Data from the Series 1
NATIONAL HEALTH SURVEY Number 149

Skeletal Maturity of Children
6-11 years:

Racial, Geographic Area,

and Socioeconomic Differentials
United States

Skeletal age (hand-wrist) and bone-specific skeletal ages (as
determined using the Health Examination Survey standard based
on the Greulich-Pyle Radiographic Atlas) of boys and girls 6-11
years of age, by chronological age, race, geographic region,
population size or land use of area of residence, annual family
income, and education of parent.

DHEW Publication No. (HRA) 76-1631

U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE
Public Health Service

Health Resources Administration
National Center for Health Statistics
Rockville, Md. October 1975



Library of Congress Cataloging in Publication Data

Roche, Alexander F,
Skeletal maturity of children 6-11 years: Socioeconomic differentials.

(National Center for Health Statistics. Data from National Health Survey, series 11, no.
149) (DHEW publication no. (HRA) 76-1631)

Includes bibliographical references.

Sypt. of Docs. no.: HE 20.2210:11/149

1. Children—Growth—Testing. 2. Bone—Growth~Statistics. 3. Children in the United
States—Anthropometry. I. Roberts, Jean, joint author. II. Hamill, Peter V. V., joint author.
III. Title. IV. Series: United States. National Center for Health Statistics. Vital and health
statistics. Series 11: Data from the National Health Survey. Data from the health
examination survey, no. 149. V. Series: United States. Department of Health, Education,
and Welfare. DHEW publication no. (HRA) 76-1631. [DNLM: 1. Age determination by
skeleton. 2. Bone development. 3. Hand—Growth & development. 4. Socioeconomic factors.
W2 A N148vk no. 149]
RA407.3.A347 no. 149 [RJ13] 312°.0973s [312’.6]
ISBN 0-8406-0030-5 75-18049

For sale by the Superintendent of Documents, U.S. Government Printing Office, Washington, D.C. 20402 - Price $1.45




NATIONAL CENTER FOR HEALTH STATISTICS

HAROLD MARGULIES, M.D., Acting Director

ROBERT A. ISRAEL, Acting Deputy Director
GAIL F. FISHER, Associate Director for the Cooperative Health Statistics System
ELIJAH L. WHITE, Associate Director for Data Systems
EDWARD E. MINTY, Associate Director for Management
PETER L. HURLEY, Acting Associate Director for Operations
JAMES M. ROBEY, Ph.D., Associate Director for Program Development
ALICE HAYWOOD, Information Officer

DIVISION OF HEALTH EXAMINATION STATISTICS

ARTHUR J. McDOWELL, Director
JEAN-PIERRE HABICHT, M.D., Ph.D., Special Assistant to Director
PETER V. V. HAMILL, M.D., Medical Adviser
JEAN ROBERTS, Chief, Medical Statistics Branch
ROBERT S. MURPHY, Chief, Survey Planning and Development Branch

COOPERATION OF THE BUREAU OF THE CENSUS

In accordance with specifications established by the National Center for
Health Statistics, the Bureau of the Census, under a contractual agreement,
participated in the design and selection of the sample, and carried out the
first stage of the field interviewing and certain parts of the statistical

processing.

Vital and Health Statistics-Series 11-No. 149
DHEW Publication No. (HRA) 76-1631

Library of Congress Catalog Card Number 75-18049




Introduction .

CONTENTS

-----------------------------------------------

Examination Method . . ... .. .. ittt ittt it st tnnaneenans
Field Radiography . .. .. ... iiui it iiiininennenns
Training of Assessors ....... f ettt e i e
Assessment Procedure . .. ... ... . it e e e e e

Skeletal Age (Hand-Wrist) Findings . . ... ... ...,

Race ....

-----------------------------------------------

GeographicRegion . . .............. @ttt it i i i e

Urban-Rural

..............................................

S0CIoecONOMIC FaCtors « v v v v v vt vttt et eseaseeeneaneeneenness

Bone-Specific Skeletal Age Findings . .......... .o,

Race ....

...............................................

Geographic REGION « « i v v et e e te e et ee e ee e et e enneenns

Income ..

...............................................

Onset of Ossification Findings .. .......... .. ... i,

Race ....

...............................................

GeographicRegion . . . ... .. . ... i i i e e
Socioeconomic Factors . .o . vt v ittt ittt ittt ettt e

Discussion . .
Race ....

...............................................

...............................................

GeographicRegion . .. .. .co it i i i i e
S0cioeconomic Factors . .. v i vt it it it it et e e e

Summary . ..

References . .

...............................................

------------------------------------------------

List of Detailed Tables ................. .......................

Appendix I. Statistical Notes ... ......oviiiiiii i
Survey Design . .. ittt it e e e i i e e

Reliability

...............................................

36
42

72
72
73



CONTENTS — Con.

Sampling and Measurement Error .. .......... ... ... i,
Expected Values . ........iciiiiiinitiintiniieeneeinneeennnnnn
Small Categories . ... v i i it in et ieeneeeeraconeasnsasosas

Appendix II. Demographic and Socioeconomic Terms .. ..................

Appendix III. Reliability of Assessments ........... ... .. 0oL,
Area Skeletal Ages . .o v vttt i i i e i e e e i e
Bone-Specific Skeletal Ages .. ... i it i i i e i
Factors Influencing Replicability ........... ... ..o i,

SYMBOLS

Data not available

Category not applicable

Quantity zero
Quantity more than 0 but less than 0.05----

Figure does not meet standards of
reliability or precision

0.0

76

78
79
81
81



' SKELETAL MATURITY
OF CHILDREN 6-11 YEARS:

RACIAL, GEOGRAPHIC AREA, AND
SOCIOECONOMIC DIFFERENTIALS

A. F, Roche, M.D., Fels Research Institute, Jean Roberts, and Peter V. V. Hamill, M.D.,
Division of Health Examination Statistics

INTRODUCTION

This report contains national estimates of the
levels of skeletal maturity in the hand-wrist of
noninstitutionalized children in the United
States 6-11 years of chronological age by race,
area of residence, and socioeconomic back-
ground, as determined in the Health Examina-
tion Survey of 1963-65. The previous report on
these radiographic findings,! which was limited
to the sex differences in skeletal maturity in
relation to chronological age, contains a more
comprehensive description of the nature of
skeletal maturation and of the assessment
method used in the Survey.

The Health Examination Survey is one of the
major programs of the National Center for
Health Statistics, authorized under the National
Health Survey Act of 1956 by the 84th Congress
as a continuing Public Health Service function to
determine the health status of the population.

In carrying out the intent of the National
Health Survey,? four different types of survey
programs are used. The Health Interview Survey
collects health information from samples of
people by household interview with a responsi-
ble adult and is focused primarily on the impact
of illness and disability within various popula-
tion groups. The programs in the Divisions of
Health Resources Utilization Statistics and
Health Manpower and Facility Statistics obtain
health data as well as health resource and

utilization information through surveys of hos-
pitals, nursing homes, and other resident institu-
tions, and also data on the entire range of
personnel in health-related occupations. The
Health Examination Survey collects health data
by direct physical examination, tests, and meas-
urements performed on samples of the popula-
tion. The latter program provides the best way
of obtaining the actual prevalence of certain
medically defined illnesses. It is the only effec-
tive way to secure information on unrecognized
and undiagnosed conditions and on a variety of
physical, physiological, and psychological meas-
ures within the population. Also it collects
demographic and socioeconomic data on the
sample population under study to which the
examination findings may be related.

The Health Examination Survey (HES) is
organized as a series of separate programs, or
cycles, each of which is limited to some specific
segment of the United States population and to
specific aspects of health. In the first cycle, the
prevalence of certain chronic diseases and the
distribution of various physical and physiolog-
ical measures were determined on a cross section
of the defined adult population, as previously
described.3-4 ‘

In the program on which the findings in
this report—are—based, a probability sample
representative of the approximately 24 million
noninstitutionalized children aged 6-11 years
in the United States was selected and



examined. The examination in this cross-
sectional study primarily assessed health factors
related to growth and development. It included
an examination by a pediatrician and by a
dentist, tests administered by a psychologist,
and a variety of tests and measurements admin-
istered by a technician. A more complete de-
scription of the survey plans, sample design,
examination content, and operation of the
Survey has been published.’

Field collection operations for this cycle were
started in July 1963 and completed in December
1965. There were 7,417 children selected in the
sample, of whom 7,119, or 96 percent, were
examined. This national probability sample is
representative, and those examined are closely
representative of the approximately 24 million
noninstitutionalized children aged 6-11 years in
the United States with respect to age, sex, race,
region, size of place of residence, and rate of
change in size of place of residence from 1950
to 1960. Of the children examined, 157 were
not radiographed or had radiographs taken for
the Survey that were not suitable for assessment.
Thus, the skeletal maturity estimates for United
States children 6-11 years are based on the
remaining 6,962 children, or 94 percent of the
original sample.

The examining team gave each child a stand-
ardized examination during his single visit in the
mobile units specially designed for use in the
Survey. Demographic and socioeconomic data on
household members as well as medical history,
behavioral, and related data on the child to be
examined were obtained from his parents prior
to his examination. Ancillary data were re-
quested from the school attended by the child,
including his grade placement, school behavior,
adjustment, and health problems, Birth certifi-
cates for verification of the child’s age and
information related to his condition at birth
were obtained also.

The present analysis concerns differences in
skeletal maturity levels for the United States
population aged 6-11 years, grouped according
to race, region, and socioeconomic status. The
general concept of skeletal maturity, the method
by which radiographs were taken and later
assessed, and the quality control measures used
have been described and discussed.! The present
findings provide normative national data. They

are interpreted in regard to the health signifi-
cance of skeletal maturity status and compared
with findings from other studies. Not all relevant
reports have been included in the literature
review, some because the sample size was inad-
equate but others because of inadequate docu-
mentation concerning the repeatability and
comparability of the skeletal age assessments. In
later reports, the skeletal ages of these children
will be considered in relation to body size, body
composition, and other variables.

A brief description of the sample design,
quality control methods, reliability of the data,
as well as population and sampling error estima-
tion procedures used for the findings of this
study is contained in appendix L. Definitions of
the demographic terms used in the report are
included in appendix II, and an evaluation of the
reliability of the assessments is shown in ap-
pendix III.

EXAMINATION METHOD

At each of the 40 preselected locations
throughout the United States used consecutively
in this cross-sectional study, the children were
brought to the centrally located mobile exami-
nation center for a standardized examination
that lasted about 2! hours. Six children were
examined in the morning and six in the after-
noon. When each child entered the mobile
center, his oral temperature was taken and a
screening for acute illness was made. If such
illness were detected, the child was sent home
and reexamined later. Each examinee next
dressed in shorts, cotton sweat socks, and a light
sleeveless shirt and proceeded to a designated
but different station for the examination. The
sequence of elements in the examination dif-
fered for each child, so that the six could be
examined simultaneously during the half day.
The same examiners—physician, dentist, psy-
chologist, and specially trained technicians—
conducted their parts of the examination in
essentially the same manner for each child. The
time of each part of the examination was
recorded, but there is no reason to believe that
diurnal or sequence effects would be present in
the composition or quality of the radiographic
data.



Field Radiography

Each child was scheduled to have a 10” X 12”
radiograph taken of the right hand and wrist for
which the positioning was otherwise in accord-
ance with specifications in the Greulich-Pyle
Atlas.5 Some radiographs were made using other
film sizes when the 10" X 12 size was scarce;
this would not have influenced the findings.
Technically inadequate films could be repeated
because they were developed immediately in the
field. Thus, each child’s record contains a single
radiograph showing the dorsopalmar view of his
entire hand-wrist with its full complement of
ossifying parts, at his examination age.

The decision to radiograph the right hand-
wrist rather .than the left, which is the more
frequent anthropometric practice, was made on
the advice of anthropologist consultants who
were interested also in the use of related
measurement data for equipment design in
which right-side measurements were preferred.
When the selected plates from Greulich-Pyle
Atlas standards and those from other sources
were reproduced in the HES Standard, they
were reversed photographically so that they
could be used in right-side assessments. Previous
reported research’ on lateral differences in the
skeletal maturity of the hand-wrist, either for
the area as a whole or bone by bone, has shown
that these are too small to be of practical
importance.

Training of Assessors

The assessment of skeletal age from the
hand-wrist radiographs of children 6-11 years of
age in the Health Examination Survey of
1963-65 was made by six medical students at
Case Western Reserve University, one of whom
was an instructor specializing in anatomy. This
work was done under contract for the National
Center for Health Statistics, with Dr. P. Wesley
Dupertius as Project Director. Training of the
assessors and implementing the related quality
control procedures were done in the meticulous
manner previously described! under the direc-
tion of Dr. S. I. Pyle. When the ratings and
reliability for the new assessor were in good
agreement with those of Dr. Pyle (the majority

of differences within 4 months) the new assessor

started his assessments of the survey radio-
graphs. Reported evidence® suggests that, at the
end of the training procedure, the interobserver
and intraobserver differences in skeletal matu-
rity ratings were similar to those for experienced
assessors.

Assessment Prdocedure

The radiographs were assessed by comparison
with prints of the series of standards for the
male hand-wrist selected from those in the 1959
Greulich-Pyle Atlas® and other sources. These
were reversed so that they appeared to be of the
right hand-wrist as shown in the 1971 Radio-
graphic Standard of Reference of Pyle, Water-
house, and Greulich.® This standard contains the
male skeletal age equivalents that were used
during the assessment of Cycle II radiographs
(ages 6-11 years), with some very slight modifi-
cation to smooth the skeletal age trend for a few
of the bones.

The readers did not have access to the
chronological age, sex, or other information
about the child. Each bone was assessed separ-
ately and interpolation was made between the
standards to monthly intervals when this ap-
peared appropriate.

As a quality control measure and to permit
determination of the level of reliability of the
assessments throughout this study, independent
replicate assessments were obtained on approx-
imately 1 out of each 11 films. One randomly
selected radiograph in each 23 was rated inde-
pendently by another assessor for a measure of
interobserver variability and 1 randomly selected
radiograph among each 20 was rated independ-
ently a second time by the same reader to give a
measure of intraobserver variability. The time
lapse between the first rating and the reassess-
ment was sufficiently long that there was little
likelihood of recall. Furthermore, there was no
indication to the assessor that he was making a
reassessment. Information on the degree of
reliability of assessments from this survey has
been published.!

The order in which the bones were assessed
within each radiograph was the same as that in
which they are listed in table A. This table also
shows the minimum and maximum individual
bone-specific skeletal ages allowable in this



Table A. Minimum and maximum acceptable skeletal ages (in
months) using the HES Standard

Hand-wrist bone Minimum® | Maximum?
Skeletal age in months
Radius ............... 15 228
Ulna ..ottt e e e 69 215
Capitate . . .. ... oo - 197
Hamate . ... ... ... ... .. 197
Triquetral ............. 17 197
Lunate . ...........0.. 35 197
Scaphoid . . ... ...... ... 68 197
Trapezium . . .. .. ¢ oo 51 197
Trapezoid . ............ 68 197
Metacarpal ! . . .......... 25 191
Metacarpal . . .. ........ 17 215
Metacarpal 11l . . ......... . 16 209
Metacarpal IV . . . .. ...... 17 209
Metacarpal V. . . ......... 24 215
Proximal phalanx | ... ..... 33 215
Proximal phalanx 1I-V . ... .. 15 209
Middle phalanx L1V . . .. ... 23 209
Middie phalanxV . . .. ... .. 39 209
Distal phalanx1 . .. ....... 15 191
Distal phalanx 1l,V ... ... .. 39 191
Distal phalanx I .. ....... 22 191
Distal phalanx IV . .. ...... 32 191
Pisiform .. ............ 110 197
Adductor sesamoid . . ... ... 146 197
_ Flexor sesamoid .. ....... 158 197

! Minimum age (according to standard) of the radio-opacity
of the epiphysis or carpal.
20ne month below ‘adult” age.

study. The lower limit for the bone-specific
skeletal age was arbitrarily set midway in skel-
etal age (hand-wrist) between the last standard
in which the particular bone was not radio-
opaque and the first in which it was radio-
opaque. Exceptions were made for the three
later ossifying bones—the pisiform and the ad-
ductor and flexor sesamoids—for which mini-
mum ages allowed were 2 months above the last
standard in which they were not radio-opaque.

There are limits also at the upper end of the
range when bones become adult. Only the
designation “adult,” and not a skeletal age in
months, can be assigned to a bone in which
maturation is complete. Median ages in months
from the HES Standard at which this occurs in
boys were used as the skeletal age for each bone

beyond which only the designation ‘“adult”
could be applied. The maximum allowable val-
ues 1 month below the “adult” skeletal age are
shown in table A.

As expected, withih chronological age groups,
the skeletal ages assigned to girls were more
advanced than those assigned to boys. This
occurs because, although boys and girls pass
through the same skeletal maturity stages, girls
tend to mature more rapidly than boys. The
female equivalent skeletal ages were determined
during the preparation of the HES Standard, but
were not used in the assessment of the Survey
radiographs. The method by which these female
equivalent skeletal ages were obtained has been
described in detail by Pyle et al.?

The skeletal age data for girls in the detailed
tables of this report are given both in terms of
the male standards, as originally assessed, and in
terms of the female equivalent skeletal ages.
However, the findings for girls in the text are
limited to the female equivalent skeletal ages.
The skeletal age values for the whole hand-wrist
for boys and girls in this report were determined
by computer from the original bone-specific
assessments by averaging the ages assigned the
hand-wrist bones for each child.

SKELETAL AGE (HAND-WRIST)
FINDINGS

Among both boys and girls 6-11 years of age
in the United States (considering only the
female equivalent values for girls), skeletal age
(hand-wrist) was found, on the average, to be
consistently less than chronological age. The
mean sex-associated differences increase steadily
with chronological age. Comparison of skeletal
age for boys with the female equivalent values
for girls shows close agreement (mean difference
less than 1 month) among children 7 and 8 years
of age at their last birthday, while among
younger and older children of 6 and 9-11 years,
the means for boys are substantially less ad-
vanced than those for girls, by 2 to 3 months.
Boys showed no consistent pattern in the
variability of skeletal age (hand-wrist) with
chronological age, but older girls were slightly
more variable than younger girls in this respect.
Except at ages 9 and 10 years, boys showed

iy
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slightly greater relative variability than girls in
their skeletal ages. These national estimates,
which have been reported previously,! are based
on data from the National Health Examination
Survey of 1963-65 in which assessments of
hand-wrist radiographs were made using the HES
Standard based primarily on the Greulich-Pyle
Radiographic Atlas.b

Previous international research has shown
clearly that children of different racial groups
vary in body size and in levels of skeletal and
sexual maturity at corresponding chronological
ages.10-15 Factors influencing the rate of the
apposition or resorption of bone in skeletal
maturation are related to genes, nutrition, ill-
ness, or climate. Only in a few studies, however,
have the possible effects of these factors been
separated. Interactions between these factors
make it difficult to draw definitive conclusions
from reported findings outside the context of
animal experimentation. Knowledge is almost
entirely lacking concerning the effects of spe-
cific groups of genes—e.g., autosomal, sex-
linked—or the effects of quantitative, measur-

able environmental factors—e.g., protein intake,
temperature—on skeletal maturation in children.

This report contains information on the
racial, geographic region, urban-rural, and socio-
economic differentials in the skeletal maturity
of United States children. These findings are
compared with relevant research findings from
previous studies.

Race

The skeletal maturity of white boys and girls
6-11 years of age generally tends to be some-
what less advanced than that of Negro boys and
girls in the United States of corresponding
chronological age. The number of children of
other races in this country, and hence in the .
study sample, is too small to provide reliable
estimates for this heterogeneous segment of the
population.

Among white boys, the mean skeletal age
(hand-wrist) is consistently lower than that of
their Negro counterparts, except for those 10
years of age at their last birthday (figure 1 and

BOYS

-5

MEAN DIFFERENCE IN MONTHS: SKELETAL LESS CHRONOLOGICAL AGE

i 1 ! ] i A

o Negro
“"

White

6 7 8 g 10 1
CHRONOLOGICAL AGE IN YEARS

GIRLS
(Female equivalents)

~5 |-

—15 L

i | -1 1 ] ] i
6 7 8 9 10 11

CHRONOLOGICAL AGE IN YEARS

Figure 1. Mean difference in months between skeletal age (hand-wrist) and chronological age for white and Negro boys and girls, by
chronological age in years: United States, 1963-65.



table 1). At all but 6 and 8 years (chronological
age) where the skeletal age means for Negro
boys exceed those for white boys by more than
4 months, the mean differences between the
races in skeletal age are small (1 to 2 months).
With the size and design of the sample used in
this study, they could easily reflect sampling
variability alone (i.e., the differences are not
statistically significant at the 5-percent probabil-
ity level using standard parametric tests—see
appendix I). These differences are also not
significant when data for all ages are combined.

The mean skeletal age (hand-wrist) of white
girls (female equivalent values) also lags behind
that for their Negro counterparts, except for
those 8 years of age at their last birthday where
the mean values are identical. For the remainder
of the girls, mean differences vary between 0.7
month at chronological age 11 years and 2.7
months at age 10 years. All of these differences
are within the 95-percent confidence limit for
such estimates and hence could reflect sampling
variability alone. When data are combined for
6-11 years, these white-Negro differences are
statistically significant for boys but not girls.

When indirect adjustments are made for any
differences in the age distributions among white
and Negro children (assuming that the national
age-specific mean values apply identically in
both racial groups), the contrast in skeletal
maturity between the two racial groups is even
more clear. This is shown for all ages combined
in figure 2.

25

ACTUAL MINUS EXPECTED
SKELETAL AGE IN MONTHS
o

WHITE

R

NEGRO

Boys Girls

Figure 2. Difference between actual and expected mean skeletal
age (hand-wrist} for white and Negro boys and girls 6-11
years of chronological age: United States, 1963-65.

Among white children, girls are generally
more advanced than boys in their skeletal age
(hand-wrist) except at chronological age 8 years
when the mean values are identical (figure 3).
The differences in mean skeletal age for the
remainder range from 1.2 months at age 7 years
to 4.3 months among the oldest children at age
11 vyears. Among the youngest and oldest
children—those of chronological ages 6, 10, and
11 years—the mean differences exceed the
95-percent confidence limit for such estimates
and hence are not likely to be due to sampling
variability alone.

Negro girls of chronological ages 9-11 years
are also generally more advanced in skeletal age
than Negro boys by mean values of 2.9, 7.0, and
3.0 months, respectively. The differences at 9
and 11 years are too small to be considered
statistically significant (at the 5-percent proba-
bility level). Among younger Negro children of 6
and 7 vyears (chronological age), the mean
differences in skeletal age between boys and girls
are negligible, but among those 8 years of age at
their last birthday, Negro boys were more
advanced than Negro girls in skeletal age (female
equivalent values) by more than 4 months.

The variation in skeletal age (hand-wrist)
among children of chronological ages 6-11 years
in this country shows no consistent pattemn of
racial differences. White boys of chronological
ages 6, 8, and 9 years are relatively more variable
in skeletal age than Negro boys while at ages 7,
10, and 11 years the reverse was found (figure 4
and table B). White girls at all ages except 7 and
10 years, where the differences were small, are
somewhat less variable in this respect than Negro
girls. The pattern of relative variability between
boys and girls differs for white and Negro
children. Among white children, boys showed
greater relative variability in skeletal age than
girls in four of the six age groups—6-8 and 11
years—while among Negro children, boys were
less variable than girls in skeletal age at all but 7
years of age. The pattems of sex differences in
variability, across age, were more regular in
white than in Negro children. This greater
stability in the white children probably reflects
the greater sample size for them.

Other studies (white).—Comparison with racial
findings for skeletal maturity of United States
children from the present national survey is
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Figure 3. Mean difference in months between skeletal age (hand-wrist) and chronological age for white boys and girls and Negro boys
and girls, by chronological age in years: United States, 1963-65.
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Table B. Coefficients of variability of skeletal age within chron-
ological age groups

Boys Girls

Chronological age

White Negro | White | Negro

Coefficient of variation (100 s,./X)

Byears . ... .00 0. 15.3 13.6 13.9 14.6
Jvears . . ... ... 134 14.7 12.0 11.5
8vyears . ... 124 10.0 10.8 12.8
Ovears . ... .00 00 10.8 10.0 11.7 14.6
10years ......... 9.0 9.2 12.6 12.5
Tlyears ......... 10.5 10.9 9.4 11.0

limited primarily to previous studies among
various subgroups of children in this country.
The skeletal maturity (hand-wrist) data for
white children from seven previous studies in
this country (some longitudinal and some at a
single point in time) and the United States
estimates for 1963-65 from the present national
cross-sectional study are shown in figures 5-8.
Data from the previous studies have been ad-
justed to a common Greulich-Pyle zero line to
facilitate comparisons among them and with the
present study. Data from the previous studies
relate to mean, median, or approximate modal
values of skeletal age (hand-wrist) within chron-
ological age groups and are shown as the
difference between skeletal and chronological
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Figure 6. Differences between skeletal and chronological ages of
boys by chronological age in vyears, in studies of Flory
(1936), Todd (1937), and Simmons (1944).
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Figure 6. Differences between skeletal and chronological ages of
boys, by chronological age in years, in studies of Greulich
and Pyle (1959), Bayley {1962), Johnston (1962), Fry
{1966), and Maresh (1971), and for United States children
(1963-65).
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Figure 7. Differences between skeletal and chronological ages of
girls {female equivalent values for the former), by chrono-
logical age in years, in studies of Flory (1936), Todd (1937),
and Simmons (1944).

age within chronological age groups in these
figures. Values above the zero line show accelera-
tion in skeletal maturity (skeletal age exceeds
chronological age) and those below the zero line
show retarded skeletal age. The 1959 Greulich-
Pyle standards® were selected from radiographs
of white children of upper socioeconomic status
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Figure 8. Differences between skeletal and chronological ages of
girls (female equivalent values for the former) by chronologi-
cal age in years, in studies of Greulich and Pyle (1959},
Bayley (1962), Johnston (1962), Fry (1966), and Maresh
{1971), and for United States children {1963-65).

living in Cleveland. These children were born
between 1917 and 1942 and were radiographed
close to birthdays and half-birthdays, as previ-
ously described.! The method by which these
standard plates were selected from the 100
radiographs available for each sex at each age is
described in the Atlas of Greulich and Pyle.

The mixed longitudinal data of Floryl 6 were
obtained from white Chicago children of above-
average socioeconomic status who were bomn
between 1911 and 1923 and were radiographed
close to each birthday. Flory selected from the
100 radiographs available for each sex at each
age (except at 6 and 7 years when at least 80
radiographs were available) those radiographs
that he considered best represented the central
tendencies of skeletal maturity in his groups.
The selected radiographs are about 1 year
retarded in maturity in comparison with corre-
sponding Greulich-Pyle standards (figures 5 and
7). Simmons!7 reported data from Cleveland
children, most of whom were included in the
sample studied by Greulich and Pyle® and who
had been radiographed near each birthday. The
sample size varied from 154 to 206 for each year
of age for each sex. The means reported by
Simmons, after adjustment for the use of Todd
standards,18 were within 0.5 year (skeletal age)
of the Greulich-Pyle standards.

Todd!8 published standards derived from
white Cleveland children of all socioeconomic

levels. These children were born between 1920
and 1930 and radiographed near each birthday
and half-birthday. The sample size within each
age-sex group varied from 35 to 94 children. The
standard plates were chosen to represent the
central tendencies for skeletal maturity level
within these age-sex-specific groups. The Todd
standards (from all socioeconomic groups) were
at lower levels than those of Greulich and Pyle
(from upper socioeconomic groups). The Todd
values were also lower than the mean skeletal
maturity levels reported by Simmons (from
upper socioeconomic groups) but exceeded
those of Flory (from average socioeconomic
groups).

Bayley!9 reported data from the Harvard
Growth Study of white children of middle
socioeconomic status, living in Boston, bom
between 1930 and 1939, and examined near
each birthday. The sample size varied from 63 to
67 in each age-sex group. The mean skeletal ages
(Greulich-Pyle) for these children were very
close to their mean chronological ages.
Johnston?9 reported mixed longitudinal data
for middle-class white Philadelphia children born
between 1937 and 1955. The ethnic strains in
this sample were (in order of frequency) Italian,
Scotch, Irish, English, Polish, Russian, and
Ukranian, with many Jews included among the
East Central European peoples.2l These chil-
dren were radiographed at random chronological
ages, and the sample size varied from 23 to 51
for each annual interval in each sex. All mean
skeletal ages were within 0.5 year of the
Greulich-Pyle standards except in 10- and 11-
year-old boys who were about 0.6 to 0.7 year
ahead of the Greulich-Pyle standards (figure 6).
It would be tempting to conclude that the
skeletal advancement of these boys reflects their
ethnic origins, but this factor should then have
operated equally in girls which it did not (figure
8).

Cross-sectional skeletal age data from white
Nebraska children of middle socioeconomic level
have been reported by Fry (1966).22 These
children were born between 1950 and 1960 and
were radiographed at random ages. The sample
included 25 children of each sex within each
annual interval. The means were below the
Greulich-Pyle standards, particularly in 6- and
7-year-old boys. Maresh23 reported mixed lon-



gitudinal data from upper middle class white
Denver children. The children were born be-
tween 1915 and 1964, but most of the radio-
graphs were taken after 1947 and close to
birthdays and half-birthdays. The sample size
ranged from 39 to 57 for each 6-month interval
in each sex. The median skeletal ages for these
children were about 0.5 year below Greulich-
Pyle standards from 6-11 years.

Comparable findings for United States white
children in the present national study, that
would be closely representative of all socio-
economic groups in the country, show a distinct
pattern of increasing retardation in skeletal
maturity with chronological age. This tendency
was evident among boys in the earlier stud-
jes! 6-18 and is in sharp contrast to the age-
pattern among boys in the more recent stud-
ies.19,20,22,23 The increasing retardation or lag
of skeletal age behind chronological age as
chronological age increases among U.S. children
differs from the findings in both earlier and
more recent studies among selected groups of
girls. The findings for 10- and 1l-year-old
children from the present national study are
more consistent with those of Floryl 6 than with
those of the other studies.

The present national study as well as the
previous studies among more geographically
limited groups of the United States population
show that sex differences in mean levels of
skeletal maturity were small. This does not
indicate that girls did not mature more rapidly
than boys, but that, when assessments were
made against sex-appropriate standards, the dif-
ferences between the mean skeletal ages for the
two sexes were slight. The exceptions were in
the group studied by Fry22 in which girls had
higher mean skeletal ages than boys throughout
the 6-11 year age-range and in the group studied
by Johnston,2? in which boys had higher mean
skeletal ages than girls at all ages 6-11 years.

While the present national study does not
provide reliable skeletal maturity data showing
differentials by specific ancestry among white
children in the United States, available informa-
tion on white children in this country whose
parents were foreign bom or of foreign ancestry
and on child populations from countries that
have contributed substantially by emigration to
the United States population are described
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below insofar as they may provide some further
insight into variations in skeletal maturity
among white children in this country.

Only one previous study is available on the
skeletal maturity status of some white United
States children by more specific ancestry.
Todd24 reported insignificant differences in
maturity status between 315 United States
children both of whose parents were born in
Italy (usually southern Italy or Sicily) and 201
children both of whose white parents were born
in the United States.

Some information concerning skeletal matu-
rity levels of groups of British, Danish, and
United States children is available from studies
of the differences between Greulich-Pyle6é and
Tanner-Whitehouse?5 assessments of the same
radiographs by Fry,22 Andersen,26 Asjel,27
Roche et al.28 and Blanco et al.2? The data are
summarized in table C. No matter what the
group of radiographs, if they are assessed by
both methods, the two sets of recorded skeletal
ages provide data about the relative level of
maturity in British (Tanner-Whitehouse) and
United States (Greulich-Pyle) children. Such
comparisons are indirect but valid except that
they are limited by the unrepresentative nature
of the samples on which these two methods are
based. It is important to note that the Tanner-
Whitehouse standardizing sample consisted of
1,826 children in southwestern Scotland who
were examined cross-sectionally, 387 English
children studied longitudinally, and 351 English
children studied cross-sectionally. All reported
comparisons show higher mean values for
Tanner-Whitehouse skeletal ages than for
Greulich-Pyle skeletal ages. Theoretically, these
differences could be due to differential weight-
ing of bone-specific skeletal ages between the
two methods, but it has been shown that this is
not an important factor.?8 There is no doubt
that the reported differences almost entirely
reflect variations between the standardizing
samples used by Greulich and Pyle® and by
Tanner et al.25 Consequently, they can be
interpreted as showing the differences in skeletal
maturity status between a group of children in
Cleveland and a group of children in south-
western Scotland and England. The sample of
Fry22 has been described earlier.! Andersen?6
reported cross-sectional data from Copenhagen



Table C. Mean differences {years) between Greulich-Pyle and Tanner-Whitehouse assessments of the same radiographs

Sex and chronological age American-Nebraska | Danish-Copenhagen | Australian-British ancestry
{Fry, 1966)%? {Andersen, 1968)2¢ {Roche et al., 1971)28

Boys Mean difference
B.OVears . ... e e e e e e e -1.0 -— -1.2
B ¢ R T [ -1.3 —0.4 -1.3
BOYEBArS « v v v et i e e e e, —1.4 —-1.1 —1.2
Q0VYears . . ..t it i e e i e e e -1.4 -0.6 -1.0
T10.0VEarS & v v vt i it e e e e —-1.4 -0.4 -0.7
T T -1.0 —-0.3 —-0.5

Girls
B.OYeArS & v it e e e e e -0.8 - -1.1
- -1.1 —-0.4 -1.1
BOYeAIS &+ v v i i e e e e e e e e e e, -1.4 -0.9 -1.1
[ o - T —-1.3 —-0.9 —0.8
TOOYRAIS & v v v v vt ettt et e -1.0 -0.7 -0.6
T1.0Years « . v v i it i e e e e e e e —-0.7 —-0.7 —-0.7

children with a wide range of socioeconomic
levels. The number of children varied from 43 to
68 for each annual interval in each sex. The
analysis by Roche et al.28 was based on mixed
longitudinal data from 62 boys and 82 girls of
British ancestry who were born in Melbourne,
Australia, where they were living at the time of
the study. The differences reported by Fry22
and Roche et al.28 are similar until ages 9-11
years in boys and 9-10 years in girls when those
reported by Fry are greater. Those reported by
Andersen?6 are less at all ages except 8 years in
boys and 9-11 years in girls. Generalizing, these
studies indicate that the standardizing sample of
Tanner et al.2® was about 0.6 to 1.1 years
behind the Greulich-Pyle sample in mean skele-
tal maturity level. The radiographs were assigned
the same levels in “‘skeletal age years’ when used
as standardizing samples. However, when the
two sets of standards are both applied to other
groups, ratings by the Tanner-Whitehouse
method tend to be greater than the corre-
sponding ratings by the Greulich-Pyle method.

The mixed longitudinal data of Roche30 were
from essentially the same sample as that studied
by Roche et al.28 The mean Greulich-Pyle
skeletal ages in these Australian children of
British ancestry were very close to the mean
chronological ages (table D). This finding that
children of British ancestry born and living in
Australia mature more rapidly than children in

Table D. Modal differences between skeletal age and chrono-
logical age (Greulich-Pyle SA — CA in years) in "'European”
children

Sex and Aus:il;::;rBymISh Danish-Copenhagen
H 26
chronological age {Roche, 1967)°° {Andersen, 1968)
Boys Modal difference (years)
6.0vears .. ... 0.0 -
7.0vyears . .... 0.0 —-0.6
80vyears ..... +0.2 -0.9
90vyears .. ... +0.2 -0.5
10.0years . ... +0.3 —-0.4
11.0vyears . ... +0.2 -0.5
Girls
6.0years .. ... —0.1 -
7.0years .. ... —0.2 -0.4
80years ..... 0.0 —0.6
9.0vyears .. ... 0.0 —1.0
10.0vyears . ... 0.0 —-0.5
11.0vyears . ... —0.1 —0.6

southwestern Scotland and England included in
the standardizing sample of Tanner et al., could
be due to the combined effects of several of the
factors mentioned earlier (i.e., genes, nutrition,
illness, and climate).

Kopczynska31l reported cross-sectional data
from 12,000 Polish children aged 7 to 16 years
in Warsaw. The mean skeletal ages (Greulich-
Pyle) tended to be less than the mean chrono-
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logical ages except that the differences were
small in girls aged 7-10 years. At later ages the
mean skeletal ages exceeded the corresponding
chronological ages. Rudzinski®? reported mixed
longitudinal data from 186 Polish boys aged 9.5
to 10.5 years and from 452 Polish boys aged
10.5 to 11.5 years. The mean Greulich-Pyle
skeletal ages were less than the corresponding
chronological ages, but the differences were only
about 0.3 year.

For the Copenhagen children studied by
Andersen,26 all group means were below the
Greulich-Pyle levels by about 0.4 to 1.0 skeletal
age years (table D). There was little change in
mean level with age and little difference between
the sexes.

In middle socioeconomic class Mexican chil-
dren, Chdvez et al.33 reported that the mean
skeletal age (Greulich-Pyle) was only slightly less
than the mean chronological age, except in boys
at about 7 vyears. These data provide some
indication of the level of skeletal maturity to be
expected in the comparable socioeconomic class
of United States children of Mexican ancestry.
(In the present study Mexican children are
classified as white unless generally accepted as
American Indian or of another race—see ap-
pendix I1.)

Other studies (white-Negro).—In partial con-
trast to the national findings reported here
which show that white children (boys and girls)
tend to be less advanced in skeletal maturation
than Negro children, Todd,2% using cross-
sectional radiographs of 149 Negro children,
tentatively concluded that there were no modal
differences in skeletal maturity level between
white and Negro boys but he did find that Negro
girls tended to be more advanced than white
girls. Sproul and Peritz34 reported mean skeletal
ages, standardized to a chronological age of 6.5
years, for 102 upper-middle-class Negro children
living in the San Francisco area. The chrono-
logical age of these children ranged from less
than 5 to more than 9 years, and they were the
b percent of the sample closest to the median
stature for their age-sex specific groups. The
mean differences between the Greulich-Pyle
skeletal age and chronological age were very
small.

Malina35-38 made Tanner-Whitehouse assess-
ments of middle to upper-middle socioeconomic
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class white children (N = 285) and lower to
lower-middle socioeconomic class Negro chil-
dren (N = 367) in Philadelphia aged 6 to 11
years. Both the white and Negro children were
slightly in advance of the Tanner-Whitehouse
standards except at a few ages where the sample
sizes were small. The differences between the
means for the two groups were small, with the
Negro children showing a slight tendency to be
advanced despite their Jower socioeconomic
status (table E).

Marshall et al.39 reported cross-sectional data
from 269 rural Jamaican children aged 7 to 11
years living about 15 miles north of Kingston.
The mean differences between Tanner-
Whitehouse skeletal ages and chronological ages
(table F) were small except at 7.5 years, where
the mean skeletal ages were advanced over the
mean chronological ages in both the boys and
the girls. These rural Jamaican children were
retarded skeletally in comparison with those
Negro children in Philadelphia studied by
Malina.35-37

Other studies (other races).—While the num-
ber of children of other races (American Indian,
Japanese, Chinese, and others not classified for
census purposes as either white or Negro) in the
United States, and hence in the sample used for

Table E. Mean differences in skeletal age (Tanner-Whitehouse,
in years) between white and Negro children in Philadelphia
(Malina, 1969)%¢

Sex and approximate mean White-Negro difference
chronological age
Boys
B.2vyears . . ... 0 i i —0.4
7.0y€ars . ..o —0.4
80vyears . . .....veunun.n. -0.1
O0vears .. ......oouvvnns ~0.2
10.0years . ... ..o v e v 0.1
109vyears .. ... vieeenn. 0.0
Girls
6.3vears . .. .. i e +0.1
7.0years . ... e e e e e -0.3
8O0vyears . ... ... +0,2
90vears . .. ... -0.4
10.0vears . . ........cc.... —-0.5
11.0years . ... ... ..o —~0.7




Table F. Modal differences between skeletal age and chrono-
logical age (Tanner-Whitehouse SA — CA in years) in Negro
children tiving abroad

Table G. Modal skeletal age levels {Greulich-Pyle SA — CA in
years} at various chronological ages in American children of
Chinese ancestry and Chinese children

Sex and approximate Rural Jamaica
chronological age {Marshall et al., 1970)3°

Boys

7.5vyears . v i e +0.7

8Byears ... v it e e —-0.1

98years . ... i —0.1

10.6vyears . ... v i i e e —0.4
Girls

75vears . ... .00 0oL +1.1

8byears . . ...... ... ... +0.5

95vyears ...... e e +0.2

105 vyears o . .o v v v ih i e +0.1

the present study was too small to provide
reliable national estimates of their skeletal
maturity, available information from previous
studies on this aspect of development is included
here for comparative purposes.

Sproul and Peritz34 reported cross-sectional
data’ from 162 upper-middle-class California
children of Chinese ancestry. A hand-wrist skel-
etal age for each child was obtained by weight-
ing the individual bone-specific skeletal ages by
their first principal components. These area
skeletal ages were standardized to a chrono-
logical age of 6.5 years after excluding late-
appearing centers. The mean differences be-
tween the skeletal and chronological ages were
0.3 year in boys and zero in girls.

Cross-sectional data from 3,932 southern
Chinese children in Hong Kong who were born
between 1950 and 1956 (were 6-11 years of age)
have been reported by Low et al.40 (table G).
These Greulich-Pyle assessments reported by
Low et al. suggest a tendency to retardation that
was more marked in boys than girls and tended
to decrease with age in girls but not boys. These
variations from standard atlas rates may reflect
genetic differences between the samples of Low
et al.#0 and Greulich and Pyle® in age-associated
rates of skeletal maturation. Comparisons be-
tween the reports of Sproul and Peritz34 and
that of Low et al. for children of Chinese
ancestry living in the United States and Hong
Kong may suggest the extent to which environ-

Sex and Chinese ancestry-

approximate California Southern Chinese
chronological (Sproul and Peritz, | (Low et al., 1964)*°

age 1971)34

[}_ﬂs_ Modal skeletal age
6.0vyears . ... - —-1.1
6.5years . ... -0.3 -
7.0years . ... - -1.4
80vyears . ... - -~1.5
9.0vyears . ... - -1.5
10.0years . .. - -1.3
11.0vyears ... -- -1.2

Girls
6.0vyears . ... - —0.8
6.byears . ... 0.0 -
7.0vyears . ... - -1.0
80vyears . ... —-1.1
9.0vyears ., ... -0.8
10.0years . .. -- —0.6
11.0vyears ... - —0.4

ment can influence the rate of skeletal matu-
ration.

Data have been reported from California
children of Japanese ancestry and Japanese
children in Japan. Greulich*! reported cross-
sectional data from a “representative sample” of
American-born children of Japanese ancestry
living in the San Francisco area of California.
This sample included 13 to 48 children of each
sex at each annual interval who had been born
between 1945 and 1952. The mean Greulich-
Pyle*? skeletal ages were very close to the mean
chronological ages. Cross-sectional data from 63
Japanese children of above-average socio-
economic status living in California have been
reported by Sproul and Peritz.34 After standard-
ization to a chronological age of 6.5 years, mean
skeletal ages were very close to the mean
chronological ages in each sex. Sutow#3 re-
ported cross-sectional data from normal Jap-
anese children in Hiroshima who were born
between 1940 and 1946 and examined within 1
month of a birthday. The sample size varied
from 56 to 107 for each sex at each age.
Standards were selected from these radiographs
by a procedure similar to that used by Greulich
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and Pyle and these standards were assessed
against the Greulich-Pyle Atlas in the manner
described by Sutow and Ohwada.%4 These as-
sessments show that, by comparison with the
Greulich-Pyle standards, the “median” levels of
skeletal maturity were low in these children, but
there was no systematic sex difference nor
change with increasing age in the amount of this
retardation (table H). The skeletal maturity
standards of Sugiura and Nakazawa*5 indicate
that Japanese children, especially boys, are
retarded skeletally by comparison with Greulich-
Pyle standards. As suggested by Greulich,*1 it is
reasonable to conclude that the differences
between the skeletal maturity levels of children
of Japanese ancestry in California and those in
Japan are likely to be environmentally deter-
mined, although the possibility of selective
migration cannot be excluded. The same per-
tains to the Chinese data that were described

previously. Evidence that genetic factors may be
involved in the differences between mean skel-
etal maturity levels of Japanese children and
those of groups of white children in the United
States has been provided by Kimura%6.47 who
reported that skeletal age was more advanced in
Japanese Americans 6-11 years old than in a
control group of native Japanese children.

Other studies (variability).—Consideration of
the magnitude of the standard deviations of the
skeletal ages of white and Negro children in the
6-11 year age range in the present national
study, within chronological age groups, and
those from previous studies reviewed in earlier
sections of this report provides some further
insight into the comparability of the findings.
Nevertheless, the national estimates of variabil-
ity for all United States children from the
present study for which radiographs were taken
throughout the year (and not limited to ages

Table H. Modal skeletal age levels (Greulich-Pyle SA - CA, in years) at various chronological ages in American children of Japanese
ancestry and in Japanese children

Sex and Japanese ancestry-California Japanese-Hiroshima Japanese-Japan
chrono-
logical age | {(Greulich, 1957}*! | (Sprou! and Peritz, 1971}®* | (Sutow and Ohwada, 1953)** { (Suguira and Nakazawa, 1968)**
B_g\E Modal skeletal age
6.0 years. . . —-0.6 - -1.5 -
6.5 years. . . - -0.3 - 2.0
7.0 years, . . —04 - —1.7 —
7.5 years. . . - - - 2,0
8.0 years. . . -0.7 . - —-1.0 -
8.5 years. .. - - 1.5
9.0 years. .. —-04 - -1.2 -
9.5 years. . . —— - - 1.8
10.0 years. . -0.2 - -1.3 -
10.5 years. . -~ 1.25
11.0 years. . —-0.4 - —-2.0 -
Girls

6.0 years. . . +0.3 - -1.7 -
6.5 years. . . - +0.2 - 0.75
7.0 years. .. -0.1 - —0.7 -
7.5 years. .. - - - 1.0
8.0 years. .. —-0.1 - —-1.2 -
8.5 years. . . - - -- 1.25
9.0 years. . . +0.1 - -1.3 -
9.5 years. .. - - - 1.25
10.0 years. . +0.1 -1.0 -
10.5 years. . - 0.5
11.0 years. . +0.6 e -1.0 -
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near birthdays as in most of the previous
studies) are generally within the range of varia-
bility reported in these previous studies and
usually near the upper end of the distribution, as
might be expected with the greater number of
assessors in the national study and the fact that
radiographs were taken throughout the year.
The slightly larger standard deviations reported
for Nebraska children by Fry22 and for Phila-
delphia children by Malina37 could reflect the
fact that these radiographs were not taken
systematically close to birthdays (table J). How-
ever, despite similar scheduling, those reported
for Philadelphia children by Johnston2?0 are
generally smaller. The smaller standard devia-
tions at most ages reported for Cleveland chil-
dren by Simmons,!7 for Denver children by
Hansman and Maresh,*8 and for Boston children
by Bayley!? presumably reflect the socio-
economic and ethnic homogeneity of their
samples in addition to the scheduling of exam-
inations close to birthdays. The reported data do
not show sex-associated differences in the vari-
ability of skeletal age within chronological age
groups.

Data from children outside the United States
have shown that variability was comparatively
low in the sample of Australian children of

British ancestry studied by Roche,2? but high
among the sample of Danish children studied by
Andersen?6 and the sample of Chinese children
studied by Low et al.#0 (table K). Again, these
differences could reflect variations between the
studies in the scheduling of examinations.
Kopczynska3! reported standard deviations for
skeletal ages in Polish children that were at
about the center of the range of deviations
reported in the previous studies among selected
groups of United States white children. The data
of Marshall et al.39 shows a tendency to greater
variability in Negro Jamaican boys than among
Negro boys in the United States from the
present study;. there was no corresponding
tendency for girls.

Geographic Region

The mean regional differences in maturation,
with few exceptions, tend to be small enough to
be attributable to chance alone with the size and
design of the sample used in the 1963-65 Health
Examination Survey for these national estimates
(i.e., they do not exceed the 95-percent con-
fidence limits for such estimates). Boys 6-11
years of chronological age in the Northeast and

Table J. Standard deviations (in years) for skeletal age within chronoiogical age groups for studies among U.S. children

Denver Philadelphia United States
Sex and chrono- Chicago | Cleveland {Hansman Boston Philadelphia | Nebraska (Malina, 196365 ’
H 37
logical age {Flory, | (Simmons, and {Bayley, {Johnston, (Fry, 1970)
1936}'¢ 1944)'7 Maresh, 1962)*° 1962)%° 1966)%2
1961)4® White | Negro | White | Negro
Boys Standard deviation
Byears ...... 1.09 0.76 - 0.78 - 0.74 1.2 1.4 0.96 0.90
Zvyears . ..... 1.24 0.74 0.84 0.72 0.80 1.0 1.6 0.96 1.08
8vyears ... ... 1.08 0.76 0.8 0.90 0.82 1.06 1.0 14 1.00 0.84
Ovyears ... ... 1.07 0.75 -- 0.92 1.06 1.32 1.2 1.2 0.95 0.88
10vyears. . . ... 0.99 0.82 - 0.95 0.94 1.45 1.1 1.3 0.85 0.86
11vyears. ..... 1.02 0.84 - 0.87 0.79 1.20 1.2 1.4 1.09 1.14
Girls
Gyears . ..... 0.87 0.85 0.75 - 0.91 1.0 1.2 0.89 0.96
Tyears . ..... 0.83 0.80 - 0.69 0.73 1.21 1.2 1.3 0.88 0.85
8years . ..... 1.10 0.85 0.9 0.73 0.84 1.02 0.9 1.3 0.87 1.03
Oyears . ..... 0.87 0.89 -- 0.78 1.00 0.90 1.0 1.0 1.04 1.33
10vyears. .. ... 0.82 0.98 - 0.90 0.12 1.24 0.7 1.2 1.22 1.24
11years. . . ... 0.93 0.99 - 1.03 1.13 0.87 0.9 0.9 1.00 1.18
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Table K. Standard deviation (years) for skeletal age within chronological age groups for studies among children of foreign countries

(Andersen, 1968)2¢

Danish Jamaican

{Marshall et at., 1970)*®

Chinese
{Low et al., 1964)4°

Australian-British
Sex and chronological age ancestry
{Roche, 1967)3°
Boys
60vyears . . ... ..t 0.5
A R - 0.5
75vyears . . .. ............ -
80vears . . .......c00 v 0.7
8b6years . . ... ... .. -
90vears . ...t ii .. 0.8
95vyears . ... ... .00 .. -
10.0years . .............. 0.8
105years . ... ........... o
11.0vyears . .. ..., 0.8
Girls

B.0vyears . . . ...t e e 0.5
7Ovyears . . ..ot v i .. 0.6
7.5vyears . .. ..t -
80vyears . . ... inn . 0.7
85vears . ... -
90vears . . .. v it it 0.6
OByears . . ... ... -
00vyears . .........o.... 0.6
106years . .............. e
MOvyears . .......000vuv... 0.7

Standard deviation

0.8 -
0.9 0.9
- - 0.7
1.0 1.1 -
- 1.7
1.0 1.3 -
- 1.5
1.4 1.3 -
- - 1.3
1.1 1.2
0.9 -
1.0 1.0 -
- - 1.1
0.8 1.2 -
- - 1.2
0.9 1.3 -
- 0.8
0.9 1.4 -
0.9
1.0 1.3 -

Midwest Regions of the United States generally
tend to be more advanced in skeletal maturity
than boys in the South or West, while girls in
the West are less advanced skeletally than girls in
the other three regions (table 2, figure 9).

Among boys at individual years of chrono-
logical age, the mean skeletal ages (hand-wrist)
of those in the Northeast are more advanced
(closer to their chronological age) at chrono-
logical ages 6, 8, 10, and 11 years than for boys
in other areas of the country. At ages 7 and 9
years, boys from the Northeast lag slightly
behind those in the Midwest in this respect.
Only at 7 years for boys in the Midwest and
Northwest and at 11 years in the Northeast are
the mean regional differences large enough to be
considered statistically significant. Boys of
chronological ages 6, 7, and 11 years in the
South and those of ages 8-10 in the West tend to
be less mature skeletally than those from the
other regions of the country.

Girls in the Northeast and Midwest are, on the
average, more skeletally mature at chronological
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ages 6-9 years than those in the South and West.
However, only at age 6 for girls in the Northeast
and Midwest and at ages 7 and 9 years for those
in the Northeast are the mean skeletal ages
(hand-wrist) significantly higher (at the 5-
percent probability level) than those for girls in
other regions. Among older girls 10 and 11 years
of age at their last birthday, mean regional
differences in skeletal maturity are negligible.

When any effect of differences in age distribu-
tion for children 6-11 years of age among the
four regions of the country is removed by an
indirect age adjustment, both boys and girls in
the Northeast are clearly more advanced and
those in the Midwest slightly more advanced in
skeletal maturity than those from the West and
South (figure 10).

Girls tend to be more advanced in skeletal
maturity (female equivalent values) than boys in
each of the four regions of the country. The
mean differences are greatest by 3 to 5 months
(and large enough to be statistically significant
at the b-percent probability level) among older
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1963-65.

children aged 10 and 11 years in the Midwest,
South, and West; among 9-year-olds in the
Northeast; and among 6-year-olds in the Mid-
west. Few minor, nonsignificant exceptions did
occur—at chronological age 8 years in the
Northeast and South, 7 years in the Midwest,

and 6 years in the West—where the mean skeletal
ages (hand-wrist) of boys exceed those of girls,
on the average, by 2 months or less.

Among both boys and girls in each of the four
regions of the country, the greatest relative
variation in skeletal maturity, in relation to the
magnitude of the mean, is among the youngest
children 6 years of age. Older children, 10 years
of age among boys and 11 years of age among
girls, are consistently the least variable in this
aspect throughout the country. The relative
variability in skeletal maturity among boys in
each of the four regions decreases consistently
with increasing chronological age from 6 to 10
years of age, then increases slightly among
11-year-olds. In contrast, no consistent regional
pattern in relative variability by chronological
age is evident among girls, except at the ex-
tremes—6 and 11 years—as noted above. Rel-
atively more variability in skeletal maturity is
present among younger boys than among girls
6-8 years of chronological age in each region of
the country, and, among older boys than girls, at
chronological age 11, except for those in the
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South. At chronological age 10 years, boys are
relatively less variable than girls in skeletal
maturity.

When only white children aged 6-11 years are
considered, the analysis by geographic regions
shows that boys in the South and West and girls
in the West tend to be somewhat less advanced
skeletally than children in other regions. The
regional pattern in skeletal development among
Negro children is similar to that for white
children, but the sample size is too small to
provide reliable estimates in this detail for that
segment of the population.

White children at each year of age across the
6-11 year range were generally less mature
skeletally than Negro children in each of the
four regions of the country (table 4). The
pattern is somewhat more consistent among girls
than boys. Only in the South (where the
proportion of Negro children was about twice
that in the other three regions at the time of this
study) among younger boys 6-8 years of chrono-
logical age are the differences large enough to be
considered statistically significant at the b5-
percent probability level.

When the effect of the differences in the age
distribution for white and Negro children in the
four regions of the country is removed, the
pattern of more advanced skeletal maturity than
expected among both white and Negro boys and
girls 6-11 years of age in the Northeast and
Midwest and less advanced than expected among
those in the South and West is clearly evident

(figure 11). However, because of the relatively
small size of the Negro population in the West,
particularly, and in the Northeast and Midwest,
the apparent white-Negro differences shown
here among the regions are not statistically
significant.

Other studies.—Only infrequently have geo-
graphic factors in relation to skeletal maturation
been studied previously in circumstances that
allow the separation of racial and socioeconomic
factors. The only possibly revelant data come
from previous uncoordinated studies of children
living in different regions at different points in
time. Sampling procedures differ among these
studies, and comparability of the assessment
techniques employed is unknown. In fact, it is
possible that regional differences in this aspect
of development that are not due to local
variations in the incidence of illness, malnutri-
tion, climate, or altitude may not exist. Geo-
graphic differences, within the United States
among the 6- to ll-year-old children in this
national study, in the prevalence of abnormal
findings on survey examination—whether due to
illness, malnutrition, or other causes—have been
reported previously.2® The prevalence of physi-
cal abnormalities among these children is signif-
icantly less among those in the West than in the
other three regions of the country and slightly
but not significantly higher among those in the
Midwest than those in the Northeast or South.
However, skeletal maturity levels in the present
study are slightly higher among children in the

% BOYS

ACTUAL MINUS EXPECTED
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Figure 11. Difference between actual and expected mean skeletal age {hand-wrist) for white and Negro boys and girls 6-11 years of
chronological age, by geographic region: United States, 1963-65.
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Northeast and Midwest than in the West or
South.

If secular changes have occurred in the skel-
etal maturation rates of U.S. children, presum-
ably they reflect changes in many factors,
including levels of nutrition and the incidence of
illness or disability. Dearborn and Rothney??
reported skeletal ages for 1,553 children aged 7
to 17 years (among whom 24 percent were of
Italian ancestry) who were assessed using the
1934 unpublished Todd standards. These chil-
dren were born about 1916 and were living in
New England.5! The data indicate consistent
slight mean retardation of skeletal maturation
(0.4 to 0.9 vyears) in comparison with the
Greulich-Pyle standards, if it is assumed, as a
reasonable approximation, that the 1934 and
1937 Todd standards were equivalent in level.
These earlier findings are inconsistent with the
present findings from representative samples of
children in the Northeast.

The possible effects of climate are difficult to
evaluate. It has been suggested that a tropical
climate per se retards skeletal maturation,52,53
but convincing evidence is lacking. There is
doubt about the relevance of observations that
heat promotes calcification i wvitro and in
chicken eggs.54:55 Other studies of experi-
mental animals have involved extreme environ-
mental temperature differences.56-59

Important observations have been made by
Nissen and Riesen,50 who kept three chimpan-
zees almost completely in the dark from birth to
ages ranging from 7 to 33 months. A fourth
animal was deprived of light from 8 to 24
months. There were no differences between
them and controls in either food intake or the
amount of body movement, but the onset of
ossification was delayed in the animals deprived
of light.

Others have analyzed data from children, but
there is a lack of agreement among these
investigators. Sawtell,51 in a study of 250
children found no tendency for the onset of
ossification of carpals to occur during any
particular season. However, in “normal” south-
western Ohio children aged 1-5 years, there
was a tendency for the onset of ossification to
occur between February and August rather than
in the remainder of the year,62 and onset of
ossification was most common in the summer

and least common in the winter in the malnour-
ished Florida children.63

In the present national study, the skeletal
maturation levels of children in the South and
West are slightly lower than for children from
the other two regions. However, while the
climate in the South is generally warmer, that in
the West covers the entire range of temperatures
in this country. Hence, neither illness, malnutri-
tion, other recorded conditions, nor climate
seems to explain adequately the slight geo-
graphic differences in skeletal maturity levels of
U.S. children found in the present study. The
broad regions into which the United States had
been divided for administrative purposes are so
heterogeneous they may have obliterated local
variations in skeletal maturity levels.

Urban-Rural

In some countries, urban and rural popula-
tions are sharply contrasted socioeconomically
and, in some cases, genetically also. In such
circumstances, there may be real urban-rural
differences in skeletal maturity levels.6%-71
There were no consistent patterns of skeletal
maturity differences among children in this
national study that could be related to urban-
rural factors or to the size of urban communities
(table 6).

Girls in both urban and rural areas of the
United States are generally more mature skel-
etally (female equivalent values) than boys of
chronological age 6-11 years. The sex differences
in mean skeletal age (hand-wrist) were largest—3
to 4 months—among the older children who
were 10 and 11 years of age at their last
birthday. This implies a relative lack of differ-
ences between urban and rural areas of the
United States in the genetic and environmental
factors that influence the rate of skeletal
maturation.

Socioeconomic Factors

There was only a slight association between
socioeconomic status as measured by family
income and the level of skeletal maturity of
U.S. children as determined in the present
national study.
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Among boys of chronological age 7 through 9
years, those most advanced in skeletal age
(hand-wrist) were from families in the highest
annual income level—$10,000 and more—while
the mean skeletal age values were lowest among
those from families with annual income of less
than $5,000 (table 3 and figure 12). Among the
oldest boys (age 11 years at their last birthday),
those from the lowest income level tended to be
the most advanced in skeletal maturity, while
those from the middle income bracket were least
advanced in skeletal maturity. The differences
between these extreme mean values of skeletal
age—ranging from 0.2 months at 8 years to 3.6
months at 9 years—were too small to be of
statistical significance considering the size and
design of the sample used in the survey.

Girls aged 6-11 years from families in the
higher income levels of $5,000 or more per year
were slightly but consistently more advanced in
skeletal maturity than other girls. Only at ages
79 years were those in the lowest income
bracket (less than $5,000) the least advanced in
this aspect of development. However, all differ-

ences between the extreme mean values of
skeletal age were negligible (less than 1 month),
except at age 9 years when the girls from the
lowest income level families were significantly
more retarded (mean difference of 4 months) in
skeletal maturity than those from families with
income of $10,000 or more.

If children in families from the extremes of
the income range are considered—those in fami-
lies with annual income less than $3,000 and
those of $15,000 or more—skeletal maturity is
consistently least advanced among those in the
lowest income bracket across the chronological
age range 6-11 years among both boys and girls
when all races are combined. '

When the effect of differences in the age
distribution among the various income level
groups is removed, boys and girls of 6-11 years
in middle and upper income bracket families
are slightly more advanced in skeletal maturity
than expected, and those at the lowest income
level are least advanced in this respect, though
the mean differences are insignificant (fig-
ure 13).
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Figure 12. Mean difference in months between skeletal age (hand-wrist) and chronological age for boys and girls, by annual family
income and chronological age in years: United States, 1963-65.
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Figure 13. Difference between actual and expected mean skeletal age (hand-wrist) for boys and girls 6-11 years of chronological age,
by annual family income: United States, 1963-65.

Boys tend to be consistently less advanced in
skeletal maturity than girls of corresponding
chronological age across all income levels, with
minor exceptions at chronological age 8. Only
among the oldest children, those 10 and 11
years of age, were the sex differences in mean
skeletal age (hand-wrist) within each income
level large enough (approximately 4 months or
more) to be statistically significant.

The pattern of variation in skeletal maturity
among boys and girls across the three income
levels is inconsistent also. Boys of chronological
ages 8 and 11 years are more variable in skeletal
maturity than girls of the same age in each of
the three income groups, but boys are less
variable at 9 and 10 years.

Among white boys and girls, there is evidence
of a positive association of skeletal maturity
with family income. Mean skeletal age (hand-
wrist) increases slightly but consistently with the
income level of the family. No such consistent
pattern was present among Negro boys or girls.

When racial differences in skeletal maturity
among white and Negro children are considered
in relation to family income level, white children
aged 6-11 years consistently had lower mean
" skeletal ages than Negro children of comparable
chronological age, with minor exceptions at 10
years for boys and 8 years for girls among those
whose family income was less than $5,000.
Among children from families in the inter-
mediate income brackets ($5,000-$9,999 per

year), white boys tended to be more advanced in

skeletal maturity than Negro boys at chrono-
logical ages 8-11, but younger white boys and
white girls of 6 and 8-10 years were less
advanced in this respect than their respective
Negro counterparts (table 5). These patterns are
clearly evident in figure 14 where the effect of
differences in the age distribution of the Negro
and white children within these income levels
has been removed. The number of Negro chil-
dren in families with annual income of $10,000
or more at the time of this study was too small
to obtain reliable national estimates of skeletal
maturity for them.

Similar to the findings with respect to family
income, there is a lack of a consistent relation-
ship between skeletal maturity of children and
the formal education of their fathers (head of
household). This is evident in table 7, and would
be expected because of the high level of associa-
tion between income and education (r = .58).68

Other studies.—Skeletal maturity levels of
children from different socioeconomic back-
grounds have been reported for subgroups of the
population in the United States and other
countries. These previous findings will be con-
sidered in relation to those from the present
study.

Sproul and Peritz34 reported data from 162
California children of Chinese ancestry. These
children were above average socioeconomically
for the San Francisco area and, presumably,
would be for Hong Kong also. Low et al.40
reported Greulich-Pyle skeletal ages from a large
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Figure 14, Difference between actual and expected mean skeletal age (hand-wrist) for white and Negro boys and girls 6-11 years of
chronological age, by annual family income: United States, 1963-65.

sample of 3,932 Hong Kong children who were
grouped into high, middle, and low socio-
economic groups (table L). This grouping was
made using a combination of parent’s education,
parent’s occupation, total family income, and
housing.69 Population genetic differences be-
tween the California children and the three

groups of Hong Kong children cannot be ex-
cluded with certainty but are not considered to
have been an important factor.? In contrast to
the findings from the present national study
where essentially an association was not found
between skeletal maturity of children and the

@] ee, personal communication, 1972,

Table L. Mean skeletal ages (in years) for children of Chinese ancestry at various socioeconomic levels

Chmes? anctf.stry- Southern Chinese in Hong Kong
California {Low et al., 1964)*°
Sex and chronological age (Sproul and Peritz, 1971)34 v
Very high status High status | Middle status Low status
Total number of children 162 768 1,050 2,114
I
ngf Mean skeletal age
B.0Years . .. ..t ittt e, - 5.4 5.0 5.1
[T 6.2 —— - -
FOVYEAS o v v v vt e et - 5.8 5.7 5.6
BOYEAIS o v i v i i 6.7 6.6 6.3
L 2R . T - 8.0 7.6 7.4
100years . ...t i it e e e - 9.2 8.8 8.4
T10Years . oo ittt i e e e e e - 10.5 9.8 9.6
Girls
B.0Years . . ...t i e - 5.8 5.4 5.3
B.BYears . ... i i e e e e 6.5 - - -
70Vears .. i e 6.2 6.0 5.8
B OYearS . v vttt e e 7.4 7.2 6.5
L0 R ¢ - 9.1 8.3 7.9
L0 I - - 9.7 10.0 9.2
T1.0years . .o v ittt e e e - 11.3 11.0 10.4
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single socioeconomic factor of family income,
the skeletal maturity level among these Chinese
children was generally more advanced among
those of high, as opposed to low, socioeconomic
status. However, the latter mean differences are
small despite the large range of socioeconomic
status between the groups compared. These
comparatively small differences are in agreement
with the observations of Grande Covidn and Rof
Carballo.”0

Kopczynska3l reported data from upper and
lower socioeconomic class Polish children (total
N = 280) that showed a positive association
between socioeconomic status and the level of
skeletal maturity. These findings are in agree-
ment with those of DeWijn?! for Dutch chil-
dren. Andersen?6 reported a marked association
of occupation of father, and a lesser association
of family income with skeletal maturity level. In
her data, crowding of apartments was associated
with skeletal retardation in the lower but not
the upper socioeconomic groups. Andersen pre-
sented her findings as the percentages skeletally
advanced or retarded but did not report the
differences in skeletal age years. Consequently,
more precise comparisons cannot be made with
these data.

Comparisons between boys aged 6.5 to 8.5
years of very low (N = 80) or high (N = 20)
socioeconomic status in a suburb of Tunis show
a median difference in skeletal maturity
(Greulich-Pyle) between the two groups of
approximately 1 year as reported by Young et
al.”2 These findings are in agreement with those
of Rea’3 for Nigerian preschool children. How-
ever, Neyzi et al.,’% using data from 3,000
urban Turkish children of moderately different
socioeconomic levels, found only slight associa-
tions with skeletal maturity levels.

Acheson and Hewitt’5 related socioeconomic
status based on father’s occupation to skeletal
maturity in preschool English children. There
was a slight tendency for skeletal maturity to be
more advanced in boys of upper socioeconomic
status (about 0.2 year) but no such tendency in
the girls.

Asiel?7 reported only a slight socioeconomic
influence on the level of skeletal maturity in
Belgian boys aged 5 to 9 years, whether assess-
ments were made by the Greulich-Pyle or the
Tanner-Whitehouse method.

BONE-SPECIFIC SKELETAL AGE
FINDINGS

In the Greulich-Pyle method of assessment,
the skeletal maturity of the hand-wrist assigned
to an individual child is based usually on the
average of the ages assigned those of his 31
hand-wrist bones that are radio-opaque but not
classified as adult. Some investigators use the
median; others assign an age to the whole area
without recordihg separate skeletal ages. In this
report, as in the previous one,l the common
practice of using the average has been followed.
The order of onset of maturation and the rate of
maturation of individual bones vary consider-
ably among individual children. For children in
the age range of concern in this study, 6-11
years, the majority of the 31 hand-wrist bones
have become radio-opaque, but their maturation
is not complete. There are only six bones in
which ossification is normally delayed until age
6 years or later. During the age range 6-11 years,
ossification begins typically in the distal ulnar
epiphysis, trapezium, trapezoid, and adductor
sesamoid in boys and in the pisiform in each sex.
Ossification of the flexor sesamoid is usually
delayed until the twelfth year or later.

Race

White children in this country generally tend
to be less advanced than Negro children in the
skeletal maturity of the individual hand-wrist
bones, though the pattern is not as consistent as
that for overall skeletal age (hand-wrist).

For three-fifths (19) of the 31 bones, the
mean skeletal age of white children lags consist-
ently behind that for Negro children of corre-
sponding chronological age, with only minor
exceptions (table 9). This pattern (mean differ-
ences of 2-4 months, which are statistically
significant at the 5-percent probability level) is
generally consistent for both boys and girls
across the 6-11 year age range for seven of the
bones—the hamate, lunate, trapezium, meta-
carpal I, and metacarpals III-V. For seven other
bones—the radius, ulna, capitate, triquetral,
scaphoid, trapezoid, and metacarpal Il—the only
exception to this pattern is among 10-year-old
boys. For children of chronological ages 6-11
years, the mean white-Negro differences in
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skeletal age of these seven bones are also large
enough to be statistically significant (differences
of 2-4 months) except for the ulna among boys.
The mean skeletal age for the adductor sesamoid
also is significantly more advanced among Negro
than white boys and girls, as are the mean
skeletal ages for the distal phalanges III-V among
boys, but the patterns at separate years of
chronological age are less consistent than for the
14 bones described previously. For the proximal
phalanx I among both boys and girls and the
distal phalanges III-V among girls, the mean
racial differences are negligible (not significant
at the 5-percent probability) and are less consist-
ent nver the age range in this study.

The racial differentials in mean skeletal ma-
turity levels are less consistent in the remaining
12 bones. Proximal phalanges II-V and the
middle phalanx II were slightly more advanced
in skeletal maturity among white than Negro
children, but this pattern was not consistent
across the age range for either sex. The pattern
of racial differences in skeletal maturity is even
less consistent with respect to the middle pha-
langes III-V and the distal phalanx I, and differs
between boys and girls. These latter four bones
were slightly but not significantly more mature
among white than Negro girls. Among white and
Negro boys, the mean skeletal ages of the middle
phalanges III-V were identical for all ages com-
bined, while in the distal phalanx I, white boys
lagged slightly behind Negro boys in skeletal age,
on the average. In the later ossifying pisiform
and flexor sesamoid, white boys are slightly
more skeletally mature than Negro boys, but
this racial pattern is reversed among girls. The
mean skeletal age for the distal phalanx II was
identical for white and Negro girls, while white
boys were somewhat less mature than Negro
boys with respect to this bone.

If Todd’s! 8 theory of the evenly maturing skel-
eton were applicable, one would expect mean
skeletal ages (hand-wrist) to be fairly evenly
distributed across the 31 individual bones in
white and Negro children. The extent of lack of
agreement with this theory among the 6- to
11-year-old United States children is clearly
evident in figure 15, which shows, for the total
chronological age range (6-11 years), the mean
differences between skeletal age and chrono-

logical age for white and Negro boys and girls
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for 28 of the individual bones. The pisiform and
the two sesamoids have been omitted because
they are ossified only in the more mature children.

Geographic Region

The regional pattern found among United
States children 6-11 years of chronological age
in the present national study (i.e., somewhat
more advanced skeletal age (hand-wrist) among
those children in the Northeast and Midwest
than those in the South and West) is evident also
in the mean skeletal age values for 30 of the 31
hand-wrist bones (table 10). The only exception
is for the adductor sesamoid, where the children
from the West and South are slightly, but not
significantly, more advanced than those from
the Midwest.

Income

Among both boys and girls, those from the
lower income level families (with annual income
of less than $5,000) tended to be somewhat less
advanced in the skeletal maturity of individual
hand-wrist bones than those from the higher
income level families (with annual income of
$7,000 or more). This is similar to the findings
with respect to their skeletal age (hand-wrist).

The mean skeletal age findings for six of the
individual hand-wrist bones (representative of
the groups of principal maturation patterns
shown for all but the later ossifying bones)
among these children are shown by the income
level of their families in tables 11 and M.
Skeletal age for these typical bones tends to be
more advanced (or less retarded) relative to
chronological age among children in the higher
than lower income level families. This effect was
present in each sex and was somewhat more
marked and consistent in the third and fourth
proximal phalanges and the fifth middle pha-
lanx, indicating that the maturation of these
bones might be particularly sensitive to environ-
mental influences.

Other studies.—Bone-specific skeletal age find-
ings by race or ethnic background from some
previous studies among groups of children in the
United States and other countries are available
for comparison with the present findings for
United States children.
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Figure 15. Mean white-Negro differences in the deviation of bone-specific skeletal ages of chronological ages of boys and girls: United
States, 1963-65.
Table M. Mean differences between skeletal and chronological ages in years among income groups.
Income
Sex and bone Less than | $3,000- | $5,000- | $7,000-| $10,000- | $15,000
$3,000 $4,999 | $6,999 $9,999 | $14,999 | or more
Boys Mean difference
Triquetral, . o v v v oo it e e e ~0.6 0.9 0.7 ~0.8 0.1 0.5
Metacarpal I8l . . . ... ... ... ... i —-1.0 0.6 0.7 -0.1 -0.2 0.1
Metacarpal V. ....... e e i e e e e -1.2 0.7 0.6 0.1 -0.4 0.3
Proximalphalanx I} . ....................... -24 -0.2 0.7 1.1 0.6 1.2
Proximalphalanx IV . .. ... ...... ... ... -25 —0.2 0.7 1.0 0.8 1.4
Middle V . . .. .. e e e e —2.2 0.2 0.9 0.9 —0.2 0.1
Girls
Triquetral. . o o o0 o e e e e e e e -0.1 —-0.5 —0.5 0.8 —-06 21
Metacarpal 11} . . . .. .. .. ... it —0.5 —0.3 —-0.4 1.0 —0.6 3.0
Metacarpal V. . .. ...... e e e et e e e ~0.4 -~0.3 —0.5 1.2 —0.6 2.8
Proximalphalanx 1H . . ... ..........c...0o... -1.2 -1.1 -0.6 2.2 0.1 26
Proximal phalanx IV . ......... e et ~1.3 -1.0 -0.5 2.2 0.1 2.6
Middle V . . ... i e e e e —1.4 -1.3 -—0.7 2.6 —0.2 4.0
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Roche’ reported bone-specific skeletal ages
for 4-year-old children of British ancestry living
in Melbourne, Australia. There was a definite
tendency in the boys and a slight tendency in
the girls for the rays of the hand to be less
mature as those progressively closer to the ulnar
side were considered. (A ray of the hand-wrist
consists of a metacarpal with its associated
phalanges, e.g., metacarpal III, proximal phalanx
III, middle phalanx III, and distal phalanx II1.)
These variations could have been due to real
differences in these children, limitations in the
standardization group used to construct the
Greulich-Pyle standards, or errors made during
assessment.

Malina36,76 reported Tanner-Whitehouse
skeletal age scores for specific bones in white
and Negro Philadelphia children aged 6 to 11
years. These individual bone scores cannot be
converted to skeletal ages, but they can be used
to compare the levels in white and Negro
children of the same sex. The radius and ulna
were more advanced in the Negro boys than in
the white boys at almost all ages and, in general,
the carpals were more advanced at ages 6 to 9
years. At most ages, however, the proximal
phalanges were less advanced in the Negro boys
than the white boys. Almost all bones tended to
be more advanced in the Negro girls than in the
white girls except the ulna at younger ages.

Peritz and Sproul,’7 using the racial samples
described earlier,34 reported mean skeletal ages
(Greulich-Pyle) for the triquetral, lunate, prox-
imal phalanx III, and distal phalanx III, after
each had been standardized to a chronological
age of 6.5 years (table N). In the boys, the
proximal phalanx III or distal phalanx III tended
to be the most mature of these bones; and in
each group of girls, the triquetral tended to be
the most mature. Some differences between
mean skeletal ages were considerable, possibly
due to the small number in the groups studied;
e.g., in the Japanese boys the difference between
the mean ages for the lunate and proximal
phalanx IIT was 1.4 years,

Range of Bone-Specific Skeietal Ages
Many previous studies reported in the litera-
ture claim that illness or malnutrition has

differential effects between bones on ages at
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Table N. Mean skeletal ages for selected bones, standardized to
a chronological age of 6.5 years {Sproul and Peritz, 1971)%*

Bone
Sex and race Proximal Distal
Triquetral Lunate | phalanx phalanx
] i
Boys Mean skeletal age
White . . . ... 6.5 5.9 6.9 6.6
Negro...... 6.7 6.2 6.7 6.9
Chinese . . . . . 5.9 5.6 6.4 6.5
Japanese . ... 6.3 5.4 6.8 6.2
Girls
White . .. ... 6.8 6.1 6.5 6.4
Negro...... 7.3 6.5 6.0 6.4
Chinese . . . .. 6.7 6.2 6.3 6.1
Japanese . . .. 7.0 6.1 6.9 6.5

onset of ossification or rates of later maturation.
Findings from this present national survey with
respect to the consistency and variability in the
range of bone-specific skeletal ages across racial,
regional, and economic subgroups among the
United States children of chronological ages
6-11 years provides normative data that can be
used to further assess the effect of such factors
as 1illness or malnutrition on skeletal
development.

Race.—Medians and quartile points in the
distribution of the range from the highest to the
lowest bone-specific skeletal ages within the
hand-wrists of individual white and Negro boys
and girls by single years of chronological age
from 6-11 years are shown in table 12. The data
for each sex are based on male skeletal age
standards. In interpreting these data, it should
be recalled that some ‘bones” were not assessed
in these children because, as noted earlier,
skeletal age in years cannot be assigned to bones
that are not yet radio-opaque or to those bones
that have reached adult levels of maturity.

In both white and Negro boys, the median
ranges decrease consistently with advancing
chronological ages from 29 months among both
groups at age 6 years to 19 months among white
boys and 21 months among Negro boys at age
11 years. In contrast, for white and Negro girls,
the median range was greatest at age 6 (27
months for white girls, 28 for Negro girls) but



lowest at 8 and 9 years (about 22 months for
both groups) and increased slightly to 24
months for both groups at 10 and 11 years. In
general, there were corresponding trends at the
"75th and 2b5th percentile levels. The greatest
variability (as measured by the interquartile
range P;5-Py;) in the range of bone-specific
skeletal ages for white and Negro boys was
among the younger, 6-9 years of age, and the
least variability among the older boys, 10 and 11
years of chronological age. The sex differences
in both white and Negro children in the age-
related patterns of change in these ranges prob-
ably reflect the differential timing of pubescent
changes between sexes.

When the white and Negro groups were
compared, the differences between the median
ranges tended to be slightly greater among
younger white than Negro boys at ages 6-8 years
but lower at ages 9-11 years. Only at age 9 years
was the racial difference in median range among
boys substantial. In contrast, among girls, me-
dian ranges were slightly but consistently greater
among the Negro than white groups, with a
negligible exception at chronological age 9 years.

Region.—No significant pattern of regional
differences in the median ranges for bone-
specific skeletal ages was found among United
States boys or girls (table 13). Boys in the West
showed the highest median values at ages 6, 8,
and 9 years but the lowest at age 10 years.
Among girls of 8-11 years, median range values
were greatest for those in the Midwest, and at 6,
9, and 10 years were least for those in the West.
Other regional differences in these median
ranges were less inconsistent. Presumably, this
reflects the heterogeneity in the populations
included in the broad regional groupings into
which the country was divided for the purposes
of this national study.

The variability in the range values tended to
be greatest among younger boys (7 years of age
in the Midwest, South, and West and 8 years in
the Northeast) and least among older boys (10
years of age in the Northeast and West and 11
years in the Midwest and South). The regional
pattern in the variability in these range values
among girls was less consistent.

Socioeconomic.—Possible socioeconomic in-
fluences on the range of bone-specific skeletal
ages within individuals were analyzed in relation
to family income. The findings are not easily

interpreted. The median ranges tended to be
greater in the middle income group
($5,000-$9,000) than in either the higher or the
lower income groups, but this was true only at
ages 6, 8, 10, and 11 years for boys and 6-9
years for girls (table 14). In general, the present
data with respect to income-related differentials
do not demonstrate any definite effect of this
aspect of socioeconomic status on the range of
skeletal maturity within the hand-wrists of
United States children 6-11 years.

ONSET OF OSSIFICATION FINDINGS
Race

During ages 6-11 years, ossification usually
begins in the distal ulnar epiphysis, trapezium,
trapezoid, and pisiform in boys and in the
pisiform and adductor sesamoid in girls.

The differences in median ages of onset of
ossification between white and Negro children in
the United States as estimated from the present
Health Examination Survey are small and irreg-
ular in direction with the exception of the
trapezium in the boys, for which onset of
ossification (median age) was 1.5 years earlier in
the Negro group than in the white group (table
15). This may indicate that the modal order of
onset of ossification differs between these two
groups, but this finding needs confirmation
because the median age for Negro boys (4.9
years) is below the chronological age range of
the present study.

Other studies.—The data for white United
States children in table O are based on three
types of modal ages: (1) median age at onset of
ossification, (2) the mean age at onset of
ossification, and (3) the estimated age when the
center was ossified in 50 percent of the children.
The children in these samples were predomi-
nantly of Northeastern European ancestry and
of middle, or slightly above middle, socioeco-
nomic status.

Harding®? reported mixed longitudinal data
from white Boston children born between 1930
and 1939 and examined near each birthday. The
sample size varied from 63 to 67 at each age in
each sex. Baldwin et al7® obtained mixed
longitudinal data from upper-middle-class white
children in Iowa City who were born between
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Table O. Modal ages (in years) for onset of ossification in selected bones in U.S. white children

Sex and bone

Boys
Distalufna . . . . 0 v vt i it st s s e e e e
Trapezium . . . i i vt ettt e e et e e e e e e
Trapezoid ... ..o v vt v v nencsn e it
L T 7 1 2 2 T
Girls
Pisiform . . . .. . . e e e e

Modal age and reference
.. 6.734 7.1,7%,7% 722° 7421 74° 7.282
.. 5_9'1 [ '34 ’79 6.2,7 3,80 6.3,8 1 6.28 2
. 6.0,7* 6.1,¢%° 6277 64°* 6831 62°°
.. 11.0%° 11.2,"® 11.78¢
..} 842° 8g®' 90'¢ g77¢
.. 10.7,7?  11.3%!

1901 and 1928. There were from 28 to 49
children of each sex in each annual interval.
Mixed longitudinal data from middle-class white
children in Denver were reported by
Hansman.8! These children were born between
1915 and 1964, but most of the radiographs
were taken after 1947. Sample size varied from
39 to 57 for each 6-month age interval in each
sex.23 A mixed longitudinal study of white
Chicago children of above average socioeco-
nomic status, born between 1911 and 1923, was
reported by Flory.1 6 These children were radio-
graphed within 2 weeks of a birthday. Radio-
graphs were available for 100 children of each
sex at each age, except at 6 and 7 years when at
least 80 radiographs were available. Garn et al.79
reported mixed longitudinal data from middle
socioeconomic class white children in south-
western Ohio born between 1929 and 1966.
These children were radiographed within 1
month of each birthday and half-birthday. The
sample size was about 180 for each sex in each
6-month interval. Sproul and Peritz34 obtained
cross-sectional data from children of above-
average socioeconomic status living in or near
Oakland, California. The sample size for both
sexes combined was approximately 25 to 60
children at each annual interval from 6 through
8 years, with a further group of similar size
examined at 9 years or over. The children were
the 5 percent of the total sample nearest to the
corresponding medians for stature.

In general, these data (table O) show that the
onset of ossification, during the age range

considered, tended to be later in the Denver

children®! than in children in Illinois, Ohio, or
Massachusetts.16,79,80 These differences are
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unlikely to be due to racial or socioeconomic
factors, and they are not indicative of a secular
trend.

In a review of data from children of European
ancestry living outside the United States, the
emphasis will be on those countries from which
large numbers of immigrants have come to the
United States. Sempé®3 reported median ages for
the onset of ossification of the adductor sesa-
moid and pisiform in French children, generally
of middle socioeconomic status, living in Paris
(table P). These children were born in 1953 and
radiographed close to birthdays and half-
birthdays. Skubiszewska84 used cross-sectional
data from 273 Warsaw children aged 7 to 14
years. The modal ages for these children are
similar to those reported for United States white
children of middle socioeconomic status (tables
5, 0, and P).

Comparisons between modal ages for the
onset of ossification in Negro children living in
the United States and Negro children living in
Africa (table Q) are not easily interpreted. It is

Table P. Modal ages {in years) for onset of ossification in
children of European ancestry living in Europe

French children Polish children
Sex and bone in Paris in Warsaw
(Sempé€, 1970)%2% | (Skubiszewska, 1964)34
Boys Modal age
Pisiform. . . 11.0 -
Girls
Pisiform. . . . 9.0 -
Adductor
sesamoid 11.0 10.7




Table Q. Modal ages (years) for onset of ossification of selected bones in Negro children living inside and outside the United States

Ten-State . .
Nutrition California Ovoloff children in Dakar, Senegal Dakar, Senegal .
Sex and bone Survey (Sproui and . (Massé United States
(Garn et al., | Peritz, 1971)%4 (Massé and Hunt, | (Michaut-Barthod, 1969)8; 1963-65
1972)*? v ’ 1963)%¢ 1971)%7
Boys Modal age
Distalulna . . .. .. 6.7 6.6 - - - 7.0
Trapezium . .. ... 5.8 6.1 -- 6.7 49
Trapezoid ...... 5.7 6.3 - - 6.7 6.1
Pisiform. . . ... .. - 12.7 - -
Girls
Pisiform. . . .. ... - 10.5 11.8 10.5 8.9
Adductor sesamoid . - - 125 - - 10.7

impossible to identify groups of Negro children,
in the United States or Africa, who belong to
the same relatively homogeneous genetic pool.
The data considered for Negro children in Africa
relate to the West Coast, from which large
numbers of slaves were imported into the United
States.85 However, it is unlikely that the present
United States Negro population is representative
of the original slaves, or that the slaves were
representative of the African populations from
which they were taken.

The data of Garn et al.®2 were obtained from
a large sample of children included in the
Ten-State Nutrition Survey. The data of Sproul
and Peritz34 were from California Negro chil-
dren who were above average socioeconomically.
The sample size for both sexes combined was
approximately 18 for each annual interval; a
group of similar size was examined at age 9 years
or over. These children were the 5 percent of the
total sample who were nearest to the corre-
sponding medians in stature. Mass€ and Hunt86
reported cross-sectional data from Ovoloff girls
living in Dakar, Senegal. The total sample
included 100 children, both sexes combined,
examined near birthdays. They did not report
how many of these children were girls. Michaut-
Barthod87 analyzed 628 radiographs of children
of Ovoloff ethnic origin living in Dakar. Most of
the children were radiographed three times near
birthdays or half-birthdays. All were more than
11 years old at their first radiograph, but the
data are useful for comparative purposes. The

number of radiographs available was about 40
for each sex at each 6-month interval. These
children were of low socioeconomic status even
by local standards. Massé88 obtained data from
a representative sample of 100 Dakar children
for each year of age of each sex.

Comparisons of these sets of data with those
from the present survey show that onset of
ossification tends to occur considerably earlier
in United States Negro children than those living
in Africa. The findings from the present national
survey are in fair agreement with those from a
small sample of California Negro children.34

The importance of genetic factors in deter-
mining age at onset of ossification is shown also
by numerous reports that, at younger ages than
those included in the present survey, Negro
infants and children are more advanced than
whites in this respect.

Sproul and Peritz3% reported data from a
cross-sectional study of upper-middle-class chil-
dren of Chinese ancestry living in the San
Francisco area (table R). Most, but not all, of
these families came from the Kwangtung Prov-
ince near Hong Kong.b The sample size, for both
sexes combined, varied from 22 to 25 for each
annual interval from 6 through 8 years. An
additional 15 children were aged 9 years or over.
Data for Hong Kong children8? were obtained
from a cross-sectional study of children of low
socioeconomic status. The number in each an-

b Lee, personal communication, 1972.
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Table R. Modal ages (in years) for onset of ossification of se-
tected bones in children of Chinese ancestry living inside and
outside the United States

Table S. Modal ages (in years) for onset of ossification of se-
lected bones in children of Japanese ancestry living inside
or outside the United States

—

Southern
Chinese
Chinese ancestry- in
Sex and bone California Hong
(Sproul and Peritz, 1971)%4 Kong
{Lee et al.,
1968)%°
Boys Modal age
Scaphoid . . .. 6.4 7.2
Distal ulna . . . 8.1 8.7
Trapezium . . . 5.8 6.7
Trapezoid ... 6.0 6.9
Girls
Distalulna . . . 6.7 7.8

nual interval varied from 10 to 27 of each sex.
The modal ages for onset of ossification were
markedly earlier in the California children than
in the Hong Kong children. These differences
probably reflect disparities between the popula-
tions in illness and nutrition; however, any
interpretations should be cautious because of
the small sample size. The retardation in the
Hong Kong children is almost certainly environ-
mentally determined because at younger ages
they were ahead of southwestern Ohio white
children in the mean ages at onset of ossifi-
cation.89

Table S contains data relating to the age at
onset of ossification of selected hand-wrist
centers in California children of Japanese an-
cestry who were above average in socioeconomic
status.34¢ The sample size was small, varying
from 10 to 14 for both sexes combined at each
annual interval from 6 to 8 years; and 8 children
aged 9 years or over. Sutow*3' reported data
from a representative sample of normal Japanese
children in Hiroshima. The sample size for each
sex varied from 56 to 107 for each year of age.
The ages at onset of ossification tended to be
earlier for the children in California than for
those in Japan.

Geographic Region

As expected, the ages at onset of ossification
differed only slightly and nonsignificantly be-
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Japanese ancestry-
N . Japanese-
California . .
Sex and bone (Sproul and Peritz Hiroshima
] 43
1971)4 (Sutow, 1953)
Boys Modal age
Scaphoid . . . ... 7.2 7.1
Distatulna . . ... 8.2 8.4
Trapezium .. ... 5.5 6.6
Trapezoid ..... 6.5 7.0
Girls
Distalulna . . ... 6.4 7.5

tween the large regions into which the United
States was divided for the purpose of this survey
(table 15).

Socioeconomic Factors

When children were grouped according to
family income, the median ages of onset of
ossification showed no relationship to this socio-
economic factor. The expected delay in onset
for those in lower income families was not
found among these United States children. The
lack of such an effect in the present national
survey may be partly due to the confounding
influence of racial differences. As noted earlier,
onset for the trapezium tended to be earlier in
Negro children, and these children were concen-
trated in the lower income groups.

Other studies.—The data included in table O
are from United States white children who were
middle class or above in socioeconomic status.
The present national study data are in agreement
with the previous findings from these smaller
samples with the exception of the age for the
trapezium in boys, which was slightly later in
the present white children and considerably
earlier in the Negro children.

Michelson?? reported a mean age of onset of
ossification of the pisiform in girls of 8.5 years
after studying 180 underprivileged white girls in
New York City for whom annual radiographs
were available. The age of onset for each girl was
interpolated between the age of the last radio-
graph in which it was not ossified and the first
radiograph in which it was ossified. Conse-



quently, 0.5 year should be added to
Michelson’s reported mean before comparing it
with those listed in table O. After this adjust-
ment, the reported age is similar to those
reported from the studies listed, suggesting that
socioeconomic status is not a major determinant
of age at onset of ossification.

DISCUSSION

Throughout this discussion, comparisons will
be made between the national survey findings
and those from earlier studies. In interpreting
these comparisons, it is important to recall that
the present report describes the first national
survey of skeletal maturity levels for this or any
other country. While the methodology used in
the national survey was heavily dependent on
the work of previous investigators, differences
between the present and earlier findings should
be judged in relation to the accuracy of assess-
ment and, most importantly, the representative
nature of the samples. In the national survey,
assessments were made of 94 percent of those
subjects initially identified by the National
Center for Health Statistics in collaboration with
the U.S. Bureau of the Census as constituting a
national probability sample.

Race

It is difficult to interpret “racial” compari-

sons because groups almost always differ in

climate, nutrition, the prevalence of disease, and
frequently in socioeconomic status, to mention
some obvious factors. However, there is substan-
tial evidence that genes influence the rate of
skeletal maturation. This evidence has come
from studies of pairs or triads of individuals
sharing similar environments but different pro-
portions of genes. The reported genetic influ-
ences concern the order of onset of ossifica-
tion,91-99 its rate,92‘94»96’100'106 the
occurrence of skeletal variants, for example,
pseudoepiphyses,?2,94,101,102 Jeyels of hand-
wrist skeletal maturity!®7 and the changes in
skeletal maturity with age.107-111

The mean skeletal ages for the white children
included in the present national survey were
about 0.5 year below their corresponding chron-
ological ages. This difference tended to increase

with age, which would indicate that the
Greulich-Pyle Atlas standards, based on a
specially selected subgroup of the population,
are higher than the mean values for U.S.
children. The corresponding differences between
chronological ages and Greulich-Pyle skeletal
ages are somewhat larger for Scotch, British, and
Danish children, but the reports on Polish
children are conflicting; some indicate similar
delays and others that mean skeletal ages are
approximately equal to mean chronological
ages.25,26,31,32

The rates of skeletal maturation are more
rapid for Negro children in the United States
than for those in Jamaica.35-39 Similarly, the
onset of ossification is delayed in African
children86-88 in comparison with Negro chil-
dren in the United States. Data for the latter are
available from the present national survey and
the sample of Sproul and Peritz.34

The national survey data show that Negro
children tend to mature skeletally somewhat
more rapidly than white children in the United
States. These small racial differences are sta-
tistically significant at only two ages in boys and
not at any ages in the girls. These findings are in
general agreement with those of earlier work-
ers.24,34-39,112 When the data for all ages were
combined, the differences between white and
Negro children were significant at the 5-percent
level in boys but not in girls. Although the
present survey has demonstrated a tendency for
Negro children to mature skeletally more rapidly
than white children, these differences are small
and most of them are not statistically significant
for single-year age groupings. These findings,
although real, are not of sufficient magnitude to
justify the creation of separate skeletal maturity
scales for these two racial groups.

Among both white and Negro children, there
was a tendency for skeletal age to be more
advanced in the girls (female equivalent values)
than in the boys; these differences were statis-
tically significant at some ages. Earlier studies of
smaller, less representative groups of chil-
drenl6-19,22-24 have provided similar findings,
except that of Johnston,20 in which boys were
slightly more advanced than the girls on sex-
specific scales of skeletal maturity.

The national survey sample contained too few
¢hildren of Chinese or Japanese ancestry for
their data to be analyzed separately. Findings
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from generally small and wunrepresentative
groups have suggested that such children living
in the United States mature more rapidly than
children of similar ancestry living in their coun-
try of Origin_34,40,4 1,43-46,51,52

About 60 percent of the mean bone-specific
skeletal ages were more advanced in Negro
children than white children. Many of these
differences were statistically significant and con-
sistent across age, indicating that different
modal patterns of hand-wrist maturation occur
between races. These differences were generally
marked for the radius, ulna, capitate, hamate,
triquetral, lunate, scaphoid, trapezium, and
metacarpals I-V, when considered within annual
intervals. Each of these bones was considerably
more advanced in Negro children. The pattern of
bone-specific skeletal ages (expressed as skeletal
age less chronological age) for all ages combined
was similar for each sex within each group.
While the means (SA-CA) for white children
were close to zero, the skeletal ages of the
radius, ulna, carpals and metacarpals were ad-
vanced about 3 months in Negro children. The
proximal phalanges II-V tended to be somewhat
more advanced in white than in Negro boys and
girls. In an earlier study, the radius was more
advanced in Negro boys than in white boys
living in Philadelphia.36.76 In the Negro girls,
the radius, ulna, metacarpal III, proximal pha-
langes I, III, and V, and distal phalanx I were
more advanced than in white girls. The magni-
tude of the bone-specific skeletal age differences
between white and Negro children found in this
survey and the earlier study36.76 are probably
insufficient to justify separate standards for
Negro children. These differences are small but
real, however, and they are contrary to the
assertion of Greulich and Pyle6 that the pattern
of maturation is the same in all racial groups.
There are few previous relevant findings, but
tendencies to variations among bones in the
extents to which they differ from Greulich-Pyle
skeletal maturity levels have been reported for
children in Hong Kong, Dakar, and Mel-
bourne.4,86,89

The assessments on which the present analysis
was based were made without knowledge of the
sex or race of any child, as previously men-
tioned. The small racial differences found among
boys and girls for each of the bone-specific
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skeletal ages provide convincing evidence that
the assessments were highly reliable. Hence, the
remarkable similarity of race-specific patterns in
each sex, illustrated in figure 15, strongly
suggests that the differences between the racial
patterns are, indeed, real.

Geographic Region

Analyses of the national survey data by
geographic region were somewhat unrewarding,
largely because the four major geographic re-
gions of the United States were too diverse to
demonstrate possible real differences, as dis-
cussed in an earlier report.113 After the effects
of differences in the age and racial distributions
were removed, children in the Northeastern and
Midwestern Regions tended to be advanced in
comparison with the others. This tendency
occurred for both white and Negro children.
However, most of the differences in skeletal
maturity (age at onset of ossification, means and
ranges of bone-specific skeletal ages and area
skeletal ages) could have been due to chance.
The mean skeletal ages tended to be more
advanced in girls (female equivalent values) than
boys in each region, but these differences were
statistically significant for few annual intervals.
In each region there was a decrease in the
coefficients of variability with age from 6
through 10 years.

Real differences were not present between
urban and rural children in levels of skeletal
maturity. Presumably this reflects a correspond-
ing lack of major differences between these areas
in factors that can influence the rate of skeletal
maturation. A similar lack of urban-rural differ-
ences in growth (body size) has been reported
for the United States and the factors responsible
have been reviewed fully.114

Socioeconomic Factors

These factors can influence skeletal matura-
tion because they are related to child care,
particularly the quality of the diet and the
frequency of disease. Direct dietary measures
were not made in the national survey. Conse-
quently, family income, which is highly corre-
lated with the educational level of the father, is



used here as a measure of socioeconomic status
and an indirect measure of child care.

As expected, there was slight association
between socioeconomic status (income level)
and skeletal maturity in U.S. children from the
HES data. There was a consistent tendency
among white children for skeletal maturation to
be more rapid in the higher income groups.
Among Negro children, the pattern of associa-
tion between family income and the rate of
skeletal maturation was less consistent, because
the sample size was not large enough to provide
consistently reliable estimates for that small
group. Previous studies in countries with much
more pronounced socioeconomic differences be-
tween segments of the population have demon-
strated higher skeletal maturity levels in upper
socioeconomic groups but the differences be-
tween the means for high and low socioeco-
nomic groups did not exceed one year and were
considerably smaller in most stud-
jes.26,27,31,70-75

Comparisons between large samples from ex-
treme groups are needed to determine whether
such effects are really present; the sample used
for the Health Examination Survey was not large
enough for this. When the HES bone-specific
skeletal ages for all races combined were consid-
ered within only three income groups, an asso-
ciation was not apparent. When the skeletal ages
for six representative bones were considered
within six income groups, there was a definite
pattern of more advanced maturity with increas-
ing income. This is in general agreement with a
recent report from a 1968-70 Ten-State Nutri-
tion Survey, contrasting ages at onset of ossifica-
tion in high and low socioeconomic groups
separated on an income-needs ratio.!!5 In data
from the present national survey this effect was
most marked in the third and fourth proximal
phalanges and the fifth middle phalanx, indicat-
ing that these bones might be more sensitive
than other hand-wrist bones to environmental
effects.

Lower socioeconomic status is associated with
a higher frequency of illness during child-
hood.49,116 Consequently, it is appropriate to
consider whether illness affects the rate of
skeletal maturation. Pryor!17.118 may have
been the first to suggest that illness could retard
skeletal maturation. This occurs with severe

illnesses, but there may be an acceleration in
skeletal maturation during catch-up growth after
the illness.1 19,120

It has been claimed that even apparently
minor illnesses retard skeletal maturation in
preschool boys but not girls,121:122 but other
investigators have reported either no effects on
both sexes!23-125 or effects on both sexes.! 26

There is a general tendency for retarded onset
of ossification in the hand-wrist to be associated
with more childhood illness as reported on
health histories, but occasionally early onset of
ossification has been reported in association
with severe illness.!27,128 QOther investigators,
after excluding children with chronic diseases,
have found no association between illness and
the age of onset of ossification.!28 Some
observers have reported that all centers are
retarded equally by childhood illness;! 22 others
that illnesses retard carpal centers more than
epiphyseal ones.119:130-132 Without reported
evidence, it has been claimed that illness, about
the time a center would have ossified,
retards its ossification but this has been de-
nied,6:95,119,128,133-136 Sy ch an effect would, of
course, give rise to unusual orders of ossification.

It is difficult to summarize the findings of
studies concerning the effects of illness on the
rate of skeletal maturation, since these studies
differ in the methodology by which illness
histories were obtained and the influences of
possible confounding variables have been ig-
nored. There seems to be little doubt that severe
illness can retard all phases of skeletal matura-
tion, but no such conclusion would be justified
for minor illnesses.

Marked undernutrition retards skeletal matur-
ation and dietary supplementation accelerates it,
both in experimental animals and chil-
dren.18,70,137-139,140-147 Pegpijte one con-
trary report,148 it is generally agreed that
malnutrition also retards the onset of ossifica-
tion.60,149 In preschool Negro children this
delay is greater in boys than girls and is more
marked in the metacarpals than other hand-wrist
bones.}30 Others have stated that in older
Negro children the most sensitive hand-wrist
bones are the carpals and the distal end of the
ulna,63,141 but some have claimed almost the
reverse in African and Japanese chil-
dren.41,143,151 These contradictions between
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reported findings presumably result from differ-
ences in subject selection and methodology
among the studies cited, of which the most
obvious are the racial ones.

Reported findings that malnutrition has dif-
ferential effects on maturation across bones
must be considered in relation to Todd’sl8
attitude that the principle of assessment is the
utilization of the most advanced centers as a
guide to actual bodily maturity. This principle
would lead to use of the centers least sensitive to
environmental influences and thereby reduce the
sensitivity of assessments. The report!®2 that
the least retarded centers tend to respond most
when undernourished children are given dietary
supplements is analogous to the general growth
response to improvements in the environ-
ment.153 When adverse environmental factors,
such as famine, are operating, girls are less
affected than boys but they respond more
quickly than boys to a subsequent improvement
in the environment.154 Skeletal maturation is
slow also in children with ulcerative colitis,
regional enteritis or celiac disease, but “explo-
sive” increases in the number of ossified centers
occur with treatment.155,156

In general, skeletal maturation is accelerated
in overfed experimental animals!57 and obese
children.158-163 This acceleration is marked in
long term obesity! 64 and especially when lean
body mass is increased also;165 it is greater in
the late than the early ossifying carpals.! 63

Few have studied the effects of specific
nutrients. Skeletal maturation is retarded in
gross malnutrition whether the main lack is in
calories or protein*8,142,143,149 pbyt protein
intake may be the more important factor.166 A
lack of association between the level of calcium
intake, within the range studied, and the level of
skeletal maturity either at the same age or later
has been reported,!123 but others have reported
a tendency to skeletal retardation with very low
calcium intakes.!67 Relationships between the
age at onset of epiphyseal ossification and the
intakes of calcium and vitamin D have been
reported.120,132

SUMMARY

The skeletal maturity levels in the hand-wrist
of noninstitutionalized children 6-11 years of
age in the United States as estimated from the
Health Examination Survey of 1963-65 have
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been described and analyzed by race, area of
residence, and socioeconomic background in this
report. A probability sample of 7,417 children
representative of the nearly 24 million noninsti-
tutionalized children in the United States was
selected; of these, 7,119 (96 percent of the
sample) were examined. Radiographs of the
right hand-wrist suitable for assessment were
obtained from 6,962 (98 percent of the exam-
ined group or 94 percent of the total sample).

These radiographs were assessed by specially
trained medical students who knew neither the
age nor the sex of any child whose radiograph
was assessed, thus eliminating several possible
sources of bias in these ratings. All assessments
were made against male standards; later the
skeletal ages for girls were adjusted by computer
to female equivalent values, bone by bone, using
the sex-associated differences in maturity re-
ported by Pyle et al.?

The skeletal maturity levels of white boys and
girls 6-11 years of chronological age generally
tend to be somewhat less advanced than those of
Negro boys and girls in the United States. The
rates of skeletal maturation for Negro children
in the United States are more rapid than for
those Negro groups in Jamaica or in Africa
reported previously by others. Among United
States white and Negro children there is a
tendency for skeletal age to be more advanced in
girls than boys by approximately the same
magnitude in each race.

For 19 of the 31 individual hand-wrist bones
the mean skeletal age of United States white
children lags consistently behind that for Negro
children of corresponding chronological age,
with minor exceptions. In pdrticular, mean
skeletal ages for the radius, ulna, all carpals, and
all metacarpals are advanced about 3 months in
Negro boys and girls compared with white
children, but the proximal phalanges are slightly
retarded. These racial differences are consistent
in both sexes; the differences between the two
groups of boys are similar to those between the
two groups of girls. These small but consistent
race-specific differences within each sex provide
strong evidence that the racial differences are
indeed real.

No statistically significant differences among
geographic regions of the United States were
found in the levels of skeletal maturity, although
children in the Northeast and Midwest tended to



be more advanced in this respect than those in
the West and South.

No urban-rural difference was found in the
skeletal maturity levels of United States chil-
dren.

Socioeconomic status as measured by family
income levels shows a slight but generally
consistent relationship to the level of skeletal
maturity of United States children 6-11 years of
chronological age, with a pattern of increasing
skeletal maturity with increasing income.

These national estimates of skeletal maturity
levels for children 6-11 years of chronological
age delineate for the first time the approximate
magnitudes of the differences in these levels
between races, broad geographic regions of the
United States, and socioeconomic groups. Al
though real, these racial, socioeconomic, and
geographic differences in skeletal maturity
among United States children are not considered
large enough to justify the creation of separate
standards.
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Table 1. Mean, standard deviation, and standard error of the mean skeletal age {hand-wrist} of boys and girls, by race and chrono-

logical age at last birthday: United States, 1963-65

Standard of reference, sex, and chronological age at White Negro Other
last birthday - - -
X sx S)? X SX 85(- X S)?
Male standard

Boys Skeletal age in months
BYBAMS v v i e e e e e e e e 74.9 | 1149 | 0.64 79.0| 10.78 | 1.29 91.2 46.68
FYBAIS & v i v e it it e e e e 86.7 | 11.57 | 0.60 88.1] 1294 § 1.41 85.7 43.70
Y 1 96.3{ 11.94 | 055 | 100.81 10.11 | 1.35 95.1 48.65
BYBAIS & i v vt ettt ettt e 1056 | 11.39 | 047 | 106.3 | 10.58 | 0.67 | 111.6 4.73
L - - 113.6 10.23 | 0.52 112.2 | 10.27 1.04 | 109.9 55.17
B Y- LT 123.8 | 13.06 | 0.59 | 126.8| 13.66 | 0.76 | 133.0 67.08

Girls
B YBAIS & & i i it i e e et 89.7 | 12.50 | 0.65 91.9| 1344 | 1.54 89.3 37.66
YL -3 1009 | 1212 ] 063 | 1029} 11.85| 0.95 99.2 31.59
- P 111.3 | 1206 | 0.59 | 111.3| 14.27 | 1.14] 1126 57.63
DYBAIS v i vt ettt ettt et ettt 122.1 | 14.33 | 0.85 | 125.2| 18.33| 1.63 | 144.9 50.19
TOYEArS & v i i i vt et e et e e e e e 137.0 17.28 | 0.77 141.5| 17.65 2,02 | 149.9 76.30 -
T2 L 156.2 { 1468 | 060 | 1576 17.28 | 1.29 ] 162.1 62.79

Female equivalent

Girls
BYears . .. ... it e 76.7 | 10.69 | 0.56 789 11564 1.32 76.3 32.18
R < 87.9 | 10.56 | 0.46 889| 1024 | 0.82 86.2 27.45
L2 2 T O 96.3 | 1043 | 0.51 96.3| 1235| 0.99 97.6 49.95
£ PN 107.1 12.57 | 0.75 109.2 15.99 142} 1209 41.88
T0Vears . .. v i e e e e e e e 116.5| 1469 | 065 | 119.2| 1487 | 1.70| 1239 63.07
B Y- L 128.1 | 1204 | 049 | 1288 14.12| 1.05| 131.1 50.78

Male standard
Actual values
Boys: B-11VYears. . . . ¢ v it v v ittt ittt eeaa e 999 20.08| 0.28 | 1016} 19.11| 057 | 105.9 5.51
Girls: B-1Tyears. . . . . . vt ittt et e e 119.1{ 26.17| 0.25 | 1209} 27.28| 0.70| 126.4 10.34
Expected values

Boys: B-1TVears. v v v v vttt e e 100.2 | 20.14 | 0.28 | 100.0f 18.81] 0.56| 101.9 5.30
GirlsiB-TTyears. . . ..o v vt it n e i it e et 119.4| 26.24} 0.25 | 119.0] 26.85| 0.69] 118.5 9.69

NOTE: X = mean skeletal age; 5y =standard deviation of skeletal age; and s3 = standard error of mean. Expected values remove
the effect of differences in the chronological age distribution with respect to skeletal age over the age (chronological) span 6-11 years

by indirect adjustment.
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Table 2. Mean, standard deviation, and standard error of the mean skeletal age (hand-wrist) of boys and girls, by geographic region and
chronological age at last birthday: United States, 1963-65

Standard of reference, sex, Northeast Midwest South West
and chronological
age at last birthday X Sy sx X Sy sz X Sy Sz x Sx Sz
Male standard
Boys Skeletal age in months
Byears . . .......... 76.7 } 11.09 | 0.75 7531 1223 | 1.17 74.8 1 10.97 { 0.64 75.4 | 11.65 1.18
Tyears . ... ........ 88.1 | 12.05 | 0.60 88.9 | 1257 | 1.58 85.1 10.81 | 1.08 85.5 | 11.14 1.40
Byears .. .......... 98.2 | 1242 | 1.35 9691 1087 | 075 | 97.5| 11.77| 0.51 95.4 | 12.12 1.15
Oyears . . ... v e 1064 | 12451} 072 { 107.0| 11.27 { 0.69 | 1057 | 10.38 0.83 | 103.7 | 10.72 1.30
1M0years ........... 1143 | 1074 | 056 | 1139 ] 10.26 | 053 | 113.7 | 11.06 | 0.70 | 111.8 8.75 1.36
Miyears . .......... 127.2 | 13241 083 | 123.2} 1259 | 079 | 123.0 | 12.72| 0.68 | 123.7 | 13.80 1.99
Girls
Byears . .. ... .00 91.5 ] 1277 | 0.64 933 1286 ] 0.71 | 883 | 12.02] 0.99 8741 12.35 0.85
Tyears . ... .ot uu.n 103.2{ 1225] 056 | 101.7 | 11.25] 0.93 996 | 1247 160 100.0 | 12.24 1.01
BYEars . . v i i v 112.0}f 13.05| 050 | 1127} 1190 1.17 | 1104 | 1292] 1.37 | 110.0| 11.59 1.40
Oyears . ...t iie e 1279} 16.60}| 1.22 1224 | 12.83 067 | 121.8 1561 1.19 118.8 | 15.15 2.14
M0vyears ... ...000 136.7{ 1866 | 1.58 | 139.0| 17.28| 1.86 | 1375 | 16.85| 1.656| 137.1 | 17.22 1.41
Tiyears ........... 167.5| 15.04 | 1.78 | 185.1 | 14.17 | 1.07 | 156.0| 16.46| 0.67 { 158.0 | 14.07 2,24
Female equivaient
Girls
Byears . ... .00 ... 78.5-] 10.96 | 0.55 80.3 | 11.15 0.61 75.3 10.25| 0.84 74.4 | 10.51 0.72
TFyears . .o v i i i 89.2 1 1059 | 048 884 9.78 | 0.80 8.6 | 1084} 1.39 87.0 | 10.65 0.88
Byears . ........... 97.0] 11.30| 043 97.71 1032 | 1.01 95.7 | 11.20} 1.19 95.5 | 10.06 1.22
Oyears . ......000. 1109 ] 1439 1.06 | 1074 11.26 | 0.59 | 106.8 | 13.69| 1.04 | 103.8 | 13.24 1.87
MOvears ........... 1164 | 1589} 1356 | 118.0| 1467 | 1.58 | 116.8 | 14.31| 140 | 116.5 | 14.64 1.20
Myears .. ......... 128.8 | 12.30| 1.46 127.1 ] 11.61 0.88 | 128.0 1361} 055 | 129.0 | 11.49 1.83
Male standard
Actual values
Boys: 6-11years. . . .. .. 1014 | 2047} 069 | 101.3 | 1963 | 0.36 98.8 | 20.05| 0.56 99.0 | 19.77 1.29
Girls: 6-11vyears. . . .... 119.2| 26.05| 082 | 1209 | 25.06 | 092 | 119.7 | 27.34) 090 | 117.3 | 27.12 1.06
Expected values
Boys: 6-11years. . ..... 100.1 | 20.21 | 068 | 1009 | 1945| 0.36 99.3 | 20.15| 0.56 | 100.2 | 20.01 1.31
Girls: 6-1fyears. . ..... 1176 | 25.70 | 0.81 120.2 | 2491 | 091 | 120.7 | 27.57{ 0.91 | 118.8 | 27.47 1.07

NOTE: X = mean skeletal age; s,= standard deviation of skeletal age; and sz =standard error of mean. Expected values remove the
effect of differences in the chronological age distribution with respect to skeletal age over the age {chronological) span 6-11 years by

indirect adjustment.
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Table 3. Mean, standard deviation, and standard error of the mean skeletal age (hand-wrist) of boys and girls, by annual family income
and chronological age at last birthday: United States, 1963-65

Standard of refer- Less than $15,000
ence, sex, and Less than $5,000 $5,000-$9,999 $10,000 or more $3,000 of more
chronological age
at last birthday X Sy Sz x Sx Sz X Sy sz X sz x sz
Male standard
Boys Skeletal age in months
Byears...c.v.00ns 75.1 ] 11.60 | 0.77 766 | 11.16)] 0.76 736 | 12.00]| 1.588 734 1.21 74.3 1.46
7vears.......... 859 1214 | 1.21 876 | 11.82{ 0.66 87.9 | 1068 ] 1.14 85.1 | 242 87.2 1.99
8years.......... 96.7{ 12.06 | 0.62 96.9| 11.25 | 0.59 96.9 | 1260 1.43 96.5 | 0.92 97.6 4.72
gyears......o... 104.3 | 11.04 1.18 | 106.2 10.85 | 0.60 107.9 | 12.00 1.1 102.5 1.41 107.8 3.54
10vears....ovnns 1129 1052 | 0.80 | 1144 | 10.25 | 0.55 | 112.2 950 077 ] 1125] 1.14| 1139 1.93
Myears.......u. 1249 1400} 0.856] 1236 | 13.20| 095 | 124.8 | 1204 | 1.05| 1245 | 1.49 ] 1258 2.54
Girls
Byears...... ... 90.0| 13.26 | 0.81 904 | 12.23 | 0.84 89.7 | 12.08 | 1.34 904 | 0.93 91.6 3.77
Tyears.....ovuue 1009 | 12.74 1.22 1 101.2 11.76 | 0.62 101.6 | 12.00 1.68 | 101.5 1.30 | 107.2 2.92
Byears.......... 1103 11.30 | 069 1125 | 1295} 0.89 | 1103 | 11.14| 151 § 1079 1.07 | 110.7 2.28
gvyears....cocusan 1204 | 15.19 | 0.63 | 124.1 16560 | 1.46 | 12564 | 14.12} 2.17 | 1204 | 1.10 | 124.8 1.86
10years......... 137.7 | 17.95 1.63 | 137.2 16.95 | 0.88 138.2 | 18.44 1.82 | 1385 1.89 | 141.5 3.83
Tlyears......... 156.3| 1543 | 1.19 | 1569 | 15.07 | 0.85 | 156.0 | 1452 1.63 | 156.2 | 1.50 | 1568.8 3.48
Female equivalent
Girls
Gyears..... . 77.0{ 11.34 | 0.69 774 | 1047 | 0.72 76.7 } 10.33] 1.15 774 | 0.80 78.6 3.24
Tyears.......... 8791 11.10 | 1.06 88.1 10.24 | 0.45 88.3 | 1043 | 1.46 88.2 | 1.13 93.2 2.54
8years.......... 95.6 9.79 0.60 97.5 11.22 | 0.86 95.6 9.66 1.31 93.9 0.93 95.8 1.97
oyears....cuu0u 1064 | 1330 | 0.55| 1086 | 1365 | 1.28 | 109.4 | 1232 | 189 | 1054 | 0.96 | 108.9 1.62
1M0vyears......... 116.8| 15.23 | 138 | 116.6 | 1440 | 0.75 | 117.2 | 15664 | 1.54 | 117.6| 1.60 | 119.2 3.23
Myears......... 128.2| 1266 | 098] 1284 | 1233 | 0.70 { 128.0 | 11.91 1.34 ] 128.1 | 1.23 ]| 1294 2.84
Male standard
Actual values
Boys: 6-11 years. . . 99.1| 2042 | 0.66 | 100.8 | 19.37 | 0.46 | 100.9 | 20.68 | 0.97 98.3 | 1.08 | 100.1 2.17
Girls: 6-11 years. . . 1184 | 26.41 0.79 | 119.6 26.36 | 0.62 121.6 | 26.21 0.99 ] 1185 1.09 | 123.8 2.02
Expected values
Boys: 6-11 years. . . 996 | 2052 | 066 ] 1004 | 19.29 | 0.46 | 100.7 | 20.66 | 0.97 99.6 | 1.09 | 100.5 2.18
Girls: 6-11years... | 119.0] 26.54 | 0.79 | 119.1 26.25 | 062 | 120.7 { 26.23 | 0.99 | 119.1 | 1.10 | 121.4 1.98

NOTE: X =mean skeletal age; s, = standard deviation of skeletal age; and sz =standard error of mean. Expected values remove the
effect of differences in the chronological age distribution with respect to skeletal age over the age (chronological) span 6-11 years by

indirect adjustment,
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Table 4. Mean and standard error of the mean skeletal age (hand-wrist) of white and Negro boys and girls, by geographic region and

chronological age at last birthday:United States, 1963-65

Northeast Midwest
Standard of reference, se'x, and chronological age White Negro White Negro
at last birthday
x Sg x Sz x Sz x S3
Male standard
Skeletal age in months
BYEArs . . v v i i ettt i e s e 76.4 | 1.03 79.0 | 3.19 74.8] 1.31 80.3 3.12
TYATS « & it it e e e e e e 88.2 | 0.69 874 { 266 889 1.54 88.9 4.12
BYBAIS . . ittt it e e it 980 | 1.37 99.7 | 3.06 96.5| 1.19{ 100.6 6.73
GYEAIS . v v ittt et e e e e e e 106.3] 072 ]| 1076 | 3.30 | 106.9| 0.62 | 108.3 2.57
TOYEArS . . v v vt i ettt e et e e e 114.2 ] 079 | 114.7 | 2.21 | 114.2| 0.58] 111.3 2,12
TTyears . ..o ittt et e e 1273 091 | 1264 | 2.70 | 1229| 091 | 127.2 6.38
BYCAIS .« v v v i e it ettt et et e 91.3| 0.96 92.9 | 5.02 93.2| 084 98.0 31.81
2 V2 L 103.0} 071 ] 1048 | 1.61 | 101.6] 1.04| 1024 1.72
BYEAIS o v v ittt i e e e e e e 1116 | 055} 1150 | 1.02 | 1121 144 | 120.0 7.44
OVBAIS . & v vt vt it ettt ettt et 126.8| 1.54 | 1288 | 4.55| 1224| 091 | 1225 3.14
TOYears . ...t e e e e et 135.5| 1.88| 1444 | 2.38 | 1385| 1.83| 146.2 156.45
Tlyears ... i it e et e 16576 | 1.65| 156.56 | 5.54 | 1564.8| 092 | 157.6 3.16
Female equivalent
Girls

[T £ 783 | 0.82 79.9| 4.32 80.2{ 0.72 85.0 27.59
8- 1 89.0{ 0.61 208 1.39 88.3| 0.90 88.7 1.49
BYears . . e e e e e e 96.6| 048] 100.0| 0.89 97.1 1.25| 105.0 6.51
OYRAIS . v i it it i e e e e e e e e e e e 1104} 1.34| 111.8{ 3.95| 107.4] 080} 107.5 2.76
LR = | £ 115.8] 1.61| 120.7 | 1.99| 117.56] 1.55| 122.1 12.90
Tlyears . ...t i e e e e e e 128.8| 1.35| 128.2| 4.54 | 126.9] 0.75| 128.8 2.58

Male standard

Actual values
Boys:B-11years. . . . .o v v v ittt i et e et 101.2] 0.72] 103.3] 2.23| 101.2f{ 041] 1029 1.50
Girls: B-TTyears. . . v v i v v ittt ittt s et e e 11856| 087} 123.2] 3.00{ 120.8{ 0.92} 123.1 2,04

Expected values

Boys:B-T1years. . v . v v v it et et 99.6] 071 102.8] 2.22| 1006| 0.41] 1024 1.49
Girls:B-1Tyears. o v v v v v v vttt et et an e neeas 117.0] 0.86] 121.1 2951 120.0f 091} 121.0 2.01

NOTE: X =mean skeletal age; sz= standard error of mean. Expected values remove the effect of differences in the chronological age
distribution with respect to skeletal age over the age {chronological) span 6-11 years by indirect adjustment.
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Table 4. Mean and standard error of the mean skeletal age (hand-wrist) of white and Negro boys and girls, by geographic region and

chronological age at last birthday: United States, 1963-65—Con.

South West
Standard of reference, sef(, and chronological age White Negro White Negro
at last birthday
X sz x sg X Sz 3 sz
Male standard
Boys Skeletal age in months
B VRIS & v i i i e e e e e e e 734 | 1.41 79.2 | 1.96 75.0] 1.12 77.4 24.70
TVEAIS « v v v v v o e vt i e n st e 83.5| 1.30 89.0 | 2.33 85.7 1.54 83.8 26.63
YIS ittt e e e e e e e e e e e 958 | 0.62 | 101.0 | 0.59 95.0 | 1.27] 101.5 5.34
GYBAIS & v it it e e e e e e e 1059 | 1.23 | 1052 045 103.3| 1.31] 110.3 42.79
TOVEAIS & v v v v it ittt s e a e e s 1145 | 093] 110.8| 226 | 111.7 | 1.46{ 113.9 5.79
i TR T | 12231} 062 | 1249 | 197 | 1233 | 196 ] 126.1 40.23
Girls
BYBAIS « v v v v v v v et s ottt e e e 87.3| 1.30 90.6 1.78 87.0| 0.76 89.1 28.82
TYCAS « v o v e e e v e e m e n e e e e e e e e 984 | 167 | 103.0} 2.07]| 100.0| 0.84 | 100.1 9.24
LR | 111.1 1.68 | 108.4 1.95| 1104 | 1.31| 105.4 2.55
OVEAMS & v v v vt vttt e et e e e e e e e 1204 | 1.87| 1256 | 262 1186 | 2.11| 1222 1.09
TOYEArS . & i vt i i it e e e e e e e et e e e 1366 | 214 | 139.9 | 3.15| 136.7 | 1.20| 1394 44.27
- 15564 | 0.85 | 1576 | 092 ]| 157.8 | 2.08| 160.5 5.29
Female equivalent
Girls
BYBAMNS v v v v v v e e m e e m e et e 743 1.11 77.6 1.62 74.0{ 0.65 76.1 24.62
TYEAIS & v v e e v e e ot et 854 1.45 89.0| 1.79 87.01 0.73 87.1 8.04
BYears . . i e e e e 96.1 1.45 9244 1.70 95.7 1.14 91.4 2.21
L Y 105.4 | 1.64| 1096 | 229| 103.6 1.84 | 107.2 0.96
TOYEAMS & v v v et o o bt et s e 116.3| 1.82| 1184 | 267| 1164} 1.02| 118.2 37.54
Tlyears .. v vttt e e e e e e e 127.4| 0.70| 1288 0.75} 1289 | 1.70] 130.2 4.29
Male standard
Actual values
Boys:B-1TVyears. o v v v v v v v vttt et e e 98.1 0.96 | 100.6 1.1 98.7| 1.16{ 101.2 3.56
Girls: B-TTyears. . . .« v i i i i it e et e e 119.5( 1.15{ 1205| 1.84| 117.3 1.11] 115.8 4.66
Expected values
BOoys: B-1TYearsS. . v v v v v vt it e vt e 99.1 0971 1009{ 1.11 99.9| 1.17}| 101.4 3.57
GirlstB-11Years. . . v v v v it et i ee i nenne e 120.8| 1.16| 121.4| 1.85} 1186 1.12] 1185 4.77

NOTE: X=mean skeletal age; s, = standard deviation of skeletal age; and sz = standard error of mean. Expected values remove the
effect of differences in the chronological age distribution with respect to skeletal age over the age (chronological) span 6-11 years by

indirect adjustment.
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Table 5. Mean and standard error of the mean skeletal age {hand-wrist) of white and Negro boys and girls, by annual family income arid chronological age at last birthday: United States, 1963-65

Less than $5,000 $5,000-$9,999 $10,000 or more Under $3,000 $15,000 or more
Standard of reference,
sex, and chronological White Negro White Negro White Negro White Negro White Negro
age at last birthday
X 53 X S% x sz X Sz x sg X Sz b 4 sz X sz x 53 x sz
Male standard
Boys Skeletal age in months
Byears . ... huiie e 735 1.08] 798| 159| 764 )] 083| 776 168 73.3| 1.58] 876 43.87 {1 749 | o064 790 1.29 743 | 146 - -
Tyears . . oo v oo v 854| 1.62| 874 ) 1.82| 873} 074| 92.0] 3.8t 8791 1.14 - -1 86.7 | 0.60 88.11 1.41 87.2 | 1.99 - -
Byears . . ... . 944| 085)| 1021 ]| 0.89| 969 | 069| 957 437 97.0| 1.35| 105.0 74.24 | 96.3| 055 | 1008 | 1.35 98.2 | 443
Ovears . ... ah e 10358( 157} 1065 | 133} 106.2] 062} 1057 1.81 ] 1079} 1.1 - ~- 11056 | 0.47 | 106.3| 067 | 107.8 | 3.54 - -
TOyears . ..o ovinenas 113.0| 108} 1127 | 111 1147 | 0.54| 110.0| 150} 1126 | 0.85] 101.0 50.49 11136 | 052 | 1122 | 1.04 | 1144 { 2.03 - -
Tlyears . ........... 1240| 096 127.3| 1.34| 123.7 | 0.92]| 1220; 209 | 1248} 1.05 - -~ 1238} 059 | 1258 | 0.76 | 12568 | 254 — -
Girls
Byears . ... i i 89.3| 1.09) 916] 163] 90.2| 0.85| 96.0| 233 89.7| 134 - - | 89.7 | 0.65 919 | 154 1 91.6 | 3.77 - —
Fyears ..o v i e 100.1| 1.45] 1029 1.69] 101.3| 0.62] 101.4§ 194 | 1014 | 1.70}| 106.3 53,20 |1009 ] 053] 1029 | 095 | 107.2 | 2.92 - -
Byears . .o i i iavn e 1105| 0.82| 109.7 | 160} 1121 | 097] 1159 367 | 110.2| 151 1187 59.57 {1113 { 059 1113 | 1.14 | 110.7 | 2.28 — -
OYears . . oo v v vuen s nn 1188 098¢ 1248 | 236 124.0| 154} 127.0| 3.34 | 1240| 1.26 - — ]1221 ]| 085| 1262 ] 163 | 1248 | 1.86 - —
10years ..o veuve v 1366 | 207 | 1409 291| 136.8| 093] 1416| 3.78 ] 138.2| 1.82 - - §137.0| 077} 1415 | 2.02 ] 1415 | 3.83 - -
Tlyears . ........... 155.0| 147 | 160.0| 1.81| 1567.0] 0.86] 155.1] 279 | 1559 | 1.65 - - |156.2 | 060 | 1576 | 1.290 | 1685 | 3.70 - -
Female equivalent
irls .

Gyears . ... iiiine 763) 093) 786 | 140| 7722} 073] 83.0] 2.07 76.7| 1.15 - - | 76.7 | 0,56 7891 1.32 78.6 | 3.23 - -
Tyears . .o viiiieaan 87.1] 1.26] 889 | 146 882| 054] 882| 169)] 82| 148| 923 46.27 | 879 | 0.46 88.9 | 0.82 93.2 | 2.54 - -
Byears . ... iii e 958 0.71 954 | 139| 971 084 1009| 3.20| 956} 1.31| 103.7 52.04 | 96.3 ] 0.51 96.3 | 0.99 958 | 1.97 - -
Oyears . . oo viien o 103.8| 086 | 1084 205| 1085 ] 1.35| 1105f 291 | 1085| 1.10 - - {1071 ] 0.75] 109.2 | 142 |} 1089 | 1.62 — -
Ovyears . ........... 116.3| 1.76 | 1189} 246] 1164 | 0.79] 1193| 3.18 | 117.2| 1.54 - - ]1165 ] 065| 119.2 | 1.70 | 119.2 | 3.23
Tlyears .. ..ovivewnn 127.0f 1.20| 130.0| 147} 1285} 0.70| 1271| 229 | 1279 | 135 - - ]128.1 | 049 | 1288 | 1.05 ] 129.2 | 3.02 - -

Male standard

Actual values
Boys: 6-11years. . ...... 979 090 1022 | 0.85| 100.8| 054 100.2| 174 | 1009] 097| 974 7.32 | 999 | 0.28{ 1016 | 057 | 101.3 | 2.12 - -
Girls: 6-11vyears. .. ..... 1179)] 091 | 1196 | 1.22| 119.3| 063| 1239} 204 | 1204 | 093] 110.2 34.87 |119.1 | 0.25} 1209 | 0.70 | 1234 | 1.99 - -

Expected values

Boys:6-11years. . ...... 989| 091 9951 0.83] 1008 ] 0.54| 100.5) 1.75| 1009} 097 | 96.3 7.24 1100.2 | 0.28| 100.0| 057 § 101.1 | 2.12 - —
Girls:6-11years. . . ... .. 1188| 092 117.3 | 1.20] 1194 | 063 121.9| 201 | 1206 0.93] 1044 33.03 }1194 | 025} 119.0{ 0.70 [ 123.5 | 1.99 - -

NOTE: X = mean skeletal age; sz = standard error of mean, Expected values remove the effect of differences in the chronological age distribution with respect to skeletal age over the age {chronological)
span 6-11 years by indirect adjustment,



Table 6. Mean skeletal age (hand-wrist} of boys and girls, by population size in urban areas and fand use in rural areas of residence and chronological age at last

birthday, with selected standard errors: United States, 1963-65

Urban outside

Urbanized areas urbanized areas Rural-farm Rural-nonfarm
Standard of refer- Urban Rural
ence, sex, and total Less total Less Less
chronological age 3 million | 1.0-2.9 | 250,000- than 25,000 10,000- | 2,500- 10acres | than 10 acres| than
at last birthday ormore | million 999,999 250,000 ormore | 24,999 9,999 or more 10 or more 10
' acres acres
Male standard Mean skeletal age in months
Byears.......... 75.6 773 774 74.3 73.8 74.2 76.6 74.4 75.1 76.2 69.4 78.1 75.0
Tyears......v0us 86.7 87.6 86.3 86.5 88.8 85.6 84.0 85.7 87.4 89.3 - 85.0 86.9
Byears....... Ve 97.4 98.6 97.6 93.9 97.7 98.4 99.3 97.0 95.9 95.6 - 93.5 96.4
Svears.......... 106.1 106.6 105.6 106.8 106.6 104.1 104.2 | 105.8}) 105.2 104.8 | 103.0 104.9 105.3
10vyears......... 113.1 1134 1136 111.0 111.6 113.8 116.7 | 114.1 )} 114.0 116.0 | 118.0 11114 114.0
Myears......... 124.2 126.8 125.4 124.0 123.1 122.5 1206 | 120.1)f 124.1 122.4 | 153.0 122.1 124.4
Girls
Gvears.......... 89.6 89.9 91.8 87.7 89.9 90.8 86.0 86.7 91.0 92.9 80.0 90.5 90.6
Tyears....vuuus ' 101.6 103.5 101.0 102.1 99.7 98.2 1009 [ 100.8)f 100.5 100.2 84.0 95.2 101.2
Byears.......... 1114 113.8 111.6 109.2 109.4 107.6 117.8 | 1094 )1 11.3 112.4 | 103.0 112.2 110.9
dyears.. ... .iiuen 1229 126.8 120.4 120.4 121.3 122.2 1289 117.8| 1226 1209 | 111.8 1256.7 1226
10vyears......... 137.5 138.8 137.0 134.5 140.1 138.5 142.8 136.4 || 137.9 138.9 - 134.5 138.1
Tyears......... 156.6 157.1 152,8 155.8 168.7 157.4 159.4 | 1626 || 156.1 157.9 | 169.3 156.7 156.7
Female equivalent
Girls
Gyears.......... 76.6 76.9 78.8 74.7 76.9 77.8 73.0 73.7 78.0 79.9 66.0 77.5 77.6
Tyears.......... 88.3 89.5 88.0 88.6 86.7 85.2 87.9 87.8 87.5 87.2 71.0 82.2 88.1
Syears.......... 96.4 98.8 96.6 95.1 95,2 93.6 102.8 95.2 96.3 97.4 89.0 97.2 95.9
9 years Cranes 107.9 1104 105.4 105.4 106.3 107.2 111.9 ( 102.8 | 107.6 105.9 96.8 109.7 107.6
10years......... 116.8 117.8 116.5 115.2 1186 1172.5 119.9 116.2|| 116.8 117.8 — 115.2 117.1
1Mvyears......... 1283 128.6 125.8 127.8 129.4 128.7 129.7 | 13161 128.0 1289 | 1296 127.7 127.7
Male standard
Boys Standard error of the mean
Byears.,........ 0.59 0.56 2.63 1.23 2.17 5.98 4.35 1.49 0.94 3.27 | 35.37 2.73 1.07
Myears......... 0.71 0.95 1.20 1.62 1.12 3.47 2.04 4.47 0.66 1.69 |108.18 2.47 0.81
Girls
Gyears.,........ 0.77 1.07 2.03 2.78 2.62 3.10 19.29 1.70 0.74 3.28 | 56.56 5.87 1.05
Myears......... 0.96 1.89 1.60 272 3.13 2.58 35.77 4.33 0.72 2.04 | 79.80 8.34 1.32
Male standard
Actual mean Mean skeleta! age in months
Boys: 6-11 years .. | 100.3 101.1 101.2 99.3 100.4 100.3 100.5 98.1 99.8 100.1 20.9 101.8 99.5
Girls: 6-11 years ., 119.3 120.6 119.2 119.0 119.2 116.0 12281 117.4| 1195 121.0 | 108.8 121.3 118.9
Expacted mean
Boys: 6-11 years . . 100.2 99.8 100.7 1004 100.6 101.0 100.6 99.0 99.9 99.8 80.7 103.2 99.7
Girls: 6-11 years . . 1193 118.7 119.9 120.7 119.2 117.0 12021 11871 119.5 1205 | 117.5 121.9 118.9
Standard error of the mean
Boys: 6-11 years . , 0.34 0.49 0.86 1.16 2.68 2.31 2.50 1.91 0.59 1.28 | 31.00 2.60 0.89
Girls: 6-11 years . . 0.43 0.87 1.24 1.64 1.28 1.75 3.57 2.15 0.59 1.15 14.79 2.99 0.52
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Table 7. Mean skeletal age (hand-wrist) of boys and girls, by education of first patent and chronological age at last birthday, with
selected standard errors: United States, 1963-65

Standard of reference, sex, and chronological

Education of first parent

age at last birthday Less than 57 8 9-11 12 13-156 16 17 or more
5 years years | years | years years | years | years years
Male standard
Boys Mean skeletal age in months
BYRAIS « v v v e i h e et 72.5 75.8 77.1 74.6 76.4 75.3 77.1 74.1
7= - J 83.7 82.5 87.7 87.1 87.3 89.3 89.4 84.4
Y- 96.2 97.2 97.5 97.6 95.5 99.1 96.3 99.3
OVEAIS & v i i vttt it e e s 103.8 | 105.1} 1059 | 1056.5| 1059 { 107.1 | 107.5 105.2
TOYears . . .. v i vttt t e 1126 | 1129 113.8 | 1135 113.7 | 1145 | 113.0 1124
TIYears . .. it i v vt i neenannnneens 122.0 | 126.7 | 123.2 | 1227 | 123.7 | 127.8 | 124.7 126.8
Girls
BYeAIS .+ v v v ittt et e e et e e 88.6 87.3 91.9 89.0 90.8 90.4 92,5 86.3
2871 |- J U 984 | 101.1 | 101.2 ] 100.8 ] 101.4 | 104.6 98.5 103.8
L2 7-T-  - 107.8 | 110.7 | 109.5 | 1128 | 1116 | 113.5 | 112.2 109.4
OVEAIS & v v v v v v ot v s o an s o m s e a e 120.0 | 1205 | 1222 | 1234 | 1228 | 124.8 | 124.3 126.0
T0years ... ...ttt i 139.1 | 136.0| 135.5 | 187.9 | 138.7 | 133.4 | 143.6 137.9
TIVYears . o i i it i et e e 154.1 | 156.3 | 155.8 | 157.9 ] 155.2 | 158.2 | 158.1 159.6
Female equivalent
Giris
B YearS . . . it it i e e e e e e e 75.6 74.3 78.9 76.0 77.8 77.4 79.5 73.3
TYEATS o o v i it i et e e e e e e, 85.4 88.0 88.1 87.8 88.2 90.6 85.5 89.8
BYears ... i it i e e e 93.8 95.8 95.2 97.8 96.6 98.5 97.2 95.2
Lo Y T O 105.0 | 105.5| 107.2 | 108.2] 107.8 | 108.9 | 108.6 110.0
TOVears . .. i it it e e 118.0} 116.0| 115.8{ 116.9| 1172.7 | 114.4 | 1203 116.9
Tlyears .« .. it i it i e e 12661 128.2| 127.8 | 1289 | 127.2 | 129.1 | 129.0 129.8
Male standard

Boys Standard error of the mean
BVYEAMS « v vt vttt n et e 3.21 2.05 1.40 1.14 0.84 2.44 1.84 1.47
Tlyears . ... i ittt i i i e 2.13 1.91 2.09 1.10 0.83 1.89 1.74 1.83

Girls
BYEAIS & v vttt e e e e e e s 3.30 1.90 1.38 1.82 0.69 1.34 2.43 2.76
Tlyears .. o ittt e e 2.77 2.35 1.73 1.43 1.17 2.47 1.76 2.52
Male standard

Actual mean Mean skeletal age in months
Boys:G-1Tyears. . . .. v v v it v e v i e e 99.3| 1006| 102.7 99.0 99.4 | 102.1 | 100.6 101.9
Girls:6-1Tvyears. . . . . . v i v e v e, 118.7) 120.3| 1209 | 119.2| 1193 | 116.0 | 121.8 119.4

Expected mean

Boys:6-11years. . . .. .. ...t 101.3| 100.9] 1023 99.3 99.4 | 100.3 99.6 101.7
Girls:6-11vyears. . . . . v v v i vt v e e e 12041 121.4)] 12151 11891 119.1 | 1152 | 120.4 118.8

Standard error of the mean
Boys:6-1tyears. . . . .. ... ¢couieeeen.. 1.15 1.54 0.84 0.73 0.50 1.16 0.79 1.03
Girls:6-TTvears. . . .. v v et vt e e e 2.05 1.29 1.17 0.89 0.80 1.50 1.30 1.84
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Table 8. Selected percentiles in the distribution of skeletal age (hand-wrist) for boys and girls, by race, geographic region, annual
family income, and chronological age at last birthday: United States, 1963-65

Chronological age in years at last birthday
Race, region, annual family income, and percentile Boys
6 7 8 9 10 11
years | years | vyears years | years years
White Skeletal age in months
£ 82.9 949 1066 | 113.6| 120.3 131.2
0t 75.1 86.8 97.6 ! 1076 | 113.7 121.0
- O 67.8 79.1 88.9 98.7 | 108.4 115.2
Negro
7%........ e e e e 85.8 950 1085 1149 118.8 133.3
2 79.9 88.2 | 105.1 107.9 | 1126 123.9
£ 72.4 79.2 93.3 99.1} 107.6 1171
Northeast
72 2 84.4 976} 1084 | 115.2{ 121.8 134.3
= 77.2 87.5 99.2 109.4 ] 113.9 125.0
2B . i it e e e e e e e e e e e e e e e e e e 69.8 79.8 89.7 98.5 | 108.8 118.2
Midwest
L 85.0 98.9| 1059 ] 1149 | 1204 129.9
2 76.3 87.3 984} 108.9 | 114.3 123.0
/£ 67.3 81.9 89.7 101.8 | 108.4 114.7
South
T 81.9 91.8| 107.8] 1126 | 1214 129.3
Bl it it e e e e e e e e e e e e e 74.3 87.4 98.5] 1074} 113.8 121.4
£t 69.3 77.5 90.7 99.11 107.8 114.6
West
2D i i e e e e e e e e e e e e 83.5 943 | 106.2| 1116 | 116.5 131.5
2 75.5 86.0 96.7 | 105.0| 112.7 119.6
D it e e e e e e e e e e 68.1 78.3 88.6 96.1 | 108.1 115.4
Less than $5,000
74 83.9 94.0] 107.3| 111.7 | 120.3 133.8
0 74.6 86.6 97.9 | 106.2 | 113.1 123.0
£ 69.1 77.5 89.8 g97.0| 107.8 115.6
$5,000-$9,999
72 2 84.3 96.4| 107.0| 1144 | 1206 130.4
B0 . it e e e e e e e e e e e e e e e e e 76.7 87.2 98.1 108.1 | 114.1 120.7
2D i e i e e e e e e e e e e e e 68.7 79.7 89.2 99.7 | 109.0 1154
$10,000 or more —
74 2t 824 946| 106.9| 114.8] 118.1 131.0
50..... e e et e s et e e e e e 74.9 88.0 89.3| 1095} 1125 123.0
2 67.3 81.7 89.71 103.41 106.5 117.2
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Table 8. Selected percentiles in the distribution of skeletal age (hand-wrist) for boys and girls, by race, geographic region, annual

family income, and chronological age at last birthday: United States, 1963-65—Con.

Chronological age in years at last birthday
Race.:, re:glon, annual Girls {male standard) Girls {female equivalent)
family income, and
percentile 6 7 8 9 10 | 11 6 7 8 9 10 1
years| vyears years | years | years | years | years| years| years years | years years
White Skeletal age in months
75 .. e e 98.6 1106 | 118.1} 129.3 | 1529} 166.5} 85.6 95.8 | 103.1 112.2| 125.9 134.8
50 . ..t e 80.4 | 1036 | 1126 | 1199 | 1353 | 159.5 | 76.4 89.6 976 | 1049] 115.6 129.8
25 . e 81.6 926 | 106.4 | 114.2 | 124.0| 1494 | 67.6 79.6 92.4 99.2 | 108.5 123.7
Negro
75 . e e 1028 | 113.0| 1174 | 131.8 | 156.8 | 170.6 | 88.9 98.0 | 1024 | 113.4| 1284 138.6
B0 . ... i, 93.1 106.8 | 111.2 | 121.0 | 141.5{ 160.5 } 80.1 92.8 96.2 | 106.0 | 119.2 130.2
25 . . e 83.0 93.3 | 106.1 | 11569 | 127.1 | 148.0 | 69.56 80.3 92.1 1009 | 110.6 123.0
Northeast
75 . . 0 i i 99.0 1124 118.4 | 1384 | 154.1 166.5 | 86.0 97.4 103.4 117.4 | 126.6 134.8
0. ..., 91.5 106.56{ 1128 | 123.9 | 135.3 | 160.5 | 785 92,5 97.8 | 1084 | 115.6 130.2
25, ... . 82.5 96.1 | 107.5 | 117.0 | 122.7 | 150.6 | 68.8 83.1 93.5 { 102.0| 107.7 124.3
Midwest
Z- 2N 104.7 | 1104 | 1196 | 1284 | 163.56 | 166.0 | 90.7 95.7 | 1046 | 111.4 | 126.2 134.5
50 ... i i 93.3 ] 104.2 | 114.2 | 1204 | 141.2 | 1586 | 80.3 90.2 99.2 | 1054 | 119.1 129.3
25. .. e 83.6 93.3 | 107.3 | 1154 | 1258 | 145.0| 70.4 80.3 93.3 | 100.4 | 109.8 121.0
South
75 . i 97.2 | 1106 | 116.0 | 128.9 | 154.5 | 166.9 | 84.2 95.8 | 101.0 | 1119 ] 126.8 134.9
50 ............. 889 | 103.1 | 1103 § 119.4 | 135.0 | 160.1 | 75.9 89.1 956 | 1044 1155 130.0
25 . . i e 80.3 90.4 1046 | 113.4 | 124.8 | 146.0 | 66.3 77.4 90.6 98.4 | 108.9 122.0
West
75 ... . . i .. 96.4 109.7 118.8 | 126.6 152.4 168.1 | 83.4 95.4 103.8 110.3 | 125.4 136.1
50 ... ... 86.2 99.7 § 11156 117.1 | 134.2 | 160.3 | 73.2 86.7 26.5 | 1021 | 115.1 130.2
25 . e 80.4 91.2 | 1039 | 111.8 ] 1234 | 150.7 | 66.4 78.2 89.9 96.8 | 108.2 124.4
Less than $5,000
75 . . it 100.8 110.5 1176 | 1274 | 154.2} 167.1 | 87.8 95.8 102.6 110.7 | 126.6 135.1
0. ... i 894 | 1044 | 111.2{ 1184 | 136.3 | 160.2 | 76.4 90.4 96.2 | 1034} 116.2 130.1
25 . . e 80.9 916 | 104.8 | 1129 | 1225 | 148.6 | 66.9 78.6 90.8 97.9 | 107.5 123.3
$5,000-$9,999 .
75 . 0 i 985 | 111.2 | 1186 | 131.3 | 153.0 | 167.6 | 855 96.2 | 1036 | 113.2] 126.0 135.6
BO. . ... 91.0 103.7 113.2 | 1211 134.1 159.8 | 78.0 89.7 98.2 106.1 | 115.0 129.9
25 . . e e 82.3 93.5 107.1 114.7 | 1249 | 149.2 | 684 80.5 93.1 99.7 | 108.9 123.6
$10,000 or more
75 . . . . o 97.7 1123 117.2 | 131.6 153.9 { 166.5 | 84.7 97.3 102.2 113.3 | 126.4 134.8
= 89.6 105.5 1124 | 123.8 | 1383 | 1584 | 76.6 91.5 97.4 1084 | 117.3 129.2
25 . i e 81.4 915 ] 1063 | 116.0 | 127.1 | 149.0 | 67.4 78.5 9231 101.0| 110.6 1235
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Table 9. Mean bone-specific skeletal ages for the 31 individual hand-wrist bones of white and Negro boys and girls, by chronological
age at last birthday, with selected standard errors: United States, 1963-65

Standard of reference, sex, and Radius Ulna Capitate Hamate Triquetral
chronological age at last birthday White | Negro | White | Negro | White | Negro | White | Negro | White | Negro
Male standard
Boys Mean skeletal age in months
Byvears ........ .00 74.1 79.7 85.1 89.1 75.3 80.9 74.9 81.8 73.1 78.2
TYEArS oot v iiin i 85.2 87.9 90.9 92.9 86.1 88.3 85.4 88.3 85.6 89.7
Byears ...l 94.9 | 100.2 96.8 | 100.1 954 | 101.1 946 | 101.5 96.2 | 1026
9years . ...l 105.8 | 108.8 | 104.9 { 108.0 { 104.8 | 108.6 104.2 | 109.2 | 106.1 110.0
10years . o oviv i 113.9 | 1129 | 113.1 | 1104 | 114.2| 1141 | 114.4 | 116.2 | 1143 | 114.2
1Tvears oo v i v i o i i 123.8 1 126.4 | 123.1 | 125.2 | 124.2| 126.9 | 1253 | 129.0 | 123.7 | 126.1
Girls
BYEArS .. v vt i v et 84.7 89.3 89.6 95.6 87.1 92.4 86.4 93.5 88.8 94.7
TYears . . i i v it et 96.6 | 100.6 98.0 | 101.1 98.8 ) 104.1 98.7 | 104.7 | 101.3 | 105.8
Byears . ... it it 107.9 | 109.8'1 107.0 { 108.2 | 109.9 | 111.2 { 1099 | 111.7 { 110.9 | 1121
OYBArS .. vt vt vt st nae e 1181 ] 1240 { 1183 | 1228 | 120.0| 124.8 | 121.6 | 127.2 | 120.3 | 124.2
TOVYears . v v v vt v v o m t e s o e 133.4 | 139.4 | 1323 | 13756 ! 135.7] 1411 1376 | 143.7 | 133.3 | 138.6
Tlyears . . .. .o ii i i e v 153.8 1 156.4 | 151.2 | 154.2 | 154.3| 155.3 | 164.8 | 157.6 | 150.2 | 152.0
Female equivalent
Girls
Byears ......c.i e, 76.8 81.3 86.3 87.6 75.1 80.4 74.4 | 80.8 75.8 81.7
Tyears ... i e 87.8 91.3 87.9 88.3 85.8 90.1 85.0 90.7 87.3 91.8
8years ... .. .. 94.9 95.9 93.0 94.1 95.9 96.6 86.9 97.4 95.9 97.1
Qyears ... ..o 103.1| 108.0 ] 103.3 | 1074 | 1050} 108.8 | 106.6 | 110.2 | 105.2 | 107.2
10years . o v v e v e i i 1144 1180 113.0| 116,56 { 1158 1196 | 116.8 | 120.8| 1143 | 117.6
Myears ... oo e it en et 1269 1287 | 12521 127.2 ) 122.31 12821 127.8 1 12961 1246 | 125.5
Male standard
Boys Standard error of the mean
Gyears ....... ..ol 0.75 2.06 0.74 2.31 0.69 1.65 0.65 1.70 1.07 3.11
Myears . ..o vt 0.55 0.82 0.61 0.82 0.69 0.73 0.68 0.99 0.55 1.05
Girls
Gyears ... ... 0.71 2.15 0.54 1.69 0.68 1.90 0.55 1.88 0.61 1.87
Thyears .o oo v i i 0.63 1.05 0.55 1.52 0.79 1.37 0.63 1.27 0.65 1.61
Actual values Mean skeletal age in months
Boys: G-11vyears . ............. 99.3] 1022 ] 10591} 106.7 99.7 ] 1029 99.5 | 103.7 99.7 | 103.2
Girls: 6-11years . ............. 115.3 | 119.0 | 117.2| 1209 | 116.8| 1201 | 1174 | 121.7 | 116.4 | 119.8
Expected values
Boys: 6-11years . .. ........... ’ 99.8 996 | 106.2 | 1053 | 100.2| 100.0 | 100.1 | 100.0 | 100.2 | 100.0
Girls:6-11years . ... ... v v 115.9 | 1165 | 117.8| 117.7 | 11741 116.8| 11821 11751 117.0 1 116.5
Standard error of the mean
Boys:6-11years ... ........... 0.30 0.76 0.23 0.62 0.26 0.69 0 26 0.79 0.29 1.00
Girls: 6-11years .. ............ 0.26 0.98 0.33 0.66 0.32 0.77 0.74 0.22 0.76
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Table 9. Mean bone-specific skeletal ages for the 31 individual hand-wrist bones of white and Negro boy§ and girls, by chronological
age at last birthday, with selected standard errors: United States, 1963-65—Con.

Standard of reference, sex, and Lunate Scaphoid Trapezium Trapezoid Metacarpal |
_ch(opglrog!calﬁgige at last birthday White | Negro White | Negro | White | Negro| White | Negro | White | Negro
Male standard
Boys Mean skeletal age in months
Gyears . ........... ..., 69.7 73.1 826 87.8 76.7 77.3 79.8 84.8 70.6 78.6
L 82.7 82.9 90.6 92.8 82.9 85.6 872.7 89.6 83.3 86.1
8years ......... . .00, 94.1 98.8 | 984 | 1036 91.4 98.6 96.2 | 101.8 93.2 | 100.9
Ivyears ...t e 106.1 107.4 | 106.4 | 109.9 | 101.3 | 105.0 | 105.8 | 108.0 | 104.0 | 105.7
T0years . v v v v v i e e e e, 114.5 114.7 | 114.1 | 1141 109.6 | 111.9 113.2 | 1125 111.8 | 1124
Tlyears . .. .. .o ittt i in s 124.7 127.7 | 1236 | 128.0 | 120.9| 124.8| 1226 | 126.0 | 122.6 | 125.7
Girls
BYears . ... e 84.6 87.9 934 99.8 88.5 93.3 90.0 95.0 89.6 96.6
TYEArS . v v vt it ettt e 96.9 101.0 | 102.7 | 107.0 986 | 1044 101.3 | 106.2 101.0 | 105.9
Byears . ... 109.0 110.0 {1116 § 111.7 | 1089 ] 111.0{ 1102 | 111.9 { 110.7 | 112.9
OYears .« i i it et 119.2 126.4 | 120.0 | 1254 { 1180 124.0| 119.2 | 1235 | 121.5| 125.8
T0vears . . oo v it i i e 132.9 138.3 | 1324 | 1385 | 1324 | 138.2| 1328} 1365 | 136.3 | 141.6
Tivears . .ot it e e e 150.4 153.0 | 150.1 | 1561.2 | 1516 ] 153.2| 150.6 | 152.3 | 155.3 | 155.56
Female equivalent
irls
Byears . ... ..., ... . ... 69.6 72.9 76.4 82.9 82.2 84.4 77.0 83.0 74.6 81.6
Tyears . .o it i e 84.9 91.5 85.8 92.0 86.3 90.7 89.3 92.2 86.0 91.9
8years . .................. 98.4 98.6 96.6 96.7 94.9 96.5 95.6 96.9 96.8 98.9
Oyears ............0iu... 104.2 110.2 | 104.0 | 109.4 | 103.0| 108.0| 104.2| 107.8 | 106.5 | 109.4
M0vyears .. ... ... 113.9 117.3 ] 113.2 ] 117.5 113.7 ] 1171 113.9 | 116.2 116.2 | 120.3
Myears ....... ... ... ... 124.7 126.5 | 1246 | 125.1 | 1253 126.2| 124.8| 126.3 | 128.2] 128.2
Male standard
Boys Standard error of the mean
Gyears ............ .. ..... 1.05 2.28 0.69 1.16 0.70 1.67 0.47 1.06 0.78 1.51
Myears .. ...... ... ... ..., 0.64 1.29 0.51 1.19 0.74 0.66 0.60 0.78 0.63 0.79
Girls
Byears ................... 1.00 244 0.57 1.48 0.68 2.01 0.45 1.56 0.71 1.64
Tyears .. ... oL, 0.70 1.56 0.68 1.52 0.69 1.37 0.72 1.55 0.68 2.05
Actual values Mean skeletal age in months
Boys:6-1lyears . . ............ 98.8 100.8 | 104.5| 107.1 99.6| 102.1 102.7 | 105.0 97.3| 101.2
Girls:6-11vyears . ............. 114.8 118.0 | 118.1| 121.6 116.9| 119.6 116.8] 119.8 118.6 | 122,0
Expected values
Boys:6-11years . ............. 99.1 98.8 | 105.0| 104.2| 100.2 99.1 103.1] 1026 97.9 97.7
Girls:6-11years . ............. 115.4 114.8 | 1187| 1183 | 116.6f 1169 1174| 116.7| 119.2| 1186
Standard error of the mean
Boys:6-11years . ............. 0.38 0.86 0.25 0.84 0.35 0.71 0.29 0.60 0.27 0.66
Girls:6-11years .. ............ 0.26 0.78 0.18 0.49 0.22 0.65 0.21 0.67 0.26 0.68




Table 9. Mean bone-specific skeletal ages for the 31 individual hand-wrist bones of white and Negro boys and girls, by chronological
age at last birthday, with selected standard errors: United States, 1863-65—Con.

Standard of reference, sex, and Metacarpal |1 Metacarpat t1 Metacarpal IV Metacarpal V Pisiform
chronological age at last birthday
White | Negro| White | Negro White | Negro | White | Negro | White ] Negro
Male standard
Boys Mean skeletal age in months
BYEAIS v v v v v it e e 74.2 80.2 73.9 80.5 73.0 80.6 72.5 80.3 | 115.0{ 134.0
TVYEAMS v v v e e e e et e e 86.1 87.6 85.9 87.8 85.5 88.1 856.2 88.7 | 1121 | 113.8
Byears ... ... et 94.9 100.7 94.8 100.7 94.4 | 100.8 94.5 | 100.8 115.7 | 114.4
OVeArS & v v v et e e 105.1 106.2 | 104.9 106.1 104.7 | 105.7 1046 | 105.6 117.51 117.0
TOYEAIS + v v v v e e e e e e 1127 ] 1121 | 1124 1125 | 1121 | 1125 | 1121 | 1126 | 119.2{ 117.0
TTYRAMS v v v v v e vn et e eeneens 1224 124.7 | 122.7 1254 | 1222 | 12564 | 1226 | 1255 | 126.9| 126.0
Girls
(R Y: ¢ S 89.2 92.4 89.2 92.2 88.7 92.3 88.7 916 | 116.6 | 116.7
TYEAIS v v e e s 101.3| 104.2 | 101.2 104.0 | 100.8 | 104.0 | 100.4 | 103.9 | 117.1 | 116.5
BYVEAMS oo v e 1106 | 111.9| 110.5 1121 | 1101 | 1121 | 11000 | 1125 | 119.7] 1235
OVEAES v v v v e i e e e e 120.7 | 125.6 | 120.8 126.0 | 120.7 | 126.2 ] 121.3 | 1264 | 125.4 | 129.7
TOVEAMS v v v v e e ee e en e 135.0| 141.8 | 135.8 1425 { 1356 | 1426 | 137.2 | 143.3 | 137.9{ 141.4
TIVRAIS « i e e e e e veeee e 163.9 ] 155.3 | 154.8 156.2 1 1649 | 166.3 | 156.3 | 157.0 | 153.9 | 153.3
_‘_male equivalent
Girls
Gyears ..... e et 74.2 77.4| 74.6 78.2 73.7| 773 73.7| 766 | 102.8| 1028
Tyears . ... .t ei et 86.3 89.8( 87.2 80.0 85.9 90.0 85.4 88.9 | 103.1| 102.8
Byears ... e 95.6 96.9 96.5 98.1 96.1 97.1 95.0 97.5 104.8| 107.8
OYears .. .....veveennenenns 105.7 | 108.3 | 105.8 110.0 | 105.7 ) 1096 | 106.2 [ 1094 | 1094 ] 1118
T0vyears . . .« v i it ittt i e 1165 119.4 | 115.8 120.2 | 1158 | 1198 | 116.2 | 119.8 | 1169 | 119.2
Tlyears . . . v ittt it it i e et e 127.4 128.21 127.9 1286 | 1279 | 128.6 128.6 | 129.0 12691 126.6
Male standard
Boys Standard error of the mean
Byears ... it i 0.86 1.75 0.88 1.77 0.83 1.74 0.84 214 | 8131 | 94.75
TTyears o v v i vttt e it e 0.62 0.95 0.54 0.82 0.52 0.80 0.61 0.79 0.72 2.03
Girls
Byears . ... 0.73 1.99 0.75 1.92 0.69 2.05 0.76 2.22 1.96 | 26.18
Thyears . v v v i it et e e 0.69 1.27 0.68 1.40 0.72 1.37 0.67 1.29 0.63 2.29
Actual values Mean skeletal age in months
Boys:B-1Tvyears . .....vovvuuu. 99.0 101.5 98.8 101.8 984 | 1018 98.31 1019 1225 1219
Girls:6-11years . . ... vvennn. 118.0 121.0| 118.3 121.2 1180 ¢ 1213 1185 | 12156 134.7 | 138.0
Expected values
Boys:6-11years . ............. 99.4 99.2 99.3 99.1 98.9 98.7 98.8 98.7 1225 1228
Girls:6-11vyears . ............. 11851 1181 | 118.8 1184 | 1186 |1 118.1 119.0 | 11851 135.01 136.1
Standard error of the mean
Boys: 6-11years . .. ........... 0.32 0.72 I 0.31 0.67 0.31 0.68 0.32 0.73 I 0.45 1.32
Girls: 6-11years .. ............ 0.24 0791 0.25 0.76 0.23 0.82 0.25 0.85 0.40 1.39

55



Table 9. Mean bone-specific skeletal ages for the 31 individual hand-wrist bones of white and Negro boys and girls, by chronological
age at last birthday, with selected standard errors: United States, 1963-65—Con.

Adductor Flexor Proximal Proximal Proximal
Standard of reference, sex, and sesamoid sesamoid phalanx | phalanx {1 phalanx i1}
chronological age at last birthday
White | Negro{ White | Negro | White | Negro White | Negro | White | Negro
Male standard
Boys Mean skeletal age in months
6years . ...... . oL — -] 76.0 789 ) 786 79.4 78.1| 78.3
TYears ... ieiieie i — - - | 87.2 884 | 90.1| 88.0| 89.4| 873
8years ..............0. ..., - - - -1 96.3 99.1| 98.8| 994 98.4{ 99.1
9years . ... ... .. 0. 155.0 -~ | 159.6 -- 1 105.1 103.9 | 107.3| 1034 107.0 { 103.7
TOyears . . ... .o iiiii 157.5 ( 164.0 | 1568.0 -~ {1 113.6 1108 | 1148} 110.7 1149 | 110.7
Tyears . .................. 156.1 | 159.2 | 161.5 | 158.2 | 124.3 126.7 | 1249 1258 | 125.0 | 125.4
Girls
BYEArs . ... vveeoenoneonaas 152.0 - - - 89.8 90.4 92.7 91.1 92.1 91.2
TYeAIS . v vt ittt e e 154.6 -1 160.0 -- | 100.6 101.9 { 1036 | 1023 | 103.2{ 102.0
Byears ... ... 1546 | 154.6 | 160.7 | 158.0 | 112.6 1134 | 1141 1121 1139 | 1123
OVEArS & . i v it it s it 155.6 | 160.3 | 161.2 162.0 | 125.8 128.8 | 125.6 | 125.9 125.6 | 125.7
T0years . .. v v ittt e 158.2 | 159.6 { 161.8 | 163.5 | 141.1 146.2 | 1411 1448 | 141.3| 1453
Tlyears . o .o v it ettt iaeeennn 1624 | 165.7 | 165.3 | 168.5 | 160.3 1614 | 160.5| 159.9 | 160.6 | 160.2
Female equivalent
Girls
Gyears ......... .00 000, 125.5 -~ - - 74.9 75.4 71.7 76.1 771 76.2
Jyears ... ...t 127.6 -1 131.0 - 85.6 86.9 88.6 87.3 88.2 87.0
8years ............ . ..., 1276 | 127.6 | 1314 130.0 98.6 99.4 99.1 97.1 98.9 97.3
9vears . ................. 128.3 | 131.2] 1316 | 132.0 | 109.4 111,81 1086 § 108.9 | 109.3| 109.4
T0years . . .. ..o v it 130.8 | 1308 | 131.9 133.2 | 119.0 1221} 11941 1214 119.2 ] 121.6
Myears .. ..o it 13241 1344 | 1342 136.5 | 130.6 1314 1] 1308 | 1304 | 1326 | 1322
!VIale standard
Boys Standard error of the mean
Gyears .......... 0000 — - - -] 0.68 1.13| 0.67 1.25 0.69 1.20
TMyears ... ..o 063| 321} 1.26]| 017]| 0.74 120 o068| 124] o070| 1.26
Girls
Byears ................... 107.48 — - —~1 0.9 1.73| o078{ 167 o0s81| 175
Tyears . ... vt 0.31 1.27 0.44 1.42 0.69 2.05 0.64 1.71 0.63 1.82
Actual values Mean skeletal age in months
Boys:6-1tyears . ............. 156.1] 159.5{ 161.1 158.2 | 100.2 1009 { 102.2| 100.7 101.9] 100.3
Girls: 6-1Tyears . ............. 160.2 | 1625 ] 164.0 | 166.0 | 121.2 1225 | 12241 121.6 | 1223 121.7
Expected values
Boys: 6-11years . .. ........... 156.6 | 156.7 { 160.7 | 161.0 | 100.3 100.1 | 102.0| 101.8 | 101.7} 101.56
Girls: 6-11years .. ............ 160.7 | 160.3| 164.4 | 164.2 | 1215 120.8 | 12241 1219 | 1223] 1217
Standard error of the mean
Boys: 6-11vyears .............. 0.51 2.98 1.16 0.17 0.36 0.38 0.32 0.52 0.33 0.52
Girls: 6-11years .. ............ 0.27 0.71 0.39 1.13 0.36 0.93 0.35 0.80 0.36 0.84
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Table 9. Mean bone-specific skeletal ages for the 31 individual hand-wrist bones of white and Negro boys and girls, by chronological
age at last birthday, with selected standard errors: United States, 1963-65—Con.

Proximal Proximal Middle Middle Middie
Standard of reference, sex, and phalanx 1V phalanx V phalanx 11 phalanx Il phalanx IV
chronological age at last birthday
White | Negro | White | Negro | White | Negro | White | Negro White | Negro
Male standard
Boys Mean skeletal age in months
Gyears ...... Iy 77.2 | 775 77.7] 784 | 80.7 81.3| 78.9 80.3 79.2 81.3
Tyears .. ...t 89.3 | 86.8 89.8| 88.1| 914 90.7 | 89.7 89.8 90.7 89.9
Syears . ......... . .0 984 | 99.0 99.0 1000 | 99.9| 1027 | 9838 101.6 99.4 | 102.1
Oyears ........coc0venennn 107.1 | 103.7 | 107.2 | 105.0 | 108.4 | 106.8 | 107.7 106.2 | 107.4 | 107.0
10years . .o v v it 1165 | 111.9 | 11564 | 1121 | 1158 | 113.2 ] 115.3 1128 { 1149 | 1121
TIVEAMS v v vt v v v a it naeennnn 125.6 | 126.6 | 125.7 | 127.0 | 1266 | 127.1 ] 126.2 127.4 | 125.2 | 125.9
Girls
BVYEArS o vt v vt n e e na e 91.8 | 91.0 922 919 | 938 93.2| 924 92.0 93.0 92.4
AV L1 103.3 | 102.1 | 1034 102.4 | 103.6 | 103.3 | 102.6 102.7 | 102.8 | 102.7
BYRArS .. i it 1143 | 1122 | 1146 113.2 | 1146 | 113.1 | 113.7 1121 | 1133 | 111.7
OVEAIS v v v v v v v v n s eennenns 126.0 | 125.9 | 126.1 | 127.0 | 126.0 | 126.9 | 125.6 126.2 | 1247 | 1256
TOVEANS « v v v ot v et e e 141.4 | 145.3 | 1416 | 145.8 | 141.3 | 143.7 | 141.0 143.7 | 140.0 | 1424
TIVBAIS v v v s ve e v e e enn e 160.8 | 160.6 | 160.9 | 160.6 | 160.1 | 160.5 | 160.0 160.9 | 159.4 | 160.4
Female equivalent
Girls
BYBAIS v vt v v vttt 768 ] 76.0 77.2{ 769 | 788 78.21% 777 77.5 78.0 77.7
TYEAMS & i vttt e 88.3 | 87.1 884 | 874 | 895 80.3| 88.6 88.7 88.8 88.7-
BYBAIS v vt 99.3| 97.2] 1006 | 99.2 | 100.4 98.21 99.4 97.1 98.6 96.7
Qyears ... ... 109.5 | 109.4 | 1096 | 110.0 | 109.5 | 109.9 | 109.3 1006 | 108.7 | 100.3
10vears . ..o vv v cninnannn 119.2 | 1216 | 1195 | 1216 | 119.2] 120.7 | 119.0 120.7 | 1185 | 119.1
Tlyears .o oo i i it i 1328 | 13261 13141 1313 [ 13101 131.2] 131.0 131.31 130.7 | 1317
Male standard
Boys Standard error of the mean
Byears ....... ... e 074 | 1.40 076 { 1.60 | 0.59 1.17{ 0.63 1.33 0.64 1.39
Myears ... ...t 070 | 1.15 066| 1.37 | 0.60 0.93| 0.63 0.86 0.61 0.98
Girls
Gyears ......... 00 082 | 1.68 083 205 | 080 150| 0.76 1.57 0.73 1.55
Myears . ... vovveenninannn 070 | 1.79 064| 1831 0.70 2.09| 0.70 1.75 0.75 1.73
Actual values Mean skeletal age in months
Boys:6-11years . ............. 1019 | 100.3 | 102.2] 101.3 | 1035 | 103.2 ] 1025 102.5 | 102.6 | 102.6
Girls: 6-11years . .. ......c..... 1224 | 121.71 1226 1224 | 1227 | 1224 1221 121.9 | 121.7 | 1216
Expected values
Boys:6-11years . .. ........... 101.7 { 1015 | 102.1{ 1019 | 1036 103.3| 1026 102.3 | 1026 | 1024
Girls:6-11years .. .......00... 1224 | 121.8 ] 12261 122.1 | 1228 | 1223 1222 121.7 | 1218 | 121.3
Standard error of the mean
Boys:6-11vyears . ... ... 0o oo 0.37 0.55 0.37 0.71 0.28 0.66 0.29 0.52 0.30 0.57
Girls: 6-11years . .......c000.. 037 086 0.34| 091} 0.30 092 | 0.30 0.92 0.33 0.93
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Table 9. Mean bone-specific skeletal ages for the 31 individual hand-wrist bones of white and Negro boys and girls, by chronological
age at last birthday, with selected standard errors: United States, 1963-65—Con.

Standard of reference Middle Distal Distal Distal Distal Distal
! | | |
sex, and chronological phalanx V phalanx | phalanx I phalanx 111 phalanx 1V phalanx V
age at last birthday White | Negro | White | Negro | White | Negro | White | Negro { White | Negro | White | Negro
Male standard
Boys Mean skeletal age in months
Gyears . ........ 78.7 79.8 73.9 75.7 76.3 81.0 75.5 80.7 75.0 80.2 75.4 80.1
7years .. ....... 90.3 89.2 86.9 88.9 89.2 92.9 88.9 925 88.8 92.1 88.6 92.4
8years .. ....... 99.3 | 1028 98.7 | 101.6 99.7 { 105.0 99.4 | 104.9 98.4 | 104.7 99.2 104.5
Ovears . . ....... 107.7 | 107.2 | 107.7 | 106.9 | 108.2 | 1085 | 108.1 | 108.7 | 108.1 109.0 | 108.1 108.8
10vyears ........ 116.2 | 1122 | 116.2 | 1125 | 1155 | 113.2 | 1156 | 1133 | 1165 | 113.3| 115.4 113.4
Tlyears ........ 125.8 | 127.0 | 1256 | 127.2 | 125.2 | 126.0 | 1253 | 126.3 | 12564 | 126.4 | 125.6 127.4
Girls
Gyears . ........ 93.4 92.6 90.9 91.0 93.3 94.5 928 94.1 92.6 94.1 92,7 93.8
Tyears ... ...... 103.0 | 1024 | 102.2} 1020 | 1039 | 104.6 | 1036 | 1044 | 1036 | 104.1 | 103.4 104.3
Byears . ........ 113.7 | 111.7 | 1132 1120 | 1128 | 113.0 | 1128 | 112.1 | 1128 | 11191} 1126 111.9
Ovears . . ....... 126.2 | 125.,5 | 124.6 | 126.1 | 123.6 | 1248 | 1235 | 1256.4 | 1235 | 1256 | 123.4 125.5
10vyears ........ 1405 | 1426 | 1396 | 1415 | 138.0 | 138.7 | 138.2 | 139.8 | 138.5 | 140.0 | 138.6 140.7
Tlyears ........ 160.0 | 160.8 | 158.8 | 157.6 | 1567.3 | 156.2 | 1574 | 156.6 | 1567.9 | 157.2 | 1568.3 157.3
Female equivalent
Girls
Gyears . ... .. ... 74.8 74.3 74.9 75.0 78.3 79.5 78.7 80.1 78.4 80.1 77.7 78.8
Tyears ... ...... 89.0 88.4 87.2 87.0 88.9 89.6 89.9 91.2 89.9 91.0 88.4 89.3
8years . ........ 98.7 96.7 98.2 97.0 97.8 98.0 98.8 98.1 98.8 97.9 97.6 96.9
Ovyears . ........ 108.2 | 1085 | 107.8 } 109.1 | 107.8 | 108.8 | 107.8 | 109.4 | 107.8 | 109.6 | 107.7 109.2
10vyears ........ 118.5 | 119.8 | 1178 | 119.2 | 117.0 | 117.7 | 117.2 | 1188 | 1176 | 119.0 ] 117.6 118.8
Tlyears ........ 130.6 | 130.9 | 1304 | 1296 | 129.3 | 1286 | 1294 | 128.8 | 1290.9 | 129.2 | 130.3 129.3
Male standard
Boys Standard error of the mean
Gyears . . ....... 0.67 1.35 0.70 1.50 0.73 1.13 0.72 1.32 0.78 1.37 0.75 1.43
1tyears ........ 0.66 0.95 0.66 1.11 0.64 0.98 0.65 0.95 0.65 0.96 0.66 0.98
Girls
Gyears . ........ 0.77 1.70 0.73 1.72 0.72 1.42 0.74 1.52 0.80 1.49 0.72 1.62
1tyears ........ 0.73 2.10 0.60 1.95 0.71 2.06 0.70 1.95 0.73 2.02 0.69 2.10
Actual values Mean skeletal age in months
Boys: 6-11vyears. . . . | 1026 | 1026 | 101.0 | 101.7 | 102.1 | 104.0 | 1019 | 104.0 | 101.8 | 103.8 | 101.8 104.0
Girls: 6-11years. . .. | 1221 | 1216 | 120.8 | 120.4 | 120.8 | 1208 | 120.7 | 1209 | 120.8 | 121.0 | 120.8 120.9
Expected values
Boys: 6-11 years. . . . | 102.7 | 1024 | 101.2 | 101.0 | 1024 | 102.2 | 1022 | 1020 | 1022 | 101.9 | 102.2 101.9
Girls: 6-11vyears. . . . [ 122.1 | 121.8 | 1209 | 120.3 | 1209 | 1204 | 1208 1 1203 | 121.0 | 120.4 | 121.0 120.3
Standard error of the mean
Boys: 6-11 years. . . . 0.31 0.60 0.34 0.63 0.32 0.63 0.33 0.70 0.33 0.69 0.35 0.67
Girls: 6-11 years. . . . 0.31 0.97 0.32 0.84 0.30 0.79 0.30 0.78 0.30 0.80 0.33 0.81
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Table 10. Mean bone-specific skeletal ages for the 31 individual hand-wrist bones of boys and girls, by geographic region and chronological age at last birthday, with selected
standard errors: United States, 196365

Radius Uina Capitate
Standard of reference, sex, and chronological age
at last birthday North- Mid- South West North- Mid- South West North- Mid- South West
east west east west east west
Male standard
Boys Mean skeletal age in months
[ £ 75.0 74.8 75.2 74.8 83.4 84.91 88.0 87.1 76.9 76.0 76.5 77.1
A L1 87.3 8591 843 84.9 89.7 92.9 | 90.2 91.4 875 87.8 | 84.6 85.8
8vyears .. ... . 96.7 94.4 | 98.0 94.3 97.7 97.2 | 968 97.6 97.2 952 | 985 94.6
Gyears .. ... . 107.0 106.4 | 107.0 | 104.4 | 106.0 105.7 | 105.8 | 103.8 } 105.7 105.8 | 106.2 103.6
10 years . 114.2 113.9 | 1141 1128 | 1133 113.8 | 1121 1115 § 1161 1145 | 1144 1128
R L 1274 1238 | 122.8 | 1233 | 1264 1227 § 1222 122.7 { 1284 123.2 1 1235 124.0
Girls
Byears . ...t e e e 85.7 879 | 853 828 90.3 927 | 90.5 88.4 88.4 91.0] 875 85.0
TYEars o v v it i e 98.8 97.2 | 96.3 86.4 99.8 99.2 | 96.3 97.9 | 100.5 1006 | 98.1 93.8
Byears .. ... [ e 108.4 108.6 | 108.6 | 107.3 | 107.7 107.8 | 106.7 | 106.6 | 110.6 110.6 | 109.5 109.4
Oyears . . v v i e e e 1248 1171 1188 | 116.2 | 1231 1186 | 119.1 1156.3 | 125.2 120.9 | 120.5 117.0
T0vears . ... .ov i e 134.7 1346 { 135.2 { 133.0 | 132.7 1335 | 133.2 | 1328 | 136.2 137.2 | 1365 135.8
Myears ... o e e e 155.6 152.0 | 163.6 156.6 | 163.2 150.3 | 150.5 153.6 | 154.3 153.2 | 163.7 157.4
Female equivalent
Girls
BYBArS . .. il e e e e 78.0 79.9 77.4 75.9 86.6 87.1 86.8 84.6 76.4 79.0 75.5 725
TYArS vt e e e 90.4 88.3 | 87.6 87.7 88.2 88.0 { 877 87.9 87.5 87.6 ] 85.1 85.8
Byears .. ..... ettt e e 95.2 953 | 95.3 94.6 93.7 938 | 928 92.8 96.3 96.3] 955 95.4
Oyears . . - F N 108.8 102.1 | 103.8 | 101.2 | 107.6 103.6 | 104.1 99.4 | 109.1 10.59 | 105.5 102.5
TOYears . .. c. i e e e e 1154 116.3 | 115.6 | 114.0 | 1134 113.8 | 1136 113.4 | 116.2 117.1 | 116.5 115.8
TIVears o oo n st it i e e e e 128.3 126.0 | 126.8 | 128.8 | 126.6 1246 | 124.7 | 1268 | 127.3 126.6 | 126.8 1204
Male standard
Boys Standard error of the mean
BYears . o . i e e e 1.50 1.43 1.05 1.21 0.96 2.18 2.12 1.41 0.64 0.99 1.02 1.48
TTVEAMS & o i it et e e e 0.97 0.63 0.71 1.27 1.00 0.95 0.48 1.72 1.21 1.06 0.71 2.36
Girls
BYBAMS &+ ittt i e e e s 0.76 1.02 1.45 1.25 0.70 085 | 0.62 1.24 0.30 1.06 1.25 1.34
TIYears .ot i i i e i e 1.97 1.07 0.93 1.97 2.22 1.06 0.84 2.05 2.18 0.81 1.1 240
Actual values Mean skeletal age in months
Boys:BTlyears. , .o o v viiiini i i e 100.8 1603 | 98.1 98.8 | 106.4 106.6 | 105.7 | 1055 | 1014 100.7 ) 99.3 99.4
Girls:B-1Tvyears. . . .. oo vttt i e 115.6 1164 | 1171 114.1 | 1174 118.4 | 1188 | 116.6 | 1165 118.8 | 118.0 115.6
Expected values
Boys:B-11vyears. .« . it e it it 99.7 100.5 | 98.9 99.8 | 105.8 106.3 | 106.1 106.0 | 100.1 1008 | 99.3 100.2
Girls: 611years. ... ..... e 114.0 116.7 | 117.2 ] 116.2 | 1159 11811 11951 11751 1154 118.2] 118.6 116.8
Standard error of the mean
Boys:G-1Tvyears. . v oo v v vttt i 0.74 0.39 0.38 0.71 0.48 0.37 0.43 0.80 0.72 0451 041} 1.00
Girls: B-TTYears. . . . oo v vt e v it e ie e e ni e 0.76 117 1.16 1.06 0.94 0.91 0.7 1.28 0.84 1.06 1.07 1.19
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Table 10. Mean bone-specific skeletal ages for the 31 individual hand-wrist bones of boys and girls, by geographic region and chronological age at last birthday, with selected

standard errors: United States, 1963-65~Con.

Standard of reference, Hamate Triquetral Lunate Scaphoid
sex, and chronological . . - .
age at [ast birthday Narth- Mid- South West North- Mid- South West North- Mid- South West North- Mid- South West
east west east west east west east west
Male standard
Boys Mean skeletal age in months
Byears . ........ 774 742 754 77.0 75.5 719 73.4 74.7 71.6 69.6 | 68.6 71.6 83.1 820 | 829 86.0
Tyears . ... ... 87.0 87.0 | 846 84.6 86.9 87.2| 8438 85.6 825 85.4 | 81.8 80.8 91.3 936 | 89.3 89.4
8years . ... ... 87.0 94.2 | 978 94.0 97.3 96.3| 995 95.7 94.6 936 | 971 94.0 98.3 98.5 | 101.3 98.8
Qyears . ..... . 105.9 104.7 | 1059 { 1034 | 106.7 106.3 | 108.0 | 105.5 { 105.1 106.8 | 105.9 | 103.9 | 105.7 107.8 | 108.1 105.8
1M0vyears ........ 1156.2 118.1 | 115.1 1127 | 1148 114.5 | 1149 1129 { 1140 115.0 | 1148 1141 | 114.7 114.0 | 114.7 113.2
Tiyears ........ 129.7 1249 | 1254 | 124.2 | 1270 1234 | 1234 | 123.0] 128.2 124.1 | 1244 | 124.2 | 127.3 123.7 } 1226 123.6
Girls
Gyears . ........ 88.3 896 1 87.0 85.2 20.0 929 | 886 87.0 86.0 90.2 | 821 81.9 95.4 97.1 92.6 92.6
Zyears .. ....... 100.4 1005 | 98.2 98.5 | 103.1 10251 100.7 | 101.6 99.8 983 | 94.7 97.0 | 103.7 103.5 | 102.7 103.2
Syears . ..... ... 110.3 1114 | 109.2 | 1095 | 111.1 1122} 1103 | 110.7 | 108.0 111.0 | 107.8 | 109.4 | 112.2 112.1 | 1104 111.7
Ovyears . ........ 126.4 123.0 | 122.2 | 1184 | 1243 121.1 ] 1208 | 118.0 | 124.2 120.8 | 119.3 | 116.6 | 124.8 120.0 | 120.7 118.1
Mvyears ........ 137.6 139.8 | 1384 | 137.4 | 134.2 135.6 | 133.2 | 1329 | 1338 135.0 | 133.1 132.7 | 1338 134.2 | 132.7 132.7
Myears ........ 155.6 154.2 | 154.9 | 166.8 | 150.6 1496 | 149.7 | 15628 | 151.6 148.3 | 151.0 { 153.1 | 151.0 148.6 | 150.2 152.0
Female equivalent
Girls
Gyears . ........ 76.3 776 | 75.0 73.2 77.0 79.9 75.6 74.0 71.0 75.2 | 6741 66.9 78.4 80.2 75.6 75.6
Tyears . .. ...... 86.6 87.8 | 85.1 85.2 89.1 885 | 86.7 87.6 89.7 87.4 | 820 85.0 87.0 86.8 | 85.8 86.3
Byears ... ...... 96.3 97.2 | 95.2 95.5 96.1 97.2] 953 95.7 98.2 98.8 98.2 98.5 97.2 97.1 95.7 96.7
Ovears . ........ 109.7 107.5 | 107.1 103.4 | 107.3 105.6 { 105.4 | 103.0 | 109.2 105.8 | 1043 | 101.6 | 108.9 104.0 | 105.0 103.0
TMOvyears ........ 116.8 1184 | 1174 | 116.7 | 115.1 1158 | 114.2 | 113.9 | 1148 1155 | 114.1 113.8 | 1139 114.2 | 113.6 113.6
Tyears .. ...... 128.3 127.2 1 1279 | 1289 | 1248 1243 1244 | 1259 | 125.6 123.3 | 125.0 | 126.6 | 125.0 123.6 | 124.6 125.5
Male standard
Boys Standard error of the mean
Gyears ... ... ... 0.58 1.04 1.02 1.54 1.44 1.96 1.29 2.25 1.18 1.34 2.68 1.76 1.43 1.54 0.99 1.32
Myears ........ 1.22 1.06 | 0.69 191 111 0.81 0.80 1.36 1.27 1.05 | 0.94 2.14 1.04 072 | 0.99 1.51
Girls
Gyears . ... ... 047 1.33 1.08 0.97 0.46 1,20 1.04 0.98 0.88 1.52 1.36 1.756 1.18 0.84 1.32 0.96
Tlyears ., ...... 1.94 0.7 0.67 1.93 2,23 1.25 1.09 1.86 2.21 1.02 | 0.70 1.92 2,22 129 | 0.85 2,00
Actual values Mean skeletal age in months
Boys: 6-11 years. . . . 101.6 1005 | 995 99.0 | 1011 1006 | 99.7 99.4 99.5 100.3 | 98.1 98.3 ] 105.2 105.7 | 104.3 104.3
Girls: 6-11 years. . . . 1171 119.8 [ 1188 | 116.2 | 1168 118.7 | 117.2 | 1155 | 1148 117.2 | 11563 | 113.6 | 1184 119.5 | 119.0 117.5
Expected values
Boys: 6-11 years. . . . 100.0 10098 | 99.3 | 100.1 | 100.0 101.0} 994 | 100.1 98.8 100.0 | 98.2 99.0 | 104.8 105.5 | 104.2 104.8
Girls: 6-11 years. . . . 116.2 119.0 1 1194 | 1175 | 1149 11781 118.1 | 1165 { 113.6 116.1 | 116.7 | 11471 117.2 1183 1 119.7 118.2
Standard error of the mean
Boys: 6-11 years. . . . 0.62 0.49 l 0.49 0.94 l 0.98 0.62| 048 0.94 I 0.73 059 | 0.84 1.39 l 0.72 0.38 l 0.50 1.17
Girls: 6-11 years. . . . 0.77 0.99 0.95 1.09 0.81 1.02 0.86 0.89 0.88 0.82 0.93 1.19 0.79 0.64 0.66 0.69
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Table 10. Mean bone-specific skeletal ages for the 31 individual hand-wrist bones of boys and girls, by geographic region and chronological age at last birthday, with selected

standard errors: United States, 1963-65—Con.

Standard of reference, Trapezium Trapezoid Metacarpal | Metacarpal |1
sex, and chronologicat . . N .
age at last birthday North- Mid- South West North- Mid- South West North- Mid- South West North- Mid- South West
west waest east west east west east west
Male standard
Boys Mean skeletal age in months
Byears ... ... 717 768 | 75.7 77.2 81.2 816 | 79.0 80.4 729 710} 720 715 75.8 74.9 75.4 74.2
Tyears ... .. PR 84.1 86.0{ 822 80.9 88.8 906 | 86.2 86.0 84.9 852 | 824 824 88.4 88.2 | 84.4 84.6
Byears ... ..., .. 92.9 916 | 941 91.6 97.1 959 [ 98.1 97.0 95.3 946 | 95.0 92.6 97.1 95.3 | 96.8 94.2
Ovyears . . ..., .. 101.8 1026 | 1026 | 100.0 | 108.2 107.1 | 106.6 | 104.7 | 104.0 105.0 | 104.7 | 103.1 | 106.4 106.6 | 105.6 102.6
M0years ., ....... 1106 1104 | 110.1 108.7 | 11441 113.3 | 1128 112.2 | 1124 113.1 | 1124 109.5 | 113.0 113.0 | 113.6 111.0
Myears . .....0. 125.0 1203 | 1214 120.0 | 126.3 1221 | 121.7 | 1227 | 126.0 1218 | 1226 | 1223 | 1256 121.1 | 122.2 122.6
Girls
Byears . ... i 90.4 923 | 86.6 87.7 90.9 935 | 89.1 89.3 91.1 936 | 89.7 88.2 90.9 926 | 884 87.0
7years ... 1011 100.4 | 96.8 99.4 | 103.1 103.3 | 1004 | 101.0 | 1024 102.2 | 101.2 | 1009 | 103.2 102.2 | 100.8 100.4
Byears ........ . 108.6 110.1 ] 1079 1088 | 111.0 111.7 | 108.4 | 110.0 | 111.4 1124 | 110.1 109.7 | 112.0 111.7 | 110.0 109.2
Ovears . ........ 122.9 1186 | 118.7| 116.0 | 123.3 1204 | 119.7 | 116.6 | 126.8 1222 | 121.2 | 1189 | 127.3 121.2 | 120.2 1178
1Oyears .....v. 133.0 134.0{ 133.1 132.7 | 13381 135.1 | 132.3 | 1325 ) 134.7 138.8 | 1371 1368 | 1345 137.4 | 136.3 135.3
Myears ..... 1514 151.1 | 151.3| 1583.9 | 150.4 1504 | 150.6 | 152.2 | i56.2 154.3 | 154.8 | 1566.5 | 155.8 1625 | 183.3 155.9
Female equivalent
Girls
Gyears . ., ..., .. 83.2 84.1 79.8 81.7 77.9 8185 | 76.1 76.3 76.1 78.6 74.7 73.2 75.9 776 | 734 72.0
Tyears . ..o o0 88.1 874 | 856 86.7 90.6 90.3 { 884 89.0 87.4 87.2 | 86.2 85.9 88.3 87.2| 859 85.7
Byears . ... ... . 95.6 96.0| 939 94.8 96.0 96.6 | 94.4 95.5 97.4 98.4 | 96.6 96.4 97.0 96.7 | 95.0 94.6
Gyears . ... ..., 106.9 1036 | 103.7| 101.0 | 107.6 1054 | 104.7 | 101.6 | 109.2 107.1 | 106.2 | 103.9| 110.3 106.2 | 105.2 1028
10years . ....... 114.0 1145 | 1140 1138 | 114.1 1156 { 113.6 | 113.8 | 1154 1178 [ 1166 | 116.4 | 1152 116.7 | 116.2 115.6
Myears ... .. . 125.2 126.0 | 125.21 126.9 1 124.7 1247 11248 | 126.2 | 128.6 1276 | 12791 1288 | 1284 1265 | 127.2 128.4
Male standard
Boys Standard error of the mean
Byears . ... u 1.1 1.69 1.02 1.28 0.81 1.64 { 0.66 1.32 0.90 1.41 0.72 1.80 1.14 .88 0.88 1.49
Myears .. oo . 0.75 106} 0.55 2.60 0.80 0.90 { 048 2.01 0.93 0.86 | 0.53 2.19 0.93 0751 0.78 1.59
Girls
Byears ... ... ... 1.43 0.92 1.14 1.34 0.83 0.75 | 0.77 1.19 0.88 0.95 1.53 0.89 0.50 0.95 1.35 1.16
Myears .. ... . 1.90 1.14 | 0.69 2.21 2.29 150 | 0.83 1.87 243 1.39 | 0.58 2.19 232 1.22 ] 0.78 2,08
Actual values Mean skeletal age in months
Boys: 6-11 years. . . . 100.8 1010} 995 98.6 | 103.9 104.0 | 102.2 | 1021 98.9 99.0 | 97.0 96.6 | 100.7 100.3| 986 97.9
Girls: 611 years. . . . 116.0 1178 1165 | 1165 | 116.3 119.1 | 1174 ] 116.0 | 1181 1208 | 119.7 | 117.3 | 1185 1198 | 1189 1164
Expected values
Boys: 6-11 years. . . . 99.8 100.7] 99.4| 1000} 1029 103.7 | 1026 | 103.0 97.8 98.7 | -97.0 97.9 99.3 100.1 98.5 99.4
Girls: 6-11 years . . . . 1148 117.11 1178 116.1 | 1155 117.2 { 1185 ] 117.0 | 117.2 1199 | 1204 | 1185 116.7 1193 | 119.7 117.8
Standard error of the mean
Boys: 6-11 years. . . . 0.49 0.68 l 0.68 1.08 0.49 053 | 0.73 l 1.29 0.71 0.34 | 0.56 1.44 0.69 0.40 I 0.58 1.21
Girls: 6-11 years . . . . 0.68 '0.67 0.94 1.03 0.73 0.78 | 0.93 0.85 0.78 080 | 0.96 .1 0.77 1.06 0.92 1.05
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Table 10, Mean bone-specific skeletal ages for the 31 individual hand-wrist bones of boys and girls, by geographic region and chronological age at last birthday, with selected

standard errors: United States, 1963-65--Con.

Standard of reference, Metacarpal |1} Metacarpal IV Metacarpal V Pisiform
sex, and chronological . N . B
age at last birthday North- Mid- I South West North- Mid- South West North- Mid- South West North- Mid- South West
east west I east west east west east west
Male standard
Boys Mean skeletal age in months
Gyears . ........ 75.2 748 75.7 73.6 74.9 74.2 | 743 72.9 74.5 "74.1 73.6 724 - 115.0 | 134.0
Tyears . . ... ... 88.2 879 844 84.6 87.7 876 | 84.2 84.3 87.7 87.8 ). 833 84,2 | 1130 1104 | 114.4 113.1
Syears .. .....u. 96.9 95.1 96.8 94.2 96.7 248 | 968 93.7 96.6 95.2| 964 938 | 116.0 116.0 | 114.4 114.6
Oyears . ... 106.0 106.9 | 105.4 | 102,1 | 105.8 106.6 | 106.2 | 101.6 | 105.4 106.8 | 1049 | 101.7 | 1181 117.9 | 1168 116.3
10years ........ 1125 1127 | 1183 | 111.0 | 1127 1126 | 1127] 1105 | 1125 1129 | 11281 1108 | 1189 1204 | 119.3 117.0
TMyears ........ 126.0 121.4 | 1224 | 123.0 | 1256 1210 | 1222 | 1226 1264 1216 | 1228 | 122.6 | 1276 127.2 | 1256.1 1271
Girls
Gyears . ........ 80.7 93.0 | 88.1 87.2 90.4 922 | 878 86.7 80.4 925 | 87.2 864 | 119.7 117.2 1 1120 114.6
Tyears . ........ 103.2 102.3 { 1005 | 100.2 | 103.2 101.4 { 1004 99.6 | 1028 101.2| 99.7 99.5 | 1165 117.4 | 1149 118.3
8years ... ...... 111.8 1119 | 110.0 | 109.1 | 111.6 1114 | 109.8 | 1084 | 111.2 111.7 | 109.6 | 108.7 | 119.4 1215 | 119.0 120.2
Syears ......... 1271 1215 | 1204 | 118.0 | 127.0 1215 | 120.2 | 118.0 | 1275 1224 | 1209 | 118.0 [ 128.3 125.5 | 126.0 124.5
1Oyears ........ 135.2 138.5 | 136.7 | 136.1 | 1348 138.3 | 136.7 | 136.0 | 136.1 140.0 | 138.0 | 137.4 | 138.0 140.7 | 137.7 137.0
MMyears ........ 156.6 153.7 | 153.8 | 156.9 | 166,56 153.8 | 154.1 | 156.8 | 157.4 155.3 | 165.1 | 1584 | 1625 152.7 | 163.6 156.8
Female equivalent
Girls
Byears . ... ... 76.0 790 | 740 723 75.4 772 729 .7 75.4 775 | 722 71.4 | 1048 103.2 { 100.0 101.6
Tyears . ..o 89.2 883 | 86.5 86.2 88.3 864 | 85.7 85.3 87.8 86.2 | 84.7 84.5 | 102.8 1034 { 101.9 104.6
Byears ... ...... 97.8 8979 | 96.0 95.1 96.6 96.4 | 949 94,2 96.2 96.7 { 94.8 94.4 | 104.7 106.5 { 104.5 105.2
Ovyears . ........ 110.1 106.5 | 105.4 | 104.0 { 110.0 106.5 | 105.2 { 103.0 | 110.2 106.7 | 1059 | 103.0 | 111.2 109.5 | 10,0 108.5
fOyears ........ 115.2 1175 | 1164 | 116.0 | 115.4 117.3 [ 116.4 | 116.0 | 115.6 1185 | 117.0} 1164 | 1170 118.8 | 116.8 116.5
Tlyears ........ 128.8 1274 | 1274 | 1289 | 1288 1274 | 1276 | 128.9 | 1294 128.21 128.0 | 1304 | 126.2 126.4 | 126.8 128.9
Male standard
Boys Standard error of the mean
Gyears . ........ 1.21 197 080 1.25 1.09 1.91 0.67 1.42 1.07 1.81 0.70 1.34 - 81.31 [94.75 -
1lyears ........ 0.81 058 | 0.73 1.76 0.85 0.65 0.70 1.56 1.23 087 | 081 1.83 0.92 1.02 | 0.57 2.41
irls
Byears . ....... . 0.48 0.86 1.40 1.20 0.44 0.87 1.28 1.18 0.48 1.04 1.24 1.24 5,25 1.93 | 25.08 36.35
Tlyears .....u0 217 1.21 0.76 224 207 123 | 076 246 2.02 1.09| 082 240 2.10 1.41 0.68 219
Actual values Mean skeletal age in months
Boys: 6-11 years. . . . 100.5 100.3 | 98.6 97.8 | 100.2 99.9 | 98.1 97.4 | 100.0 100.2 | 978 97.3 | 1226 123.0 {121.7 1225
Giris: 6-11 years. . ., . 118.6 1204 | 119.0 | 116.7 | 1184 120.0 | 1189 | 116.4 | 1186 1208 | 118.2 | 116.8 | 1329 135.7 | 136.5 135.3
Expected values
Boys: 6-11 years. . . . 99.2 1000 | 98.4 99.3 98.8 99.6 | 98.0 98.9 98.8 99.6 | 98.0 98.8 | 122.2 1223 1225 1231
Girls: 6-11 years . . . . 116.9 1196 | 120.0 | 118.1 | 116.7 1184 | 119.8 | 117.8 | 117.1 1198 [ 120.2 | 118.3 | 1328 135.4 | 137.1 136.3
Standard error of the mean
Boys: 6-11 years. . . . 0.68 0.39 | 0.60 1.20 0.71 040 | 0.62 1.18 0.64 0.41 0.585 1.25 0.58 055 | 0.56 1.88
Girls: 6-11 years . . . . 0.78 1.05 | 0.95 1.02 0.77 1.04 | 0.92 1.04 0.80 112 | 099 1.13 1.27 1.25 1.01 1.38
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Table 10, Mean bone-specific skeleta) ages for the 31 individual hand-wrist bones of boys and girls, by geographic region and chronological age at last birthday, with selected

standard errors: United States, 1963-65—-Con.

Adductor sesamoid

Flexor sesamoid

Proximal phalanx |

Proximal phatanx I

Standard of reference,
sex, and chronalogical . . . .
age at last birthday North- Mid- South West North- Mid- South West North- Mid- South West North- Mid- South West
east west east west east west east west
Male standard
Boys Mean skeletal age in months
Gyears . ... ... - - - - - - - - 78.5 768 | 75.3 75.6 80.6 793} 774 785
Tyears ... ... ... - - - - - - - - 88.5 88.8 | 86.0 86.3 91.5 824 | 874 88.1
Byears ... ... o - - - - - - - 98.9 97.1 96.4 95.0 | 101.0 99.8| 979 96.9
Ovyears . . ..., 158.2 152.0 | 154.0 - | 163.0 - { 158.0 - | 106.3 107.6 | 104.2 | 101.5 | 108.0 109.3 | 105.1 1044
10vyears ..... 150.0 189.6 -~ | 164.0 | 158.0 - - - | 1142 | -1138 } 1138 | 1109 | 1154 115.0 | 114.0 112.4
Myears . ....... 156.9 1655 | 167.1 | 166.6 | 1625 162.0 | 159.1 160.0 | 1276 123.7 | 1235 | 124.2 ] 1279 124.1 | 1238 124.9
Girls
Gyears . ........ 162.0 - - - - - - - 918 925 | 89.0 86.8 94.4 96.1 90.7 89.1
Tyears « ... 150.0 - — | 160.0 - - — | 160.0 | 103.4 101.0 | 994 99.1 | 106.1 1039 | 1018 101.8
Byears . ... .. 169.1 1549 { 1484 | 183.7 | 171.0 158.0 — | 158.0 | 1138 1154 | 1106 | 110.7 | 115.1 1159 | 1121 111.8
Oyears . ..... 158.8 1544 | 157.8 | 1554 | 162.3 160.3 | 161.8 | 160.0 | 1324 126.1 | 126.4 | 121.7 | 1315 1255 | 1245 1218
10vyears ..... . 158.9 1579 | 158.9 | 158.5 | 163.4 1626 | 161.9 | 161.6 | 140.6 1436 | 1415 | 141.2 | 1403 143.4 | 1411 1414
Myears . ....... 162.7 162.7 | 163.7 | 1625 | 166.6 165.6 | 166,56 | 164.9 | 161.2 159.7 | 1599 [ 161.7 | 1615 169.8 | 159.6 161.3
Female equivalent
Girls
Gyears . ... 1255 - - - - - - 76.8 775 | 745 71.8 19.4 81.1 5.7 74.1
Tyears o ..o 124.0 - - | 131.0 - o - | 131.0 88.4 86.0 | 844 84.1 91.1 889 | 86.6 86.8
Byears . ...o.0 . u 130.6 1279 [ 124.0 | 126.7 | 139.0 130.0 — | 130.0 99.8 100.7 96.2 96.4 | 100.1 1009 97.1 96.8
9 years 1304 127.4 | 1208 | 128.2 | 1323 131.2 | 131.9 | 131.0 | 1187 109.6 | 109.2 | 106.4 | 1128 108.5 | 107.8 105.9
10 years 130.4 1299 | 1304 | 130.2 | 133.2 1326 | 1319 | 1318 | 1188 1206 | 119.2 } 119.1 [ 118.6 120.7 | 119.1 119.4
11 years 132.7 132.7 | 1334 1325 | 134.8 134.3 | 1348 1339 | 131.2 130.4 | 1304 131.7 | 131.2 130.4 | 130.2 131.2
Male standard
Boys Standard error of the mean
Gyears .. ... ... - - - - - .- - - 1.31 1.05 0.96 1.17 1.04 1.51 0.83 1.27
flyears ........ 0.58 1.79 2.64 1.36 2.19 * * * 0.90 0.84 1.07 2.66 0.97 1.04 | 0.97 2.40
Girls
Byears . .. ... 107.48 - - - - - - - - 071 0.79 | 0.80 1.05 0.76 0.80| 0.93 1.19
Tyears ... 00 0.55 045 | 0.83 0.72 1.40 0.82 1.06 0.93 2.31 1.40 1.12 2.39 1.81 1.02] 0.95 2.57
Actual values Mean skeletal age in months
Boys: 6-11 years. . . . 156.6 156.0 | 156.8 | 156.8 | 162.0 162.0 | 1589 | 160.0 | 102.0 101.7 | 98.7 98.7 | 103.7 103.7 99.8 100.6
Girls: 611 years. . . . 160.8 160.0 | 161.3 | 160.4 | 165.3 164.0 | 1646 | 1638 | 121.3 1232 | 1218 | 119.0 | 1225 124.2 | 1223 120.0
Expected values
Boys: 6-11 years. . 156.5 156.8 { 1564 | 156.6 | 160.5 161.0 | 160.7 | 161.0 | 100.2 101.0 | 995 | 10031 101.9 102.7 | 101.2 102.0
Girls: 6-11 years. . . . 160.4 160.6 | 160.7 | 160.7 | 164.4 164.2 { 164.3 | 164.7 | 1194 122.3 1 12281 1208 | 1205 123.21 123.7 121.8
Standard error of the mean
Boys: 6-11 years. . . . 0.79 1.16 2,24 1.34 l 1.90 6282 | 79.44 | 61.99 0.73 034} oNn 1.54 0.7t 037} 0.57 | 147
Girls: 6-11 years. . . . 0.52 043 | 057 0.46 0.84 0.60 | - 0.90 1.01 0.91 099 | 089 1.39 0.87 093 | 0.95 1.29
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Table 10. Mean bone-specific skeletal ages for the 31 individual hand-wrist bones of boys and girls, by geographic region and chronological age at last birthday, with selected

standard errors: United States, 1963-65—Con.

Standard of reference, Proximal phalanx |1} Proximal phalanx 1V Proximal phalanx V Middle phalanx 1i
sex, and chronological . . . .
age at last birthday North-§  Mid- | oot | wese | Northr | Mide | g in | wese |MNorthe | Mid- South | West |NOT | Mid | o nl west
east west east west east west east west
Male standard
Boys Mean skeletal age in months
Gyears . ........ 799 787 764 778 79.0 778 | 75.7 7681 796 784 | 76.2 774 | 828 80.3] 79.3 811
Tyears ... ...... 0.6 918} 864 875 904 918 | 86.2 87.3 | 90.8 922 | 874 879 | 925 936 | 88.6 90.3
Byears . ........ 100.6 99.6 97.5 96.5 | 100.6 99.7 a7.6 96.3 | 101.2 100.3 98.5 96.8 | 102.3 101.1 99.8 98.4
Oyears . ........ 107.8 109.5 | 104.8 103.7 | 107.7 109.4 | 105.1 104.0 | 107.8 109.2 | 1059 | 104.2 | 109.4 109.7 | 107.1 106.4
1Ovyears ....... . 115.5 115.2 | 1141 1124 | 1161 1159 | 1149 1130 | 116.2 1169 | 1148 | 1128 | 1169 115.1 | 116,56 1138
Myears ........ 127.8 124,11 123.7 | 126.1{ 128.7 125.0 | 124.1 | 126.2 | 129.0 1249 | 1248 | 1262 | 1298 125.7 | 125.1 126.6
irls
6 years e 94.1 959 | 90.0 88.2( 938 85.4 | 89.9 88,2 { 943 95.8 | 90.2 888 | 958 96.8 | 91.9 90.6
Tyears . ....... . 105.6 103.5 |1 101.3 | 101.0 | 105.6 1039 | 101.0 101.3 | 106.0 1039 [ 1011 101.6 | 106.2 103.6 | 102.1 101.9
Byears ......... 1148 1159 | 1116 1118 | 115.1 116.6 | 111.6 112.0 | 1154 116.8 | 1125 112.2 | 116.3 115.7 | 1125 1125
Ovyears . ........ 1314 1253 1245 | 1219 | 131.8 125.9 | 1247 | 1221 | 1323 126.2 | 124.7 | 1225 | 131.7 126.1 | 125.0 122.6
10vyears ........ 1404 144.2 | 1411 | 141.3 | 1404 144.0 | 141.2 | 141.6 | 140.8 1437 11418 | 1419 ] 141.2 143.2 | 140.7 141.4
tlyears ........ 161.6 160.1 | 159.5 161.7 | 161.1 160.4 | 160.0 1619 | 161.6 160.4 | 160.0 | 162.0 | 160.5 159.1 | 160.0 161.5
Female equivalent
Girls
Gyears . ...... . 79.1 809 | 75.0 73.2 78.8 80.4 1 749 732 | 80.2 809 | 75.2 738 | 808 818 | 774 76.6
7 years . N 90.6 88.5 86.3 86.0 90.6 889 86.0 86.3 91.0 88.9 86.1 86.6 91.6 89.6 88.1 87.9
8years . ...... . 99.8 1009 | 966 96.9 | 100.1 101.6 | 96.6 97.0 | 101.4 1024 | 98.5 98.2 | 101.6 10141 97256 975
Ovears « . ..vcvuu 113.2 109.2 | 1085 | 1064 | 113.4 109.4 | 108.7 | 106.6 | 1136 109.6 | 108.7 | 107.2 | 1136 109.6 | 109.0 107.3
10vyears ........ 118.7 1211 | 119.0 | 119.2 | 1187 121.0 | 118.1 | 119.3 | 119.3 120.7 1119.6 | 119.6 | 119.1 120.2 | 118.8 119.2
lyears ........ 133.3 132.1 | 131.8 | 133.4 | 133.0 1324 | 132.0 | 1334 | 1318 131.2 |131.0 | 1320 { 131.2 130.6 | 131.0 1315
Male standard
Boys Standard error of the mean
Gyears . ........ 1.06 156 | 0.84 1.33 1.19 n 0.79 1.18 1.10 164 | 0.85 123} oM 089} 0.92 1.06
Tlyears ........ 1.0 1.02] 111 241 0.96 0.99 | 092 236 | 093 098 | .11 208 | 0.80 074 0.93 1.99
Byears . ........ 0.87 087} 086 112§ 095 0.89 | 0.96 1.06 | 0.83 090 | 0.99 1.03 1.1 077 112 0.80
Myears ........ 1.86 1.05{ 091 260 191 122 | 092 2,50 1.65 1.18 1 1.01 233 218 1.26 | 0.93 243
Actual values Mean skeletal age in months
Boys: 6-11 years. . , . 103.4 103.6 | 994 | 100.2 | 1034 103.7 | 99.4 | 100.2 | 103.7 104.0 | 100.1 | 100.5 | 105.3 104.6 | 101.6 102.5
Girls: 6-11 years. . . . 122.3 124.3 1 122.1 | 119.8 | 122.2 1245 | 122.2 | 1199 | 122.7 1246 | 1224 | 120.3 | 123.0 124.2 | 1228 120.6
Expected values
Boys: 6-11 years. . . . 101.6 1024 | 100.2 | 101.7 | 101.6 102.4 | 1009 | 101.7 | 102.0 102.8 [101.2 | 102.1 | 1034 104.2 | 102.7 103.6
Girls: 6-11 years. . . . 1203 123.1 | 1236 | 1216 | 1204 123.2 | 123.7 | 121.8 | 120.7 1234 11239 122.0 | 1208 1235 124.2 122.2
Standard error of the mean
Boys: 6-11 years. . . . 0.73 0.38 0.61 1.43 I 0.76 | 0.44 0.74 1.47 0.73 0.44 0.57 1.37 0.59 0.36 0.58 1.26
Girls: 6-11 years. . . . 0.88 1.02] 095 1.371 091 0931 090 142 ] 092 1.00 | 0.82 1.34 1.03 087 | o.81 0.93
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Table 10. Mean bone-specific skeletal ages for the 31 individual hand-wrist bones of boys and girls, by geographic region and chronological age at Iast birthday, with selected
standard errors: United States, 1963-65—Con.

Standard of reference,

Middle phalanx 111

Middle phalanx IV

Middle phalanx V

Distal phalanx |

sex, and chronological N . ; . .
2ge at last birthday North-1 Mid | coimn | west [N Mid Fooim| wese {NO [ M9 o] west | N MG | on | west
. east west east west east west east west
Male standard
Boys Mean skeletal age in months
Gyears . ....... 81.1 787 | 779 792 | 81.2 794 | 78.2 798 | 80.8 786 769 7961 76.2 742} 733 734
Tyears ., ..... 91.3 919 87.4 88.4 91.7 93.0 88.1 89.5 91.2 92.2 87.6 89.6 89.0 89.0 85.1 85.5
Byears ., ..., 101.2 99.9 | 986 97.3 | 1016 1005 | 99.2 97.9 | 101.2 101.1 98.8 98.4| 101.0 99.9{ 988 96.9
Ovyears . ........ 108.7 109.1 | 106.5 105.6 | 108.4 108.5 | 106.9 105.8 | 108.2 109.2 | 107.3 | 105.7 | 108.9 108.9 | 107.2 105.5
MVyears ........ 116.8 114.8 | 115.7 113.3 | 116.0 114.2 | 116.2 113.0 { 116.3 114.4 | 115.7 113.2| 1165 1154 { 1148 1126
1lyears ...... 1281 1256 | 125.0 | 1264 | 128.2 1246 | 1238 125.2 | 128.7 125.2 | 124.7 | 1259 | 1289 125.0 | 124.6 125.2
Girls
Gyears . ........ 94.7 95.3 90.2 89.8 95.1 96.0 90.6 90.4 95.2 96.4 911 91.0 93.9 94.1 88.7 87.6
Tyears .. vvvv 105.6 102.6 { 101.0 | 100.8 | 105.5 1029 | 101.2| 101.3 | 1056 1035 | 100.8 | 101.3} 104.9 1025 | 99.8 101.3
Byears ......... 116.2 116.1 | 111.2{ 111.9 | 1148 1145 | 111.2] 1113 | 1161 115.0 | 111.3 | 111.7 | 1140 115.1 | 110.6 111.7
Gyears . ........ 131.4 1269 | 1245 121.8 | 1304 1252 | 1236 121.1 | 1311 125.6 | 1236 | 121.6 | 130.8 124.7 | 1238 120.7
1Ovyears ........ 140.7 1435 | 140.4 | 140.7 | 139.8 142.2 | 139.1| 139.9 | 140.3 142.4 | 140.1 | 140.2] 140.0 141.1{ 139.2 139.3
Myears ...... 161.3 1589 | 159.8 | 161.4 | 160.6 168.3 | 1568.01 161.1 | 160.3 159.4 | 169.7 | 161.8 | 159.3 157.7 | 1584 159.8
Famale equivalent
Girls
Gyears .. ..... v 79.7 80.3 76.2 75.8 80.1 81.0 76.6 76.4 78.3 80.1 72.2 720 779 78.1 72.7 7.8
Tyears ... ...... 91.3 836 | 87.0 868 | 91.2 839 | 87.2 873} 913 89.5| 858 864 | 899 875| 848 86.3
Byears ......... 1011 101.0 ] 96.2 96.9 | 100.7 100.2 | 96.2 96.3 | 100.1 100.0 | 96.3 96.7| 99.0 100.1 | 95.6 96.7
Ovyears . ........ 1135 109.4 | 108.5| 106.8 | 113.1 109.1 | 107.8] 106.1 { 1126 108.6 | 107.3 | 106.3| 1128 107.8 | 107.4 105.7
Ovyears ........ 1188 1205 | 118.7| 1188 | 1184 119.6 | 118.0{ 118.4 | 1183 119.7 ) 118.1 | 118.2} 118.0 1190} 1176 117.6
1lyears ........ 1314 1304 | 130.9 1315 | 131.2 130.2 | 1305 1314 | 130.8 130.5 { 130.6 131.8 | 130.6 129.7 } 130.2 130.9
Male standard
Boys Standard error of the mean
Gyears . ........ 0.45 0.87 0.90 1.29 0.71 0.83 091 1.26 0.94 0.64 1.02 1.09 0.97 1.1 1.18 1.52
Tlyears ........ 0.93 0.76 0.83 2.28 0.90 0.81 0.83 2.28 0.74 0.82 1.1 2.18 0.61 0.82 0.91 2.29
Girls
Gyears ......... 1.15 085 1.20 0.67 1.10 072] 1.21 0.90 1.08 080 | 1.32 0.62 1.08 069 | 1.30 1.11
Tlyears ........ 1.86 1.30 0.94 2.56 201 1.40 1.00 2.63 1.89 1.19 1.02 2.76 1.65 1.17 0.85 1.96
Actual values Mean skeletal age in months
Boys: 6-11 years, . . . 104.3 103.8 | 100.7| 101.5| 104.2 103.8 | 100.8| 101.7 | 104.0 1039 | 100.7 | 101.8] 103.0 1026 99.4 99.7
Girls: 6-11 years. . . . 1225 123.7 | 122.0f 119.9 | 1221 1234 | 1216| 119.7 | 122.2 1238 | 122.0 | 120.1 | 121.1 1224 | 1208 1185
Expected values
Boys: 6-11 years. . . . 1028 103.2 | 101.7| 1026 | 1025 10331 101.8| 1027 | 1025 103.4 | 101.8 | 102.7 | 101.1 101.9{ 100.2 101.2
Girls: 6-11 years, , . . 120.2 1229 | 1234] 1215 1199 1226 | 123.1( 121.2 { 120.1 1228 |1 1235 | 12161 1188 12161 122.3 120.2
Standard error of the mean
Boys: 6-11 years. . ., . 0.62 0.70 131 0.63 0.38 0.65 143 0.63 0.48 0.66 1.40 041 | .76 154
Girls: 6-11 years . . .. 0.98 0 93 0.80 1.00 1.05 0.93 0.84 1.02 1.08 0.78 0.83 1.06 0 93 0.8 1.30
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Table 10. Mean bone-specific skeletal ages for the 31 individual hand-wrist bones of boys and girls, by geographic region and chronological age at last birthday, with selected
standard errors: United States, 1963-65—Con.

Standard of reference, Distal phalanx 11 Distal phalanx (1} Distal phalanx IV Distal phalanx V
sex, and chronological . . . .
age at last birthday North- | Mid- | o b | wese [NOTth- | Mid 1o ] wese [N Mid fgoitn] wese [N Mid giutn | west
east west east west east west east west
Male standard
Boys Mean skeletal age in months
Gyears . ........ 77.4 77.0 | 768 76.8 76.8 765 | 76.0 75.9 76.6 76.1 75.4 75.3 76.2 766) 756 76.4
Tyears .. ....... 91.0 916 | 886 87.7 91.0 91.0| 88.3 87.5 90.9 91.1 87.8 87.4 | 90.6 910} 878 87.2
Byears . . ... ..., 101.8 1004 | 101.3 98.8 | 101.6 100.1 { 101.3 98.2 | 101.4 100.2 | 101.2 98.3 { 101.3 100.0 | 100.8 97.9
Oyears . ...... .. 109.6 109.0 [ 108.1 | 106.5 | 109.3 108.9 | 108.2 | 106.5 | 109.3 109.0{ 108.0 | 106.7 § 109.3 108.0 | 108.0 106.6
10vyears ........ 116.1 1159 [ 115.0 | 113.6 | 116.2 116.1 [ 116.2 | 113.6 | 116.0 115.9 | 115.2] 1136 | 116.0 1164 | 1154 1136
1Mlyears .. ...... 127.6 124.8 | 124.0 125.0 | 1278 125.1 | 124.1 125.1 | 128.1 125.2 | 1241 125.3 | 128.4 125.5 | 124.7 126.3
irls
Gyears . ........ 95.6 96.3 { 90.9 91.4 95.1 958 | 905 91.0 95.2 95.6 | 90.6 904 | 948 95.6 | 90.4 91.0
Tyears . ...... .. 106.5 104.4 {102.2 | 102.3 | 106.4 104.2 { 101.9 | 101.8 | 106.3 104.3 | 101.2 | 101.8 | 1065 103.8 | 101.6 1018
Byears . ........ 113.7 1144 | 1116 | 111.4 | 1137 1142 | 111.3 | 111.2 | 1137 114.4 | 111.2] 1111 | 1134 1144 | 1108 111.0
Ovyears . ........ 1206 123.2 | 123.3 | 119.7 | 129.7 123.2 | 1234 | 1195 | 128.8 123.1 | 1235 119.7 | 1298 123.1 | 123.2 119.6
10years ...... .. 138.2 139.3 [ 137.6 | 137.2 { 139.2 139.6 | 1384 | 137.2 | 138.6 139.8 | 138.9 | 137.6 | 139.3 140.1 | 138.9 137.9
1tyears . ....... 158.1 165.2 | 1567.3 | 158.8 | 158.1 155.7 | 1567.4 | 1589 | 15684 166.4 | 167.8 | 159.3 | 168.7 157.0 1 168.2 159.4
Female equivalent
irls
Gyears ... ...... 80.6 81.3 | 759 76.4 { 81.1 818 | 755 | 76.0 81.2 816 | 756 75.4 79.8 806 | 754 76.0
Tyears . ........ 95 89.4 | 87.2 873 | 924 91.1 87.9 87.8 92.3 91.2| 879 878 | 915 888 | 86.6 86.8
8years . ........ 98.7 99.4 | 96.6 96.4 | 99.7 100.2 | 97.3 97.2 99.7 1004 | 97.2 97.1 98.4 994 | 959 86.0
Oyears . ........ 111.6 1076 | 1076 | 104.7 | 1124 107.6 | 107.7 { 1045 | 1124 1076 | 107.8 | 104.7 | 1124 107.6 | 107.6 104.6
Ovyears ........ 117.2 118.3 | 1168 | 116.6 | 118.2 1186 | 1174 | 1166 | 1176 1188 | 11791 1168 | 118.2 1186 | 117.9 116.9
Myears . ....... 130.0 128.1 1128.3 | 130.3 | 130.0 128.4 1129.4 | 130.4 | 130.2 128.7 1 129.8 | 130.6 i 130.7 129.0 1 130.2 131.2
Male standard
Boys Standard error of the mean
Gyears . ........ 0.89 0.80 | 1.05 1.60 0.91 0.81 1.01 1.48 1.03 0.83 | 1.08 1.62 0.89 093] 1.21 1.74
Myears ........ 0.60 097 | 094 1.99 0.65 1.03 | 092 2.02 0.67 1.05 | 0.87 2.05 0.80 0.87 1.00 21
irls
Gyears .. ....... 1.26 0.82 1.24 0.85 1.25 090 { 1.32 0.86 1.33 1.00 1.34 0.75 1.25 0.96 1.24 0.93
Myears ........ 1.72 1.48 | 0.83 212 1.79 1.36 { 0.82 2.05 1.78 1371 0.95 2.01 177 128 | 0.80 2.01
Actual values Mean skeletal age in months
Boys: 6-11 years. . . . 103.6 1036 |101.2 | 101.2 | 103.4 103.4 | 101.0 | 101.0 | 103.4 103.4 | 100.8 | 100.8 | 103.3 103.4 | 100.9 101.0
Girls: 6-11 years . . . . 121.2 1222 [121.1 | 118.7 | 1214 1222 | 121.1 | 11856 | 12141 1224 1 121.3 | 1186 | 121.2 1224 | 121.2 118.7
Expected values
Boys: 6-11 years. . . . 102.3 103.1 | 1015 | 102.4 | 1021 102.9 { 101.3 | 102.3 | 102.0 1029 { 101.2 | 102.2 | 1021 1029 | 101.2 102.2
Girls: 6-11years. . . . 119.0 121.7 j122.2 | 120.2 | 1189 121.7 | 1221 | 120.2 | 119.0 121.8 | 1222 | 1203 | 119.0 121.8 | 122.3 120.3
Standard error of the mean
Boys: 6-11 years. . . . 0.75 0.44 0.65 1.59 0.80 0.48 0.70 1.62 0.79 0.45 0.72 1.66 0.68 0.49 0.74 1.75
Girls: 6-11 years. . . . 1.06 Q.80 0.83 1.07 1.05 0.96 0.88 1.09 1.05 0.85 0.90 1.10 1.1 0.93 0.91 1.13

66



Table 11. Mean bone-specific skeletal ages for selected hand-wrist bones of boys and girls, by annual family income and chronological age at last birthday, with

selected standard errors: United States, 1963-65

Standard of refer- Triquetral Metacarpal HH
ence, sex, and
chronological age at | Less than | $3,000- | $5,000- | $7,000- | $10,000- | $15,000 | Less than | $3,000- | $5,000-{ $7,000- | $10,000- | $15,000
last birthday $3,000 $4,999 | $6,999 | $9,999 | $14,999 | ormore | $3,000 $4,999 | $6,999 $9,999 | $14,999 { or more
Male standard
Boys Mean skeletal age in months
Gyears . ...... 72.3 74.8 75.8 71.4 72.7 76.2 73.6 76.0 76.1 73.9 73.6 726
Tvyears . . ..... 85.2 85.9 87.3 84.2 90.2 85.2 84.0 86.6 87.4 86.2 87.4 86.3
Byears .. ...., 98.4 96.8 96.9 97.2 94.0 95.5 94.8 96.5 95.0 95.9 94.6 96.7
Oyears . ...... 104.2 108.5 107.2 105.2 108.9 106.6 102.0 104.7 106.6 104.7 108.0 107.5
10vyears ...... 113.56 116.3 115.1 1156.1 111.9 115.1 111.7 112.9 113.1 113.4 110.1 111.0
Tyears ...... 124.2 126.7 123.7 123.5 124.6 125.6 125.0 123.9 123.1 121.8 1224 123.9
Girls
Gyears ....... 91.2 89.8 87.1 80.3 90.5 88.8 90.2 90.1 88.4 80.8 87.8 92.2
Tyears . .... . 102.6 100.9 101.5 102.8 101.0 107.4 102.2 100.6 101.0 102.0 101.1 108.5
8years ,...... 108.6 1121 111.3 1123 109.8 11186 107.5 111.6 111.4 112.5 109.0 113.1
Oyears . ...... 120.1 1193 119.9 123.9 122.1 124.2 119.4 120.5 121.3 123.7 125.3 122.3
10vyears ..., . 134.1 133.6 133.8 133.9 132.5 136.6 138.2 135.9 135.8 136.5 135.1 140.5
Myears ..... . 150.4 148.9 151.2 150.0 149.0 153.5 154.1 155.2 155.4 156.1 153.6 157.7
Female equivalent
Girls
Gyears . ...... 78.2 76.8 74.1 77.3 77.5 75.8 75.3 75.2 74.2 76.2 73.2 78.2
Tyears ....... 88.6 86.9 87.5 88.8 87.0 93.4 88.2 86.6 87.0 88.0 87.1 94.5
Byears ....... 94.3 97.1 96.3 97.3 94.9 96.5 93.5 97.5 97.4 98.5 95.0 99.1
Oyears ., ... 105.0 104.3 104.9 106.9 106.0 107.2 104.7 105.5 106.3 108.4 109.3 107.3
M0vyears ...... 116.0 114.6 114.8 114.9 113.8 116.3 117.2 115.9 115.8 116.2 115.1 119.2
Ttyears . ..... 124.7 123.9 125.1 124.5 124.0 126.5 1276 128.1 128.2 128.6 127.3 129.7
Male standard
Boys Standard error of the mean
Gyears ... ... . 2.54 1.51 1.38 1.9 3.43 2.20 1.90 1.16 1.04 1.73 3.33 2.69
Tyears ...... 1.60 1.21 1.63 11 1.71 2.32 1.76 1.41 1.61 1.08 1.87 2.81
Girls
Byears ....... 1.00 1.47 1.53 1.60 1.79 3.73 1.48 1.97 1.73 0.91 1.82 4.26
1tyears ...... 1.87 1.52 0.99 1.12 2.04 3.63 1.60 1.51 1.07 1.26 2.06 4.10
Actual values Mean skeletal age in months
Boys: 6-11 years. . 99.2 100.4 100.2 100.4 101.0 100.8 97.7 99.2 99.4 100.1 99.8 99.7
Girls: 611 years, . 116.5 115.9 116.8 116.8 1171 120.7 117.9 117.9 118.8 118.8 118.7 1236
Expacted values
Boys: 6-11 years. . 99.8 89.5 99.5 101.2 100.9 100.3 98.7 98.6 98.7 100.2 100.0 99.6
Girls: 6-11 years . . 116.6 116.4 117.3 116.0 117.7 118.6 118.4 118.2 118.2 117.8 119.3 120.6
Standard error of the mean
Boys: 6-11 years. . 0.76 0.80 I 0.57 0.94 1.30 2.17 l 1.13 0.78 I 0.45 0.85 1.24 2.22
Girls: 6-11 years. . 0.88 0.71 0.94 0.58 1.23 1.97 1.07 0.89 1.11 0.70 1.40 1.90
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Table 11. Mean bone-specific skeletal ages for selected hand-wrist bones of boys and girls, by annual family income and chronological age at last birthday, with

selected standard errors: United States, 1963-65—Con.

Standard of refer-

Metacarpal V

Proximal phalanx 111

ence, sex, and
chronological age at| Less than | $3,000- | $5,000- | $7,000- | $10,000- | $15,000 | Less than | $3,000- | $5,000- | $7,000- | $10,000- | $15,000
last birthday $3,000 $4,099 | $6,999 | $9,999 $14,989 | ormore | $3,000 $4,999 | $6,999 $9,999 | $14,999 | or more
Male standard
Boys Mean skeletal age in months
Gyears . ...... 71.8 75.1 74.6 73.4 721 71.2 74.9 78.5 79.5 80.2 76.5 76.6
Tyears . ... ... 84.1 85.7 87.3 85.9 85.6 87.3 85.4 89.0 90.8 89.7 91.0 90.9
8years . ...... 94.0 86.4 95.1 956.9 94.2 96.4 97.0 97.9 97.3 100.2 99.8 100.6
Ovyears .. ..... 101.7 104.1 106.1 104.6 108.0 106.8 102.3 106.8 107.6 107.3 109.8 109.8
10years ...... 111.8 112.8 112.7 113.2 109.9 111.8 112.4 113.6 1156.5 115.9 112.7 116.2
1lyears ...... 124.6 124.6 1226 122.0 122.3 123.8 126.2 125.6 124.5 124.9 126.1 125.5
Gyears . ...... 89.8 89.0 87.8 90.3 87.8 91.6 92.0 89.0 91.0 95.3 91.4 94.6
Tyears .. ..... 101.7 99.9 99.8 101.8 99.8 107.3 103.1 101.9 101.2 105.0 102.1 108.8
8years .. ..... 107.3 111.4 110.8 112.1 108.3 1126 109.5 114.9 113.4 116.5 112.4 127
Qvyears . ...... 119.9 120.4 121.9 124.9 125.5 122.7 122.6 122.3 125.8 129.8 129.3 129.2
10years ...... 139.4 137.5 137.0 137.5 136.8 141.6 141.5 141.3 141.5 142.0 142.3 144.8
1lvyears ...... 165.2 156.7 156.7 157.3 155.4 159.2 159.9 160.5 160.5 161.5 160.2 163.5
Female equivalent
Girls
Gyears ....... 74.8 74.0 72.8 75.3 72.8 76.6 77.0 74.0 76.0 80.3 76.4 79.6
Tyears . . ..... 86.7 849 84.8 86.6 84.8 924 88.1 86.9 86.2 90.0 87.1 94.7
8years . ...... 924 96.4 95.8 97.1 94.2 97.6 95.2 99.9 98.4 101.5 97.4 97.7
Ovyears ....... 104.9 105.4 106.4 107.9 108.5 106.8 106.8 106.6 109.4 111.8 1113 111.2
10vyears ...... 118.2 116.5 116.0 116.5 116.9 119.3 119.2 119.2 119.2 119.5 119.6 121.4
Tlyears ...... 128.1 128.8 128.8 129.3 128.2 131.1 131.9 132.5 132.5 133.2 132.2 134.2
Male standard
Boys Standard error of the mean
Gyears . ...... 2.04 1.29 1.06 1.90 3.22 2.53 1.1 1.03 1.25 1.32 2.29 1.19
1lyears ...... 1.70 1.47 1.82 1.23 2.14 3.06 1.89 1.43 1.63 1.22 2,22 2.38
Girls
Gyears . ...... 1.40 2.08 1.75 1.07 1.87 4.34 0.90 1.93 1.62 1.01 2.27 4.77
1lyears ...... 1.74 1.44 1.06 1.18 1.75 3.84 1.65 1.62 0.88 1.69 1.77 3.74
Actual values Mean skeletal age in months
Boys: 6-11 years. . 97.1 98.9 98.9 99.9 99.2 99.5 98.8 100.9 101.8 103.7 103.0 103.2
Girls: 6-11 years . . 118.2 118.1 118.9 119.1 119.0 123.8 120.7 120.6 122.0 123.4 123.0 127.0
Expected values
Boys: 6-11 years. . 98.3 98.2 98.3 99.8 99.6 99.2 101.2 101.1 1011 102.6 102.4 102.0
Girls: 6-11 years . . 118.6 118.4 1194 117.9 119.6 121.0 121.9 121.7 1226 121.2 122.9 124.4
Standard error of the mean
Boys: 6-11 years. . 1.09 0.80 0.45 | 0.91 | 1.30 2.28 1.36 0.78 0.46 0.78 1.34 2,05
Girls: 6-11 years . . 1.19 0.97 1.1 0.71 1.44 2.07 1.19 1.02 1.14 0.79 1.65 2.07
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Table 11. Mean bone-specific skeletal ages for selected hand-wrist bones of boys and girls, by annual family income and chronological age at last birthday, with
selected standard errors: United States, 1963-65—Con.

Standard of refer-
ence, sex, and

Proximal phalanx IV~

Middie phalanx V

chronological age at Less than | $3,000- | $5,000- | $7,000- { $10,000- | $15,000 | Less than | $3,000- | $5,000- | $7,000- | $10,000- | 15,000
last birthday $3,000 $4,999 | $6,999 | $9,999 $14,999 | ormore | $3,000 $4,999 | $6,999 $9,999 | $14,999 | or more
Male standard
Boys Mean skeletal age in months
Gyoars . . ... .. 74.3 77.3 78.8 78.9 75.9 75.9 75.9 80.2 80.4 81.0 75.3 75.8
Tyears ... ..., 85.2 89.0 90.4 89.6 91.0 90.7 87.5 90.0 91.8 90.6 90.9 90.5
Byears ..., 96.9 98.0 97.5 100.0 100.0 100.4 97.8 100.1 99.5 101.4 101.0 99.2
Oyears . .... . 102.4 106.1 107.6 107.4 109.6 110.2 103.7 107.6 109.0 108.0 109.6 111.0
10years ...... 112.8 114.1 116.0 116.9 113.56 116.5 113.6 114.0 115.8 116.7 113.6 114.0
1Mlyears . ... .. 125.4 126.1 125.4 125.3 126.7 127.2 125.9 126.6 126.1 125.5 126.5 127.6
Girls
Gyears . .. ... . 92.0 88.8 90.8 95.2 91.0 93.5 93.5 914 91.3 96.9 92,2 97.0
7years ... ... 103.2 102.1 101.7 104.9 102.0 109.4 102.1 102.1 102.5 '104.8 100.3 109.3
Byears .. ... . 108.9 115.6 113.3 117.1 113.2 1126 109.0 114.1 112.8 116.0 113.4 113.8
Qyears . . ... .. 1229 122.9 126.0 129.9 129.8 129.8 121.3 121.6 124.7 131.3 129.7 128.4
10vyears ...... 141.5 141.3 141.9 142.0 142.2 144.9 141.0 139.4 140.1 141.1 140.4 146.6
Myears .. .... 160.3 160.6 160.8 161.6 159.9 164.1 160.2 159.3 160.3 161.2 158.6 165.2
Female equivalent
Girls
Gyears . ...... 77.0 73.8 75.8 80.2 76.0 78.5 75.0 726 724 80.8 74.1 81.0
Tyears .. ... . 88.2 87.1 86.7 89.9 87.0 95.2 87.6 87.6 88.2 90.8 85.3 94.3
Byears . ... ... 94.8 100.6 98.3 102.1 98.2 97.6 94.0 99.1 97.8 101.0 98.4 98.8
Ovyears . . ..... 106.9 106.9 109.5 111.9 111.8 111.8 106.2 106.3 107.8 112.6 111.7 110.7
10vyears ...... 119.2 118.2 119.4 119.6 119.6 121.4 119.0 117.4 118.1 119.0 118.4 122.3
1Mlyears ...... 132.3 132.6 132.8 133.3 131.9 134.4 130.7 1304 130.8 131.2 130.2 134.2
Male standard
Boys Standard error of the mean
Gyears . ... ... 1.29 1.12 1.31 1.45 2.44 1.26 1.46 1.40 1.24 1.39 2.48 1.65
Tyears ...... 1.78 1.44 1.66 1.24 2.1 2.15 1.36 1.62 1.48 1.02 2.22 3.03
Gyears .. ... v 0.99 1.96 1.63 1.08 2.16 4.57 1.24 1.50 1.50 1.30 2.13 4.81
Tlyears ..... . 1.69 1.57 0.98 1.65 1.57 3.70 1.68 1.73 0.93 1.79 2.01 4.09
Actual values Mean skeletal age in months
Boys: 6-11 years. . 98.7 100.9 101.8 103.7 103.2 103.4 99.8 102.3 103.0 104.5 103.2 103.1
Girls: 6-11 years . , 120.8 120.8 122.2 123.5 123.0 1271 120.5 120.3 121.8 123.6 122.6 128.0
Expected values
Boys: 6-11 years, . 101.2 1011 101.1 102.7 102.4 102.0 102.0 102.1 102.1 103.6 103.4 103.0
Girls: 6-11 years.. . 1221 121.8 122.7 121.3 1229 124.5 1219 121.6 1225 121.0 122.8 124.0
(A
Standard error of the mean
Boys: 6-11 years, ., 1.38 0.84 0.46 0.81 1.44 2.10 1.21 0.77 0.52 0.87 1.57 2.12
Girls: 6-11 years . . 1.20 1.06 1.16 0.77 1.52 K4 2.17 1.42 0.97 1.11 0.81 1.38 2.25
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Table 12. Selected percentiles in the distribution of the individual child’s range in bone-specific skeletal ages for the radio-opaque (not
adult) bones in the hand-wrist for white and Negro boys and girls, by chronological age at last birthday: United States, 1963-65

Standard of reference, sex, and chronological age at last birthday

White

Negro

Percentile points

75

50

25 75 50

25

6 years
7 years
8 years
9 years
10 years
11 years

Male standard

.............................................................
.............................................................
.............................................................

............................................................

Bone-specific skeletal age range in months

36.7
36.1
34.2
29.9
26.4
264

34.3
314
289
30.5
32.2
33.9

29.2
284
26.4
22,6
20.1
18.7

2741
23.4
215
223
24.3
24.3

22.7| 40.5 | 28.8
208| 359 | 269
19.0| 354 | 25.8
15.1] 36.7 | 25.1
14.2| 285 | 21.9
142 272 | 2038
206 | 36.4 | 28.1
15.1| 325 | 249
145| 287 | 220
15.4 | 27.8 | 221
12.3| 309 | 24.7
17.0| 323 | 244

224
19.2
16.8
14.2
14.3
14.7

19.9
17.7
14.9
14.5
20.2
17.9

Table 13. Selected percentiles in the distribution of the individual child's range in bone-specific skeletal ages for the radio-opaque (not
adult) bones in the hand-wrist for boys and girls, by geographic region and chronological age at last birthday: United States,

1963-65
Northeast Midwest South West
Standard of reference, sex, and p tile point
chronological age at last birthday ercentile points
75 50 25 75 50 25 75 50 25 75 50 25
Male standard
Boys Bone-specific skeletal age range in months
Byears . . ... .. ... . 36.7| 29.2) 221 374 30.2] 221} 36.5] 27.4| 22.5| 37.0 | 31.0 24.3
TYEarS v v v vt et et e 356 | 283 | 220 36.3| 283 )] 203 36.7| 283 204 | 374 | 283 20.8
8years . ...t i 366 241 | 176} 335} 266 | 203 | 349 26.2| 196 | 34.3 | 276 20.2
Oyears . ... it e e e 277 205 | 148 303 238 16.1| 296 | 203 | 14.2] 30.6 | 24.1 14.8
10years . ... oo i ittt 255 | 203 ]| 143} 26.1 203 | 143} 293 224 | 149 | 248 17.9 13.3
Tlyears . ... v i ii i nn.. 27.1 186 | 136 255 | 20.1 145 | 245} 187 | 144} 283 19.4 13.3
Girls
Byears . ... ..ttt e 34.4 27.8 | 20.1 325)| 269 224 35.7| 293 | 21.8| 34.4 26.4 19.9
Tyears . ..t e 29.7| 218 14.7| 314 236 | 154 | 34.7| 266 | 185 | 30.2 { 22.3 14.2
Byears ... .... ... 30.1 209 | 143| 31.3| 226 | 16.2| 27.7| 208 | 136 | 286 | 222 15.4
OVears . .. v v v v it i ie 302} 222 | 16.2| 33.2| 239 | 154 | 30.1| 22.7 | 16.2) 27.0 | 185 13.9
1M0years . ..........c0uu... 29.4 | 23.1 166 335| 258} 186 | 304 | 249 | 188 | 326 | 226 16.0
Myears .. ..........00.... 289 226 | 17.2| 358 249 | 186 | 33.1| 24.7 | 15.7 | 328 | 24.2 17.4
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Table 14. Selected percentiles in the distribution of the individual child’s range in bone-specific skeletal ages for the radio-opaque
{not adult) bones in the hand-wrist for boys and girls, by annual family income and chronological age at last birthday: United

States, 1963-65

Less than $5,000 $5,000-$9,999 $10,000 or more
Standard of reference, sex, and chronological age . '
_ Percentile points
at last birthday
75 50 25 75 50 25 75 50 25
Male standard
Egy_s Bone-specific skeletal age range in months
B YearS i i i i e e e e e e e e e e e e 36.4 29.5| 234 38.9 | 30.2 2281 36.9 28.7 22.8
28T 1 T 354 | 26.6)| 20.1) 36.8] 299 { 219 41.0} 30.3 225
2 Y- 1 34.3| 26.4| 19.2| 366 | 279 | 205] 34.4 | 264 20.1
L R T O 30.5 23.1 14.8 | 30.9 | 23.0 16.4 | 30.1 23.0 14.9
TOYEArS & & v i i i et et e e e e e e e e e e e 27.4 206 | 14.1 30.2 | 225 16.0 | 25.7 20.1 14.5
B Y - T 26.0! 198| 144 | 29.0} 215 | 151 ] 266 | 185 13.6
Girls
BYBAIS & v it it et e e e e e e e e 34.8| 271} 204 | 345§ 276 | 207 33.0 | 274 23.2
27 -G 328} 24.0} 16.7 | 31.7 | 24.2 16.7 | 31.1 18.2 12.2
23 25.9 19.8| 121 28.9 | 20.8 14.4 | 28.1 20.7 14.5
GYBAS & vt v vt e e et e e e e e e 28.0| 21.8| 15.1 32.3 | 23.1 15.2 | 29.9 21.3 16.2
TOYBAMS &« v v o ettt e e e et e 30.21 23.7| 17.9 | 32.1 ] 24.5 16.7 | 34.5 24.9 18.3
B TR 327 249 180 34.1 ] 232 17.5] 322 | 245 16.5

Table 15, Median (chronological) age of onset of ossification in selected hand-wrist bones for boys and giris 6-11 years: United States,

1963-65
Boys Girls
Race, region, and annual family income
Ulna | Trapezium | Trapezoid | Pisiform | Pisiform | Adductor
Race Chronological age in years
White . . . o0 it e e e e 7.2 6.4 6.4 11.2 8.7 10.6
Negro . & o i v it e e e e e e e e 7.0 4.9 6.1 11.3 8.9 10.7
Region
Northeast . ... .. ... 0t iinnneennan. 7.0 6.3 6.2 11.0 8.5 10.7
Midwest . ... ... ..ttt 7.0 6.5 6.5 11.5 8.8 10.7
SoUth & v v i s e e e e 7.3 6.2 6.4 11.0 8.8 10.6
West & .t e e e e e e e e e e 7.3 6.C 6.0 11.4 8.9 10.7
Annual family income
Lessthan $5,000. . . . .. oo v ittt e e e 7.2 6.2 6.5 11.2 8.9 10.6
$5,000-89,999. . . . ... .. e 7.1 6.3 6.4 11.3 8.8 10.9
$10,0000rmMOre. . . v v v i e 7.0 6.3 6.0 11.3 8.7 10.5
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APPENDIX |
STATISTICAL NOTES

Survey Design

The sample design for the second cycle of the
Health Examination Survey, similar to the one
used for the first cycle, was that of a multistage
stratified probability sample of loose clusters of
persons in land-based segments. Successive ele-
ments dealt with in the process of sampling are
prunary sampling unit (PSU), census enumera-
tion district (ED), segment, household, eligible
child (EC), and finally, the sample child (SC).

At the first stage, the nearly 2,000 PSU’s into
which the United States (including Hawaii and
Alaska) had been divided and then grouped into
857 strata for use in the Current Population
Survey and the Health Interview Survey were
further grouped into 40 superstrata for use in
Cycle II of the HES. The average size of each
Cycle II stratum was 4.5 million persons, and all
fell between the limits of 3.5 and 5.5 million.
Grouping into 40 strata was done in a way that
maximized homogeneity of the PSU’s included
in each stratum, particularly with regard to
degree of urbanization, geographic proximity,
and degree of industrialization. The 40 strata
were classified into four broad geographic re-
gions (each with 10 strata) of approximately
equal population and cross-classified into four
broad population density groups (each having 10
strata). Each of the 16 cells contained either two
or three strata. A single stratum might include
only one PSU (or only part of a PSU, as, for
example, New York City, which represented two
strata) or several score PSU’s.

To take account of the possible effect that
the rate of population change between the 1950
and 1960 census might have had on health, the
10 strata within each region were further classi-
fied into four classes ranging from those with no
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increase to those with the greatest relative
increase. Each such class contained either two or
three strata.

One PSU was then selected from each of the
40 strata. A controlled-selection technique was
used in which the probability of selection of a
particular PSU was proportional to its 1960
population. In the controlled selection, an at-
tempt was also made to maximize the spread of
the PSU’s among the States. While not every one
of the 64 cells in the 4 X 4 X 4 grid contributes
a PSU to the sample of 40 PSU’s, the controlled
selection technique insured the sample’s match-
ing the marginal distributions in all three dimen-
sions and being closcly representative of all cross-
classifications.

Generally, 20 ED’s were selected within a
particular PSU. The probability of selection of a
particular ED was proportional to its population
in the age group 5-9 years in the 1960 census
which by 1963 roughly approximated the popu-
lation in the target age group for Cycle II. A
similar method was used for selecting one
segment (clusters of households) in each ED.
Each of the resultant 20 segments was either a
bounded area or a cluster of households (or
addresses). All the children in the age range 6-11
years normally resident at each household or
address were considered EC’s. Operational con-
siderations made it necessary to reduce the
number of prospective examinees at any one
location to a maximum of 200. The EC’s to be
excluded for this reason from the SC group were
determined by systematic subsampling.

The total sample thus selected for the exami-
nation included 7,417 children (SC’s) from 25
different States in the 6-11 year age group with
approximately 1,000 in each of the single years
of age.



Reliability

Measurement and assessment processes em-
ployed in the Survey were highly standardized
and closely controlled. Of course, this does not
mean that the correspondence between the real
world and the Survey results is exact. Data from
the Survey are imperfect for three major rea-
sons: (1) results are subject to sampling error,
(2) the actual conduct of a survey never agrees
perfectly with the design, and (8) the measure-
ment or assessment processes themselves are
inexact even though standardized and con-
trolled.

The first report on Cycle II5 describes in
detail the faithfulness with which the sampling
design was carried out. It notes that 7,119 out
of the 7,417 sample children were examined.
This is a response rate of 96 percent. The
examined children were a highly representative
sample of this age in the noninstitutional popu-
lation of the United States. The response levels
for the various demographic subgroups, includ-
ing those for age, sex, race, region, population
density, parent’s educational level, and family
income, show no marked differentials. Hence, it
appears unlikely that nonresponse could have
biased the findings markedly in these respects.
Further description of the sample design and
estimation procedures are contained in a subse-
quent report.168

The general measures used to control the
quality of data from this survey have been cited
previously,?:169 those relating specifically to
the assessment of skeletal age are outlined in an
earlier section of this report.

Data recorded for each sample child are
inflated in the estimation process to characterize
the larger universe of which the sample child is
representative. The weights used in this inflation
process are a product of the reciprocal of the
probability of selecting the child, an adjustment
for nonresponse cases, and a poststratified ratio
adjustment, which increases precision by bring-
ing survey results into closer alignment with
known United States population figures by color
and sex within single years of age 6 through 11.

In the second cycle of the Health Examina-
tion Survey the sample was the result of three
stages of selection—the single PSU from each
stratum, the 20 segments from each sample PSU,

and the sample children from the eligible chil-
dren. The probability of selecting an individual
child is the product of the probability of
selection at each stage.

Since the strata are roughly equal in popula-
tion size and a nearly equal number of sample
children were examined in each sample PSU’s,
the sample design is essentially self-weighting
with respect to the target population; that is,
each child 6 through 11 years old had about the
same probability of being drawn into the
sample.

The adjustment upward for nonresponse is
intended to minimize the impact of nonresponse
on final estimates by imputing to nonrespond-
ents the characteristics of “similar’’ respondents.
Here “similar” respondents were judged to be
examined children in a sample PSU having the
same age (in years) and sex as children not
examined in that sample PSU.

The poststratified ratio adjustment used in
Cycle II achieved most of the gains in precision
that would have been attained if the sample had
been drawn from a population stratified by age,
color, and sex. The adjustment makes the final
sample estimates of population agree exactly
with independent controls prepared by the
Bureau of the Census for the United States
noninstitutional population as of August 1,
1964 (approximately midsurvey point), by color
and sex for each single year of age 6 through 11.
The weights of every responding sample child in
each of the 24 age, color, and sex classes is
adjusted upward or downward so that the
weighted total within the class equals the in-
dependent population control.

In addition to children not examined at all,
there were 157 for whom there was no radio-
graph or else the radiograph could not be
assessed. The age and sex distribution for these
157 children as well as for the 6,962 for whom
assessments were made is shown in table I. No
attempt was made to estimate the skeletal age
for this group of children without usable radio-
graphs. Hence it is assumed that the distribution
of their skeletal ages is similar to that for the
remaining 6,962. In other words, they were
treated as if they were nonresponders.

Among the usable radiographs of the 6,962
children, there were a few in which the film
quality was not good enough to permit assess-

73



Table 1. Number of examined children whose hand-wrist radio-
graphs were assessed and of those whose radiographs were
not assessed for skeletal age, by chronological age in years
and sex: Health Examination Survey, 1963-65

Table 1l. Number of examined children for whom skeletal age
assessments were made on each of the 31 hand-wrist bones,
by type of bone and sex: Health Examination Survey,
1963-65

Radiographs Radiographs Radio-opaque’ Adult
Chronological age at assessed not assessed Hand-wrist b not adult
last birthday and-wrist bone
Boys Girls Boys | Girls Boys Girls Boys | Girls
Number of children Number of children
Total ......... 3,545 | 3,417 87 70 Radius . ........... 3,540 | 3,417 0 V]
Una ............. 2,806 | 3,201 0 0
Byears . ........... 554 | 521 2 15 Copitate . .ovenn. .. 3,540 | 3,375 0 26
7years ...l 615 602} 17 7 Hamate............ 3,540 | 3,387 0 24
Byears . ... 602 600] 16 1B Triquetral. . oo o v ... .. 3,518 | 3,322 0 62
Oyears ... ... 5821 562 21 9 funate ... 3,448 | 3,363 0 25
TOyears ........... 570 | 576 6 8  Scaphoid ........... 3,151 | 3,352 0 19
MMyears . .......... 622 556 6 8 Trapezium . . ... oo ... 3,046 | 3,311 0 32
Trapezoid .......... 3,180 | 3,338 0 32
Metacarpal { . ........ 3,538 | 3,409 0 6
ment of all ossifying or ossified bones. In Metacarpal . ... ... .. 3,541 | 3,411 0 3
general, these would have been bones that had ~ Metacarpal Il ... ... .. 3,542 | 3,411 0 3
. Metacarpal IV . . ...... 3.542 { 3,411 0 3
become radio-opaque recently. The number of Metacarpal V 3842 | 3410 0 3
children for whom bone-specific skeletal ages . ' '
. . Proximal phalanx | ... .. 3,639 | 3,407 0 6
were assessed and in which the bone was Proximal phatanx 11 3542 | 3410 o 4
considered as ossifying or completely ossified Proximal phalanx Il . . . . 3:543 3:410 0 4
(adult) is shown in table II. Proximal phalanx IV ... .| 3,543 | 3,406 0 7
Proximal phalanx V. . . . . 3,643 | 3,406 0 8
Sampling and Measurement Error Middle phalanx 11 . . . . . . 3,538 | 3,405 0 4
Middle phalanx 11l ... .. 3,536 | 3,411 0 2
In the present report, reference has been  Middlephalanx IV ... .. 3,538 | 3,410 0 2
made to efforts to minimize bias and variability =~ Middiephalanx V... . ... 352 | 3,388 0 6
of measurement techniqueS. Distal phalanx | 3,533 3,371 0 18
The probability design of the Survey makes Dl.Stal phalanx H. .. .... 3,632 | 3,380 0 19
. R . Distal phatanx 11l . ... .. 3,531 | 3,383 0 20
possible the calculation of sampling errors. The Distal phalanx IV 3532 | 3387 0 18
sampling error is used here to determine how Distal phalanx V . . . . . . 3,532 | 3,382 0 17
imprecise the Survey test results may be because ... 746 | 1.789 0 56
they come from a sample rather than from the  agductor sesamoid . . . . . 8s | 837 0 9
measurements of all elements in the universe. Flexor sesamoid . . . . . . . 21 321 0 6

The estimation of sampling errors for a study
of the type of the Health Examination Survey is
difficult for at least three reasons: (1) measure-
ment error and “pure’ sampling error are
confounded in the data—it is not easy to find a
procedure that will either completely include
both or treat one or the other separately, (2) the
Survey design and estimation procedure are
complex and accordingly require computa-
tionally involved techniques for the calculation
of variances, and (3) thousands of statistics came

from the Survey, many for subclasses of the
population for which there are few cases. Esti-
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in long and short bones, “radio-opaque’” refers to the
epiphyses.

mates of sampling error are obtained from the
sample data and are themselves subject to
sampling error, which may be large when the
number of cases in a cell is small or occasionally
even when the number of cases is substantial.
Estimates of approximate sampling variability
for selected statistics used in this report are
presented in the detailed tables. These estimates
have been prepared by a replication technique



that yields overall variability through observa-
tion of variability among random subsamples of
the total sample. The method reflects both
“pure” sampling variance and a part of the
measurement variance.

In accordance with usual practice, the interval
estimate for any statistic may be considered the
range within 1 standard error of the tabulated
statistic, with 68-percent confidence, or the
range within 2 standard errors of the tabulated
statistic, with 95-percent confidence. The latter
is used as the level of significance in this report.

An approximation of the standard error of a
difference d = x~y of two statistics x and y is
given by the formula S; = (S2 + 5%)%, where
S, and S, are the sampling errors, respectlvely,

of x and y.

Expected Values

In the detailed tables both the actual and
expected mean skeletal ages are shown for
children in the various demographic groups. The
expected mean values are obtained by assuming
that the national age-specific mean values apply
within the appropriate age subgroup for which
the value is derived.

For example, if in an area (e.g., the North—
east) estimates from the Health Examination
Survey show n; boys in the #th age group

(¢=1,2,....,6; Zn; =n) and the estimates of
mean skeletal age for all U.S. boys in the it? age

group to be X;, then the expected mean skeletal
age for boys in that area is:
1 -

The specific area may have higher values for
younger boys and lower values for older boys
than in the other areas. In that case the expected
average may obliterate one or both of these
differentials. These types of limitations need to -
be kept in mind in interpreting these data. The
standard error of the difference between an
actual and an expected mean value may be
approximated by the standard error of the
actual value.

Small Categories

In some tables, magnitudes are shown for cells
for which the sample size is so small that the
sampling error may be several times as great as
the statistic itself. Obviously in such instances
the statistic has no meaning in itself except to
indicate that the true quantity is small. Such
numbers, if shown, have been included in the
belief that they may help to convey an impres-
sion of the overall story of the table.

(ORONE)
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APPENDIX 1l
DEMOGRAPHIC AND SOCIOECONOMIC TERMS

Age.—The age recorded for each child was the
age at last birthday on the date of examination.
The age criterion for inclusion in the sample
used in this survey was defined in terms of age at
time of interview. Since the examination usually
took place 2-4 weeks after the interview, some
of those who were 11 years old at the time of
interview became 12 years old by the time of
examination. There were 72 such cases. In the
adjustment and weighting procedures used to
produce national estimates, these 72 were in-
cluded in the 11-year-old group.

Race.—Race was recorded as ‘‘white,”
“Negro,” or “other.” “Other” included Ameri-
can Indians, Chinese, Japanese, and all races
other than white or Negro. Mexican persons
were included with “white” unless definitely
known to be American Indian or of other
nonwhite race. Negroes and persons of mixed
Negro and other parentage were recorded as
“Ncgro.”

Geographic region.—For purposes of stratifi-
cation, the United States was divided into four
broad geographic regions of approximately equal
population. These regions, which correspond
closely to those used by the Bureau of the
Census, were as follows:

Region States included

Northeast ...... Maine, Vermont, New
Hampshire, Massachusetts,
Connecticut, Rhode Island,
New York, New Jersey, and
Pennsylvania.

Midwest Ohio, Illinois, Indiana,
Michigan, Wisconsin, Min-
nesota, Iowa, and Missouri
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Delaware, Maryland, Dis-
trict of Columbia, West Vir-
ginia, Virginia, Kentucky,
Tennessee, North Carolina,
South Carolina, Georgia,
Florida, Alabama, Missis-
sippi, Louisiana, and Ar-
kansas.

Washington, Oregon, Cali-
fornia, Nevada, New Mex-
ico, Arizona, Texas, Okla-
homa, Kansas, Nebraska,
North Dakota, South Da-
kota, Idaho, Utah, Colo-
rado, Montana, Wyoming,
Alaska, and Hawaii.

---------

Urban-rural.—The definition of urban-rural
areas was the same as that used in the 1960
Census. According to this definition, the urban
population was comprised of all persons living in
(1) places of 2,500 inhabitants or more incor-
porated as cities, boroughs, villages, and towns
(except towns in New England, New York, and
Wisconsin); (2) the densely settled urban fringe,
whether incorporated or unincorporated of
urbanized areas; (3) towns in New England and
townships in New Jersey and Pennsylvania that
contained no incorporated municipalities as sub-
divisions and had either 2,500 inhabitants or
more, or a population of 2,500 to 25,000 and a
density of 1,500 persons or more per square
mile; (4) counties in States other than the New
England States, New Jersey, and Pennsylvania
that had no incorporated municipalities within
their boundaries and had a density of 1,500
persons or more per square mile; and (5)
unincorporated places of 2,500 inhabitants or



more not included in any urban fringe. The
remaining population was classified as rural.

Urban areas are further classified by popula-
tion size for places within urbanized areas and
other urban places outside urbanized areas.

Grade in school.—The grade that the child
attended at the time of the interview was used
here and later verified against school records.
The grade of those children on summer vacation
was considered to be the grade that they would
enter when school resumed.

Education of parent or guardian.—This was
recorded as the highest grade completed in
school. The only grades counted were those
attended in a regular school where persons were
given formal education in graded public or
private schools, whether day or night school,
and whether attendance was full or part time. A
“regular’ school is one that advances a person
toward an elementary or high school diploma, or
a college, university, or professional school
degree. Education in vocational, trade, or busi-
ness schools outside the regular school system
was not counted in determining the highest
grade of school completed.

Family income.—The income recorded was

the total income of the past 12 months received
by the head of the household and all other
household members related to the head by
blood, marriage, or adoption. This income was
the gross cash income (excluding pay in kind)
except in the case of a family with their own
farm or business, in which case net income was
recorded.

Parent.—A parent was the natural parent or,
in the case of adoption, the legal parent of the
child.

Guardian.—A guardian was responsible for the
care and supervision of the child. He or she did
not have to be the legal guardian to be consid-
ered the guardian for this survey. A guardianship
could only exist when the parent(s) of the child
did not reside within the sample household.

Head of household.—Only one person in each
household was designated as the “head.” He or
she was the person who was regarded as the
“head” by the members of the household. In
most cases, the head was the chief breadwinner
of the family, although this was not always true.
In some cases, the head was the parent of the
chief earner or the only adult member of the
household.

(ONORE)
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APPENDIX 1l
RELIABILITY OF ASSESSMENTS

To provide the basis for determining the level
of reliability of the bone-specific skeletal age
assessments made by the six medical students at
Case Western Reserve University from hand-
wrist radiographs of the 6- to 1l-year-old chil-
dren examined in the Health Examination Sur-
vey of 1963-65, a randomly selected sample of 1
in 24 films was reassessed by the same reader
and approximately 1 in 24 independently ran-
domly selected films was reassessed by another,
as described previously. All six readers, before
starting these final assessments, had been trained
by Dr. Pyle in the Greulich-Pyle method using
the HES Standard to the point that their ratings
were in close agreement with hers. In all, 297
self-replicate assessments and 288 cross-replicate
assessments were obtained. Thus, each reader
made approximately the same number of self-
_and cross-replicate assessments.

All six readers maintained a high level of
consistency in their own assessments throughout
all 40 stands of examinations in the Survey. The
mean difference in self-replicate assessments for
all six readers combined was 0.8 month for all
31 bones and just slightly less—0.7 month—if the
bones that are late to ossify (the pisiform,
adductor sesamoid, and flexor sesamoid) are
excluded. Considering data from all 31 bones,
the mean difference per reader between his
original and self-replicate assessment ranges from
0.0 to 1.4 months (combining data for the two
sexes). For the 28 bones that ossify relatively
early, the mean differences ranged from 0.0 to
1.5 months among the six readers (table III).

A consistently high level of agreement in
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bone-specific skeletal age assessments was also
maintained among the 6 readers but the level
was, as expected, somewhat lower than that for
the individual readers with themselves. On all 31
hand-wrist bones, the mean cross-replicate dif-
ferences between the original and the replicate
assessment by another reader was 0.0 months. It
ranged between +1.4 and +3.6 months for three
of the readers and —1.2 to —3.3 for the other
three readers. When only the 28 centers that
ossify relatively early are considered, the overall
mean difference was nearly identical to that for
all 31 bones (table IV).

A further independent test of the validity and
reliability of the skeletal age assessments in this
study was made on a randomly selected group of
50 hand-wrist radiographs among the 11l-year-
old boys in the national study. These 50 films
were reassessed independently by an assessor at
Fels Research Institute who was proficient in
the use of the Greulich-Pyle method but had not
been trained by Dr. Pyle. The assessor at Fels
Institute . was not told the age or sex of the
children nor did she have access to the previous
skeletal age assessments. Her mean skeletal age
(band-wrist) for the 50 radiographs was 0.7
month lower than the original assessment for
them in the national study. Her mean bone-
specific skeletal ages ranged from 3.6 months
greater on the scaphoid to 2.9 months less on
the ulna than the original assessments (table V).

The aspects considered include consistency
within observers (intraobserver differences),
comparability between observers (interobserver
differences), and differences resulting from vari-



Table 111, Mean difference in cross- and self-replicate assessments of bone-specific skeletal ages from hand-wrist radiographs of examinees
of chronological ages 6-11 years (at last birthday), by reader: Health Examination Survey, 1963-65

Setf-replicate . Cross-replicate Type
Assessor . . of
Range in mean Average mean Range in mean Average mean replication
differences difference differences difference P
31 bones | 28 bones' | 31 bones | 28 bones! 31 bones | 28bones’ | 31 bones | 28 bones! Cross Self
Number of
Both sexes Months of skeletal age bones assessed
Assessor 1... | 0.0-1.8 0.0-1.8 0.0 00] o0.7107 0.7-10.7 36 3.7 724 758
Assessor 2, . . 0.0-7.0 0.0-2.5 0.3 03] 0.04-105 ) 0.04-7.5 2.9 29) 1,771 | 1,694
Assessor 3... 0.1-3.0 0.1-2.1 0.7 0.7 | 0.03-5.6 0.03-5.6 —2.2 -22| 2,130 | 1,869
Assassor 4. . . 0.1-2.4 0.1-24 0.6 0.6 0.1-13.1 -0.1-7.7 -1.2 -1.3 970 936
Assessor 5. . . 0.1-4.7 0.1-4.7 0.7 0.7 0.1-7.0 0.1-6.3 -3.3 -3.2|] 1395 | 1,293
Assessor 6. . . 0.6-3.6 0.6-3.6 1.4 1.5 0.2-5.1 0.2-5.1 14 1.56] 1415 | 1,597
Boys
Assessor 1... 0.1-1.8 0.1-1.8 0.2 0.2 0.6-10.7 0.6-10.7 3.8 3.9 360 384
Assessor 2, . . 0.0-7.0 0.0-2.5 0.3 0.1 ] 0.03-7.5 0.03-7.5 28 26 932 869
Assassor 3. . . 0.1-3.0 0.1-2.1 1.3 0.7 0.3-5.5 0.3-5.56 -2.5 -251 1,063 889
Assessor 4, . . 0.0-2.1 0.0-2.1 0.4 08 0.1-6.7 0.1-6.7 -1.0 ~14 461 477
Assessor 5, . . 0.1-4.7 0.1-4.7 1.0 0.9 0.1-6.5 0.1-6.3 -3.6 ~3.0 502 710
Assaessor 6. . . 0.1-3.8 0.1-3.5 1.6 1.2 0.7-56.1 0.7-5.1 1.7 2.0 863 612
Girls
Assessor 1... 0.0-1.0 0.0-0.9 0.0 0.0 0.2-55 0.2-5.5 3.3 3.5 364 374
Assessor 2. .. | 0.03-1.7 0.03-1.7 0.3 04 0.6-10.5 0.6-5.5 2.9 33 839 825
Assessor 3. . . 0.1-1.6 0.1-1.6 0.8 0.6 0.3-5.6 0.3-5.6 —2.0 —201 1,067 980
Assassor 4, . . 0.1-2.4 0.1-2.4 0.8 0.4 1.6-13.1 1.6-7.7 -1.4 -1.2 509 459
Assessor 5. . . 0.1-2.7 0.1-2.7 0.5 0.6 0.2-7.0 0.2-5.6 -3.9 3.9 893 583
Assassor 6. . . 0.6-3.6 0.6-3.6 0.8 1.7 1.0-3.8 1.0-3.8 1.2 1.1 552 985

! Excluding the pisiform and adductor and flexor sesamoids.

ations in the way the Greulich-Pyle Atlas has
been used. This review is restricted to reports
based on samples of at least 10 radiographs and
to the chronological age range 6-11 years.

While it is impossible to determine the true
maturity level of the bones visualized in a
radiograph, the reliability of assessments should
be defined both within and between observers.
As stated by Greulich and Pyle6 :

Though the ability to duplicate assessments with a good
degree of consistency must be possessed by a competent
assessor, it alone is not enough. It is even more important
that the assessments be made correctly, that is, that they be
made according to the method recommended by the partic-
ular radiographic atlas on which they purport to be based.

Unfortunately, the suggestion by Moore! 70 that
sets of duplicate radiographs that have been
assessed by recognized experts be available to
those who wish to measure their level of
comparability has not been implemented.

Area Skeletal Ages

It is not easy to compare reported findings
because workers have analyzed their data in
different ways. For intraobserver differences,
95.percent confidence limits of 7.2 months! 71
and mean differences ranging from 1.2 to 6.6
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Table 1V. Mean differences in cross- and self-replicate assessments of bone-specific skeletal ages from hand-wrist radiographs of exam-
inees of chronological ages 6-11 years (at last birthday), by bone: Health Examination Survey, 1963-65

Self-replicate Cross-replicate
Hand-wrist bone |
Total|| Boys | Girls| Total || Boys | Girls
Months of skeletal age
Raditus . . o v ittt it it it e e e e e e e 0.8 04 0.9 0.0 0.1 0.0
U8 oottt et et e e e e e e e 03| 02 03 0.0 0.0 0.1
(02T o T - 1 £ 0.2 0.5 0.2 0.0 0.0 0.1
HamMate o o v v o e s o e et e et e et e e e et e 0.4 0.3 0.5 0.1 0.0 0.2
L 51510131 S 1.2 16 0.6 0.0 0.0 0.1
Ty - - 0.1 0.0 0.2 0.5 0.6 04
BT 0T o) 1 1o 1o 0.2 0.2 0.2 0.1 0.0 0.2
LT = L4 17 ¢ 1 0.3 0.2 0.3 0.3 0.5 0.2
Trapezoid . v v v v v e e e s e e e e e e e e e e 0.4 05| D4 0.0 0.1 0.0
Metacarpal | o v v v et et e e e e e e a e et e e 0.9 1.0] 09 0.0 0.0 0.1
Metacarpal 11, . . . . . it it et e e e e et e e e e e e 1.0 1.1 1.1 0.6 0.7 0.6
Metacarpal 1l . . . . . i i it i i e e e e e e e e, 0.6 0.7 0.7 0.0 1.0 0.1
Metacarpal IV . . o v ittt it et e ettt 0.7 08| 07 0.0 0.0 0.1
Metacarpal V. . . o 0 it i it i s e e e e e e 0.7 0.9 0.6 0.0 0.0 0.1
Proximal phalanX | . . . o ot v i it ettt i e s e s et n e 0.8 0.5 1.2 0.0 0.0 0.1
Proximal phatanx 1. . . . . o v i i i it e ittt i it i i e e e 0.3 0.2 0.4 0.0 0.0 0.1
Proximalphalanx 111 « . ¢ o o v v it ottt ettt e ettt s s e e 04 0.3 0.6 0.0 0.0 0.1
Proximal phalanx IV . . .« v vt it i i i e e e 0.8 09| 07 0.0 0.0 0.1
Proximal phalanX V. - v v o vt o it it i i e s e st et e 0.4 0.5 04 0.0 0.0 0.1
Middlephalanx 1] . . . . . i i i it it ittt s i e et et s et 0.6 0.8 0.5 0.0 0.0 0.1
Middlephalanx HI. . . .. i ittt e it ittt 0.5 07} 03 0.0 0.0 0.1
Middle phalanx 1V . . . ittt it et e i et e 0.5 07| 03 0.0 0.0 0.1
MiddlephalanX V . . . . . it i it e it bt ettt e e 0.9 1.0 0.8 0.0 0.1 0.0
Distal phalanX | . . . i v it it i et ettt et e e 0.2 0.5 0.2 0.0 0.0 0.1
Distal phalanX 11, . . . v i it i st ettt sttt e e se e et 0.4 0.5 0.3 0.0 0.1 0.0
Distal phalanx [Hl . . . . o0t i e e s e e e e e e 0.6 0.5 06 0.0 0.1 0.0
Distal phalanX 1V . . o o i it it i e e e et et e e e 0.7 0.9 0.6 0.0 0.1 0.0
Distal phalanX V. . . i i ittt it e et e et m e 0.5 07] 04 0.0 0.0 0.1
LT3 oo Yt 0.3 04 0.2 0.0 0.1 0.0
AddUCTOr SESAMIOIT + v v v v v v v v v et e e e e e e 0.5 02| 04 0.0 0.0 0.0
FleXorsesamoit . o v o v v v v i s i e ettt e e e e e 0.4 0.3 06 3.6 - 3.6

months have been reported8:172-175 jn addi-
tion to variable errors of 1.4 to 4.2
months.176,177 The median intraobserver dif-
ferences range from zero to 4 months.178-180 A
report of zero median differences seems surpris-
ing at first but it is possible because Moed and
his coworkers made overall assessments to the
nearest atlas standard. The reliability of the HES
data compare favorably with the preceding.
Todd’s 18 claim that interobserver differences
less than 6 months could be achieved readily
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appears justified. Reported mean interobserver
differences range from 1.3 to 4.2
months.8,181,182 Tn addition, a root mean
square of 6.2 months and confidence limits of
7.4 months have been reported.171,175 Re-
ported incidences of particular interobserver
differences indicate that the medians were less
than 3 months for the study by Hansman and
Maresh!83 and less than 6 months for the study
by Moed et all78 The mean_interobserver
differences among readers in the national sur-



Table V. Mean difference on 50 radiographs of 11-year-old
boys between original assessments at Case Western Reserve
University and reassessment at Fels Research Laboratory:
Health Examination Survey, 1963-65

Hand-wrist bone Mean difference
Skeletal age in months

Total ........c.00. .. I -0.7
Radius . ......0c0vvveun.n -0.1
L —-2.9
Capitate . .. v v v v v vt —2.8
Hamate . . . .............. —-1.6
Triquetral. . .. ... ........ +0.9
Lunate . ... v i vt +1.0
Scaphoid . . . ... ... . ... +3.6
Trapezium , . . v oo v v i h e +1.7
Trapezoid ... ... v v, +0.9
Metacarpat | . .. ........... +1.4
Metacarpal If. . . ... ........ +0.3
Metacarpal 11l . .. .......... +0.5
Metacarpal IV.. . ........... 0.0
Metacarpal V.. . . .. .. .. v v b —-0.3
Proximalp Janx | .......... -1.3
Proximal phalanx I} . . . .. ..... —2.6
Proximal phatanx 1} . ... ..... -1.2
Proximal phalanx IV ... ...... —-1.5
Proximal phatanx V.. . . . ... ... -1.5
Middle phalanx 1l . . .. ....... +0.9
Middie phalanx 11l. . .. ... .... -0.3
Middle phalanx 1V. . . . . ...... —1.7
Middle phalanx V . . . . . ... ... -0.7
Distalphalanx | . . ... ....... +1.2
Distal phalanx 11, . . . .. ...... —-1.6
Distal phalanx 11l . . ......... -1.9
Distal phatanx IV . . .. .. ..... —-1.6
Distal phalanx V. . .. ........ —-2.0
Pisiform. . . .............. —2.6
Adductor sesamoid . . .. ... ... —-0.5
Flexorsesamoid . . . ... ...... -

vey are toward the lower end of the sample
values reported by others.

Bone-Specific Skeletal Ages

Few have reported relevant data. The intra-
observer differences were almost all Iess than 3
months in the study of Sproul and Peritz.180
Moorel70 reported interobserver differences
that were less than 12 months in 94 percent of
bones.

Factors Influencing Replicability

There is no indication that the level of
replicability is related to the difference between
chronological and skeletal age.l 73,176 However,
the range of maturity between the bones of a
hand-wrist influences the replicability of overall
but not bone-specific assessments.8:173 The
quality of the radiographs (exposure, position-
ing) has no effect on replicability within the
range usual in research studies,® but unusually
poor radiographic quality does reduce replicabil-
ity.1 76 The method by which the Greulich-Pyle
Atlas is used has an effect. Maresh?3 reported a
technical error of 3.0 months between overall
assessments and those obtained as the means of
bone-specific skeletal ages. The direction of
these differences was not reported. Peritz and
Sproul’? considered assessment more difficult
in short or tall children and in the hamate and
second metacarpal than in other hand-wrist
bones. The latter statement has not been con-
firmed in the Health Examination Survey on
either self- or cross-replication data.
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