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SELECTED BODY MEASUREMENTS OF CHILDREN
6-11 YEARS

Robert M. Malina, Ph.D., Peter V. V, Hamill, M.D., M.P.H.,
and Stanley Lemeshow, M.S.P.H.?

INTRODUCTION

This report of data on 21 body measurements
selected from the survey of U.S, children 6-11
years of age (Cycle II) of the Health Examination
Survey is the fourth in a series of reports pre-
senting analyses and discussions of data on
heights, weights, and 28 other body measure-
ments performed in Cycle II. The first two re-
portsl"2 analyzed height and weight measures
by age, sex, race, geographic region, and var-
ious socioeconomic indicators; the third report
presented data on skinfold thicknesses.”

The Health Examination Survey (HES), con-
ducted by theNational Center for Health Statistics,
collects and analyzes health-related data on the
American people through direct examinarion of
selected subjects, It operates in a succession of
separate programs, each referredtoasa'cycle,"
and each cycle lasts from 2 to 4 years.}

Cycle I of HES, conducted from 1959 to
1962, obtained information on the prevalence of
certain chronic diseases and the distribution of
a number of anthropometric and sensory char-
acteristics in the “civilian, noninstitutionalized
population of the continental United States aged
18-79 years, The general plan and operation of
the survey and Cycle I are described in two pre-

? Associate Professor of Anthropology, University of Texas,
Austin, Texas; Medical Advisor, Children and Youth Programs,
Division of Health Examination Statistics; and Analytical
Statistician, DHES, respectively.

vious reports,*’5 and most of the results are
published in other PHS Publication 1000-Series
11 reports.

Cycle II of the Health Examination Survey,
conducted from July 1963 to December 1965,
involved selection and examination of a probability
sample of noninstitutionalized children in the
United States aged 6-11 years. This program
succeeded in examining 96 percent of the 7 417
children selected for the sample. The examina-
tion had two emphases., The first concerned fac-
tors related to healthy growth and development
as determined by a physician, a nurse, a dentist,
and a psychologist; the second concerned a va-
riety of somatic and physiologic measurements
performed by specially trained technicians. The
detailed plan and operation of Cycle II and the
response results are described in PHS Publica-
tion 1000-Series 1-No. 5.5 A comparable ex-
amination of data collection for Cycle III, youths
aged 12-17, was completed in 1970, and the plan
and operation are described in PHS Publication
1000-Series 1-No., 8.7

The main purpose of the numerous body meas-
urements collected in Cycle II was to define a
normal pattern of growth and development in
children in the United States in the middle 1960's
(and to describe some of the modifying factors).
However, the opportunity to obtain data on this
uniquely representative sample of U.S. children
for more utilitarian purposes as well was not
disregarded, In Cycle I (adults aged 18-79), 18
body measurements were obtained not only as
medical and anthropologic correlates to the rest



of the examination, but also as data for use in
the consideration of anthropometric factors in
equipment and safety design and manufacture
(furniture, clothing, etc.). These results have
already been published.®® Similar equipment
and design data for children are extremely limited
in availability and in terms of sampling. All too
frequently children are simply viewed as minia-
ture adults, which they obviously arenot. Accord-
ingly, the 21 anthropometric dimensions in this
report were included in the group of body meas-
urements partly for their descriptive value in
the growth and development battery and partly
for their use in '"human engineering' or "human
factors'" work, Some of the measures have
limited value in describing growth and develop-
ment because they comprise multiple layers of
tissue, multiple organ systems, and/or multiple
loci of growth (e.g., waist and chest size, thigh
clearance, all girths, seat breadth), However,
many of these dimensions were selected primarily
to achieve continuity with those measurements
taken on adults in Cycle I of the HES, and thus to
provide some information for those concerned
with the child's body in relation to furniture,
clothing, and equipment design.

The 21 dimensions reported here are: height
(stature), weight, sitting height, popliteal height,
knee height, buttock-popliteal length, buttock-
knee length, acromion-olecranon length, elbow-
wrist length, foot length, foot breadth, hand length,
hand breadth, chest breadth, chest depth, elbow-
elbow breadth, seat breadth, thigh clearance,
chest girth, waist girth, and hip girth, Each is
defined, illustrated, and described in detail in
the section "Measuring Procedures and Defini-
tions' in appendix IL,

This report, which is essentially descriptive
rather than analytic, presents the distributions
and/or ranges of 'mormality" for the selected
anthropometric dimensions during middle child-
hood. Emphasis is placed upon sex differences
in the measured dimensions and, more specifi-
cally, upon the variations characteristic of each
age and sex group for children 6-11 years. (The
data are analyzed for the total population of chil-
dren independent of race, The rather striking
differences in limb and body proportions asso-
ciated with race will be presented in a sub-

sequent, more analytic report currently in prep-
aration, 10)

While the data demonstrate, in general, a
linear increase with age for most of the dimen-
sions similar to that shown for height and weight
in earlier reports,1’2 the present report is not
intended as a biologic analysis of the physical
growth of the child, as is the case in most of the
other reports of this series. The presentation
of ranges of 'mormality"” is directed more to-
ward those who are interested in the applications
of "human engineering' or "human factors" con-
cepts and principles to design and manufacture
of articles for children as well as other matters
concerning their well-being and comfort, Various
manufacturing and safety standards, for example,
need to be designed with the perspectives of
normal variation in the anthropometry of the
growing child in mind, rather than those of the
adult,

METHOD

At each of 40 preselected locations through-
out the United States,‘D the children were brought
to the centrally located mobile examination cen-
ter for an examination which lasted about 2%
hours. Six children were examined in the morn-
ing and six in the afternoon. They were trans-
ported to and from school and/or home,

When they entered the examination center,
the children's oral temperatures were taken and
a cursory screening for acute illness was made;
if illness was detected in a child, he was sent
home and reexamined at a later date, The ex-
aminees changed into shorts, cotton sweat socks,
and a light, sleeveless top and proceeded to
different stages of the examination, each one fol-
lowing a different route. There were sixdifferent
stations where examinations were conducted si-~
multaneously and the stations were exchanged,
somewhat like musical chairs, so that by the end
of 2 hours each child had essentially the same
exXaminations by the same examiners but in a
different sequence., At three of these stations

bSee appendix I for sample design.



were examinations by a pediatrician, a dentist,
and a psychologist and at the other three sta-
tions, highly trained technicians performed a
number of other examinations-—chest and hand-
wrist X-rays, hearing and vision tests, respi-
ratory function tests and electrocardiography,
a bicycle exercise test, a battery of body meas-
urements, and a grip strength test,

Included in the anthropometric battery be-
sides the 21 measurements reported here were
skinfolds taken at three anatomical sites; girths
of the calf, upper arm, and lower arm; biacromial
diameter (shoulder span); and bicristal diameter
(i.e., the two iliac crests, which span the bony
part of the hips with the overlying soft tissue
firmly compressed in the process of measure-
ment). All lateral measurements were performed
on the subject's right side and recorded by an
observer, Details on equipment and measuring
technique and a sample of the recording form
listing all of the measurements are in appendix
11,

" Periodic quality control observation and
training sessions were conducted by the super-
visory medical staff and outside consultants to
insure continued proficiency and obtain replicate
data for the purpose of quantifying observer
error. The resultsare presented in detail in ap-
pendix II,

In all of the reports from the HES, age is
expressed as.the years attained at the last
birthday, and the grouping for this report fol-
lows this convention. The mean age of each cat-
egory, therefore, approximates the midpoint of
the whole year; e.g., the 8-year-old male group
consists of a l-year cohort whose mean age is
8.51 years, while the corresponding female sample
averages 8.49 years, The age reported by the
parent, which was used in all cases, was vali-
dated by birth certificate in 95 percent of the
subjects,

"Race'" was recorded as "white," "Negro,"
and ''other races.” White children comprised
85.69 percent of the total, Negro children 13,87
percent, and children of other races only 0.45
percent. The data are reported, however, for the
total population of children independent of race.
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Figure 1. Mean height of U.S. children by age and sex.

FINDINGS

Height and Weight

Height and weight in the present study sample
have been discussed at length in previous Series
11 reports by Hamill et al,, Numbers 104 and
119.5%% The major findings are resummarized
here to provide a more complete picture of the
anthropometry of middle childhood. Height and
weight are both measures of gross body size,
As expected, both increase linearly with age
from 6 through 11 years (figures 1 and 2, tables
1 and 2). Boys are, on the average, slightly taller
and heavier than girls between 6 and 8 years of
age; however, from 9 years of age to 11, girls
are slightly heavier. They are also taller at 10
and 11 years of age, the mean stature for boys
and girls being identical at 9 years.

Comparisons of the 5th and 95th percentiles
for stature (table 1) indicate that about 90 per-
cent of the 6-year-old boys have standing heights
between 110.7 and 128.0 cm., while 90 percent
of the 6-year-old girls have heights between
108.3 and 126.7 cm., indicating a negligible sex
difference in the distribution of statures at this
young age. At 11 years of age, the statures of
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Figure 2. Mean weight of U.S. children by age and sex.

about 90 percent of the boys are between 134.6
and 157.0 cm,, and those of girls are between
135.4 and 159.7 cm. The upper limits of height
(95th percentile) for the 6-year-olds do not over-
lap the lower limits (Sth percentile) for 11-year-
olds. However, the upper percentile limits for
7- and 8-year-old children approachand/or over-
lap the lower limits for 1l-year-olds.

The distribution of statures at the young ages
is narrower than that for the older ages under
study. At age 6, for example, the difference be-
tween the Sth and 95th percentiles is 17.3 and
18,4 cm. for boys and girls, respectively. At
11 years of age, on the other hand, the difference
between the percentile extremes for stature is
22,4 cm. for males and 24.3 cm, for females;
once again a wider distribution for girls is more
apparent at the upper percentile limits.

Comparisons of the Sth and 95th percentiles
(table 2) indicate that for about 90 percent of
the 6-year-clds, boys have body weights between
17.4 and 28.0 kg., and girls weigh between 16.4
and 28.0 kg.—a very close overlap between the
sexes, However, the same percentage of 1l-
year-old boys have weights between 28.6 and 53.0
kg., and 1ll-year-old girls weigh between 28.4
and 58.0 kg, Note that the upper limit (95th per-
centile) for the 6-year-old children (28.0 kg. in
both sexes) approaches the lower limit (Sth per-
centile) for 1l-year-old children (28.6 and 28.4
kg. for boys and girls, respectively). Hence, some
of the lightest 11-year-olds will have body weights

comparable to the heaviest 6-year-olds—indeed
a wide range of variation during middle child-
hood.

A closer look at the percentile extremes
for body weight indicates a gradual increase in
the 5th percentile between 6 and 11 years (an
increase of 11.2 kg. for boys and 12.0 kg. for
girls) and a rather sharp increase in the 95th-
percentile values (25.0 kg. for boys and 30.0 kg.
for girls), This suggests a gradual widening of
the range of variation with advancing age from
6 through 11 years. Girls have a wider distribu-
tion than boys, probably reflecting the early
growth acceleration of female adolescence.

Sitting Height

Standing height is a composite measurement
including the head, neck, trunk, and lower ex-
tremities, By measuring an individual's sitting
height while sitting erectly, the contribution of
the lower extremities to stature is eliminated,
leaving the height of the head, neck, and trunk,
Sitting height is slightly but consistently greater
in boys than girls between 6 and 9 years of age,
but at 10 and 11 years girls have slightly greater
sitting heights (figure 3 and table 3), In terms
of its relative contribution to stature, sitting
height represents about 54 percent of total height
at 6 years of age (54.55 percent in boys and
54.24 percent in girls) and decreases gradually

SITTING HEIGHT IN CENTIMETERS
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Figure 3. Mean sitting height of U.S. children by age
and sex.



over middle childhood so that at 11 years of age
it represents only approximately 51.7 percent of
the standing height in both sexes (51.68 percent
in boys and 51.69 percent in girls).

About 90 percent of the 6-year-old boyshave

sitting heights between 60.2 and 69.5 cm., while
the measurements are between 58.8 and 68.8
cm. for 6-year-old girls. At this young age the
range between the 5th and 95th percentiles is
similar for both sexes—9.3 and 10.0 cm. in boys
and girls, respectively. At 11 years, the oldest
age studied, about 90 percent of the boys have
sitting heights between 70.1 and 80,6 cm., while
about 90 percent of the girls have sitting heights
between 69.7 and 83.4 cm. The range between the
percentile extremes is thus 10.5 cm. in boys
and 13.7 cm. in girls, similar to that noted for
stature, i.e., a wider distribution for girls, which
is more apparent at the upper percentile limits,
Note that the lower percentile limits (5th) for
1l-year-old children are practically identical
in both sexes and approach the upper percentile
limits (95th) for 6-year-olds.

Poplii"eal Height

This dimension is, on the average, slightly
greater in boys from 6 through 10 years of age
and slightly greater in girls at 11 years, Av-
erage sex differences at 8 through 11 years,
however, are so small as to be negligible (fig-
ure 4 and table 4). The overlap inthe distribution
of this dimension between the sexes is marked
during middle childhood. At 6 years the popliteal
heights of approximately 90 percent of the boys
are between 26,3 and 32.6 cm., while those of
the same percentage of girls are between 26.0
and 32.1 cm. Similarly, at 11 years of age,
about 90 percent of the boyshave popliteal heights
between 33.7 and 41.3 cm., and those of girls are
between 33.3 and 41.7 cm, Note that the upper
percentile limits at 6 years of age and the lower
percentile limits at 11 years do not overlap, but
the difference between them is narrow (1.1 cm,
in boys and 1.2 cm. in girls). Thus, some 11-
vear-old children will have popliteal heights
similar to 6-, 7-, and 8-year-old children.

There is a slight increase in the distribution
of popliteal heights with age, At 6 years of age
the difference between the Sth and 95th percentiles
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Figure 4. Mean popliteal height of U.S. childrenby age
and sex.

is only 6.3 cm. in boys and 6.1 cm. in girls, but
by 11 years the difference is 7.6 and 8.4 cm. in
boys and girls, respectively.

Knee Height

Knee height is slightly greater, on the av-
erage, in boys at 6 and 7 years of age but slightly
greater in girls at 10 and 11 years. At 8 and 9
years of age sex differences in this measurement
are negligible (figure 5 and table 5). As was
the case with popliteal height, the overlap in the
distribution of knee height between sexes is
considerable during middle childhood. Approx-
imately 90 percent of 6-year-old boys have knee
heights ranging between 32.9 and 39.7 cm., and
those of girls of that age range between 32.4
and 39.7 cm. At 11 years, the knee heights of
approximately 90 percent of the boys are between
41.7 and 50.9 cm., while girls measure between
42.1 and 51.2 cm. The 95th percentile for 6-year-
olds and the Sth percentile for 1i-year-olds do
not overlap, but the difference between them is
relatively small (2.0 cm. for boys and 2.4 cm.
for girls), suggesting some overlapping distribu-
tions during adjacent ages of middle childhood.

There is a slight increase in the distribu-
tion of knee heights with age, In the youngest
age group, the difference between the 5thand95th
percentiles is only 6.8 and 7.3 cm. in boys and
girls, respectively. In the oldest age group, this
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Figure 5. Mean knee height of U.S. children by age and
and sex.

difference is only slightly greater and is prac-
tically identical in both sexes (9.2 cm. for boys
and 9.1 cm, in girls).

Buttock-Popliteal Length

This measurement is longer in girls at all
ages, the difference between means gradually
increasing from 0.6 cm, at age 6 to 1.4 cm, at
age 11 (figure 6 and table 6), There is consid-
erable overlap between the sexes in buttock-
popliteal length at the early ages studied, At 6
years of age, about 90 percent of the boys have
buttock-popliteal lengths ranging between 28.6
and 37.4 cm., while the girls measure between
28.8 and 38.6 cm. The dimensions of the same
percentage of ll-year-old boys range between
36,9 and 48.3 cm, and those of girls fall between
38.1 and 50.5 cm. The upper percentiles at 6
years of age and the lower percentilesatll years
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Figure 6. Mean buttock-popliteal length of U.S. chil-
dren by age and sex.
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Figure 7. Mean buttock-knee length of U.S. children by
age and sex.

of age overlap slightly within each sex (0.5 cm.
in both sexes). Thus, within each sex group a
few 6-year-old children will have buttock-pop-
liteal lengths as long as several ll-year-old
children.

The distribution of buttock-popliteal lengths
broadens with age. At age 6, the difference en-
compassed by the 5th and 95th percentiles is 8.8
cm, for boys and 9.8 cm. for girls, while the
range at age 11 is 11.4 cm. in boys and 12.4 cm.
in girls. This indicates slightly greater varia-
tion among girls at all ages,

Buttock-Knee Length

On the average, this dimension is longer in
girls over the age span studied. The difference
between the means for each sex is small at 6
and 7 years (0.4 and 0.1 cm.) but increases with
age so that the difference is 1.4 cm, at 11 years
(figure 7 and table 7). There is considerable
overlap between boys and girls in the distribu-
tion of buttock-knee lengths in the youngest age
group. The measurements for about 90 percent
of the boys range between 31.5 and 41.6 cm.;
those for girls range between 32.2 and 41.9 cm.
The distribution of buttock-knee length in each
sex diverges slightly with increasing age, so
that at 11 years of age about 90 percent of the
boys and girls measure between 42.2 and 53.7
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Figure 8. Mean acromion-olecranon lengthof U.S. chil-
dren by age and sex.

cm. and 43.7 and 55.9 cm., respectively. The
95th percentile at 6 years of age and the Sth
percentile at 11 years do not overlap, but the
difference between them is smaller for boys (0.6
c¢m.) than for girls (1.8 cm.), The distribution of
buttock-knee lengths becomes slightly wider with
age. In 6-year-old children the difference between
the percentile extremes is 10.1 and 9.7 cm. in
boys and girls, respectively. The percentile range
at 11 years is 11.5 cm, in boys and 12,2 in girls,
suggesting slightly greater variation in this di-
mension with age in girls,

Acromion-Olecranon Length

On the average, boys have slightly longer
upper arms at 6, 7, and 8 years of age but girls’
upper arms are slightly longer at10and 11 years.
Sex differences at 9 years of age are negligible
(figure 8 and table 8), Overlapping of the dis-
tribution of acromion-olecranon lengths for boys
and girls is considerable over the age spanunder
study. About 90 percent of the 6-year-old boys
have dimensions ranging between 21.6 and 26.1
cm., while about 90 percent of those of the 6-
year-old girls fall between 21.2 and 25.8 cm.
The same percentage of children at the oldest
age studied have values ranging from 27.2 to
33.1 cm, for boys and 27.5 to 33.7 cm. for girls.

" At both the youngest and oldest ages under study,
the range between the S5th and 95th percentiles
is relatively narrow and is similar in both sexes
(6 years: 4.5 cm. in boys, 4.6 cm. in girls; 11
years: 5.9 cm. in boys, 6.2 cm. in girls). The
upper percentiles for 6-year-old children do not

overlap the lower percentiles for 11-year-olds;
however, the difference between them is rel-

.atively small in both sexes (1.1 cm. for boys

and 1.7 cm. for girls), indicating overlap in
acromion-olecranon lengths over the span of
middle childhood.

Elbow-Wrist Length

This dimension is, on the average, longer in
boys from 6 through 10 years of age, but it is
longer in girls at 11 years (figure 9 and table
9). As in the case of upper arm length, elbow-
wrist length shows considerable overlap in its
distribution between the sexes. Forearm lengths
for about 90 percent of the 6-year-olds are be-
tween 16.6 and 20.2 cm. for boys, 16.1 and 19.7
cm. for girls. At 11 years of age, the measure-

.ments for about 90 percent of the boys range be-
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Mean elbow-wrist length of U.S. children

by age and sex.

Figure 9,



tween 20.6 and 25.4 cm. and those for about 90
percent of the girls fall between 20.6 and 25.8
cm. In both 6-and 11-year-old children, the span
between the Sth and 95th percentiles is relatively
narrow and is similar for boys andgirls (6 years:
3.6 cm, in both sexes; 11 years: 4.8 cm. in boys,
5.2 cm. in girls)., Although the 95th percentile
at age 6 and the 5th percentile at age 11 do not
overlap, the difference between them isnegligible
in both sexes (0.4 cm. for boys and 0.9 cm. for
girls).

Foot Length and Breadth

On the average, boys are consistently larger
than girls in both foot length and breadth at all
ages studied (figures 10 and 11, tables 10 and
11). The distribution of these two foot dimensions
with age is similar for both sexes,
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Figure 10. Mean foot length of U.S. children by age

and sex.
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Figure |I. Mean foot breadth of U.S. children by age

and sex.

In the youngest age group, the range in foot
length for about 90 percent of the children is
16.2 to 19.9 cm. for boys, 15.8 to 19.8 cm. for
girls. For about 90 percent of the 11-year-old
children, boys measure between 20.1 and 24.7
cm., while girls measure between 20,0 and 24.5
cm, in foot length, At both 6 and 11 years of age,
the range between the Sth and 95th percentiles
is narrow and is quite similar in boys and girls
(6 years: 3.7 for boys, 4.0 for girls; 11 years:
4.6 cm, in boys, 4.5 cm. in girls). Although the
95th percentile of 6-year-olds and the 5Sth per-
centile of 11-year-olds do not quite overlap each
other, the difference between them is negligible
in both sexes (0.2 cm.).

For about 90 percentof the 6~year-olds, boys
have foot breadths between 5.7 and 7.8 cm., and
an equal percentage of girls fall between 5.3 and
7.6 cm. At 11 years of age, the range is between
7.0 and 9.2 cm. for boys and- between 6.6 and 8.9
cm, for girls, At bothofthese ages, the difference
between the 5th and 95th percentiles is small and
is almost identical in both sexes (6 years: 2.1
cm, in boys, 2.3 cm. in girls; 11 years: 2.2 cm,
in boys, 2.3 cm. in girls). The 95th per-
centile at age 6 and the Sth percentile at age 11
overlap in both sexes, the overlap being 0.8 cm.
in boys and 1.0 cm, in girls.

Hand Length and Breadth

In contrast to the two foot measurements,
in which boys are, on the average, larger in both
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Figure 12. Mean hand length of U.S. children by age

and sex.

dimensions, they are larger only in hand breadth
over the entire age range studied. Hand length
is, on the average, greater in boys from 6 to 8
years, identical in both sexes at 9 and 10 years,
and larger in girls at 11 years of age (figures
12 and 13, tables 12 and 13). The distribution
of both hand dimensions shows considerable over-
lapping in both sexes. For about 90 percent of
the 6-year-old age group, hand lengths for boys
range between 11.9 and 14.5 cm. and for girls
between 11.4 and 14.5 cm. For about 90 percent
of the l1-year-old age group, the dimensions for
boys fall between 14.2 and 17.4 cm. and for
girls between 14,3 and 17.8 cm. At both ages the
span between the Sth and 95th percentiles is
small and is similar in boys and girls (6 years:
2.6 cm. in boys, 3.1 cm. in girls; 11 years: 3.2
cm. in boys, 3.5 cm. in girls). There is slight
overlap between the 95th percentile at 6 years
and the Sth percentile at 11 years in both sexes—
0.3 cm., in boys and 0.2 c¢m. in girls,

For hand breadth, the values for about 90
percent of 6-year-olds range between 5.1 and 6.9
cm, for boys, 5.1 and 6.8 cm. for girls. At 11
years, those for about 90 percent of both boys
and girls range between 6.1 and 7.9 cm. At both
the youngest and oldest ages studied, the range
between the 5th and 95th percentiles is small
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Figure [3. Mean hand breadth of U.S. children by age
and sex.

and is essentially identical in both sexes (1.8
cm.). However, the 95th percentile at 6 years
overlaps considerably (relative to the size of
the dimensions) the Sth percentile at 11 years
in both sexes, the overlap being 0.8 cm. in boys
(6.9 compared to 6.1 cm.) and 0.7 in girls (6.8
compared to 6.1 cm.).

Chest Breadth and Depth

(4th Intercostal Space)

Boys are, on the average, consistently larger
than girls in the two chest measures at all ages
(figures 14 and 15, tables 14 and 15), As with
other dimensions discussed, overlapping dis-
tributions are characteristic, The chest breadths
of about 90 percent of the 6-year-old boys range
between 16.4 and 20.5 cm., while those for the
same percentage of girls at this age fall be-
tween 16.1 and 19.8 cm. For about 90 percent
of the ll-year-olds, boys have chest breadths
between 19.8 and 24.9 cm., and girls measure
between 19.1 and 25.3 cm. In both sexes the
range between the 5th and 95th percentiles at 6
years of age is rather marrow (4.1 cm. in boys
and 3,7 cm. in girls) and increases slightly with
age so that the range between the percentile limits
at 11 years is 5.1 cm. for boys and 6.2 cm. for
girls. It should be noted that there is overlap in
both sexes between the 95th percentile for 6-
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Figure |4. Mean chest breadth of U.S. children by age
and sex.

year-olds and the Sth percentile for 1ll-year-
olds—0.7 cm. for both sexes,

The chest depths of about 90 percent of the
6-year-olds range from 11.5 to 15,4 cm, for boys
and from 11.2 to 14.8 cm, for girls, In 11-year-
old children, the chest depths of about 90 per-
cent of the boys measure between 13.4 and 18.6
cm., and those of girls between 13.0 and 18.7
cm, In the youngest age group, the range between
the upper and lower percentile limits is small
in both sexes (3.9 cm. in boys and 3.6 cm. in
girls). A slightly wider differential is apparent
at 11 years of age in both sexes (5.2 cm. in boys
and 5.7 cm, in girls), The 95th percentile for 6

years and the Sth percentile for 11 years over-,

lap for chest depth by 2,0 cm. in boys and 1.8
cm. in girls, a slightly greater overlap than that
for chest breadth.

Elbow-Elbow Breadth

This measurement is, on the average, con-
sistently greater in boys between 6 and 11 years
of age than in the corresponding girls (figure
16 and table 16). The difference between means
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Figure 15. Mean chest depth of U.S. children by age
and sex.
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Figure 16. Mean elbow-elbow breadth of U.S. children
’ by age and sex.



is largest at 6 and 7 years of age (1.2 and 1.3
cm,, respectively) but becomes progressively
less with increasing age so that at 11 years the
difference between means is only 0,6 cm. About
90 percent of the 6-year-old boys have elbow-
elbow breadths between 21.7 and 28.8 cm., while
an equal percentage of girls have values between
21.0 and 28.1 cm. At this young age, the range
between the S5th and 95th percentiles is 7.1 cm.
for both sexes. With increasing age the distribu-
tion of elbow-elbow breadths widens, Atllyears,
about 90 percent of the boys have measurements
between 25.6 and 37.3 cm., and those of girls
fall between 24.5 and 37.4 cm, The range be-
tween the percentile extremes is thus 11.7 cm.
for boys and 12.9 cm. for girls atthis age, There
is considerable overlap between the upper per-
centiles at 6 years of age and the lower per-
centiles at 11 years in both sexes, the overlap
being 3.2 and 3.6 cm. in boys and girls, respec-
tively.

Seat Breadth

Seat breadth is consistently larger, on the
average, in girls from 6 through 11 years of age
than it is for boys (figure 17 and table 17), The
difference between means of boys and girls is
negligible (less than 0.1 cm.) at 6 years of age
and gradually enlarges so that the difference at
11 years is 1.3 cm. Seat breadths for about 90
percent of 6-year-old boys range between 18.1
and 23.5 cm., and those for girls of this age
range between 18.1 and 23.7 cm. With increasing
age, the distribution of seat breadths in each sex
widens. Thus the dimensions for about 90 per-
cent of the ll-year-olds range from 22.3 to 33,8
cm. for girls and 22.1 to 30.6 cm. for boys., The
sex difference in the percentile distribution for
seat breadth is most apparent at the upper per-
centile limits at 11 years of age; the girls' dis-
tribution is skewed much more than the boys'.
The range between the S5th and 95th percentiles
in 11-year-old children is 8,5 cm. for boys com-
pared to 11.5 cm, in girls., The overlapping be-
tween the 95th percentile at 6 years and the Sth
percentile at 11 years in both sexes (1.4 cm.)
should be noted,
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Figure 17. Mean seat breadth of U.S. children by age

and sex.

Thigh Clearance

Thigh clearance is, on the average, slightly
but consistently greater in girls from 6 through
11 years of age (figure 18 and table 18), Over-
lapping between the sexes is, however, con-
siderable, In the 6-year-old age group, the
measurements for about 90 percent of the boys
fall between 7.4 and 11.0 cm., while those for
girls are between 7.4 and 11.5 cm. Similarly,
among about 90 percent of 1l-year-olds, boys
measure between 9.3 and 14,7 cm. in thighclear-
ance and girls betwzen 9.4 and 14.9 cm. The
percentile range for thigh clearance measures
is almost identical for both boys and girls in the
youngest and oldest age groups. The overlapping
of the 95th percentile at age 6 and the Sth per-
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Figure 18. Mean thigh clearance of U.S. children by
age and sex.

centile at age 11 in both sexes should be noted -

(1.7 cm, in boys and 2.1 cm, in girls),

Chest Girth

As with chest breadth and depth, chest girth
is, on the average, consistently larger in boys
from 6 through 11 years of age, The difference,
however, is negligible at 10 and 11 years of age
(figure 19 and table 19). At 6 years of age, chest
girths for about 90 percent of the boys fall be-
tween 54.1 and 64.4 cm., while those for the
same percentage of girls fall between S51.7 and
63.2 cm., a slightly wider percentile distribu-
tion for girls (11,5 compared to 10.3 cm,), With
increasing age the percentile distributions
broaden in both sexes (but more so in girls) so
that at 11 years of age, the measures for about
90 percentofthe girls range from 60.4 to 83.4 cm.,
and those for boys range from 63.3 to 83.1 cm,
Thus, the span between the percentile extremes at
age 11 is 19.8 cm, for boys and 23.0 cm, for girls.
Overlapping is apparent between the 95th percent-
ile at 6 years of age and the 5th percentile at 11
years, the overlap being more marked for girls
(2.8 cm,) than for boys (1.1 cm.).
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Figure 19. Mean chest girth of U.S. children by age
and sex.
Waist Girth

Generally, this measurementis larger in boys
in the whole age range, with the difference between
means rather consistent throughout (figure 20 and
table 20), About 90 percent of the youngest age
group have waist girth measurements of 47.4 to
60.3 cm. for boys and 45.5 to 58,8 cm. for girls,
This is a rather similar range of percentile dis-
tributions for both sexes (12.9 cm. inboysand 13.3
cm, in girls), With advancing age during middle
childhood, the difference between percentile ex-
tremes increases in both sexes (but more so in
boys) so that at 11 years of age, about 90 percent
of the girls fall between 52.1 and72.7 cm. in waist
girth., The span between the percentile extremesin
the oldest age groupis 22.7 cm. for boys compared
to 20.6 cm, for girls. Overlapping between the
upper percentile limits at 6 years of age and the
lower percentile limits at 11 years of ageis con-
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Figure 20. Mean waist girth of U.S. children by age
and sex.

siderable in both sexes (6.2 cm. in boys and 6.7
cm, in girls).

Hip Girth

In contrast to the other girth measures, hip
girth is consistently larger, on the average, in
girls from 6 through 11 years. The difference
between means is small at the youngest ages
studied but increases with advancing age (figure
21 and table 21). About 90 percent of the 6-year-
old boys measure between 51.3 and 66,3 cm., while
an equal percentage of girls measure between 50.7
and 67.4 cm, in this circumference. Therange en-
compassed by the percentile extremes in this
young age group is larger in girls (16.7 cm.) than
in boys (15.0 cm.). This range widens withage so
that by 11 years of age, itis considerably broader
in girls (28.0 cm.) than boys (25.1 cm.) At age 11,
about 90 percent of the girls have hip girths
between 64.4 and 92.4 cm,, and about 90 percent of
the boys are from 62.6 to 87.7 cm, in hip girth,
As with waist girth, there is some overlapping
between the upper percentiles at 6 yearsofage and
the lower percentiles at 11 years (3.7 cm.in boys
and 3.0 cm. in girls).

DISCUSSION

As expected, all the anthropometric dimen-
sions discussed in the preceding pages increase
almost linearly with age from 6 throughllyears.
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Figure 21, Mean hip girth of U.S. children by age and
sex.

Thus, as children grow and grow up during middie
childhood, body size and proportions change with
advancing age. Children not only get larger inthe
various dimensions studied, but their proportions
also change. For example, at 6 years of age the
sitting height contributes about 54 percent to stat-
ure, while at 11 years it contributes only about 51
percent. Knee height at 6 years of age is about 30
percent of standing height, but at 11 years of age
it represents about 32 percent of stature,

The pattern of sex differences in the dimen-
sions studied is of interest. The eight measure-
ments in which boys are, on the average, larger
than girls from 6 through 11 years of age include
chest breadth, chest depth, chest girth, elbow-
elbow breadth, waist girth, hand breadth, foot
breadth, and foot length. Three of the measure-
ments are of hands and feet, and the other five
are measurements of the breadth and girth of the
torso. (Note that elbow-elbow breadth includes
the breadth of the elbows and the breadth of the
torso, for the elbows are held tightly against the
trunk in making this measurement.) '

Girls are, on the average, larger than boys
over the age span studied in five dimensions:
buttock -popliteal length, buttock-knee length, seat
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breadth, thigh clearance, and hip girth, All five
of these measures involve the buttock and thigh
areas, and larger measurements in girls during
middle childhood are probably related to greater
amounts of soft tissue, especially subcutaneous
fat, in this area of the female physique,

The pattern of sex differences in the re-

maining measurements involves larger male.
averages at 6, 7, and sometimes 8 years of age;.

small and/or negligible differences at 8 and 9
years of age; and larger female averages at 10
and 11 years of age. Except for body weight
(which itself is highly determined by stature), the
dimensions showing this general pattern of sex
differences are all linear measurements: stature,
sitting height, popliteal height, knee height, acro-
mion-olecranon length, elbow-wrist length, and
hand length, Larger measurements for girls gen-
erally appear at about 10 years of age, probably
reflecting the initial stages of the earlier female
adolescent growth spurt,

Data for most of the 21 dimensions used in
the present study of middle childhood are also
available for adults from Cycle I of the Health
Examination Survey 89 and from The Human
Body in Equipment Design,'! In contrast to the
pattern of sex differences just described for
ages 6-11 years, adult males are larger tham
females in all except two of the 21 dimensions.
These two are seat breadth and hip girth, both
of which are also consistently larger in the girls
during middle childhood. Thus, we have a sex
difference becoming evident during childhood and
persisting into adulthood. It would be interest-
ing to note whether these two dimensions show
larger values for females during infancy and
early childhood. Patrizkova,12 for example, re-
ported significantly larger skinfolds over the
hips of newborn girls than newborn boys. Per-
haps sex differences in the patterning of sub-
cutaneous tissue, i.e., in selective site deposi-
tion, underlie the sex difference in seat breadth
and hip girth. Larger dimensions for girls in
about one-third of the other measurements are
apparently only temporary, reflecting the early
growth acceleration characteristic of female
adolescence, which is eventually overcome by
the longer growth period and greater magnitude
of the adolescent spurt in males.

Although each dimension increases with age
and there are sex differences in mean values,
there is considerable overlapping between sexes
and between adjacent ages in the distributions of
values for each dimension. In the presentation
of findings, emphasis was placed upon com-
parisons of the percentile extremes at 6 and 11
years of age, which indicate some overlapping
in many dimensions between the upper (95th) per-~
centile limits at 6 years of age and the lower
(5th) percentile limits at 11 years of age. Even
when the upper and lower percentile limits at the
youngest and oldest ages did not actually over-
lap each other, the difference between them was
generally rather small, This indicates that some
6-year-old children will have overall body size
equivalent to some ll-year-old children, It also
indicates that some 6-year-olds will have spe-
cific body segment lengths, girths, etc. equivalent
in size to those of some ll-year-old children,
This does not, however, imply that body propor-
tions of the two extreme age categories are
identical, As indicated earlier, for example,
sitting height as a percentage of standing height
decreases from approximately 354 percent in
6-year-old children to approximately 51 percent
in 1l-year-old children. Similar age-related
variations in the proportional relationships are
also apparent for other body dimensions. It
should be kept in mind that the span included in
comparisons of the youngest and oldest groups
under study is S5 years. When comparisons are
made between adjacent age groups from 6 through
11 years, the overlap in distribution of measure-~
ment values is considerable for both sexes.

Although middle childhood is characteris-
tically described as a period of slow, steady
growth, there is considerable variation within
the specific age groups, between different age
groups, and between sexes, Problems for those
who design and manufacture children's equip-
ment, furniture, and clothing are obvious, Take
for example the problem of seat design for
elementary schoolchildren., A seat has to be
wide enough and long enough to accommodate
larger children, yet must not be so long as to
be of potential discomfort to the short child,
Similarly, regarding the height of the seat sur-
face from the floor, in the U.S. Air Force re-



port by Kroemer and Robinette, they indicate
that: "', . . the height of the seat should be slightly
less than the distance from the floor to the pop-
liteal area of the seated individual,'"!® Adjust-
able seats are a possible solution, but it is clear
that having uniformly sized seats for all chil-
dren unquestionably penalizes or offers potential
discomfort for some, both the unusually small
and the unusually large, The postural and com-
fort implications are well described in the U.S.
Air Force report by Kroemer and Robinette:

Pressure from the edge of the seat is dis-
tinctly uncomfortable because the softunder-
sides of the thighs are not qualified for sus-
tained compression, If the seat is too high,
such pressure is always present, even if the
front edge of the seat surface is well rounded
or upholstered. To avoid such compression,
people tend to sit on the front portion of a
high seat. While this leads to the desirable
angle of more than 90 degrees between the
thighs and the trunk, it also causes an un-
stable and fatiguing posture, requiring static
contraction of muscles to be maintained.

Compression of the thighs will cer-
tainly be eliminated if a low seat is used.
However, if an individual sits on a chair that
is too low, a more acute angle between his
thighs and the trunk is likely to occur. This
acute angle causes an unfavorable relative
position of pelvis and spinal column, and
also causes pressure on the abdominal
organs, Tall, heavy, and elderly people aften
find it difficult to get up from a low chair.'?

Similar problems relate to the height of desks
or work surfaces for schoolchildren. Again to
quote the review of Kroemer and Robinette onthe
problem:

In contrast to the theoretical recommenda-
tion that the height of the chair should cor-
respond to the individual's leg dimensions,
surveys showed that in practice the seat
height is adjusted to the height of the desk.
In other words, chairs are really being ad-
justed to the height of the working surface;

comfort of hands, arms, shoulders, and eyes
plays a more important role than comfort
of the legs. This frequently causes rather
undesirable positions of the trunk and legs
and may greatly contribute to the pains and
aches reported from sedentary workers,

This finding leads to a simple con-
clusion. Chair and desk (or table) must be
regarded as a unit, The height of the desk
must be derived from the height of the chair,
The height of the chair must correspond to
the length of the lower leg. (This axiom im-
plies that a footrest normally should not be
necessary.)“

The last mentioned axiom brings to mind the
not too uncommon observation of children who have
to be fitted with a block-type footrestduring their
first 2 or 3 years of school (i.e., 6, 7, and 8 years
of age) because their legs are so short,

The preceding discussion suggests the util-
ity of the present data as reference standards
and guidelines for furniture design. To use adult
standards for children would indeed be myopic,
for:

A child's body dimensions, proportions, and
biomechanical properties are so markedly
different from that of an adult that a child
cannot, for design purposes, be considered
simply as a scaled-down adult, 1’

The data presented in this report represent
static anthropometric dimensions, i.e., measure-
ments made on the body in a fixed, standardized
position specific to each measurement, Hence,
the observations are limited to these defined
static postures. The child, however, is not a
static being; rather, movement is the rule during
childhood, thus implying the need for the study
of functional or dynamic anthropometry of the
growing child, Dynamic anthropometric dimen-
sions, e.g., functional arm and leg reach, are
those made while the body is in positions re-
quired for specific work tasks or is in motion,
(See Damon, Stoudt, and McFarland'! for a more
detailed discussion.) Needless to say, dynamic
dimensions are more difficult to measure and will
vary with the task at hand,
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One can ask whether the work space of a
child in school is designed to fit the functional
anthropometry of the child in terms of both
safety and comfort standards and how work space
requirements change with age during childhood.
Of necessity, data on children in a variety of
working positions-—seated, standing, supine,
prone, etc,—are required, Similar questions can
likewise be applied to the child's work and play
space at home.

Data essential to answer some of the ques-
tions raised above are lacking, Although the
static anthropometric dimensions described in
the present report offer some notion of the size
variation during middle childhood and can be
used widely in meeting the standard and design
needs of various industrial and governmental
concerns, they do not fully describe the essential
functional parameters of the growing child. In
this sense they are of limited value to 'human
factors' or "human engineering'' problems con-
cerning the child as 2 dynamic being (child re-
straint systems, ''child-proof'' lid design of
medication containers, work or study space de-
sign, design of play equipment and toys, etc.).

In summary, there is a lack of complete
data on the static and, especially, the dynamic
anthropometry of the growing child., What, for
example, are the essential, functional anthro-
pometric parameters of a child during middle
childhood? Once identified, how can they be ac-
curately measured? Such data would extend not
only to adolescents but also, most importantly,
to infants, who have the least capability of making
personal adaptations to the environment which
is presented to them. In addition, such anthro-
pometric observations must be complemented
with detailed studies of the biomechanical and
performance capabilities of the growing child,

16

SUMMARY

Age trends, sex differences, and ranges of
variation for 21 anthropometric dimensions are
reported for a probability sample of 7,417 U.S.
children 6 through 11 years of age., The 21 ‘dimen-
sions include weight, height, sitting height, poplit-
eal height, knee height, buttock-popliteal length,
buttock-knee length, acromion-olecranon length,
elbow-wrist length, foot length, foot breadth, hand
length, hand breadth, chest breadth, chest depth,
elbow-elbow breadth, seat breadth, thigh clear-
ance, chest girth, waist girth, and hip girth,

All dimensions increase almost linearly with
age from 6 through 11 years. Although there is
considerable overlap, sex differences are ap-
parent, but vary with the dimensions examined.
For example, in eight dimensions (three of the
hands and feet and five relating.to the breadth
and girth of the torso) boys are generally larger
throughout the age range. Girls are generally
larger through the age range in five measure-
ments, all of which involve the buttock and thigh
areas, Inthe remaining measurements, the pattern
of sex differences indicates larger male values
at 6, 7, and sometimes 8 yearsofage, small and/
or negligible sex differences at 8 and 9 years,
and larger female values at 10 and 11 years of
age. The pattern indicated in the last measure-
ments probably reflects the initial stages of the
earlier female adolescent growth spurt,

The discussion of results is directed toward
the specific application of anthropometric in-
formation to the human engineering of middle
childhood, e.g., in the design of clothing, furni-
ture, and equipment for children. The normal
variation in the anthropometry of the growing
child must be considered in various manufactur-
ing and safety standards,
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Table 1.

tion, standard error of the mean, and selected percentiles, United States, 1963-65

Height of children by sex and age at last birthday: sample sizes, mean, standard devia-

Percentile
Sex and age n N X '
* 5th | 10th | 25th | 50th | 75th | 90th |95th

Boys In centimeters
6 years=~me=m== 5751 2,082 | 118.6 | 5.17| 0.236 | 110.7] 111.8] 115.1( 118.5 | 122.0] 125.7 | 128.0
7 years—-e-=e= 632 2,074 | 124,5 | 5,52 | 0,356 | 115.6| 117.8| 120.8| 124.4 | 128.0] 131.8 | 134.4
8 yeargmce-ew~ 618 2,026 | 130,0 | 5.67 | 0.263 | 120,3| 123.3| 126.3| 130,0 | 133.7| 137.3 | 139.3
9 yearsmemm—en« 603 2,012 135.,5 | 6.72| 0.442 | 124,6 | 127.0| 131.4{ 135.6 | 140.1| 143.5 | 145.4
10 yearse====- 576} 1,963 | 140,2 { 6,81} 0,373 | 129,3] 131.4| 136.2| 140.6 | 144,6| 148.5 | 151.3
11 yeargeeecea 628 | 1,924 145,7 | 6.88] 0.273 | 134.6 ] 137.2| 141.2| 145.8 | 150.4| 154.3 | 157.0

Girls ]
6 years~e—e—m=nm= 536 | 2,016 | 117.8 0.269 | 108.3{ 110.6{ 114.4| 117.7 | 121.6| 125.,0 | 126.7
7 yeargeeee—m= 609 | 2,010 123.5 0,175} 113,7| 116,3| 119.7| 123,6 | 127.4| 130.7 | 132.7
8 years=mma=e- 61341 1,960 | 129.4 0.331f119.1| 121.4| 125,5| 129,6 | 133.4| 137.2 | 139,3
9 yearg=e—====- 5811 1,945| 135.5 0.312 ) 124,4| 127,14 130.8| 135.,4 | 140.1| 144.8 147.4
10 yearse—==ee- 5841 1,904 | 140.9 0.307 | 129,5| 132,06} 135.9| 141,0| 145.7| 150.2 | 153.4
11 years—=e~==- 564 1,868 | 147.6 0.243 | 135.4| 138.9| 143.0| 147.4| 152.8| 158.,0 | 159.7

NOTE: % = sample size; N= estimated number of children in population in
§ =standard deviation; §; =

Table 2,

standard error of the mean,

thousands; X = mean;

Weight of children by sex and age at last birthday: sample slzes, mean, standard devia-
tion, standard error of the mean, and selected percentiles, United States, 1963-65

Percentile
Sex and age n N X s
X
5th | 10th | 25th | 50th | 75th | 90th | 95th
Boys In kilograms
6 years======- 57512,082| 22,0 0,148 | 17,4 18,2| 19.8| 21.6] 23.7| 26,0 28,
7 years~-==m=~ 632 | 2,074 | 24,7 0,185 | 19,4 | 20,4 | 22,2 24,1] 26,6 29,5 31,5
8 years---=em- 618 | 2,026 | 27.8 0,225 21,5| 22,6 24,5| 27,1| 29,8| 33.9 36.4
9 yearsm=m=e==- 603 12,012 | 31,2 0.430 | 23,2| 24,5| 26,8| 29,7| 33,9 38,5 43,5
10 years--~==-- 576 11,963 33,7 0,297 | 25,5 26,7 | 29.4| 32,6 36.,5! 42,0 45,0
11 years~=====- 628 | 1,924 38,3 0,360 | 28,6 30,1 33,1| 36,6 41,7 48,6 53,0
Girls
536 12,016 21,6 0,229 | 16,4 17.6| 19,2} 21,1| 23,2| 25,8 28,0
609 | 2,010 | 24,2 0,206 | 18,7 19,5 21.,3| 23,5 26.4] 29,7 31.5
613 | 1,960 | 27,5 0,233 | 20,5) 21,7} 23,8 | 26.,7| 30.0| 34,5 38.2
581 | 1,945 | 3l.4 0.371 | 22,9 24,3| 26,6 | 29.8] 34,6| 41,8 45,6
584 {1,904 ! 35,2 0,411 | 24,9 26,2| 29,2} 34.,2f 39,5| 45,6 49,9
564 11,868 | 40,0 0,401 | 28,4) 29,8 33,4} 38,2| 45,0 52,1 58,0

NOTE: % = sample

standard error of the mean.

size; N = estimated number of children in population in thousands; X- mean;
§ = standard deviation; §;
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Table 3. Sitting height of children by sex and age at last birthday: sample sizes, mean, standard
deviation, standard error of the mean, and selected percentiles, United States, 1963-65

Percentile
Sex and age n N X s 'y
* 5th | 10th | 25th | 50th | 75th | 90th | 95th
Boys In centimeters
6 years~=---=~ 57512,082} 64,7 2,730,101 | 60,2} 61,1| 62,8| 64,7 66,5| 68,3 69,5
7 years--v==== 632 | 2,074) 67,0 2,78 | 0,145 | 62,4 63.,5| 65.,1| 67.1| 68,7| 70.6 71,7
8 yearg-===-=== 618 | 2,026 | 69,21 2,98 | 0,114 | 64,5]| 65,5| 67,3 69,3] 71.3| 73.2 74,1
9 years===s=== 603 | 2,012| 71,3 3,32{ 0,191 | 65,9| 66,8| 69,2 | 71.4| 73.6! 75.5 76,6
10 years-----~ 576 | 1,963 | 73,0 3,250,184 | 67,4 69,0 71,0 73.1| 75.21 77.2 78,5
11 yearg=mww=-- 628 11,924 | 75,3| 3,22{ 0,129 | 70.1| 71,3| 73.3| 75.2| 77.5] 79.5 80.6
Girls
6 yearsm=~=~--- 536 | 2,016 | 63,9} 3,01]0,153 | 58,8 | 60, 62, 64,1 65.8| 67,9 68,8
7 years~=m=—wn-= 609 |1 2,010 | 66.,2{ 3,050,116 | 61,2} 62,3| 64,1| 66.3] 68.2| 70.3 71,3
8 yearsm-m-=m=- 613 11,960 68,5| 3,08 | 0,111 | 63,1 | 64.4| 66,5| 68,6 70,7 72.4 73.3
9 years-==-==== 581 11,945 71.0( 3,320,152 | 65.5| 66,7} 68,7| 70,8| 73.3| 75.3 764
10 years=~==~-- 584 11,904 73,3] 3.50 | 0,136 | 67,8 | 68,8 70,7| 73.4| 75.6| 77.6 79,1
11l years====«= 564 | 1,868 | 76.3)] 4,00) 0,133 | 69,7 | 71.6| 73.8| 76,1L| 78.7| 81l.4 83.4
NOTE: # = sample size; N = estimated number of children in population in thousands; X-= mean ;

standard deviation;

si==standard error of the mean.

Table 4. Popliteal height of children by sex and age at last birthday: sample sizes, mean, stand-
ard deviation, standard error of the mean, and selected percentiles, United States, 1963-65

Percentile
Sex and age n N X s s
X
5th | 10th | 25th | 50th | 75th | 90th | 95th
Boys In centimeters
6 years====~~= 575| 2,082 29,2 1,840,060 26,3| 26,9] 28,0| 29.,3] 30.5| 31.6 32,6
71 years-------| 632| 2,074 31,1 1,98 | 0,131 | 28,1| 28,6 29,7 | 31.1| 32.4{ 33,7 34,6
8 years- ~| 618| 2,026 | 32,6} 2,00{0,112| 29,2 30.1| 31,3{ 32,7 33.9| 35.2 35,8
9 yearsem===== 603( 2,012 | 34,3} 2,200,107 30,8{ 31.5} 32,9} 34,3| 35,7 37.2 38.0
10 years---=-=- 576 1,963 | 35,9 2,240,120 ] 32,2} 33,0 34,41 35.9( 37.4| 39.0 39,7
11 years==~=-- 628| 1,924 | 37.4| 2,320,103 | 33.7{ 34.5| 35,7| 37.3| 39.1] 404 41,3
Girls

6 years-m=m=== 536 2,016 | 29,0 1.84) 0,065 26,0 26,5| 27,7 29,0 30,2| 31l.4 32,1
7 years--~=we== 609( 2,010 | 30.,6|1,99| 0,079 27.4| 28.,2| 29,3| 30,6| 32.,0| 33,3 34,0
8 years~=~w==m= 613( 1,960 | 32,4} 2,09 0,115| 29,1 | 29.,6| 31,1| 32.,5| 33.,7| 34.9 35.8
9 years-~w=-=-= 581| 1,945 34,2] 2,36 0,111 | 30.3| 31.,3| 32,6 34,2| 35.7| 37.6 38.4
10 yearg-===-~ 5844 1,904 | 35,7 2,51 | 0,142) 31,8 32,6| 34,1| 35.6| 37.4| 39,1 39.8
11 years-===--- 5641 1,868 37,5) 2,62 0,137 33,3 34.,2| 35,7| 37.5| 39.3| 40,7 41,7

NOTE: 7 = sample size; N = estimated number of children in population in thousands;_X?=mean;
8 = standard deviation;
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Table 35,

Knee height of children by sex and age at last birthday:

sample sizes, mean,

standard

deviation, standard error of the mean, and selected percentiles, United States, 1963-65

Percentile
Sex and age n N X s S.
X
5th | 10th | 25th | 50th | 75th | 90th | 95th
Boys In centimeters
6 yearse~-~e--- 575 2,082 | 36.112.03| 0,079 | 32,9 33.5] 34.6| 35.9) 37.4| 38.8 39.7
7 years—=e—=e- 632| 2,074 | 38.2 2,17} 0.112| 34.,8| 35.5| 36.7| 38.2| 39.6| 41,3 42,2
8 years—w~==== 618 | 2,026 | 40,2 |2,25| 0,109} 36.3| 37.3| 38.6| 40.2| 41.7| 42.9 43.8
9 yearse-—e==e= 6031 2,012 | 42,4 |12,65] 0.140| 38,1 39.1| 40.7| 42.4| 43.8| 45.6 46,7
10 yeargs—e=-=- 5761 1,963 | 44.2 |2.64| 0.114| 39,7 | 40.7| 42.4| 44,31 45.9| 47.5 48.6
11 yearg~eve=e 628 1,924} 46,3 |2,73| 0.104 | 41,7 | 42.8| 44.4| 46.3] 48.2] 49.8 50.9
Girls
6 years~-t-==« 536 2,016 | 35.9 |2,18 | 0.103( 32,4 33.1| 34.5| 35.9| 37.3| 38.7 39,7
7 years—e—ee=- 609 2,010 | 37.9|2.22| 0.074| 34,3} 35.2| 36.5| 37.8| 39.5| 40.7 41.6
8 yeargmse-es== 6131 1,960} 40.2 |2.40| 0,091 | 36.3} 37.2( 38.5| 40.1| 41.8| 43.3 44,3
9 yearg-—=—==- 581 1,945} 42,5 (2,79 0,131 38.2| 39.1| 40.5| 42.3| &44.4| 46.1 47.3
10 years===mm-~ 584 1,904 | 44.4 | 2,831 0,118 39.6| 40.7| 42.4| 44.4| 46,4 47.8 49,3
11 years==em== 564 1,868 | 46.6 | 2,83| 0,113 | 42,1 43.0| 44.8| 46.6| 48.3] 50,3 51.2
NOTE: 7% = sample size; N = estimated number of children in population in thousands; X-= mean;

8 = standard deviation; §;

standard error of the mean.,

Table 6. Buttock=-popliteal length of children by sex and age at last birthday: sample sizes, mean,
standard deviation, standard error of the mean, and selected percentiles, United States, 1963-65

Percentile
Sex and age n N X s 85
5th | 10th | 25th | 50th | 75th | 90th | 95th
Boys In centimeters
6 yeargeeem==ea 575 2,082 | 32,3} 2,71| 0.246] 28.6| 29.3} 30.4| 31.9} 33.7] 35.7 37.4
7 years===mema= 632 2,074 | 34.2| 2.66| 0.257| 30.4| 31.2| 32.4; 33.,8| 35.7{ 38.0 38.9
8 yearg-emm=a- 6181] 2,026 | 36.2( 2,93| 0,278} 32,3 33,1} 34,3} 35,8| 37.8| 40.1 42,2
9 yeargm=-em==- 603 2,012 | 38.4| 3.32| 0,386 34,1 34.7| 36.3| 38.2|( 39.9| 42.7 45.0
10 yearg--e=== 576 | 1,963 | 40,1| 3.38| 0,299 35.3( 36.2| 37.8| 39.7| 41,9} 44.3 46.5
11 yeargmm-=---| 628| 1,924 | 42.0| 3.42| 0.284| 36.9 | 38.2| 39.7| 41,7} 43.7| 46.4 48.3
Girls
6 years—=—--=—- 536| 2,016 | 32.9| 2,90| 0.231| 28.8| 29.7} 31.1| 32,6 34,4} 37.0 38.6
7 yearsm=m=em= 609 2,010} 34.8{ 2,96| 0,281 30.6] 31.6| 32,8] 34,6 36.5| 38.5 40.3
8 years-—=-=-- 613] 1,960 37.0} 3.04| 0.,272! 32,7 33.,5| 35.1| 36.6} 38.6| 41,1 43,1
9 years~e=e=== 5811 1,945| 39.3| 3.40| 0.272{ 34,3 35.4| 37.2| 38.9| 41.2| 43.8 45,2
10 years—===--- 5841 1,904 | 41.4) 3.64| 0.322| 35,8 37.0( 39.1| 41,2} 43.6| 45.8 47.7
11 years====== 564 1,868 | 43.4| 4.24) 0,309| 38.1L| 39.2| 40.9} 43,1} 45.7) 48.7 50.5
NOTE: # = sample size; N = estimated number of children in population in thousands; X = mean;

8 = standard deviation; Sz =

standard error of the mean,
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Table 7, Buttock-knee length of children by sex and age at last birthday: sample sizes, mean,
standard deviation, standard error of the mean, and selected percentiles, United States, 1963-65

Percentile
Sex and age n N X s S5
5th 10th | 25th | 50th 75th | 90th | 95th

Boys In centimeters
6 years------- 575 12,082 37.2| 2.89} 0,258 31.5 33.6 35.7 37.4 39.1] 40.8 41.6
7 yearg-=------ 632 | 2,074 39,7 3.08]| 0,286 33.7 36.1] 38,1 39.9 41,6 | 43.4 44,6
8 years-~------ 618 | 2,026 | 41,71 3,26| 0,287 35.7 37.6 40,2 41,8 43.8| 45.4 46,5
9 years---~--- 603 | 2,012 44,0 3,49 0,308 37.7 39,7 41,9 44,21 46,21 47.9 49.5
10 years=----- 576 1 1,963 | 46,0 | 3,55| 0.286 39.8| 41,5 44,2 46,3 48,2 50,1 51,0
11 years------ 628 | 1,924 | 48,2 3,51 0,276 | 42.2| 44,1| 46,2| 48,3 50f5 52.5 53,7

Girls
6 'years------- 536 | 2,016 37.6| 3.01}| 0,260 32,2 33,5 36.1} 37.9 39.6 41,2 41,9
7 years---=--- 609 | 2,010 39.8| 3.14| 0,266 34,2 35.7 38,21 40,1} 41,9 43.5 44,4
8 yearg------- 613 | 1,960 | 42,4 3,20} 0,209 37.1| 38.6 40,5 42,5 44,5 46,4 47.6
9 years-=------ 581 1,945 | 44.8] 3.60} 0,285 38.6 40,41 42,6 44,7 47.3 49.4 50,5
10 years------ 584 | 1,904 | 47,0 3,73} 0.322| 40.5| 42,3 44,7 47.31 49,5 51.4 52,7
11 years------ 564 | 1,868 .6 3,701 0,270 43,7| 45,2| 47.3| 49,5 52,1 54,8 55.9

NOTE: # = sample size; N = estimated number of children in population in thousands; X = mean;
§ = standard deviation; 8; =standard error of the mean.

Table 8, Acromion-olecranon length of children by sex and age at last birthday: sample sizes,
mean, standard deviation, standard error of the mean, and selected percentiles, United States,
1963-65

Percentile
Sex and age n N X 8 S5
5th | 10th | 25th | 50th | 75th | 90th | 95th

Boys In centimeters
6 years------- 575 | 2,082 23,7| 1.32| 0,072 21,6 22,1 22,7} 23.7 24,7 25.6 26,1
7 yearg------- 632 | 2,074| 25,0| 1,40| 0,076 22,6 23,2 24,1 25,1{ 25,9 26,8 27.6
8 years------- 618 | 2,026 26,3 1.38| 0.073 24,0 24,5 25,4 26.4| 27.3 28,1 28,7
9 years—------ 603 | 2,012| 27,6] 1,59| 0,098 25,1 25,5 26,4 27.5 28,6 29,7 30.4
10 years-—---- 576 | 1,963 28,6 1,70{ 0,067 | 25,7 26,4 27.5 28,6 29,8| 30,7 31.4
11 years---=-- 628 | 1,924| 30,0| 1.82] 0,074 27.2 27.8 28.8 30.1] 31,2 32.4 33.1

Girls
6 years------- 536 | 2,016 23.5| 1.42| 0,074 21,2 21,6 22,5 23,6 24,5 25,4 25,8
7 years=~----- 609 | 2,010 24,7 | L.44| 0,045 22,4 23,0 23,7 24,7 25,7 26,6 27.1
8 yearg-w~-=-- 613 | 1,960 26,2| 1.59| 0.075 23.5 24,2 25,2 26,2 27.3 28,4 29.1
9 years------= 581 | 1,945 27.6] 1,64| 0,076 24,9 25.5 26.5 27.5 28,7 29.9 30,6
10 years------ 584 | 1,904 28.91] 1.90| 0.092 26,0| 26.6 27.7 29.0 30.2 3L.4 31.9
11 years--w--- 564 | 1,868 30.5] 1.,91) 0,087 27.5 28,21 29,2 30.5 32,0 33,1 33.7

NOTE: # = sample size; N = estimated number of children in population in thousands; X =mean;
§ = standard deviationm; 8= standard error of the mean.
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Table 9., Elbow-wrist length of children by sex and age at last birthday: sample sizes, mean,
standard deviation, standard error of the mean, and selected percentiles, United States, 1963-63

Percentile
Sex and age n N X P 8
5th | 10th | 25th | 50th | 75th | 90th | 95th

Boys. In centimeters
6 years===-~-= 5751 2,082 | 18,3 1.02}{0,037| 1L 17,1 17.5] 18,3} 18,9 19.7 20,2
7 years-=-===== 632 2,074 19,3 1,15} 0,064 17.4| 18.0}| 18,5 | 19.3| 20.1{ 20,8 21.4
8 years-===m== 618 | 2,026 20,2 1,20 1 0,064 18,2 18,6| 19.4| 20.2| 20,9 21.8 22,3
9 years=-=====-= 603 2,012| 21,2 1,290,064 19.1| 19,5} 20,3 | 21.2| 22,0 22,8 23,5
10 years—===-=- 576| 1,963| 22,0} 1,26 {0,07L | 19.8 20,31 21,1 22,0| 22,8 23,7 24,2
11 years-===---~ 628 | 1,924 22,91 1,41 | 0,049 20,6 21,2} 22,1 23.0| 23,9 24,8 25,4

Girls
6 years~=-=~-- 536 2,016 17,8 | 1,07 10,044} 16,1 | 16.3{( 17.1| 17, 18,6 19.4 19,7
7 years======~ 609 2,010 18,8( 1,20} 0,038 17.0 17,3] 18,1 | 18.7} 19.6 20,5 20,8
8 years==e~-=== 613 1,960 19.9] 1.22 10,044 | 17.8| 18.21 19.0 19,8} 20,7{ 21.5 21.9
9 yearg====m== 5814 1,945| 20,9| 1.3210.058 19,0 19,2 20,0 20,8} 21,8 22,8 23,4
10 yearg=====-~ 584 1,904 21,9 1.45|0,051| 19,6 20,1 20,8 21,8 22,91 23,8 24,5
11 years--~---- 564 1,868 23,1 1,53 | 0,066 20,6 21,2 22,1} 23,0 24,21 25,1 25,8

NOTE: 7 = sample size; N =estimated number of children in population in thousands; X = mean;
$ = gtandard deviation; S; = standard error of the mean.

Table 10, Foot length of children by sex and age at last birthday: sample sizes, mean, standard
deviation, standard error of the mean, and selected percentiles, United States, 1963-65

Percentile
Sex and age n N X s 85
5th | 10th | 25th | 50th | 75th 90th | 95th

Boys In centimeters
6 years-==w==- 57512,082| 18,0 1.04 10,0451 16,2 16,6 17,3 18,0 18.7| 19.5 19,9
7 yearsg==e==n~- 632 (2,074 18,9 1,07 {0,064 | 17,1 17.4}{ 18,2 18.8 19,7 20.5 20,8
8 years=------ 618 | 2,026 | 19,7} 1.21 {0,068 | 17,8 18,2 18,8 | 19,7 20,6 21,4 21,8
9 yearswe====- 603 |2,012| 20,7} 1.25|0,063| 18,5| 19,1 | 20,0 20.,7| 21,6] 22,5 22,8
10 yearg===-=-- 576 | 1,963| 21.,5| 1.31 {0,058 | 19,3| 19,8} 20,5| 21,5 22,5 23,3 23,8
11 yearg=----- 628 | 1,924 | 22,3 1,34 {0,068 | 20,1 | 20.5| 2Ll,4| 22,4 23,3} 24,1 24,7

Girls
6 years===----= 536 2,016 | 17.8| 1. 0,065 | 15,8 16,31 17,1 | 17.7} 18.6 19,4 19,8
7 yearS-~====-= 609 | 2,010 18,6 1,09 (0,038 | 16,7 | 17.2| 17,8| 18,6 19,5 20,1 20,6
8§ yeargm-w==-= 613 |1,960} 19,5} 1,18 (0,055 | 17,5 18,1} 18,6 | 19,5 204 21,2 21,7
9 yearg-=-===- 58L11,945| 20,5| 1,27 | 0,055 | 18.,2! 18,7} 19,6 | 20,4 21,3 22,3 22,8
10 yearsg==w=m~== 584 | 1,904 21,3| 1,36 {0,060 | 19,1 19,5| 20.4| 21,3 22,3| 22,9 23,6
11 years--=~=- 564 | 1,868 22,111.330,063 | 20,0 20,3 21,2 | 22,1 23,1 23,8 24,5

NOTE: 7 = sample size; N =estimated number of children in population in thousands; X = mean;
§ = standard deviation; $§;=standard error of the mean.

23



Table 11,

Foot breadth of children by sex and age at last birthday: sample sizes, mean, standard

deviation, standard error of the mean, and selected percentiles, United States, 1963-63

Percentile
Sex and age N X S
X
5th 10th 25th 50th 75th 90th 95th
Boys In centimeters
6 years-----== 2,082 | 6.7 0.060 | 5.7| 6.1| 6.3] 6.6 7.8
7 years-—--=== 2,074 7.0 0.053 6.1 6.1 6.4 7.0 7.9
8 years~—mm==- 2,026 | 7.2 0.039 | 6.1| 6.3| 6.7| 7.3 8.3
9 yeargm===-== 2,012 7.5 0.040 6.3 6.6 7.1 7.5 8.7
10 yedrs=-—--= 1,963 7.7 0.038 6.5 7.0 7.3 7.6 8.8
11l years——e—e=- 1,924 8.0 0.036 7.0 7.1 7.4 7.9 9.2
Girls
6 yearg==e=--- 2,016 6.5 0.045 5.3 5.7 6,2 6.5 7.6
7 years=-—=mw—- 2,010 6.7 0.040 6.0 6.1 6.3 6.7 7.8
8 years~e==w-- 1,960 7.0 0.043 6.1 6.2 6.5 7.1 7.9
9 yearse==c=-- 1,945 7.3 0.034 6.1 6.3 6.8 7.3 8.6
10 years—===-- 1,904 7.5 0.035 6.3 6.6 7.2 7.5 8.8
11 years—~==-~- 1,868 7.8 0.033 6.6 7.1 7.3 7.8 8.9

NOTE: 7 = sample size; N = estimated

§ = standard deviation; §; = standard error of the mean,

Table 12,

Hand length of children by sex and age at last birthday:

number of children in population in thousands; X = mean;

sample sizes, mean, standard

deviation, standard error of the mean, and selected percentiles, United States, 1963-65

Percentile
Sex and age 7
N X Sg
5th 10th 25th 50th 75th |90th {95th

Boys In centimeters
6 years====~=n= 2,082 13,0 0.027 11.9 12.1 12,5 13.2 13.6 14,0 14.5
7 years-—mmw—=w 2,074 13.6 0.043 12.2 12.5 13.1 13.6 14.2 14.7 14.9
8 years======- 2,026 14,2 0.035 12,6 13,1 13.6 14.3 14.8 15.4 15.7
9 yearge=—m=m= 2,012 14,7 0.029 13,2 13.6 14,2 14.6 15.3 15.8 16.2
10 years====-= 1,963 15.2 0.040 13.8 14.1 14.5 15.2 15.7 16.4 16.7
11 yearg==~v-- 1,924 15.8 0.026 14,2 14.5 15,2 15.7 16.4 16.8 17.4

Girls
6 years===m=== 2,016 12.9 0.038 11.4 11.9 12,3 12.8 13, 14.0 14.5
7 years=m=eee= 2,010 13.4 0.035 12,1 12,3 13.0 13.4 13.9 14.6 14.8
8 years~==av—~ 1,960 14,0 0.045 12.5 13.0 13.4 13.9 14,6 15.2 15.6
9 yearse==e=w= 1,945