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ABSTRACT

BACKGROUND: Anthropometric surveys and data are highly important in the design and
construction of equipment, tools, and devices that interface in part or whole with the human
frame. Surveys of male and female US adults across different ethnic and age groups have shown
continuing changes in anthropometric indices over the past recent decades’?. Despite these
changes no anthropometric survey dedicated uniquely to submariners has been conducted since
the 1970°s®. As a result, indices that more accurately reflect the physical dimensions of today’s
sailors are needed.

METHODS: From a sample of 1262 enlisted and officer Navy males, outlying percentiles of 25
anthropometric measures were obtained from the Navy Clothing and Textile Research Facility’s
(NCTRF) most recent men’s anthropometric survey*. From a sample of enlisted and officer Navy
women, outlying percentiles were calculated from summary statistics of 7 anthropometric
measures obtained from the Navy’s latest uniform sizing report for women®. Graphical
comparisons of percentiles for heights and weights from other population studies were performed.
Using summary statistics, one-way analysis of variance (ANOVA) tests were used to compare the
heights and weights from the NCTRF survey and sizing reports to other military and nonmilitary
samples. English and SI scales of measurement were used.

RESULTS: Tables of calculated or collected reference values of outlying percentiles for upper
body, lower body, and heights and weights for female and male Navy personnel were developed
to accurately reflect the physical dimensions of today’s sailors. For males, one-way ANOVA tests
found no difference in the heights (cm) of submariners in the last 30 years (P < .84).
Contemporary submariners were found to be taller than the Army, the 1996 Navy, and the US
population sample (P < .001) by at least 1 cm. Submariners in the 1970’s were also found to be
taller than the Army and US population samples (P < .001) by at least 1 cm. The US population
sample was significantly heavier than the military populations sampled (P < .001) by at least 5
kg, while the Army weighed less than both Navy samples (P < .001) by at least 2 kg. For women,
a one-way ANOVA showed the US population sample to be at least 0.84 cm shorter than all
military samples (P < .01), but no differences in height (cm) among the military samples were
found. The US population’s female sample was also significantly heavier than all of the military
female samples (P <.001) by at least 12 kg. The 1977 female Army sample was significantly
lighter than all of the other female samples (P < .001) by at least 2 kg.

CONCLUSIONS: The upper and lower limit indices provided in this report may be useful in the
current design and construction of equipment, tools, and devices used by submarine personnel.
These tables provide useful parameters for designing equipment such as stretchers and submarine
escape suits to be used onboard submarines. For men, recent Navy data show the lower height
limits of the 1% and 5™ percentiles are 158.05 cm (62.22 inches) and 164.30 cm (64.69 inches)
with the upper height limits of the 95" and 99" percentiles at 189.56 cm (74.63 inches) and
193.92 cm (76.35 inches). For women, the lower height limits of the 1% and 5™ percentiles are
148.71 cm (58.55 inches) and 153.07 cm (60.26 inches) with the upper height limits of the 95"
and 99" percentiles at 174.13 cm (68.56 inches) and 185.50 cm (73.03 inches). While the average
height of a submariner has not changed in 30 years, recent measures of submariners show they
are taller than the overall Navy population. When designing military equipment, anthropometric
measures sampled from diverse male and female military populations should be used as opposed
to the general population.
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INTRODUCTION

Anthropometric surveys and data are highly important in the design and construction of
equipment, tools, and devices that interface in part or whole with the human frame. This is
particularly true for military applications and work in extreme environments. Therefore, it is vital
that the anthropometric measurements used in the design and construction of equipment applies
to the population for which it will be used.

In recent decades, national government surveys of male and female adults across different ethnic
and age groups have shown continuing changes in anthropometric indices* %. Many of these
changes are believed to be due to lifestyle changes and the increased diversification of the
population. Similarly, today’s US Navy is a diverse ethnic/racial population. Furthermore, the
number of females in the Navy is also increasing.

Development and design of new equipment for use onboard submarines requires anthropometric
indices that accurately reflect the physical dimensions of today’s submariners. But despite the
Navy’s demographic changes, no anthropometric survey dedicated uniquely to submariners has
been conducted since the 1970’s”. Due to the time and cost involved in conducting an
anthropometric study unique to submariners, estimates based on a broader Navy population need
to be used. Fortunately, recent anthropometric measurements were collected on a sample of US
Navy male personnel that included submariners* and, in a separate study, on a sample that
included US Navy female personnel®. Although the US Navy does not currently assign women to
submarines, it is a future possibility. Therefore, women’s anthropometric measures are also
considered.

In contrast to uniforms that are constructed in many sizes to fit each individual closely and
comfortably, equipment such as stretchers and submarine escape suits are constructed in one size
that must fit all individuals. Hence, applying anthropometric measures to the development,
design, and sizing of such equipment requires the use of only upper and lower limit estimates.
With regard to ordinary design conditions the latest Department of Defense (DOD) standard
(formerly titled Military Standard®) of human engineering design criteria states it is acceptable to
exclude 5% of the (male or female) population due to physical factors’. However, it also states
under special conditions:

Where failure to accommodate the size or performance of personnel could result in a hazardous condition
leading to personnel injury or equipment damage, the total percentage of men excluded by the design for all
physical factors (size, weight, reach, strength, and endurance) shall not exceed 1 percent, and the total
percentage of women excluded by the design for all physical factors (size, weight, reach, strength, and
endurance) shall not exceed 1 percent’.

Therefore, if percentiles of the population are known, stretchers and escape suits should be
designed at the 0.5" and 99.5™ percentiles, thereby only excluding 1% of the population. In
addition, the military standard also gives allowance to special populations. Thus, if equipment is
only to be used by a unique population (e.g., Navy divers, submariners) percentiles based on the
respective population may be used. (It should also be noted that the DOD standard’ does not
address nonmilitary personnel [e.g., civilian submarine riders] who, under special circumstances,
may find themselves in a military environment for a short period of time.)

Although submariners could be considered a special population, they are also a diverse
ethnic/racial population. And, as such, equipment and gear intended only for submarine use,
especially when used to save lives, should be designed with the broadest population considered.



The goals of this report are to summarize the upper and lower limits of select anthropometric
measures obtained from the Navy Clothing and Textile Research Facility’s (NCTRF) most recent
men’s anthropometric survey”. These measures will be useful in the development, design, and
sizing of stretchers, submarine escape suits, and other equipment for use onboard a submarine.
Additionally, the NCTRF male height and weight measures will also be compared to heights and
weights reported in the 1970’s submariner study®, a 1988 US Army study® (provided in the
military handbook of anthropometry as the latest measures of male personnel®), and the US
Department of Health and Human Services’ US population reference survey®. Comparisons for
height will also include recent measurements on US Navy submariners''. Because of the future
possibility of women being assigned to submarines, select measures derived from the NCTRF
women’s sizing report® will also be summarized here. The heights and weights from the NCTRF
report® will be compared to three other women’s studies; a 1977 US Army study', a 1988 US
Army study® (provided in the military handbook of anthropometry as the latest measures of
female personnel®), and the US Department of Health and Human Services’ US population
reference survey™.

METHODS
Men

To obtain upper and lower limits, outlying percentiles of 25 selected anthropometric measures
were obtained from the Navy Clothing and Textile Research Facility’s (NCTRF) most recent
men’s anthropometric survey”. Their sample consisted of 715 enlisted men and 547 officers
representative of the Navy’s racial/ethnic and age mix* with a median age of 28 years. (Further
statistics on age, such as mean, SD, and the exact range, were not provided in the NCTRF report*;
however, a detailed frequency distribution was given [see appended report].) These sailors, some
of which were submariners, were selected from 6 sites within the Navy from 1996-1997*.

The NCTRF percentiles that were calculated separately for enlisted men and officers combined
all ages and racial/ethnic groups. Therefore, these percentiles represent either the enlisted men or
officer group (officer group included E-7 through E-10), but not the two groups combined. To
estimate the upper and lower limits, only percentiles clustered at the top and bottom of the
distributions are reported. Measures are reported in English and metric units (International
System of Units [SI]).

Percentiles for both height and weight from the NCTRF study were compared graphically to a
1970°s® submariner study, a 1988 US Army study?, and the US Department of Health and Human
Services’ US population reference survey'®. Comparisons for height also included recent
measurements on US Navy submariners™. The US population survey did not provide 1% and 99"
percentiles, and because the distribution for weights was skewed, reasonable approximations of
these measures could not be done. The height distribution, however, was normal; therefore the 1%
and 99" percentiles were calculated from the summary statistics provided in the survey report as
P = mean * (z x SD)*. Data represented in graphical comparisons are expressed in SI. Percentiles
expressed include all race/ethnicity groups for which data were collected on. The ages included
for the military studies are similar, however, the US population sample excluded males younger
than 20 and included men well beyond military retirement age (i.e., beyond 80 years old).

Women

Anthropometric measures from a sample of 888 women representative of the racial/ethnic and
officer/enlisted mix of the Navy’s female population from 8 Atlantic coast naval facilities were



obtained from the Navy’s latest uniform sizing report for women®. The sample included enlisted
women (88.5%) and officers (11.5%). Ages ranged from 19-49 years with the mean age of 26.5
years (SD = 5.1). A more detailed breakdown of age groups can be found in the appended
NCTREF sizing report®.

The only summary statistics provided in the NCTRF report were means, standard deviations,
minimums, and maximums. Therefore, based on these limited statistics, percentiles needed to be
calculated for the anthropometric measures obtained from the sizing evaluation report®. Only 7
measurements identified as useful in equipment sizing and design are included. The minimum
and maximum values used represent the overall lowest and highest values that were reported from
all racial groups when combined. Although all groups’ means and standard deviations were
similar (with the exception of the SD for the Asian women, whose large standard deviations
would have resulted in unusually low or high limits), because white women had the largest group
(n = 662), and therefore most likely to be normally distributed, the means and standard deviations
from this group were used to calculate the percentiles. Normal distributions were assumed, and
percentiles were again calculated as P = mean # (z x SD)*.

Head circumference was not reported in NCTRF sizing report®. Therefore, head circumference
percentiles were obtained and used from the 1988 US Army study?®.

Similar to what was done for the male data, percentiles calculated for both height and weight
from the NCTRF women’s sizing report were compared graphically to 3 other women’s studies; a
1977 US Army study™?, a 1988 US Army study®, and the US Department of Health and Human
Services’ US population reference survey™. The US population survey did not provide 1 and 99"
percentiles, and because the distribution for weights was skewed, reasonable approximations of
these measures could not be done. The height distribution was normal; therefore, using the
aforementioned percentile formula, the 1% and 99" percentiles were calculated from the summary
statistics provided in the US survey report. Data represented in graphical comparisons are
expressed in Sl. Percentiles from the Army and US population studies include all race/ethnicity
groups for which data were collected on. The Navy (NCTRF) percentiles for height and weight
include only white women. The ages included for the military studies were similar, however, as
with the male US population sample, the US female sample included women from 20 to beyond
80 years of age.

Men and Women

For the male and female samples, the summary data obtained or derived from the aforementioned
studies were used to conduct one-way ANOVA tests to determine if the average height or weight
among the male or female samples differed. Tests for homogeneity of variances could not be
performed because the data were already aggregated. Therefore, unequal variances were assumed,
and the alternative Brown-Forsythe F-tests were done. All post hoc comparisons were performed
using the Tamhane T2 test.

All statistical analyses were done using SPSS 13.0 for Windows. Statistical tests and graphical
comparisons were done in Sl units. Type | error probability acceptance was set at .05 and all
significance tests were nondirectional.



RESULTS

Men

Using the NCTRF data collected from 1996-1997, Tables 1-3 show the smallest values reported
at the 1%, 2", 3" and 5™ percentiles and the largest 95", 97", 98", and 99" percentiles, as well as
the overall minimum and maximum sizes obtained for all personnel for height and weight, upper
body, and lower body, respectively.

Table 1. Height and Weight: Upper and Lower Limits for US Navy Men

Percentiles
Lower Limits Upper Limits

Measure Min st 2nd 3rd 5th  95th 97th 98th 99th Max

Height cm 15130 15805 16060 16219 16430 18956 19141 19222 193.92  200.10
inches 5957 6222 6323 63.86 6469 7463 7536 7568 7635  78.78

Weight kg 4350 5108 5516 5700 6050 10310 10778 11000 11534 130.00
Ibs 9590 11261 12161 12566 133.38 227.30 237.61 24251 25428 286.60

Table 2. Upper Body: Upper and Lower Limits for US Navy Men
Percentiles
Lower Limits Upper Limits

Measure Min 1st 2nd 3rd 5th  95th 97th 98th 99th Max

Head cm 51.60 53.02 5363 53.85 5410 5956 6021 6061 6115  64.17
circumference inches 2031 2087 2111 2120 2130 2345 2371 2386 2408 2526
Neck circum- cm 3570 3643 3710 3740 3808 4570 4630  47.00 47.90  51.00
ference, base inches 1406 1434 1461 1472 1499 1799 1823 1850 18.86  20.08
Chest cm 7950 8326 8640 86.80 8840 11674 119.60 121.00 12258 134.40
circumference  inches 3130 3278 3402 3417 3480 4596 47.09 47.64 4826 5291
Interscye I cm 3570 3673 3793 3860 3910 4830 4896 4922 5052  51.90
inches 1406 1446 1493 1520 1539  19.02 1928 1938  19.89  20.43

Shoulder cm 97.00 10330 10500 10595 107.38 132.04 13345 13500 137.66 143.10
circumference inches 3819 4067 4134 4171 4228 5198 5254 5315 5420  56.34
Shoulder length  cm 1050 1150 1200 1210 1234 1640 1670 1690 1710  18.20
inches 4.13 4.53 4.72 4.76 4.86 6.46 6.57 6.65 6.73 7.17

Sleeve length: cm 7400 7800 79.86 8030 8130 9570 9661  97.00  99.10 101.50
Spine-wrist inches 2913 3071 3144 3161 3201 3768 3804 3819  39.02  39.96
Sleeve outseam cm 4572 4991 5070 5119 5187 6131 6199 6249 6327 6858
inches 1800 1965 1996 2015 2042 2414 2441 2460 2491  27.00

Hand breadth cm 7.30 7.70 7.80 7.90 8.00 9.56 9.66 9.70 9.80  10.20
inches 2.87 3.03 3.07 3.11 3.15 3.76 3.80 3.82 3.86 4.02

Hand cm 1790 1830 1870 1890 1914 2280 2300  23.00 2328  24.90
circumference inches 7.05 7.20 7.36 7.44 7.54 8.98 9.06 9.06 9.17 9.80
Hand length cm 16.90 1750 17.80  17.94 1810 = 21.60  22.00 2220  22.67  23.30
inches 6.65 6.89 7.01 7.06 7.13 8.50 8.66 8.74 8.92 9.17

Digit Il length  cm 6.80 7.10 7.20 7.25 7.40 9.10 9.20 9.40 950  10.00
inches 2.68 2.80 2.83 2.85 2.91 3.58 3.62 3.70 3.74 3.94




Table 3. Lower Body: Upper and Lower Limits for US Navy Men

Percentiles

Lower Limits Upper Limits
Measure Min Ist 2nd 3rd 5th  95th 97th 98th 99th Max
Waist back length,  cm 3050 4072 4136 4185 4266 5400 5500 5541 5620  58.50
referred inches 1555 1603 1629 1648 16.80 2126 2165 21.81 2213  23.03
Waist circumference  ¢m 6590 6838 7033 7110 7328 101.84 10340 10541 10756 116.50
(natural indentation)  jnches 504 2692 27.60 2799 2885 4009 4071 4150 4235  45.87
Waist circum- cm 66.00 69.03 7083 7264 7490 10614 10864 11064 11294 118.00
ference, omphalion  inches 2508 2718  27.89 2860 2949 4179 4277 4356 4446  46.46
Waist circum- cm 6630 7010 7162 7280 7500 10468 10728 108.82 110.76 11550
ference, preferred inches 2610 27.60 2820 2866 2953 4121 4224 4284 4360 4547
Waist front length,  cm 3390 37.32 3783 3874 3960 5210 5345 5447 5550  58.00
preferred inches 1335 1469 1489 1525 1559 2051  21.04 2144 2185  22.83
Buttock cm 7860 8350 8500 8640 8848 111.84 11400 11500 11742 126.70
circumference inches 3094 32.87 3346 3401 3483 4403 4488 4528 4623  49.88
Buttock height cm 7540 7886  79.96 8050 8204  99.94 10155 10254 103.68 112.00
inches 2669 3105 3148 3169 3230 39.35 39.98 4037  40.82  44.09
Crotch height cm 690.00 7134 7330 7375 7470 9200 9350 9470 9578 101.10
inches 2717 2809 2886 2903 2941 3622 3681 3728 3771  39.80
Crotch length, cm 4720 4933 5036 5100 5198 7116 7306 7401 7680  80.30
preferred inches 1858 1942 1983 2008 2046 2802 2876 2914 3023 3161
Thigh cm 4340 47.02 4873 4925 5050  68.62 7040 7147 7219 7850
circumference inches 1709 1851 1919 1939 1088  27.02 2772 2814 2842 3091
Foot length cm 2260 2360 2403 2435 2468 2950 2995 3020 3058 3110
inches 890  9.29 9.46 9.59 972 1161 1179 1189 1204 1224
200 :
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Figure 1. Comparison of male height percentiles by sample. Percentiles were extracted from survey reports. 1996 -

1997 Navy median is the midpoint of the officer and enlisted medians. US population 1st and 99th percentiles were

calculated from summary statistics.



Figures 1 and 2 compare the NCTRF (1996 — 1997 Navy) percentiles to percentiles of 3 other
military samples for heights, and 2 other military samples for weights, both to a sample of the
general US population. The heterogeneous US population sample shows the largest range in
measures for both height and weight. For heights, the 2 submariner groups, sampled about 30
years apart, are similar while the US Navy NCTRF sample shows a slightly broader range in
heights. For weights, the US population’s 95" percentile exceeds all military samples’ 99"
percentiles with the US Army showing the smallest range. Figure 1 shows the height medians to
be similar, and Figure 2 shows the weight medians to be similar.
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Figure 2. Comparison of male weight percentiles by sample. Percentiles were extracted from survey reports. 1996 -
1997 Navy median is the midpoint of the officer and enlisted medians. US population 1% and 99" percentiles could not
be calculated from summary statistics due to the skewness of the distribution.

Using the summary data provided in the aforementioned reports, a one-way ANOVA showed a
significant main effect for height (cm) (Brown-Forsythe F,gso3 = 20.81, P < .001). The Tamhane
T2 showed the recent submariner sample to be significantly taller than all other samples (P <
.001) except for the 1970°s submariners (P < .84). The 1970’s submariners were also found to be
significantly taller than the Army (P <.001), the US population (P < .001), and the NCTRF Navy
(P = .05) samples. No other post hoc differences were found. See Figure 3 for mean group
comparisons.

The summary data used in the one-way ANOVA for weights (kg) also showed a significant main
effect (Brown-Forsythe F3 751, = 127.54, P < .001). As shown with the Tamhane T2, the US
population sample was significantly heavier than all of the military samples (P < .001). The only
other significant differences among the groups were for the Army, which was found to weigh
significantly less than both Navy groups sampled (P < .001). No difference was found between
the NCTRF Navy and 1970’s submariner samples (P =.79). Figure 4 compares these group
means.
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Figure 3. Comparison of mean male height + standard error of the mean by sample. Values were taken from survey
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Women

All percentiles, except those for head circumference, found in Table 4 were calculated from the
summary statistics for white women in the NCTRF report®. Women’s head circumference values
are from the 1988 US Army report®. Table 5 shows the number of women in each racial/ethnic
group from which the NCTRF minimum and maximum values were taken. White women were
generally found to have the broadest size range. In addition, they had the largest maximum
measures except for sleeve outseam and length. White women also had the smallest measures
except neck circumference. All values are displayed in English and metric units.

Table 4. Upper and Lower Anthropometric Limits for US Navy Women

Percentiles
Lower Limits Upper Limits

Measure Min Ist 2nd 3rd 5th  95th 97th 98th 99th Max

Weight kg 39.46 4132 4375 4528 4738 7663 7873 8026  82.69 9525
Ibs 87.00 9110 9645  99.84 10446 16894 17356 17695 18230  210.00

Height cm 146.99 14871 15046 15156 153.07 17413 175.64 176.75 17849 185.50
inches 5787 5855 5023  50.67  60.26 6856  69.15 6959  70.27  73.03

Waist height cm 87.00  90.89 9224 9310 9427 11056 11173 11258 11393 121.01
inches 3425 3578 3632 3665 371 4353  43.99 4432 4486 47.64

Crotch Height cm 62.99 6510 6625 6697 6796 8175 8274 8346 8460  89.99
inches 2480 2563 2608 2637 2676 3218 3257 3286 3331 3543

Head cm 5000 5134 5169 5192 5225 57.05 5748 5782 5840 6110
circumference* inches 1969 2021 2035 2044 2057 2246 2263 2276 22.99  24.06
Neck cm 2794 2939 2087 3018 3059 3641 3683 37.13  37.62  40.64
circumference inches 1100 1157 1176 11.88 1205 1433 1450 1462 1481  16.00
Sleeve length cm 69.85 7226 7328 7393 7482 8718 8807 8872 8975 9525
inches 2750 2845 2885 2011 2946 3432 3467 3493 3533  37.50

Sleeve outseam cm 4572 4991 5070 5119 5187 6131 6199 6249 6327 6858
inches 1800 1965 1996 2015 2042 2414 2441 2460 2491  27.00

*Head circumference was not included in the NCTRF sizing report>. The values listed in this table are from
the US Army sample®.

Table 5. Number of US Navy Women by Race/Ethnicity

Race % n
White 74% 662
Black 21% 183

Hispanic 1% 9
Asian 4% 34
Total 100% 888

Figures 5 and 6 graphically compare selected height and weight percentiles, respectively, of
military females compared to a US population sample. As expected, the more heterogeneous US
population sample’s 1 and 99" percentile range for heights exceeds that of all the military

populations sampled. The medians for heights are similar for all samples. For weight, the US

population sample’s 95™ percentile exceeds all 99" percentiles for the military samples. The US
population’s median weight is nearly 10 kg heavier than all the military population’s median

weights.
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Figure 5. Comparison of female height percentiles by sample. Percentiles were extracted from survey reports. Because
Navy percentiles were derived from parametric summary statistics, the median is actually the mean. US population 1st
and 99th percentiles were calculated from summary statistics.
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Figure 6. Comparison of female weight percentiles by sample. Percentiles were extracted from survey reports. Because
Navy percentiles were derived from summary statistics, the median is actually the mean. US population 1% and 99"
percentiles could not be calculated from summary statistics due to the skewness of the distribution.

Using the summary data provided in the aforementioned women’s studies, a one-way ANOVA
showed a significant main effect for height (cm) (Brown-Forsythe F3 5566 = 12.61, P < .001).
Tamhane T2 post hoc comparisons found the US population sample to be significantly shorter
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than all military samples (P <.01), but no differences in height (cm) among the military samples

were found. See Figure 7 for mean group comparisons.

164.0
1635 f---mmmfmmmmmmmm - % -----------------------------------------
163.0 F----- } ------------------------- I—-- ------------------------
°
=
<728 J) S S N
=)
()
T
162.0 F === === rmmmm i m e m oo oo R e
R R e B e e ety
& Mean+ SEM
161.0
1977 1987 1988 1999 - 2002
US Army US Nawy US Army US Population
(n =1331) (n =662) (n = 2208) (n = 4888)

Figure 7. Comparison of mean female height + standard error of the mean by sample. VValues were taken from survey
reports. Comparisons illustrate the differences among the groups.

The summary data used in the one-way ANOVA for weights (kg) also showed a significant main
effect (Brown-Forsythe F3 ggs7 = 546.395, P < .001). The US population sample was significantly
heavier than all of the military samples (Tamhane T2, P <.001) by at least 12 kg. In contrast, the
1977 Army sample was significantly lighter than all of the other samples (Tamhane T2, P <.001)
by at least 2 kg. Figure 8 compares these group means.
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Figure 8. Comparison of mean female weight + standard error of the mean by sample. VValues were taken from survey
reports. Comparisons illustrate the differences among the groups.
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COMMENTS

Selected anthropometric measures included in the male NCTRF survey* and the female NCTRF
sizing report® (both electronically appended ) considered useful in the development, design, and
sizing of stretchers, submarine escape suits, and other equipment requiring updated
anthropometric measurements of contemporary submariners are included in this report.
Unfortunately, many of the measurements obtained from the men’s NCTRF report were not
duplicated in the women’s sizing report. Because head circumference is a key measure in the
design of submarine escape suits, and it was not included in the women’s sizing report, these
values were obtained from the 1988 women’s Army report®. It should be noted that a recent
NIOSH report™ found the mean head circumference of the Army’s female sample to be
significantly smaller than their US population sample. Therefore, if broader ranges are desired,
the NIOSH report could be used for this measure. Also, while the men’s data were collected from
1996-1997, the women’s NCTRF data are nearly 20 years old. The Navy is currently re-
evaluating it (B. A. Avellini [BAvellini@NCTRF.Natick.Army.Mil], e-mail, July 13, 2006).

Because the goal of this report is to provide measurements to be used in a “one size fits all” sizing
scheme, only estimates of the upper and lower limits of these measures were used. While it is
well known that people from different races or ethnicities do vary across anthropometric
measures, the actual breakdown of the varying race/ethnicities was not a concern as long as no
race/ethnicity groups were excluded.

The graphical comparison of male heights suggests that while the US Navy population has
become more diverse in its size, its subset, the submariner population, may not be, or is becoming
more diverse at a much slower rate. Further, it is surprising that the heights of the submariner
population have not changed significantly in 30 years. No racial breakdown was provided in the
1970’s submariner report®; however, 70% of the sample NCTRF male report sample was white®.
This is 11% less than the recent submariner survey that found 81% of its sample reporting they
were white'®. This suggests that a submariner community subgroup could have different
anthropometric dimension limits. However, even if the submariner population is disproportionate
in its race/ethnicity breakdown as compared to other naval communities, equipment should be
designed with the broader population in mind.

With regard to the women, it is interesting to note that while means did differ among the
women’s military samples, the plots of percentiles show little difference in medians or upper and
lower percentiles for their heights and weights. This suggests that although the mean differences
were statistically significant these differences may have little practical importance in the design
of escape suits and stretchers.

While adult heights are known to be normally distributed, the distribution of adult weights is
typically non-normal. Therefore, it is unfortunate that the raw data were unavailable. Had they
been available, data transformations could have been done on weight to normalize the
distributions for more accurate comparisons. Despite these limitations, the differences found in
weights between the military and the US population samples for both men and women is
profound.

Finally, the differences seen between the military samples and the US population samples
demonstrate the continued need of anthropometric sampling from unique military populations and
the importance of avoiding the use of measures derived from the general US population. When
applying the upper and lower limits of anthropometric measures to the design of equipment, it is
crucial that the data applied accurately reflect the dimensions of the target population for which

13



the equipment will be used for. Along with these restricted dimensions is the caveat that the
occasional nonmilitary member who finds himself in a military environment (e.g., civilian
submarine riders) may be unable to use such specialized equipment.

The data tables in this report provide guidelines for designing equipment such as stretchers and
submarine escape suits to be used onboard submarines.

14



REFERENCES

10.

11.

12.

13.

Ogden CL, Fryar CD, Carroll MD, Flegal KM. Mean Bodyweight, Height, and Body Mass
Index, United States 1960-2002. Hyattsville, MD: National Center for Health Statistics;
2004. Advance Data From Vital and Health Statistics, No. 347.

Flegal KM, Carroll MD, Ogden CL, Johnson CL. Prevalence and trends in obesity among US
adults, 1999-2000. JAMA. 2002; 288:1723-1727.

Mooney LW, Bowman J, Callahan AB. Anthropometric indices among US Navy
submariners. Groton, CT: Naval Submarine Medical Research Laboratory; 1989. Report No.
1135.

Mellian SA, Bradtmiller B, Tebetts I, Kirstensen S, Annis J. US Navy men’s anthropometric
survey: 1996-1997. Natick (MA): Navy Clothing and Textile Research Facility; 2003 May.
Report No. 217.

Mellian SA, Ervin CA, Robinette KM. Sizing evaluation of Navy women’s uniforms. Natick
(MA): Navy Clothing and Textile Research Facility; 1990 Dec. Report No. 182.

US Department of Defense. Military Standard: Human Engineering Design Criteria for
Military Systems, Equipment, and Facilities. US Dept of Defense; March 14, 1989. MIL-
STD-1472D.

US Department of Defense. Department of Defense Design Criteria Standard: Human
Engineering. US Dept of Defense; August 23, 1999. MIL-STD-1472F.

Gordon CC, Churchill T, Clauser CE, et al. 1988 Anthropometric survey of US Army
personnel: summary statistics interim report. Natick (MA): US Army Natick Research,
Development, and Engineering Center; 1989 Sept. NATICK/TR-89/027.

US Department of Defense. Military Handbook: Anthropometry of US Military Personnel
(Metric). US Dept of Defense; February 13, 1991. DOD-HDBK-743A.

McDowell MA, Fryar CD, Hirsch R, Ogden CL. Anthropometric Reference Data for
Children and Adults: US Population, 1999-2002. Hyattsville, Md: National Center for Health
Statistics; 2005. Advance Data From Vital and Health Statistics, No. 361.

Benton PJ, Hughes LM. Pulmonary function screening of submarine personnel prior to
pressurized submarine escape training; development of lung function standards. Groton, CT:
Naval Submarine Medical Research Laboratory; 2007. Report No. 1250.

Churchill E, Churchill T, McConville JT, White RM. Anthropometry of women of the US
Army-1977: report no. 2 - the basic univariate statistics. Natick (MA): US Army Natick
Research and Development Command; 1977 June. NATICK/TR-77/024.

Hinkle DE, Wiersma W, Jurs SG. Applied Statistics for the Behavioral Sciences. 3"ed.
Boston: Houghton Mifflin Co.; 1994.

15



14. Zhuang Z, Bradtmiller B. Head-and-face anthropometric survey of US respirator users. J
Occup Environ Hyg. 2005; 2:567-576.

16



APPENDIX

1. Mellian SA, Bradtmiller B, Tebetts I, Kirstensen S, Annis J. US Navy men’s anthropometric
survey: 1996-1997. Natick (MA): Navy Clothing and Textile Research Facility; 2003 May.
Report No. 217.

-,

)

ol
Technical Report
No. 217 - U.S. Na

2. Mellian SA, Ervin CA, Robinette KM. Sizing evaluation of Navy women’s uniforms. Natick
(MA): Navy Clothing and Textile Research Facility; 1990 Dec. Report No. 182.

-,

3
el

Technical Report

No. 182 - Sizing E

17



	 
	Tables 
	 
	Figures 
	ABSTRACT 
	 ACKNOWLEDGEMENTS 
	 
	 INTRODUCTION 
	 
	METHODS 
	Men 
	 

	Men and Women 
	 
	Men 
	Women 

	COMMENTS 
	 
	 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


	1_REPORT_DATE_DDMMYYYY: 29-12-2006
	2_REPORT_TYPE: Technical Report
	3_DATES_COVERED_From__To: NA
	4_TITLE_AND_SUBTITLE: A REVIEW AND COMPARISON OF ANTHROPOMETRIC INDICES APPLICABLE TO THE US NAVY SUBMARINER POPULATION
	5a_CONTRACT_NUMBER: 
	5b_GRANT_NUMBER: 
	5c_PROGRAM_ELEMENT_NUMBER: 
	5d_PROJECT_NUMBER: 
	5e_TASK_NUMBER: 
	5f_WORK_UNIT_NUMBER: 
	6_AUTHORS: Linda M. Hughes, M.S.
Wayne G. Horn, M.D.
	7_PERFORMING_ORGANIZATION:  NAVSUBMEDRSCHLAB                
 Box 900                                                                                         
 Groton, CT     06349-5900                     
	8_PERFORMING_ORGANIZATION: NSMRL/TR--2006-1249

	9_SPONSORINGMONITORING_AG: 
	10_SPONSORMONITORS_ACRONY: 
	1_1_SPONSORMONITORS_REPOR: 
	12_DISTRIBUTIONAVAILABILI: Approved for public release, distribution unlimited
	13_SUPPLEMENTARY_NOTES: 
	14ABSTRACT: No anthropometric survey dedicated uniquely to submariners has been conducted since the 1970’s. Indices that reflect the physical dimensions of today’s sailors are needed to design and construct equipment, tools, and devices to be used by submarine personnel. Reference tables of outlying percentiles for upper body, lower body, and heights and weights for female and male Navy personnel were developed to reflect the physical dimensions of today’s sailors.  The average height of submariners has remained unchanged in the last 30 years. Today's submariners are taller than the Army, overall Navy, and the US populations. Military populations weigh less and are taller than their US population counterparts. Indices provided in this report may be useful in designing equipment such as stretchers and submarine escape suits to be used onboard submarines. When designing military equipment, anthropometric measures sampled from diverse male and female military populations should be used as opposed to the general US population. 
	15_SUBJECT_TERMS: anthropometry, submariners, military equipment design
	a_REPORT: U
	bABSTRACT: U
	c_THIS_PAGE: U
	17_limitation_of_abstract: SAR
	number_of_pages: 22
	19a_NAME_OF_RESPONSIBLE_P: M. Fitzgerald, Publications Manager
	19b_TELEPHONE_NUMBER_Incl: (860) 694-2442


