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AD-RO 17066
SUMMARY

An anthropometric data base for law enforcement officers has been developed by
the Human Factors Division (Code 3400) of the Naval Electronics Laboratory Center (NELC)
for the Law Enforcement Standards Laboratory (LESL) of the National Bureau of Standards.

The purpose of establishing the data base was to compile statistics needed for sizing
body gear and protective equipment. The plans for collecting the data were developed after
interviews with law enforcement officials and manufacturers of police equipment, consulta-
tions with physical anthropologists, and a review of pertinent anthropometric literature.

The data base consists of two components: detailed body measurements of approxi-
mately 3,000 male law enforcement officers and short form survey responses on the height,
weight, and age of approximately 10,000 additional officers.

Detailed body measurements were taken of 23 critical dimensions of law enforce-
ment officers. The dimensions are those which would be most useful for sizing body gear
and protective equipment. These measurements were based on municipal, county, and state
police as well as prison guards. Measurements were made in 17 different regions of the
United States in order to obtain a broad geographic sample and to collect data on officers
with a variety of ethnic backgrounds.

The short-form survey descriptive statistics were collected on the height, weight, and
age of approximately 10,000 law enforcement officers on the staffs of different agencies in
most of the United States.

The information obtained from these two data collection efforts has been encoded
on cards for computer processing. The results of some of the analyses of the data are con-
tained in this report.

The main body of this report describes some of the general procedures and findings
of the study and presents tables summarizing the results of the data collection efforts. The
appendices contain detailed information about the development and execution of this study,
and present tables providing detailed statistics about the different categories and subcate-
gories (eg, experience, agency, region, and ethnic background) into which the data on the
law enforcement officers could be divided.

The publication of these findings should facilitate the development of effective sizing
techniques for body gear and protective equipment for law enforcement officers. The data
base developed by this study should be useful not only for present-day law enforcement
agencies in the particular areas studied, but may be applied, by matched sampling techniques,
to law enforcement agencies in other areas and times regardless of how their present or
future composition may be affected by variations in entrance requirements or ethnic dis-
tributions. In addition, the data collected should augment existing anthropometric data
banks and improve their usefulness for civilian and military applications as well as for law
enforcement agencies.

ADMINISTRATIVE INFORMATION

This study was conducted by the Human Factors Division, Code 3400, of the Naval
Electronics Laboratory Center (NELC) for the Law Enforcement Standards Laboratory
(LESL) of the National Bureau of Standards at Gaithersburg, Maryland, under the project
monitorship of Avery T. Horton.




FOREWORD

Following a Congressional mandate* to develop new and improved techniques, sys-
tems, and equipment to strengthen law enforcement and criminal justice, the National
Institute of Law Enforcement and Criminal Justice (NILECJ) has established the Law
Enforcement Standards Laboratory (LESL) at the National Bureau of Standards. LESL’s
function is to conduct research that will assist law enforcement and criminal justice agencies
in the selection and procurement of quality equipment.

In response to priorities established by NILECJ, LESL is (1) subjecting existing
equipment to laboratory testing and evaluation and (2) conducting research leading to the
development of several series of documents, including national voluntary equipment stand-
ards, user guidelines, state-of-the-art surveys and other reports.

This document, Anthropmetry of Law Enforcement Officers, has been prepared by
NELC for LESL and issued by NILECJ. Additional guidelines as well as other documents
will be issued under the LESL program in the areas of protective equipment, communica-
tions equipment, security systems, weapons, emergency equipment, investigative aids,
vehicles and clothing.

Technical comments and suggestions concerning the subject matter of this report are
invited from all interested parties. Comments should be addressed to the Program Manager
for Standards, National Institute of Law Enforcement and Criminal Justice, Law Enforce-
ment Assistance Administration, U.S. Department of Justice, Washington, D.C. 20530.

Lester D. Shubin

Program Manager for Standards

National Institute of Law Enforcement
and Criminal Justice

*Section 402(b) of the Omnibus Crime Control and Safe Streets Act of 1968, as amended.
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1.0 INTRODUCTION

Because the law enforcement agencies are composed of individuals who serve the
public in an increasingly dangerous profession, it is necessary to afford them the most ef-
fective body gear and protective equipment possible. By establishing an anthropometric
data base for law enforcement officers, the designers and manufacturers of these types of
equipment will be able to produce more effective products and reduce the problems asso-
ciated with sizing and stocking these items.

1.1 BACKGROUND

Anthropometry is the physical measurement of man. Anthropometric data are es-
sential for the effective sizing and efficient procurement of personal equipment. Body
measurement information is also required for the design and improvement of work spaces
and vehicle interiors.

Extensive anthropometric studies have been conducted, particularly during and
since World War 11, but most of them have been concerned with special military populations
or with extremely restricted and specific civilian populations. Making predictions for one
population based on the data obtained from a different population is a risky procedure
which may lead to costly errors.

Because law enforcement officers have traditionally been selected according to
special physical entrance requirements, they differ from other groups for which anthro-
pometric data are available. Even in the absence of entrance selection criteria, because of
the physical training demands and the strenuous duty requirements imposed on these offi-
cers, those who serve in field situations will usually possess physical characteristics differing
from those of the general civilian population.

Comparison of the data collected in this study with that obtained in other studies
indicates substantial differences in critical body dimensions (see Section 6). Yet, manufac-
turers have, of necessity, designed and produced equipment based on information from these
other studies because information on law enforcement officers was lacking.

As increasingly sophisticated equipment is made available to law enforcement ofti-
cers, the degree of tolerance allowed for this special equipment is becoming narrower, and
better-fitting gear is becoming more necessary for optimum utilization. This is particularly
true of rigid body armor, but it also applies to other equipment such as helmets, face masks,
respirators, gloves, weapon stocks, and hand-held or body-carried support systems. In
addition, with the increasing amount of equipment carried in law enforcement vehicles,
information on arm and leg reach functions is necessary to determine the optimal location
for case of operator control and utilization of the various items of equipment.

The anthropometric data base which has been amassed by this study should facili-
tate the development of properly sized body gear and protective equipment for law en-
forcement officers. Because the study was designed to obtain data on a wide variety of
sizes of officers from different types of agencies and regions and with different ethnic back-
grounds, by using matched sampling techniques, this data base should permit the sizing of
equipment which may be effectively utilized by present and future law enforcement offi-
cers regardless of what variations in body size and shape may currently exist, and regardless
of what changes the composition of law enforcement agencies may undergo in terms of
altered entrance requirements or ethnic distributions.




1.2 APPROACH

In order to ensure that the anthropometric data collected would be most useful to
those producing body gear and protective equipment for law enforcement personnel, pre-
liminary investigations were conducted.

Interviews with law enforcement officials indicated the types of protective gear and
equipment in which they were interested. These interviews also led to the identification of
some of the manufacturers of equipment considered to be well designed and sized. Con-
tact with these manufacturers led to the development of a generalized list of body dimen-
sions about which designers and research personnel thought information was needed for ef-
fective sizing. Consultations with physical anthropologists resulted in the identification of
23 specific body dimensions which would be most useful for meeting the needs of the manu-
facturers. These consultations also resulted in the determination of the measuring techniques
which could be employed to establish an anthropometric data base.

As a result of these preliminary investigations, a detailed plan for collecting anthro-
pometric data on law enforcement officers was devised.



2.0 METHOD

The plan for collecting the data base involved two distinct efforts which were car-
ried out concurrently. One involved taking detailed measurements of critical body dimen-
sions and the other involved collecting descriptive statistics of height, weight, and age.

2.1 BODY MEASUREMENT SURVEY

The purpose of the body measurement survey was to obtain detailed measurements
on 23 critical body dimensions of a representative sample of approximately 3,000 law en-
forcement officials.

These 23 critical dimensions had been determined by the preliminary investigation to
be the ones which would be most useful in improving the sizing of equipment for law enforce-
ment officers. These body dimensions are depicted in figure 1 and are listed in table 1. The
table also indicates which measurements are most useful for the sizing of different types of
body gear and protective equipment as well as workspace configurations. A precise defini-
tion of each of the measurements is presented in Section 3.1.

In obtaining the sample of law enforcement officers for the body measurement sur-
vey, a prime objective was to collect data from different regions of the United States. Addi-
tional objectives included obtaining a sample of law enforcement officers from different
types of agencies and from different ethnic backgrounds. Because the physical criteria for
admission to law enforcement agencies are changing, a special effort was made to obtain
measurements of recently appointed officers and recruits.

In fulfilling these objectives, body measurements were taken from 2,993 officers in
17 regions of the contiguous United States.

The regions, listed in table 2 and indicated in figure 2, were selected to ensure that
adequate samples from different areas of the country would be obtained rather than to rep-
resent the actual distribution of the population. Another consideration in selecting the
regions examined was the likelihood of increasing the representation of those from minority
groups in the survey.

The agencies and number of personnel from whom measurements were obtained for
the survey are as follows:

Police Departments 2,060
Sheriff’s Departments Sl
Highway Patrol 176
Prison Guards 236

Samples of these numbers should be adequate to identify agency differences while ensuring
that the more numerous law enforcement agencies are given better representation.
Approximately one-third of the sample included men who were recently appointed
officers or recruits.
Most of the measurements could be taken with standard anthropometric equipment.
Interviews with the manutacturers of weapons and with law enforcement officials
indicated the need for information about the location of the trigger relative to the heel of
the weapon stock. Because no conventional anthropometric device existed which would
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Figure 1. Index of body measurements.*

*Numbers indicate the order in which the measurements were made.
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TABLE 1. BODY MEASUREMENTS AND THEIR APPLICATION.

Measurements

Body Armor

Rigid Body
Armor

Helmets

Face Masks

Respirators

Gloves

Weapon Stocks

Handheld Systems

Body Carried
Support System

Arm Reach

(Work Space)

Leg Reach

(Work Space)

Personnel Clearance

BODY

Weight
Height

P

b P

HEAD

Head circumference
Head length
Head breadth

FACE

Face breadth
Face length

Lip length

b P P

P

TORSO

Chest breadth
Chest circumference
Waist circumference

Waist front

Shoulder height sitting

Shoulder breadth
Sitting height

XX X X

PP e I

b I P

ARMS

Functional reach

LEGS

Buttock-knee length
Knee height sitting

P P P S

HANDS

Hand circumference
Hand length

Hand breadth
Finger length

Trigger position

P

P S S




Figure 2. Regions included in the body measurement survey.

TABLE 2. REGIONS INCLUDED IN THE BODY

MEASUREMENT SURVEY.
San Diego New York City
Los Angeles Detroit
Phoenix/Tucson Minneapolis/St. Paul
Dallas/Fort Worth Kansas City
Houston/Galveston Denver
New Orleans/Baton Rouge Helena/Butte
Miami/Fort Lauderdale Spokane
Atlanta Portland

Washington, DC

12




supply that information, the trigger position measuring device, described in Appendix D,
was designed.

Because the measuring was conducted at locations throughout the United States at
agencies where facilities were not the same, a portable measuring bench, with a standard seat
height and an adjustable foot rest, described in Appendix E, was designed. This bench, when
collapsed, served as a container for carrying the anthropometric equipment and related items.
The bench and some of the standard anthropometric measuring equipment are depicted in
figure 3.

Figure 3. Anthropometric measuring bench and pertinent equipment.

The results obtained from the body measurement survey are presented in Section 3
and Appendix B. Section 3 contains, for the total sample, the detailed statistics generated
for each of the body dimensions measured. It also contains summaries of the results
obtained by processing the data for each of the major subcategories of officers by experi-
ence, agency, region, and ethnic background. Appendix B contains detailed statistical sum-
maries of data from each of the subcategories,

The result of the body measurement survey has been the compilation of data needed
for effectively sizing body gear and protective equipment for law enforcement officers, This
data base may be used for law enforcement officers in general as well as for those belonging
to specific groups, agencies, regions, and ethnic backgrounds.




2.2 SHORT-FORM SURVEY FOR HEIGHT, WEIGHT, AND AGE DATA

The purpose of the height, weight, and age survey was to obtain descriptive statistics
of key factors concerning the composition of law enforcement agencies in different parts of
the United States (figure 4 and table 3). Saturation sampling, in which information on all
the personnel of a given agency (or subdivision of an agency) was obtained, was possible for
eight agencies in different regions.

The results obtained from this height, weight, and age survey are presented in section
4 which contains summary statistics generated for each of the items analyzed by agency,
region, reporting procedure, and sex. This effort has resulted in the compilation of statistics
needed for effectively producing and stocking adequate numbers of body gear and protec-
tive equipment for law enforcement agency personnel.

Figure 4. Regions included in the short-form survey.
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TABLE 3. REGIONS INCLUDED IN THE SHORT-
FORM SURVEY.

MASSACHUSETTS
Boston

NEW HAMPSHIRE

Manchester

CONNECTICUT
Hartford

NEW JERSEY

Newark

NEW YORK
New York City

Buffalo

PENNSYLVANIA
Pittsburgh

Philadelphia

FLORIDA
Jacksonville
Miami
Miami Beach
Fort Lauderdale

Dade County Sheriff’s Department
ALABAMA

Birmingham

Mobile
KENTUCKY

Lexington

OHIO
Columbus

Cleveland

DISTRICT OF COLUMBIA
Washington

Washington Police Academy

VIRGINIA

Richmond

WEST VIRGINIA

Charleston

NORTH CAROLINA

Charlotte

SOUTH CAROLINA

Columbia

GEORGIA

Savannah

ILLINOIS
Oak Park
Springfield
MISSOURI
St. Louis
Kansas City

St. Joseph

KANSAS
Topeka
Leavenworth, U.S. Penitentiary
Wichita
NEBRASKA
Omaha

Lincoln
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TABLE 3. (Continued).

MICHIGAN

Lansing

IOWA
Des Moines

Cedar Rapids

MINNESOTA
St. Paul
Minneapolis
Hennepin County Sheriff’s Department
Bloomington

Duluth

SOUTH DAKOTA
Sioux Falls

Rapid City

MONTANA
Billings
Deer Lodge State Penitentiary
Helena
Butte

Missoula

CALIFORNIA
Los Angeles Police Academy
Riverside

San Jose

OREGON
Portland
Beaverton State Police
Multnomah State Police

Milwaukie State Police

ARKANSAS
Little Rock

OKLAHOMA
Oklahoma City

Tulsa

TEXAS
Houston Police Academy
Harris County Sheriff’s Department
Harris County Sheriff’s Academy
Galveston Police Department
Galveston County Sheriff’s Department
Rosharon, Texas State Correctional Facility

Lubbock Police Department

ARIZONA
Flagstaff

NEW MEXICO
Albuquerque
Las Cruces
NEVADA
Reno
WASHINGTON
Seattle
Spokane Police Department

Spokane Sheriff’s Department

Vancouver

16




3.0 BODY MEASUREMENT SURVEY RESULTS

This series of sections presents in detail the body measurement survey information
for the total sample, and provides summary data for each of the sample categories and sub-
categories. The data are based on measurements of 23 critical body dimensions taken from
2,993 officers in 17 regions of the United States. Each section is designed to provide read-
ily usable data which should answer most of the major needs of those consulting the
material. More detailed summary data for each of the categories and subcategories are
contained in Appendix B.

Section 3.1 provides, for each measurement, complete, standard statistical treat-
ments of the data obtained from the total sample. A discussion of the statistical treatments
employed is contained in Appendix C.

Section 3.2 permits, for each measurement, the ready comparison of the summary
statistics obtained from the different sample categories and subcategories.

Section 3.3 permits, for each sample category and subcategory, the ready compari-
son of the means and standard deviations obtained on all the measurements.

17



3.1 DETAILED MEASUREMENT INFORMATION FOR THE TOTAL SAMPLE

This section presents anthropometric data based on the total sample. For each of
the 23 critical body dimensions as well as for demographic data of age and length of service,
the presentation of the data follows the format described below. Data for each measurement
are depicted on facing pages. The definition of the measurement, a photograph of the di-
mension being measured, and a graph indicating the distribution obtained for the total sam-
ple is on one page. Standard statistical treatments, including the following statistics,* are on
the facing page:

mean

standard error of the mean

standard deviation

standard error of the standard deviation

symmetry — veta |

kurtosis — veta 11

coefficient of variation

number of subjects

statistical values at selected percentiles

interval analysis (between 25 and 50 intervals were designed for each measurement)
including for each range of intervals:

frequency
cumulative frequency
frequency percent
cumulative percent
This section also presents the results for the demographic data, indicating the num-
bers of respondents for each category and the percent of the sample included in that category.

The information provided in this section permits an immediate assessment of the
charactcristics of the entire sample population of 2,993.

*Discussed in detail in Appendix C




WEIGHT

WEIGHT: Subject, wearing shorts, stands on the center of the
scale platform. Weight is measured to the nearest half pound.
A portable scale is used.
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MEASUREMENT WEIGHT

KILOGRAMS POUNDS RANGES*  F  CUMF FPCT CUMPCT
8331  MEAN VALUE 183.68 3155- 3205 2 2991* 007  100.00
022  SE(MEAN) 0.48 310.5- 3155 0 2989 00 99.93
1195  SDDEVIATION 26.34 305.5- 3105 2 2989 007  99.93
0.15  SE(SDDEV) 0.34 300.5- 3055 1 2987 003  99.87

295.5- 300.5 1 2986 003  99.83
wornn 290.5- 2955 2 2985 007  99.80
285.5- 2905 2 2983 007  99.73

SYMMETRY- - -VETA | = 0.76 280.5- 2855 2 2981 007  99.67

KURTOSIS- - -VETA Il = 437 275.5- 2805 2 2979 007  99.60

COEF. OF VARIATION  =14.3% 2705- 2755 6 2977 020  99.53

265.5- 270.5 7 2971 023  99.33

worn 260.5- 2655 4 2964 0.13  99.10

255.5- 2605 6 2960 020 9896

NUMBER OF SUBJECTS = 2991 250.5- 2555 9 2954 030  98.76

245.5- 2505 11 2945 037 9866

xars 240.5- 2455 15 2934 050  98.09

235.5- 2405 35 2919 1.17  97.59

THE PERCENTILES 230.5- 2355 38 2884 127  96.42

225.5- 2305 59 2846 197  95.15

KILOGRAMS POUNDS 220.5- 2255 56 2787 187  93.18

2155- 2205 75 2731 251 91.31

118.78 99TH 261.87 210.5- 2155 80 2656 267  88.80

110.93 98TH 244.56 205.5- 2105 136 2576 455  86.12

107.94 97TH 237.97 200.5- 205.5 134 2440 448  81.58

104.38 9STH 230.11 195.5- 200.5 170 2306 5.68  77.10

98.83 90TH 217.89 190.5- 1955 205 2136 685 714

94.92 85TH 209.26 185.5- 190.5 239 1931 799  64.56

92.41 80TH 203.74 180.5- 185.5 228 1692 7.62  56.57

90.11 75TH 198.65 175.5- 180.5 242 1464 809 4895

88.21 70TH 194.47 170.5- 1755 247 1222 826  40.86

86.55 65TH 190.82 165.5- 170.5 206 975 689  32.60

85.11 60TH 187.65 160.5- 165.5 203 769 679 2571

83.67 55TH 184.47 1555- 160.5 175 566 585 1892

82.19 50TH 181.19 150.5- 1555 127 391 425  13.07

80.77 45TH 178.06 145.5- 1505 116 264 3.88 8.83

79.37 40TH 174.98 140.5- 1455 69 148 231 495

78.00 35TH 171.95 135.5- 1405 40 79 134 2.64

76.48 30TH 168.61 130.5- 1355 23 39 077 130

74.83 25TH 164.98 1255- 1305 10 16 0.33 0.53

73.16 20TH 161.29 120.5- 1255 6 6 020 0.20
71.28 ISTH 157.15

68.89 10TH 151.88 * POUNDS

66.03 STH 145.57
64.08 3RD 141.28
62.64 2ND 138.10
60.57 IST 133.52
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PERCENT PER INTERVAL
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HEIGHT

HEIGHT: Subject stands erect, head in the Frankfort plane,
heels together, and weight distributed equally on both feet.
With the arm of the anthropometer firmly touching the scalp,
the vertical distance from the standing surface to the top of
the head is measured. An anthropometer is used.

1560

2020 p—
2040 —

1580
1600
1620
1640
1660
1680 —
1900 —
1920
1940
1960
1980
2000 p—

HEIGHT

TEN-MILLIMETER INTERVALS
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MEASUREMENT HEIGHT

MILLIMETERS INCHES RANGES*  F  CUMF
178116 MEANVALUE  70.12 2065520755 1 2989
106 SE(MEAN) 0.04 2055.5-2065.5 O 2988
5784 SDDEVIATION  2.28 20455-2055.5 0 2988
0.75  SE (SD DEV) 0.03 2035520455 0 2988
2025520355 0 2988

xx s 20155-2025.5 1 2988
2005520155 1 2987

SYMMETRY ---VETA1 = 033 1995.5-2005.5 1 2986
KURTOSIS --- VETAHl = 3.28 1985.5-1995.5 0 2985
COEF. OF VARIATION = 3.2% 1975.5-1985.5 2 2985
1965.5-1975.5 0 2983

ok ox 19555-1965.5 3 2983
1945.5-1955.5 6 2980

NUMBER OF SUBJECTS = 2989 1935.5-1945.5 11 2974
1925.5:1935.5 9 2963

rax 1915519255 15 2954
1905.5-1915.5 17 2939

1895.5-1905.5 27 2922

1885.5-1895.5 27 2895

THE PERCENTILES 1875.5-1885.5 46 2868
1865.5-1875.5 65 2822

MILLIMETERS INCHES 1855.5-1865.5 83 2757
B 1845.5-1855.5 87 2674
oong momay g 1835.5-1845.5 114 2587
STl SOOI 1825.5-1835.5 136 2473
Ao 4 R et 1815.5-1825.5 145 2337
i S o o 1805.5-1815.5 159 2192
i meH 9950 1795.5-1805.5 189 2033
e G v G s 1785.5-1795.5 204 1844
ey ol kel 17755-1785.5 211 1640
e e = 1765.5-1775.5 190 1429

o Ay 1755.5-1765.5 205 1239
i0h COOT e 1745.5-1755.5 168 1034
SR seim kw 1735.5-1745.5 192 866
Ao i R e 1725.5-1735.5 160 674
Sores el £990 1715517255 141 514
e ot e 1705.5-1715.5 119 373

i s (i 1695.5-1705.5 86 254
o ol 1685.5-1695.5 56 168
it i o 1675.5-1685.5 48 112
173074 20TH  68.14 LeEmBIeTSs s &
172084  ISTH 6775 ieSssdnced B el
1709.27 I0TH  67.29 (bdagalons & 19
1692.19 STH  66.62 Reoltss @
1680.85 3RD  66.17 eSS 7
1674.85 IND 6591 s L 2
1664.57 IST  65.53 IS0 Hel s 0 g
1595.5-1605.5 1 2

1585.5-1595.5 O 1

1575.5-1585.5 0 1

1565.5-1575.5 0 1

1555.5-1565.5 1 1

*MILLIMETERS
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FPCT

0.03
0.0

0.0

0.0

0.0

0.03
0.03
0.03
0.0

0.07
00

0.10
0.20
0.37
0.30
0.50
0.57
0.90
0.90
1.54
2.17
2.78
291
3.81
4.55
4.85
5.32
6.32
6.83
7.06
6.36
6.86
5.62
6.42
535
4.72
398
2.88
1.87
161
1.10
040
0.27
0.13
0.17
00

00

0.03
0.0

0.0

0.0

0.03

CUMPCT

100.00
99.97
99.97
99.97
99.97
99.94
99.93
99.90
99.87
99.87
99.80
99.80
99.70
99.50
99.13
98.83
98.33
97.76
96.85
9595
94 .41
92.24
89 .46
86.55
82.74
78.19
73.34
68.02
61.69
54.87
47.81
4145
34.59
28.97
2255
17.20
12.48

8.50
5.62
8.75

2.14

1.04
0.64
0.37
0.23
0.07
0.07
0.07
0.03
0.03
0.03
0.03




PERCENT PER INTERVAL

FUNCTIONAL REACH

FUNCTIONAL REACH: Subject stands erect against a
wall, with his right arm extended forward horizontally,
and with the tips of his thumb and index fingers pressed
together; his shoulders must remain in contact with the
wall. Functional reach is measured as the horizontal dis-
tance from the wall to the tip of the thumb. An anthro-
pometer is used.

1010 p—

FUNCTIONAL REACH
TEN-MILLIMETER INTERVALS
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MILLIMETERS INCHES
82970 MEAN VALUE  32.67
077  SE (MEAN) 0.03
4200 SDDEVIATION 165
0.54  SE(SD DEV) 0.02
* % ok ¥
SYMMETRY --- VETA1 = 0.32
KURTOSIS - - - VETAIl = 3.24
COEF. OF VARIATION = 5.1%
K ok K ok
NUMBER OF SUBJECTS = 2987
K ok Kk
THE PERCENTILES
MILLIMETERS INCHES
940.60 99TH  37.03
923.27 98TH  36.35
912.56 97TH  35.93
900.62 9STH  35.46
885.16 90TH  34.85
874.09 8STH  34.41
864 81 80TH  34.05
856.92 75TH  33.74
849.90 70TH  33.46
843.95 65TH  33.23
838.17 60TH  33.00
832.61 SSTH ~ 32.78
827.41 SOTH  32.57
822.41 45TH 3238
817.10 40TH  32.17
811.59 35TH 3195
805.67 30TH  31.72
799.60 2STH  31.48
793.27 20TH  31.23
785.99 ISTH 3094
777.37 10TH 3060
765.19 STH  30.13
756.54 3RD  29.79
750.43 IND  29.54
741.89 IST  29.21

MEASUREMENT FUNCTIONAL REACH

*MILLIMETERS

RANGES*

1010.5-1020.5

1000.5-1010.5
990.5-1000.5
980.5-990.5
970.5-980.5
960.5970.5
950.5-960.5
940.5950.5
930.5-940.4
920.5930.5
910.5920.5
900.5910.5
890.5-900.5
880.5-890.5
870.5-880.5
860.5-870.5
850.5-860.5
840.5-850.5
830.5-840.5
820.5-830.5
810.5-820.5
800.5-810.5
790.5-800.5
780.5-790.5
770.5-780.5
760.5-770.5
750.5-760.5
740.5-750.5
730.5-740.5
720.5-730.5
710.5-720.5
700.5-710.5

F

CUMF FPCT
2987 0.03
2986 0.03
2985 0.0
2085 0.0
2985 0.13
2081 0.13
2977 0.23
2970 0.44
2957 0.54
2941 0.64
2922 1.04
2891 1.81
2837 205
22515 4.18
2630 4.75
2488 5.79
23015 7.00
2106 8.40
1855 9.01
1586  10.01
1287 9.07
1016 8.30

768 7.90
5812, 6:23
346 5.06
195 2.88
109 1.64
60 1.17
25 0.37
14 0.17
9 0.17

4 0.13

CUMPCT

100.00
9997
9993
99.93
9993
99.80
99.67
99 .43
99.00
98.46
97 82
96.79
94 .98
92.23
88.05
83.29
77.50
70.51
62.10
53.10
43.09
34.01
25.71
17 .81
11.58

6.53
3.65
2.01
0.84
0.47
0.30
0.13




PERCENT PER INTERVAL
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CHEST BREADTH

CHEST BREADTH: Subject stands erect with his arms ini-
tially raised to the sides and then lowered after the an-
thropometer is in place. The breadth of the chest is
measured at the level of the nipples during normal breath-
ing. A beam caliper is used.
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CHEST BREADTH

FIVE-MILLIMETER INTERVALS
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MEASUREMENT CHEST BREADTH

MILLIMETERS INCHES RANGES* F CUMF FPCT CUMPCT

346 43 MEAN VALUE 13.64 480.5485.5 2984 0.03 100.00

1
048  SE(MEAN) 0.02 475.5-480.5 0 2983 00 99.97
26.35  SDDEVIATION  1.04 470.5475.5 1 2983  0.03 99.97
034  SE(SDDEV) 0.01 465.5-470.5 2 2982 0.7 99.93
460.5-465.5 2 2980 007 99.97

ok k x 455.5-460.5 0 2978 00 99 80

450.5455.5 0 2978 0.0 99.80

SYMMETRY ---VETAl =0.53 445.5450.5 0 2978 0.0 99.80
KURTOSIS - - - VETAIl =397 440.5-445.5 32978  0.10 99.80
COEF. OF VARIATION  =7.6% 435.5-440.5 1 2975  0.03 99.70
430.5-435.5 4 2974 0.3 99.66

* k% 425.5-430.5 7 2970 023 99.53

420.5-425.5 6 2963 0.0 99.30

NUMBER OF SUBJECTS = 2984 415.5420.5 7 2957 023 99.10
410.5-415.5 13 2950 044 98.86

* kK ok 405.5-410.5 18 2937  0.60 98.42

400.5405.5 21 2919 0.70 97.82
395.5400.5 22 2898 0.74 97.12
390.5-395.5 53 2876 1.78 96.38

THE PERCENTILES 385.5-390.5 71 2823 2.38 94.60
380.5-385.5 71 2752 2.38 92.23
MILLIMETERS INCHES 375.5-380.5 81 2681 2.71 89 .85
370.5-375.5 114 2600  3.82 87.13
418.47 99TH 16 .48 365.5-370.5 132 2486 442 83.31
406 98 98TH 16.02 360.5-365.5 178 2354 5.97 78.89
39970 97TH 15.74 355.5-360.5 195 2176 6.53 72492
391.6] 95TH 15.42 350.5-355.5 212 1981 7.10 66.39
380.82 90TH 14.99 345.5-350.5 229 1769 7.67 59.28
372.71 85TH 14.67 340.5-345.5 250 1540 8.38 51.61
366.76 80TH 14.44 335.5-340.5 232 1290 7.77 43.23
362.24 75TH 14.26 330.5-335.5 244 1058 8.18 3546
358.26 70TH 14.10 325.5-330.5 173 814 5.80 27.28
354.52 65TH 13.96 320.5-325.5 182 641 6.10 21.68
351.00 60TH 13.82 315.5-320.5 130 459 436 15.38
347.71 55TH 13.69 310.5-315.5 108 329 3.62 11.03
344.54 S0TH 13.56 305.5-310.5 86 221 2.88 741
341.56 45TH 1345 300.5-305.5 66 135 2.21 4.52
338.42 40TH 1303 295.5-300.5 25 69 0.84 231
33522 35TH 13.20 290.5-295.5 22 44 0.74 1.47
339416 30TH 13.08 285.5-290.5 5 22 0.17 0.74
328.53 25TH 12.93 280.5-285.5 12 17 0.40 0.57
324.29 20TH 12.77 275.5-280.5 ] S 0.03 0.17
320.06 15TH 12.60 270.5-275.5 4 4 0.13 0.13
314.08 10TH 237 *MILLIMETERS
306.33 STH 12.06
302.05 3RD 11.89
298.64 2ND 11.76
292.28 1ST 11.51
27



CHEST CIRCUMFERENCE

CHEST CIRCUMFERENCE: Subject stands erect with his
arms initially raised to the sides and then lowered after the
tape is in place. The maximum horizontal circumference of
the chest is measured at the level of the nipples during
normal breathing. A steel tape is used.
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CHEST CIRCUMFERENCE
FIFTEEN-MILLIMETER INTERVALS
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MILLIMETERS INCHES
102156 MEANVALUE 4022
1.44  SE (MEAN) 0.06
78.99 SD DEVIATION  3.11
1.02  SE(SD DEV) 0.04
* ok ok Xk
SYMMETRY --- VETAl = 046
KURTOSIS - - - VETAIl = 3.79
COEF.OF VARIATION = 7.7%
* k k %k
NUMBER OF SUBJECTS  =2990
* %k %k k%
THE PERCENTILES
MILLIMETERS INCHES
1234.01 99TH  48.58
1198.68 08TH  47.19
1181.77 97TH  46.53
1158.46 95TH  45.61
1122.57 90TH  44.20
1099.06 8STH  43.27
1082 .38 S80TH 426l
1067.08 7STH 4201
1055.40 70TH  41.55
1045.49 65TH  41.16
1036.63 60TH  40.81
1027 48 55TH 4045
1018.13 SOTH  40.08
1008.30 45TH  39.70
998.84 40TH 3932
989 47 35TH  38.96
979.55 30TH  38.56
968.80 2STH  38.14
956.47 20TH  37.66
941.10 ISTH  37.05
923.28 10TH  36.35
898.98 STH 3539
884.59 3RD 3483
872.79 IND 3436
857.59 IST  33.76

MEASUREMENT CHEST CIRCUMFERENCE

*MILLIMETERS

RANGES*

1380.5-1395.5
1365.5-1380.5
1350.5-1365.5
1335.5-1350.5
1320.5-1335.5
1305.5-1320.5
1290.5-1305.5
1275.5-1290.5
1260.5-1275.5
1245.5-1260.5
1230.5-1245.5
1215.5-1230.5
1200.5-1215.5
1185.5-1200.5
1170.5-1185.5
1155.5-1170.5
1140.5-1155.5
1125.5-1140.5
1110.5-1125.5
1095.5-1110.5
1080.5-1095.5
1065.5-1080.5
1050.5-1065.5
1035.5-1050.5
1020.5-1035.5
1005.5-1020.5
990.5-1005.5
975.5- 990.5
960.5- 975.5
945.5- 960.5
930.5- 945.5
915.5- 930.5
900.5- 915.5
885.5- 900.5
870.5- 885.5
855.5- 870.5
840.5- 855.5
825.5- 840.5
810.5- 825.5
795.5- 810.5
780.5- 795.5

F
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144
147
199
253
244
228
241
226
198
149
138
108

87

64

38

28

14

ro 19 W

CUMF

2990
2089
2987
2986
2986
2082
2980
2977
2975
2969
2967
2958
2945
2933
2910
2871
2833
2774
2709
2617
2518
2374
2227
2028
1775
1531
1303
1062
836
638
489
351
243
156
92

FPCT

0.03
0.07
0.03
0.0
0.13
0.07
0.10
0.07
0.20
0.07
0.30
043
0.40
0.77
1.30
12
1.97
2417
3.08
3:81]
4.82
492
6.66
8.46
8.16
7.63
8.06
7.56
6.62
498
4.62
3.61
291
2.14
1.27
0.94
047
0.17
0.10
0.07
0.07

CUMPCT

100.00
99.97
99.90
99.87
99.87
99:43
99.67
99.57
99.50
99.30
99.23
9893
98.49
98.09
97.32
96.02
94.75
92.78
90.60
87.53
84.21
79.40
74.48
67.83
59.36
51.20
43.58
35.52
27.96
21.34
16.35
11.74
8.13
5.22
3.08
1.81
0.87
040
0.23
0.13
0.07
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WAIST CIRCUMFERENCE

WAIST CIRCUMFERENCE: Subject stands erect with abdo-
men relaxed. The maximum horizontal circumference of the
waist is measured at the level of the navel (omphalion). A
steel tape is used.
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WAIST CIRCUMFERENCE
FIFTEEN-MILLIMETER INTERVALS
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MEASUREMENT WAIST CIRCUMFERENCE

MILLIMETERS INCHES RANGES* |53 CUMF FPCT CUMPCT
906.12 MEAN VALUE 35.67 1375.5-1390.5 1 2988 0.03 100.00
1.73 SE (MEAN) 0.07 1360.5-1375.5 0 2987 0.0 99.97
94.57 SD DEVIATION B2 1345.5-1360.5 0 2987 0.0 9997
1.22 SE (SD DEV) 0.05 1330.5-1345.5 2 2987 0.07 99.97
1315.5-1330.5 0 2985 00 99.90

R 1300.5-1315.5 0 2985 0.0 9990
1285.5-1300.5 3 2985 0.10 99.90

SYMMETRY - -- VETA | = 0.65 1270.5-1285.5 3 2982 0.10 99 .80
KURTOSIS -- - VETA I =i 3.99 1255.5-1270.5 | 2979 0.03 99.70
COEF. OF VARIATION = 104% 1240.5-1255.5 l 2978 0.03 99.67
1225.5-1240.5 3 2977 0.10 99.63

e A 1210.5-1225.5 4 2974 0.13 99.53
1195.5-1210.5 4 2970 0.13 99 .40

NUMBER OF SUBJECTS  =2988 1180.5-1195.5 9 2960 0.30 99 .26
1165.5-1180.5 S 2957 0.17 98.96

ik 1150.5-1165.5 9 2952 0.30 98.79
1135.5-1150.5 11 2943 0.37 98.49

1120.5-1135.5 17 2982 0.57 98.13

1105.5-1120.5 20 2915 0.67 97.56

THE PERCENTILES 1090.5-1105.5 25 2895 0.84 96.89
1075.5-1090.5 26 2870 0.87 96.05

MILLIMETERS INCHES 1060.5-1075.5 40 2844 1.34 95.18
1045.5-1060.5 38 2804 1527 93.84

1182.38 99TH 46.55 1030.5-1045.5 59 2766 1.97 92.57
1132.19 98TH 44.57 1015.5-1030.5 69 2707 2.31 90.60
1108.02 97TH 43.62 1000.5-1015.5 69 2638 2.31 88.29

’ 1073.48 9STH 42.26 985.5-1000.5 119 2569 398 85.98
1026.63 90TH 4042 970.5- 985.5 132 2450 442 81.99
996.82 8STH 39.24 955.5- 970.5 148 2318 495 77.58
978.73 80TH 38.53 940.5- 9555 159 2170 532 72.62
962.70 75TH 37.90 925.5- 940.5 164 2011 549 67.30
943.10 70TH 3%:38 910.5- 9255 193 1847 6.46 61.81
934.21 65TH 36.78 895.5- 910.5 186 1654 6.22 5535
921.69 60TH 36.27 880.5- 8955 225 1468 7.53 49.13
909.65 55TH 35.81 865.5- 880.5 193 1243 6.46 41.60
897.60 50TH 3534 850.5- 865.5 182 1050 6.09 35.14
887.27 45TH 3493 835.5- 850.5 176 868 4.89 29.05
876.78 40TH 34.52 820.5- 835.5 162 692 542 23.16
865.15 35TH 34.06 805.5- 8205 125 530 4.18 17.74
852.84 30TH 33.58 790.5- 805.5 117 405 3.92 13.55
340.19 25TH 33.08 775.5- 790.5 85 288 2.84 9.64

g 826.76 20TH 32.55 760.5- 775.5 78 203 2.61 6.79
810.68 15TH 3192 745.5- 760.5 512 125 1.74 4.18
791.88 10TH 31.18 730.5- 745.5 33 i3 1.10 244
765.19 STH 30.13 715.5- 730.5 20 40 0.67 1.34
750.30 3RD 29.54 700.5- 715.5 12 20 040 0.67
739.48 2ND 29.11 685.5- 700.5 S 8 0.17 0.27
722.91 1ST 28.46 670.5- 685.5 3 3 0.10 0.10

*MILLIMETERS
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WAIST FRONT

WAIST FRONT: Subject stands erect looking straight ahead.
The surface distance from the suprasternale landmark to the
navel (omphalion) is measured. A steel tape is used.
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PERCENT PER INTERVAL
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WAIST FRONT
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MEASUREMENT WAIST FRONT

MILLIMETERS INCHES RANGES* F CUMF FPCT CUMPCT
413.28 MEAN VALUE 16.27 580.5-590.5 1 2983 0.03 100.00
0.49 SE (MEAN) 0.02 570.5-580.5 0 2982 0.0 99.97
2691 SD DEVIATION 1.06 560.5-570.5 0 2982 0.0 99.97
0.35 SE (SD DEV) 0.01 550.5-560.5 0 2982 0.0 99.97
540.5-550.5 0 2982 0.0 99.97
LR 530.5-540.5 1 2982 0.03 99.97
520.5-530.5 2 2981 0.07 99.93
SYMMETRY - -- VETA] = 0.58 510.5-520.5 5 2979 0.17 99.87
KURTOSIS - - - VETA Il =424 500.5-510.5 2 2974 0.07 99.70
COEF. OF VARIATION = 6.5% 490.5-500.5 14 2972 047 99.63
480.5490.5 24 2958 0.80 99.16
M 470.5480.5 45 2934 1.51 98.36
460.5-470.5 62 2889 2.08 96.85
NUMBER OF SUBJECTS = 2983 450.5460.5 102 2827 342 94.77
440.5-450.5 174 272§ 5.83 9il:855
ke 2 430.5440.5 296 2551 9r92 85.52

420.5-430.5 366 2255 12.27 75.60
410.5420.5 420 1889  14.08 63.33
400.5410.5 453 1469  15.19 49.25

THE EBRCENTLES 390.5400.5 456 1016 15.29 34.06
380.5-390.5 289 560  9.69 18.77
MILLIMETERS INCHES 370.5380.5 162 271 543 9.08
360.5370.5 78 109 261 3.65
49575 ooTi  J0%8 350.5360.5 17 31 057 1.04
AT Sy e 340.5-350.5 11 14 037 047
AL e 320.5-330.5 0 1 00 0.03
e e e e 310.5-320.5 0 1 00 0.03
Al s 300.5-310.5 I 1 0.03 0.03
434.94 8OTH  17.12 *MILLIMETERS
43001 75STH  16.93
42594 70TH  16.77
421.86 65TH  16.61
418.14 60TH  16.46
414.59 SSTH  16.32
411.04 SOTH  16.18
407.70 45TH  16.05
404.41 40TH 1592
401.12 35TH 1579
397.84 30TH  15.66
394.57 25TH  15.53
39130 20TH  15.41
386.61 ISTH  15.22
381 .44 I0TH  15.02
372.98 STH  14.68
368.00 3RD 1449
364.17 IND 1434
359 81 IST 1417

33




HEAD CIRCUMFERENCE

HEAD CIRCUMFERENCE: Subject sits erect with head
level. The maximum circumference of the head is measured
with the tape passing just above the bony brow ridges of
the forehead and above both ears. A steel tape is used.

PERCENT PER INTERVAL
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MEASUREMENT HEAD CIRCUMFERENCE

MILLIMETERS INCHES RANGES* F CUMF FPCT CUMPCT
574 96 MEAN VALUE 22.64 630.5-635.5 1 2985 0.03 100.00
0.29 SE (MEAN) 0.01 625.5-630.5 4 2984 0.13 99.97
15.77 SD DEVIATION 0.62 620.5-625.5 S 2980 0.17 99.83
0.20 SE (SD DEV) 0.01 615.5620.5 I3 2975 044 99.66
610.5615.5 19 2962 0.64 991.238
AR R 605.5-610.5 34 2943 1.14 98.59
600.5-605.5 78 2909 261 9745
SYMMETRY ---VETA1l = 0.07 595.5-600.5 132 2831 4.42 94.84
KURTOSIS - - - VETA 11 = 313 590.5-595.5 182 2699 6.10 90.42
COEF. OF VARIATION = 2.7% 585.5-590.5 257 2517 8.61 8432
580.5-585.5 316 2260 10.59 75.71
>k k ok 575.5-580.5 367 1944 12.29 65.13
570.5-575.5 403 1577  13.50 52.83
NUMBER OF SUBJECTS = 2985 565.5-570.5 381 1174 12.76 39.33
560.5-565.5 263 793 8.81 26.57
RACRER A 555.5-560.5 209 530 7.00 17.76
550.5-555.5 137 3211 4.59 10.75
545.5-550.5 85 184 2.85 6.16
540.5-545.5 54 99 1.81 3.32
THE PERCENTILES 535.5-540.5 26 45 0.87 1.51
530.5-535.5 15 19 0.50 0.64
MILLIMETERS INCHES 525.5-530.5 3 4 0.10 0.13
520.5-525.5 1 1 0.03 003
613.70 99TH 24.16 *MILLIMETERS
607.90 98TH 23.93
604.63 97TH 23.80
600.80 95TH 23.65
595.16 90TH 23.43
591.06 85TH 23524
587.99 80TH 23.15
585.16 75TH 23.04
582.80 70TH 2294
580.45 65TH 22.85
578.42 60TH 22.77
576.38 SSTH 22.69
574.45 S0TH 22.62
572.60 45TH 22.54
570.75 40TH 22.47
568.80 35TH 22.39
566.84 30TH 22.32
S64.61 25TH 22.23
561.77 20TH 22.12
SI518ESB 15TH 2199
554.68 10TH 21.84
548.46 STH 21.59
544 .62 3RD 21.44
541.86 2ND 21.33
87459 1ST 21.16
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PERCENT PER INTERVAL

HAND CIRCUMFERENCE

HAND CIRCUMFERENCE: Subject sits with
his right hand and fingers extended palm
down, resting on, but not pressed against, the
measuring bench. The fingers are together.
The maximum circumference of the hand is
measured at the level of the distal ends of the
metacarpal bones. A steel tape is used.
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MEASUREMENT HAND CIRCUMFERENCE

MILLIMETERS INCHES RANGES* F CUMF FPCT CUMPCT
21427 MEAN VALUE 8.44 275.5-280.5 1 2985 0.03 100.00
0.19 SE (MEAN) 0.01 270.5-275.5 0 2984 0.0 99.97
10.21 SD DEVIATION 0.40 265.5-270.5 0 2984 0.0 9997
0.13 SE (SD DEV) 0.01 260.5-265.5 0 2984 0.0 99.97
255.5-260.5 0 2984 0.0 99.97
il 250.5-255.5 0 2984 0.0 99.97
245.5-250.5 6 2984 0.20 9997
SYMMETRY --- VETAl = 0.19 240.5-245.5 13 2978 0.44 99.77
KURTOSIS --- VETA 11 = 3:51 235.5-240.5 41 2965 1.37 99.33
COEF. OF VARIATION = 4.8% 230.5-235.5 101 2924 3.38 97.96
225.5-230.5 240 2823 8.04 94.57
ek 220.5-225.5 358 2583 1199 86.53
215.5-220.5 539 2225 18.06 74.54
NUMBER OF SUBJECTS  =2985 210.5-215.5 579 1686 19.40 56.48
205.5-210.5 510 1107 17.09 37.09
Tk ik 200.5-205.5 343 597 11.49 20.00
195.5-200.5 165 254 5.53 8.51
190.5-195.5 58 89 1.94 298
185.5-190.5 2 3l 0.84 1.04
THE PERCENTILES 180.5-185.5 S 6 0.17 0.20
175.5-180.5 1 1 0.03 0.03
MILLIMETERS INCHES *MILLIMETERS
239.30 99TH 942
235.66 98TH 9.28
234.09 97TH 9.22
231.13 95TH 9.10
227.66 90TH 8.96
22486 85TH 8.85
222.78 80TH 8.77
220.69 75TH 8.69
219.24 70TH 8.63
217.86 65TH 8.58
21647 60TH 8.52
205:12 SSTH 8.47
213.83 S0TH 8.42
212.54 45TH 8.37
211.25 40TH 8.32
209.89 35TH 8.26
208.43 30TH 8.21
206.96 25TH 8.15
205.50 20TH 8.09
203.32 15TH 8.00
201.15 10TH 792
197.33 STH 7.77
195.52 3RD 7.70
192.97 2ND 7.60
190.27 1ST 7.49
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PERCENT PER INTERVAL

SHOULDER HEIGHT, SITTING

SHOULDER HEIGHT, SITTING: Subject sits erect with
his feet resting on a 