because
the Army is a reflection of that population, some of its secular trends will be
derived from the same root causes. However, Army trends will also be affected
by changes in the Army's criteria for a pmtric standards, changes in the
way the Army samples the main population (i.e., a draft versus an all-volunteer
Army), and changes in reasons for volunteering.

The Army anthropxmetric surveys also collected data on age zni race.
Therefore, questions on how rates of change compare among racial subgroups can
be addressed. A preliminary investigation of these questions (Bradtmiller, et
al., 1985) shows that statistically significant changes, in relation to age and
race, occurred for many body dimensions in the US Army population. Therefore,
the potential influence of these trends on problem of sizing and design should
be investigated. The aims of this analysis are to: 1) quantitatively describe
the secular trends of different dimensions for several racial/cultural groups;
2) contrast the rates of change among those groups; 3) identify the grotp(s)
that are undergoing the greatest secular changes; 4) identify particular
dimensions that are showing the highest rates of change; 5) use these results
to determine when measurable changes will occur in particular dimensions; and
6) use these results to predict the anthrcxeic values of a future Army
population.
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2. EIHODS

Data used in the analysis of male trends es from the 1966 and 1988
anthrometric surveys of US Army men. A comparison of the measuring
techniques used in these two surveys (Mite and Churdill, 1971 and Clauser, et
al., 1988) showed that there were 22 exactly comparable dimensions that can be
investigated for secular trends (see Figure 1). Although the 1966 survey did
not collect data on race, Bradtmiller, et al. (1985) outline a method for
converting data on national origin into racial identifications. Therefore,
this method was used, along with the race data collected in the 1988 survey, to
sort the data into four racial/cultural groups: iutes, Blacks, Hispanics, and
Asians/Pacific Islanders. Based on these groupings, 88 distinct models of
secular change ware derived for US Army men.

Long-term trends were quantified using regression analysis. Because there
are only two data sets and because a model constructed fra only two values is
inappropriate, the data were reorganized to develop meaningful models.
Individuals ware grouped int cohorts that represent five year birth intervals
(see Tables 1 and 2). This procedure divided the data from the two surveys
into 13 usable birth-year cohorts. However, both birth year and age at
measurment vary within and between the surveys. Therefore, cohort dimensions
will vary for several reasons. Among the more important reasons are: 1)
bserver error and methodological differei-s; 2) Age related changes; and 3)

Secular trerds. Because the analysis of secular trends is the crux of this
investigation, the first two effects should be controlled.

Only measurements cbtained through strictly comparable techniques were
analyzed for secular trends. This careful check of comparability should
minimize the effects of methodological differences. The influence of observer
error, however, cannot be directly controlled. Instead, information on
allowable observer error frum the 1988 survey (Clauser et al., 1988) was used
as a guide to determine the relevance of observed "secular" change. Although
an observed change might be statistically significant, if it is not greater
than the allowable observer error it may not be meaningful.

Ideally, regression analyses should be conducted using samples of equal
variance. This is, however, rarely the case in studies of secular trends. To
overcme this problem the mean value for each body dimension was calculated for
each cohort, and these were submitted to regression analysis. This method is
commonly used in secular change studies to overoume the limitations imposed by
traditional regression analyses (Trotter and Gleser, 1951a; 1951b; Newman,
1963; Bawkin and Mclauglin, 1964; Hertzog, et al., 1969; Polednak, 1975; Himes
and Mueller, 1977; Relethford and Lees, 1981; Borkan, et al., 1983; Price, et
al., 1987). To acommodate very large differenes in sample sizes for each
cohort, each cohort's mean value was weighted by cohort size in the statistical
analyses.

2
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TABLE 1.
Cohort Breakdown by Age and Birth - Year

Cohort Birth - Year SubJcts' Ages According to Survey Year

I nterval 1988 1966

4 1900-1904 -62

5 1905-1909 61-57

6 1910-1914 56-52

7 1915-1919 51-47

8 1920-1924 -64 46-42

9 1925-1929 63-59 41-37

10 1930-1934 58-54 36-32

11 1935-1939 53-49 31-27

12 1940-1944 48-44 26-22

13 1945-1949 43-39 21-17

14 1950-1954 38-34 16-

15 1955-1959 33-29

16 1960-1964 28-24

17 1965-1969 23-19

18 1970-1974 18-

19 1975-1979

20 1980-1984

21 1985-1989

22 1990-1994

23 1995-1999

24 2000-2004

2 E 2005-2009
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TABLE 2
Cohort Data Breakdown by RaclallCultural Group

1966 Survey Data Whites Blacks Hispanics Asian/Pacific Islanders
Cohort Birth Years N Mean Age N Mean Age N Mean Age N Mean Age

6 1910-1914 7 53.6 3 53.3 0 0
7 1915-1919 7 487 4 48.3 3 51.0 0
a 1920-1924 20 43.4 to 43.6 2 44.5 1 45.0
9 1925-1929 63 30.3 24 38.2 3 38.3 2 30.0

10 1930-1934 107 34.2 35 33.9 17 34.3 2 34.5
11 1935-1939 101 28.7 57 20.8 11 20.7 3 29.0
12 1940-1944 752 23.3 231 23.5 97 23.0 5 23.0
13 1945-1949 1265 19.8 385 19.7 115 19.9 19 20.0

1908 Survey Data Whites Blacks Hispanics Asian/Pacific Islanders
Cohort Birth Years N Mean Age N Mean Age N Mean Age N Mean Age

10 1930-1934 1 55.0 0 0 0
11 1935-1939 0 3 50.7 2 50.0 3 50.3
12 1940-1944 15 45.6 13 45.0 15 44.9 17 45.3
13 1945-1949 97 40.3 62 40.5 40 40.5 43 40.0
14 1950-1954 171 36.0 151 35.9 120 35.5 72 35.5
15 1955-1959 241 30.9 252 20.9 183 30.8 91 30.8
16 1960-1964 406 25.0 356 25.9 257 25.9 101 25.9
17 1965-1969 753 20.7 646 20.7 410 20.8 1i 21.1
1O 1970-1974 53 17.9 36 17.0 21 18.0 5 18.0

5



Controlling for age-related changes was more cxmplicated. Many dimensions
of the adult body change as a person ages (Trotter and Gleser, 1951a; Baer,
1956; Hertzog, et al., 1969; Damon, et al., 1972; Himes and Mueller, 1977;
Borkan, et al., 1983; Chumlea et al., 1988; Cline, et al., 1989). Typically,
the adolescent growth spurt is followd by a lang period of little or no
carnge, whid is followed by a period of more rapid changes associated with
senescent decline (see Figure 2). The actual pattern and magnitude of these
changes will vary for different anthropometric dimensions. The Army
population, however, is cmprised of men ranging fram 17 to about 50 years of
age. Therefore, age-related changes need only be examined within this range.
Because this age range is not associated with rapid growth or decline, age
related changes can be modelled as a straight line.

The cohorts used in this analysis vary by both age and birth year, i.e.,
the same cohort drawn fram the two survey data bases will represent different
age groups. Therefore, the relationship between dimension and cohort is
influenced by both age and secular changes. A plot of chest circumference
versus cohort (see Figure 3) best illustrates this pattern. This example, and
Table 1, show that the two surveys overlap by four cohorts. Because a cohort
represents persons born in a specific interval of years, the observed
difference in values between a cohort in 1966 and the same cohort in 1988,
represented by points A and B in Figure 2, must be because of age at the time
of measurement. This difference can be read as the dange due to age in a 22
year period. Multiplying this value by 5/22 converts it into the rate of age
related change per five year cohort. This creates a two point linear model of
age related change. As many as twenty such models, one for each birth-year in
the four overlapping cohorts, were generated in this fashion for each
an ic dimension in each racial/cultural graup. The inherent weakness
of a two-point linear model was addressed by using the mean value of the slopes
of these models, for each dimension within a racial/cultural group, as the best
estimate of the rate of change due to aging (Hyde, 1980). Rates of age-related
change calculated in this fashion are comparable to previously reported values
(Cline et al., 1989).

Mean rates of age-related change were used to factor aut the effects of age
within each cohort. An age was chosen to represent the age of stardard
expression for anthrtcetric dimensions. Deviations fram this age were then
adjusted to control for age related effects (Relethford and Iees, 1981; Borkan,
et al., 1983). Assuming that anthropcmetric dimensions reach their maximum, or
mature, value at age 201, age adjusted values were calculated for each
dimension according to the following equation:

AAV = V - AF (((Y - 1900)/5) - C). (1)

In this equation AAV is the Age Adjusted Value; V is the observed
anthropometric Value; AF is the Age correction Factor; Y is the survey Year
randed dawn to 5 year intervals; and C is the birth year Cohort. The term
(Y-1900)/5 works out to the age cohort that would include 20 year olds for the
year Y. Figure 4, which is a plot of age adjusted values for chest
ciroamference versus ohtort, shaws the results of this transformation.

6
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Presumably the remaining minor differences between two age adjusted values for
the same cohort are the results of unctrollable sampling and oberver error.

Secular trends were studied by regressing the age adjusted dimensions with
cohort. These bivariate regressions produce the following generic equation:

AAV = a C + b. (2)

In this linear equation b is the y-intercept constant and a is the slope of the
line. Because this equation describes the relationship between cohort (time)
and an anthrcpcmetric dimension, controlled for non-secular influences, the
term a is the rate of secular change.

This linear equation was made into a predictive model by catbining it with
equation one and solving the relationship for V, the original anthropmetric
value, as follows:

V - AF (((Y - 1900)/5) - C) = a C + b. (3)

Adding the term AF (((Y - 1900)/5) - C) to both sides of the equation produces:

V=aC+b+ AF(((Y-1900)/5) -C). (4)

Simplifying the equation:

V = a C + b + AF (Y- 1900)/5 - AF C (5)

V = (a - AF) C + (b + AF (Y - 1900)/5) (6)

For a given year the terms b + AF (Y - 1900)/5 and (a - AF) will be constant.
Therefore, equation six is a linear model that predicts V, where
b + AF (Y - 1900)/5 is the y-intercept and (a - AF) is the slope. Because this
equation is equivalent to Equation 2 it can be described by the same regression
statistics. Thus, F tests, crrected for 22 simultaneous comparisons, were
used to evaluate the significance of the regression slope. In addition, the
standard error of the estimate (SEE) values calculated for equation two were
used to rate the confidence of predicted values.

Rates of secular change were cumpared between racial/cultural groups by
testing equality of regression slopes with analysis of covariance software.
Slope comparisons with low F values and significance levels greater than 0.05,
corrected for 11 simultaneous omqpariscns, were not considered to be
statistically different. This information was used to determine which groups
were undergoing markedly different trends for specific dimensions.

Discriminant analysis was then used to determine which dimensicns were
undergoing the most change relative to the other body dimensions. This
analysis was conducted by using the age adjusted dimensions to discriminate
between the 1966 and 1988 survey populations. Those dimensions that showed the
highest within-group, correlations were identified as having changed the most.
Patterns of dange were then cmpared by repeating this analysis for each
racial/cultural group.

9



3. RESULTS AND DISCUSSIC

The relationships between birth year cohort and the anthrcmetric
dimensions are presented as Appendix I (Figures 6 through 27). Table 3 lists
the secular trends rates revealed by these relationships. The rate of secular
change for the stature of Wites estimated here (3.71 m per cohort or 0.7 cm
per decade) is cparable to the ccmmm ly reported rate of 0.6 cm per decade
(Bradtmiller et al., 1985; Annis, 1978). Several trends described in Table 3,
all associated with Asians/Pacific Islanders, are not significantly different
from zero. This lack of relatinship implies that these dimensions are not
unergoing significant secular trends. Visual inspection of the plots of some
dimensions also suggest that, although significant slopes were dserved, these
rates of chage may be decreasing. In these dimnsions secular change may no
longer be occurrir, or is occurring at a greatly reduced rate. Dimensions
with these patterns are: in Whites - calf height, crotch height, head
breadth, bizygomzatic breadth, and hand breadth; in Blacks - calf height
forearm-hard length, head length, head breadth, bizygamatic breadth, foot
length, hand length, and hand breadth; in Hispanics - neck circumference,
crotch height, sitting height, head breadth, bizygomatic breadth, and band
breadth; and in Asians/Pacific Islanders - weight, sitting height,
forearm-hand length, knee height sitting, head breadth, bizygainatic breadth,
hard length, and hand breadth. All dimensions were explored using non-linear
regression techniques. In no instance, however, were models markedly inproved,
as judged by correlations and standard errors. Therefore linear models were
retained for all dinensions.

Qomparisons of secular change rates are presented in Figure 5. Tests for
the equality of slopes showed that all groups had significantly different rates
of secular change (p<.05), with the following exceptions: Blacks, Hispanics
and Asians/Pacific Islanders showed no significant differences in the rate of
change for head breadth. Blacks and Asians/Pacific Islanders showed no
significant differences in rates for five dimensions: neck circumference,
bideltoid breadth, thunbtip reach, head length, and hand length. Blacks and
Hispanics showed no significant differences in rates for two dimensions: calf
height and bizygcumatic breadth. Whites and Hispanics showed no significant
differences in rates for three dimensions: chest circumference, bideltoid
breadth, and hand breadth. In addition, Mtites and Hispanics showed very
similar rates of change in 14 more dimensions.

Table 4 shows the results of the discriminant analyses. Those dimensions
with the highest within-group correlation to the discriminant function show the
greatest amrents of change between the survey years. Therefore, those
dimensions were judged to have undergone the most secular change. The analysis
was first used to test the entire sample of pooled races to determine the
baseline pattern of change for the entire population. In the test of pooled
races the measurements related to soft tissue (i.e., muscle and fat) were most
highly correlated with discrimination; whereas skeletal dimensions, such as
stature and head breadth, were poorly correlated with discrimination. This

10



TABLE 3.
Secular Trend Rates Within Racial/Cultural Groups

Dimension Whites Blacks Hispanics Asians

Weight 1.36 0.77 1.44 -0.13'

Stature 3.71 1.46 5.34 -5.64

Neck Circumference 0.59 -0.66 0.22 -0.72

Chest Ci rcumference 10.78 7.48 10.74 2.26

Calf Height -0.27 -0.76 -0.70 -1.53

Calf Circumference 2.67 1.69 2.51 0.83

Crotch Height 0.46 0.44 -0.26 -3.88

Sitting Height 3.57 3.21 4.27 -0.42

Forearm-Hand Length 0.99 -0.22 1.27 -0.51

Knee Height, Sitting 4.68 3.55 4.09 -0.06'

Bideltoid Breadth 8.54 6.63 8.39 6.27

Chest Breadth 3.78 0.97 4.63 1.43

Hi p Breadt h, Sitting 5.41 4.77 6.37 3.46

Thumbtip Reach -6.53 -8.34 -5.29 -8.11

Head Length 0.51 0.03 0.79 0.89

Head Circumference 0.52 0.54 1.69 2.11

Head Breadth -0.25 -0.17 -0.18 -0.14

Bizygomatic Breadth -0.09 -0.05 -0.05 0.05'

Ankle Circumference -0.71 -1.28 -0.81 -2.67

Foot Length 0.71 -0.06 0.82 -0.92

Hand Length 0.98 0.40 0.91 0.44

Hand Breadth 0.46 0.25 0.44 -0.09

Val ues are presented in millimeters per cohort, which can be read as millimeters change
per five years. Data on weight are presented in kilograms per cohort. Trends marked
with a dagger (t) are not significantly different from zero at the .05 level.

11
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TABLE 4.
1966 vs. 1980

Pooled Within-Groups Correlations Between
Measurements and Discriminant Functions

POOLED RACES

Bideltoid Breadth -0.451 Head Length -0.105
Hip Breadth -0.296 Hand Breadth -0.090
Knee Height, Sitti ng -0.226 Foot Length -0.077
Chest Circumference -0.212 Forearm- Hand Length -0.076
Chest Breadth -0.192 Head Breadth -0.068
Thumbtip Reach -0.189 Neck Circumference -0.065
Weight -0.172 Sitti ng Height -0.056
Hand Length -0.139 Stature -0.054
Calf Circumference -0.121 Crotch Height -0.022
Ankle Circumference 0.118 Calf Height -0.021
Head Circumference -0.107 Bizygomatic Breadth -0.006

WHITES

Bideltoid Breadth 0.458 Sitti ng Height 0.111
Hi p Breadth 0.320 Ankle Circumference -0.104
Chest Breadth 0.231 Hand Breadth 0.090
Chest Circumference 0.227 Head Breadth -0.080
Knee Height 0.221 Neck Circum;ference 0.070
Thumbtip Reach -0.210 Stature 0.069
Weight 0.179 Foot Length 0.056
Calf Circumference 0.125 Forearm- Hand Length 0.050
Head Length 0.124 Bizygomatic Breadth -0.012
Hand Length 0.124 Calf Height -0.008
Head Circumference 0.112 Crotch Height 0.002

BLACKS

Bideltoid Breadth 0.370 Hand Breadth 0.054
Hip Breadth 0.294 Hand Length 0.049
Thumbtip Reach -0.216 Stature 0.046
Chest Circumference 0.192 Blzygomatic Breadth 0.046
Knee Height 0.171 Crotch Height 0.025
Sitting Height 0.141 Foot Length 0.024
Weight 0.137 Calf Height -0.020
Chest Breadth 0.113 Forearm- Hand Length 0.010
Ankle Circumference -0.106 Heed Breadth -0.008
Calf Ci rcumference 0.106 Neck Circumference 0.008
Head Circumference 0.066 Head Length 0.003
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TABLE 4.
(Continued)

1966 vs. 1918
Pooled Within-Groups Correlations Between
Measurements and Discriminant Functions

HISPANICS

Bideltoid Breadth 0.448 Sitting Height 0.095
Hip Breadth 0.327 Head Length 0.091
Chest Breadth 0.245 Foot Length 0.083
Chest Circumference 0.243 Forearm- Hand Length 0.075
Weight 0.208 Ankle Circumference -0.072
Knee Height 0.188 Neck Circumference 0.069
Calf Circumference 0.164 Stature 0.061
Thumbtip Reach -0.158 Bizygomatic Breadth 0.044
Head Circumference 0.118 Calf Height -0.034
Hand Breadth 0.114 Head Breadth -0.012
Hand Length 0.114 Crotch Height 0.012

ASI.AN/PACIFIC ISLANDERS

Bideltoid Breadth -0.256 Head Breadth 0.068
Thumbtip Reach 0.211 Weight -0.058
Ankle Circumference 0.173 Head Ci rcumference - 0.042
Hip Breadth -0.170 Sitting Height 0.036
Calf Height 0.122 Bizygomatic Breadth 0.028
Crotch Height 0.118 Head Length -0.028
Chest Circumference -0.105 Forearm- Hand Length 0.014
Hand Length -0.092 Foot Length -0.012
Stature 0.088 Neck Ci rcumference -0.009
Chest Breadth -0.079 Knee Height -0.003
Calf Circumference -0.071 Hand Breadth 0.001
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pattern was, for the must part, reflected in the results of separate
discriminant analyses of each group. Because skeletal dimensions had the
lowest correlation with discrimination the traditional explanations of
increased health and nutrition cannot be invoked as important contributors to
the observed secular trends. Instead, these patterns may reflect the influence
of the recent cultural emphases on physical fitness and the "ideal" body, which
ould be expected to affect the muscle/fat dependent measurements more than the
skeletal dimensions (Takahashi, 1986).

The sole exception to this discrimination pattern was the Asian/Pacific
Islanders. The correlations of Asian/Pacific Islanders mirrored their general
trend of decreasing anthrcpcmetric dimensions and suggested that cultural
factors may not be the best explanation of change in this group. An
explanation for this difference was found in the immigration patterns of the
four greups.

Immigration patterns are presented in Table 5. These patterns were
evaluated using a Mantel-Haenszel/Chi-Square test (Mantel, 1963) of the linear
relationship between birthplace (USA vs. non-USA). Adjacent cohorts were
sometimes pooled in these analyses to avoid sparse cells that would cxmprtmise
the validity of the Mantel-Haenszel test. Cells were scored according to the
median birth year of their membership. These tests showed no significant
differences in the immigration pattern of Mites. Blacks and Hispanics both
showed significant patterns of linear increase in the number of non-USA born
members, but these groups are still primarily ccmprised of native born
Americans. Therefore, the effects of immigration may not be strong enough to
have had a large influence on their secular change patterns. Asians/Pacific
Islanders also show significant differences in their immigration pattern. This
difference was primarily because of a shift towards non-American born
mebership, with the Philippines as the modal birthplace. This suggests that
migration is the primary influencing factor for the observed secular changes of
Asians/Pacific Islanders.

4. APPLICATION

Tables 6 through 9 present the linear models generated in this analysis.
These models may be used by substituting the values for the constant (b),
secular trend (a) and age trend (AF) into Equation 6. This will provide a
prediction of an anthropxmtric dimension (V) for a specific cohort in a
particular year. Demographic information on age distributions should be used
to weight the predicted value for each cohort to determine an average value for
a particular year.

This method was developed to predict the anthropazetric dimensions of a
future Army population. Its use, however, can be illustrated by predicting
average values for a previous US Army anthruixmric survey. The results of
the 1946 survey of US Army personnel (Newman and White, 1951) reports values of
White men. Therefore, the models for White men reported in Table 6 can be used
to predict dimensions of the 1946 Army that can be checked against the reported
values.

15



TABLE 5
Evalunation of Immigration Patterns

WHITES: Observed/Expected Values

Bi rt hplace Median Blrthyjear
_____1930 1943 1946 1951 1956 1961 1967

LISA 204 832 1318 164 228 388 770
198.1 838.6 1315.8 165.2 232.8 392.2 761.3

Non- USA 1 36 44 7 13 18 18
1 7.0 29.4 46.2 5.8 8.2 13.8 26.7

Mantel-Haenszel Chi Scuare - 0.008 d.f. a 1 p.-.931

BLACKS: Observed/Expected Values

Bi rthpl ace Median Birthyear

USA 378 443 387 344 661

9.2 10.8 9.8 8.6 16.5

Me ntel -Hae nszel C hi Sq uare - 10.660 d.f. - 1 p - .001

HISPANICS: Observed/Expected Values

Birthplace Median Birthyear
_____1943 1946 1952 1956 1961 1966

USA 56 88 61 86 141 303
84.0 91.3 67.2 102.5 144.0 245.9

Non-USA 94 75 59 97 116 136
1 66.0 71.7 52.8 80.5 113.0 193.1

Mantel-Haenszel Chi Square = 42.23 1 d.f. a 1 p -. 000

ASIANS. Observed/Expected Values

Birthplace Mein Birthyear
_____1942 1946 1952 1957 1961 1966

USA 16 21 14 12 22 33
8.1 15.2 17.6 22.3 24.7 30.1

NnUA 17 41 58 79 79 90
24.9 46.8 54.4 68.7 76.3 92.9

Mantel -Hoe nszel Chi Square - 4.270 d.f. - 1 p *.039
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TABLE 6
Models for Whites

Dimension Contant Secular Age SEE R Sig.
Trend Factor

b a AF

Weight 53.55 1.36 2.85 0.74 .94 .000
Stature 1700 3.71 3.54 5.11 .72 .000
Neck Circ. 365.9 0.59 2.86 2.50 .21 .000
Chest Circ. 796.3 10.78 23.25 6.00 .94 .000
Calf Height 354.4 -0.27 -0.68 1.57 .12 .000
Calf Circ. 331.8 2.67 4.35 2.41 .86 .000
Crotch Height 829.3 0.46 -1.12 4.21 .05 .000
Sitting Height 863.6 3.57 5.14 3.50 .83 .000
Forearm- Hand 463.1 0.99 1.46 1.88 .57 .000
Length

Knee Height 478.2 4.68 4.35 2.07 .96 .000
Sitting

Bideltoid Breadth 343.5 8.54 9.41 3.77 .96 .000
Chest Breadth 254.9 3.78 7.79 2.01 .94 .000
Hip Breadth Sitting 273.1 5.41 8.01 1.94 .97 .000
Thumbtip Reach 905.8 -6.53 -2.71 4.98 .89 .000
Head Length 188.6 0.51 0.43 0.96 .57 .000
Head Circ. 557.5 0.52 -0.02 3.42 .10 .000
Head Breadth 154.8 -0.25 0.77 0.79 .32 .000
Bizygomatic 140.2 -0.09 0.91 0.09 .09 .000
Breadth

Ankle Circ. 235.4 -0.71 0.04 1.98 .38 .000
Foot Length 256.0 0.71 1.19 0.99 .71 .000
Hand Length 175.3 0.98 1.51 0.80 .88 .000
Hand Breadth 82.53 0.46 0.89 0.66 .69 .000
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TABLE 7
Models for Blacks

Dimension Constant Secular Age SEE R Sig.
Trend Factor

b a AF

Weight 6-.56 0.77 2.11 1.74 .48 .000

Stature 1732 1.46 -1.19 5.86 .23 .000

Neck Circ. 389.4 -0.66 0.87 3.24 .17 .000

Chest Circ. 835.1 7.48 18.89 9.68 .74 .000

Calf Height 382.8 -0.76 -2.20 2.87 .25 .000

Calf Circ. 347.2 1.69 2.80 3.30 .57 .000

Crotch Height 855.7 0.44 -4.77 4.10 .05 .000

Sitting Height 835.6 3.21 2.39 3.54 .80 .000

Forearm-Hand 502.6 -0.22 -0.18 1.79 .07 .000
Length

Knee Height 509.6 3.55 2.87 2.30 .92 .000
Sitti ng

Bideltoid Breadth 376.4 6.63 7.71 5.63 .87 .000

Chest Breadth 290.7 0.97 4.58 3.65 .25 .000

Hip Breadth Sitting 274.9 4.77 6.98 4.83 .82 .000

Thumbtip Reach 959.6 -8.34 -7.89 3.46 .97 .000

Head Length 196.7 0.03 0.53 0.51 .02 o00

Head Circ. 557.3 0.54 2.36 1.38 .42 .000

Head Breadth 153.4 -0.17 0.41 0.56 .30 .000

BizYgomatic 141.1 -0.05 0.56 0.84 .02 .000
Breadth

Ankle Circ. 241.1 -1.28 -0.76 1.38 .80 .000

Foot Length 275.0 0.06 -0.10 1.04 .01 .000

Hand Length 192.0 0.40 1.16 0.71 .60 .000

Hand Breadth 86.34 0.25 0.84 0.45 .61 .000
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TABLE B
Models for Hispanics

Di mension Constant Secular Age SEE R Sig.

Trend Factor
b a AF

Weight 49.50 1.44 2.29 1.32 .82 .000
Stature 1622 5.34 2.77 7.60 .65 .000
Neck Circ. 369.0 0.22 2.06 2.90 .02 .000
Chet Circ. 792.4 10.74 20.57 8.66 .85 .000
Calf Height 357.3 -0.70 -2.58 2.66 .21 .000
Calf Circ. 329.7 2.51 1.83 3.95 .60 .000
Crotch Height 816.0 -0.26 -5.84 3.90 .02 .000
Sitting Height 823.8 4.27 4.91 5.07 .85 .000
Forearm- Hand 450.1 1.27 0.05 2.70 .45 .000
Length

Knee Height 475.3 4.09 2.46 2.60 .90 .000
Sitti ng

Bideltoid Breadth 344.0 8.39 8.87 3.88 .95 .000

Chest Breadth 239.2 4.63 8.42 2.51 .93 .000
Hip Breadth Sitting 252.4 6.37 8.38 2.47 .96 .000
Thumbtip Reach 869.9 -5.29 -5.80 4.74 .82 .000

Head Length 180.2 0.79 0.75 0.79 .79 .000
Head Circ. 533.9 1.69 2.56 1.32 .86 .000
Head Breadth 155.1 -0.18 0.54 0.51 .32 .000
Bizygomatic 141.6 -0.05 0.53 0.77 .02 .000

Breadth

Ankle Circ. 232.6 -0.81 -1.52 1.28 .60 .000
Foot Length 251.1 0.82 -0.02 1.35 .58 .000
Hand Length 173.2 0.91 0.97 1.03 .75 .000
Hand Breadth 80.84 0.44 0.56 0.43 .80 .000
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TABLE 9
Models for Asfan/Paciff c Islanders

Dimension Constant Secular Age SEE R Sig.
Trend Factor

b a AF

Weight 74.18 -0.13 0.43 1.95 .01 .011
Stature 1791 -5.64 -8.87 12.31 .38 .000
Neck Circ. 381.6 -0.72 1.07 3.47 .11 .000
Chest Circ. 907.5 2.26 8.36 11.46 .10 .000
Calf Height 355.1 -1.53 -2.13 4.58 .25 .000
Calf Circ. 366.4 0.83 1.36 4.34 .10 .000
Crotch Height 858.2 -3.88 -7.67 5.64 .58 .000
Sitting Height 908.4 -0.42 -0.43 7.14 .01 .000
Forearm-Hand 473.2 -0.51 -1.02 3.68 .05 .000

Length

Knee Height 531.5 -0.06 -1.51 4.09 .00 .556
Sitti ng

Bideltoid Breadth 378.3 6.27 6.04 4.07 .87 .000
Chest Breadth 283.5 1.43 4.29 3.84 .29 .000
Hip Breadth Sitting 295.7 3.46 5.54 4.50 .63 .000
Thumbtip Reach 902.5 -8.11 -8.04 3.79 .93 .000
Head Length 175.7 0.89 0.75 1.45 .52 .000
Head Circ. 524.8 2.11 2.82 3.75 .48 .000
Head Breadth 157.1 -0.14 0.49 1.04 .05 .000
Bizygometic 143.7 0.05 0.77 0.90 .01 .023

Breadth

Ankle Clrc. 264.5 -2.67 -3.35 1.99 .84 .000
Foot Length 276.9 -0.92 -2.32 2.88 .23 .000
Hand Length 180.7 0.44 0.28 1.82 .15 .000
Hand Breadth 89.99 -0.09 -0.31 0.95 .02 .001
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Demographic information from the 1946 survey provides the following
distribution of birth-year cohorts: Cohort 10 at 0.399%, Cohort 9 at 47.3%,
Cohort 8 at 20.8%, Cohort 7 at 24.8%, Cohort 6 at 5.5%, Cohort 5 at 0.879%, and
Cohort 4 at 0.350%. Equation six can be used to predict the value of stature
for cohort 10 in 1946, rounded down to 1945, as follows:

V = (a - AF) C + (b + AF (Y - 1900)/5)

subtittn:

STMURE = (3.71 - 3.54) * 10 + (1700 + 3.54 *(1945 - 1900)/5)

which yields:

S IU = 1733.72 mm.

Following this procedure for cohorts nine to four produces:

Cohort Proportion Prediction Weighted Value
10 .00399 1733.56 6.92
9 .473 1733.39 819.89
8 .208 1733.22 360.51
7 .248 1733.05 429.80
6 .055 1732.88 95.31
5 .00879 1732.71 15.23
4 .0035 1732.54 6.06

Adding the weighted values gives a prediction for stature in 1946 of 1734 mm.
The stardard error of the estimate for the Whites stature model of 5.11 =u plus
an allowable observer error for stature of 10 m (Clauser, et al., 1988) makes
this prediction comparable to the 1739 m reported for stature by Newman and
Aite (1951). Table 10 compares predictions of available 1946 values to their

actual values for the other dimensions. In part, some the variations between
the actual and predicted values are due to different measuring tecniques used
in the 1946 survey. However, the greatest variations are seen in the soft
tissue dimensions, such as bideltoid breadth. If, as hypothesized, these
dimensions are more sensitive to cultural practices, then one would expect
greater potential inaccuracy in the prediction of these dimensions.

Anthrcpcmetric dimensions of future Army populations would be predicted in
a similar fashion. Population values, however, also have to consider the
contribution of each of the racial/cultural groups. Therefore, these
predictions must be supplied with information on the proportional
representation of these groups in addition to the breakdown of cohorts within
them. Thus, the precision of anthrxmtric predictions is dependent upon the
accuracy of demographic information.

To illustrate, six projections for possible Army demographics in the year
2023 are presented in Tables 11 and 12. The mean value for an anthropcmtric
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TABLE 10
Predicted Anthropometric Dimensions for 1946

Di menasion Predicted Standard Error Observer Reported

Val ue of the Esti mate Error Values

Weight 67.2 0.74 0.3 70.2

Stature 1734 5.11 10 1739

Chest Circumference 905 6.00 15 924

Calf Circumference 357 2.41 5 358

Crotch Height 832 4.21 10 834

Sitti ng Height 897 3.50 6 909

Forearm- Hand Length 473 1.88 4 476

K nee Height, Sitting 520 2.07 2 549

Bideltoid Breadth 421 3.77 8 456

Chest Breadth 293 2.01 8 283

Hi p Breadth, Sitting 324 1.94 6 354

Head Length 193 0.96 2 195

Head Circumference 562 3.42 5 567

Head Breadth 154 0.79 2 152

Bizygomatic Breadth 140 0.09 2 139

Ankle Circumference 230 1.98 4 227

Foot Length 263 0.99 3 265

Hand Length 185 0.80 3 193

Hand Breadth 87 0.66 ,2 87

Values are presented in millimeters, except for weight which is in kilograms.
Data on Observer Error are taken from Clauser, et al. (1988).
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TABLE I I

Potential Changes In Future Populations
as Compared to the 1988 Survey Demographics

Population Age Racial/Cultural
Projection Distribution Group Distribution

A No Change No Change

B No Change Increased Minorities

C Older Population No Change

D Older Population Increased Minorities

E Younger Population No Change

F Younger Population Increased Minorities
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TABLE 12
Demographic Breakdovns of Population Projections for the Year 2023

Population A

Whites Blacks Hispanics Asians
Proportion 0.6792 0.2553 0.0394 0.0162

Cohort Proportions within Groups

25 0.020 0.010 0.000 0.000
24 0.387 0.340 0.370 0.320
23 0.228 0.290 0.210 0.140
22 0.160 0.170 0.220 0.290
21 0.125 0.130 0.120 0.070
20 0.071 0.050 0.040 0.070
19 0.009 0.010 0.040 0.110
18 0.000 0.000 0.000 0.000

Population B

Whites Blacks Hispanics Asians
Proportion 0.550 0.300 0.100 0.050

Cohort Proportions within Groups

25 0.020 0.010 0.000 0.000
24 0.387 0.340 0.370 0.320
23 0.228 0.290 0.210 0.140
22 0.160 0.170 0.220 0.290
21 0.125 0.130 0.120 0.070
20 0.071 0.050 0.040 0.070
19 0.009 0.010 0.040 0.110
18 0.000 0.000 0.000 0.000

Population C

Whites B1ac ks Hispanics Asians
Proportion 0.6792 0.2553 0.0394 0.0162

Cohort Proportions within Groups

25 0.020 0.010 0.010 0.010
24 0.310 0.280 0.270 0.270
23 0.210 0.210 0.200 0.200
22 0.180 0.200 0.150 0.190
21 0.150 0,150 0.160 0.130
20 0.100 0.100 0.120 0.110
19 0.020 0.040 0.060 0.070
18 0.010 0.010 0.030 0.020
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TABLE 12
Centi uod

Population D

Whites Blacks Hispanics Asian$
Proportion 0.550 0.300 0.100 0.050

Cohort Proportions withi n Groups

25 0.020 0.010 0.010 0.010
24 0.310 0.280 0.270 0.270
23 0.210 0.210 0.200 0.200
22 0.180 0.200 0.150 0.190
21 0.150 0.150 0.160 0.130
20 0.100 0.100 0.120 0.110
19 0.020 0.040 0.060 0.070
18 0.010 0.010 0.030 0.020

Population E

Whites Blacks Hispanics Asians
Proportion 0.6792 0.2553 0.0394 0.0162

Cohort Proportions vithin Groups

25 0.400 0.400 0.380 0.420
24 0.320 0.310 0.350 0.270
23 0.180 0.160 0.150 0.100
22 0.050 0.080 0.090 0.060
21 0.030 0.030 0.010 0.060
20 0.010 0.010 0.010 0.090
19 0.007 0.010 0.010 0.000
18 0.003 0.000 0.000 0.000

Population F

Whites Blacks Hispanics Asians
Proportion 0.550 0.300 0.100 0.050

Cohort Proportions within Groups

25 0.400 0.400 0.380 0.420
24 0.320 0.310 0.350 0.270
23 0.180 0.160 0.150 0.100
22 0.050 0.080 0.090 0.060
21 0.030 0.030 0.010 0.060
20 0.010 0.010 0.010 0.090
19 0.007 0.010 0.010 0.000
18 0.003 0.000 0.000 0.000
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dimension is then predicted as follows. First, separate predictios are
calculated for each racial/cultural group, using the appropriate cohort
proortions, according to the method outlined above. Then these four
predictions are weighted accodning to their racial group proportions and
summed. The resulting value is the predicted population mean value (source
code for a omputer program written in Turbo Pascal that calculates these
predictions is provided in Appendix II). The resulting predictions for each of
the six possible Army populations are presented in Table 13. ien each
prediction is cmpared to the 1988 survey values it is clear that the magnitude
and direction of change is very dependent upon ---- grapic factors.

As an alternative to the prediction of actual dimensions, the models
presented here can also be used to predict when measurable change will occur
for each dimension. Clauser, et al. (1988) provide information on the
limitations of current measuring techniques in their table of "Allowable
Observer Error." These error values can be applied to the secular change
models as benchmarks for the amount of change that must occur before it can be
reliably detected. The limitations of each model are statistically expressed
by the standard error of the estimate (SEE). The SEE expresses the confidence
of a prediction, and can be used to calculate the 95% confidence interval for
each predicted value. By using the greater of the 95% confidence interval or
the allowable observer error, it is possible to determine how much change must
occur before it might reasonably be detectable. The rates of change
established in the secular change models can then be used to show the amount of
tine needed to give rise to measurable change. Table 14 lists the amount of
time, in years, for measurable change to occur for each dimension in each
group-

5. MVOEL LIMITATIONS

The models presented here incorporate several assumptions concerning the
relationships among anthrcpametric dimensions, birth year, and age. It is
important that the implications of these assumptions, and the limitations of a
regression based statement, are urlerstood before attempting to apply these
models.

These regression models only predict values of populations means; they do
not make any statement concerning the distribution about the mean. Typically
designers are concerned with ranges of variation, so that items can accommodate
the 5th through 95th percentile values of a certain dimension within the
population. Unfortunately, no techniques exist that can be used to predict
this sort of information. One should never assume that because the mean value
has increased by 10 mm the 5th and 95th percentile values will have also
increased by the same amount. This type of reasoning has no basis in the
current understanding of biological change, and would constitute a serious
misapplication of these models.
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TABLE 14
Predicted Time. In Years, for Measurable Change to Occur

Dimension Whites Blacks Hispanics Asians

Weight 10 25 10 150
Stature 15 25 15 25

Neck Circumference 55 50 140 50
Chest Circumference 10 15 10 50
Calf Height 60 40 40 30
Calf Circumference 10 20 20 55
Crotch Height 110 115 195 15
Sitting Height 10 15 15 170
Forearm- Hand Length 25 95 25 75
Knee Height, Sitting 5 10 10 670
Bideltoid Breadth 5 10 5 10
Chest Breadth 15 45 10 30
Hip Breadth, Sitti ng 10 10 5 15
Thumbtip Reach 20 15 20 15
Head Length 20 335 15 20

Head Ci rcumference 65 50 1s 20
Head Breadth 45 60 60 75

Bizygomatic Breadth 115 205 205 205
Ankle Circumference 30 20 25 10
Foot Length 25 255 20 35
Hand Length 20 40 20 45

Hand Breadth 25 45 25 115
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One of the main assumpticn incorporated in these models is linearity.
Each model of secular change, and the age factors used within them, are built
on the assumption that anthroxzietric dimensions follow a simple linear
relationship with time. The typical growth curve, illustrated in Figure 2,
clearly shows that this relationship is not true with regard to aging. Linear
models can be justified only as the best descriptions of a small portion of a
much grander pattern of change. Mherefore, the assumption can only be
justified for relatively short term projections. The further in time one
deviates from the data used to build these models the greater the inacuracy of
these models.

The utility of secular trend models in predicting future body dimensions is
dependent upon the assumption that the patterns of past trends will continue.
This assumption is false. Observed trends cannot continue indefinitely.
Biological influences on secular change, such as impruved health and nutrition,
have limited effect as genetic potential is reached. In addition, cultural
influences are mercurial and can be expected to alter the tempo and direction
of observed trends without warning. These models are only useful in the short
term, as a best guess of what will happen tomorrow. Therefore, they should be
applied with extreme caution. A suggested rule of thumb is to view those
dimensions that require more than 20 years - one generation - for detectable
change as undergoing no change at all. For these dimensions, the best
prediction for future Army populations will remain those values reported in the
most recent Army antr tric survey.
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6. ENMTE

1. The age of 20 was chosen for two reasns. First, as the Army is ccqxrxed
primarily of young people, the cohort that contains 20 year olds will tend to
be the most, or second most, populcus cohort. Therefore, this ccort was
selected as the most "typical." Second, previous studies (Trotter and Glesser,
1951a; 1951b; Borkan, et al. 1983) show an increasing maturaticn rate within
the US poplation, which has been used as an explanation of same oserved
secular changes. Because of this, some studies have chosen the age of 30 to
represent the age of maxinum growth (Trotter and Glesser, 1951a; Relethford and
Lees, 1981; McCullough, 1982). These studies, howver, were not investigating
modern American populations. Current populaticns are obtaining maximum growth
at a much younger age (Annis, 1978; Bradtmiller, et al. 1985). If this trend
continues, then maxinum growth would be reached at even younger ages in future
populations. Therefore, it is appropriate to choose the age of 20 as the age
of maximum growth.

This document reports research undertaken at the
US Army Natick Research, Development and Engineering
Center ad has been assigned No. NATICK/TR 0
in the series of reports approved for publcato.
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8. APPENDIX I

Plots of Secular Change in the Four Racial/Cultural Grups

Couparing the mgnitude and direction of secular change among
the four racial/altural groups.
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Figure 6. Secular Change of Weight

36



Age Adjiused Stature

1,775

1,700

1.650 1 191 1 19012 I 1930 11935 11940 '1M4519501 1955 j 19601 1965 '11970
a 7 a 0 10 Biarth Yewr1  Is w 17 1

M WhitesIMBak
0 Hispanics 0 Asians

Figure 7. Secular Change of Stature
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Figure 11. Secular Change of Calf Circumference
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Figure 12. Secular Change of Crotch Height
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Figure 18. Secular Change of Hip Breadth, Sitting
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Figure 20. Secular Change of Head Length
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Age Adjusted Head Circumference
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Figure 21. Secular Change of Head Circumference
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Age Adjusted Bazygmatic Breadth
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Figure 24. Secular Change of Ankle Circumference
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Age Adjusted Foot Length
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Figure 25. Secular Change of Foot Length

55



Age Adjustod Hand Length
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9. APEDl nl

progra Predict.AnthrqxzztricDiumrsicns;

(Thczzas M. Greiner, Research Anthrqpologist, US Army Natick)
(April 1990)

($N+) (Turns on Math Corcessor)

uses crt;

Type
RacDatacrd

Prcp:double;
Nu o: byte;
CUort:array[l..l00) of byte!
CbPrW~: array[ l.. 100) of dou~ble;

Var
Wites, Blacks, Hispanics, Asians : aoe[ata;
Yearof Interest, RaoxzrxYear : word;
fni, fno : text;

pr xxdure readdata;
var

irptfile, (Xztputfle : Strirq[70];
0mer : byte;

begin
Write ('IrIn)t data file namre: 1);
PRuaxln(IrpxrtFile) ;
Assign (fni, IrpitFile);
Write (I'Cutpuzt data file name:')
Readin(cxtptFile);
Assign (fro, OzqztFile);
Rewrite (fno);
Reset (fni) ;
readln(fni ,Yearofirlterest);
if (Yeaoflnterest mod 5)=0 then JRjrdftar:-

(Yearoflnterest-1900) div 5
else RoudYear:-(((YearofInterest div 5)*5)-1900) div 5;

Rsadln (fni,%hites .prc);

For Counter:-l to Vlhites.Nu.mo do



3beadn(fni,Blacks.prcp);
RwadIn(fni ,Blacks.N~Um~);
For Counter:=l to Blacks.Nmco do

Realn (fni, Blacks. Cohort[(outer] , Blacks. CofPrtCOxmterJ) ;
Fbealn(fni ,Hispanics.prcW);
Badlh(fni, Hisanics .N=Od);
For Qiointer:=l to Hispanis.Nuoo do

Beadln(fni,Asiars.prop);
Radin(frd ,Asian.Nuwidh);
For Counter:=l to Asians.Nmoc do

Readin (fni ,Asiars. Cohrt[Omter) ,Asians. CiPrp (Couter)
End; (Badata)

procedure Caclateftrdiction;
Var

Ommer: byte;
'WhitesVal, BlacksVal, HispianicsVal, AsiansVal :double;
Monst, W#6lope, WAgeFac,
Mmist, Blope, BAgeFac,
Monrst, HSlcpe, HkgeFac, Hisp,

AIonist, ASlcpe, AAge~ac : dou~ble;
VarName : Strirg(70];
Prediction, : double;

Begin

While rxyt Eof (RFI) do
Begin
Peadln(frd,htCorst, 1~lcpe, WAgeFac,

B~onst, BSlope, BAgeFac,
HNost, HSlope, H~geFac,
AC~ost, ASlope, AMgeFac,
VarNane);

WhitesVal: =0;
BlacksVal :-;
IHispanicsVal: =0;
AsiarieVal: =0;
For Cb.mter:=l to 1thites.Nui~dh do

NhitesVal: - ( (Wlpe-N~geFac) *Whites. Cohrt Counter) +
(~Wont+HkpeFac*RoundYear) ) *Wie.Cirp[Cone Wie~l

For QCuter:=l to Blacks.Nwi~oh do
BlacksVal : - ( (Ble-BAge~ac) *Blacks . Cohrt [Couter]+

(BDmit+BkqeFhc*RounYear) ) *BlackS.O iroCmter]+BlacksVa1;
For Qounter:=l to Hispmdi.N~UmnO do

Begin

(H~mtMgeftFc Year);
HisanicdVal: :-iqwjspanics. cIPrW [Counrter]4HispanicdVal;
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ftr Cbuter:-l to Asians.Numa do
AsiandVal :=( (ASlcpe-AAgeFuc) *Asians . Cdvrt[Cmvter]+

(A~cnst+AAgeFac*IRardYear) )*Asiaris. QhPrq4[Cmter+AsianVal;
Predicticn: -Whites. Prcp*WLiteVal+Blac~cs. PrW*BlacksVal+

Hispanics. Prtp*HispanicsVal+AsiaYE .Prc*AsiarsVal;

Begin (Maidn Program)
readdata;
Writeln (frnh' Predicted Anthrqxzretric Diziensicwis for

',Yearoflrterest);
Writein (frx0);
calculatePrediction;
Writeln( 'Qrrleted');
Close(fno);*
Close(fni);
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2023 Prediction Year

.6792 Proportion 2f Whites

7 Nib.r I2 Cohorts frr Whites
25 0.020 Cohort Nusbr forl by Prmrt

24 0.387
23 0.228
22 0.160
21 0.125
20 0.071
19 0.009
.2652 Provortion gf Blacks
7 Umber Cohorts lr Slacks

25 0.01 Cohort Nuyber f kM Prcortion

24 0.34'
23 0.29

22 0.17
21 0.13
20 0.05
19 0.01

.0394 Proortion gf Hisoanics

24 0.37 Cohort Nubr foLlo~e k Procortin
23 0.21
22 0.22
21 0.12
20 0.04
19 0.04
.0162 Prcortion 2f Asijns/Pecifiz Istar.U

6 Nur.r 9-f Cohorts for ftj/Pacific Iltauders

24 0.32 Cchort Number 2ll by Proortion

23 0.14

22 0.29
21 0.07
20 0.07
19 0.11

flgl giiM 12r MEh Raciil/Cutura. JrW

it.l: Sitck: Iisoiju: &jr"/I' f.j& Ist. ers: Djesi o we:

1? a k a A I? a A k a AE
53.55 1.36 2.85 A3.56 0.77 2.11 49.50 1.44 2.29 74.18 -0.13 0.43 Weight

1700 3.71 3.54 1732 1.46 -1.19 1622 S.34 2.77 1791 -5.64 -8.87 Stature

365.9 0.59 2.86 389.4 -0.66 0.87 869.0 0.22 2.06 36 .6 -0.72 1.07 Nock circumference

796.3 10.75 23.25 135.1 7.48 18.89 7M.4 10.74 20.57 90? 5 2.26 8.36 Chest Circuoference

354.4 -0.27 -0.68 382.8 -0.76 -2.20 357.3 -0.70 -2.58 355.1 -1.53 -2.13 Calf Neight
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331.8 2.67 4.35 347.2 1.69 2.80 329.7 2.51 1.15 366.4 0.83 1.36 CaLf Circof*we

129.3 0.46 -1.12 55.7 0."6 -4.77 816.0 -0.26 -5.4 58.2 -3.63 -7.67 Crotch Neight

863.6 3.57 5.16 5.6 3.21 2.39 823.8 4.27 4.91 906.4 -0.42 -0.43 sitting eight

463.1 0.99 1.66 502.6 -0.22 -0.18 450.1 1.27 0.05 473.2 -0.51 -1.02 Femonm-ftid Lwuth

67.2 6.68 4.35 509.6 3.55 2.57 47S.3 4.09 2.46 531.S -0.06 -1.51 Vm Height, Sitting

343.5 8.54 9.41 376.4 6.63 7.71 344.0 8.39 8.87 378.3 6.27 6.04 lideltoid Breadth

54.9 3.78 7.79 290.7 0.97 6.58 239.2 6.63 8.42 63.5 1.43 6.29 Chest Breadth

273.1 5.41 8.01 274.9 4.77 6.96 252.4 6.37 8.38 295.7 3.46 5.56 lip Breadth, Sitting

905.8 -6.53 -2.71 959.6 -5.34 -7.89 869.9 -S.29 -S.50 902.5 -8.11 -8.05 Tkobtip Reach

186.6 0.51 0.43 196.7 0.03 0.53 130.2 0.79 0.75 175.7 0.99 0.75 Need Length

557.5 0.52 -0.02 557.3 0.54 2.36 533.9 1.69 2.56 524.8 2.11 2.52 Need Circutference

154.8 -0.25 0.77 153.4 -0.17 0.41 155.1 -0.18 0.54 157.1 -0.14 0.49 led Breadth

160.2 -0.09 0.91 161.1 -0.05 0.56 161.6 -0.05 0.53 163.7 0.05 0.77 Szygomtic Breadth

235.6 -0.71 0.04 ?1.1 -1.28 -0.76 232.6 -0.81 -1.52 266.5 -2.67 -3.35 Akle Circumference

256.0 0.71 1.19 275.0 0.06 -0.10 251.1 0.62 -0.02 276.9 -0.92 -2.32 Foot Length

175.3 0.98 1.51 192.0 0.60 1.16 173.2 0.91 0.97 180.7 0.66 0.29 Mand Length

82.53 0.6 0.89 86.34 0.25 0.84 80.84 0.6 0.56 39.99 -0.09 0.31 Mand Breadth
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emimL A

Predicted Anthrocoetric Dimensins for 2023

86.52 Weight
1778.25 Stature
400.11 Neck Circumference
1057.56 Chest Circumferen
350.62 Calf Height
395.09 Calf Circumference
841.32 Crotch Height
938.91 Sittir Height
489.29 Forearm-Han length
589.37 Knee Height, Sitting
545.70 Bideltoid Breadth
341.81 Chest Breadth
402.13 Hip Breadth, Sitting
754.24 Thaztip Reach
199.90 Head Length
570.54 Head Circuference
150.20 Head Breadth
139.83 Bizygcmatic Breadth
216.49 Ankle Circumference
273.82 Foot Lenth
199.98 Hand Length
93.64 Hand Breadth
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