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PREFACE

This report by Robert M. White is being published posthumously. Mr. White completed
a draft of the manuscript shortly before his death in November 1981. The concept, format,
and content of the report are Mr. White's, His colleagues at Natick Laboratories brought the
manuscript to publication. They have strived to insure that this manuscript meets the standards

of excellence that were a halimark of Mr. White’s publications during his 30 years as the U.S.
Army’s anthropologist.
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COMPARATIVE ANTHRCPOMETRY OF THE FOOT
1. INTRODUCTION

A significant development during the long period of early human evolution was man's
achievement of upright posture. This not only freed the hands for activities other than
locomotion, but also gave the human being the added advantage of increased heighit so that
he could see farther. However, this development also was the source of an additional
problem: with upright posture, all of the body weight was concentrated on the two feet,
and thus began man's long history of foot troubles.

Aside from cuts and bruises, or more serious accidents involving fraztures, the primitive
human foot is relatively free from what we usuclly think of as foot problems. in most warm
climates, the foot is unencumbered with heavy or restricting footwear; the soles of the fee:
become toughened and calloused. |n coider climates, the feet are covered and protected with
boots of some kind, usually made from animal skins.

Man’s foot problems became intensified with the advances of “civilization,” which included
the development of iootwear. In many cases, the footwear restrained the feet and gave rise
to all kinds of difficulties, usually as a result of poor design and improper fit. The whims
of fashion also played a large part in the development of foot problems, culminating in the
old Chinese custom of binding and deforming women’s feet to the point where they were
reduced to mere stumps,

While the feet are not as important as the hands in * “ms of human activity and function,
the feet, as extremities of the body, require protection from heat to some extent, but particularly
from cold. Insulated footwear represents one extreme of the whole range of footwear required
for protection of the feet.

If the feet are to be enclosed with some type of footwear, it is obvious that informaticn
on the dimensions and ranges of variation in the feet are required for the effective design
and sizing of footwear. This information on the range of variation in the sizes and dimensions
of the feet forms an important part of the basic knowledge of the human body represented
by anthropometric data.

In spite of the importance of the human foot and the need for data on dimensions of
the foot, it is unfortunate that very little reliable and definitive information is available on
the feet of men and women in the adult civilian population of the United States.

Only a few anthropometric surveys of civilians have been carried out in the United States.
A survey of U. S. civilian women was conducted in 1939—-1840 by the Bureau of Home
Economics, U. S. Denartment of Agriculture. In this project, 59 body measurements were
taken on a!most 15,000 women, primarily for application in pattern and garment construction.
However, no foot measurements were taken in this survey. A limited number of body
measurements were taken during a national Health Examination Survey (HES) of U. S. civilian
men and women, carried out between 1959 and 1962 by the Public Health Service, U. S.
Department of Health, Education, and Welfare (HEW). in this survey, covering individuals
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between 18 and 79 years of age, 3,091 men and 3,581 women were measured. Anthropometric
\ data were obtained for 18 body measurements, but no foot measurements were taken, A
more recent Health and Nutrition Examination Survey (HANES) was conducted by the U. S.
Department of Health, Education, and Welfare between 1971 and 1974, in which 20,749 persons
between the ages of one and 74 years were examined. Again, however, no foot measurements
were made,

A few anthropometric surveys of specialized samples of the U. S. adult population have
been carried out, but even in some of these studies, foot measurements were not inciuded.
In only four of these recent studies were foot measurements taken. Foot mcasurements were
taken in an anthropometric study of 130 Spanish—American War veterans, carried out in 1959
by Damon and Stoudt.! Damon and Stoudt also participated in the initiation of a normative
aging study of U. S. male veterans, being conducted by the Boston Qutpatient Clinic of the
Veterans Administration (VA).2  This project was started in 1972 and is continuing; foot
measurements are included in the measurements being taken. Another anthropometric survey
of U. S. civilian men was carried out in 1961, when the Federal Aviation Administration’s
Civil Aeromedical institute in Oklahoma City, Oklahoma, took 64 measurements on a series
of 680 air traffic control trainees; foot measurements were included (Snow and Snyder, 1965).3
The only recent survey of U. S. civilian women also was carried out by the Civil Aeromedical
Institute in 1971 {Snow, Reynolds, and Allgood, 1975).% In this study, 72 body measurements
were made on 422 airline stewardess trainees; foot measurements were included.

In contrast to the paucity of data on feet in the civilian population of the United States,
a great deal of anthropometric data on feet is available for the military population of U. S.
men and women. Many anthropometric surveys of military personnel have been carried out
since World War 11, and most of these surveys have included at least some foot measurements.
Because of the limited data on civilian feet, designers and human engineers rely heavily on
the milita data.

The primary purpose of this report is to present anthropometric data on the feet of men
and women, Most of the data have been drawn from the military population: those available
on the civilian population are presented as weil.

VA, Damon and H. W. Stoudt. The Functional Anthropometry of Old Men. Human Factors,
Vol. 5, No. 5, 485—-491, October 1963.

2A. Damon, C. C. Seltzer, H. W. Stoudt, and B. Bell. Age and Physique in Healthy White
Veterans at Boston. Journal of Gerontology, Vol. 27, No. 2, 202--208, 1972.

3C. C. Snow and R. G. Snyder. Anthropometry of Air Traffic Control Trainees. Report
No. AM 65—26, Federal Aviation Agency, Civil Aeromedical Research Institute, Oklzhoma City,
Oklahoma, September 1965. (AD 689 810)

4C. C. Snow, H. M. Reynolds, and M. A. Allgood. Anthropometry of Airline Stewardesses.

Report No. FAA—-AM-75-2, Federal Aviation Administration, Civil Aeromedical Institute,
Oklahoma City, Oklahoma, March 1975.
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2. A REVIEW OF SOME LITERATURE ON THE FOOT

information and data on the feet of U. S. military personnel may be found in several
early studies carried out between 1945 and 1955, and reported in technical repor.s published
by the U. S. Army,

An interesting project was initiated in 1945 at the Armored Medical Research Laboratory,
Fort Knox, Kentucky, to investigate the feet and footwear of U. S. Army troops. The project
was designated: Project T—13, Survey of Foot Measurements and the Proper Fit of Army
Shoes. Several brief reports were published on the results of this research. The first partial
report was a ‘‘Study of Factors Bearing on the Establishment of Size Tariffs, on Size
Designations, and on Shoe Fitting,”> while a second partial report was a “Study of Sweating
of the Feet of Marching Troops.”® The fourth partial report on this project was an “’Analysis
of Characteristics of Footgear for Army Field Use."””

The most significant report on this project was the third partial report on the ““Foot
Dimensions of Soldiers,” which was prepared by Arthur Freedman, a Major in the Medical
Corps, and five co-workers; it was published in 1946.8 in an anthropometric survey of the
feet of U. S. Army men, carried out in 1945 at Fort Knox, a total of 6,278 white subjects
and 1,281 black subjects were examined. The white subjects were either in basic training
or were members of the enlisted cadre at the Armored Replacement iraining Center at Fort
Knox. For the most part, those in basic training were in their third month of Army service.
The black subjects were Army Air Corps personnel, principally ground enlisted men from
Godman Field, adjacent to Fort Knox, who had been in the service from one to four years.
All of these subjects were not included in the final study. Analyses were made on the data
for 5,575 white and 1,200 black subjects. The subjects not a part of the final study were
xcluded because of practice runs, photographic failures, or clinical findings of gross physical
w2fects in the feet. Together with weight and stature, 27 foot measurements were taken: foot
length, baii length (instep length), 5th toe length, outside ball length, outside ball length
(diagonal), toe length, breadth of three forward toes, toe height, height of great toe tip, anterior

SA. Freedman, C. M. Kirkpatrick, and E. C. Huntington., Study of Factors Bearing on the
Establishment of Size Tariffs, on Size Designations, and on Shoe Fitting. First Partial Report,
Project No. T—13, Armored Medical Research Laboratory, Fort Knox, Kentucky, December
1945. (AD 658 562)

¢A. Freedman and C. M. Kirkpatrick. Study of Sweating of the Feet of Marching Troops.
Second Partial Report, Projer .o. T--13, Armored Medical Research Laboratory, Fort Knox,
Kentucky, December 1945. (AD 658 563)

7A. Freedman. Analysis of Characteristics of Footgear for Army Field Use. Fourth Partial
Report, Project No. T—13, Armored Medical Research Laboratory, Fort Knox, Kentucky, March
1946. (AD 658 556)

SA. Freedman, E. C. Huntington, G. C. Davis, R. B. Magee, V. M. Milstead, and C. M.

Kirkpatrick. Foot Dimensions of Soldiers. Third Partial Report, Project No. T—13, Armored
Medical Research Laboratory, Fort Knox, Kentucky, March 1946. (AD 658 682)
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curvature and orientation of toes, foot breadth (diagonal), fout breadth (horizontal), foot flare,
ball girth (ball of foot circumference), ball height, outside ball height, angular orientation of
metatarsal heads, lateral foot contour, plantar arch height, dorsal arch height, breadth of instep,
instep girth (instep circumference), heel breadth, posterior heel contour, diagonal ankle girth
(heel—ankle circumference), ankle length, and lower leg girth. Most of the length and breadth
measurements of the feet were obtained from photographic plates of the soles of the feet,
enlarged to 8 x 10 inch size. Additional foot measurements were made with tapes, calipers,
and various specialized templates. Analyses of these foot data have been used extensively
for many years in the development and sizing of military footwear. The Fort Knox study
was a unique effort; such an intensive foot survey has never been repeated.

A large-scale anthropometric survey of U. S. Army men and women was carried out by
the Quartermaster Corps in 1346. This major undertaking was planned and directed by Dr.
Francis E. Randall, a physical anthropologist, who subsequently published several technical
reports on the results of the survey. Unfortunately, Randall lost his life in the crash of an
airliner on 1 November 1949. However, prior to his untimely death, Randall had carried out
an analysis of the data on feet collected during the 1945 Fort Knox survey; the results of
this research were published in 1951.°

Randall felt that the data presented in the original Fort Knox report could not be readily
applied in the design and sizing of lasts and shoes for the U. S. Army. Thus, in order to
provide greater detail and more directly applicable information on feet, intensive analyses of
the original Fort Knox data were carried out,

It was Randall’s conviction that the practice of sizing and fitting shoes on the basis of
foot length and horizontal foot breadth was not the best method available from a statistical
point of view. A better method would be the use of ball length (instep length) and ball
girth {ball of foot circumference), since these dimensions most accurately control the fit of
shoes due to a closer interrelationship with other critical dimensions of the foot. In the report,
reference data were provided in the form of tables and a nomograph for the application of
these relationships in the design and sizing of lasts and shoes.

The general conclusion reached in this study was that dimensions of the foot which are
closely related to the two basic dimensions of ball length and ball girth are easily accommodated,
while those which are poorly related carnct be accommodated by adjustment and, therefore,
must be provided for in the design of tie shoe. Dimensions which probably are critical in
the proper fit of shoes and which show low correlations with ball length and ball girth, namely
the dorsal and plantar arch heights, foot flare, and the angular orientation of the heads of
the mctatarsals, may be expected to occur with almost as much variation for any one size
as they occur in all feet. Thus, in order to provide shoes which will fit properly, it will
be necessary to design them in such a manner as to provide for a considerable amount of
independent variation in most of the foot dimensions studied. The results of this analysis
provide a scientific basis for the re-analysis of lasting practices.

’F. E. Randall, E. H. Munro, and R. M. White. Anthropometry of the Foot. Report No.
172, U. S. Army Quartermaster Climatic Research Laboratory, Lawrence, Massachusetts,
January 1951, (AD 103 423)
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3 A second interesting study of the Fort Knox foot data consisted of a factor analysis
of the foot measurements. This was carried out by Professor L. L. Thurstone, who was a
f pioneer in the development of factor analysis techniques. The investigation of the Army foot
; data was carried out at the Psychometric Laboratory of the University of North Carolina, and
: was published in 1955.!9

The report gives the results of a methodological study carried out for the purpose of
investigating the nature of some of the critical factors which determine the size of feet in
Army personnel, Twenty-nine measures taken from the anthropometric data collected in the
Fort Knox foot survey were factor analyzed. The factor analysis was based on a series of
2,640 18-year-old soldiers in order to eliminate the possible variation of age as a factor.

Ten factors were extracted accounting for the intercorrelations between these 29 measures
with relatively small residuals. The absolute size of the residual correlations after the extraction
of the tenth factor was less than or equal to 0.06. Eight of the ten rotated factors were
interpreted. These factors appeared to be: bone length, foot flare, ball breadth, arch height,
angular orientation of the metatarsal heads, toe size, lower leg size, and weight. This
interpretation for each factor describes the nature of the underlying parameter responsible for
the concomitant variation of the measures with large projections on the factor. Two remaining
factors were not interpreted as there seemed to be no underlying common thread which would
seem to link the measures,

The amount of the total variance for each measure accounted for by the ten factors varied
from about 100 percent down to 11 percent. This indicates that at least one measurement
(100 percent) shares all of its variance with one or more of the remaining 28 measures, and,
consequently, could be relatively unimportant in the determination of shoe lasts. On th= other
hand, measures which share only 10 to 15 percent of their variance with other measures would
have to be considered specifically in the proper fitting of shoes.

In addition to the technical reports on feet and foot data reviewed above, several general
references also may be cited here.

Detailed comparisons of anthropometric data on feet may be found in the encyclopedic
two-volume ‘‘Collation of Anthropometry” by Garrett and Kennedy (1971).!!

V0T, E. Jeffery and L. L. Thurstone. A Factorial Analysis of Foot Measurements. (Contract
Report, University of North Carolina, Chapel Hill, N. C.} Technical Report EP—10, U. S.
Army Quartermaster Research and Development Center, Natick, Massachusetts, July 1955, (AD
66 971)

1. W, Garrett and K. W. Kennedy. A Collation of Anthropometry. Technical Report
AMRL-TR-68-1 (2 volumes), Aerospace Medical Research Laboratory, Wright-Patterson Air
Force Base, Ohio, March 1971. (AD 723 629 and AD 723 630)
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A significant and important source of anthropometric data is represented by the AMRL
Data Bank, which is a comprehensive collection of body size information assembled and
maintained by personnel of the Aerospace Medical Research Laboratory at Wright-Patterson
Air Force Base, Ohio. This facility incorporates at a single center the raw data from most
large-scale anthropometric surveys of U. S. military and civilian populations and also of many
foreign military populations. The material, which includes data on foot measurements, has
been edited and standardized to make it reliable and readily available for recall and analysis
as needed for specific research and applications. A number of associated cotmputer programs
have been devised to aid users of this resource in extracting and utilizing the data for particular
tasks. The contents of the AMRL Data Bank have not been published as such. However,
a technical report has been published by Churchill et al. (1977)!? which describes in detail
four of the U. S. Air Force anthropometric series included in the data bank. Also included
in this report are descriptions of the tape formats, definitions of the measurement variables,
and a printout of an editing program.

What is probably the single most useful publication of comparative anthropometric data
is the “Anthropometric Source Book” published in 1978 by the National Aeronautics and
Space Administration.'* The Source Book comprises three valumes:

Volume 1: Anthropometry for Designers is a presentation in nine chapters of the
fundamentals of anthropometry and anthropometric data, as well as applications in
the design and sizing of ciothing, equipment, and workspaces.

Volume H: A Handbook of Anthropometric Data contains summaries of
anthropometric data from surveys of 61 military and civilian populations of both
sexes from the United States, Europe, and Asia. Some 295 measured variables are
defined and illustrated; these include measurements of the feet. For each variable
there is a list of surveys in which it was measured and summary statistics and selected
percentile values for each population cited. This volume is primarily a handbook
of tabulated dimensional anthropometric data and is probably the most comprehensive
source of summarized body size information currently in existence.

Volume Ill:  Annotated Bibliography of Anthropometry lists 236 annotated
references relating to the field of anthropometry and the applications of
anthropometric data in both clothing and ergonomics.

"2, Churchill, P. Kikta, and T. Churchill. The AMRL Data Bank Library: Volumes 1-V.
Technical Report AMRL—TR—77—-1, Aerospace Medical Research Laboratory, Wright-Patterson
Air Force Base, Ohio, October 1977. (AD A047 314)

'Y Anthropometric Source Book. {(Edited by Staff of Anthropology Research Project, Webb
Associates, Yellow Springs, Ohio.) NASA Reference Publication 1024 (3 volumes), National
Aeronautics and Space Administration, Scientific and Technical information Office, Washington,
D.C., July 1978,
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Taken together, the three volumes of the NASA "Anthropometric Source Book,” compiled
and edited by Edmund Churchill, John T. McConville, and their associates of the Anthropology
Research Project in Yeliow Springs, Ohio, is a trufy impressive publication, representing a
valuable source of information on comparative anthropometric data.

Another recent and useful source of anthropometric data on the U. S. military population
is the Department of Defense Military Handbook on the “Anthropometry of U. S. Military
Personnel (Metric).”!* In this official publication, statistical and selected percentile values
are presented in centimeters for 192 body measurements, including foot measurements. These
measurements are defined and illustrated. The data have been compiled and collated from
anthropometric surveys and studies on both men and wemen, carried out between 1946 and
1977 in the U. S. Army, Marine Corps, Navy, and Air Force.

14 Anthropometry of U. S. Military Personnel (Metric). Military Handbook DOD-HDBK~-743
{Metric), U. S. Government Printing Office, Washington, D.C., 3 October 1980.
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3. COMPARATIVE ANTHROPOMETRIC DATA ON THE FOOT
8. Sources of Anthropometric Data.

Comparative anthropometric data on the foot presented and discussed in this report have
been drawn from 26 anthropometric surveys and studies carried out between 1942 and 1977.
These comprise 19 series of men's feet and seven series of women's feet, representing
measurements on over 81,000 individuals.

Seven of the men’s series are from the U. S. Army: the study of U. S. Army men’s
feet measured in 1946; U. S. Army men measured in 1946 and 1966; U. S. Army basic trainees
measured in 1966 and 1977; and U. S. Army aviators measured in 1959 and 1970. U. S.
Marine Corps men measured in 1966 are included,, as well as U. S. Navy aviators measured
in 1964 and U. S. Navy recruits measured in 1966. Six series on men’s feet are from the
U. S. Air Force: U. S. Army Air Forces cadets and gunners measured in 1942; U. S. Air
Force flying personnel measured in 1950 and 1967; and U. S. Air Force basic trainees measured
in 1952 and 1965. Three additional series on men's feet ~onsist of Spanish-American War
veterans measured in 1959, Veterans Administration veterans measured in 1970, and air traffic
control trainees measured in 1961.

Among the seven series on women’s feet are: U. S. Army women measured in 1946
and 1977; Women’s Army Service pilots (WASP) and U. S. Army Air Forces (USAAF) flying
nurses measured in 1942; U. S. Air Force WAF trainees measured in 19562; and U. S. Air
Force women measured in 1968. In addition, a series of airline stewardess trainees, measured
in 1971, has been included.

These sources of anthropometric data are summarized in Table 1. The number of
individuals measured in each series and the mean age of the series also are indicated. References
for these series in the form of published reports may be found in Section 13. BIBLIOGRAPHY.
However, a technical report has not been published on U. S. Navy recruits (1966).

The available anthropometric data on feet thus include data on U. S. Army, U. S. Marine
Corps, U. S. Navy, and U. S. Air Force personnel. Military ground troops are represented
by U. S. Army and U. S. Marine Corps personnel, while military aviators consist of personnel
of the Army, Navy, and Air Force. Army and Air Force basic trainees, as well as Navy recruits,
represent young men just beginning their military service, The data on women’s feet are from
the U. S. Army and U. S. Air Force.

In addition to representing all of the U. S. Armed Forces, the available anthropometric
data on the feet alsc cover a time span of some 35 years, from the early surveys of 1942—1946
up to the later surveys of 1966—1977. It may be noted that the dimensions of the foot
do not appear to have changed appreciably over a period of years among the military personnel
cited here,

b. Anthropometric Measurements of the Foot.

Anthropometric data on the foot are presented for 14 measurements: Foot Length, instep
Length, Foot Breadth, Heel Breadth, Bimalleolar Breadth, Ball of Foot Circumference, Instep
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Table 1. Anthropometric Series on Feet
Number of Mean Age Bibliography
Men's Series Individuals (years) Identification
Ft. Knox Foot Study (1946) 5,675 22.8 Us1
US Army Men (1946) 24,372 24.3 Us2, US3
US Army Men {1966) 6,682 22.2 USs3, Us4
: US Army Basic Trainees (1966) 2,639 20.2 USs3, US4
US Army Basic Trainees (1977) 287 19.7 uss
X US Army Aviators (1959) 500 30.2 use
US Army Aviators (1970) 1,482 26.2 us7
US Marine Corps (1966) 2,008 20.9 uss
US Navy Aviators {1964) 1,649 29.6 us9
US Navy Recruits {1966) 4,095 19.9 none
USAAF Cadets (1942) 2,959 * Us10
USAAF Gunners (1942) 583 * us10
USAF Flying Personnel (1950) 4,000 27.9 US11
USAF Basic Trainees (1952) 3,328 18.9 us12
USAF Basic Trainees (1965) 2,627 19.3 Us13
USAF Flying Personnel {1967) 2,420 30.0 Us14
Spanish—American War Veterans {1959) 130 81.6 Us15
Air Traffic Control Trainees (1961) 678 27.9 UsS16
Veterans Administration Veterans (1970) 2,109 429 us17
Women's Series
US Army Women {1946) 8,113 27.3 US18, US3
US Army Women (1977) 1,330 23.1 US19, US3
WASP Pilots {1942) 437 * USs10
USAAF Flying Nurses (1942) 142 * us10
! USAF WAF Basic Trainees (1952) 851 19.8 Us20
USAF Women (1968) 1,905 23.4 Us21
Airline Stewardess Trainees {(1971) 423 22.1 us22

*Mean Age is not available, -
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Circumference, Heel—Ankle Circumference, Lateral Malleolus Height, Medial Malleolus Height,
Ankle Height, Ankle Circumference, Calf Height, and Calf Circumference. These 14 foot
measurements are illustrated in the Visual Index (page 29); definitions of the foot measurements
may be found in the list of definitions (page 30).

Foot Length, measured from the back of the heel to the tip of the longest toe, represents
the basic overall length of the foot, This is sometimes referred to as stick length. (it may
be noted that the second toe is longer than the great toe in about seven percent of U. S.
Army men.) Instep Length (or Ball Length) is the distance from the back of the heel to
the center of the inner "ball’” of the foot (or the first metatarsal--phalangeal joint). This
is an important dimension of the foot in the fitting of shoes, since it represents the location
of the “break’’ in the shoes when walking. The difference between Foot Length and Instep
Length indicates the length of the toes; this also is an important area in shoe fitting in that
adequate spacc must be allowed within the shoe for the length of the toes. Foot Breadth
is the maximum breadth of the foot; it is usually measured at right angles to the long axis
of the foot, but it also may be measured on the diagonal between the 1st and bth
metatarsal—phalangeal joints. Heel Breadth, measured behind the projections of the “ankle
bones’ (the laterial and medial malleoli), is also an important dimension for lasts and shoes
since the shoe shonl “grip” the heel when properly fitted in order to avoid the heel of the
foot slipping out of the shoe. Ball of Foot Circumference is the girth of the foot, measured
over the medial and lateral “balls’’ of the foot (metatarsal—phalangeal joints). This is an
important girth measurement as it reflects nct only the breadth of the foot but also its volume.
instep Circumference is the girth of the foot in the instep area. Heel—Ankle Circumference
is the girth of the foot, measured diagonally under the tip of the heel and over the instep
at the junction of the foot and the leg. This is the greatest dimension of the foot which
must be accommodated when donning and doffing boots without laces or zippers, such as
rubber boots or the so-called Wellington boots. The Lateral and Medial Malleolar Heights are
the vertical distances from the floor to the outer and inner “ankle bones'’ (or the lateral and
medial malleoli). Ankle Circumference is the minimum girth of the lower leg, while Ankle
Height is the vertical distance from the floor to the level of the ankle. Calf Circumference,
the maximum girth of the lower leg, and Calf Height, the vertical distance from the floor
to the leval of the calf, are included with the foot measurements because of their importance
in determining the opening and the height of various types of boots.

29




4. VISUAL INDEX OF FOOT MEASUREMENTS
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5. DEFINITIONS OF FOOT MEASUREMENTS

Foot Length — the length of the foot from the heel to the tip of the longest toe.

instep Length — the distance from the heel to the center of the inner “ball” of the
foot (first metatarsal—phalangeal joint}.

Foot Breadth — the maximum breadth of the foot, measured at right angles to its long
axis.

Heel Breadth — the maximum breadth of the heel, measured behind the projections of
the '‘ankle bones” (lateral and medial malleoli).

Bimalleolar Breadth — the breadth between the projections of the “ankle bones” (iateral
and medial malieoli).

Ball of Foot Circumference — the circumference of the foot, measured with the tape
passing over the medial and lateral “‘balls’” of the foot (metatarsal—phalangeal joints).

Instep Circumference — the vertical girth of the foot at the instep, measured with the
tape passing under the foot and over the junction of the foot and the leg.

Heel—Ankle Circumference — the diagonal girth of the foot, measured with the tape
passing under the tip of the heel and over the instep at the junction of the foot and
the leg.

Lateral Malleolus Height — the vertical distance from the floor to the midpoint of the
outer “‘ankle bone’ (iateral malleolus).

Medial Malleolus Height — the vertical distance from the floor to the midnoint of the
inner ‘‘ankle bone (medial malleolus).

Ankle Height — the vertical distance from the floor to the level of the minimum
circumference of the lower leg.

Ankle Circumference — the minimum circumference of the lower ieq, measured above
the “ankle bones” (lateral and medial malleoli).

Calf Height — the vertical distance from the floor to the level of the maximum
circumference of the lower leg.

Calf Circumference — the maximum circumference of the lower leg.
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6. STATISTICS

Comparativ: anthropometric data on the feet may be collated and analyzed in order to
indicate ranges of variation in the sizes and dimensions of the foot. However, the reduction
and processing of any anthropometric data, whether on the feet or on any other parts of
the human body, involves the use of statistical procedures. Large amounts of data on large
numbers of individuals are collected during anthropometric surveys of U. S. military personnel.
Some statistics are necessary, therefore, in order to reduce these data into some logical and
coherrent form for presentation and application in design and sizing.

'rmw

The statistical measures used in this report in the presentation of anthropometric data
on the feet may be summarized as follows.

a. The number of individuals. The number of individuals measured in each of the series
of military personnel is indicated in the tables by “’N.”” The series included here usually represent
from several hundred to several thousand individuals.

b. The mean. The mean as used here is the arithmetic mean for a foot dimension.
This 15 the most widely usead form of the ‘‘average” value.

¢. The standard deviation. The standard deviation, indicated in the tables by “S.D.,”
is a statistical measure of variability. By definition, the standard deviation is the square root
of the average of the squared deviations from the mean value. If most of the data tend to
fall close to their mean value, the standard deviation will be small, while if many of the data
are either much smaller or much larger than the mean, the standard deviation wiil be large.
The mean of the foot dimension minus one standard deviation and plus one standard deviation
usually will indicate a range for that dimension which will include about two-thirds of the
data for that dimension. About 95 percent of the data will have values ranging from
approximately two standard deviations below the mean to two standard deviations above it.
Practically all of the data will fall within the range from three standard deviations below the
mean to three standard deviations above the mean.

d. The standard errors of the mean and the standard deviation. The standard error
of the mean, shown as “SE(M),”” and the standard error of the standard deviation, shown
as “‘SE{SD)" in the tables, represent estimates of the magnitude of the sampling error. The
standard error of the mean is computed by dividing the standard deviation by the square root
of the sample size. The standard error of the standard deviation is obtained by dividing the
standard deviation by the square root of twice the sample size. The standard errors for large
samples of individuals will be small, while those for small samples will be relatively large.

e. The coefficient of variation. The coefficient of variation, indicated in the tables
by “V{(%),"” is a restatment of the standard deviation in which the standard deviation is expressed
as a percentage of the mean value. The coefficient of variation is a convenient measure for
assessing the comparability of anthropometric data.

f. The range. The range in the tables of data is indicated by a minimum value {the
smallest measurement), a maximum value (the largest measurement), and the total range, or

f - ]
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the minimum value subtracted from the maximum value. The minumum and maximum values
are the extreme values for that foot dimension, usually representing only two
individuals — those with the smallest and the largest foot measurements.

. g. The stature ratio. The stature ratio shown in the tables represents the foot dimension
Er as related to stature. It is obtained by dividing the mean value for that dimension by the
4 mean value of stature for that series. For example, a stature ratio of 0.153 for the foot
3 length of U. S. Army Men (1966), as shown in Table 2a, indicates that mean foot length
] for this series is 15.3 percent of the mean stature for that series. Similarly, a stature ratio
of 0.143 for the ball of foot circumference of U. S. Army Men (1966), as shown in Table
7a, indicates that mean ball of foot circumference for this series is 14.3 percent of the mean
stature for that series. Stature ratios are more significant for larger measurements of the body;
since the foot measurements are relatively small in terms of total stature, the stature ratios
for foot measurements are rather low.

h. Percentile values. The selected percentile values shown in the tables of percentile
values are the 1st, 2nd, 5th, 10th, 26th, 50th, 75th, 90th, 95th, 98th, and 99th percentiles.
The 50th percentile is equivalent to the median value, indicating that half of the data fall
below and half of the data are above this value for a foot measurement. The range in the
tables of percentile values is merely the 1st percentile value subtracted from the 99th percentile
value, thus indicating the range or spread for 98 percent of the sample. The percentile values
for a foot measurement represent ¢ useful presentation of the range of variation for that
dimension. The range indicated by the 25th to the 75th percentile values covers the middle
50 percent or half of the sample. The Gth percentile value for a foot measurement shows
that 5 percent of the individuals in that sample are smaller than that value, while the 95th
percentile value indicates that 5 percent are larger than that value for that foot measurement.
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7. TABLES OF ANTHRCPOMETRIC DATA

Avsilable anthropometric data on the foot have been collated and are presented in tabular
form in this section.

Virtuallv all anthropometric measurements are made in the metric system of millimeters
and centimeters. In the first set of 14 tables (Tables 2—158), the foot data are presented
in metric values or centimeters. For the benefit of those who may not be using the metric
system, the foot data are given in inches in the second set of 14 tables (Tables 16-29).

The anthropometric data on feet are presented in a unique format in order to facilitate
ready and convenient reference. The data for each foot measurement are given in tables on
two facing pages. In Table “a” on the upper page are shown the various statistical values,
such as means, standard deviations, and ranges, while selected percentile values are given in
Table “b’" on the lower or facing page. In this way, all of the available data for any foot
dimension may be found on the two facing pages.

In each table, anthropometric foot data for the men’s series are given first, followed by
the data for the women’s series. In the statistical tables, the data are arranged in order of
decreasing mean values, starting with the highest mean and progressing down to the lowest
mean value. In the tables of percentile values, the data are arranged in decreasing order of
the 50th percentile or median value, starting with the highest value and progressing down to
the lowest value, Therefore, the order or sequence of the series in the tables of percentile
values is not necessarily the same as that in the tables of statistical values.

Not all of the foot measurements were taken in all of the anthropometric series cited
bare. Data for Foot Length and Foot Breadth are available for all of the series, while data
for Instep Length, Ball of Foot Circumference, Ankle Circumference, and Calf Circumference
are available for most of the series. However, the rest of the foot measurements were taken
in only a few of the anthropometric series.
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8. SUMMARY OF FOOT DATA

THITTTGF

From the standpoint of comparisons, the anthropometric data on feet presented in the
previous tables may be summarized here. The basic foot measurements, including Foot Length,
Instip Length, Foot Breadth, Heel Breadth, Ball of Foot Circumference, Instep Circumference,
and Heel—Ankle Circumference, will be discussed in terms of variation in foot size and
propartions.

TR Y

TATRTTIYE

a. Foot Length

Foot length is measured as the overall length of the foot from the heel to the tip of
the longest toe. Mean values for foot length among samples of U. S. men range from 26.01 cm
(10.24 in.) up to 27.08 cm (10.66 in.). The data presented here show that minimum foot
length is 21.0 cm (8.27 in.) and maximum foot length is 32.3 c¢m (12.72 in.), giving an overall
range of 11.3 cm (4.45 in.) for the foot length of U. S. men. As shown by the stature
ratios, the mean foot lengths of U. S. men are about 15 percent of their mean statures. The
lowest 1st percentile value for men’s foot length is 23.3 cm (9.17 in.), while the highest 99th
percentile value is 30.2 cm (11.91 in.). A range or spread of 6.9 cm (2.74 in.) would include
98 percent of the foot lengths of U. S. men.

Mean values of foot lengiiv for U. S. women all are lower than those for men, ranging
from a lcw mean of 23.87 cm (9.40 in.) up to a high mean of 24.32 cm (9.60 in.). Minimum
foot length for U. S. womean is 20.0 cm (7.87 in.) and maximum foot length is 29.8 cm
{10.98 in.); thus the overall range of foot length for U. S. women is 9.8 ¢cm (3.11 in.). The
mean foot lengths are slightly less than 15 percent of their mean statures. The lowest 1st
percentile value for 1he foot length of U. S. women is 21.4 cm (8.42 in.) and the highest
99th percentile value is 27.5 cm (10.81 in.); thus a range of 6.1 cm (2.39 in.) would include
98 percent of women’s foot lengths.

b. Instep Length

Mean values of instep length among samples of U. S. men range from 19.16 c¢m (7.54 in.}
up to 19.79 cm (7.79 in.). Minimum instep length is 14.0 cm (5.51 in.) and maximum instep
length is 24.5 cm (9.65 in.), giving an overall range of 10.5 cm (4.14 in.) for men's instep
lengths. The mear instep lengths of U. S. men are about eleven percent of their mean statures.
The lowest 1st percentile value for men’s instep length is 16.2 sm (6.62 in.) and the highest
99th percentile value is 22.6 cm (8.85 in.); thus a range of £.3 cm (2.23 in.) would include
98 percent of the instep lengths of U. S. men.

Mean values of instep length for U. S. women also are lower than those for men, ranging
from 17.32 cm (6.82 in.) up to 17.856 cm (7.03 in.), Minimum instep length is 14.0 cm
(5.51 in.) and maximum instep length is 21.5 cm (8.46 in.), giving an overall range of 7.5 cm
{2.95 in.) for women'’s instep length. The mean instep lengths of U. S. women also are about
eleven percent of their mean statures. The fowest 1st percentile value for women’s instep
length is 15.4 cm (6.06 in.} and the highest 99th percentile value is 20.4 cm (8.02 in.); thus
a range of 5.0 cm (1.96 in.) would include 98 percent of the instep lengths for U. S. women.
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Instep length is a measurement which represents the length of the foot less the length
of the toes. The relative proportion of instep length to foot length may be expressed by
an index obtained by dividing the value of instep length by the value of foot length, This
index ranges from 71.8 up to 73.7, indicating that in terms of proportions instep length is
from 71.8 percent to 73.7 percent ~f foot length. This index also indicates that the length
of the longest toe represents from 28.2 to 26.3 percent of total foot length. A low index
indicates longer toes relative to foot length, while a higher index indicates shorter toes relative
to foot length. Most instep length indices are between 72 and 74 percent of foot length
for U. S. men and women. There appear to be no particular differences or distinctions between
men’s and women’s feet on the basis of the values of the instep length index.

c. Foot Breadth

Foot breadth is the maximum breadth of the foot, measured at right angles to its long
axis. Mean values of foot breadth among samples of U. S. men range from 2.65 cm (3.80 in.)
up to 10.24 cm (4.03 in.). Minimum foot breadth is 6.5 cm (2.56 in.) and maximum foot
breadth is 13.0 c¢cm (5.13 in.), giving an overall range of 6.5 ¢m (2.57 in.) for the foot breadths
of U. S. men. The mean foot breadths of U. S. men are between 5.5 and 6.0 percent of
their mean statures. The lowest 1st percentile value for men’s foot breadth is 8.3 cm (3.27 in.),
while the highest 99th percentile value is 12.3 cm (4.85 in,). A range of 4.0 cm (1.58 in.)
would include 98 percent of the foot breadths of U. S. men,

Mean values of foot breadth for U. S. women also are lower than those for men, ranging
from 8.81 cm (3.47 in.) up t0 9.20 cm (3.60 n.). Minimum foot breadth is 7.0 cm (2.76 in.)
and maximum foot breadth is 11.1 ¢m (4.37 in.), giving an overall range of 4.1 ¢cm (1.61 in.)
for women'’s foot breadths. The mean foot breadths of U. S. women are about 5.5 percent
of their mean statures. The lowest 1st percentile value for the foot breadth of U. S. women
is 7.7 cm (3.02 in.) and the highest 99th percentile value is 10.4 cm (4.11 in.); thus a range
of 2.7 cm (1.09 in.) would include 98 percent of the foot breadths of U. S. women.

The general proportions of the foot are indicated by the foot index which shows the
relationship between foot breadth and foot length. The foot index, obtained by dividing the
value of foot breadth by the value of foot length, ranges between 36.1 and 38.8 for U. S.
men, indicating that foot breadth is between 36.1 and 38.8 percent of foot length. A low
index indicates a narrow foot in proportion to foot length, while a high index represents a
broad foot relative to foot length. Most samples of U. S. men have indices of 36 or 37
percent. The foot index for U. S. women ranges between 36.5 and 38.0 percent. Thus,
no particular differences between the proportions of men’s and women’s feet are indicated
by the foot breadth/foot length index.

d. Heel Breadth
Heel breadth is an important measurement of the foot, since when properly fitted, the
shoe should “grip”’ the heel of the foot snugly. Mean values of heel breadtn among samples

of U. S. men range from 6.69 cm (2.63 in.) up to 6.96 cm (2.74 in.}. Minimum heel breadth
is 4.0 cm (1.58 in.) a