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SKELETAL MATURITY
OF YOUTHS 12-17 YEARS: RACIAL, GEOGRAPHIC AREA,
AND SOCIOECONOMIC DIFFERENTIALS

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

INTRODUCTION

This report presents national estimates of
the levels of hand-wrist skeletal maturity among
noninstitutionalized youths age 12-17 years in
the United States, by race, geographic area of
residence, and socioeconomic background, based
on findings from the Health Examination Survey
of 1966-1970. The previous report on these radi-
ographic findings among youths,! which was
limited to the sex differences in skeletal matu-
rity in relation to chronological age, contains a
more comprehensive description of the nature of
skeletal maturation among youths and of the
assessment method used in the survey.

Both the findings in these two reports on
skeletal maturity among youths age 12-17 years
and those from the corresponding reports among
children age 6-11 years2:3 are the first national
estimates of skeletal maturity levels made for
these age groups in this or any other country.
These studies provide estimates of known relia-
bility against which present assessments of chil-
dren and youths can be compared and possible
future changes in skeletal maturation rates, for
the country as a whole, can be judged.

The Health Examination Survey (HES) is
one of the major programs of the National Cen-
ter for Health Statistics (NCHS), authorized
under the National Health Survey Act of 1956
by the 84th Congress as a continuing Public

Health Service function in determining the
health status of the U.S. population.

Four types of survey programs are used to
carry out the intent of the National Health Sur-
vey.t The Health Interview Survey collects
information from samples of people by house-
hold interview and focuses primarily on the
impact of illness and disability within various
population groups. The programs in the Divi-
sions of Health Resources Utilization Statistics
and Health Manpower and Facilities Statistics
obtain health data as well as health resource and
utilization information through surveys of hospi-
tals, nursing homes, and other resident institu-
tions and the entire range of personnel in the
health occupations. The Health Examination
Survey, from which data in this report were
obtained, collects health data by direct physical
examinations, tests, and measurements per-
formed on samples of the population. The latter
program provides the best way of obtaining
actual diagnostic data on the prevalence of cer-
tain medically defined illnesses in the general
population. It is the only effective way to secure
information on unrecognized and undiagnosed
conditions and on many physical, physiological,
and psychological measures within the popula-
tion. Also it collects demographic and socioeco-
nomic data from the sample population under
study to which the examination findings may be
related.



The Health Examination Survey is organized
as a series of separate programs or cycles each of
which is limited to some specific segment of the
U.S. population and to specific aspects of
health. From data collected during the first
cycle, the prevalence of certain chronic diseases
and the distribution of various physical and
physiological measures were determined on a
cross-section of the defined adult population as
previously described.5:6

For the second examination survey program,
a probability sample representative of the nonin-
stitutionalized children age 6-11 years in the
United States was selected and examined in
1963-1965. The examination in this cross-sec-
tional study primarily assessed health factors
related to growth and development, as described
in a previous report.’

The third cycle, on which findings in this
report are based, was similar in design and pur-
pose to the preceding children’s program. For
this third survey, a probability sample represent-
ative of the noninstitutionalized youths age
12-17 years in the United States was selected for
examination. The examination in this cross-sec-
tional study primarily assessed health factors
related to growth and development, using
methods similar to those in the preceding chil-
dren’s study supplemented as previously de-
scribed for this older age group.!-8

Included were examinations given by a
pediatrician, assisted by a nurse, an examination
by a dentist, tests administered by a psycholo-
gist, and a variety of tests and measurements by
laboratory X-ray technicians.

Field collection operations for this youths’
cycle, which started in March 1966, were com-
pleted in March 1970. Of the 7,514 youths
selected in the sample, 6,768 youths, or 90 per-
cent, were examined. The response rate was
higher among Negro youths (96.6 percent) than
among white youths (89.1 percent) and lower
among white girls, particularly at 17 years of
chronological age, than among white boys,
Negro boys, or Negro girls. The extent to which
these differential response rates will affect the
precision of the national estimate for white and
Negro youths is discussed in greater detail in
appendix I. This national sample is representa-
tive, and the examined group closely representa-
tive, of the 22.7 million noninstitutionalized

youths age 12-17 years in the United States with
respect to age, sex, race, geographic region, pop-
ulation size of place of residence, and rate of
change in population size of place of residence
from 1950 to 1960. The sample design for the
youths’ survey used the same sampling areas and
housing units as the preceding survey among
children. As a result, nearly one-third of the
youths in the present study had also been ex-
amined in the children’s survey.

The examinations were conducted consecu-
tively in 40 different locations throughout the
United States. During the single visit, each youth
was given a standardized examination by the
team in the mobile units specially designed for
use in the survey. Prior to this examination,
demographic and socioeconomic data on house-
hold members as well as medical history, behav-
ioral, and related data on the youths to be
examined were obtained from their parents.
Ancillary data were requested from the schools
attended by the youths, including their grade
placement, school behavior, adjustment, and
health problems known to their teachers. An
additional Health Habits and History form was
completed by the youth before he or she arrived
for the examination, and a Health Behavior form
was completed by the examinee while in the
examining center. Birth certificates of the
youths were obtained for verification of age and
for information related to their condition at
birth.

The same methods and measure of skeletal
maturation were used in the examination sur-
veys among children and youths. In planning for
both survey programs, the advice of clinicians
and directors of long-term studies of skeletal
development had been obtained about possible
uses of skeletal maturity levels and methods of
assessing skeletal age from radiographs. The
directors of growth studies conducted independ-
ently from 1929 to 1962 at the Brush Founda-
tion in Cleveland, Ohio, and the Department of
Maternal and Child Health at Harvard University
in Boston, Massachusetts—Drs. William Walter
Greulich and Harold C. Stuart—recommended
that Dr. 8. Idell Pyle prepare a single standard
from their radiographic series specifically for use
in the Health Examination Survey. The 1964
Manual—the preliminary edition of 4 Radio-
graphic Standard of Reference for the Growing



Hand and Wrist? —was prepared for this purpose
by Drs. Pyle and Greulich. This will be referred
to in this report as the “HES Standard.”

The general concept of skeletal maturity, the
methodology by which radiographs were taken
and later assessed, and the quality control meas-
ures used have been described in detail and dis-
cussed in the first reports on skeletal maturity of
children 6-11 years? and youths 12-17 years.!

A brief description of the sample design,
quality control methods, and reliability of the
data, as well as the population and sampling
crror estimation procedures used in reporting
the findings of this study, is contained in appen-
dix I. Definitions of the demographic terms used
in this report are included in appendix II, and an
evaluation of the reliability of the assessments is
shown in appendix III.

EXAMINATION METHOD

At cach of the preselected locations through-
out the United States used in this study, the
youths were brought to the centrally located
mobile examination center for a standardized
examination which lasted about 3-1/2 hours. Six
youths were examined in the morning and six in
the afternoon. When each youth entered the
examination center, an oral temperature was
taken and a screening for acute illness was made.
If such illness was detected, the youth was sent
home and reexamined later. All six proceeded to
designated but different stations for the start of
the examination after changing into gymna-
sium-type shorts, cotton sweat socks, a robe and
(for girls only) a light sleeveless topper. The
sequence of elements in the examination dif-
fered for each youth so that all six could be
examined simultaneously during the half day.
The time of each part of the examination was
recorded, but there is no reason to believe that
time of day or sequence of examination would
affect the composition or quality of the radio-
graphic data.

Field Radiography

Each youth was scheduled to have a 10" x
12" radiograph of the right hand and wrist for
which the positioning was in accordance with

specifications in the Greulich-Pyle Atlas.!®
Although some radiographs were made using
other film sizes when the 10" x 12" size was
scarce, this would not have influenced the find-
ings in the assessment method used. Technically
inadequate films could be repeated because they
were developed immediately in the field. Hence
each youth’s record contained a single radio-
graph showing the dorso-palmar view of his or
her entire hand-wrist with its full complement of
ossifying parts at the time of the examination.

As indicated previously, the decision to radi-
ograph the right hand-wrist rather than the left,
which is the more frequent anthropometric prac-
tice, 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 radiographs used in
the plates from the Greulich-Pyle Atlas and
those from other sources were reproduced in the
HES Standard, they were reversed photograph-
ically so they could be used in right-side assess-
ments. Previous reports on lateral differences in
skeletal maturity of the hand-wrist, either for
the area as a whole or bone by bone, have shown
that these are too small to be of practical impor-
tance.ll

Training of Assessors

The assessments of skeletal age from the
hand-wrist radiographs of youths age 12-17
years in the Health Examination Survey of
1966-1970 were made by nine medical students
at Case Western Reserve University. These
included five of the medical students who had
done the assessments in the 1963-1965 national
survey among children age 6-11 years. This work
was administered under a contract, with Dr. C.
Wesley Dupertuis as project director, for the
National Center for Health Statistics. Under the
direct supervision of Dr. Pyle, training of the
assessors and the implementation of related
quality control procedures were done in the
meticulous manner described previously.! When
the ratings and reliability for the new assessor
reached good agreement with those of Dr. Pyle—
the majority of differences within 4 months—
that new assessor started his assessment of the
survey radiographs. Reported evidence from



another study!? suggests that at the end of this
training procedure the interobserver and intraob-
server differences in skeletal maturity ratings
would be similar to those for experienced asses-
sors.

Assessment Procedure

As previously described,1»2 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 which have been
reversed so they appear to be of the right hand-
wrist as shown in the 1971 Radiographic Stand-
ard of Reference of Pyle et al.? The male skele-
tal age equivalent values shown in that standard
were those used for the assessment of radio-
graphs in both the national surveys among chil-
dren and youths, with some very slight modifica-
tion to smooth the skeletal age trend for a few
of the bones.

In making the assessments, the readers did
not have access to the chronological age, the sex,
or other information about the youth. Each
bone on the radiograph of the hand-wrist was
rated separately and interpolation was made
between standards to monthly intervals when
appropriate.

As a quality control measure and to permit
determination of the level of reliability of the
assessments throughout this study, independent
replicates were obtained on approximately 1 out
of each 11 films. One randomly selected radio-
graph in each 23 was rated independently by
another assessor for a measure of interobserver
variability, and one randomly selected radio-
graph among each 20 was rated independently a
second time by the same reader to give a meas-
ure of intraobserver variability. For the latter
set, the time lapse between the first assessment
and the reassessment was sufficiently long that
there was little likelihood of recall. There was
also no indication to the assessor that he was
making a reassessment. Information on the
degree of reliability of these assessments is given
in appendix III.

The order in which the bones were assessed
within each radiograph was as listed in table A.
This table also contains the minimum and maxi-
mum bone-specific skeletal ages allowed in the

Table A. Minimum and maximum acceptable skeletal ages in
months using the HES male standards: Health Examination
Survey, 1966-1970

2

Hand-wrist bone Minimum? | Maximum

Skeletal age in months

Radius 15 228
Ulna 70 215
Capitate.. --- 197
Hamate ... 197
Triquetral 17 197
Lunate . 35 197
Scaphoid 68 197
Trapezium 51 197
Trapezoid 68 197
Metacarpal | . 25 191
Metacarpal .....coommmieannnnneecssnsencens 17 215
Metacarpal [11 16 209
Metacarpal IV 17 209
Metacarpal V 24 215
Proximal phalanX | .....eceeeeeererecrrenns 33 215
Proximal phalanx 11-V ... 15 209
Middle phalanx [I-1V ..... 23 209
Middie phalanX V ....cccevereeecrveseanannes 39 209
Distal phalanX | .....cceiieicereeeiesseneanne 15 191
Distal phalanx I, V.... 39 191
Distal phalanx I11 ....... 22 191
Distal phalanX |V .ceeeeeereerecsecceeninnes 32 191
Pisiform - 110 197
Adductor sesamoid.......cceceececereasunnas 146 197
Flexor sesamoid ......eeeeereeniairenceneanens 158 197

IMinimum age (according to standard) of radio-opacity of
epiphysis or carpal.
One month below “adult” age.

male standard values for this study and in the
preceding one among children. The lower limit
for the bone-specific skeletal age was arbitrarily
set midway between the last standard in which
the particular bone was not radio-opaque and
the first in which it was radio-opaque. Excep-
tions were made for the three later-ossifying
bones: the pisiform and the adductor and flexor
sesamoids. For these bones the minimum values
allowed were 2 months above the last standard
in which the bones were not radio-opaque.

At the upper end of the range when epiphy-
seal fusion or maturation was complete for a
particular bone, only the designation ‘“adult”
and not a skeletal age in months could be
assigned. The median ages in months, from the
HES Standard, at which this occurs in boys were
used as the bone-specific skeletal age beyond



which only this designation ‘“adult” could be
applied. The maximum allowable values 1
month below this “adult” skeletal age are shown
in table A.

As expected within chronological age inter-
vals, the skeletal ages assigned to the girls were
more advanced than those assigned to the boys.
This occurs because, although boys and girls pass
through essentially the same skeletal maturity
stages, girls tend to mature more rapidly than
boys. Bone-specific 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 skele-
tal age values were obtained is described in detail
in Pyle et al.9 In summary, these ages were esti-
mated using three sets of serial radiographs of
normal U.S. girls. The modal radiograph (in
maturity) for each chronological age group in
cach set was assessed against the female stand-
ards in the Greulich-Pyle Atlasl® and against the
HES Standard (male). Later these sequential
female equivalent skeletal ages were smoothed.

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 that
were obtained by converting the data recorded
originally. 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 youth.

SKELETAL AGE
(HAND-WRIST) FINDINGS

The preceding report on the skeletal matura-
tion of youths age 12-17 years in the United
States! describes and analyzes the trend and
extent of variation in the timing and velocity of
this aspect of osseous development by age and
sex, without regard to racial or socioeconomic
classification. It includes a further analysis of
these trends across the entire age range 6-17
years for boys and girls in the United States, as
well as comparisons with findings from the pre-
vious more geographically limited studies in this
and other countries. The national estimates of

skeletal maturity among U.S. children and
youths are based on findings from the Health
Examination Surveys of 1963-1965 and
1966-1970 in which hand-wrist radiographs
obtained for the national probability samples of
examinees were assessed against the HES Stand-
ard for the hand-wrist using the Greulich-Pyle
method, as previously described.

In brief, among youths 12-17 years of age,
the mean skeletal age (hand-wrist) of boys in the
United States has been shown to increase consist-
ently with chronological age from 11.7 years
(140.2 months) for those 12 years of age at their
last birthday (mean chronological age 12.5 years
or 150 months) to 17.1 years (205.4 months) at
chronological age 17 years (mean chronological
age 17.5 years or 210 months). The yearly incre-
ment in skeletal age is at a maximum among
boys age 12-14 years and then decreases at ages
16 and 17 years to the same levels found among
boys age 6-11 years. When assessed against the
male standard, the mean skeletal age (hand-
wrist) of girls in the United States increases from
14.6 years (174.9 months) at chronological age
12 years to 17.6 years (211.3 and 211.5
months) at ages 16 and 17 years. During the
6-year time span the yearly increment in skeletal
age for girls is consistently less than that for
boys of comparable chronological age and stead-
ily decreases from a maximum at ages 12 and 13
years across the remainder of the age range as
proportionately more of the girls had reached
the point at which epiphyseal fusion in their
hand-wrists is completed—the upper limit of
skeletal maturation.

On transformation to female equivalent
values, which compensate for the more rapid
skeletal development of girls compared with
boys, the mean skeletal age (hand-wrist) of girls
in the United States increases with chronological
age from 11.9 years (142.9 months) at age 12
years to 15.5 years (185.6 and 186.0 months) at
chronological ages 16 and 17 years, respectively.

The mean lag of skeletal age (hand-wrist)
behind chronological age for boys drops from a
peak of 13.8 months at age 11 years (from the
1963-1965 national survey) to 9.8 months at age
12 years and continues to decrease to less than 1
month at 14 and 15 years before increasing
again to nearly 5 months at age 17 years. Among
girls, the lag of skeletal age (female equivalent



values) behind chronological age at 12 years (7.1
months) is slightly less than the maximum value
of 9.8 months at age 11 vyears (from the
1963-1965 national survey) and decreases
slightly to a minimum of 6.0 months at age 14
years. For girls from age 15 years on, the lag of
skeletal age behind chronological age becomes
progressively greater, reaching a maximum of 24
months at age 17 years. The reasons for these
somewhat inconsistent patterns among older
youths have been discussed in detail in a pre-
vious report.]

Race

White.—The mean skeletal age (hand-wrist)
of white boys in the United States increases with
chronological age from 11.7 years (140.4
months) for those 12 years of age at their last
birthday (mean chronological age 12.5 years or
150 months) to nearly 17.2 years (205.8

months) at chronological age 17 years (mean
chronological age 17.5 years or 210 months) as
shown in table 1. Among these white boys, the
yearly increment in mean skeletal age is at a
maximum of 16.9 months between chrono-
logical ages 13 and 14 years and then decreases
to 8.8 months between ages 16 and 17 years.

The mean lag of skeletal age (hand-wrist)
behind chronological age for U.S. white boys
drops from 9.6 months at age 12 years to 0.3
months at age 14 years. The mean skeletal age
exceeds the chronological age by 1.1 months at
age 15 but again lags 1.0 month behind the
chronological age at age 16 and lags by 4.2
months at age 17 years (figures 1 and 2).

Across the entire age range 6-17 years, mean
skeletal age of white boys increases consistently
with chronological age from 6.2 years (74.9
months) at age 6 years to nearly 17.2 years
(205.8 months) at age 17 years (table 1 and
reference 3). The yearly increment is maximal
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Figure 1. Mean difference in months between skeletal age (hand-wrist) and chronological age for white and Negro boys and white and
Negro girls age 6-17 years by chronological age in years: United States, 1963-1970
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Figure 2. Mean difference in months between skeletal age (hand-wrist) and chronological age for white boys and girls and Negro boys
and girls age 6-17 years by chronological age in years: United States, 1963-1970

(16.6, 16.4, and 16.9 months) from age 11 to 14
years and minimal (8.0 months) between 9 and
10 years of chronological age. The maximum lag
of mean skeletal age behind chronological age is
the 14.2 months difference at age 11 years
(from the 1963-1965 national survey).

As measured by the standard deviation, the
variability in skeletal maturity (hand-wrist)
among white boys decreased with chronological
age from maximum values of 17.17 months and
17.77 months at ages 12 and 13 to 10.97
months at age 17 years. The standard deviation
is substantially greater among boys age 12-15
years than among those younger (6-11 years) or
older (16 or 17 years). The relative variability
(i.e., 100 times standard deviation divided by
the mean) among white boys decreases during
ages 6-10 years (from 15.3 to 9.0), is slightly
greater again at ages 11-13 years (10.5, 12.2,
11.3), and decreases steadily from age 14 years
to 18 years (from 8.5 to 5.3).

Among white girls in the United States, the
mean skeletal age (hand-wrist), assessed against
the male standards, increases from 14.5 years
(174.3 months) at age 12 years to 17.6 years
(211.7 months) at age 17 years. Across the
entire age span 6-17 years in the two national
surveys, the mean skeletal ages (male standard)
for white girls increase from 7.5 years (89.7
months) at age 6 to 17.6 years (211.7 months)
at age 17. The yearly increment in mean skeletal
age for white girls in the youth age range is at a
maximum of 12.2 months between ages 12 and
13 years and decreases to the minimum of 0.2
month at age 17. In the earlier survey of chil-
dren, the largest annual increment was 19.2
months for the interval 10-11 years. The mean
skeletal age (male standard) of white girls is
about 2 years in advance of their chronological
ages at 12, 13, and 14 years (24.3, 24.5, and
23.9 months, respectively). This advancement
decreases to a minimum of 1.7 months at 17



years. The means of the girls (male standard) are
consistently in advance of chronological age for
the entire 6-17-year range by values that are
maximal (about 24 months) at ages 12-14 years
and minimal at age 17 years.

The variability of skeletal age (hand-wrist),
as measured by the standard deviation, is greater
among younger white girls of 12 and 13 years
(14 and 13 months) than among those 14-17
years, where the standard deviations are 9 to 10
months. The variability, relative to the mean,
decreases from a maximum at age 12 and levels
off from ages 15-17 years. The variability in
skeletal age for white girls, when considered
across the entire age span 6-17 years, is greatest
at age 10 (s, = 17.28 months) and least from 14
years on (9-10 months). When considered in
relation to the size of the mean, the relative vari-
ability is greatest at age 6, somewhat higher at
7-10 years, and then declines to minimum values
at ages 15-17 years.

When conversion is made to the female
equivalent values for white girls in the youth age
range, the mean skeletal ages increase from 11.9
years (142.3 months) at 12 years to 15.5 years
(186.0 months) at age 17. The yearly increment
in these mean values is slightly greater at ages 12
and 13 years (12.5 and 13.1 months) than at
other ages and later decreases to the minimum
(0.2 month) at age 17.

The lag of mean skeletal age (hand-wrist)
behind chronological age, in terms of the female
equivalent values, for white girls decreases very
slightly from 12 years (7.7-month lag) to 14
years (6.1 months) then steadily increases to a
maximum at age 17 (24.0 months).

From the two national studies, during the
age span 6-17 years (reference 1-3 and table 1),
the mean skeletal age (hand-wrist, female equiva-
lent values) for white girls increases from 6.4
years (76.7 months) at age 6 years to 15.5 years
(186.0 months) at chronological age 17 years.
The yearly increment in these values is maximal
(14.2 months) between ages 11 and 12 years and
nearly as great between 13 and 14 years, then
from 14-16 years decreases to levels that do not
differ significantly from those in the younger,
6-11-year, age groups. The lag of skeletal age
(hand-wrist, female equivalent values) behind
chronological age for white girls, which increases
from 1.3 months at age 6 to 9.9 months at age

11, becomes slightly smaller at ages 12-14 (lags
of 7.7, 7.2, and 6.1 months) and then increases
to the maximum value of 24 months at age 17
years (figures 1 and 2).

White girls consistently are more advanced in
skeletal maturity than white boys across the
entire 6-17-year age range when both are
assessed against the single male standard. How-
ever, when the female equivalent values for girls
are used in this comparison (figure 2), the mean
values for younger white girls generally tend to
exceed those for white boys up to age 12 years,
although these mean differences are negligible at
ages 7-9 years. From 13 years on, the mean
skeletal ages for white girls are significantly
lower than those for white boys; these mean dif-
ferences increase steadily with chronological age
from 2.0 months at age 13 years to 19.8 months
at age 17 years. This disparity is due, in part, to
the fact that there are progressively fewer girls in
the older age groups whose hand-wrist bones are
still maturing; hence these comparisons are made
between the majority of boys and only the later
maturing girls, as discussed in a previous report.!

Negro.—Among Negro boys in the United
States, the mean skeletal age (hand-wrist) values
increase steadily from 11.6 years (138.7
months) at age 12 to 16.9 years (202.4 months)
at age 17 years. Across the age range 6-17 years
in the two national surveys (references 1-3 and
table 1), mean skeletal age (hand-wrist) for
Negro boys increases from 6.6 years (79.0
months) at age 6 years to 16.9 years (202.4
months) at age 17 years. The yearly increment is
maximal (21.9 months) between ages 12 and 13
years and minimal (9.0 months) between ages 14
and 15 years. When considered over the entire
age range of the two surveys combined, the
yearly increment is maximal (21.9 months)
between ages 12 and 13 years and minimal
between 8 and 10 years (5.5 and 5.9 months).
The mean lag of skeletal behind chronological
age for Negro boys is greatest (11.3 months) at
age 12, decreases to only 1 month at 13-14
years, and then consistently increases to 7.6
months at age 17.

Skeletal maturity (hand-wrist) of Negro boys
is more variable at age 13 years (s, = 19.69
months) and least variable at 17 years (standard
deviation of 11.37 months). The variability rela-
tive to the mean for Negro boys shows a similar



pattern of change but decreases more consist-
ently with chronological age from 13 to 17 years
than does the standard deviation.

For the age span of the children’s and
youths’ surveys combined, variability, as deter-
mined by the standard deviation, is greatest at
age 13 and least at ages 8-10 years (10.11,
10.58, and 10.27 months). However, relative
variability is greatest among the Negro boys 7
and 6 years old and least among the oldest age
group (17 years).

For Negro girls age 12-17 years, mean skele-
tal age (hand-wrist, male standard) increases
from 14.9 years (178.4 months) at chronological
age 12 years to 17.5 years (210.5 months) at
chronological age 17 years. Across the 6-17-year
age span from the two national surveys, the
mean skeletal age (hand-wrist, male standard)
for Negro girls increases consistently from 7.7
years (91.9 months) at chronological age 6 years
to 17.5 years (210.5 months) at age 17 years.
The mean skeletal ages (hand-wrist, male stand-
ard) for these Negro girls are consistently in
advance of their chronological ages across the
6-17-year span by amounts that increase consist-
cntly from a minimum of 9 months among
8-year-olds to values in excess of 24 months at
12-14 years. Later this advancement decreases to
less than 1 month at age 17 years.

The yearly increment for Negro girls is great-
est at ages 12-15 years (9-11 months) and then
decreases to less than 1 month (0.3 month)
between chronological ages 16 and 17 years. The
maximum yearly increase, for the total span
6-17 years, is between ages 9 and 11 years (16.3
and 16.1 months), and the minimum is among
the oldest Negro girls (0.3 month between 16
and 17 years).

The variability and the relative variability in
skeletal age (hand-wrist, male standard) among
Negro girs is largest at age 12 and least at 15
years in the survey of youths. When the data
from both surveys are considered, the standard
deviation is greatest at ages 9-12 years (18.33,
17.65, 17.28, 16.72 months) and least at ages 15
and 16 years (8.35 and 9.36 months, respec-
tively) for Negro girls.

On conversion to female equivalent values,
the mean skeletal age (hand-wrist) of Negro girls
in the youth age range increases from 12.2 years
(146.4 months) at age 12 to 15.4 years (184.5

months) at age 17 years. The yearly increment
in these mean values is largest between 13 and
14 years (12.6 months) and later decreases to
less than 1 month (0.3 month) between ages 16
and 17 years. The lag of mean skeletal age
(hand-wrist, female equivalent values) behind
chronological age for Negro girls is 6 months or
less from 12 to 15 years and later increases to
exceed 25 months at age 17.

Across the age span 6-17 from the two
national surveys, the mean skeletal age (hand-
wrist, female equivalent values) for Negro girls
increases from 6.6 years (78.9 months) at age 6
to 15.4 years (184.5 months) at age 17 years.
The yearly increase is greatest between ages 11
and 12 years (17.6 months) and slows to a negli-
gible amount (0.3 month) between ages 16 and
17 years. Only at age 6 years does the mean
skeletal age exceed the chronological age for
Negro girls, and then by less than 1 month.
From 7 to 17 years, these female equivalent
values lag behind chronological age. As seen in
figure 2, the lag increases from 7 to 11 years,
and decreases to less than 6 months at ages
12-14 years, after which it increases to the maxi-
mum of more than 25 months at age 17.

When both Negro girls and boys are assessed
against the male standards, the girls are consist-
ently more advanced in skeletal maturity than
the boys are across the entire age range 6-17
years. This is similar to the findings among white
children and youths. When comparison is made
with the female equivalent skeletal ages of girls,
the mean skeletal ages for Negro boys consist-
ently exceed those for Negro girls from age 13
to 17 years, which is consistent with the findings
among white youths. Only for the two oldest
groups (16 and 17 years) are the mean differ-
ences large enough to exceed the 95-percent
confidence limit for the national estimates (sta-
tistically significant at the b5-percent level).
Among the younger age groups, 6-12 years, the
mean skeletal ages for Negro girls slightly exceed
those for Negro boys except at 6 and 8 years.

White-Negro.—White boys age 6-11 years are,
on the average, generally slightly less mature
skeletally than Negro boys. However, the pat-
tern is reversed at age 12-17 years, when the
mean skeletal ages of white boys generally tend
to exceed those for Negro boys in the United
States (figures 1 and 3). Only at ages 10 and 13
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Figure 3. Difference between actual and expected mean skeletal
age (hand-wrist) for white and Negro boys and girls 6-17
years of chronological age: United States, 1963-1970

years do exceptions to the above trends occur.
By contrast, white girls are slightly but consist-
ently less mature skeletally than Negro girls, 6
through 15 years except at 8 years where the
mean values are identical. Only among 16- and
17-year-old girls is this pattern reversed, and the
differences are slight at these older ages.

These white-Negro differences can be com-
pared with the corresponding differences for
height and weight of U.S. children and youths
from these national surveys.!3 Negro boys were
slightly taller at 7-9 years and white boys were
slightly taller from 9 to approximately 12 years;
Negro girls were consistently taller than white
girls were from 7 to 14 years, after which the
white girls were consistently taller. The mean
weights of Negro boys were less than those of
white boys at all ages except 13 to 14 years; the
mean weights of Negro girls were greater than
those of white girls at 11 to 15 years. It is also
relevant to note that the Health Examination
Survey data yield estimates of median age at
menarche of 12.80 years in white girls and 12.52
years in Negro girls1# since age at menarche is
known to be associated closely with the rate of
skeletal maturation.!5

There is no significant or consistent pattern
of racial differences in variability of skeletal
maturity among either boys or girls across the
age span 6-17 years (figure 4). However, Negro

10

boys and girls tended to be slightly more vari-
able in skeletal maturity than white boys and
girls.

Comparisons with other studies in the
United States.—Some previously reported skele-
tal maturity data for white children in the
United States are shown graphically in figures
5-8. These data have been adjusted to a common
Greulich-Pyle zero line to facilitate comparison.
This is necessary because there are only quasi-
units of skeletal maturity. The data relate to
modal skeletal ages within chronological age
groups, that is, those above the zero line are
advanced (modal skeletal age exceeds mean
chronological age) and those below the zero line
are retarded in comparison with the Greulich-
Pyle standards. The Greulich-Pyle standards!®
were derived from a selected group of white
Cleveland youths of upper socioeconomic status
who were born between 1917 and 1942 and
were radiographed close to birthdays and half-
birthdays. By a painstaking method in which
radiographs were arrayed in order of maturity,
within sex- and age-specific groups, one radio-
graph was selected as the standard for each
chronological age group because it was con-
sidered most representative of the central tend-
ency of the skeletal maturity level for the group.
This selection was made from 100 radiographs
for each sex at each age.

The mixed longitudinal data of Floryl6
were obtained from white Chicago youths of
above average socioeconomic status who were
born between 1904 and 1917. Flory had avail-
able 100 radiographs for each sex at each age; all
these radiographs had been taken within 2 weeks
of a birthday. From these he selected the radio-
graphs he considered best represented the cen-
tral tendencies of his groups. These selected radi-
ographs are about 1 year retarded in maturity in
comparison with the corresponding Greulich-
Pyle standards (figures 1 and 3). Simmons!7
reported data from white Cleveland youths,
most of whom were included among those
studied by Greulich and Pyle.19 These youths
were radiographed near each birthday. The sam-
ple size varied from 68 to 198 for each year of
age in each sex. Simmons excluded some girls at
older ages who had surpassed the upper limits of
the standards. Consequently, the means for girls
at ages beyond 14 years have not been included
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Figure 4. Relative variability in skeletal age (hand-wrist} among white and Negro boys and girls age 6-17 years by chronological age in
years: United States, 1963-1970
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Figure 5, Differences between skeletal and chronological ages of
boys 12-17 years in studies of Flory {1936}, Simmons
{(1944),17 and Todd (1937).18

in figure 3 because the proportion excluded is
unknown. The means reported by Simmons,
after adjustment for the use of Todd standards,
were within 0.5 year (skeletal age) of the Greu-
lich-Pyle standards at most ages.

In 1937 Todd!8 published standards derived
from a group of white Cleveland youths of all
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Figure 6. Differences between skeletal and chronological ages of
boys 12-17 vyears in studies of Fry (1966),2} Maresh
{1970),22 Johnston (1962),19 Greulich and Pyle {1959),10
and U.S. youths {1966-1970)

socioeconomic levels. These youths were born
between 1915 and 1936 and radiographed near
each birthday and half-birthday. The standard
plates were chosen to represent the central tend-
encies for skeletal maturity level within age- and
sex-specific groups. The sample size within each
group varied from 42 to 161. The standards of
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Figure 7. Differences between skeletal and chronological ages of
girls 12-17 years in studies of Flory (1936),16 Simmons
{(1944),17and Todd (1937)18

Todd were about 0.5 year lower than those of
Greulich and Pyle at 12-14 years; the differences
were much smaller at later ages. It is tempting to
ascribe the differences between the skeletal
maturity levels reported by Todd,!8 Sim-
mons,! 7 and Greulich and Pylel? to variations
in socioeconomic status among the groups of
youths studied by these workers. This leaves
unexplained the relative lack of differences at
later ages. This may be due, in part, to the sys-
tematic exclusion of youths who were too
mature to be assessed.

Greulich and Pylel0 reported data from the
Harvard Growth Study. The group of white
Boston youths included was of middle socioeco-
nomic status, born between 1930 and 1939, and
examined near each birthday. The size of the
groups varied from 63 to 67 for each age in each
sex. The mean skeletal ages (Greulich-Pyle) were
very close to the mean chronological ages. John-
stonl? reported mixed longitudinal data from
middle-class Philadelphia white youths born
between 1937 and 1955. The major ethnic
strains in this group were Italian and British.20
These youths were radiographed at random
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Figure 8. Differences between skeletal and chronological ages of
girls 12-17 vears in studies of Fry (1966),21 Maresh
{(1970),22 Johnston (1962),12 Greulich and Pyle (1959),10
and U.S, youths (1966-1970)

chronological ages and the group size varied
from 23 to 50 for each annual interval in each
sex. All the mean skeletal ages for each sex were
about 0.5 year in advance of the Greulich-Pyle
standards.

Cross-sectional skeletal age data from some
white Nebraska youths of middle socioeconomic
level have been reported.2! These children were
born between 1952 and 1954 and were radio-
graphed at random ages. The group included 25
youths of each sex within each annual interval.
The means were below the Greulich-Pyle stand-
ards in the boys but not in the girls. In each sex
the differences between the mean levels reported
by Fry and those of the Greulich-Pyle standards
did not exceed 0.6 year. Maresh?? reported
mixed longitudinal data from a group of middle
class white Denver youths. These youths were
born between 1915 and 1955, but most of the
radiographs were taken after 1947 and close to
birthdays and half-birthdays. The group size




ranged from 21 to 43 for each 6-month interval
in each sex. The median skeletal ages for these
youths were between 0.5 and 1.0 year below the
Greulich-Pyle standards from 12 through 17
years. Data have been reported by Malina and
Johnston,?3 who used Todd assessments of
about 20 white Philadelphia youths of each sex
for each annual interval from 12 to 16 years.
After adjustment to a Greulich-Pyle baseline,
their data for boys show an advancement in
skeletal age of about 1 year except at 15-16
years, when the advancement is 1.6 years. The
girls, however, are retarded by about 0.5 year.

These previous studies of groups of white
U.S. youths indicate that sex differences in
mean levels were small. This does not mean that
girls did not mature more rapidly than boys but
that the differences between the mean skeletal
ages for the two sexes were slight when assess-
ments were made against sex-appropriate stand-
ards.

The present national survey data for white
boys, as noted earlier, are markedly below the
HES reference standards at 12, 13, and 17 years
but not at the intervening ages. These reference
standards® were derived from and closely match
those of the Greulich-Pyle Atlas.!0 The levels
and patterns of change across age for white boys
from the national survey are not in agreement
with those reported from earlier smaller groups
of U.S. white boys.10, 16-19, 21-23

The mean skeletal maturity levels of white
girls from the national survey (female equivalent
values) are best considered in two different age
periods (12-14 and 15-17 years). From 12 to 14
years the mean levels are about 0.5 year lower
than the Greulich-Pyle standards; these findings
are similar to those reported by Todd,!8 Fry,2!
and Maresh.22 However, at later ages (15-17
years), the mean female equivalent values for
white girls from the national survey fall mark-
edly behind the Greulich and Pyle standards
until the difference is about 18 months at 17
years. It must be emphasized that all the
national survey radiographs were assessed against
a single set of male standards. Consequently, the
present findings probably reflect both real dif-
ferences in level between white girls in the
national survey and the Greulich-Pyle standards
and systematic sampling bias in the sex-associ-

ated differences in skeletal maturity levels used
to transform the values assigned to the girls
against the male standards when obtaining
female equivalent values.

At 17 years (mean chronological age = 17.5
years) the mean skeletal age for white boys is
17.1 years and the corresponding mean skeletal
age for girls (female equivalent values) is 15.5
years. The latter value was obtained after trans-
forming the mean observed value of 17.6 years
which had been obtained using the male stand-
ards. The actual difference between the mean
values assigned to the boys and girls at 17 years,
when both were assessed against the male stand-
ards, was only 0.5 year. At younger ages the
actual sex difference on the male standards was
considerably larger; for example, at 12 years the
difference was 2.8 years. This decreasing actual
sex difference, at ages after 14 years, leads to
misleading female equivalent values because the
sex differences used to obtain the latter were
too large at these older ages. However, the errors
introduced by this transformation are systematic
and constant across all racial, socioeconomic,
and other groupings. This subject is discussed in
detail in an earlier report! and is considered in
the “Discussion” section of this report.

Practically no previous data are available
concerning the skeletal maturity status of groups
of white U.S. youths of more specific ancestry,
nor were such data recorded during the Health
Examination Survey. Todd2?4 reported insignifi-
cant differences in maturity status between 315
U.S. children and youths, both of whose parents
were born in Italy (usually southern Italy or
Sicily) and 201 children and youths, both of
whose parents were born in the United States,
most of whom were not of Italian ancestry.
These children and youths, who were age 5-13
years, were examined cross-sectionally. From
this study Todd concluded that the data showed
no evidence of race-linked differences although,
of course, there were few children in each age-
and sex-specific group. Furthermore, he did not
control for possible socioeconomic differences.

Comparison with foreign studies.—The avail-
able data have been collated concerning the
skeletal maturity levels of youths in countries
that have contributed substantially, by emigra-
tion, to the U.S. population. In order, these
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countries are Germany, Italy, Great Britain
(excluding Ireland), Ireland, Austria-Hungary,
Canada, and the U.S.S.R.25 Unfortunately, rele-
vant reports are available only for England and
Poland.

A major source of information concerning
skeletal maturity levels of British youths is the
differences between Greulich-Pyle and Tanner-
Whitehouse?6,27 assessments of the same radio-
graphs.21,28-30 These data are relevant irrespec-
tive of the specific groups studied. It is important
to note the Tanner-Whitehouse standardizing
sample consisted of cross-sectional and serial
radiographs of British youths, most of whom were
from Scotland. The number of subjects per year
for each sex in the Tanner-Whitehouse standard-
izing sample is about 150, but the sample did
not include youths over 16 years. This led to
problems at the upper end of the scale?7,28
which apparently have been remedied to some
extent by enlarging the standardizing sample,
redefining the criteria for grades, and eliminating
some grades. This revised system of Tanner and
Whitehouse is referred to as “TW-II.727

The reported findings summarized in table B
concern studies made using the original Tanner-
Whitehouse Method (TW-I). Problems in stand-

ardization and rating criteria at the upper end of

the TW-I scale are presumably responsible, in
large part, for the irregularity of the findings,
especially in older girls.

All the reported comparisons show lower
mean values for Greulich-Pyle skeletal ages than
for Tanner-Whitehouse skeletal ages in boys. In
girls the data are less regular. In the older girls
studied by Fry?! and by Andersen,?8 Greulich-
Pyle skeletal ages tended to be higher than the
corresponding Tanner-Whitehouse values. Theo-
retically, these variations could be due to differ-
ences between the two in the methods of
weighting the bone-specific skeletal ages (or
scores). It has been shown, however, that this is
not an important factor.29 There is no doubt
that the reported differences almost entirely
reflect variations between the standardizing sam-
ples used by Greulich and Pylel 0 and by Tanner
et al.26 To a lesser extent, they may be due to
systematic bias in assessment. Consequently, the
differences in table B can be interpreted as
showing the variations in skeletal maturity status
between the group of white youths in Cleveland
and several pooled groups in Britain. As men-
tioned earlier, inferences from these data con-
cerning the comparative rates of maturation of
youths in the United States and several pooled
groups in the United Kingdom (U.K.) can be no

Table B. Mean differences in skeletal age (years) between Greulich-Pyle and Tanner-Whitehouse assessments (GP - TW) of the same
radiographs

—

. Fry, Andersen, | Roche etal., | Ciark,
Chronological age and sex 106621 196828 197129 197430
Boys Mean difference
12,0 YEEIS cuvvrrriinsssrsmsnsissssiesiasiesssssresissassismssissssssssnssssesarsotasessstsessassssmsssssassssassesesennes -09 -0.3 -05 ~1.0
13.0 YOS cevrerrrevrsreesssecsenisnisssnssaresnessssasnsessresnnens -0.7 -0.7 -0.4 -.-
14.0 years -0.4 ~0.7 -0.1 ...
15.0 years --- -0.4 ... .-
TB.0 VEAIS cevueeerrrecrsrsrressensserecssrsasesenssssntoressases b sosnassoersratns seeronss dsensnsenssessssnsssassnsosssssnes --- -0.5 --- “.-
T7.0 YRAIS wueeveviersissnrresiorssersisonntascsssssnsasssssntsssesnsatesnssssssbessss nrasosssssasecsossnasesssssssasssnssnns .- -0.4 .- .-
irls

12.0 years 0.0 -0.5 ~0.7 ---
13.0 years ... +1.1 0.0 -0.5 ---
14.0 years +0.5 +0.2 -0.5 ..
15.0 years - +1.1 --- ---
16.0 years --- +1.7 .- ---
17.0 years

NOTE: Fry—Nebraska, white youths; Andersen—Danish youths in Copenhagen; Roche et al.—Australian youths of British ances-

try; Clark—Saskatchewan youths.
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more than tentative because neither the Greu-
lich-Pyle nor the Tanner-Whitehouse scale is
based on a representative national sample.

When the levels of skeletal maturity in U.S.
and U.K. youths are compared by considering
the reports of investigators who applied both the
Greulich-Pyle and Tanner-Whitehouse methods
to the same youths, the groups studied are irrele-
vant except in regard to sample size, which will,
of course, affect the reliability of the estimates.
Fry21 studied 25 youths of each sex at each
annual interval; this study has been described
earlier. The group studied by Andersen28
included about 50 Copenhagen youths of each
sex at each annual interval. Mixed longitudinal
data from 23-51 Australian youths at each year
of age have been reported by Roche and his
coworkers.?9 Clark30 assessed 12 youths at 12
years. All the means reported by Andersen indi-
cate slight retardation (0.2 to 0.7 year) of the
British standardizing group in comparison with
Greulich-Pyle standards, except in girls at 14-16
years (0.2 to 1.7 years advanced). The differ-
ences reported by others?1:28-30 are similar for
boys. However, Fry?! and Andersen,?® unlike
Roche et al.,2? found the Greulich-Pyle skeletal
ages were more advanced than those of Tanner-
Whitehouse in girls age 14 years or older. In gen-
eral, these studies indicate that the standardizing
sample of boys of Tanner et al.27 was about 0.5
year behind the Greulich-Pyle standardizing sam-
ple in mean skeletal maturity level, but the dif-
ferences among these reports preclude any gen-
eralization for girls. Paradoxically, when a group
is given a higher mean rating on the Tanner-
Whitehouse scale than on the Greulich-Pyle
scale, this shows that the standardizing group
used to construct the Tanner-Whitehouse scale
matured more slowly than the group used to
construct the Greulich-Pyle scale.

Further evidence concerning the skeletal
maturity levels of British children is available
from the mixed longitudinal data of Roche31
obtained from essentially the same group of
Australian children of British ancestry as that
studied by Roche et al.29 The size of this group
ranged from 42 to 51 for each sex at each year
of age. The mean Greulich-Pyle skeletal ages in
these Australian youths were very close to the
mean chronological ages, within 0.2 year. This

suggests that youths of British ancestry born and
living in Australia mature slightly more rapidly
than British youths living in Great Britain.

Kopczynska®2 reported cross-sectional data
from about 6,000 Polish youths age 12 to 16
years living in Warsaw. The mean skeletal ages
(Greulich-Pyle) tended to be less than the mean
chronological ages, especially in the boys.

Other comparisons.—The literature allows
only tenuous comparisons between reported
skeletal maturity levels of groups of white and
Negro youths in the United States. Todd2%
using cross-sectional radiographs of 149 Negro
children and youths (age range not reported)
tentatively concluded there were no modal dif-
ferences in skeletal maturity level between
Negro and white boys but that Negro girls
tended to be more advanced than white girls.

Malina33-36 and Malina et al.3® made Tan-
ner-Whitehouse assessments of some middle to
upper-middle socioeconomic class white youths
(N = 35) and some lower socioeconomic class
Negro youths (N = 168) in Philadelphia, age 12
to 14 years. Both groups of youths were slightly
in advance of the Tanner-Whitehouse standards
except at 12 years in girls, when the difference
was very small. The differences between the
means for the two groups (white and Negro)
were small, but the Negroes were slightly more
advanced (0.1 year, boys; 0.4 year, girls) despite
the lower socioeconomic status of the Negro
groups. These findings suggest that, at the same
socioeconomic level, the skeletal maturity status
of Negro youths may be slightly in advance of
that of white youths.

Cross-sectional data have been reported from
189 rural Jamaican youths age 12 to 16 years
living about 15 miles north of Kingston.37 At all
ages, the mean Tanner-Whitehouse skeletal ages
were less than the mean chronological ages.
These differences tended to increase with age
becoming comparatively large in girls between
14 and 16 vyears (table C). These Jamaican
youths were retarded skeletally in comparison
with the Negro youths in Philadelphia studied
by Malina.33,34,36 Michaut-Barthod3® reported
Greulich-Pyle skeletal ages for Dakar youths of
Ovoloff ethnic origin. The group size ranged
from 18 to 60 for each sex within 6-month age
groups. These youths were markedly behind the
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Table C. Modal differences between skeletal age and chron-
ological age (S.A.— C.A. in years) in some Negro youths in
other countries

Chronological Marshall et al., | Michaud-Barthod,
age and sex 197037 197238
Boys Modal difference
11.5 years -0.2 ---
12.0 years ... -1.3
12.5 years ~-0.7 -1.3
13.0 years --- -14
13.5 years -0.7 -1.2
14.0 years --- -1.1
14.5 years -0.8 -1.2
15.0 years --- ~-1.1
15.5 years ~0.8 ---
Girls
11.5 YearSuumeressssrenserssnane -0.6 .-
12.0 years .- -1.7
12.5 years -0.4 -1.3
13.0 years --- -18
13.56 years -0.5 -14
14.0 years .- -1.6
14.5 years ~-1.1 -1.6
15.0 vears .. -1.8
15.5 years ~-1.7 ---

NOTE: Marshall et al.—rural Jamaican youths (Tanner-
Whitehouse Scale): Michaud-Barthod—Ovoloff youths in Dakar
(Greulich-Pyle Scale).

Greulich-Pyle standards. The mean differences
between the chronological and skeletal ages
ranged from 1.1 to 1.8 years, tending to be
greater in girls. When adjustments are made for
the differences in rating scales used, it becomes
clear that skeletal maturation was markedly
delayed in the Dakar youths compared with
those in Jamaica. But as noted earlier, skeletal
maturation was also delayed in the Jamaican
Negro youths compared with those in Philadel-
phia.

Cross-sectional data from 3,624 southern
Chinese youths in Hong Kong who were born
between 1944 and 1950 have been reported 39
(table D). Greulich-Pyle assessments showed a
marked tendency to skeletal retardation in these
Chinese boys at 12 and 13 years, but later the
mean differences between chronological and
skeletal ages were small. This tendency to lesser
delay in skeletal maturity in the boys as ado-
lescence proceeded may reflect genetic differ-
ences between the groups studied by Low et
al.39 and Greulich and Pyle!? in age-associated
rates of skeletal maturation. From 12 to 15
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Table D. Modal Greulich-Pyle skeletal age levels {S.A.~ C.A. in
years) in southern Chinese youths

Chronological age and sex L?geita%l"

Boys Modal skeletal age
12.0 years . -1.1
13.0 years.. -1.5
T4.0 YEAIS.creeeerserrrennererenererereanssssrsarunnansenes -0.2
15,0 YEAIS.coseeiressstveniosssranrsssraraessesersesssenes +0.2
16.0 years.... +0.7
17.0 Years...ccvceevevrversennenens +0.6

Girls
12.0 years +0.1
13.0 years +0.3
14.0 years.. +0.4
15.0 years +0.4
16.0 years +0.5
17.0 years . +0.1

years, however, it might also reflect the demon-
strated differences between the Greulich-Pyle
skeletal maturity levels and those present in the
national probability sample of U.S. white and
Negro boys. The Chinese girls studied by Low et
al.39 tended to be very slightly advanced skele-
tally in comparison with the Greulich-Pyle
standards at all ages from 12 through 17 years.
This is different from the findings of the present
survey of U.S. white and Negro girls who were
behind the Greulich-Pyle standards during the
same age range.

Greulich*0 reported cross-sectional data
from a ‘representative sample” of American
born youths of Japanese ancestry living in the
San Francisco area of Californja (table E). This
sample included 20 to 41 youths of each sex at
each annual interval who had been born between
1939 and 1944. The mean skeletal ages*! of
these Japanese-American youths were advanced
over their mean chronological ages for all age
groups in each sex. In the boys, these differences
were small except at 16 years, but in the girls
they were large from 13 through 16 years.
Sutow?2 reported cross-sectional data from
Japanese youths in Hiroshima who were born
between 1936 and 1941 and examined within 1
month of a birthday. These youths constituted
the normal control group when irradiation
effects were being studied in Hiroshima youths.
The group sizes varied from 56 to 107 for each

sex at each age. Standards were selected from



Table E. Modal skeletal age levels (S.A.- C.A. in years) of
American youths of Japanese ancestry and Japanese
youths in Japan42'

Chronological Greulifg, Sutov){é Sl'\TagIL:;:wavgd
age and sex 1957 1953 196843
Boys Modal skeletal age
12,0 YRArs wecvvirecneesisrecnnans +0.4 ~-1.0 ---
12.5 years ... .- .- -0.5
13.0 years ...... +0.6 ~0.6 ---
13.6 years ...... .- --- 0.0
14,0 years .. +0.6 ~12 .-
14,5 years .. .- --- 0.0
16.0 years ...... +0.5 -1.0 ---
15.6 years ...... .-- .- 0.0
16.0 years ...... +1.2 -15 ---
16.5 years ...... - .- +0.5
17.0 YEArs veeercvnertenennenes +0.5 -1.0 ---
Girls
12,0 YRArS svvssrcsssnssnensnenees +0.6 -1.2 ---
12.5 years ...... .- .- -0.5
13.0 years ...... +1.4 -2.0 ---
13.5 years ...... .- .- 0.0
14.0 years ...... +1.0 -15 .-
14,5 years ...... .-- “-- -0.5
16.0 years ...... +1.0 -15 .-
16,5 years ...... --- .- -05
16.0 vears ....oeeeenens +1.1 -15 ---
16.5 years ..eeeeeeeren .- .- -056
17.0 years .. +0.6 -2.0 ..
17.5 YEars cviveveeresecrcnnnes --- .-- -0.5

these radiographs by a procedure similar to that
used by Greulich and Pyle*# and these standards
were assessed against the Greulich-Pyle Atlas by
Sutow.42 These assessments show that, by com-
parison with the Greulich-Pyle standards, the
modal levels of skeletal maturity were low in
these youths, particularly in the girls, in whom
the mean retardation exceeded 1 year at each
annual age interval.

These data of Greulich and Sutow show
marked differences between the skeletal matur-
ity levels of American youths of Japanese ances-
try and Japanese youths in Japan, with the for-
mer being the more advanced. It must be
stressed that these data were derived from
youths born between 1936 and 1944; the cur-
rent differences may be smaller.

That such a secular change has, in fact,
occurred is shown by recent findings. The skele-
tal maturity standards of Sugiura and Naka-
zawa?3 indicate that Japanese youths living in
Nagoya have median skeletal ages that are now

very close to the Greulich-Pyle standards. Simi-
larly, Ashizawa*5 reported Tanner-Whitehouse
skeletal ages for Japanese youths living in
Tokyo. The means for the boys were about 1
year in advance of the Tanner-Whitehouse stand-
ards, but the corresponding differences for the
girls were very small. If transformed to a Greu-
lich-Pyle!l0 baseline, this would imply that the
boys were about 0.5 year in advance of the
Greulich-Pyle standards and that the girls were
about 0.5 year behind them. Kimura*®6 reported
mean Tanner-Whitehouse skeletal ages for 137
Japanese youths age 12-17 years. These were
about 0.5 year in advance of the mean chrono-
logical ages in each sex, implying that the mean
levels would have been close to those of the
Greulich-Pyle standards.

As suggested by Greulich,40 it is reasonable
to conclude that the differences between the
skeletal maturity levels of youths of Japanese
ancestry in California and those living in Japan
in the 1950s are likely to be environmentally
determined although the possibility of selective
migration cannot be excluded. The more recent
findings of Sugiura and Nakazawa,%3 Ashi-
zawa,*5 and Kimura%6 suggest that these earlier
differences have been greatly reduced, if not
eliminated. This rapid change supports the view
that the differences reported earlier were largely
environmentally determined. They are also in
agreement with changes in rates of growth and
sexual maturation occurring in Japan in recent
decades that have been reported in other
studies.*7-49

One can infer, however, that genetic factors
are also involved in differences between mean
skeletal maturity levels of Japanese youths and
U.S. white youths from data provided by
Kimura.50,51 He reported that skeletal ages
were less advanced in a group of male Japanese
youths than in a group of hybrid Japanese-
American youths. The members of both groups
had been reared and cared for in the same Japan-
ese orphanage environment.

Variability of skeletal ages.—The standard
deviations of the various reported skeletal ages
for groups of U.S. white youths can be used as a
gauge of variability to compare earlier findings
with those in the national survey (table F).
There is considerable agreement among the
studies of white youths, although the groups
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Table F. Standard deviations (years) of skeletal age for United States youths

Age and sex Flor\{,6 Baylesyz, Johnst{)gn, Fryél Maling,:;;‘~ Maling,s’2 United States
1936 1962 1962 1966 1970 1970 White | Negro
Boys Standard deviation
12 years .. 1.0 09 0.7 14 1.1 1.2 1.4 1.3
13 years.. 0.8 09 0.9 1.5 --- 09 15 1.6
14 years ...... 1.1 1.0 1.0 0.9 --- - 1.2 1.4
15 VOIS eeverreiecsessstnesssssnnsssrssrsssssesssessassosnnassans 1.1 1.1 1.0 “-- --- --- 1.2 13
16 years 1.1 12 098 a-- “-- --- 1.1 14
17 years 1.1 1.2 1.1 --- ..- .- 09 09
Girls (female scale or equivalent)

T2 YBAIS ceuverererseesssenessarsssmerssssnsasncssssasissnerssansssss 1.1 1.1 1.1 14 09 1.1 1.0 1.1
13 years 141 1.2 1.2 1.2 —.- 1.1 09 08
14 years ........ 09 1.3 0.9 1.3 --- .-- 0.7 09
15 years ........ 08 1.1 1.2 ve- .-~ --- 0.7 0.6
16 VEAIS ceeverrressenenseenssasssossassssrsssanes 0.7 0.9 09 - --- .- 0.7 0.7
T7 YEATS cevnverersrerecraisensasssenseramnsssansssssaressassssnasnne 0.6 0.7 05 “-- .. --- 0.7 08

NOTE: Flory, Bayley, Johnston, Fry—~white youths; Malinal ~white Philadelphia youths; Malinaz—Negro Philadelphia youths.

studied differed in socioeconomic variability and
in their range of chronological ages. There is,
however, a slight tendency for the standard devi-
ations from the national survey to be larger than
those reported by others for boys 12-15 years; a
similar tendency is not present in the data for
irls.

’ At all ages, the national survey data for both
white and Negro youths indicate that skeletal
maturity levels are less variable, judged by the
standard deviations, in girls than boys. The
white-Negro differences in variability are negli-
gible (table F). Within the other reported
studies, a tendency to a similar sex difference
was present only at the older ages.16,19,52
These sex differences at the older ages may only
reflect the truncated distributions caused by
many girls reaching the maximum values that
can be assigned.

When the variability of skeletal ages is com-
pared between the white and Negro groups in
the national survey, in terms of the coefficient
of variation (figure 4), it is clear that Negro boys
tend to be considerably more variable than
white boys except at 12 years. The pattern of
differences between the white and Negro youths
is less consistent in the girls; the mean skeletal
ages are more variable in the white girls at 13,
15, and 16 years but less variable at 12, 14, and
17 years. This lack of a consistent pattern in the
findings for boys and girls in the coefficient of
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variation might reflect the comparatively small
samples of Negro youths. Long ago, Todd?#
considered, after analysis of data from a smaller
group, that skeletal maturity was more variable
in American Negroes than whites. The present
findings provide limited support for his view.
Reported standard deviations for the group
of Australian youths studied by Roche3! are
smaller than those for the national survey
youths; however, those reported by Low et al.3°
for Chinese girls are larger (table G). Much of
these differences could reflect variations
between these studies in the scheduling of exam-
inations. The Australian youths were seen very
close to birthdays and half-birthdays, the
Chinese children and the U.S. survey children
were examined at random chronological ages.
The latter procedure would have increased the
measures of variability. Furthermore, there was
a much wider range of socioeconomic status in
the group of Chinese youths than in the Austra-
lian youths and possibly even the national survey
youths. This also would tend to increase the
variability. The variability of skeletal ages in the
groups studied by Andersen?8 and Marshall and
his associates37 is similar to that found in the
national survey. As in the national survey, varia-
bility tended to be less in older girls in the
groups studied by Low and his coworkers3? and
Andersen.?8 The data of Marshall and his
associates37 show a tendency to less variability



Table G. Standard deviations {years) of skeletal age in groups of youths outside the United States

. Roche Andersen Low et al., | Marshall et al.,
Chronological age and sex 196731 196828 196439 197037
Boys Standard deviation
12,0 YEANS voicveciisineissanrsasnasesessersesasssnsssnssssnnerssssescassassasan 0.7 --- 1.3 .--
T2.5 YEAIS cvvenseniieniensanisnresisssniessrssssssisasesssassssaasssssassassasssssansss scnsasssssesssnan . .- 09 --- 12
T3.0 VEEAIS 1iviiriensirttiresonensississrsstrsersanesssessaerarsssenssonsssstasarsssensansssssstossnessssnsnsaossann 0.7 --- 15 ---
18,5 YBAIS wvivirenieiieisenine st in bt b R s e e e e e b - 08 --- 1.6
T4.0 YBAIS sirueerisaccerireeterneesssrastessssarsesssssssaneressassstossosuntsavessnnanssens --- .- 13 ---
14.5 years --- 1.0 --- 038
18.0 YRAIS cuveireiimreiiinnecieresteasstre st eesnseesceeesanesnaneassnseane 1.0 .-
15.5 Years wninecnnsennnee 1.1 .-- 141
16.0 years .- .- 1.4 .-
16.5 YRAIS coccvrrmieerenrreeeserecseersanaens 1.0 .-
17.0 years e - 1.6 -
17.5 years ... 1.0 --- .-
Girls
12,0 YBAI'S triiiissssetsssrnsissasssrstnessessarnesssaneteasssratessssssonsesssosssnns 08 .- 13 ---
12.5 years ... " --- 09 --- 0.7
3.0 VEAIS tireirisrncrnencstsnmmmrestncesssrasesssnsnnessnmorsenerssosassssssasssonnanassnn 08 --- 1.3 .-
13.5 years ierrssrserasirererniearrennes .n- 1.1 .- 05
4.0 YBAIS tieiiriiireerissennersermestanrsassenasssrssnssssasmesnasneetasasssasassasasssnse --- - 1.1 .-
14.5 years reentserestsaraentetatitaresenarseressarannevannnrtarareshretessanisesnaass --- 1.1 --- 0.6
1500 YVBAIS vrersrrerserstnssssirnsnsessssesssnessssensasonassassusssnsassesssssssssssssssnsssssssnsosasssasssansssanss 13
15.5 YEAIS vvaisariccervessesvasessnnnas --- 1.1 --- 0.6
16.0 years 10
16.5 YEars wuiieeninsnnesessimsassssarsesssnns --- 08 .- .-
17.0 years 08
17.5 YE&IS vcviscesserasnesarsans 0.7 .-

NOTE: Roche-—British youths in Australia; Andersen—Danish youths; Low et al.—Chinese youths; Marshall et al.—Negro youths in

Jamaica.

in Negro Jamaicans than in U.S. Negro youths.
This may reflect a relatively homogeneous and
low socioeconomic level in Jamaica.

Geographic Region

Analysis of the national survey data by geo-
graphic region shows that for all racial groups
combined, youths in the South are slightly more
advanced skeletally and those in the Midwest are
less advanced in this aspect of development, on
the average, than those in either the Northeast
or West Regions of the United States (table 2).
This regional differential is present among both
boys and girls over the total age span 12-17
years but is not consistent at the individual years
of chronological age and may be confounded by
unequal racial distributions (figure 9). It is
emphasized, however, that these regional differ-
ences are small. The total regional differences
for either sex do not exceed the 95-percent con-
fidence limits for such estimates from this study.

The four regions into which the United States
was arbitrarily divided for sampling and adminis-
trative reasons in this national survey are so large
geographically and so heterogeneous that any
real differences among smaller regions that may
exist in the skeletal maturity of youths within
this country would probably be masked.

Mean skeletal ages (hand-wrist) of boys age
12-17 years (mean chronological age of 15.0
years or 180 months) range from 14.7 years
(175.9 months) in the South to 14.5 years
(174.0 months) in the Midwest. However, for
girls (assessed against the male standards) the
values range from 16.5 years (197.5 months) in
the South to 16.3 years (196.0 months) in the
Midwest.

Among boys, the mean skeletal ages for
those in the South exceed those in the other
three regions of the country only at chronolog-
ical ages 12 and 16 years; at ages 12, 14, 15, and
16 years the mean skeletal ages of those in the
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Figure 9. Mean difference in months between skeletal age (hand-wrist) and chronological age for boys and girls age 6-17 years by region
and chronological age in years: United States, 1963-1970

Midwest are lower than elsewhere in the United
States.

For girls at chronological ages 15-17 years,
the mean skeletal ages of those in the South
exceed those in the other three regions; how-
ever, only at age 12 years are girls in the Mid-
west less skeletally mature, on the average, than
girls living elsewhere in this country.

If the age-specific mean skeletal ages for
boys in the four regions combined applied in
each individual region, boys in the South would
be expected to be the most skeletally mature
(on the basis of the chronological age distribu-
tion) and those in the Northeast, rather than the
Midwest, would be expected to be the least
skeletally mature, on the average. When the
expected skeletal ages (on the basis of chrono-
logical ages) are determined for girls, those in
the Midwest would be expected to be the least
skeletally mature, and those in the South and
West would be most advanced, on the average.
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The negligible difference between the actual and
expected mean values in each region indicates
that differences in the chronological age distri-
bution of boys or girls among the regions prob-
ably account for much of the actual but small
mean regional differences in skeletal maturity
among youths in the United States (figure 10).

The variability of skeletal maturity, as meas-
ured by the standard deviation (table 2) or inter-
quartile range (table 8), tends to decrease with
increasing chronological age among youths (boys
and girls) in each region.

The regional pattern of skeletal maturity
among youths age 12-17 years is more consistent
and different from that found among children
age 6-11 years in the preceding national survey.3
Boys age 6-11 years in the Northeast are the
most skeletally mature and those in the South
the least advanced in this respect. Among girls
age 6-11 years, the mean values are highest in
the Midwest and lowest in the West, though, as
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Figure 10. Difference between actual and expected mean skel-
etal age (hand-wrist) for boys and girls 6-17 years of
chronological age by region: United States, 1963-1970

in the youth survey, all these mean values are
within the 95-percent confidence limit for such
estimates (not statistically significant).

When white youths only are considered,
boys age 12-17 years in the South are slightly
more advanced skeletally and those in the Mid-
west slightly less advanced in this respect, on the
average, than boys living elsewhere in the
Nation. Among girls age 12-17 years, those in
the South are also slightly more advanced and
girls in the Midwest slightly less mature skele-
tally than girls living elsewhere in the United
States (table 3 and figure 11). The mean values
for white boys age 12-17 years (mean chronolog-
ical age of 15.0 years or 180 months) range from

14.8 years (177.3 months) in the South in 14.5
years (174.2 months) in the Midwest and for
white girls from 16.5 years (197.5 months) in
the South to 16.3 years (195.9 months) in the
Midwest. All these values are for assessments
against the male standards.

The regional pattern for skeletal maturity
among Negro youths differs somewhat from that
among white youths. Negro boys age 12-17
years in the West tend to be more skeletally
mature and those in the South less skeletally
mature, on the average, than Negro boys living
in the other regions. Negro girls in the Midwest
are more skeletally mature and those in the West
less skeletally mature than Negro girls living else-
where in the Nation. The mean skeletal age
values for Negro boys age 12-17 years (mean
chronological age of 15.0 years or 180 months)
range from 14.6 years or 174.9 months for those
in the West to 14.3 years or 172.0 months for
those in the South; among Negro girls in the
same age range the values range from 16.5 years
or 197.8 months in the Midwest to 16.4 years or
196.2 months in the West.

Urban-Rural

There is no consistent pattern of urban-rural
differences in skeletal maturity among either
boys or girls in the youths’ age range in the
United States (table 4). This finding is similar to
that for children 6-11 years old in the previous
national survey.? Unlike the situation in some
other countries, this implies a relative lack of
differences between urban and rural areas of the
United States in the genetic and environmental
factors that influence the rate of skeletal matu-
ration and physical growth in general.54

The mean skeletal age (hand-wrist) for boys
age 12-17 years (mean chronological age of 15.0
years or 180 months) in either urban or rural
areas is 14.6 years or 174.9 months. For girls the
mean values (male standards) in both the urban
and rural areas are 16.4 years (196.6 months,
urban; 196.5 months, rural).

For both boys and girls in urban areas, the
mean values are slightly higher for those living in
the largest (3 million or more) urbanized areas.
For those living in rural areas, there are no con-
sistent differences dependent on whether they
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Figure 11, Difference between actual and expected mean skeletal age (hand-wrist) for white and Negro boys and girls 6-17 years of
chronological age by region: United States, 1963-1970

live on farms or dependent on the size of the
nonfarm community in which they live.

Family Income

There is no consistent relationship between
the skeletal maturity levels of youths age 12-17
years in the United States and the size of their
family income (table 5 and figure 12). However,
those from the higher income levels of $10,000
and over per year appear to have slightly, but
not significantly, higher mean values than those
with lesser incomes.

Among boys age 12-17 years (mean chrono-
logical age 15.0 years or 180 months), the mean
skeletal age (hand-wrist) for those with annual
family incomes of $10,000 and over is 14.6
years or 175.5 months compared with 14.5
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years (174.5 and 174.6 months) in the two
broad income groups below $10,000
($5,000-8$9,999; under $5,000). If only those in
extremes of the income distribution are con-
sidered, the mean skeletal age (hand-wrist) of
boys in families with $15,000 or more annual
income is nearly identical with that for the
entire group with $10,000 and over income
(175.8 months compared with 175.5 months),
while among those with annual family income of
less than $3,000 the mean skeletal age is slightly
higher than for all those in the bracket under
$5,000 (175.6 months compared with 174.5
months). The difference (all ages combined)
between those with annual family incomes
greater than $15,000 (175.8 months) and those
with annual family incomes less than $3,000
(175.6 months) is trivial.
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Figure 12. Mean difference in months between skeletal age (hand-wrist) and chronological age for boys and girls age 6-17 years by
annual family income and chronological age in years: United States, 1963-1970

A nearly similar pattern of association exists
between family income and the skeletal matur-
ity of girls age 12-17 years (mean chronological
age 15.0 years or 180 months). The mean skele-
tal age is greatest among those with an annual
family income of $10,000 or more (16.5 years
or 198.1 months) and about the same (16.3
years) in the two broad lower income groups. At
the extremes of the income ranges, the mean
skeletal maturity level of those with a yearly
family income of $15,000 or more is 197.9
months or just slightly less than the mean of
198.1 months for all those with a yearly family
income of $10,000 or more. As for boys, at the
lowest income level ($3,000 a year or less) the
mean skeletal age of girls (male standard) is
197.0 months, which is slightly greater than for
all girls in families with annual incomes under
$5,000. Despite this lack of a clear-cut associa-
tion with income when all ages are combined, it
is clear that in the girls, but not the boys, those
with annual family incomes in excess of $15,000

were considerably more mature than those in
lower income groups at age 14-17 years.

When the effect of differences in the chrono-
logical age distribution among the various
income level groups is removed, boys age 12-17
years in the highest income level families
($10,000 a year and over) are slightly more
advanced skeletally than expected and those in
the lowest income level group (under $5,000)
are less advanced than expected in this respect;
the differences are slightly more marked than
among younger boys age 6-11 years, but not
large enough to possibly reflect more than the
effect of sampling variability (figure 13). The
pattern of deviation in skeletal maturity from
that expected among girls 12-17 years across
income differs somewhat from that shown for
boys and younger girls, but the differences again
are negligible.

Because of a possible confounding effect of
racial differences on the preceding analysis of
income-related variations, the national survey
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Figure 13. Difference between actual and expected mean skel-
etal age (hand-wrist) for boys and girls 6-17 years of
chronological age by annual family income: United States,
1963-1970

data have been considered separately for whites
and Negroes. Among white boys age 12-17 years
there is even less association between skeletal
maturity level and family income than that
noted for boys of all races combined (table 6).
The mean skeletal age values are identical for
those with $10,000 or more and those with
under $5,000 annual family income (175.4
months) and nearly identical (175.5 months)
with those in the family income bracket of
$15,000 and over. Furthermore, boys in the
lowest income level families, less than $3,000
reported annual income, have slightly higher
mean levels (176.4 months) than the others.
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White girls appear to show an association be-
tween skeletal maturity and family income simi-
lar to that for girls of all races combined—
slightly higher means for those in the upper
income levels.

Both Negro boys and girls age 12-17 years in
the higher income level families ($10,000 or
more per year) are slightly more advanced skele-
tally than those in families with income levels
below $5,000. Mean skeletal age for Negro boys
(mean chronological age 15.0 years or 180
months) in families with incomes of $10,000 or
more is 14.6 years or 175.8 months compared
with 14.4 years or 172.6 months for those in
families with incomes of under $5,000. For
Negro girls there is a large difference between
the mean skeletal ages (male standard values) for
those in families with $10,000 and over annual
income (17.2 years, 206.6 months) and the cor-
responding ages for those in the bracket under
$5,000 (16.4 years, 196.7 months). At the
extremes of family income considered, the mean
skeletal age for Negro boys was markedly higher
(15.6 years, 187.8 months) for those in families
with incomes of $15,000 or more than for the
entire group in families with incomes of $10,000
or more (14.6 years, 175.8 months). However,
the mean skeletal age was also slightly higher
among those with family incomes less than
$3,000 (14.5 years, 174.2 months) than for the
entire group with family incomes less than
$5,000 (14.4 vyears, 172.6 months). Among
Negro girls, the pattern of differences between
mean skeletal ages and family income were even
less consistent. To some extent, the inconsist-
encies in each sex might reflect the effect of
small samples sizes at the extremes of the distri-
bution of family incomes.

The mean skeletal ages of Negro boys were
slightly lower than those for white boys age
12-17 years in families with less than $10,000
annual income (less than $3,000;
$3,000-$5,000; $5,000-$9,999) but essentially
the same at income levels of $10,000 and over.
Although the difference is large for those with
family incomes exceeding $15,000, the Negro
sample is small, and consequently this estimate
is unreliable. Negro girls, in the age range 12-17
years, were slightly more mature skeletally than
white girls across all three broad income groups
(under $5,000; $5,000-$9,999; $10,000 and
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Figure 14. Difference between actual and expected mean skeletal age (hand-wrist) for white and Negro boys and girls 6-17 years of
chronological age by annual family income: United States, 1963-1970

over). The opposite was true in both of the
extreme groups (under $3,000 and $15,000 or
more), but the small sample sizes reduce the reli-
ability of these findings.

When the effect of differences in the chrono-
logical age distribution between the two largest
racial groups within income level groups is
removed, Negro boys 12-17 years of age are less
mature than expected skeletally and Negro girls
more mature than expected in this respect across
income levels, although the deviations from the
expected are not large enough to be statistically
significant (figure 14).

Parental Education

The association between skeletal maturity
and parental education among white and Negro
youths—both boys and girls—is even less clear
than that with family income (table 7). Those
youths whose first parent (the father if he was
still present in the household) had completed 13
years or more of formal schooling were very
slightly more advanced skeletally than those in

the same race-sex group with lesser parental edu-
cation. This differential was slightly more evi-
dent among boys than among girls. The differ-
ences noted are much too small to be statisti-
cally significant.

BONE-SPECIFIC SKELETAL
AGE FINDINGS

In the Greulich-Pyle method of assessment,
the skeletal maturity of the hand-wrist assigned
to an individual youth is based usually on the
average of the ages assigned those of the youth’s
31 hand-wrist bones that are radio-opaque but
not classified as adult. While some investigators
use the median and others assign an age to the
whole area without recording separate skeletal
ages, the common practice of using the average
has been followed in this report as in the pre-
vious ones.!-3 Although, in general, there is
good concordance among the bone-specific
skeletal ages for an individual, the differences
are real and may be important.
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The order of onset of ossification and the
rates of maturation of individual bones vary con-
siderably among individual children and youths.
It is probable that there are similar individual
differences in the order of epiphyseal fusion, but
few findings have been reported. As a result of
these variations, there are differences between
the skeletal ages assigned to individual bones in a
single radiograph. For youths in the age range of
concern in this study, 12-17 years, nearly all the
31 hand-wrist bones have become radio-opaque,
but their maturation is incomplete. There are
only 2 hand-wrist bones in which the onset of
ossification is normally delayed until age 12
years or later—these are the adductor and flexor
sesamoids in boys and the flexor sesamoids in
girls.

Several factors may be responsible for the
differences that occur commonly among the
skeletal ages assigned to individual bones within
a single hand-wrist radiograph. The selection of
standards by Greulich and Pylel® may have
been imperfect. That is, bones each assigned the
same skeletal age in a standard might, in fact,
individually differ in actual skeletal age. This
would not explain the largely random nature of
the variations noted. Errors occur during the
assessment of radiographs. These might be sys-
tematic; for example, an assessor or group of
assessors might systematically assess a particular
bone higher than the real level. The variations
due to the assessors might, of course, be ran-
dom, in which case, when the direction of the
errors are taken into account they would bal-
ance each other when group data are considered,
but they could cause or increase the variation
among bone-specific skeletal ages in a single radi-
ograph. Reported data indicate that the compar-
ability and replicability of bone-specific skeletal
ages are lower for the carpals than for the other
hand-wrist bones.53:56 This could increase the
variability of the skeletal ages recorded for these
bones.

Differences in skeletal maturity levels among
the bones of a single hand-wrist might result
from variability within individuals that is ran-
dom in a population. Thus it is possible that
while the population means for all bones could
be at the same level of maturity in children of a
particular age, there could still be variations in
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level within individual children. Alternatively,
when differences are noted among the skeletal
ages assigned to a radiograph, they could reflect
real genetically or environmentally determined
population differences. That is, a particular bone
or group of bones may systematically be less
mature or more mature than the other hand-
wrist bones in a defined population.

Race

For each of the 31 hand-wrist bones the
mean skeletal age of white boys exceeds that for
Negro boys age 12-17 years in the United States.
The racial differences in the mean values are,
almost without exception, small enough to be
within the 95-percent confidence limits for esti-
mates in this study. This pattern of white boys
being more skeletally mature than Negro boys
for each bone is generally consistent at each
single year of age, except at age 13 years where
30 of the 31 bones (all but the capitate) are
more skeletally mature in Negro than in white
boys. Minor exceptions at other individual ages
are detailed in table 9—the pisiform at age 17,
the adductor sesamoid at ages 12 and 17, the
flexor sesamoid at ages 14 and 17, and middle
phalanx IV at age 17.

In contrast to the findings among boys
divided on the basis of race, Negro girls of 12-17
years generally are more advanced skeletally for
each individual bone than are white girls. Mean
skeletal ages for Negro girls slightly exceed those
for white girls age 12-17 years in 25 of the 31
hand-wrist bones, the exceptions being the capi-
tate, trapezoid, metacarpal V, pisiform, and dis-
tal phalanges IV and V. Across the age range in
the present study the pattern of racial differ-
ences in bone-specific skeletal maturity among
girls is nearly as consistent as that in boys, but
the reverse in direction, and the exception
among girls occurs at age 14 years. At each year
of chronological age except 14 years, the mean
skeletal age for 20 or more of the 31 bones in
Negro girls exceeds that in white girls. At age 14
years, white girls are more advanced skeletally
than Negro girls are for 27 of the 31 hand-wrist
bones.

Previous studies.—There are few reports with
which the present findings can be compared. In



the national survey of children (Cycle II),3 it
was shown that, within a sex, there are statisti-
cally significant differences between whites and
Negroes (Negroes more mature) in the skeletal
ages assigned to the radius, ulna, carpals, and
metacarpals in each sex, and to distal phalanges
III-V in boys. In the national survey data for age
12-17 years, the sex differences (female equiva-
lent ages for the girls) were small,! as they had
been during the 6-11-year period in the earlier
national survey.2

Malina and his group36:53 reported Tanner-
Whitehouse skeletal age scores for individual
bones in a group of white and Negro Philadel-
phia youths age 12 and 13 years. These bone-
specific scores cannot be converted to skeletal
ages, but they can be used to compare the
maturation levels in white and Negro youths of
the same sex. In the boys, most bones were
more mature in Negro than in white youths at
both 12 and 13 years, but the reverse was noted
for the scaphoid, trapezium, trapezoid, meta-
carpal I, proximal phalanx V, and distal pha-
langes III and V. Without exception, all the
hand-wrist bones tended to be more advanced in
Negro girls than in white girls at both 12 and 13
years. However, in each sex almost all the mean
differences between matching bone-specific
scores in these two racial groups were small.

Geographic Region

There is no consistent pattern of regional
differences in the levels of skeletal maturity
among the 31 hand-wrist bones (table 10).
Among boys the most frequent regional patterns
in mean bone-specific skeletal ages were either
slightly higher mean levels in the South and
lower levels in the Northeast than elsewhere (12
of the 31 bones) or slightly higher levels in the
West and lower levels in the Midwest than else-
where (8 of the 31 bones). For girls the two
more frequent patterns were slightly higher
mean values for those in the Northeast and
lower values in the West than elsewhere (14 of
the 31 bones); and slightly higher mean values in
the Northeast and lower in the Midwest than
elsewhere (9 of the 31 bones). Within bones,
there is no consistency between the sexes in
these small regional differences.

Family Income

There is a clear lack of any strong relation-
ship between skeletal age (hand-wrist) of youths
and family income in the levels of skeletal
maturity for the 31 individual bones (table 11).
Among boys age 12-17 years, the highest mean
skeletal ages for 20 of the 31 bones were among
those boys in the highest annual income level
families ($10,000 or more). However, the lowest
mean values for these bones were as nearly com-
mon among boys in the lowest annual income
bracket of under $5,000 (12 bones) as among
the middle income group of $5,000-$9,999 (17
bones).

Similarly, among girls age 12-17 years, the
highest mean values for 27 of the 31 hand-wrist
bones were found among those in the bracket of
$10,000 and over but the lowest mean skeletal
ages were much more likely to occur among girls
in the middle income group (21 of the 31 bones)
than in the lower income level (5 of the 31
bones).

Range of Bone-Specific
Skeletal Ages

Commonly, and indeed almost universally,
there are differences among the maturity levels
of the hand-wrist bones within a single radio-
graph.57 If this were not the case the range
would, of course, be equal to zero. While it has
been claimed that these ranges are greater in
children who are skeletally retarded,?® curiously
there have been few studies of the ranges and,
until recently,!»2 reference data were not avail-
able.

It has been claimed8-59 that a wide range
of bone-specific skeletal ages within a hand-wrist
reduces the reliability of assessments. This does
occur when overall assessments are made, but
there has been some doubt as to whether this
factor still operates when bone-specific assess-
ments are made.0 This variation among skeletal
ages of hand-wrist bones gives rise to problems
of interpretation. Using the atlas method of
Greulich and Pyle, the same mean skeletal age
may be assigned to two hand-wrist radiographs,
although in one the carpals may be more mature
than the other bones are and in the second radi-
ograph the carpals may be less mature than the
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other bones are. In fact, there is always uncer-
tainty about the skeletal age equivalents of all
radiographs in which unusual patterns of skeletal
maturity levels are present due to the lack of
adequate standardizing samples with the same
patterns.61

Many earlier workers have claimed that ill-
ness or malnutrition has differential effects on
the ages of onset of ossification or rates of later
maturation among individual bones.10,62-70 If
this were established, and if there were no
“‘catchup” maturation, the range of bone-
specific skeletal ages within a hand-wrist radio-
graph would be a sensitive indicator of past envi-
ronmental effects.

Findings from the present national survey
with respect to the consistency and variability of
the range of bone-specific skeletal ages, within
individual radiographs, have been analyzed
across racial, regional, and family income level
subgroups among youths in the United States of
chronological age 12-17 years. As do the com-
parable findings among U.S. children age 6-11
years from the preceding national survey,® these
provide reference data that can be used to assess
the possible effects of such factors as illness or
malnutrition on skeletal maturation. Medians
and quartile points in the distributions of the
range of bone-specific skeletal ages within indi-
vidual hand-wrists by race, geographic region,
and family income are included in tables 12-14.

Race.—Among white youths age 12-17 years,
the median range in these bone-specific skeletal
ages decreases with advancing chronological age
somewhat more rapidly in girls than boys (table
12). The median values for boys exceed those
for girls at each chronological age. Toward the
end of the range, this would be expected,
because girls characteristically reach adult levels
earlier than do boys and as a consequence there
would be fewer bones in the girls to which skele-
tal ages could be assigned. For white boys the
median range decreases from 15.9 months at age
12 years to 4.9 months at age 17 years; while for
white girls the decrease is from 14.4 months at
age 12 years to 1.7 months at age 17 years.
Although the median values are higher for the
boys, the variability in these skeletal age ranges,
as measured by the difference between the 25th
and 75th percentiles in their distributions, is
generally less among white boys than among
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white girls. Exceptions occur at age 12, where
the values are nearly identical (8.1 months for
white boys and 8.0 months for white girls) and
at age 16, where values for white girls are the
less variable (11.2 months for white boys and
9.6 months for white girls). The younger white
boys age 12-15 years show less variability (P, -
Py 5 of 8-9 months) than the older white boys of
16 and 17 years (P;5 - Pyz of about 11
months); among white girls the variability
increases from a minimum at age 12 (P; 5 ~ Py
of 8 months) to a maximum at age 15 years
(P75 - P25 of 15.4 months).

As among white youths, the median ranges
of bone-specific skeletal ages within individual
hand-wrists for Negro youths decrease with
advancing chronological age and somewhat more
rapidly in Negro girls than boys. The median
values for Negro boys exceed those for Negro
girls throughout the age range 12-17 years. For
Negro boys the median range of bone-specific
skeletal ages within the hand-wrist decreases
from 15.0 months at age 12 years to 8.4 months
at age 17 years; among Negro girls the decrease
is from medians of about 12 months at 12 and
13 years (11.6 months and 12.5 months, respec-
tively) to 2.7 months at age 17 years. The varia-
bility in these skeletal age ranges, as measured
by the difference between the 25th and 75th
percentile in their distributions, is less among
Negro boys than among girls at age 12-16 years
and is somewhat less among younger (age 12-15
years) than among older (age 16-17 years) Negro
boys. The pattern of variability across chrono-
logical age among Negro girls is slightly less con-
sistent than that for Negro boys.

There is no consistent racial difference
between white and Negro youths in these ranges
of skeletal maturity. Median ranges for white
and Negro boys differ by only negligible
amounts (1 month or less except at age 17
years) across the age range and not consistently
in one direction; among girls the median values
for white girls at ages 12-15 years are slightly
greater than those for Negro girls. When variabil-
ity is judged from the difference between 75th
and 25th percentiles, both white and Negro boys
at ages 12-15 years are less variable in skeletal
maturity than their older counterparts; the pat-
tern of variability is less consistent among both
white and Negro girls. There are no marked dif-



ferences in the variability of these ranges when
youths are separated on the basis of race within
a sex.

Geographic region.—No significant pattern
of geographical regional differences is evident in
the range of bone-specific skeletal ages within
the hand-wrists of youths in the United States
(table 13). Among boys, the geographic regional
median values in these ranges decrease consist-
ently with advancing chronological age from
15-16 months at age 12 years to 4-6 months at
age 17; among girls the medians decrease from
13-15 months at 12 years to 1-4 months at age
17 years. Although the differences between
regions are generally small, there is a slight tend-
ency for the median ranges to be larger in the
West for boys and in the Northeast for older
girls. Furthermore, there is a slight tendency for
the variability of these ranges in the girls to be
greater in the Northeast; but a similar tendency
is not apparent in the data for the boys.

Socioeconomic factors.—Possible socioeco-
nomic influences on the range of bone-specific
skeletal ages within individuals in the youths’
age range were analyzed in relation to family
income. There is no consistent pattern of

income-level differences in the ranges of bone-

specific skeletal ages for boys or girls age 12-17
years (table 14). Within each of three broad
income groups, there is a fairly consistent and
similar pattern of decrease in these ranges with
advancing age. Among boys, the decrease in the
median values is from 15-16 months at age 12
years to 4-7 months at age 17 years; among girls
the decrease is from 13-15 months at age 12 to
1-56 months at age 17 years. Among girls, but not
boys, the median ranges tend to be slightly
larger for those with family incomes of
$5,000-$9,999 per year than for the groups with
either larger or smaller incomes. This result
would be puzzling were it not that the differ-
ences between these income groups of girls in
their median ranges of bone-specific skeletal ages
were generally small.

ONSET OF OSSIFICATION FINDINGS

During the age range of youths, 12-17 years,
ossification usually begins in two hand-wrist

bones—the adductor and flexor sesamoids in
boys and the flexor sesamoid in girls.

Race

Among white boys in the United States, the
median age of onset of ossification in the adduc-
tor sesamoid is 12.4 years, somewhat earlier
than that for Negro boys (12.7 years). The
median age of onset for the flexor sesamoid is
more than a year later but shows about the same
racial difference, and in the same direction, 14.2
years in white boys and 14.5 years in Negro
boys (table 15). The median age of onset of ossi-
fication for the flexor sesamoid in girls is about
1 year earlier than in boys and is about the same
in white as Negro girls—13.0 years and 13.1
years, respectively.

Geographic Region

Across all four regions into which the United
States was divided for the purposes of this sur-
vey, the median age of onset of ossification for
the adductor sesamoid in boys is 12.5 years. For
the flexor sesamoid the median age of onset in
boys ranges from a low of 13.3 years in the
Midwest to 14.4 years in the South and West.
Among girls there is essentially no geographic
regional difference in the median age of onset of
ossification—13.1 years in the Northeast and
13.0 years in each of the other three regions.

Family Income

Among boys (table 15), the median age of
onset of ossification for the adductor sesamoid
is negligibly lower for those in the middle
income bracket of $5,000-$9,999 per year (12.4
years) than in either the lower or higher income
level groups (12.5 years for both those with less
than $5,000 and those with $10,000 or more
family incomes). The onset of ossification for
the flexor sesamoid is delayed in boys from the
family income group of under $5,000 per year
(14.4 years); it is about 1 year later than the
median age for the onset of ossification of this
bone in boys in the yearly income levels of
$5,000 or more. The median age of onset for the
flexor sesamoid in girls shows a consistent but
negligible association with family income. The
median age for those girls in families with less
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than $5,000 annual income is 13.1 years and is
12.9 years at the income level of $10,000 or
more per year.

Previous studies.—Reported modal ages for
the onset of ossification in the adductor sesa-
moid in United States boys and the flexor sesa-
moid in both boys and girls are included in table
H. The data in this table are based on two types
of modal ages: the median or mean age at onset
of ossification and the age when the center was
ossified in 50 percent of the youths. The latter
estimate was obtained after plotting the per-
cents, at successive chronological ages, on proba-
bility paper. The youths included in these sam-
ples were predominantly of northwestern Euro-
pean ancestry and of middle, or slightly above
middle, socioeconomic status.

The report of Harding’! was based on
mixed longitudinal data from white youths in
Boston born between 1930 and 1939 and ex-
amined near each birthday. The sample size
varied from 40 to 60 at each age in each sex.

The data of Greulich and Pyle!? and Pyle et
al.73 were obtained from serial radiographs, by
interpolation, on the thesis that onset of ossifi-
cation occurred between the age at which the
center was first visible radiographically and the
age at which the last radiograph was taken in
which the center was not visible radiograph-
ically. The interpolated ages were not necessarily
midway between the ages at which these two
annual radiographs were taken. However, it is
reasonable to assume that the recorded ages
were systematically 0.5 year earlier than would
have been recorded had these authors applied
the more familiar method of recording the age at

which the center was first observed. Conse-
quently, to make these findings more compar-
able, in methodology, with those reported by
others, 0.5 year has been added to each modal
age reported by Greulich and Pyle! 0 and Pyle et
al.7% before it was included in table H. Greulich
and Pylel® analyzed data from serial radio-
graphs of 100 boys and 100 girls in the Brush
Foundation study. These were white youths of
upper socioeconomic class living in Cleveland,
Ohio, who had been born between 1917 and
1930. Data from the serial study at the Depart-
ment of Maternal and Child Health at Harvard
University were reported by Pyle et al.”3 These
youths (16 boys, 14 girls with relevant data)
were white and middle-class socioeconomically,
and were living in or near Boston, Massachusetts,
having been born between 1930 and 1939. The
youths whose data were reported by Pyle et
al.73 were included also in the group studied by
Harding.”!

The data of Buehl and Pyle64 were obtained
from a subset of Brush Foundation youths (30
boys). It is not clear whether these authors inter-
polated ages at ossification in the manner of
Greulich and Pyle!® and Pyle et al.;73 conse-
quently the reported ages have not been ad-
justed.

Mixed longitudinal data derived from middle
socioeconomic class white youths in southwest-
ern Ohio who were bom between 1929 and
1960 were reported by Garn et al.’2 These
youths 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.

Table H. Modal ages (years) for onset of ossification in selected bones in U.S. white youths

United
Bone and sex Modal age from previous studies States,
1966-1970
Boys
Adductor sesamoid 12.164 | 12673 | 12771 [ 12872 | 13.210 128
Flexor sesamoid 13510 14.2
Girls
Adductor sesamoid........ 10554 | 10.772 | 10810 11073 | 11,274 10.7
Flexor sesamoid 11.010 13.0
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Hansman’# studied about 50 white boys
and b0 white girls of middle socioeconomic
status who were enrolled in the program of the
Child Research Council, Denver, Colorado.
These youths were born between 1915 and
1954.

There is very close agreement between the
ages reported by Pyle et al.,”3 Harding,”! and
Garn et al.72 for the onset of ossification of the
adductor sesamoid in boys. It is surprising, how-
ever, that both the earliest and the latest ages
have been reported from the Brush Founda-
tion.64,73 In part, this may be methodological.
As noted earlier, Buehl and Pyle may have inter-
polated, in which case 0.5 year should be added
to the ages reported by them. The median age
for white boys in the national survey is at about
the midpoint of the range of modal ages re-
ported by others. In both boys and girls, the
flexor sesamoid began to ossify just slightly later
in the national survey youths than in the group
of youths studied by Greulich and Pyle.l 0 These
authors have provided the only other set of data
on age of onset of ossification for the flexor
sesamoid of youths in the United States.

In reviewing data for youths of European
ancestry living outside the United States,
emphasis will be placed on those countries from
which large numbers of immigrants have come
to the United States. Joseph?5 reported data
concerning the onset of ossification in the
adductor sesamoid for English youths living in
London, but the sample size and the method of
reporting do not allow useful comparisons
between his conclusions and those of the present
national survey. Sempé?6 reported median ages
for the onset of ossification of the adductor ses-
amoid and flexor sesamoid in French youths (91
boys, 89 girls) generally of middle socioeco-
nomic status living in Paris (table J). These
youths were born in 1953 and radiographed
close to birthdays and half-birthdays. Rudzin-
ski? 7 reported modal ages for the onset of ossifi-
cation of the adductor and flexor sesamoids
based on mixed longitudinal data from 6-month
radiographs of 91 Polish boys in Warsaw. These
ages for youths in Paris or Warsaw are slightly
later than the estimates for U.S. white youths in
the present national survey (table J), with the
exception of the flexor sesamoid in girls. It is

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

Modal age
Bone and sex Sempé, | Rudzinski,
197076 | 197077
Boys
Adductor sesamoid 13.0 13.0
Flexor sesamoid - 14.0 135
Girls
Flexor sesamoid 12.0

NOTE: Sempé—French youths in Paris; Rudzinski—Polish
youths in Warsaw.

stressed, however, that all these differences are
small.

Comparisons can be made between reported
modal ages for the onset of ossification in some
hand-wrist centers in Negro youths living in the
United States and Negro youths living in Africa.
The differences are not easily interpreted be-
cause it is impossible to identify groups of Negro
youths in the United States or Africa that
belong to the same relatively homogeneous
genetic pool. The data considered for Negro
youths in Africa relate to the part of Africa
from which large numbers of slaves were trans-
ported to the United States,’®:79 but, almost
certainly, the present U.S. Negro population is
unrepresentative of the original slaves and the
slaves were unrepresentative of the African pop-
ulations from which they were taken.

Michaut-Barthod8? reported data from 628
radiographs of Ovoloff youths of low socioeco-
nomic status living in Dakar (Senegal). Most of
these youths were radiographed three times near
birthdays or half-birthdays. About 40 radio-
graphs were available for each sex at each
6-month interval. Although all the youths were
more than 11 years of age at the time of their
first radiograph, the data are useful for compara-
tive purposes. Masse and Hunt81 reported cross-
sectional data from children of Ovoloff ethnic
origin living in Dakar. The sample included 45 to
95 children of each sex in both age groups. The
data of Michaut-Barthod®? and Masse and
Hunt®! make it clear that the onset of ossifica-
tion tends to occur considerably earlier in U.S.
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Negro girls than in African Negro girls they
studied, but the corresponding differences are
smaller for boys.

Sutow#?2 reported data from normal Japa-
nese youths of all socioeconomic levels in Hiro-
shima. The sample size for each sex varied from
67 to 104 for each year of age. The ages at onset
of ossification that he reported (boys: pisiform
12.3 vyears, adductor sesamoid, 14.0; girls:
adductor sesamoid, 11.8 years) are considerably
later than those found in Cycles II? and III! of
the Health Examination Survey. As pointed out
earlier in this report, it is likely that the current
ages of onset of ossification in Japanese youths
are much closer to those of youths in the United
States.

EPIPHYSEAL FUSION

The national survey data were used to esti-
mate median ages at epiphyseal fusion by inter-
polating between prevalence data for annual age

groups. This allowed reasonably accurate esti-
mates for all relevant bones except the radius in
each sex and the ulna in the boys. The order of
median ages was closely similar in each sex and
in both white and Negro youths. Fusion tends to
occur earlier in white boys than in Negro boys
(table 16). For about half the bones (metacarpal
I, proximal phalanges I-V, and middle phalanges
II-V) these bone-specific differences are statisti-
cally significant at the b5-percent level. The
bone-specific racial differences in median ages at
epiphyseal fusion are less consistent in the girls.
About half these median ages are earlier in white
girls than in Negro girls; and nearly half are
earlier in Negro than in white girls. Fusion
occurs significantly (5-percent level) earlier in
white girls than in Negro girls for metacarpal I,
proximal phalanges I-V, and middle phalanges
II-V. An opposite tendency, also significant at
the 5-percent level, is present, however, for the
ulna; metacarpals II-V; and distal phalanges I, II,
and IV.

Table K. Modal ages for epiphyseal fusion in the hand-wrist of U.S. white youths

United States,
Hand-wrist bone Boys Girls 1966-1970
Boys | Girls
Modal age

Radius 18.074 15874
UIN corrraersresensesnassassssnessassssonsassessssmsssasens 17.874 15.974 --- ] 16.2
Metacarpal | 16.374:82 14.174.82 158 | 13.8
Metacarpal 1 16.4,82 16,574 145,74 14,682 165 | 14.8
Metacarpal 1 rerenerserresaasssrsaerstas .| 16.48216,574 14.5,7% 14,682 16.6 | 14.8
MELECAIPA! [V.uvieeevsisererssiseasastsessssosasastassssssstasssrssssssssssassorses 16.474:82 14.4,7% 14,682 16.6 | 149
METACAIPA! Vsveereensrsemessesissesssessssssssessssssssmssssssssnsssssssosssssans 16.574.82 14.4,7% 15.082 16.6 | 15.0
Proximal phalanx I ....... 16.2,73:74 16,382 142,74 143,73 14.482 16.3 | 14.0
Proximal phalanx 11 16.3,82 16.474 14.274.82 159 | 14.0
Proximal phalanx || 16.2,73 16.374:82 14.2,7% 14582 16.1 | 14.1
Proximal PRalanx 1V .....cceecceseeescmssesssssmssesssesasessessesssssssssseses 16.2,32 16574 14.274.82 16.1 | 14.1
Proximal phalanx V 16.274.82 1427482 15.8 | 14.0
Middle phalanx 11 16.474.82 14.274.82 16.1 | 13.9
Middle phalanx 11........ 16.4,82 16574 14.4,7% 14582 16.3 | 144
Middle phalanx IV 16.474.82 14.3,74 14582 163 | 141
Middle phalanx V 16.3,74 16.482 142,74 14382 16.3 | 14.0
DISLal PRAIANX [ eveseererrrecsesesessssassesssssssassssesssossessaesensssssssrsnsss 15.7,82 15974 135,82 13674 15.7 | 135
Distal phalanx Il..... 16.7,72 15.8,74 16.082 | 125,54 136,748213,773 | 158 | 135
Distal PhalanX 1 ue.evesusersecerevssssnerssssssasnsns 16.074,82 13.674:82 158 | 135
DiStal PHAIANX [V +eeeeceseesssescssosesssssecnsneasssresiussesessasscsssssserssssas 15.8,74 16.082 574,82 156 | 134
Distal phalanx V 15.9,74 16.082 13.674.82 15.7 | 13.4
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Previous Studies

Data from other studies of white youths
living in the United States are included in table
K. There are no previously reported data for
Negro youths in the United States. Hansman74
reported data on Denver, Colorado, youths of
above average socioeconomic status who were
radiographed at 6-month intervals. These youths
(about 30 of each sex) were born between 1915
and 1941.

Data from a small group (N = about 12 for
cach bone in each sex) of Boston youths have
been reported by Pyle et al.73 These middle
class youths who were born between 1930 and
1939 were radiographed annually. In interpret-
ing these data, it is important to recall that the
relatively late-maturing males are underrepre-
sented because the study was discontinued
before all had matured.

Buehl and Pyle64 reported data from 30
boys and 30 girls of upper socioeconomic status
enrolled in The Brush Foundation Study, Cleve-
land, Ohio, who were examined serially. Find-
ings from 107 youths in southwestern Ohio who
were slightly above average socioeconomically
have been reported by Garn et al.82 In all these
studies, as in the national survey, epiphyseal
fusion was considered to be present when the
epiphyseal cartilage had been completely re-
placed, even if a radio-opaque line persisted at
the junction.

In general, the national survey estimates are
close to those reported for these smaller, less
representative groups; the match is particularly
close for girls. The median ages for boys from
the national survey are earlier than those in the
previous reports for metacarpal I, proximal
phalanges II and V, middle phalanx II, and distal
phalanges IV and V. In girls, the national survey
ages are carlier than those reported previously
for middle phalanges III and IV and later for
metacarpal IV.

There are few sets of satisfactory data
reported for youths living abroad. Ages at which
epiphyseal fusion occurred, using cross-sectional
data from 1,613 Japanese children and adoles-
cents, have been reported by Russell et al.83
Although the subjects had been in utero in Hiro-
shima or Nagasaki at the time of the atomic
bombing, there was no evidence that the age of

Table L. Reported ages of epiphyseal fusion in Japanese youths

Russell et al., Sutow

83 43
Hand-wrist bone 1973 1953

Boys Girls Boys | Girls

Radius 18.76 { 17.75 18.8 175
UING cevrrcereecncenieseressonenersssnnenes 1825 | 1726 | 18.7 | 17.3
Metacarpal | ...ciceennrvercssennnenes 16.25 | 14.75 --- .
Metacarpal Il ...... 16.75 { 15.50 [ e
Metacarpal 1 16.75 | 156.25 .- e
Metacarpal IV 17.0 155 [ .-
Metacarpal V.cceeviesescranecenes 17.0 15.75 - .-
Proximal phalanX 1 .....ccceeeneee 16.75 | 15.25 --- .
Proximal phalanx il...... 16.75 | 15.0 .- .-
Proximal phalanx {1l ....ceveeerens 16.75 | 15.0 .- -
Proximal phalanx IV ............. 16.75 | 15.25

Proximal phalanX V...cccceeeveeene 16.75 | 15.0 .-- -
Middle phalanx I1......coceeerenees 16.75 | 1626 | ---| ---
Middle phalanx 11§ 17.0 155 .- ---
Middle phalanx IV 17.0 15.5 .- -
Middle phatanx V .....cceccrieeeene 16.75 | 15.0 .- .-
Distal phalanX |....coooeveeerenneanas 16.0 145 - -
Distal phalanx Il.... 16.25 | 145 16.3| 145
Distal phalanx |l1 ...... 1625 | 145 e —--
Distal phalanx 1V .. 16.5 14.75 .- .-
Distal phalanx V.....ccocuiiennen 16.5 145 .-- ---

closure was related to the estimated radiation
exposure dose. The ages reported by Russell et
al.83 indicate that fusion occurred about 7
months later than in U.S. youths (table L).
These findings are in general agreement with
those of other workers who have studied groups
of Japanese youths.42,43,84

Median ages at fusion in the third proximal,
middle, and distal phalanges of Danish boys are
very similar to those estimated from the United
States National Survey.85

DISCUSSION

There is no doubt that youths of different
racial groups vary in body size and in levels of
skeletal maturation and sexual maturity at cor-
responding chronological ages.86-91 The factors
that control the rate of skeletal maturation must
act by influencing the formation or resorption
of bone. The possible factors are related to
genes, nutrition, illness, and climate, inter alia,
but few studies have been designed so as to sep-
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arate the possible effects of these factors. Conse-
quently, knowledge is almost entirely lacking
concerning the effects of relatively precise envi-
ronmental factors (e.g., protein intake, tempera-
ture), on rates of skeletal maturation in youths
or of specific groups of genes (e.g., autosomal,
sex-linked).

This discussion will relate to the factors con-
sidered in this report (race, geographic region,
size and type of community, family income,
parental education) that could have been associ-
ated with real population differences in skeletal
maturity levels. The findings from the present
survey will be discussed in relation to the find-
ings from the corresponding study of children
age 6-11 years® and in relation to reports based
on findings from smaller less representative
groups. In interpreting these findings, it should
be recalled that the national surveys are the only
source for national estimates of skeletal matur-
ity levels. The sampling technique employed
ensured that a truly representative sample was
chosen for each survey. Of the children chosen,
96 percent were examined; the corresponding
figure for the youths is 90 percent. Conse-
quently, these national surveys can provide rea-
sonably reliable estimates for the entire U.S.
population of children and youths.

Race

It is difficult to interpret racial comparisons
because, almost always, the groups compared
differ not only genetically but in environmental
factors, particularly in nutrition and the inci-
dence of disease. The importance of genetic fac-
tors is clear from studies of the timing and pat-
tern of onset of ossification and the occurrence
of skeletal variants (e.g., pseudoepiphyses)
in pairs or triads of individuals sharing similar
environments but different proportions of
genes.65,92-111  These studies indicate that
the extent of the differences within pairs or
triads are approximately inversely related to the
percentage of genes shared in common.

Skeletal age (hand-wrist).—The two national
surveys show that Negro boys tend to be more
mature skeletally than white boys at 6-9, 11,
and 13 years, but the reverse is true at the other
ages. White girls, however, are less mature skele-
tally than Negro girls throughout the whole age
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range except at age 16-17 years. There are no
consistent white-Negro differences in the varia-
bility of skeletal age. These findings indicate
possible changes with age in racial differences
(white-Negro) relating to skeletal maturation in
boys and girls, but the patterns vary between the
two sexes. Soon after birth, centers of ossifica-
tion are more numerous in newly born Negroes
than in whites; this is true for Negroes living in
Africa as well as for those living in the United
States. This acceleration in Negroes occurs
despite their generally less favorable socioeco-
nomic circumstances.!11-115 This advancement
of Negroes in onset of ossification has been
reported up to about 7 years of age.)16,117
However, as noted earlier in the national sur-
veys, Negro youths were more advanced in skele-
tal maturation than white youths only until age
138 years (and then not at all ages) in boys and
until 16-17 years in girls. Age-related patterns of
racial differences in skeletal maturity have been
noted by Lee et al.118 These workers reported
that Chinese children in Hong Kong were
advanced in onset of ossification over U.S. chil-
dren when early-appearing hand-wrist centers
were considered, but an opposite tendency was
present for late-appearing centers.

In the national survey data there are only
slight differences between the mean values for
skeletal age in Negro and white youths within
each sex. The small size of these differences and
their inconsistency across age and sex are in
agreement with reports by Todd2%4 and
Malina33-35 and Malina et al.36 that white-
Negro differences are inconsequential during the
age range 12-17 years. The substantial accelera-
tion of skeletal maturation in U.S. Negroes com-
pared with those in Jamaica or Dakar37:38 pre-
sumably reflects environmental effects.

Previous studies of groups of white U.S.
boys!0,16-19,21-23 are not in complete agree-
ment with the national survey findings that the
mean skeletal ages of U.S. white boys are consid-
erably less than the mean chronological ages at
9-12 years. While Flory,!6 Todd,!8 and
Maresh?2 reported low mean skeletal ages dur-
ing this age range, the patterns of change with
age in their data differed from those in the
national sample. It must be stressed that these
earlier studies were of less representative groups
of youths in the United States, and most of the



studies were not based on bone-specific skeletal
ages. A further factor to be considered is the
level of reliability of assessments of skeletal
maturity.

The national survey data for white girls
(female equivalent values) are generally similar
to those for boys with two exceptions: the retar-
dation of the mean skeletal ages from 9 to 12
years is less marked, and there is a marked and
rapid retardation after 15 years. The data of
Flory!6 indicate an even greater skeletal retarda-
tion of girls at 9-12 years, but the early litera-
ture contains no hint of the change in relative
level after 15 years that is so marked in the
national survey data. As discussed earlier,! this
is almost certainly due to the fact that all the
national survey radiographs were assessed, with-
out identification by sex, against a single set of
male standards. Later the values for girls were
transformed to female equivalent values using a
set of sex-associated differences in skeletal age
provided by Dr. S. Idell Pyle. These sex differ-
ences were derived by Dr. Pyle after a painstak-
ing study of radiographs.? However, to take the
extreme example, the means of the skeletal ages
assigned to boys and girls age 17 years on the
male standards differed by only 5.9 months,
whereas the difference of 22 months as reported
by Pyle et al.? was used in the transformation.
The actual sex difference on the male standards
was greater than reported in the HES Standard®
at the earlier ages. Its marked reduction at later
ages was due only slightly to the exclusion of
girls in whom all the hand-wrist bones had
become adult.

The previous literature for U.S. youths
would lead one to expect that epiphyseal fusion
would be complete throughout the hand-wrist of
a typical girl age 17.5 years, but that fusion
would not have occurred at the distal ends of
the radius and ulna in a typical boy of the same
age.73:74,82 Also, these earlier studies lead to
the expectation that in a majority of the girls
age 17.5 years it would be impossible to assess
the hand-wrist because all the bones of this area
would be adult. In the national survey data this
occurred in 22 percent of the girls. If a skeletal
age of 19.1 years were assigned to each of these
girls (19.1 years is the highest maximum value
for any bone on the male standards) this would
have very little effect on the sex-associated dif-

ferences in skeletal maturity, as calculated pre-
viously. This matter is discussed more fully in
the earlier report.!

There is no evidence of a secular trend in
skeletal maturation rate when the data for white
U.S. children and youths are compared with
reported findings from earlier studies. This is
true whether the comparison is with the sets of
data in figures 1-410,16-19,21,22 oy with data
reported still earlier from New England children
and youths, 24 percent of whom were of Italian
ancestry.119,120

It is not easy to interpret the apparent
absence of secular trends when data from the
national surveys are compared with data from
less representative groups—sampling variations
may mask real differences or alternatively any
differences found may be due to sampling varia-
tions. These methodological problems can be
overcome only by repeated national surveys, but
1t is interesting to note some findings from long-
term serial studies of unrepresentative groups in
the United States.

In the group of southwestern Ohio children
and youths studied at the Fels Research Insti-
tute, real secular trends are not apparent over a
period of 36 years, when skeletal age is regressed
against year of birth (table M).121 Similarly, in
the same group, the mean relative differences for
RWT (Roche, Wainer, and Thissen) skeletal ages
between parent-offspring pairs, within sex, are
small and inconsistent in direction (table N).
RWT skeletal ages are obtained from the knee,
but there is no reason to believe that this area is
any less representative of the whole skeleton
than is the hand-wrist.5! These findings show
that little if any secular trend has occurred dur-

ing recent decades in a group of children and

Table M. Correlation coefficients between skeletal age
(Greulich-Pyle) and year of birth in the Fels Longitudinal
Study (Roche, unpublished data}

Boys Girls
Chronological age
N r N r
112 1-0.016 | 118 | +0.187
120 |-0.088 | 105 | +0.162
91 | +0.179 82 | +0.185
73 1 -0.011 73 | +0.105

NOTES: None of these coefficients is significant at the
5-percent level.
N = number of subjects; r = simple correlation coefficient.
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Table N. Mean relative differences between parent-offspring
pairs in skeletal age (RWT, knee in years)

Difference

Chronological age Father-son Mother-daughter

N | Mean Sy N | Mean | s,

6 years -33 11.16 | 33 -16 | 1.17
7 years ... -.15 {1.36 | 35 +.21 1 1.10
8 years +40 | 1.14 | 32 +23 | 1.40
9 years +.29 |1.32 | 29 +.08 | 1.35
10 years +12 1145 | 19 -3511.28
11 years +.16 [1.32 | 20 -95 | 1.62
12 years +24 1189 | 21 -.14 ] 1.00
13 years... +.04 1136 | 17 -.15] 0.98
14 years ... +17 10.75 | 17 ~32 1115
15 years ... -93 [059 [ 12 -.62 | 1.1

16 years -02 |051 |10 | -57]1.48

NOTE: + = parent more mature; N = number;

Sx
standard deviation.

youths of middle socioeconomic status when
effects of sampling variability are largely re-
moved. These findings are in close agreement
with those of Maresh!22 who reported data
from a middle socioeconomic group in Denver,
Colorado. Taken together, these studies suggest
that secular trends in skeletal maturation rates
are absent or very slight in white U.S. children
and youths of middle socioeconomic status. Of
course, due to the method of group selection,
these findings cannot be extended to all socio-
economic levels and geographic regions as the
national survey data can for youths in the
United States.

The tentative conclusion that secular
changes in the rates of skeletal maturation may
no longer be occurring in the U.S. population
should be considered in relation to secular
changes in body size. After a close analysis of
data recorded in national probability samples
between 1962 and 1974,90,123,124 ¢ was con-
cluded there was no evidence of a secular trend
in either stature or weight during this period
except for a slight change at the lower percent-
iles. Thus the data for body size are in agree-
ment with the tentative conclusion that has been
reached in regard to skeletal maturation.

Variability.—The national survey findings
concerning possible white-Negro differences in
the variability of skeletal age are inconsistent
suggesting that, if such differences do occur,
they must be small. In each of these racial
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groups skeletal age was more variable for the
boys than for the girls. This is in agreement with
earlier reports.16,19,38,39.52 Presumably it is
due, at least in part, to truncation of the distri-
butions for girls as they approach the upper
limit of the skeletal maturity scale.

Bone-specific skeletal ages.—The national
survey data show that, among boys 12-17 years,
the mean skeletal age of each hand-wrist bone is
more advanced in the whites than in the Ne-
groes, although the individual differences are not
large enough to be statistically significant. There
is an opposite tendency among girls but this also
is not statistically significant. The directions of
these differences within each sex, at 12-13 years,
match those reported by Malina et al.36 and by
Malina.53 As would be expected from the find-
ings for mean skeletal ages, the white-Negro dif-
ferences in bone-specific skeletal ages are, how-
ever, in the reverse direction to those found in
the national survey of children.? In the earlier
survey, most of the individual hand-wrist bones
were less mature in the whites than in the Ne-
groes.

In the national survey data, there are no con-
sistent white-Negro differences in the mean
ranges of bone-specific skeletal ages or in the
variability of these ranges within individual
hand-wrist radiographs. In both Negro and white
groups, the means of the bone-specific skeletal
ages are less variable in boys than girls, but the
range of bone-specific skeletal ages is greater in
boys than in girls.

Onset of ossification.—Only for the adductor
and flexor sesamoids in boys and the flexor sesa-
moid in girls do the modal ages of onset of ossi-
fication occur during the age range of the pres-
ent survey (12-17 years). White boys are very
slightly advanced over Negro boys in median
ages for the onset of ossification in these bones
(0.8 year); the corresponding difference for the
flexor sesamoid in girls is trivial (0.1 year).
These findings are consistent with the small, sta-
tistically nonsignificant white-Negro differences
in mean skeletal age and bone-specific skeletal
ages. The national survey data are close to those
reported for other groups of white youths in the
United States except for the flexor sesamoid in
boys. The only previous estimate for this
bone! 0 is considerably earlier. There are no pre-



vious estimates for Negro youths in the United
States.

Epiphyseal fusion.—The national survey data
allow estimates for the median ages at epiphy-
seal fusion for all hand-wrist bones that develop
epiphyses except the radius in both boys and
girls and the ulna in boys only. In the latter
bones, the median ages are too late for them to
be estimated accurately from the present data.
There is no evidence of a racial difference in the
sequence of fusion, but fusion tends to occur
carlier in white boys than in Negro boys. This
would be expected from the racial differences in
skeletal maturity levels for boys. Both in girls
and in boys there is a consistent pattern of sta-
tistically significant differences in ages at epi-
physeal fusion between white and Negro youths
(metacarpal I, proximal phalanges I-V, and
middle phalanges II-V); these ages are earlier in
whites than in Negroes. There is a significant
racial difference in the opposite direction in girls
for the ulna, metacarpals II-V, and distal pha-
langes I, II, and IV. This is in agreement with the
finding that white girls are less advanced skele-
tally than Negro girls at 12-15 years although
the reverse is true at 16-17 years. The estimated
ages at fusion for white boys and girls are very
similar to those reported by others for smaller
groups of U.S. youths;84:73,74:82 there are no
comparable data for Negroes in the United
States.

Geographic Region

Very few studies of regional factors allow
the separation of genetic and specific environ-
mental effects. Regional differences, within the
United States, in the incidence of illness, based
on the same regions considered here, will be pro-
vided in later NCHS reports. Regional differ-
ences in nutritional status have been reported
from the Ten-State Nutritional Survey,!25 and
anthropometric differences have been reported
in a previous NCHS report.! 24

An earlier report? provides estimates of
regional differences in the skeletal ages of U.S.
children 6-11 years. After removal of the effects
of age differences and varying racial distribu-
tions among regions, there was a tendency for
U.S. children in the Northeast and Midwest
Regions to be slightly advanced in skeletal

maturity compared with those in the other
regions. However, most of these regional differ-
ences relating to children age 6-11 years could
have been due to chance.

The data for U.S. youths (boys and girls)
from the present survey reveal only small re-
gional differences after age-related and race-
related effects are removed. Those in the South
are slightly more advanced skeletally and those
in the Midwest slightly less advanced than those
in the Northeast and West, but these differences
were not statistically significant. Sampling varia-
bility could have been responsible for the varia-
tion between this pattern for youths and that
reported previously for children.3 If the skeletal
maturity of U.S. youths indeed differs by geo-
graphic region, this was obscured by the large
heterogeneous regions into which the United
States was divided when the national survey data
were analyzed.

If real differences between geographic
regions had been found, it could have been pos-
tulated that climatic factors were responsible.
Despite suggestions, there is no convincing evi-
dence that tropical climates retard skeletal
maturation,1 26,127 although it does appear that
warm climates retard age of menarche.l 28 There
are severe difficulties in interpreting the re-
ported data because there has not been control
of many confounding variables in the study
design or the statistical analysis. While heat pro-
motes calcification experimentally,!29,130 this
is doubtfully relevant. Studies of experimental
animals in extreme environmental tempera-
tures! 18,131-133 gugoest that heat accelerates
skeletal maturation, but large ambient tempera-
ture differences between the control and experi-
mental groups are needed to produce this effect.

If -significant differences had been found
between the skeletal maturity of groups of
youths separated by geographic region, it would
have been difficult to associate these differences
with climate. The fact that significant differ-
ences were not found may reflect the diversity
of these large regions and, perhaps, migration
between them. If the aim had been to demon-
strate the existence of regional differences, a
more appropriate sampling (e.g., of those living
at high altitudes, in the desert, or in the arctic
region) would have been employed. However
interesting, such a study would be less important
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in relation to public health within the United
States than the present estimates for very large
groups.

Bone-specific skeletal ages.—The differences
between the mean bone-specific skeletal ages for
groups separated on the basis of geographic
region are inconsistent. This would be expected
from the lack of statistically significant differ-
ences between the mean skeletal ages for groups
of youths in the four large geographic regions of
the United States. The mixed pattern of ad-
vancement and retardation among the bone-
specific skeletal ages for each region is inconsist-
ent for the two sexes. This indicates a lack of
major differences among the regions in their gen-
eral levels of factors, as an example, nutrition,
known to affect the rate of skeletal maturation.
Similarly, there are only small differences among
the geographic regions in the median ranges of
bone-specific skeletal ages within single radio-
graphs. There is, however, a slight tendency for
the median ranges to be larger for boys in the
West and for older girls in the Northeast.

Onset of ossification.—There were almost no
regional differences in the mean ages of onset of
ossification for either the adductor sesamoid or
the flexor sesamoid except that the flexor sesa-
moid in boys ossified somewhat earlier in the
Midwest.

Urban-Rural

There are no consistent urban-rural differ-
ences in mean skeletal ages either for youths in
the present national survey or for children in the
previous survey.3 However, among youths but
not among children, there is a slight tendency
for skeletal maturation to be advanced in those
living in large urban areas (population exceeding
3 million). Presumably, the absence of real dif-
ferences between urban and rural areas reflects
the heterogeneous nature of the environment
within these groupings and the lack of major
urban-rural environmental differences in the
United States, as in the case in Australia.l34
This situation differs sharply from that in some
other countries where there are major socioeco-
nomic differences between urban and rural areas
and associated differences in rates of skeletal
maturation and physical growth.135-142
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Socioeconomic Factors

Skeletal maturation.—The importance of
socioeconomic factors in controlling the rate of
skeletal maturation, as distinct from age at onset
of ossification, has been stressed by several
workers.18,135,143-145 Partjcularly important
data have been reported by Low et al.3? who
recorded Greulich-Pyle skeletal ages for a large
group of Hong Kong youths separated into high
(N = 3,659), middle (N=5,227), and low
(N=5,591) socioeconomic groups (table O).
This grouping was made using a combination of
parents’ education, parents’ occupation, total
family income, and housing.87 Skeletal maturity
level is associated positively with socioeconomic
status in these data, but the mean differences are
small despite the very wide ranges of socioeco-
nomic status among the groups compared. These
comparatively small differences are in agreement
with the observations of Grande Covidn and Rof
Carballo.1 46

Kopczynska®2 reported data from upper
and lower socioeconomic class Polish youths
(total N = 3,988) that show a significant associa-
tion in the expected direction between socioeco-
nomic status and the level of skeletal maturity.
Because her data were analyzed on the basis of
the percentages of subgroups in whom the
chronological age exceeded the skeletal age,

Table O. Mean skeletal ages for southern Chinese youths in
Hong Kong at various socioeconomic levels (Low et al.,
1964)39

Socioeconomic status

Chronological age and sex
High | Middle | Low

Boys Mean skeletal age
12.0 years 11.5 11.1 1.1
13.0 years........ 128 1251 125
14.0 years 139 13.8| 139
15.0 years 16.3 15.1 156.0

16.6 164 | 16.2
17.7 176841 173

16.0 years
17.0 years

12.0 years . 123 1211 118
13.0 years 13.6 133 13.0
14.0 years. 146 145 14.2
15.0 years 16.5 1564] 153
16.0 years 16.3 163} 162
17.0 years 17.0 170| 17.0




direct comparisons cannot be made between
these data and those of Low et al.39 with regard
to the magnitude of socioeconomic effects.

Neyzi et al.147 using data from 2,000 urban
Turkish youths of moderately different socio-
economic levels found only slight associations
with skeletal maturity levels. The differences
were significant only when extreme socioeco-
nomic groups were compared and, even then,
only in the girls. These relatively small or absent
socioeconomic effects on the rate of skeletal
maturation in youths support the contention of
Achesonl48 that the slowing of skeletal matura-
tion with an adverse environment has been
demonstrated with certainty only in the prepu-
bertal period.

The differences among socioeconomic
groups reported by Low et al.39 for Chinese
youths were slightly greater in gixls than in boys
up to age 15 years. Later, there was a slight sex
difference in the reverse direction that may have
been due, in part, to some of the girls reaching
the upper limit of the skeletal maturity scale.
This greater effect in girls is in agreement with
the findings of Neyzi et al.!47 In Polish youths,
however, the apparent effect of socioeconomic
status on skeletal maturity level is greater in
boys than girls.32,149

Deschamps and Benchemsi!30 reported
findings from 4,526 French children and youths
examined at ages from 6 to 18 years. The hand-
wrist skeletal ages (Greulich-Pyle) of these chil-
dren were significantly related to the occupation
of the father (especially in boys), the level of
education of the mother (girls only), the quality
of housing (both sexes), and the number of chil-
dren in the familyz. Their data were not analyzed
within age groups} but the authors report that
the differences in skeletal maturity levels with
environmental factors were more marked in ado-
lescents, which is in conflict with the report of
Frisancho et al.151 Although many of the dif-
ferences reported by Deschamps and Ben-
chemsil 50 were statistically significant, the
mean differences were rather small (3-6 months
of skeletal age), which is in general agreement
with other reports from Belgium!52:153 and
France.!154

These variations between studies in sex dif-
ferences could reflect variations among races in
the sensitivity of skeletal maturation to socio-

economic influences, or differences among races
between the care of boys and girls classified as
being at the same socioeconomic level. These
reports draw attention to the slender and incon-
sistent evidence on which claims are made that
skeletal maturation is less affected by environ-
mental factors in girls than in boys.

Andersen, in her analysis of data from
Copenhagen children,2® reported a marked
association between skeletal maturity level and
the father’s occupation and a lesser association
with family income. There were no real differ-
ences in skeletal maturity levels in relation to
employment of the mothers, but crowding of
apartments seems to be associated with skeletal
retardation in lower socioeconomic groups.

When such skeletal retardation occurs, it is
probable that adverse environmental circum-
stances do not affect all bones equally. Differ-
ential effects have been described within the
hand-wrist only.135 If they occur throughout
the skeleton, they could lead to differences in
body proportions between upper and lower
socioeconomic groups. That such differences in
proportions are affected by environmental influ-
ences may be inferred from data relating to the
ratio

sitting height
stature

in Japanese youths, American-born Japanese
youths, and American children.40 This inference
is supported also by the marked secular trend in
this ratio. Similarly, a secular trend toward a
more linear build has been noted in Yugoslavia
with improved socioeconomic conditions.! 5 6

In the present national survey, socioceco-
nomic status was categorized by family income
(within wide groupings) and by years of parental
education. In the survey data, mean skeletal age
is not related consistently to family income.
Although there is a slight tendency for it to be
slightly more advanced in those with family
incomes exceeding $10,000 per year, the lowest
income group (less than $3,000 per year) were
not the least advanced in either sex. This lack of
a clear-cut relationship is not due to a confound-
ing effect of race. Within racial groups, there is
no consistent relationship between family
income and skeletal maturity. However, within
family income groups, white boys tend to be
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more mature skeletally than Negro boys for
those in families of moderate or lower income
levels under $10,000 while white girls tend to be
less mature in this respect than Negro girls irre-
spective of family income level. Similarly, there
are no statistically significant differences in
skeletal maturity between groups separated
according to the length of parental education.

There is also no strong interrelationship
between bone-specific skeletal ages and family
income. While more advanced ages tend to occur
in the upper family income groups, the lowest
ages are almost equally distributed between the
middle and lower family income groups. The dif-
ferences among the ranges of bone-specific skele-
tal ages, within single radiographs, for groups of
youths separated by family income are very
small and the pattern of differences is inconsist-
ent.

Onset of ossification.—The modal ages re-
ported from previous studies concerning the
onset of ossification for youths in the United
States of northwestern European ancestry were
derived from middle or slightly superior socio-
economic groups (table B). Those studied by
Harding’! were from average middle class fami-
lies. Findings from youths described as being
from a good class of English-speaking people
were reported by Baldwin et al.137 The data of
Hansman’% were derived from upper-middle
socioeconomic class youths studied by the Child
Research Council, Denver.158 The youths
studied by Flory!6 were also above average in
economic and in social status. The youths from
whom Garn et al.72 obtained data were gen-
erally of upper-middle socioeconomic status, but
not quite as high as the sample of Hansman.”4

It is difficult to interpret the variations
among ages at the onset of ossification reported
by these workers in relation to socioeconomic
status. Youths in the groups studied by Hans-
man’% and Floryl® appear to have been of
slightly higher socioeconomic status than youths
in the groups studied by others. If such a differ-
ence in socioeconomic status were present, it is
not reflected in the data for age at onset of ossi-
fication (table H).

The failure of these studies to show socio-
economic effects on age at onset of ossification
may be due to the fact that they were not de-

signed for this purpose or, perhaps, such effects
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are slight. It has been suggested that socioeco-
nomic status has more effect on the onset of
ossification in infancy and childhood than in
adolescence.151

The median ages at onset of ossification,
estimated from the national survey data for
youths, for the adductor sesamoid in boys and
the flexor sesamoid in girls are not related con-
sistently to family income. However, the onset
of ossification of the flexor sesamoid in boys is
markedly delayed in the lowest family income
group. In general, these findings are in agree-
ment with earlier reports that the onset of ossifi-
cation is rather insensitive to environmental
effects, but it is not completely insensitive. This
is clear from the rather large differences between
corresponding ages for Negroes in the United
States and Africa.80,81

Epiphyseal fusion.—There are no previous
studies of the influence of socioeconomic fac-
tors on age at epiphyseal fusion, however, it can
be concluded from the data of Low et al.39 that
such differences are probably small. Reported
data concerning the age at which growth in
stature ceases are not helpful because elongation
of the trunk continues after the cessation of
elongation in the limbs.139 Furthermore, serial
data from individuals studied until at least age
25 years are not available for low socioeconomic
groups. Such data are necessary, however, to
determine when growth in stature has ceased in
an individual.160

The national survey data show the absence
of a close interrelationship between
socioeconomic status judged by broad groupings
of either family income or parental education
and various aspects of skeletal maturation (mean
skeletal age, bone-specific skeletal ages and their
ranges, onset of ossification, and epiphyseal
fusion). It is important, however, to stress that
these findings relate to only a limited range of
socioeconomic status; real effects may be pres-
ent at lower levels than those studied. If such
effects were present, they might reflect the
influence of differences in illness experience and
diet. The literature concerning these factors will
be reviewed briefly.

lliness

Onset of ossification.—The influence of illness
on age at onset of ossification in children has



been reviewed recently.? There have not been
corresponding reports for youths, perhaps be-
cause so few centers begin to ossify between 12
and 17 years in the areas of the skeleton that are
usually radiographed for skeletal age assess-
ments. The evidence indicates that the usual ill-
nesses of childhood have little or no effect, but
when effects occur they may differ among
bones. There is little doubt that very severe ili-
nesses retard the onset of ossification in chil-
dren, but all the previous reports for children
have come from either the Brush Foundation
Study or the Fels Research Institute. These
reports relate to “normal” volunteers in whom
severe illnesses were uncommon. Additionally,
the timing of radiographic examinations was
scheduled according to chronological age; it was
not planned to maximize the possibility of
demonstrating the effects of illnesses. In a sched-
ule designed for this purpose, examinations
would be made before, during, and after each
illness.

It has been claimed that unusual orders of
onset of ossification are due to illnesses near the
time of ossification of particular centers; as a
result ossification of these centers is de-
layed.10,18,62,64 The report of Garn and Roh-
mann! 6! for children, and that of Hansman and
Maresh66 for children and youths do not sup-
port this view. If illnesses had such an effect,
they would be associated with increases in the
ranges of bone-specific skeletal ages within radi-
ographs. This subject has not been studied ade-
quately; reports based on very few individuals
have led to conflicting conclusions.148,162,163
In a large-scale study, it has been shown that the
median order of onset of ossification in the
hand-wrist is the same in Guatemalan boys as in
boys in southwestern Ohio and that the variabil-
ity of sequence was similar in both groups,
although illnesses were much more common in
the Guatemalans.164

Skeletal maturation.—In vyouths, skeletal
maturation is retarded by severe illnesses but it
accelerates during the catchup growth that may
follow the illness.165 The nature of the illness
may be important. Bashe and Ratnerl66,167
assessed 1,054 hand-wrist radiographs of chil-
dren and youths hospitalized because of tuber-
culosis. About half of these patients were Negro
and all were of low socioeconomic status, de-

spite which many were skeletally advanced. In
these patients there was no apparent relationship
between skeletal maturity level, or the ranges of
bone-specific skeletal ages within individuals,
and either the severity or the duration of the
disease.

Epiphyseal fusion.—Reports are not available
concerning the influence of generalized illnesses
on age at epiphyseal fusion.

Diet

There is no doubt that undernutrition re-
tards the onset of ossification and skeletal ma-
turation and, presumably, it retards epiphyseal
fusion. Many studies are difficult to interpret
because of confounding variables and the lack of
reliable information concerning specific dietary
factors. Commonly of course, undernutrition is
associated with a high incidence of disease, poor
housing, and racial differences.

Onset of ossification.—There is convincing
evidence that malnutrition retards the onset of
ossification, but during adolescence these effects
tend to be small!51 or absent.168 Dreizen et
al.,169 wusing serial radiographs, studied the
onset of ossification in 541 undernourished
white urban children and youths in Alabama.
There was a marked delay that tended to be
greater in girls than in boys (table P).

In general, in the data of Dreizen et al.,169
the standard deviation levels for ages at onset of
ossification in the late ossifying bones (adductor
and flexor sesamoids) were higher than those for
bones that ossify during childhood. This is in
contrast to the claim of Frisancho et al.151

Skeletal maturation.—Undernutrition retards
skeletal maturation and dietary supplementation
accelerates it in youths.145,146,155,170-175
These effects are less marked in girls than in
boys.135 Skeletal maturation is slow also in
youths with inflammatory bowel disease;!76

Table P. Retardation (years) in age of onset of ossification of
hand-wrist centers in malnourished white youths {data of
Dreizen et al., 1958)169

Hand-wrist bones Boys | Girls
Adductor sesamoid .....iviirereiineiisi e, -0.1 | -0.7
Flexor sesamoid -07 { -1.1
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this may be a result of the associated malnutri-
tion.

Few have studied the effects of specific nu-
trients, but an increased rate of maturation in
skeletally retarded youths occurs after the milk
intake is increased.!71-177 Mack and Ur-
bach! 72 showed that restriction of calories, in
association with a protein intake at the recom-
mended level, resulted in retardation of skeletal
maturation. Others consider that the level of
protein intake may be a more important factor
than the level of caloric intake.89 Both workers
may be reporting correctly; the difference be-
tween the reports could reflect differences
between the groups studied in their deficiencies
of specific nutrients or groups of nutrients; the
bulk of the evidence shows that skeletal matura-
tion is retarded in undernourished youths
whether the main lack is in calories or pro-
teins.151,178,178

Malnutrition apparently has a differential
retarding effect across bones. Dreizen et al.179
reported that the carpals and the bones of the
fifth finger were more retarded than other
hand-wrist bones in undernourished Alabama
children and youths of British ancestry. An
attempt was not made, however, to establish
whether there were corresponding real differ-
ences in bone-specific skeletal ages in well-nour-
ished children within the same population
group. It is well to be cautious when assessing
their conclusions. The differences reported by
Dreizen et al.l79 could reflect variations be-
tween these workers and Greulich and Pyle in
the ways in which bone-specific skeletal ages
were assessed.

Massé and Hunt®! have claimed that skeletal
retardation due to malnutrition is less marked in
the carpals than in the short bones of the hand-
wrist. Whichever of these conflicting views is
correct, acceptance of Todd’s attitude!8 that
one should use the most advanced centers as a
guide to actual maturity would lead to the em-
ployment of the centers that are least sensitive
to environmental influences. This would be inap-
propriate in many circumstances.

In general, overnutrition has effects in exper-
imental animals that are the opposite to the
effects of undernutrition.180,181 The changes
in overfed animals resemble those in overweight
or obese youths,182-191 although a significant

42

association between overnutrition and acceler-
ated skeletal maturation was not found by
Hortling et al.183 except in obese adolescents
who were also short.

Within age groups, the level of skeletal
maturity is correlated positively with weight and
subcutaneous fat thickness,!5,186,192 Lyt this
relationship is not close. The acceleration of
skeletal maturation is more marked in those who
have been obese for a long timel90 or in whom
lean body mass is increased.!93 It has been
reported that the effect of overnutrition on the
rate of skeletal maturation is equal in both
sexes;!91 others consider the effect more
marked in girls than boys.}90 Furthermore, it
has been claimed that the acceleration of skele-
tal maturation in obese youths is more marked
in the late than in the early ossifying carpals.! 91
Probably, however, this reflects only the greater
variability of the ages at onset of ossification in
the carpals that are late to ossify.

Epiphyseal fusion.—Data from malnourished
children and youths who received a milk supple-
ment have been reported by Spies et al.174 With
supplementation, skeletal maturation was accel-
erated in the children, but in the youths there
was no reduction in the delay of epiphyseal
fusion.145 It has been claimed that malnutrition
delays epiphyseal fusion to similar extents in
each sex and in each bone.l45 It is difficult to
determine the accuracy of this claim because
satisfactory reference data for the sequence of
epiphyseal fusion and the distribution of ages at
epiphyseal fusion have not been available.

SUMMARY

In this report, data for the skeletal maturity
of the right hand-wrist in noninstitutionalized
youths age 12-17 years are analyzed and de-
scribed in respect to race, geographic region, size
and type of community, family income, and
parental education. The original data were
obtained from radiographs taken during the
Health Examination Survey of 1966-1970. For
this survey, a representative sample of 7,514
youths was chosen from the entire U.S. popula-
tion within the age range 12-17 years. Examina-
tions were made of 90 percent (6,768) of the
youths who had been chosen.



The radiographs were assessed, bone by
bone, by specially trained medical students who
did not know either the age or the sex of any
youth whose radiograph was assessed. This
removed several sources of bias. The assessments
were all made against male standards, thus pro-
viding a unique opportunity to establish the true
extent of the sex-associated differences in rates
of skeletal maturation. Later, the ages assigned
to the girls were adjusted to female equivalent
values, using a set of sex-associated differences
in skeletal maturity reported by Pyle et al.® In
this summary, reference will be made not only
to the data from the present survey but also to
the data from the corresponding survey of chil-
dren 6-11 years.?+3

Negro boys tend to be more mature skele-
tally than white boys at 6-9, 11, and 13 years,
but not at other ages within the range 6-17
years. Negro girls, however, are more mature
skeletally than white girls at all ages except 8,
16, and 17 years. It must be stressed that the
differences between the means are small, which
is in agreement with several earlier reports. The
mean skeletal ages for both white and Negro
boys are markedly less than the mean chrono-
logical ages at 9-12 years, showing, as reported
earlier, that the Greulich-Pyle Atlas standards
during this age range are set much too high for
the total U.S. population. There is a similar pat-
tern in the girls, but the differences between the

- mean skeletal and mean chronological ages are
smaller. While the levels of skeletal maturity for
whites in the United States are close to those
reported for northern European children, levels
of skeletal maturity for Negroes in the United
States are substantially accelerated compared
with groups of Negroes in Africa and Jamaica.

In the girls, whether white or Negro, the
skeletal ages (female equivalent values) are mark-
edly retarded (less than chronological age) after
15 years. Almost certainly, this is due to the use
of inappropriate sex differences to transform to
female equivalent values the skeletal ages ob-
tained against the male standards. A survey of
carlier literature had led to the expectation that
almost all hand-wrist bones would be adult in a
typical girl at 17.5 years; actually, only 22 per-
cent of the girls age 17.0-17.9 years had all their
hand-wrist bones mature. Even if the maximum
value of the male set of standards were assigned

to each excluded girl, this would have influenced
only slightly the mean skeletal ages (female
equivalent values) for the girls. The large retarda-
tion of female equivalent values at older ages is,
almost certainly, due largely to the inaccuracy
of the sex-associated differences used to obtain
the female equivalent values.

There is no evidence that the bones of U.S.
children and youths are now maturing more
rapidly than in recent decades. There is evidence
that any such changes have been absent or slight
in white U.S. children of middle socioeconomic
status; conclusions for the total population
await the analysis of data from repeated national
SUIVeys.

Mean skeletal ages tend to be more advanced
in Negro boys than in white boys at most ages
up to 10 years but not, in general, later. The
mean skeletal ages tend to be more advanced in
Negro than in white girls at all ages except 8, 16,
and 17 years. The mean hand-wrist skeletal ages
are more variable in boys than in girls, but there
are no consistent differences in variability
between white and Negro youths. There are sta-
tistically significant differences in bone-specific
skeletal ages between white and Negro groups of
boys when each bone is considered separately,
but there is a general tendency for each bone to
be more mature in white than Negro boys from
12 to 17 years. The slight tendencies noted are
in the reverse direction to those reported earlier
from the national survey of children. Similarly,
the white-Negro differences in both the mean
ranges of bone-specific skeletal ages within single
hand-wrists and in the variability of these ranges
are too small to be statistically significant. In the
girls, there is an opposite tendency that is not
significant for the majority of the individual
bones to be more mature in Negro than in white
girls from 7 to 17 years.

The white-Negro differences in both the
mean ranges of bone-specific skeletal ages within
single hand-wrists and in the variability of these
ranges are too small to be statistically signifi-
cant. Also, there are no consistent white-Negro
differences in the ages at onset of ossification of
the adductor and flexor sesamoids.

Epiphyseal fusion, judged from the median
ages, occurs in the same sequence in both white
and Negro youths. Fusion occurs significantly
earlier in white than in Negro youths of both
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sexes in metacarpal I, proximal phalanges I-V,
and middle phalanges II-V. Among girls there are
also significant racial differences in the opposite
direction for the ulna; metacarpals II-V; and dis-
tal phalanges I, II, and IV.

After adjusting for effects associated with
chronological age and racial distribution, U.S.
children age 6-11 years in the Northeast and
Midwest Regions tend to be somewhat advanced
skeletally, although much of the observed differ-
ence could have been due to chance.?> Among
youths in the United States age 12-17 years, the
differences in skeletal maturity between regions
are small also. Youths in the South tend to be
more advanced and those in the Midwest less
advanced than youths in the other two regions.

There are inconsistencies between variations
by geographic region in mean skeletal ages and
those in age at onset of ossification. In part, this
may reflect the few hand-wrist bones in which
ossification had not occurred by age 12 years. If
there are real regional differences in the United
States, it is probable that they occur only among
much smaller regions than those analyzed. When
each region is considered as a whole, there are
only minor differences among the four large
heterogeneous regions into which the United
States was divided for the purpose of this na-
tional survey.

The earlier literature indicates that socioeco-
nomic factors exert a definite influence on the

rate of skeletal maturation, but these effects are
small unless extreme groups are compared. The
present national survey data are consistent with
these earlier findings.

Within both white and Negro groups of
youths, mean skeletal age is not related consist-
ently to family income. Nevertheless, except at
the extremes of family income where the esti-
mates are less reliable because of small sample
size, white boys tend to be more mature skele-
tally than Negro boys and white girls less mature
in this respect than Negro girls within cor-
responding family income groups. In the na-
tional survey data, there is a similar pattern of
inconsistent differences associated with family
income for bone-specific skeletal ages, the range
of these ages within individual radiographs, and
onset of ossification. However, the data relating
to onset of ossification are somewhat more con-
sistent, especially in girls, but the differences
between family income groups are small.

In the present report, numerous references
have been made to earlier studies of smaller and
less representative groups of youths in this coun-
try and abroad. These other studies have pro-
vided much important information, but the data
from the present national survey together with
those from the previous survey of youths!,3
provide, for the first time, estimates that are
applicable to the total U.S. population in the age
range 6-17 years.

(ONONE)
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Table 1. Mean, standard deviation, and standard error of the mean skeletal age (hand-wrist) of youths by race, chronological age at last
birthday, and sex: United States, 1966-1970

Standard of reference, sex, and chronological White Negro Othpr races
age at last birthday % Sy sz % Sy sz % sy
Male standard Skeletal age in months
Boys:
12 years revestensesssttesare st snan e esanssse s baeses 1404 | 17.17 | 062 | 138.7 | 16.04 | 2.84 | 1493 | 105.58
13 years 1568 | 17.77 | 093 | 160.6 | 19.69 | 3.10 | 1645 52.37
T4 YBAIS cuerrissessesssresssssannisessessseesessesssssssnsnsnssansnss 173.7 | 1484 | 0.74 | 1727 | 17.04 | 2.03 | 170.7 54.06
1B YRAIS cuvvrreesnersenaresrnesessersasssensassesaseessaressnssessasassssesenne 187.1 | 1391 | 0.73 | 181.7 | 1691 | 1.09 | 1973 5.02
16 years 197.0{ 13.12 | 0.78 | 192.7 | 1693 | 293 | 188.9 74.35
U7 YOAIS cuererereecssssnaereessancarsensasnesssssstasassssssesesssssnsessssssnsassssssnnes 2058 | 10.97 | 0652 | 2024 | 11.37 | 1.65 | 209.1 1.05
Girls:
12 years 1743 | 1436 | 0.71 | 1784 | 16.72 | 2.40 | 1845 943
13 years 1865 | 13.12 | 0.72 | 1875 | 12.10 | 1.09 | 187.2 | 13241
14 YRArS .ooiviricererneneensaeannee 1979 10.46 | 0.63 198.7 12.82 1.70 | 198.8 140,57
16 Years...uimeneenn reeressennenenenns 205.3 9.28 | 057 | 2076 835 | 0.81 | 204.6 64.71
16 YIS civvvereereerssirrassammssessssenssssnsesssness " 2115 | 1000 | 052 | 210.2 9.36 | 0.96 | 206.6 | 146.06
17 VEAIS cueveererreeiasserareecssssnsessorersasasssansessssssnsssssssnsssassossenssonsones 211.7 982 | 0.64 | 2105 | 10.34 | 2.14 | 220.0 | 155.56
Actual Values:
Boys 12-17 years .....ccessnanine 175.2 --- 1040 | 1726 ---| 117 | 182.7 6.32
Girls 12-17 years 196.5 --- 1038 | 197.1 ---1 085} 1984 3.80
Expected values:
Boys 12-17 years ... 175.0 --- 1040 | 1742 ---1 118 | 179.2 6.29
Girls 12-17 years 196.7 --- | 0381 196.1 ---1 084 ] 196.0 3.78
Female equivalent
Girls:
T2 YBAIS wevviirenneesissnensisssassesssssssnssssssnnsesssaseatssssssessessonsasessssanns 1423 | 1172 | 058 | 146.4 | 13.72 | 1.97 | 1525 7.79
13 years : 1548 | 1089 | 0.60 | 156.5 | 10.10 | 091 | 156.2 | 11050
14 years 167.9 8.87 | 063 | 169.1 | 1091 | 145 | 168.3 | 119.00
15 years 1773 8.01 | 049 | 1798 7.24 | 0.70 | 1759 55.63
16 years ...... 185.8 8.78 | 046 | 184.2 820 | 0.84 | 178.6 | 126.26
T7 YBAIS tiiiirniniicimetsiseiseecssssessanescans 186.0 863 | 0.56 | 184.5 906 | 1.88 | 197.0 | 139.30

NOTE: X = mean skeletal age (hand-wrist); s, = standard deviation of skeletal age; and sy = standard error of mean. Expected
values remove the effect of differences in the chronological age distribution with respect to skeletal age over the 12-17-year age span by

indirect adjustment.
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Table 2. Mean, standard deviation, and standard error of the mean skeletal age (hand-wrist) of youths by geographic region,

chronological age at last birthday, and sex: United States, 1966-1970

Standard of reference, sex, Northeast Midwest South West
and chronological age
at last birthday X Sy Sz X Sy Sx X Sy Sz x Sy Sg
Male standard Skeletal age in months
Boys:
12 years 1410 | 1693 | 1.14] 139.0 | 1759 | 128 | 141.1 1603 | 162 | 140.2 | 17.20 | 1.38
13 years... 1576 | 20.02 | 2.60{ 1579 | 1745 | 162 | 156.1 1834 | 132 | 1578 | 16.32 | 1.16
14 years... 173.6 | 16.00 | 1.02] 1720 | 1491 | 161 ]| 1742 | 1580 1.87 | 1747 | 1466 | 1.16
15 years... 189.1 | 1382 | 145 | 1836 | 1448 | 1.14 | 186.7| 1488 | 1.02 | 1876 | 13.20 | 1.41
16 years 196.2 | 1325 | 133§ 1962 | 13.26 | 152 | 1966 | 1428 | 1.04 | 1964 | 1437 | 1.36
17 years 206.6 | 1035 | 142 | 206.3 966 | 063 | 2044 | 1165 | 0.72 | 2043 | 1195 | 1.40
Girls:
12 years 1774 | 1413 | 146 | 1733 | 1485 | 1.38 | 175.7| 1430 | 135 | 1739 | 1658 | 2.39
13 years.... 1879 | 13.02y 095 | 186.7 | 13.19 | 1.78 | 186.7 | 1287 | 1.03 | 1854 | 1264 | 0.87
14 years.... 197.3 | 10.78 | 123 | 1985 | 1142 | 134 | 1976 | 11.16 | 081 | 1985 9.69 | 1.47
15 years.... 2048 9.25 | 0.82] 205.2 937 | 156 | 2069 946 | 0.74 | 2054 8.45 | 1.02
16 years.... 210.8 866 | 0924 | 2118 980 [ 097 | 2120} 1195 | 1.22 | 2105 9.17 | 1.15
17 years 209.2 | 10.06 | 1.27 | 211.1 985 | 1.66 | 2130 922 | 140 | 2129 9.32 | 1.20
Actual values:
Boys 12-17 years 174.7 ---] 0841 1740 --- 10691 1759 ---| 091 | 1753 --- 1083
Girls 12-17 years 196.4 ---| 0.72 | 196.0 --- 1066 | 1975 ---1 096 | 196.6 ---1 086
Expected values:
Boys 12-17 years 173.9 ---| 083 ]| 1749 --- 1070 | 1759 ---1 091} 1750 ---| 0.83
Girls 12-17 years 196.4 ---| 0721 196.3 --- 1067 | 1969 ---1 0951 1969 --- 1087
Female equivalent
Girls:
12 years 1454 | 1158 | 1.20 | 141.3 | 12.11 | 113 | 143.7| 11,70 | 1110 ] 1419 | 1271 | 1.95
13 years.... 1569 | 10.87 | 0.79 ] 155.0 | 1095 { 148 | 155.0| 10.68 | 086 | 1534 | 10.46 | 0.72
14 years.... 167.3 914 | 104 ] 1688 9.71 1.14 | 1676 947 | 069 | 1688 824 | 1.25
15 years.... 176.2 796 | 0.71 ] 177.2 8.09 | 135 | 1789 8.18 | 064 | 177.4 7.30 | 0.88
16 years.... 1848 759 | 082} 186.2 862 | 085 | 187.0( 1054 | 1.08 | 1845 8.04 | 1.01
17 years 182.3 877 | 1.11 | 185.2 8.64 { 146 | 189.0 8.18 | 1.24 ] 1884 8.25 | 1.06

NOTE: X = mean skeletal age (hand-wrist): 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 12-17-year age span by

indirect adjustment.
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Table 3. Mean and standard error of the mean skeletal age thand-wrist) of white and Negro youths by geographic region, chronological age at fast birthday, and sex: United
States, 1966-1970

Northeast Midwest South West
Standard reference, sex,
and chronological age White Negro White Negro White Negro White Negro
at last birthday
X S% X Sx x Sx X Sx X 5 x Sz x Sg x 53
Male standard Skeletal age in months
1411 | 124 | 1407 | 156 | 1396 | 1.22 | 131.1 | 2.66 | 1420 | 119 | 139.1 | 585 | 1399 | 1.76 | 1424 7.66
16574 | 263 | 1588 | 7.86 | 157.2 | 1.60 | 1645 |13.84 | 1545 | 1.19 | 1594 | 4.34 | 1674 | 1.55 | 166.5 | 1296
1734 | 082 | 1749 | 3.06 { 1729 | 143 | 1629 | 452 | 1740 | 2.13 | 1749 | 350 | 174.7 | 1.17 | 1748 444
1896 | 163 | 1845 | 839 | 1842 | 1.18 | 176.1 | 3.35 | 1885 | 1.08 | 1814 | 1.10 | 187.3 | 1.68 | 186.7 | 41.90
. 11966 | 1.44 | 196.0 | 3.40 | 1969 | 208 | 1904 | 282 | 1968 | 1.14 | 196.1 | 1.76 [ 1974 | 1.27 | 176.0 | 57.46
. 12073 | 124 | 2000 | 888 | 206.2 | 0.61 | 206.8 | 451 | 206.1 | 082 | 199.1 | 2.14 | 203.8 | 1.44 | 208.3 | 46.75
1770 133 | 1794 | 488 | 1731 | 150 | 1749 | 984 | 1749 | 1.33 [ 177.8 | 3.74 | 1728 | 2.22 | 1827 | 567.88
1878 | 120 | 1885 | 2.56 | 186.6 | 1.98 | 1875 | 244 | 186.8 | 1.13 | 1866 | 1.85 | 185.2 | 093 | 188.7 2.74
1968 | 127 | 2005 | 3.68 | 1982 | 1.46 | 203.1 | 299 | 1980 | 050 | 1964 | 2.31 | 1984 ; 1.566 | 199.8 1.20
2048 | 107 | 2049 | 236 | 2046 | 1.73 ] 211.2 | 2.18 | 206.6 | 0.69 | 2079 | 1.40 | 2054 | 1.09 | 206.1 2.75
2111 | 009 | 2079 ] 069 | 211.7 | 100 { 2134 [ 192 | 2124} 1.51 | 211.1 | 1.33 | 2109 | 1.22 | 204.0 497
. |2003| 113 | 2086 | 484 | 2111 | 1.74| 2111 | 203 | 2133 | 1.30 | 212.3 [ 406 | 213.1 | 097 [ 209.2 | 47.65
Actual values:
Boys 12-17 years..... 1750 | 099 | 1723 | 096 | 1742} 064 | 1724 | 3.16 | 177.3 | 092 1720 ( 218 | 175.1 [ 0.82 | 1748 6.64
Girls 12-17 years..... 1964 | 0.86 | 196.4 | 153 | 1959 | 0.71 | 1978 | 166 | 1975 | 0.88 | 1975 1.63 | 196,56 | 0.94 | 196.2 1.87
Expected values:
Boys 12-17 years ... 1760 | 1.00| 1737 | 097 | 1746 | 0.64 | 1694 | 3.11 | 1754 | 091 [ 1729 | 2,19 | 176.2 | 0.82 [ 173.7 6.59
Girls 1217 years.... 1066 | 086 | 196.8| 163 | 1962 | 071 | 1984 | 167 ] 1973 | 088 | 1968 | 1.62 | 196.2 | 0.94 | 197.1 1.88
Female equivalent
Girls:
12 years.... 145.0 | 1.09 | 1474 | 4.01 1414 122 | 1429 | 8.04 | 1429 | 1.09 | 1458 | 3.07 | 1408 | 1.81 150.7 | 47.74
1568 | 1.00| 1575 | 2,141 1552 | 1.65| 1565 | 2.04 | 1566 | 094 [ 155.2 1,54 | 163.2 [ 0.77 | 1567.7 2,29
1668 | 1.08} 1715 | 315 ]| 1684 | 124 | 1741 | 256 | 1680 | 042 | 1664 | 1.96 | 168.8 | 1.33 | 1709 1.03
1766 | 092 | 1768 | 204 | 176.2 | 149 | 1854 | 191 | 1786 | 0.60 | 1808 | 1.22 | 1774 | 094 | 1781 2.38
1852 | 0.87 | 180.8 | 0.60 | 186.4 | 088 | 1894 | 1.70 | 1878 | 1.34 | 1852 | 1.17 | 1849 | 107 | 1750 4.26
1826 | 099 | 1816 | 395 | 185.2{ 1.653 | 1852 | 257 | 188.3 | 1.16 | 1876 | 3.59 | 189.1 | 0.86 | 1824 | 41.55

NOTE: ¥ = mean skelotal age (hand-wrist) 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 12-17-year age span by indirect adjustment,
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Table 4, Mean skeletal age (hand-wrist) of youths by population size in urban areas and land use in rural areas of residence, chronological age at last birthday, and sex, with sslected
standerd errors: United States, 1966-1970

Urban outside urbanized

Rural—nonfarm

Standard of reference, sex, Urbanized areas Rural—~farm
and chronological age L:'l:aln areas R""’ll
at last birthday ota 3 million | 1.0-29 | 250,000- | Lessthan | 25,000 10,000- | 2,500- tota 10 acres | Less than | 10 acres |Less than
or more | million | 999,999 250,000 | or more | 24,999 9,999 or more 10 acres | or more | 10 acres
Male standard Mean skeletal age in months
140.2 140.2 139.7 1418 138.6 1376 138.8 1413 1404 137.0 - 134.1 141.5
1579 189.0 185.7 156.7 160.3 163.0 160.4 185.3 156.4 153.2 161.8 152.8 157.4
1734 1734 1728 174.0 1755 172.1 168.6 1739 17239 1749 180.3 1733 173.6
1871 1884 185.1 190.8 186.3 186.2 182.6 1859 1853 183.8 163.0 184.2 186.2
196.4 196.1 1948 1975 197.1 1€9.1 1974 196.1 196.3 2004 19.2 197.7 186.2
205.6 206.9 206.5 205.3 205.6 208.3 2025 201.3 204.9 203.6 - 204.7 205.3
176.0 1785 173.2 173.9 1739 170.5 1714 1720 175.1 173.0 189.2 176.6 176.3
186.7 1875 184.9 186.2 188.0 190.4 186.6 186.2 186.5 180.6 197.6 1871 188.3
198.2 199.6 1948 198.7 198.8 196.7 199.4 1991 197.7 197.2 204.7 186.0 197.9
2058 207.5 2034 206.1 206.2 204.1 2048 2064 205.2 2038 193.6 210.7 206.2
2107 2123 207.6 212.0 2116 2103 208.8 2107 2124 211.7 - 211.2 2126
17 years... 2120 2090.6 211.2 215.6 213.6 2128 208.0 2133 2106 208.1 2120 2084 211.6
Actual values:
Boys 12-17 years. 1749 1755 1719 176.7 175.1 1749 177.2 1749 1748 176.0 183.8 1771 1744
Girls 12-17 years ., 196.6 197.4 195.2 198.0 1974 197.1 193.3 195.3 196.5 193.5 199.0 1948 187.6
Expected values:
Boys 12-17 years. 174.7 1748 1728 175.6 1743 i74.0 178.7 1758 1783 177.0 186.7 17941 174.4
Girls 12-17 years. 196.6 196.0 197.3 1974 196.8 197.7 1943 195.6 186.6 196.1 193.1 194.8 187.1
Female equivalent
Girls:
12 years.. 143.0 146.5 141.2 M8 1419 1385 1394 140.0 143.1 1410 158.2 143.6 1433
13 years.. 155.0 166.5 1529 16543 157.0 169.4 154.9 1543 154.8 1486 167.6 156.1 167.3
14 years.. 168.4 170.6 164.2 169.0 169.2 166.7 170.4 170.1 167.7 167.2 176.0 166.0 167.9
15 years.. 1778 1798 1744 178.1 178.2 176.2 176.2 1784 177.2 1748 162.6 184.7 177.2
16 years.. 184.7 187.4 179.9 187.0 1859 184.3 181.8 184,7 187.6 186.0 - 1863 187.8
17 years.. 187.0 1829 185.3 191.6 189.6 188.2 182.0 189.3 184.6 1811 187.0 1814 185.8
Male standard Standard error of the meen
Boys:
12 years.. 0.75 2,15 1.84 2,03 7.46 3.27 3.40 1.78 0.82 2,08 - 3.04 112
17 years.. 0.81 1.72 1.67 191 3.31 140 45.64 237 0.85 283 - 3.52 1.02
Girls:
094 1.51 159 4.39 203 7.6 440 3.04 1.24 3.67 85.17 4.88 1.08
0.77 1.18 246 0.98 6.66 3.04 80.94 1.72 098 213 149,91 2,56 1.09
Boys 12-17 years.... " 0.52 1.29 138 1.56 261 391 285 2.04 0.67 1.59 9,01 3.49 085
Girls 12-17 years.... 044 0.61 117 211 250 233 6.04 0.99 0.38 1.27 8,14 157 0.45
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Table 5. Mean, standard deviation, and standard error of the mean skeletal age (hand-wrist) of youths by annual family income, chronological age at last
birthday, and sex: United States, 1966-1970

Standard of reference, sex, Less than $5,000 $5,000-$9,999 $10,000 or more L;;fggg“ f:sr;?gg
and chronological age
at last birthday x Sy Sx x Sy | S5 X Sy Sz X Sx x Sk
Male standard Skeletal age in months
Boys:
12 years 13905 | 16.34| 235 | 139.7 | 17569 { 096 | 1416 | 16.31 | 1.34 | 1388 | 2561 | 141.3 | 2.28
13 years 156.2 | 19.27 | 2.61 159.2 | 17.66 | 0.78 | 156,56 | 17.70 | 1.50 | 1544 | 3.66 | 155.8 | 2.42
14 years 1740 | 1590 | 2.03 | 174.3 | 1557 | 086 | 172.1 | 1415 | 123 | 175.7 | 2.26 | 1739 | 1.49
15 years 185.1 | 1542 | 146 | 186.3 | 1415 | 097 | 1879 | 13.48 | 1.00 | 183.6 | 2.17 | 189.3 | 1.81
16 years 1966 | 1391 ] 098 | 1966 | 1432 | 1.21 198.7 { 1220 | 194 | 1933 | 125 199.9 | 2.64
17 years 2039 | 11.18 | 1.07 | 205.7 9.75 | 0.66 | 2068 | 11.78 | 1.13 | 204.7 | 1.80 | 205.7 | 2.51
Girls:
12 years 1763 | 1631 ] 197 { 1735 | 1666 | 1.12 | 1757 | 12.29 | 0,90 | 178.1 | 2.37 | 173.2 | 1.39
13 years 1853 | 12.37| 098 { 187.0 | 1349 | 099 | 1873 | 12,71 | 126 | 1865 | 1.32 | 185.0 | 2,20
14 years 1975 | 1145 ] 1.08 | 196.6 | 11.74 | 0.89 | 200.0 8.66 | 0471 198.0 | 1.20 | 199.3 | 1.09
15 years 206.3 8.71 | 0.74 | 205.1 8.51 | 047 | 2050 981 [ 1.15 ]| 2065 | 1.17 | 204.1 | 1.50
16 years 2109 | 1188 | 141 | 2110 893 ] 082] 2119 902 ]| 095 | 2114 | 1.27 | 2113 | 1.19
17 years 2116 { 1060 | 1,19 | 211.8 956 [ 098 | 211.4 971 | 1.04| 2129 | 208 | 208.7 | 1.66

Actual values:
Boys 12-17 years ...
Girls 12-17 years

1745 | 27.28 | 128 | 1746 | 2725 | 056 | 1755 | 26,84 | 0.87 | 1766 | 206 | 1758 | 1.40
195.8 | 1804 | 0.72 | 1955 | 18.04 | 0.61 | 198.1 | 17.02 | 0.78 | 197.0 | 069 | 1979 | 1.00

Expected values:

Boys 12-17 years 1755 ---] 129 | 1746 ---| 056 | 174.9 ---} 086} 1771 | 208 ]| 1748 | 1.39
Girls 12-17 years 195.8 ---} 072 | 196.1 ---| 0.62] 1979 ---| 078§ 196.2 | 068 | 199.0 | 1.02
Female equivalent
Girls:
12 years 1442 | 1334 161 | 1415 | 1276 | 091 ] 143.7 | 1005 | 0.74 ]| 146.1 | 194} 141.2 | 1,13
13 years 1633 | 1023| 081 | 1560 | 1125 | 083 ] 156.3 | 1061 | 104 ] 1535 | 1.09 | 153.0 | 1.82
14 years 167.5 9.71 | 092 | 166.6 995 | 0.75] 171.0 740 | 040 ] 168.0 | 102 | 170.3 | 093
15 years 178.3 753 | 064 | 1771 735 | 041 ] 177.0 8.47| 099 | 1785 1.01}| 175.1 | 1.29
16 years 1849 | 10421 1.24 | 1850 783 | 0.72 | 1868 795 084 1858 | 1.12| 1856 | 1.056
17 years 186.2 9.33{ 1.05 | 186.6 842 | 0.86] 1858 853| 091 | 1888 1.84| 181.7 | 1.45

NOTE: X = mean skeletal age (hand-wrist); Sy = standard deviation of skeletal age; and sg = standard error of mean. Expected values remove the
effect of differences in the chronological age distribution with respect to skeletal age over the 12-17-year age span by indirect adjustment.
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Table 6. Mean and standard error of the mean skeletal age (hand-wrist) of white and Negro youths by annual family income, chrono-
logical age at last birthday, and sex: United States, 1966-1970

Less than $5,000 $5,000-$9,999
Standard of reference, sex, and chronological age at last birthday White Negro White Negro
X Sz X Sx x Sx X Sz
Male standard Skeletal age in months
Boys:
12 Years ..cuccrerssrevierncrseeeeeeerenns 1399 | 232 | 1385 | 453 | 139.8 | 0.96 | 138.4 { 3.10
13 years... 154.7 | 267 | 1588 | 494 | 1584 | 093 | 164.1 | 3.46
14 years 173.5 | 2.51 1751 | 342 | 175.0 | 0.88 | 168.6 | 2.65
15 years 186.2 | 1.89 | 1823 | 2.05 | 186.8 | 1.02 | 180.7 | 3.66
16 years... 196.4 | 1.20 | 1935 | 191 1964 | 1.19 | 190.1 | 7.03
17 years 205.0 | 1.19 | 201.3 | 1.89 | 205.7 | 0.70 | 206.0 | 2.32
Girls:
T2 YIS ciereireisriessntcnnnenteeeeeseresensersennes 176.1 | 283 | 1794 | 280 | 173.2 | 1.07 | 176.0 | 4.48
T3 Y EAIS ittt n e ts e ste s s s s e e s sanee s e aneene 185.1 | 1.19 | 1858 | 1.97{ 186.7 | 1.11 | 189.8 | 2.51
1968 | 1.24 | 199.0 | 165 | 1964 | 0.90 | 199.1 | 3.44
...... 206.1 | 0.90 | 207.0 |{ 0.82 | 2049 | 0.63 | 207.1 | 2.07
rersesressseseriessiees 2113 | 2.07 | 2102 | 0.79 | 2109 { 0.93 | 212.2 | 3.50
T7 VOIS cucneeririiicimtreorisiseescsssistesinsarmeneescssssssessrsennees susssnsessssnsenesrenn 2123 | 145 | 2104 | 3.10 | 211.7 | 1.12 | 2123 | 245
Actual values:
BOYS 1217 YIS ueceecrereeerrvrertercsrenereseresseeesens .| 1754 | 162 | 1726 | 164 ) 1749 | 064 | 1714 | 157
GIFIS 12417 YAISurruierreeerrcrrernerererraneersessarssssansssssssnssssssssssessasoessnans 1953 | 095 | 196.7 | 0.96 | 1954 | 0.70 | 196.8 | 1.56
Expected values:
BOYS 12-17 YEErS covcreeerenrereenenrareraens 176.1 | 151 | 173.3 | 166} 1747 | 064 | 173.6 | 1.59
Girls 12-17 years....cveerrvecrerresranns 195.7 | 096 | 196.0 | 095 { 1956 | 0.70 | 194.7 | 164
Female equivalent
Girls:
T2 YIS curiireiriiitiiesereserertensseraensssisssessnssansssessnssssensessassonsssssssesnes 143.1 | 232 | 1474 | 230} 1412 | 0.87 | 1440 | 3.67
13 years........ 153.1 | 098 | 1638 | 1.63 | 1554 | 0.92 | 158.1 | 2.09
14 years....... 166.8 | 1.05 | 170.0 | 1.41 | 166.4 | 0.76 | 170.1 | 2.94
15 years 178.1 | 0.78 | 179.0 | 0.71 ] 1768 | 054 | 179.2 | 1.79
16 years.... 1866 | 1.81 | 1842 | 069 | 1849 | 082 | 1874 | 3.09
17 YEAIS cuueviericeeinnirisnris s rrsesreessenessnne 1876 | 1.28 | 1844 | 2.72| 186.4 | 0.99 | 1876 | 2.16

NOTE: X = mean skeletal age (hand-wrist) 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 12-17-year age span by indirect adjustment.
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Table 6. Mean and standard error of the mean skeletal age {hand-wrist) of white and Negro youths by annual family income, chrono-
logical age at last birthday, and sex: United States, 1966-1970—Con.

$10,000 or more

Less than $3,000

$15,000 or more

White Negro White Negro White Negro
X Sg X sz X s% X sz X Sz % sz
Skeletal age in months
141.5 1.36 144.2 10.04 139.4 3.45 137.8 3.39 140.8 2.33 161.2 80.69
156.4 1.56 162.5 51.95 154.4 5.69 154.5 5.07 165.9 2.44 - -
172.4 1.19 159.6 8.72 173.6 2.14 178.4 3.69 174.2 1.48 149.6 105.79
188.1 1.06 177.2 8.27 184.1 3.07 182.8 3.24 189.1 1.90 188.7 133.41
198.6 2.01 205.9 103.16 194.2 1.61 191.8 1.75 199.7 2.75 220.0 155.56
206.6 1.19 211.8 5.61 206.8 1.70 200.9 3.10 205.5 2.66 209.0 104.68
175.1 0.93 183.9 12.38 177.8 3.26 179.0 2.53 173.1 1.47 170.1 120.30
187.1 1.28 199.0 5.12 186.5 1.80 184.0 2.67 184.4 222 196.7 5.92
199.9 0.63 200.8 5.41 198.0 1.68 198.1 2.68 199.1 1.18 202.9 101.65
204.8 1.18 213.9 3.55 206.5 1.64 206.5 1.24 203.9 1.63 - -
211.9 0.96 209.8 66.49 213.3 1.20 208.2 1.94 211.5 1.16 196.0 138.69
211.6 1.01 208.3 46.72 2145 1.49 210.5 456 208.7 1.67 206.8 146.22
175.4 0.85 175.8 5.22 176.4 2.90 174.2 2.53 175.5 1.47 187.8 60.28
198.0 0.79 206.6 2.29 197.4 0.93 196.1 1.42 198.1 1.03 197.0 4.74
175.4 0.85 1771 5.24 176.1 2.89 174.8 2.54 175.6 1.47 181.2 60.20
198.1 0.79 199.4 2.25 196.9 0.92 197.2 1.44 198.2 1.03 195.4 4,72
143.1 0.76 151.9 10.23 145.8 2.67 147.0 2.08 141.1 1.20 138.1 97.67
156.1 1.07 170.0 4.37 165.0 1.50 152.0 2.21 162.4 1.83 166.7 5.02
170.9 0.45 171.8 463 168.0 1.43 168.2 2.28 170.1 1.01 173.9 87.12
176.6 1.02 189.9 3.15 178.5 1.42 1785 1.07 174.9 1.31 - -
186.8 0.85 183.6 58.19 189.3 1.06 181.2 1.69 186.0 1.02 166.0 117.38
186.0 0.89 181.3 46.72 190.5 1.32 184.5 4.00 181.7 1.45 178.8 126.42

59



Table 7. Mean and standard error of the mean skeletal age (hand-wrist) of white and Negro youths by education of first parent, chronological age of youth at last birthday,
and sex: United States, 1966-1970

Education of parent

Standard of reference, sex, Less than & years 5-8 years 9-12 years 13 years or more
and chronological age
at last birthday White Negro White Negro White Negro White Negro
x Sz x Sx X S5 X Sz X Sz X S5 X S5 X S5
Male standard Mean skeletal age in months

1404 | 079 | 1386 | 3.12 | 138.0 | 062 | 136.3 | 3.07 | 1388 | 0.61 | 137.3 | 297 | 1386 | 0.77 | 137.2 { 3.26
1569 [ 097 | 161.0 | 3.19 | 1545 | 1.20 | 169.0 | 3,565 | 1551 | 1.09 | 159.4 | 3.56 | 165.2 | 1.15 | 169.7 | 3.80
1744 | 079 | 1734 | 209 | 1748 | 092 | 173.2 | 249 | 1746 | 084 | 1728 | 2.42 | 1754 | 087 | 173.6 | 2.33
. 118751 077 | 183.0 | 1,21 | 1886 | 0.81 | 1838 | 1.26 | 188.2 | 0.79 | 1823 | 1.24 | 1887 | 0.81 | 183.9 | 1.16
16 yeoars 197.2 | 082 | 1927 | 293 | 1978 | 084 | 1929 | 295 | 1975 | 0,80 | 1929 | 295 | 197.7 | 0,82 | 1929 | 2,95
17 YearS e snisinssssonsenns 206.1 | 054 | 2034 | 142 | 2064 | 0.56 | 2034 | 1.42 | 206.0 | 0.54 | 202.4 | 1.65 | 206.3 | 0.55 | 203.2 | 1.561

17441 078 | 1796 | 236 | 175.1 | 093 | 1796 | 285 | 175.0 | 0.88 | 178.8 | 2.75 | 1752 | 096 | 179.8 | 2,57
186.7 [ 0.77 | 1884 | 139 | 188,2 | 089 | 189.7 | 1.19 | 1879 | 0.82 | 188.7 | 1,07 | 188.3 | 0.88 | 189.4 | 1.06
198.3{ 058 [ 198.2 { 1.75 | 1990 | 0.62 | 2013 | 142 | 1986 | 0.66 | 2006 | 1.44 | 1990.1 | 0.61 | 201.2 | 1.41
206.5} 057 | 2076 | 0.81 | 2058 | 0.51 | 207.6 | 0.81 | 2056 | 0,52 | 207.6 ( 0.81 | 205.7 | 0.51 | 207.6 | 0.81
211.7 | 051 | 2107 | 092 | 211.7 | 050 | 210.7 | 092 | 2115 | 0.52 | 210.2 | 096 | 211.6 | 0.50 | 210.4 | 0.90
2120 | 0.68 | 2109 | 2.156 | 2120 | 068 | 2109 ] 215 | 211.7 | 0.64 | 2105 | 2.14 | 2118 | 0.67 | 2109 | 2.16

Actual values:
Boys 12-17 years ..
Girls 12-17 years...

17651 039 | 173.7 | 1.29 | 1768 | 043 | 173.3 | 1.34 | 1764 | 041 | 1730 | 1.27 | 177.7 | 0.41 | 174.4 | 1.42
197.2 | 0.41 1980 | 097 | 198.7 | 0.45 | 199.2 | 0.77 | 1980 | 042 ] 1985 | 0.72 | 198.7 | 0.46 | 199.2 | 0.73

Expected values:
Boys 12-17 years ..

e [176.3 | 038 | 1762 | 1.30 | 1766 | 043 | 1750 | 1.35 | 176.1 | 041 | 1749 | 128 | 177.4 | 0.41 | 176.2 | 1.43
Girls 12-17 yeers... .

1974 041 1967 { 096 | 1989 | 045 | 1979 | 0.76 | 198.2 | 0.42 | 1974 | 0.71 | 1989 | 0.46 | 1979 | 0.72

Female equivalent

Girls:
12 YBAIS wovcisssssmesmsssarmassmsnssernnnenns | 1424 | 064 | 1476 | 194 | 1431 | 0.76 | 1475 | 234 | 143.0 | 0.72| 1468 | 2.26 | 1432 | 0.78 | 147.8 | 211
13 years 1650 | 0.64 | 1574 | 116 | 1567.2 | 0.74 | 158.7 | 1.00 | 1569 | 0.68 | 157.7 | 0.89 | 157.3 | 0.74 | 158.4 | 0.89
14 years 1684 049 ( 1702 | 150 ] 170.0| 053 | 1723 | 1.22] 1689 | 056 | 1716 | 1.23 | 170.1 | 052 | 1722 | 1.20
15 years... .o | 17761 049 ] 1799 ( 0,70 | 1778 044 | 1799 0.70]| 1776 | 0.45| 1799 ]| 0.70 | 1777 | 0.44 | 1799 | 0.70
16 years.. .| 186.0| 045 184.7 | 0.81 | 186.0 | 044 | 184.7 | 0.81 | 1858 | 0.46 | 184.2 | 0.84 | 1859 | 0.44 | 184.4 | 0.79
17 years 187.0] 060 | 18491 188 | 187.0( 0.60 | 1849 | 188 | 1860 | 056 ( 1845 | 1.88 | 1862 | 0.5 | 184.9 | 1.88

NOTE: X = mean skeletal age (hand-wrist) and ¢, = standard error of mean. Expected values remove the effect of differences in the chronological age distribution with
respect to skeletal age over the 12-17-year age span by indirect adjustment.
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Table 8, Selected percentiles in the distribution of skeletal age (hand-wrist) for youths by race, geographic region, annual family income,
chronological age at last birthday, and sex: United States, 1966-1970

Chronological age in years at last birthday

Race, region, annual family income, and percentile Boys
12vyears | 13 years | 14 years | 15 years | 16 years | 17 years
White Skeletal age in months

Pqg 154.3 170.0 182.1 198.4 206.3 213.1

Psg ... 140.0 158.3 174.1 186.4 199.1 2071

Pax 1273 1448 165.6 177.2 189.5 199.6
Negro

P75 i 1544 1728 183.7 1954 205.2 210.6

Pso 134.7 163.5 172.7 179.8 197.3 203.1

Pog i, 126.1 151.0 161.7 170.2 1818 195.7

Northeast

P7s 154.1 172.8 182.8 200.5 205.5 216.0

Pso 1420 159.4 173.6 191.8 198.8 206.5

Pog 127.8 143.6 163.4 178.4 189.2 199.6
Midwest

P55 153.0 169.4 180.8 195.7 205.0 213.2

Pso 1373 159.8 1728 182.0 1989 206.7

Pas 1239 146.1 1615 175.0 188.1 1999
South

Prs 155.1 1710 1828 198.1 207.3 2129

Pso 1410 1571 175.1 185.6 199.1 207.1

Pos 128.7 1449 167.0 176.5 187.9 197.9
West

Pys 155.0 169.3 181.3 198.2 206.0 211.0

Pso 138.6 158.5 175.1 187.6 199.1 206.9

Pay 1271 146.5 166.6 178.5 189.5 198.7

Less than $5,000

P75 siiinnnissientinnasisnssineasenessensinnne e sestassssesrass eenas esseanees s sesennasanrbes 154.2 171.0 181.9 198.3 207.0 211.6

Pso 138.8 157.6 1735 182.4 198.5 205.6

Py 126.1 1441 166.8 174.5 186.5 1971

$5,000-$9,999

Pys 1639 171.6 183.5 1971 206.0 212.7

P50 e 1372.7 159.7 174.4 185.9 198.6 206.6

Pas 127.0 147.2 166.1 177.3 1885 199.8

$10,000 or more

P 155.2 169.0 180.7 200.0 206.2 213.8

Psqg 142.1 159.7 1739 188.3 200.7 207.8

Pog ciserinisissnisesnsitasesan st e sssssas e nants ssaesaenasnesbb s saesnanabe s ansasesase 127.7 144.4 160.9 178.2 1929 200.0
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Table 8. Selected percentiles in the distribution of skeletal age (hand-wrist) for youths by race, geographic region, annual family income,
chronological age at last birthday, and sex: United States, 1966-1970—Con.

Chronoloqical age in years at last birthday

Race, region, annual family income, and percentile Girls {female equivalent)

12 years] 13vyears| 14 years| 15years| 16 years] 17 years

White Skeletal age in months

152.1 166.8 176.4 186.2 197.4 198.2
142.7 1566.2 170.2 177.9 187.4 189.0
1344 145.1 162.3 169.0 178.0 1773

169.6 166.4 180.0 187.8 196.3 197.3
146.8 156.9 171.2 181.1 185.9 187.4
138.8 146.9 165.0 173.0 173.7 1729

1563.9 167.3 177.4 185.3 196.3 193.9
144.3 157.4 169.2 1775 185.3 185.6
1379 145.7 161.7 167.9 175.4 173.0

Pys . 149.6 167.5 178.5 187.0 198.4 200.0

P50 ceeircniiesiiniieiinsnie et raresessessesssssessesrnesessesassaene 140.7 157.4 1715 1775 187.6 187.2

P35 ..... 1344 145.3 1624 168.3 178.4 175.2
South

Pys 155.4 166.9 176.0 190.1 200.1 200.2

] YO 145.3 155.2 170.2 179.2 188.2 189.7

Pas ... 1345 14438 162.6 1724 179.6 184.5
West

Pys.. 152.3 165.7 1759 186.2 192.7 199.1

P5Q cusniertransecninnsensen 1426 153.2 169.4 177.4 189.4 191.2

Pos . 134.1 145.1 162.6 168.9 179.6 178.5

Less than $5,000

o £ OO 156.2 163.56 176.4 188.2 197.2 198.2
P50 cioriictonsnnsiiissiesninsesersensenssessnnssnensaressesnes 1454 152.1 168.9 178.0 187.3 189.6
PO cirerciisiennintensenssneecrreesnsereevanenaeens 135.0 1454 162.3 171.7 179.6 178.6
$5,000-$9,999
Py y 151.7 167.4 175.9 185.9 195.2 199.6
P50 ceneeerneessnssensons 1423 157.0 167.9 177.4 186.4 189.2
Pssg 134.3 1445 161.2 168.8 1759 1775
$10,000 or more
Pys 1521 167.2 177.8 1854 197.6 197.6
Pso 1428 157.5 172.1 178.4 187.2 188.2
Pas 135.7 145.8 163.8 167.8 179.0 174.7
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Table 8. Selected percentiles in the distribution of skeletal age (hand-wrist) for youths by race, geographic region, annual family income,
chronological age at last birthday, and sex: United States, 1966-1970—Con.

Chronological age in.years at last bir{hday
Race, region, annual family income, and percentile Girls (male standard)
12 years | 13 years | 14 years 15vyears| 16 years| 17 years
White Skeletal age in months
P 184.1 1968 2049 211.8 220.3 2208
P5g ... rarseteseseseessresnesssnnnes 174.7 187.2 199.2 205.9 2123 213.0
P55 trisiceristsssesisinnantiasinnesassettessanstessantrasasnanesessneatesssnntesesnanesesrane 165.9 177.1 193.3 198.7 207.0 205.3
Negro
P75 190.6 196.4 207.5 2128 2193 220.2
Pso 178.8 187.9 200.2 208.1 211.6 2123
Pog i e seens 170.8 178.9 195.0 202.0 202.7 2019
Northeast
P75 .. . 1859 197.3 205.4 211.2 219.3 2179
P50 ceiiinnnninntiiieine st s s nessas s s e 176.3 1884 198.8 205.9 211.2 2114
Po g ettt st rr et saraesenaesana s s ae s seenasa s saans 169.9 177.7 192.7 197.9 204.3 202.0
Midwest
P75 s s s s st st 181.6 1975 206.5 212.0 2209 2220
Pso 172.7 188.4 200.5 205.5 2124 2121
Prs. 165.7 177.3 193.4 198.2 206.4 204.1
South
Pys . 186.9 196.9 204.7 2141 2221 2222
Pgo - . 1773 186.8 199.2 207.1 2128 213.7
Po5 ciiissiinistseac e 166.0 176.8 193.6 2014 207.4 2105
West
Pyg esstersiessvaseeseraneressyaaraesessantenssneraeesbttreaseaneren 184.3 1956.7 204.6 2118 216.7 221.1
Pso . 174.6 185.2 1989 2054 2134 215.2
Pog ettt e s s e 165.2 1774 193.6 198.6 207.4 206.5
Less than $5,000
P75 wuinieriiiiistiis i assse s s tas sas s senssas st aRp et e s saaes 187.2 194.5 204.9 2128 220.1 220.8
Y Y OO 177.4 184.1 198.6 206.0 2122 213.6
Pag N EEEseEE L seNsyete bt N EaeNNaEae At ENRIeNRaReR OOt NRTaNS aRassraraonsEsan e 167.0 177.4 193.3 200.7 207.4 206.6
$6,000-$9,999
Pys g 183.7 1974 204.6 2116 2188 2215
P50 s et et saansa e sanes 1743 188.0 197.9 205.4 211.9 213.2
P a5 it s sa s n s ne b e 165.6 176.5 192.2 198.5 204.6 205.5
$10,000 or more
P75 .......... 184.1 197.2 205.8 211.3 220.4 220.4
Pso 1748 188.5 201.1 206.4 2121 2128
Pog st ettt se s st s srsatsasesae s eaes 167.7 1778 1948 197.8 207.0 203.7
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Table 9. Mean bone-specific skeletal ages for the 31 individual hand-wrist bones of white and Negro youths by chronological age in years
at last birthday and sex, with selected standard errors: United States, 1966-1970

Standard of reference, sex, Radius Ulna Capitate Hamate Triquetral
and chronological age
at last birthday White Negro White Negro White Negro White Negro White | Negro
Male standard Mean skeletal age in months
Boys:
12 years 139.9 139.0 140.0 1395 1410 140.1 14241 1414 140.8 139.5
13 years... 156.7 160.3 156.1 160.6 155.7 155.3 156.3 157.1 154.8 156.2
14 years ... 173.7 171.8 173.2 1723 168.2 164.2 168.8 165.4 167.8 164.0
15 years ... 186.2 181.9 186.3 181.1 175.6 1714 176.1 173.1 175.2 171.7
16 years ... 198.0 192.8 195.0 190.6 178.6 167.1 179.6 1703 178.6 1675
17 years 2075 204.0 202.2 199.3 1849 184.6 185.3 184.9 185.7 186.1
Girls:
12 years 173.2 1779 1728 177.7 168.2 168.2 169.1 169.1 167.3 168.4
13 years ... 185.7 186.5 185.2 186.6 175.9 175.2 176.5 176.2 1749 174.8
14 years ... 1978 199.2 196.6 196.2 182.0 178.14 181.8 179.0 181.8 178.0
15 years ... 208.5 2095 203.7 203.8 188.0 - 188.7 - 188.4 -
16 years ... 214.2 213.9 206.6 205.2 1854 192.0 183.2 192.0 183.1 192.0
17 years 217.0 217.7 208.4 208.2 191.6 192.0 1916 192.0 191.6 192.0
Actual values:
Boys 12-17 years... 175.4 1724 1725 170.6 157.8 156.0 158.4 157.4 167.3 156.1
Girls 12-17 years....cccceereeruaee 197.6 198.4 191.2 1920 173.3 17341 173.8 174.0 1724 172.8
Expected values:
Boys 12-17 years...c.ceeireeneees 175.2 174.2 1724 171.7 157.5 158.1 158.2 158.9 157.0 1578
Girls 12-17 years......cccevueenee 197.8 197.1 1914 1908 173.2 173.6 173.8 174.2 1725 172.8
Female equivalent
Girls:
12 YEArS wuiieirccvreirsenccneeserenes 141.2 145.4 140.8 145.7 136.2 136.2 137.1 137.1 136.2 136.5
13 years ... 163.7 1545 1563.2 154.6 1439 143.2 1445 1442 1419 1418
14 years. ... 167.8 169.2 166.9 166.3 150.0 146.1 1498 147.0 149.8 145.0
15 years... 181.8 1835 1740 1742 157.0 - 157.7 - 156.4 -
16 years ... 190.2 189.9 179.6 177.3 153.4 162.0 161.2 162.0 151.1 162.0
17 years 194.0 194.7 1814 181.2 161.6 162.0 161.56 162.0 161.6 162.0
Male standard Standard error of the mean
Boys:
T2 Yars ...ceccuriivirscnnrassnerones 0.66 295 0.64 2.87 0.70 2,75 0.65 2.75 0.73 2.70
17 Years ..iccvneienisnccneecransnee 0.51 1.81 0.64 098 184 41.73 1.75 41.79 1.72 41.81
Girls:
12 years ... 0.73 2.60 0.80 248 0.66 2.01 0.63 217 0.66 2.21
17 YIS c.cueeereererernrerrrreenenenn 0.41 0.92 0.37 0.81 60.59 96.00 85.66 96.00 60.59 | 135.76
Boys 12-17 years.....ueveerearrecsrens 0.42 1.15 0.52 1.36 0.81 247 0.82 2.48 0.82 247
Girls 12-17 years ....cocciereerisnenene 0.37 1.01 0.39 0.72 0.50 1.26 0.49 1.49 0.51 1.49
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Table 9. Mean bone-specific skeletal ages for the 31 individual hand-wrist bones of white and Negro youths by chronological age in years
at last birthday and sex, with selected standard errors: United States, 1966-1970—Con.

Standard of reference, sex, Lunate Scaphoid Trapezium Trapezoid Metacarpal |
and chronological age
at last birthday White Negro White Negro White Negro White Negro White | Negro
Male standard Mean skeletal age in months
Boys:
12 years .. 140.6 139.3 139.2 137.6 138.3 137.6 139.0 1374 1388 1373
13 years .. 155.0 157.0 154.1 156.1 154.2 15b.7 1547 155.6 155.0 158.0
14 years .. 167.7 164.6 167.4 163.4 167.7 162.8 168.0 163.2 169.6 167.6
15 years .. 175.0 1715 175.5 1713 175.3 1713 175.5 170.8 176.9 1729
16 years .. 178.1 167.0 178.3 1673 178.5 167.1 178.2 166.0 1798 174.7
17 years 185.4 185.0 186.3 1839 186.2 185.1 185.3 185.1 183.4 182.4
Girls:
12 YEArS ereeiirinrssessssnensenesne 167.3 168.9 166.6 167.4 166.7 167.1 167.0 165.6 170.0 172.0
13 years ....uueeees 174.7 175.6 174.6 1756.2 175.1 174.2 175.0 174.5 177.2 178.8
14 years .. 181.3 1775 181.0 1784 181.0 178.3 181.2 179.7 181.3 179.0
156 years .. 1879 - 187.6 - 188.6 - 1884 - 185.1 186.0
16 years .. 187.7 192.0 1873 190.6 188.5 191.3 1884 191.3 185.5 186.0
17 years . 191.2 - 190.4 192.0 192.0 192.0 192.0 192.0 185.8 186.0
Actual values:
Boys 12-17 years 157.1 156.4 156.6 165.0 156.3 154.9 156.6 154.7 160.2 159.4
Girls 12-17 years 1723 173.0 1720 1730 172.3 172.5 1723 1723 175.3 176.5
Expected values:
Boys 12-17 years 157.0 157.8 156.3 156.8 156.0 156.6 156.3 156.9 160.0 160.4
Girls 12-17 years 172.4 1725 1720 172.8 172.2 1729 172.2 173.2 175.5 1755
Female equivalent
Girls:
12 YEAIS wueeerrenntvennarsnsiasisssens 136.2 137.0 134.6 1354 134.8 135.1 135.0 134.3 138.0 140.0
13 years.. 141.7 1425 142.6 143.2 1421 141.1 1420 1415 145.2 146.8
14 YRS uvveerssssnnessanenes 149.3 1445 149.0 146.4 149.0 146.3 149.2 147.0 1494 147.0
15 Years c.renrisnnessessene 156.4 - 156.2 - 156.6 - 156.4 - 154.1 165.0
16 years.. 156.0 161.0 155.6 159.6 156.5 159.4 156.4 160.0 154.5 155.0
17 YEArS .ccetnrnnersassssssasrscsians 160.2 - 159.4 161.0 161.0 161.0 161.0 161.0 154.8 155.0
Male standard Standard error of the mean
Boys:
12 years 0.70 2.56 0.59 2.87 0.59 2.83 0.61 297 0.59 2.62
17 years 1.78 41.81 1.77 41.66 1.77 41.81 1.77 41.81 043 1.95
Girls:
12 years 0.60 1.90 0.60 2.23 0.61 2.25 0.59 2.04 0.68 1.61
17 years 60.47 - 4259 | 135.76 4293 | 135.76 4293 | 135.76 017 58.81
Boys 12-17 years....cceeensermsenes 0.74 2.26 0.76 2.31 0.77 237 0.79 2.44 0.37 1.81
Girls 12-17 years wuimessesenseens 0.50 1.21 0.47 1.38 041 1.41 0.38 1.52 0.42 0.97
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Table 9. Mean bone-specific skeletal ages for the 31 individual hand-wrist bones of white and Negro youths by chronological age in years
at last birthday and sex, with selected standard errors: United States, 1966-1970—Con.

Standard of reference, sex, Metacarpal |1 Metacarpal 11 Metacarpal IV Metacarpal V Pisiform
and chronological age
at last birthday White Negro White Negro White Negro White Negro White | Negro
Male standard Mean skeletal age in months
Boys:
12 years 138.6 137.6 139.4 137.9 139.2 1379 139.7 138.3 141.4 139.5
13 years... 1549 159.4 155.5 160.1 155.4 160.6 155.8 160.2 155.6 167.6
14 years.. 1716 169.9 1718 170.2 1719 170.5 1721 1713 167.7 163.8
15 years .. 182.7 177.2 1822 177.3 182.1 1774 1828 178.6 1748 171.6
16 years 188.5 183.4 188.2 182.0 188.0 182.2 180.0 184.0 1791 164.6
17 years 196.0 185.2 194.2 194.2 193.7 1920 196.6 1928 185.3 186.9
Girls:
12 years 1714 173.6 1719 175.0 1716 1741 1719 175.4 167.1 166.7
13 years 183.2 184.5 182.7 183.8 182.4 184.5 1833 184.2 1748 174.7
14 years 194.2 193.5 192.8 191.5 1928 190.5 194.6 192.3 1825 1789
15 years 198.4 2014 196.4 199.6 196.7 200.5 199.1 201.3 187.0 -
16 years 203.2 204.2 200.2 200.3 200.3 200.6 203.1 202.7 187.3 192.0
17 years 2045 198.6 2004 200.0 200.7 198.6 205.1 204.8 1920 192.0
Actual values:
Boys 12-17 years.....cccevecueeeee 165.3 164.7 165.1 164.7 165.0 164.5 166.4 165.8 158.0 167.5
Girls 12-17 years ..ueeeeceneenees 1845 1849 1835 184.3 1835 184.1 185.6 185.2 1729 172.2
Expected values:
Boys 12-17 years.. 165.2 165.7 165.0 165.7 1649 165.4 166.2 166.9 157.8 1594
Girls 12-17 years......cceverreeeee 184.6 183.8 183.7 183.0 183.7 1829 1856.8 184.3 1728 1728
Female equivalent
Girls:
12 VIS ueereeeeeeccnrenrncresnvenes 139.4 141.6 1399 1425 139.6 142.1 1399 1434 135.6 135.4
13 years 151.2 152.5 150.7 151.8 150.4 162.5 151.3 152.2 141.8 141.7
14 years 164.2 163.5 1618 160.5 162.2 169.5 163.2 161.2 150.5 146.9
15 years 168.4 1714 166.4 169.6 166.7 170.5 169.1 1713 155.0 -
16 years 174.2 175.2 170.2 170.3 170.3 170.6 173.2 172.7 165.3 160.0
17 years 175.5 168.6 1704 170.0 170.7 168.6 176.1 175.7 160.0 160.0
Male standard Standard error of the mean
Boys:
12 YEArS uuverrrrceanneececrsnnceersenne 0.62 3.01 0.62 295 0.66 293 0.67 295 0.69 2.49
17 VRIS weceerercnerrerecsevrnencones 1.08 2,52 0.91 2.20 0.91 2.14 1.10 1.96 1.98 42,75
Girls:
12 YBEIS vurrerereerererssarerereenanes 0.79 1.89 0.74 1.84 0.74 1.73 0.72 206 0.60 2.29
17 YEars cueeeerveeecreerreerereneaes 1.42 99.28 1.35 63.28 1.19 99.28 097 | 10245 -| 135.76
Boys 12-17 years 0.47 1.46 0.39 1.30 0.37 1.29 0.41 117 0.53 1.57
Girls 12-17 years 0.43 1.07 0.44 094 0.45 094 0.36 0.94 047 1.48
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Table 9. Mean bone-specific skeletal ages for the 31 individual hand-wrist bones of white and Negro youths by chronolagical age in years
at last birthday and sex, with selected standard errors: United States, 1966-1970—Con.

Standard of ref Adductor Flexor Proximal Proximal Proximal
anaarc of reterence, sex, sesamoid sesamoid phalanx | phalanx I{ phalanx 11l
and chronological age
at last birthday White Negro White Negro White Negro White Negro White | Negro
Male standard Mean skeletal age in months
Boys:
LR [ 169.7 159.9 165.4 163.9 1408 1394 141.0 138.2 1410 138.3
13 YEArS icevsmressssenseaccscsssenans 164.7 167.0 168.4 169.1 157.0 160.7 167.5 160.6 157.8 161.0
14 years .... 170.4 169.9 1720 1725 1729 171.3 1725 1705 172.6 170.8
15 years .... 175.5 172.2 176.0 1724 183.7 175.8 183.2 176.3 1834 176.8
16 years .... 178.6 169.0 178.7 167.6 189.1 183.6 188.4 180.3 1879 180.6
17 YEArS ciierereceicsiiressissaeanae 183.4 1844 185.0 186.9 198.8 196.4 19569 194.2 196.1 194.3
Girls:
LAV - 169.4 172.3 171.6 174.6 1745 1773 1749 176.3 175.1 1771
13 years .... 174.3 175.0 175.9 175.2 1845 186.9 1834 185.9 183.6 185.9
14 years .... - 179.4 1748 180.6 176.5 195.7 193.7 193.1 192.1 193.7 192.7
15 YOArS wivrreermseesnencassansarsnnens 180.1 178.8 1805 192.0 2028 206.7 198.6 202.2 199.0 202.6
16 Years .ceiinnnennisasneneas 180.8 1848 184.0 184.8 206.5 206.5 201.8 202.6 202.4 202.6
17 YBATS trvrnrnsirrrnmsaseresaassenense 184.8 186.3 186.3 190.5 207.7 208.6 202.9 204.0 203.3 204.0
Actual values:
Boys 12-17 years....cecceeeuerenee 168.8 168.4 1723 170.8 165.8 165.0 165.2 163.7 165.4 1640
Girls 12-17 years... 173.6 1745 1755 1764 185.6 187.0 183.7 186.0 184.3 186.3
Expected values:
Boys 12-17 years....creeanenens 168.7 169.2 1720 1723 165.6 166.5 164.9 165.8 165.1 1659
Girls 12-17 years... 173.7 173.6 175.6 175.8 18569 185.6 184.0 184.8 184.5 185.0
Female equivalent
Girls:
12 YBANS sreivircsrrisrsseasssasssnsens 137.4 140.3 139.6 142.6 1415 144.3 1419 143.3 1440 145.1
13 years ... 1423 143.0 1439 143.2 1525 1549 150.7 152.9 151.6 153.9
14 years ... 147.4 1428 148.6 1445 165.7 163.7 163.0 161.2 163.7 162.7
15 YEars ciusenssassensenssseisanses 148.1 146.8 148.5 161.0 1738 178.7 168.6 172.2 169.0 173.6
16 YEAIS wrevcenrnseiesesisenesnaeens 1488 152.8 152.0 152.8 1785 1785 1718 172.6 1734 173.6
17 VRIS eveeeeermcrcneneeaens 162.8 1543 154.3 159.56 179.7 180.9 1729 1740 174.3 176.0
Male standard Standard error of the mean
Boys:
12 YBAIS wiveivcanescssssssessassonenns 0.55 1.14 0.67 2.17 0.64 3.29 0.66 3.00 0.63 2.90
17 YBAIS vircirnnemisssnnissssnnane 1.36 58.91 2.13 59.94 1.22 2.96 1.17 1.87 1.18 1.85
Girls:
12 YEANS covrcecirrnarissasmnensisanens 0.63 1.54 0.55 1.71 0.69 1.89 0.67 1.80 0.67 195
17 Years ..vvveviiserenanesssnnenens 2.07 72.21 2.05 9527 1.21 46.66 1.16 45,61 0.86 79.00
Boys 12-17 years c.uucemicesnracsansens 0.37 1.23 0.42 1.59 046 1.60 0.48 1.73 0.46 1.70
Girls 12-17 Years .....cccccvennronnsnee 0.35 1.32 0.43 1.06 0.50 1.00 0.44 1.1 0.41 1.19
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Table 8. Mean Bone—specific skeletal ages for the 31 individual hand-wrist bones of white and Negro youths by chronological age in years
at last birthday and sex, with selected standard errors: United States, 1966-1970—Con.

Standard of ref Proximal Proximal Middle Middle Middle
tan 'ar o1 rererence, sex, phalanx 1V phalanx V phalanx 1l phatanx 111 phalanx IV
-ad chronological age
at last birthday White | Negro | White | Negro | White | Negro | White | Negro | White | Negro
Male standard Mean skeletal age in months
Boys:
12 years 141.0 138.4 141.2 138.8 1419 139.8 1418 140.1 141.1 139.1
13 years ... 157.6 161.1 1575 161.6 157.5 160.9 157.6 161.0 15741 160.8
14 years ... 172.8 170.6 1725 1714 172.6 170.3 172.8 170.4 1728 169.56
15 years ... 1834 176.6 183.3 177.0 182.6 176.1 183.1 176.8 182.8 176.2
16 years ... 188.4 180.4 188.0 181.3 188.2 1819 188.0 183.6 1879 183.0
17 years 195.5 193.3 195.7 1924 195.2 1938 195.6 194.9 1965.0 195.6
Girls:
12 years 175.4 177.8 175.7 1774 175.1 176.8 175.3 176.8 1749 1771
13 years ... 184.0 186.3 183.9 186.4 184.1 185.2 1844 185.2 184.4 186.6
14 years ... 193.6 192.3 193.4 193.2 192.8 191.0 193.5 192.1 193.2 192.3
15 years ... 198.7 203.0 199.6 202.8 199.2 200.3 1989 200.3 198.7 200.1
16 years ... 2024 202.8 202.2 202.8 202.3 202.4 201.7 202.2 2024 202.0
17 years 203.0 204.0 203.4 204.0 202.9 204.0 203.0 204.0 203.0 204.0
Actual values:
Boys 12-17 years....ccveeerseeaae 165.3 163.5 165.1 164.0 165.5 164.4 165.8 165.3 166.4 164.7
Girls 12-17 years......ocecvrerrene 184.5 186.8 184.6 186.7 183.9 185.2 1844 185.7 184.2 186.1
Expected values:
Boys 12-17 years 165.0 165.5 1649 165.6 165.3 166.1 165.6 166.7 165.2 166.3
Girls 12-17 years 184.8 1854 184.8 185.3 184.0 184.6 184.5 185.1 184.4 185.2
Female equivalent
Girls:
12 years .... 144.2 145.8 143.7 145.4 143.1 1448 1424 144.7 1419 145.1
13 years... 1620 154.3 151.9 1544 152.1 153.2 1524 153.2 1524 153.6
14 years ... 163.6 162.3 1624 162.2 162.6 160.0 1625 161.1 162.2 161.3
15 years ... 168.7 174.0 169.4 173.4 170.1 1706 169.4 171.3 169.4 1711
16 years ... 1734 173.8 173.1 173.4 1724 172.6 172.7 173.0 173.4 173.0
17 years 174.0 176.0 173.7 174.0 1734 175.0 174.0 175.0 174.0 175.0
Male standard Standard error of the mean
Boys:
T2 YRArS wuvciercnverrrcrsenracessonns 0.68 3.09 0.69 3.07 0.65 2.88 0.63 2.85 0.66 2.95
17 YEArS wuviiircccrrrsessessaneesnne 1.22 1.89 1.25 1.95 1.01 2.19 0.85 1.91 0.93 2,16
Girls:
12 years 0.67 1.85 0.65 1.71 0.70 1.80 0.64 1.61 0.69 1.63
17 years 0.80 45.61 0.70 45.61 0.68 | 102.00 0.66 | 102.00 0.67 79.00
Boys 12-17 Years . cereeeessenenees 0.46 1.94 046 2.02 0.50 1.89 0.49 1.85 0.47 1.78
Girls 12-17 Years ...ccceveeeercsrnencens 0.40 1.13 044 1.12 0.39 0.99 0.41 0.96 0.42 1.02
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Table 9. Mean bone-specific skeletal ages for the 31 individual hand-wrist bones of white and Negro youths by chronological age in years

at last birthday and sex, with selected standard errors: United States, 1966-1970—Con.

Standard of reference, sex Middle Distal Distal Distal Distal Distal
N PSR phalanx V phalanx | phalanx 11 phalanx Il phalanx IV phalanx V
and chronological age
at last birthday White | Nearo | White | Negro | White | Negro | White | Negro | White | Negro | White |Negro
Male standard Mean skeletal age in months
Boys:
12 years 141.4 | 1398 | 1400 | 138.7 | 1403 | 1376 | 1403 | 137.7 | 140.6 | 1378} 140.5 | 138.0
13 years 1567.3 1 1604 | 155.7 | 1564 | 156.0 | 1576 | 156.7 | 1578 | 1569 | 15676 | 156.0 | 167.3
14 years ... 1726 | 169.3 | 168.7 | 165.7 | 169.2 | 165.0 | 169.0 | 1655 | 1682 | 166.0 | 169.0 [ 166.0
15 years ... 18291 1764 | 1767 | 1700 | 176.6 | 1698 | 1762 | 170.0 | 1758 | 1699 | 175.6 | 170.2
16 years ... 1878 | 1832 | 1809 | 1734 | 1805 | 172.6 | 180.0 | 1725 | 179.0 | 173.0| 1793 | 1734
17 years 1948 | 1938 | 1848 | 1834 ] 1852 | 1810 | 1848 | 1813 | 1838 | 181.8| 183.6 | 1811
Girls:
12 years 1761 | 1763 | 1709 | 1699 | 1710 | 1704 | 1706 { 1706 | 1704 | 1706} 170.4 | 1705
13 years 1839 | 1856°f 1784 | 1781 1] 178.7 | 1788 | 1783 | 1786 | 1764 | 1769 | 176.6 | 1769
14 years 19271 1920 | 1832 | 1839 | 183.6 | 184.0 | 182.1 | 182.6 | 181.1 17861 181.3 | 1785
15 years ... 19085 | 1907 | 1868 | 19000 | 186.7 | 19092 | 186.7 | 191.0 | 185.7 | 186.0 | 185.7 | 186.0
16 years... 2022 | 2022 | 1872 | 1860 | 1872 | 1852 | 1874 | 1859 | 186.0 | 186.0 | 186.0 | 186.0
17 years 2029 | 2040 | 1858 | 1910 | 186.8 | 1909 | 1858 | 191.0 | 1859 | 186.0| 1859 | 186.0
Actual values:
Boys 12-17 years......... 1654 | 1644 | 1597 | 15678 | 1602 | 1575 | 1606 | 1567.7 | 159.6 | 1678 | 159.6 | 157.9
Girls 12-17 years......... 1836 | 1855 ]| 176.1 | 17651 176.3 | 176.6 | 1759 | 1765 | 1752 | 1749 | 1753 | 175.0
Expected values:
Boys 12-17 years......... 16521 166.1 | 1594 | 1599 | 1598 | 160.2 | 1596 | 1600 | 159.3 | 160.0 | 159.3 | 160.0
Girls 12-17 years.......... 1838 184.7 | 1762 | 176.6 | 176.3 | 176.4 | 176.0 | 176.1 175.2 | 175.0} 175.3 | 175.2
Female equivalent
Girls:
12 YEArS ccvvsivressssanencines 143.1 1443 1389 | 1379 139.0 | 1384 138.6 138.6 138.4 138.6 1384 | 1385
13 years .. 1519 | 153.6 | 1464 | 146.1 | 1454 | 1459 | 146.3 | 1466 | 1444 | 1449 | 143.6 | 1439
14 years .. 1624 | 161.0] 1511 | 1514 | 1516 | 1520 | 150.1 | 150.6 | 149.1 146.6 | 149.3 | 1455
15 years .. 1685| 169.7 | 1538 | 1600 | 154.7 | 160.7 | 1544 | 161.0 | 1528 | 153.0| 153.7 | 1564.0
16 years .. 1722 | 1722 | 1546 | 15630 | 155.2 | 1539 | 1554 | 1529 | 153.0 | 153.0| 154.0 | 154.0
17 years 1729 174.0 1528 | 1610 | 1538 160.7 1629 161.0 152.9 153.0 153.9 154.0
Male standard Standard error of the mean
Boys:
12 years 0.64 2.85 0.66 291 0.65 2.80 0.64 2.81 0.66 2.90 0.66 2.97
17 years 0.99 2.38 092 2.32 0.79 1.90 0.85 2.03 0.60 1.76 0.64 2.1
Girls:
12 years 0.71 1.80 0.64 2.00 0.67 2.06 0.61 1.89 0.58 1.98 0.62 2.01
17 years 0.72( 79.00 0.84 | 75.07 090 | 75.07 0.85 | 75.07 0.07 | 93.00 0.10 | 93.00
Boys 12-17 years .oceeeeeees 0.49 1.81 0.40 1.92 0.38 1.70 0.33 1.68 0.41 1.68 0.41 1.57
Girls 12-17 years ...oucensnae 0.40 1.04 0.34 1.38 0.36 1.44 0.36 1.43 043 1.28 0.44 1.31
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Table 10. Mean bone-specific skeletal ages for the 31 individual hand-wrist bones of youths by gec

ic region, chr

logical age in years at last birthday, and sex, with selected standard

errors: United States, 1966-1970

Radius Ulna Capitate
Standard of reference, sex, and chronological age
at last birthday North- | Mid- North- § Mid- North- Mid-
east west South | West east west | South | West aast west South | West
Male standard Mean skeletal age in months
Boys:
12 years. 1404 | 139.2 | 1403 | 139.6 | 140.2 | 139.2 | 1415 | 1393 | 141.2 1401 | 1417 140.7
13 years, 167.2 | 1567.8 | 1564 | 157.2 167.2 | 157.0 | 155.8 | 156.9 | 155.1 1663 | 164.2 157.3
14 years. 173.1 | 172.2 | 1738 | 1749 | 1729 | 171.8 | 173.6 | 1739 | 1685 167.2| 166.7 168.5
15 years, 189.0 | 183.1 | 186.7 | 187.7 | 1885 | 1829 | 1854 | 187.1 176.8 173.2| 1743 176.2
16 years, 1984 | 1964 | 197.2 | 1978 195.2 | 1940 | 1940 | 1946 | 1779 177.7| 1742 177.1
17 years 2094 | 207.6 | 2055 | 206.2 | 202.7 | 202.3 { 201.0 | 2016 | 1804 191.2| 185.6 184.4
Girls: )
12 years, 176,7 | 1723 | 1745 | 1726 | 176.7 | 1718 | 1742 | 1715 | 1702 167.9 | 1686 166.7
13 years. 186.6 | 186.3 | 186.0 | 184.3 185.6 | 18565 | 186.0 | 1844 | 1776 1766 | 176.0 1764
14 years, 197.8 | 1974 | 1879 | 1989 | 196.8 | 196.4 | 196.5 | 196.7 | 182.1 181.3 | 178.6 1841
15 yeoars. 2074 | 2084 | 210.1 | 208.3 | 203.2 | 203.6 | 204.6 | 2034 | 1849 1909 184.2 1872.2
16 years, 216.6 { 213.8 | 214.2 | 2134 | 2076 | 206.7 | 2056 | 205.6 | 192.0 192.0| 189.7 183.7
17 years. 2166 | 217.3 | 2169 | 21756 2086 | 208.8{ 207.2 | 2086 | 191.2 192.0 - 192.0
Actual values:
Boys 12-17 years 1748 | 1742 | 1760 [ 1755} 1716 | 1718 | 1734 | 1725 | 1574 157.1| 167.2 168.5
Girls 12-17 years 198.0 | 197.1 | 1985 1976 | 1919 | 1909 | 1918 | 1910 | 1752 1729 172.7 172.5
Expected values:
Boys 12-17 years 173.9 1 1761 | 176.2 | 175.1 1708 | 1726 | 1734 | 1722 | 1567.2 1567.6| 1578 167.8
Girls 12-17 years 1973 | 197.4 | 198.,1 | 198.1 191.0 | 191.2 | 1914 | 191.7 1736 173.0] 1731 1733
Female equivalent
Girls:
12 years 1444 | 1403 | 1425 | 1406 | 144.7 | 139.8 | 1422 | 1395 [ 138.2 1369 136.2 135.4
13 years. 1646 | 1543 | 154.0 | 1523 | 1536 | 153.5| 154.0 | 1524 | 1456 14351 143.0 1434
14 years 1678 | 1674 | 1679 | 1689 | 1676 | 1668 | 167.0 | 1674 | 150.1 1493 | 1466 162.1
15 years, 1804 | 1818 | 1841 | 1816 1734 | 174.2] 1756 | 1738 | 1529 160.8| 1562.2 166.2
16 years. 1926 | 189.8 | 1904 | 1894 | 1806 | 179.7| 178.2 | 178.2| 162.0 162.0| 168.7 161.7
17 years. 1936 | 1943 | 19391 1943 | 1816 | 18181 1802 | 1816 | 161.2 162.0 - 162.0
Male standard Standard error of the mean
Boys:
12 years. 1.19 148 1.88 135 1.13 1.63 1.69 1.24 133 1.34 1.66 1.56
17 years. 0.78 0.87 0.92 1.56 048 1.34 0.47 126 41.01 985.62 242 41.34
Girls:
12 years 140 1.65 143 278 1.58 1.75 1.49 2.70 2,08 1,83 0.98 1,92
17 years. 0.77 047 0.77 0.73 o 048 0.83 0.67 0.83 | 136.76 - 86.00
Boys 12-17 years 0.94 0.74 0.93 0.93 1.01 1.04 1.03 0.98 1.86 1.74 1.41 1.36
Girls 12-17 years, 0.81 0671 097 0.89 0.68 0.75 0.57 051 0.68 1.19 0.72 1.43
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Table 10. Mean bone-specific skeletal ages for the 31 individual hand-wrist bones of youths by geographic region, chronological age in years at last birthday, and sex, with selected

standard errors: United States, 1966-1970—Con.

Standard of reference, Hamate Triquetral Lunate Scaphoid
sex, and chronological . - R g B . . .
age at last birthday N;'::‘ x::t South | West N;rstth vl\c;gt South | West N:a';h x;:t South | West Ne‘)ar:th x::t South | West
Male standard Mean skeletal age in months
Boys:
12 years... 1420 1410 | 143.0 1424 1413 ] 139.7 | 1414 1404 1400 | 1396 | 1415 | 140.7 |- 139.2 1386 | 1395 138.8
13 years 166.0 156.8 | 154.9 188.1 155.3 | 1655 | 153.6 165.7 1545 | 165.2 | 1544 | 157.1 154.1 154.3 | 163.2 166.1
14 years. 168.8 167.6.] 1671 169.8 167.9 | 166.3 166.3 168.8 168.1 | 166.6 | 166.2 | 168.5 167.9 165.8 | 1655 168.7
15 years.. 1772.2 1736 | 175.2 1774 | 176.7 ) 1721 | 1748 1761 ] 176.1 | 1726 | 1739 | 1758 | 1768 1728 | 173.8 176.8
16 years. 178.1 178.7 | 1741 1799 1778 | 177.7 | 173.2 1778 176.7 | 177.7 | 1738 | 1768 176.8 1768 { 1750 177.2
17 years... 181.0 192.0 | 186.1 184.5 1834 | 192.0 | 186.1 1846 1834 | 190.8 | 186.2 | 184.2 1825 1920 | 184.8 187.1
Girls:
12 years......... 170.8 168.3 | 169.7 168.2 | 169.2 | 167.3 | 1674 1665 | 168.7 | 1674 | 1679 | 166.2 | 168.2 166.2 | 167.0 165.8
13 years......uv.. 1778 1765 | 175.2 1763 1764 | 1743 | 1745 174.7 176.2 | 1743 | 175.0 | 1739 176.5 1741 { 1743 174.0
14 years... 182.2 1818 | 1784 184.0 181.2 | 1818 | 1785 184.0 1814 § 180.7 | 178.0 | 183.1 181.2 179.7 | 1786 183.4
16 vears. 184.7 1809 | 192.0 188.0 184.4} 190.8 | 192.0 1884 1844 | 191.5 | 192.0 | 183.0 1844 1916 | 184.2 1839
16 years..., 192.,0 192.0 | 188.7 180.5 192.0 | 192.0 | 188.9 180.6 192.0 | 1920 | 188.1 | 1873 - 1920 | 18756 182.7
17 years... 191.2 192.0 Lad 192.0 1909 | 1920 - 192.0 189.8 | 1920 - - 190.0 192.0 - -
Actual values:
Boys 12-17 years... 157.8 167.7 | 157.7 169.7 | 157.5| 1564 | 156.7 188.1 | 1868 | 1564 | 1569 | 1583 | 1564 1556 | 155.8 157.7
Girls 12 17 years ..o | 1766 1734 ] 173.2 1734 | 1740 1721 | 1720 1721 1738 | 1723 | 1722 | 1716 ] 173.8 1716} 171.8 1716
Expected values:
Boys 12-17 years ... 152.8 168.3 1684 168.6 156.8 | 157.0 | 1573 157.4 1568 | 157.0 | 157.2 | 1673 156.0 156.3 | 156.5 166.7
Girls 1217 years ........ 1743 173.7 | 173.7 173.8 1728 1723 | 1725 1725 1727 | 1723 | 1723 | 1724 1726 1719 | 1721 1720
Famale squivalent
Girls:
12 years... 1388 136.3 | 137.7 136.2 | 136.7| 136.1 | 136.1 1355 | 1368 ] 136.2 | 1364 | 135.2| 1362 1342 | 1350 1339
13 years....... 1458 1445 | 143.2 1443 14344 1413 ) 1415 141.7 143.2 ] 1413 | 1420 | 1409 1445 142.1 | 1423 142.0
14 years 160.2 1498 | 1464 162.0 | 149.2| 1498 | 1455 1520 | 1494 | 148.7 | 1450 | 15611 | 149.2 147.7 | 1466 151.4
15 years. 162.7 1608 | 162.0 157.0 1624 | 160.8 | 162.0 1564 1524 | 1605 | 161.0 | 151.0 1524 160.5 | 152.2 1619
16 years, 162.0 162.0 | 158.7 1485 | 1620| 1620 | 156.8 1486 ] 1610 1610 | 157.1 | 155.6 - 1610 | 156.0 166.4
17 years, 161.2 162.0 - 162.0 16091 1620 - 162.0 1588 | 161.0 - - 158.0 161.0 - -
Male standard Standard error of the mean
Boys:
12 years... 1.26 1.29 1.54 134 1.29 1.33 1.55 1.63 1.18 1.15 1.38 1.73 1.13 1.39 1.66 1.29
17 years..uene 40.99 96.00 228 4133 | 4146 96.00 231 4136{ 4146 | 9538 2351 4130 | 4155 135.76 2.80 4190
Girls: :
12 years, 1.77 1.17 1.29 1.88 1.80 1.62 1.36 1.68 1.60 1.42 1.16 1.54 1.66 0.93 1.37 2.00
17 years... 0.83 | 135.76 —~ | 135.76 9544 ] 96.00 -] 135.76 94,80 | 96.00 - - 1.52 96.00 - -
Boys 12-17 years ..o 1.89 1.74 1.46 1.36 1.89 1.78 144 1.38 1.68 1.57 1.25 1.36 1.75 151 1.35 1.56
Girls 12-17 years,. 0.69 0.94 0.97 1.46 0.71 112 092 143 0.60 1.21 0.72 140 0.87 0.90 097 1.51
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Table 10. Mean bone-specific skeletal ages for the 31 individual hand-wrist bones of youths by geographic region, chronological age in years at last birthday, and sex, with selected
standard errors: United States, 1966-1970—Con.

Standard of reference, Trapezium Trapezoid ‘ Metacarpal | Metacarpal il
sex, and chronological R s . ide . id. N .
age at iast birthday N:;::' vhc;:t South | West Ngr;h v“c:t South { West N;':th x::t South | West N:';tth x:ft South | West
Male standard Mean skeletal age in months
1384 137.5 { 1384 | 1386 | 139.2 1384 | 1384 | 139.1 1386 | 132.7 | 139.8 | 1386 | 139.5] 1368 139.8 1383
153.6 165.1 | 1563.0 | 155.8 | 154.1 166.0 | 163.2| 155.8 | 1544 | 156.1 | 165.0 | 1658 | 1553 | 156.1 | 154.7 166.0
168.0 166.5 | 165.6 | 1683 | 167.8 166.8 | 166.1| 168.7 | 169.1 | 168.2 | 169.8 | 1704 | 1708 | 170.6 | 172.2 1722
176.7 1725 | 174.1 | 176.1 176.6 1729 | 1739} 1763 | 177.2 | 176.7 | 1764 | 1768 | 183.6 | 180.8| 1813 183.3
176.0 178.0 | 1738 | 178.1 1756.8 172.1| 1740 1777 | 1784 | 1794 | 1794 | 1778 | 188.7 | 1888 1871 186.7
17 years... 181.6 1920 | 1853 | 1855 ] 1816 1920 ; 185.2| 185.7 | 1844 | 1844 | 1821 | 1826 | 199.2 | 196.0| 1926 196.9
Girls:
12 years... 168.5 166.7 | 1664 | 166.5 | 168.9 166.8 | 166.2| 1658 | 1719 | 168.7 | 172.0 | 169.1 1734 | 1700} 1724 17M.7
13 years. 176.2 1745 | 1745 1748 | 1764 1744 | 1748 1746 | 1776 | 176.7 | 1784 | 177.2 | 184,7 | 1827 | 1823 183.8
14 years. 181.1 180.0 | 1784 | 1823 181.1 1802 | 179.7| 1832 1810 1812 | 1791 | 1826 | 192.7 | 1946 195.1 193.8
16 years, 184.7 1916 | 1844 | 1885 | 1844 1914} 1770 1896 | 184.2| 1856 | 1854 | 1854 | 1976 | 199.2| 199.1 199.0
16 years, 192.0 1920 189.2| 1878 ] 1920 1920 1898 1873 | 186.0| 1845 | 186.0 | 186.0 | 2047 | 2043 | 2014 2021
17 years... 192.0 192.0 - - 192.0 192.0 - -— 186.0 | 185.7 | 186.0 | 186.0 | 203.1 | 204.6| 2045 204.3
Actual values:
Boys 12-17 years 155.8 1566 | 1565 | 1674 | 156.1 156.1] 166.7| 1676 | 1689 | 1603 | 1616 | 169.6 | 164,56 | 166.2| 166.2 165.0
Girls 12-17 years ... 174.0 1719 | 171.7 | 1717 | 1742 1718 1718( 1718 | 1764 | 1745 | 176.1 | 175.2 | 184.8 | 183.8| 1847 186.0
Expected values:
Boys 12-17 years... 155.6 166.0 | 1565 | 1564 | 1659 166.2 | 166.7| 166.6 | 169.1 | 1606 | 161.2 | 169.2 | 164.0| 16568 166.3 164.7
Girls 12-17 years ... 1728 1720 | 1722 1722 | 1729 1720 1724} 1722 1756 1754 | 175.2 | 1756 | 184.2] 18441 1846 186.0
Female equivalent
Girls:
12 years... 136.5 1348 | 134.7} 1342 | 1364 1349| 1346| 1344 | 140.8| 136.8 | 140.0 | 137.1 1414 | 138.0( 1404 139.7
13 years, 143.2 14121 141.2] 1414 ]| 1434 141.4| 1418| 1416 | 1456 | 1447 | 1464 | 1462 1 162.7 | 160.7| 1503 161.8
14 years. 149.1 148.0 | 1474 | 150.2 | 1491 148.2| 1474 151.2} 149.0| 1494 | 1471 | 1616 | 1624 | 1646| 166.1 163.8
15 years. 152.7 1600 | 1524 | 1565 | 1524 1604 1440 1576} 153.2| 1646 | 1644 | 1644 | 1676 169.2] 160.1 169.0
16 years, 161.0 161.0| 167.2| 1558 | 161.0 161.0|] 167.8| 1553 | 1650 15636} 1550 | 1650 § 176.7| 1753| 1714 172,2
17 years... 161.0 161.0 - - 161.0 161.0 - — 1 18501 154,71 155,01 155.0 I 174.11 17661 1756 175.3
Male standard Standard error of the mean
Boys:
12 years... 1.48 1.12 1.50 142 1.27 1.31 1.65 1.40 1.09 1.28 1.60 1.28 1.26 1.24 1.81 1.54
17 years... 40.99 | 135.76 253 | 4167 | 4099 | 135.76 258 | 4157 0.91 1.04 0.88 1.26 1.72 1.35 1.42 2,09
Girls:
12 years... 141 1.10 1.54 1.66 1.61 0.99 1.21 1.61 1.55 1.29 1.27 2.03 1.69 1.48 1.08 2,73
17 years... ~ 96.00 - - - | 96.00 - — | 93.00 0.29 ~ | 88.81 219 391 1.50 2.65
Boys 12-17 years. 1.90 1.63 1.32 1.30 1.91 1.58 1.39 1.36 1.47 0.57 1.03 0.88 0.81 0.83 0.75 131
Girls 12-17 years 0.78 1.13 0.96 1.18 0.87 0.94 093 1.3 1.06 0.79 0.58 0.59 1.05 0.98 0.82 091
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Table 10. Mean bone-specific skeletal ages for the 31 individual hand-wrist bones of youths by geographic region, chronological age in years at last birthday, and sex, with selected
standard errors: United States, 1966-1970—Con.

Standard of reference, Metacarpal 11 Metacarpal 1V Metacarpal V Pisiform
sex, and chronological R i R i . . . "
age at last birthday N;'::‘ vhc:s’t South | West N:a'::' x::t South | West N;'::‘ v“c;gt South | West N;r:th x;:t South | West
Mals standard Mean skeletal age in months
Boys:
12 years... - 1402 | 137.6 | 1405 | 139.0 1402 | 1375 | 140.0 [ 139.0 1404 | 138.1 1406 | 1394 1424 ] 1399 140.7 1418
13 years....., 1669 | 166.6 | 155.3 | 166.6 1558 | 1666 | 155.5 | 156.4 166.3 | 156.9 | 156.8 | 156.8 156.2 | 157.3 1549 154.8
14 years... 1714 | 1710 | 1718 | 1723 1751111 | 171.7 | 1726 1716 | 1710} 1723 | 173.2 166.5 | 166.5 1674 168.8
16 years ... 183.2 | 179.7 | 181.1 | 1833 1836 | 1796 | 1815 | 182.7 1843 | 180.8 | 181.9 | 1829 1748 | 1705 176.7 1766
16 years 1877 | 1886 | 1866 | 1854 | 1868 | 1879 | 187.0 | 186.2| 190.1| 189.3 | 1884 | 1884 | 176.2| 177.7 1759 177.0
17 years...... e | 1960 1 1955 | 191.7 | 1945 | 1957 | 1954 | 190.0 | 1933 | 199.2 | 198.2 | 1928 | 1945 | 1834 - | 1854 185.7
Girls:
12 years... 1736 | 1706 | 1736 | 172.2 17381 1702 | 173.0 | 171.5 1745 | 1706 | 1735 | 1718 168.6 | 166.3 166.5 167.2
13 years 1844 | 1821 | 1826 | 1826 1838 | 1823 | 1824 | 1825 185.1 | 183.0 | 1825 | 1833 1757 | 1738 1746 175.2
14 years........ 1919 | 1929 | 1928 | 193.0 1914 | 1925 | 1925 | 193.4 193.2 | 1942 | 1949 | 194.7 182.7 | 181.7 179.0 1844
15 years... .| 1962 | 196.7 | 196.6 | 197.2 ] 1972 1976 | 196.2 )| 1973 199.6 ) 199.8 | 198.7 | 199.2 | 183.7| 1874 188.6 185.6
16 years 201.3 | 199.1 198.3 | 201.2 2020 | 1989 | 199.4 | 200.6 203.8 | 203.2 | 201.6| 2029 192.0] 180.0 189.1 184.0
17 years 2016 | 189.8 1 2014 | 2000 | 201.8 | 200.1 | 2009 | 200.1 | 203.8{ 205.0 | 207.0| 2049 | 1920} 1920 192.0 192.0
Actuat values:
Boys 12-17 years ...... 1642 | 165.1 | 166.0 | 1649 | 1643 1649 | 1658 | 1647 | 1659 | 1664 | 167.1 | 166.0 | 1567.7 | 157.2 168.5 188.7
Girls 12-17 years....... 1843 | 182.4 | 183.9 | 1840 18451 1826 | 183.6 | 184.0 186.6 | 184.5 | 1855 186.0 1745 | 171.7 172.1 173.2
Expected values:
Boys 12-17 years 163.7 | 16566 | 166.1 | 164.6 163.7] 1665 | 166.0 | 1644 165.2 | 167.0 | 167.3 | 165.8 1574 | 157.7 188.7 188.2
Girls 12-17 years 183.6 | 183.3 | 183.5 | 1840 1836 | 1834 | 1834 | 184.0 1856.7 | 185.2 | 185.4 | 186.1 1734 1724 172.9 1728
Female aquivalent
Girls:
12 years....... 1416 | 1386 | 141.6 | 140.2 141.8| 138.2| 141.0| 1395 1425 1386 | 1415| 1398 136.6 | 135.2 135.2 135.6
13 years..., 1624 ( 150.1 | 150.6 | 1606 | 151.8] 1803 | 1504 | 1505| 153.4] 1561.0| 1506 151.3| 142.7| 1409 141.6 142,2
14 years 1609 | 161.9] 161.8 | 162.0 1604 | 162.0| 1620 | 1634 161.6| 162.2}| 1629 | 162.7 150.7 | 149.7 147.0 1624
15 years 166,2 | 166.7 | 166.6 | 167.2 167.2| 1676 1662 | 1673 169.6{ 169.8 | 1684 ] 169.2 151.7| 1654 166.6 153.6
16 years.......... 171.3 | 169.1 1683 ] 171.2 1720} 1689 | 1694 | 1706 1746 | 1734 1716 ] 1729 160.0| 1480 157.1 152.0
17 years.... 17161 169.81 17141 1700 17181 1704 1709t 170.1 17464 176.01 179.0% 1759 160.01 160.0 160.0 160.0
Male standard Standard error of the mean
Boys:
12 years.... 1.28 1.19 1.67 1.62 1.26 1.36 1.72 1.68 1.27 1.29 1.76 1.70 1.14 1356 1.25 210
17 years... 1.81 0.85 1.20 2.36 1.78 0.80 1.01 2.32 2.06 1.04 1.35 1.62 4.36 -— 4,30 41.60
Girls: .
12 years.... 1.64 1.48 1.16 255 1.68 140 1.07 2.84 1.93 1.38 0.88 243 1.40 1.1 1.39 1.74
17 years.... 239 3.62 1.86 1.93 217 2.69 1.64 212 1.92 228 1.07 1.7 -1 96.00 | 135.76 74.36
Boys 12-17 ysars..... 0.90 0.67 0.83 1.01 0.98 0.7 0.81 1.02 0.83 0.88 0.68 1.01 1.13 1.04 0.98 1.02
Glrls 12-17 years.. 1.06 0.98 0.66 0.95 1.1 0.93 0.72 0.96 1.04 0.82 0.88 0.92 0.74 1.04 0.77 1.19
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Table 10. Mean bone-specific skeletal ages for the 31 individual hand-wrist bones of youths by geographic region, chronological age in years at last birthday, and sex, with selected
standard errors: United States, 1966-1970-Con.

Standard of reference, Adductor sesamoid Flexor sesamoid Proximal phalanx | Proximal phalanx (1
sex, and chronological . . ~ " g . r ~ .
age at last birthday N::th : vhc‘e:t South | West N;:tth x:'t South | West N;':th :v’l:t South | West N;r:th vhc:’t South | West
Male standard Meen skeletal age in months
189.2 | 159.9 | 159.1 | 160.4 | 164.3 166.2 1643 | 1659 | 1413 | 139.1 | 141.7 | 140.7 | 141.8] 139.3| 1413 140.4
1668 | 1653 | 164.0 | 163.8 | 171.7 168.0 168.5 | 1665 | 1574 | 1685 | 1658 158.0 | 168.1{ 158.6| 156.6 168.4
170.1 | 1704 | 170.0 | 1708 | 171.7 1711 1728 | 1726 | 1728 | 171.8 | 1728 | 1733 | 1723 | 1709 | 1723 173.7
1758 | 1736 | 1754 [ 1758 | 175.4 1743 1756 | 1768 | 1859 | 1809 | 1816 | 1838 | 1848 | 180.6| 1815 183.7
177.7 | 176.7 | 1746 | 179.0 | 177.0 176.6 1766 | 179.2 | 188.0-} 188.8 | 1874 | 188.1 1878 | 187.6| 186.8 186.4
181.8 | 1920 | 182.1 | 184.3 | 184.7 192.0 184.2 | 186.1 189.5 { 200.2 | 193.3 | 200.2{ 1984 | 1974 1806 196.6
169.6 | 1689 | 1714 | 169.6 | 1720 170.6 1734 | 1727 | 1760 | 1736 | 1764 | 1742 | 1765 1742 176.7 1743
176.7 { 1732 | 1759 | 1734 | 176.7 1769 176.1 | 176.6 | 186.2{ 186.1 | 1845 | 1825 | 1852 | 1836| 1B4.1 182.7
1772.7 { 1811 | 1775 | 1798 | 1794 183.0 1790 | 1784 | 1949} 1946 | 1953 | 1974 | 193.2| 191.3| 1934 194.5
1789 | 177.4 | 1854 | 180.5 | 1805 179.5 1841 | 182.0 | 2034 | 2026 | 201.7 | 2048 | 1989 1989| 19841 200.2
180.7 |°184.0 | 181.8 | 1783 | 1858 185.6 187.0 | 1789 | 207.6 | 207.2 | 204.2| 205.7 | 204.0] 2005| 201.1 200,7
1788 | 1869 | 187.3 { 185.2 | 187.0 186.2 192.0 | 189.8 | 2095 | 207.2 | 2053 | 2085 | 204.0] 20265 2020 204.0
Actual values:
Boys 12:17 years. 168.8 | 1684 | 1684 | 169.3 | 1722 1711 1725 ] 172,7 | 1652 | 1666 | 166.1 | 1659 | 1648 | 164.7| 1654 165.2
Girls 12-17 years.. 1736 | 1733 | 1750 | 1734 | 176.0 175.2 1768 | 176.8 | 187.2 | 185.7 | 185.5 | 185.1 186.6 | 1834 | 184.2 183.2
Expacted values:
Boys 12-17 years..... 1683 | 1685 | 169.0 | 169.0 | 171.7 171.7 1726 | 1724 | 1645 | 166.1 | 1668 | 1653 | 163.9| 16564 166.0 164.6
Girls 12-17 years...... 1736 | 1738 | 173.7 | 173.7 | 1759 175.6 1754 | 1758 | 186.3 | 186.0 | 1853 | 1856 | 184.5| 184.2| 183.9 183.6
Female equivalent
Girls:
12 years.. 1376 | 1369 | 1394 | 1376 | 1400 138.6 1414 | 140.7 | 143.0| 1406 | 1434 141.2 | 1435 141.2| 1427 1413
13 years.. 1437 | 141.2 | 1439 | 1414 | 1447 143.9 143.1 | 1435 | 154.2| 184.1 | 1525| 1505 | 1524 | 150.8| 151.1 150.4
14 years.. 145.7 | 149.1 | 1455 | 1478 | 1474 151.0 1470 | 1474 | 1649 | 1646 1653 | 1674} 163.1| 169.6| 163.2 163.8
15 years.. 146.9 | 1454 | 1534 | 1485 | 1485 147.5 16211 150.0 | 1744 1736 | 172.7| 1766} 1689| 1689| 168.1 170.2
16 years.. 148.7 | 152.0 | 149.8 | 1463 | 1538 153.6 166.0 | 1469 ] 179.6 | 179.2 | 1754 | 177.7| 174.0| 1705| 171.1 170.7
17 years.. 1468 | 1549 | 1556 1 1632 1 155.0 154.2 161,01 16881 18251 179.21 17731 1810} 174.0] 17251 1720 1740
Male standard Standard error of the mean
Boys:
12 years.. 1.20 145 0.74 096 1.02 1.49 0.78 1.54 1.07 1.35 2.01 1.62 1.1 1.56 1.67 138
17 years.. 70.58 | 96.00 2.76 217 | 92.77 | 135.76 3.22 281 236 3.83 1.29 2.05 2.19 1.66 1.91 209
Girls:
12 years.. 0.89 0.90 1.23 1.34 1.07 0.87 0.68 1.35 1.72 1.23 1.12 2,55 1.29 1.09 1.11 268
17 years.., 1163 | 7243 | 5934 | 71.77 | 59.65 7220 | 135.76 | 73.50 0.82 3.13 1.55 1.1 - 296 1.49 -
Boys 12-17 years.... 0.53 096 045 0.61 0.58 0.92 0.52 1.05 0.81 0.99 096 1.16 0.86 0.85 1.04 097
Girls 12-17 years..... 0.38 0.68 0.74 0.80 085 0.81 0.89 0.69 158 1.04 058 1.12 1.28 117 0.46 0.90
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‘Table 10, Mean bone-specific skeletal ages for the 31 individual hand-wrist bones of youths by geographic region, chronological age in years at last birthday, and sex, with selected
standard errors: United States, 1966-1970—Con.

Standard of reference,

Proximal phalanx 11

Proximal phalanx IV

Proximal phalanx V

Middle phalanx 11

sex, and chronological . . " IR " id- - id-
age at last birthday N;’:: hvc;gt South | West N;'::‘ x::t South | West N;r::' x;gt South | West N;r;:’ x:‘:t South | West
Male standard Mean skeletal age in months
Boys:
12 years.... 1419 | 139.6 | 1413 | 1408 1416 | 1393 | 1416 | 1404 142,0 | 1396 | 141.8 | 140.6 142.6 | 140.1 1419 1421
13 years. 168.2 | 1688 | 157.0 | 158.8 1683 | 1586 | 1569 | 158.3 158.2 | 168.7 | 157.1.| 158.2 |. 158.8 | 158,56 | 16564 158.3
14 years, 1723 | 1713 | 1726 | 1734 1724 ) 1712 | 1729 | 1739 1724 ) 1713 | 1724 | 1734 1721 | 171.3 | 1723 1736
15 years.... 185.1 | 1811 1816 | 183.6 186.1 | 1809 | 181.1 | 184.0 185.3 | 181.2 | 180.8 | 183.6 1828 | 18041 181.9 183.3
16 years. 186.8 | 187.7 | 186.0 | 186.1 1874 | 1876 | 186.2 | 1873 1875 | 187.5 | 1864 | 1859 186.8 | 188.2 { 1856 187.8
17 years.... 1979 | 197.0 | 1913 | 1974 197.5 | 198.0 | 190.7 | 1954 196.5 | 198.6 | 190.7 | 1959 1966 | 197.0 | 1913 195.6
Girls: .
12 years. 1768 | 1746 | 176.0 | 1743 1774 | 1750 | 1765 | 1745 1775 | 1761 | 1766 | 174.7 1770} 1743 | 176.2 174.2
13 years. 184.7 | 183.8 | 184.2 | 1834 185.56 | 183.8 | 184.8 | 1834 185.56 | 184.6 | 184.2 | 1829 185.3 | 184.7 | 1844 182.7
14 years. 193.6 | 1923 | 194.5 | 194.1 1934 | 1923 | 194.2 | 194.1 193.3 | 191.8 | 194.0 | 1948 1934 | 1914 | 1929 193.0
15 years. 1994 | 199.1 | 1989 | 2004 1995 | 1986 | 198.8 | 200.1 1988 | 1989 § 201.5 | 201.0 198.7 | 199.8 | 199.2 200.0
16 years. 204.0 | 201,51 201.0 | 203.0 204.0 } 201.7 | 201.3 | 203.2 204.0 | 2009 | 201.4 | 203.0 203.6 | 201.0| 201.3 2031
17 years. 204.0 | 2024 | 204.0 | 204.0 203.7 | 202.8 | 201.7 | 204.0 204.0 | 202.7 | 204.0 | 204.0 2040 | 201.3 | 201.3 204.0
Actual values:
Boys 12-17 years.... 164.6 | 165.1 | 1656 | 1654 164.6 | 1648 | 165.5 | 165.3 164.6 | 165.0 | 165.3 | 165.0 164.5 ) 1653 | 1658 165.8
Girls 12-17 years .... 186.0 { 1839 | 185.0 | 183.8 186.5 | 184.2 | 185.2 | 183.8 186.4 | 184.2 | 1853 | 184.0 185.9 | 183.0| 1848 1829
Expected values:
Boys 12-17 years.... 164,0 | 165,7 | 166.2 | 1648 | 163.8 | 1654 | 166.0 | 164.7 | 163.8 | 1655 | 1659 | 164.7 | 1639 | 1659 ] 1664 165.0
Girls 12-17 years.... 185.2 | 1846 | 184.5 | 184.2 1854 | 1849 | 184.8 | 1844 1854 | 184.8 | 184.8 | 1846 1848 | 183.6 | 1845 183.7
Female equivalent
Girls:
12 years..... 1449 | 1436 | 1445 | 143.3| 1454 | 1440 | 1448 1435 | 1455 | 143.1 | 1446 | 142.7| 1450 1423 | 1442 142.2
13 years. 162,7 | 1518 | 1522 | 1514 163.5 | 161.8 | 1528 1514 1835 | 1526 | 1522 | 1509 163.3 | 152.7 | 1524 150.7
14 years. 163.6 { 1623 | 164.5 | 164.1 1634 | 1623 | 164.2 | 164.1 1623 | 160.6 | 163.0 | 163.8 1634 | 1604 1628 163.0
16 years.... 169.8 | 169.1 1689 | 1714 170.0 | 1686 | 1688 | 171.1 168.6 | 1688 | 1725 | 1720 1694 | 1704 ] 1701 170.5
16 years., - 176.0 | 1728 172.0 | 1740 | 176.0 | 1727 | 1723 | 1744 ] 1740 1718 | 1724 | 1735} 1746| 1710{| 1713 1741
17 years........ 176.0 1 17341 1760 | 176.0 17541 17381 172.7| 176.0 1740 |- 1734 | 1740 | 174.0 17501 17131 171.3 1750
Male standard Standard error of the mean
Boys:
12 years...... .1 1.51 1.65 1.24 1.1 153 1.74 1.35 1.20 1.54 1.71 140 1.28 1.38 1.81 1.17
17 years..... 285 141 1.84 2,52 2.86 237 191 1.96 295 1.80 203 2.08 1.86 235 1.08 1.64
Girls:
12 years..... 1.60 1.05 1.10 2.59 1.18 1.07 1.16 2.60 1.14 1.21 1.04 247 1.05 1.07 1.39 2.54
17 years..... - 3.10 - - 0.25 1.64 1.7 - - 1.95 - -~ - 2,61 191 -
Boys 12-17 years .. 0.96 0.84 099 1.14 1.02 0.87 0.94 1.16 0.92 0.86 1.01 1.29 0.77 117 1.01 1.06
Girls 12-17 years....... 112 107 045 0.79 1.09 093 0.47 0.93 1.28 1.18 0.53 1.05 1.21 0.73 0.55 137
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Table 10. Mean bone-specific skeletal ages for the 31 individual hand-wrist bones of youths by geographic region, chronological age in years at last birthday, and sex, with selected
standard errors: United States, 1966-1970—Con.

Standard of reference,

Middle phalanx 11

Middle phalanx IV

Middle phalanx V

Distal phalanx |

sex, and chronological ~ " ~ " ~ i ~ id.
age at last birthday N;':t" x::t South | West N;';tt" x::t South | West Ne‘;':th x::t South | West N;'::' ﬂ:" South | West
Male standard Mean skeletal age in months
Boys:
12 years. 1424 | 1402 | 141.7 | 1421 1417 | 138.7 | 14156 ] 141.0] 1421 139.8 | 141.8 | 1414 | 141.0| 1384 | 140.7 139.6
13 years. 168.8 | 1685 | 156.6 | 1584 | 158.3 | 158.0 | 156.0 | 158.1 158.5 | 158.0 | 1559 | 15683 | 165.7 | 156.6 | 154.2 156.5
14 years.. 1724 | 1714 | 1726 | 17356 1723 | 1714 | 1722} 1735 | 1723 | 171.2 | 1720 | 1733 | 1684 | 1668 | 1685 169.8
15 years. 183.9 | 180.0 | 182.2] 1842 | 183.2| 180.0 | 182.0 | 183.9 | 183.1| 180.1 | 181.6 | 1843 | 1776 | 173.8 | 175.7 176.7
16 years. 187.0 | 188.0 | 1864 | 1874 | 1876 | 1879 | 1858 | 1869 | 187.0 | 1875 | 1856.7 | 1879 1814 | 179.2 | 17786 179.8
17 years. 1978 | 197.3 | 192.1| 195.5 | 197.8 | 196.6 | 192.1 | 195.0 | 197.3 | 197.0 | 190.2 | 1949 ] 186.8 | 1866 | 184.6 186.8
Girls:
12 years. 1770 ( 1745 | 1765 | 1744 | 1768 | 174.2 | 176.1 | 1742 | 1768 | 174.0 [ 175.7 | 175.0| 171.8| 1705 | 171.2 170.1
13 years. 185.8 | 1845 | 1848 | 183.1 186.3 | 184.0 | 1848 | 1835 | 1854 | 184.8 | 1845 181.7 | 181.0| 177.5 | 178.7 1764
14 years. 194.0 { 1916 | 1938 | 194.1 1938 | 1919 | 193.2 | 1938 | 1922 | 1909 | 193.2| 1942 | 1839 | 1815 | 1834 184.8
15 years.. 1984 | 1995 | 1989 ] 199.2| 1986} 199.2 | 1986 | 199.0( 1985 1991 | 198.1) 1988 | 189.2| 191.0 | 1888 191.0
16 years, 2034 | 199.7 | 201.3 | 2029 | 2034 | 2014 | 2011 { 2029 | 203.1 ) 201.2 | 200.7 | 203.2 | 189.4 | 188.0 | 187.2 191.0
17 year: 204.0 | 201.3 | 2016 | 204.0 | 2040 | 201.7 | 201.3 | 204.0 ] 204.0 | 201.7 | 201.3 | 204.0 | 189.9| 186.0 | 186.0 186.0
Actual values:
Boys 12-17 years., 165.2 | 1655} 166.3  166.2 | 164.8 | 165.2 | 1658 | 1656 | 1645 | 165.1 | 165.6 | 1658 § 159.7| 158.8 | 169.3 160.1
Girls 12-17 years ., 186.6 | 183.3 | 1854 | 1833 | 186.7 | 183.2 | 185.0 | 1834 | 1858 1828 | 1845 | 1827 1796 | 176.1 | 177.1 175.9
Expected values:
Boys 12-17 years., 164.6 | 1662 | 166.9 | 16564 | 164.1 | 1658 | 1664 | 165.0 | 163.8| 1658 | 1664 | 1649 | 159.0| 1596 | 1596 169.5
Girls 12-17 years ., 1864 | 1840 | 1849 ( 184.0 | 1854 ] 1840 | 184.7 | 184.1 1848 | 1834 | 184.2| 183.2| 1785 | 1766 | 1771 176.6
Female equivalent
Girls:
12 years.., 1450 | 1415 | 1445| 1414 1448 | 141.2 | 1441 ] 141.2 1448 | 142.0 | 143.7 | 143.0 139.8 | 138.,5 | 139.2 138.1
13 years... 153.8 | 15625 | 1528 151.1 1543 | 152.0 | 1528 | 151.5| 1534 152.8 | 152.5 149.7 | 149.0 | 1455 | 146.7 144.4
14 years... 163.0 | 160.6 | 1628 | 163.1 1628 | 160.9 | 162.2 | 1628 | 1614 | 1588 | 163.2] 164.2] 151.4 | 1495 | 151.2 161.8
15 years.. 1688 | 1705 169.8| 170.2 | 169.2| 170.2 | 169.2 | 170.0| 1686 169.1 [ 168.1 | 168.8| 1584 161.0 | 15678 161.0
16 years... 1744 | 1707 1723 173.9| 1744 | 1724 | 1721 | 1739 1731 | 171.2{ 170.7| 1732 1588 157.0 | 1546 161.0
17 years.., 175.01 1723 17261 175,01 1750 1727 | 1723 | 175.01 174.0| 1717 | 1713 ] 1740 150.8| 1830 | 153.0 163.0
Male standard Standard error of the mean
Boys:
12 years... 1.27 1.43 1.78 1.13 1.23 136 1.75 1.42 1.21 1.40 1.68 1.32 1.23 133 1.66 1.48
17 years... 1.63 2,06 1.02 1.34 1.86 214 0.94 1.70 1.95 204 0.94 1.50 2.36 251 249 2,02
Girls:
12 years.. 1.03 1.05 1.27 241 1.18 1.14 1.37 247 1.21 1.19 1.61 2.50 1.55 1.20 1.29 2,24
17 years.. - 261 1.69 - - 197 191 - - 197 1.9 - 244 —_ - 41,59
Boys 12-17 years ..., 0.69 1.0 1.10 1.12 0.71 0.95 1.01 1.18 0.80 1.02 097 1.16 0.93 0.97 0.77 0.97
Girls 12-17 years..... 1.26 0.7 047 142 1.28 0.76 0.50 1.44 1.20 0.85 0.51 1.80 0.77 0.96 0.68 1.09
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Table 10. Mean bone-specific skeletal ages for the 31 individual hand-wrist bones of youths by geographic region, chronological age in years at last birthday, and sex, with selected
standard errors: United States, 1966-1970—Con.

Standard of reference,

Distal phatanx 11

Distal phalanx 111

Distal phalanx IV

Distal’f:halanx v

sex, and chronological ~ e . [N - id- - id-
age at last birthday N;r::‘ x::t South | West N;'::‘ x::t South | West N;?:' x;:t South | West N;':th m: South | West
Male standard Mean skeletal age in months
Boys:
12 years.. 1411 | 1385 | 1404 | 140.1 141.2 | 1384 | 1404 | 1400 | 141.6 | 1388 | 1407 | 140.2 | 141.8 [ 1386 | 1408 140.0
13 years.. 1565 | 1668 | 1549 | 156.7 | 1564 | 156.1 | 184.9 | 156.7 | 156.0 | 156.8 | 155.1 | 156.6 | 156.1 | 156.8 ; 155.0 156.8
14 years.. 16890 | 167.6 | 169.1 | 169.5 | 1689 | 167.1 | 169.2 | 169.2 | 169.0 | 167.6 | 169.7 | 169.0 | 168.8 | 167.1 | 169.7 169.2
16 years.. 1770 | 1738 | 1753 | 176.8 | 1776 | 1736 | 1750 | 1764 | 176.2 | 1738 | 1742 | 176.3 | 17644 | 1735 | 1743 176.1
16 years.. 1812 1784 | 1773 | 1798 | 181.1 | 1786 | 1764 | 1788 | 178.7 | 178.1 | 1769 1778 | 1785 | 1783 | 176.9 179.0
17 years.. 1858 | 186.2 | 1845 | 1872.2 | 185.7 | 186.0 | 184.3 | 187.0 | 183.9 | 1843 | 181.1 | 184.1 183.7 | 184.3 | 1809 183.4
Girls
12 years...ve 1724 | 1703 | 1715 1700 | 1723 | 1698 | 1713 | 169.6 | 172.0 | 169.9 [ 1709 | 1693 | 1722 | 169.9 [ 171.0 169.2
13 years..... 1816 | 1776 | 1792 1768 | 1813 | 176.7 | 179.0 | 1768 | 177.6 | 1755 [ 1769 | 176.2 | 178.2 | 1755 [ 176.8 176.3
14 years......ouisnmane 1844 | 181.8 | 183.7{ 1852 | 184.2{ 1816 | 183.6 | 185.1 181.7 | 180.1 | 179.8 | 1819 | 181.8 | 180.4 | 179.8 182.0
16 years,.... 189.3 | 191.0 | 1886 1909 | 189.3| 191.0 | 188.7 | 1909 | 1857 | 185.8 ( 1858 | 1858 | 185.6 | 1857 | 185.8 185.8
16 years.. 189.3 | 188.2 | 18756 191.0| 1895 | 1885 | 1875 | 191.0 | 186.0 | 1860 | 186.0 | 186.0 | 186.0 | 186.0 [ 186.0 186.0
17 years,, 190.2 | 186.0 | 186.0 | 186.0 | 190.0 | 186.0 | 186.0 | 186.0 | 186.0 | 185.8 [ 186.0 | 186.0 | 186.0 | 185.7 [ 186.0 186.0
Actual values:
Boys 12-17 years....... 160.2 | 159.0 | 159.9 | 160.4 | 160.2 | 168.9 | 159.7 | 160.1 159.3 | 159.2 | 159.7 | 1594 | 1594  169.0 } 159.8 159.6
Girls 1217 years .... 1798 | 176.1 | 177.4) 1760 1796 | 1756 | 177.2 | 1788 | 177.1 | 1743 | 1754 | 174.1 1773 | 1743 | 1755 174.2
Expected values:
Boys 12:17 yeers., 159.3 | 169.9 | 160.3 | 159.8 159.2 | 1599 | 160.0 | 159.6 168.7 | 159.8 | 159.9 | 159.0 158.7 | 159.8 | 159.9 159.2
Girls 12-17 years . 1784 | 1769 | 177.2 | 1768 178.1 | 1766 | 1769 | 176.6 176.0 | 1749 | 175.2 | 174.6 176.0 | 1749 | 1754 174.8
Female equivalent
Girls:
12 years., 1404 | 1383 | 139.5| 138.0| 1403 | 137.8] 139.3 | 1376 1400} 1379 | 1389 1373 | 139.6| 1379 139.0 137.2
13 years.. 1496 | 1453 | 1464 | 1446| 1493 | 1447 | 1470 | 1448 ]| 1456| 1435} 1449 1442 | 1452} 1428 | 1438 143.3
14 years. 1524 | 1498 | 151.7 | 153.2 1521 | 14951 1515 | 152.6 149,7 | 14841 147.8 | 1499 1498 | 1484 | 1476 150.0
15 years. 1573 | 161.0| 156.6| 160.7| 1583 | 161.0| 1574 | 1608 | 152.8| 1529 | 1529 1529 | 153.6| 163.7 ( 153.8 153.8
16 years..... 157.3 | 156.2| 1556.5| 161.0 1585 | 157.0 | 1555} 161.0 163.0 | 153.0] 153.0 | 153.0 154.0 | 154.0| 154.0 154.0
17 years. 1686 | 154.0| 1540 1540 159.0| 153.0] 153.0| 153.0| 153.0| 1529 | 153.0| 153.0 | 154.0] 153.7| 154.0 154.0
Male standard Standard error of the mean
Boys:
12 years. 1091 126 146 | 147 1.10 1.28 1.44 1.42 1.00 1.38 1.48 1.38 1.03 1.33 149 1.45
17 years. 2.85 228 145 1.62 3.3 236 1.63 1.66 1.32 1.60 0.91 1.02 1.43 141 1.04 1.13
Girls:
12 years. 1.82 1.09 1.32 201 1.83 1.07 1.20 1.65 149 1.18 1.36 1.73 1.852 1.18 1.29 1.70
17 years. 2.60 - - - 246 - — - - 0.60 - - - 0.45 - -
Boys 12-17 years....... 1.01 0.73 0.62 1.11 1.01 0.73 0.62 1.04 0.96 0.83 0.66 1.10 0.98 0.74 0.62 1.18
Girls 12-17 years...... 0.69 0.96 0.72 0.96 0.73 0.99 0.72 0.91 0.78 0.90 0.69 1.27 0.79 0.83 0.68 1.28
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Table 11. Mean bone-specific skeletal ages for selected hand-wrist bones of youths by annual family income, chronological age at last birthday, and sex, with selected standard
errors: United States, 1966-1970

Triquetral Metacarpal i1 Metacarpal V Proximal phatanx 11
Standard of reference,
sex, and chropologlcal Less $5,000- $10,000 Less $5,000- $10,000 Less $5,000- $10,000 Less $5,000- $10,000
age at last birthday than $9.099 or than 49,999 or than $9.999 or than $9.999 or
$5,000 ’ more $5,000 ” more $5,000 4 more $5,000 g mora
Male standard ' Mean skeletal age in months
L ]
Boys:
12 years ” 140.0 139.1 142.0 1384 137.2 1409 138.5 137.7 141.2 139.1 1389 1420
13 years. 163.1 156.7 154.2 154.8 1575 1554 155.2 158.0 16566 156.9 169.5 157.9
14 years. 167.8 166.6 167.4 1718 171.9 171.3 1726 1719 171.6 172.6 172.1 1725
15 years 172.7 1745 176.1 180.0 181.7 1828 180.6 1819 183.7 180.7 181.9 184.5
16 years 176.2 175.6 180.2 185.8 187.2 189.0 187.4 189.2 190.4 186.1 1875 186.1
17 years 186.2 186.3 188.1 193.0 1945 1971 193.8 196.7 197.4 193.5 195.8 200.3
Girls:
12 years 165.7 166.3 170.0 1729 171.4 173.0 1735 171.4 172.7 176.1 174.4 175.9
13 years 1746 174.2 175.6 182.2 183.0 182.4 1825 183.8 183.1 183.3 184.0 184.0
14 years 180.6 180.0 185.8 1929 190.6 194.6 194.7 192.3 196.1 193.4 180.9 195.8
15 years 190.0 189.2 1828 198.0 196.6 196.2 200.9 198.4 199.8 201.0 199.3 198.9
16 years 171.0 185.0 189.6 200.8 200.1 199.0 2045 202.6 202.4 202.6 203.6 201.8
17 years - 192.0 191.1 199.3 202.2 198.4 203.0 206.1 203.6 204.0 204.0 202.1
Actual values:
Boys 12-17 years.. 166.7 166.3 157.6 166.1 164.6 166.1 166.2 166.0 166.1 164.9 164.8 165.5
Girls 12-17 years ... 171.4 1718 174.8 1835 183.2 183.8 185.3 185.1 186.1 184.6 183.9 185.5
Expected values:
Boys 12-17 years.. 157.7 156.5 157.1 166.1 164.6 164.5 167.2 166.1 165.6 166.1 164.7 164.8
Girls 12-17 years.. 172.6 172.7 1726 183.4 183.8 183.4 185.0 185.8 185.7 184.5 184.7 185.0
Female equivalent
Girls:
12 years 134.8 1353 137.0 1409 139.4 141.0 1415 1394 140.7 144.6 1434 144.4
13 years 1M.6 141.2 1426 150.2 151.0 150.4 150.5 151.8 151.1 151.3 152.0 152.0
14 years 148.6 148.0 153.8 161.9 159.6 163.6 163.4 161.2 165.1 163.4 160.8 165.8
15 years 160.0 157.6 150.8 168.0 166.6 166.2 1709 167.8 169.8 172.0 169.6 1689
16 years 138.0 163.0 158.8 170.8 170.1 169.1 1755 1726 172.4 173.6 175.2 172.8
17 years - 162.0 161.1 169.3 172.2 168.4 173.0 1771 173.6 176.0 176.0 173.1
Male standard Standard error of the mean -
Boys 12-17 years wuuuenesiemsiseinans 1.1 0.50 0.78 1.21 053 0.82 122 053 0.82 1.21 l 0.63 0.82
Girls 12-17 years, 0.63 0.54 0.69 0.67 057 0.72 0.68 0.58 0.73 0.68 0.57 0.73
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Tabla 11, Mean bone-specific skeletal ages for selected hand-wrist bones of youths by annual family income, chronological age at last birthday, and sex, with selected standard

errors: United States, 1 966-1970—-Con.

Proximal phalanx IV Middle phalanx V Radius Ulna
Standard of reference,
sex, and chronological Less $5,000- $10,000 Less $5,000- $10,000 Less $5,000- $10,000 Less $5,000- $10,000
age at last birthday than $9.999 or than $9.999 or than $9.999 or than $9.999 or
$5,000 . more $5,000 4 more $5,000 ’ more $5,000 9 more
Male standard Mean skeletal age in months
Boys:
12 years 139.2 139.5 141.8 140.6 140.0 142.3 1389 138.8 140.5 139.5 1385 140.7
13 years 156.8 159.4 157.4 156.8 159.2 157.4 156.0 158.5 155.9 156.0 158.0 185.3
14 years 1725 1724 173.0 1724 172.2 171.7 1739 174.1 172.2 173.5 173.8 171.7
16 years 180.9 182.0 184.2 179.9 182.2 182.7 185.0 186.1 188.2 183.7 185.7 187.7
16 years 185.3 188.5 1873 186.5 187.4 187.6 196.1 186.2 200.2 194.0 193.4 196.6
17 years 193.1 196.2 200.0 1919 195.9 198.4 2049 207.2 208.7 200.5 202.5 202.9
Girls:
12 years 176.6 1745 176.6 175.9 174.2 176.1 175.4 173.0 173.2 174.8 1724 1729
13 years 184.0 184.2 183.6 183.4 183.8 184.0 184.4 186.2 185.7 1845 185.6 185.1
14 years. 193.2 191.0 194.8 1921 192.1 1929 197.2 196.9 199.6 195.5 195.0 199.1
16 years 201.0 198.8 198.7 198.2 199.4 198.1 208.6 208.7 208.0 2035 204.2 203.1
16 years 202.6 203.6 201.8 2016 2026 202.0 214.7 2141 214.8 206.9 208.3 206.7
17 years 2015 204.0 2025 2025 204.0 202.7 216.3 218.2 2159 205.8 209.4 208.5
Actual values:
Boys 12-17 years.. 164.6 164.8 165.2 164.8 166.2 164.9 174.6 1748 175.6 1725 1720 1723
Girls 1217 years .. 185.1 18441 185.6 183.8 183.7 180.4 196.6 197.0 199.2 190.4 190.7 193.0
Expected values:
Boys 12-17 years.. 165.8 164.6 164.5 166.1 165.0 1645 175.7 174.8 175.0 173.2 1719 172.0
Girls 12-17 years .. 184.8 184.8 1853 183.9 184.2 184.0 196.8 197.1 199.2 190.6 191.1 192.6
Female equivalent
Girls:
12 years, 144.8 143.5 144.8 143.9 142.2 1441 1434 141.0 141.2 1428 1404 1409
13 yeurs. 152.0 152.2 151.6 161.4 151.8 152.0 152.4 154.2 163.7 152.5 183.6 153.1
14 years 163.2 161.0 164.8 161.2 161.2 162.8 167.2 166.9 169.6 165.5 165.0 17041
16 years 172.0 168.8 168.7 168.2 169.4 168.1 182.2 1824 181.0 174.0 175.4 173.2
16 years 173.6 175.2 172.8 171.6 172.6 172.0 1914 190.2 1916 179.9 1776 179.7
17 years. 1725 176.0 1735 1725 174.0 172.7 1933 195.2 1929 178.6 1824 181.5
Male standard Standard error of the mean
Boys 12:17 years ... 1.22 | 0.63 I 0.82 1.22 053 0.82 e l
Girls 12-17 years.....vuuue. 0.68 0.58 0.73 0.67 0.57 0.72 .
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Table 11. Mean bone-specific skeletal ages for selected hand-wrist bones of youths by annua! family income, chronological age at last birthday, and sex, with selected standard
errors: United States, 1966-1970—Con.

Capitate Hamate Lunate Scaphoid
Standard of reference,
seax, and ch ropologlcal Less $5,000- $10,000 Less $5,000- $10,000 Less $5,000- $10,000 Less $5,000- $10,000
ga at last birthday than $9,999 or than $9.999 or than $9.999 or than $9,999 or
$5,000 ’ more $5,000 4 more $5,000 more $5,000 . mare
Male standard Mean skeletal age in months
Boys:
12 years 139.9 139.1 142.7 141.4 140.7 143.1 139.9 138.7 142.1 1384 137.6 140.2
13 years 183.7 157.6 155.1 154.6 158.4 155.5 154.1 156.2 154.7 153.1 155.4 154.0
14 years 168.2 166.8 168.1 168.7 167.9 167.9 1674 167.0 167.6 167.2 166.5 167.3
15 years, 173.0 1749 176.1 1735 175.6 176.8 1723 173.9 176.1 172.7 174.7 1769
16 years 176.3 176.1 179.6 172.7 1771 180.4 176.0 175.6 179.7 176.6 1768 1794
17 years 183.8 185.9 187.6 184.7 186.2 187.9 185.1 185.5 188.2 182.7 186.3 190.6
Girls:
12 years 166.8 167.1 169.9 168.0 167.6 1715 166.0 166.0 169.6 1656.7 165.1 169.4
13 years 175.7 175.2 176.3 175.8 175.9 177.2 175.0 174.0 175.6 174.7 173.8 1765
14 years 180.7 180.2 186.0 181.4 180.2 183.0 179.8 179.4 185.7 179.3 179.6 185.3
15 years 190.0 1884 184.3 180.0 189.7 183.8 190.0 189.1 183.1 190.0 188.6 182.1
16 years 179.0 184.0 190.3 171.0 184.0 190.3 192.0 184.0 188.7 180.6 184.,0 188.9
17 years, 192.0 192.0 191.3 192.0 192.0 1913 - 1982.0 190.2 - 192.0 180.9

Actual values:

Boys 12-17 years....... 167.1 156.7 168.3 1578 157.7 1683 156.8 165.9 157.8 156.0 166.4 167.1

Girls 12-17 years ... 172.7 1725 17541 173.1 1729 176.1 1716 17M.4 174.8 1716 171.0 174.9
Expected values:
Boys 12-17 years... 158.2 156.9 167.6 158.8 1567.6 1568.1 187.7 156.3 167.1 167.0 165.6 166.6
Girls 12-17 years.... 173.5 1734 173.4 1739 174.0 174.2 1723 1726 1729 1721 172.2 172.7
Female equivalent
Girls:
12 years 1354 136.2 137.9 136.0 135.6 139.5 135.0 135.0 1376 133.8 133.6 137.8
13 years 143.7 143.2 144.3 143.8 1439 145.2 142.0 141.0 142.6 142.7 141.8 143.6
14 years 148.7 148.2 154.0 149.4 148.2 151.0 1476 1474 163.7 147.3 1476 153.3
15 years 189.0 157.4 1523 169.0 168.7 161.8 159.0 1568.1 151.1 188.0 157.6 150.1
16 years 147.0 162.0 169.6 139.0 152.0 159.6 161.0 152.0 157.7 159.6 152.0 157.9
17 years 162.0 162.0 161.3 162.0 162.0 161.3 - 161.0 169.2 - 161.0 1689
Male standard Standard error of the mean

Boys 12-17 years......
Girls 12-17 years..
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Table 11. Mean bone-specific skeletal ages for selected hand-wrist bones of youths by annual family income, chronological age at last birthday, and sex, with selected standard

errors: United States, 1966-1970—Con.

Trapezium Trapezoid Metacarpal | Metacarpal tl
Standard of reference,
sex, and chronological Less $5,000- $10,000 Less $5,000- $10,000 Less $5,000- $10,000 Less $5,000- $10,000
age at last birthday than $9.999 or than $9.999 or than $9.999 or than $9.999 or
$5,000 | % more | $5,000 [ ¥% more | $5,000 | 399 more | $5,000 | *% more
Male standard Mean skeletal age in months
Boys:
12 years 137.7 136.6 139.7 138.0 137.2 140.2 138.0 137.0 140.0 1378 136.7 140.0
13 years 152.2 165.7 154.2 1524 166.6 154.3 1639 156.7 154.8 164.2 157.0 154.8
14 years 167.5 166.2 167.5 167.7 166.5 167.7 169.4 169.1 168.4 173 1719 171.0
16 years 1724 1745 175.9 172.2 174.7 176.0 174.7 176.8 1773 180.1 181.6 184.2
16 years 1764 175.8 179.8 176.6 175.5 1789 1788 1779 180.7 187.4 187.1 189.6
17 years 183.5 186.1 189.2 183.4 187.0 188.4 183.0 183.5 185.7 183.2 1965 200.0
Girls:
12 years 165.5 164.8 169.3 165.4 165.2 169.7 170.2 169.5 1714 171.9 1709 1724
13 years 1744 174.7 1755 1749 1744 1755 1778 177.1 1773 1824 183.8 182.7
14 years 180.1 179.2 185.8 181.3 179.1 185.6 178.9 180.3 183.1 195.5 191.3 196.0
16 years 191.0 189.1 184.0 191.0 189.1 182.8 186.0 186.2 184.6 200.3 197.8 199.1
16 years 191.3 185.0 189.1 191.3 185.0 188.2 186.0 186.0 184.3 205.8 2025 202.8
17 years - 192,0 192.0 - 192.0 192.0 186.0 186.0 185.7 200.9 206.7 199.6
Actual values:
Boys 12-17 years......... 185.7 155.0 156.8 155.7 155.4 157.0 160.0 159.4 160.2 165.2 164.5 165.6
Girls 12-17 years ..uvene 1715 171.2 174.8 171.9 171.2 174.8 1755 175.2 175.9 184.6 184.1 184.7
Expected values:
Boys 12-17 years.. 156.8 165.3 156.1 157.0 155.6 156.4 160.8 169.5 159.8 166.2 164.6 164.9
Girls 12-17 years ..... 172.3 172.4 172.7 1725 1724 1726 1755 175.7 175.2 184.4 184.7 184.4
Female equivalent
Girls:
12 years 134.2 1339 137.3 134.2 134.1 136.8 138.2 1375 1384 1399 138.9 1404
13 years 141.2 141.4 141.8 1419 141.4 1425 1455 145.1 1453 1504 151.8 150.7
14 years 1481 147.2 153.8 1493 146.2 163.6 1479 148.3 152.1 1655 160.3 166.0
16 years 159.0 167.1 152.0 160.0 157.1 150.8 155.0 154.2 153.6 170.3 167.8 168.1
16 years 169.6 163.0 167.1 160.3 163.0 167.2 185.0 155.0 153.3 176.8 173.0 173.6
17 years - 161.0 161.0 - 161.0 161.0 155.0 165.0 154.7 170.9 178.7 169.6

Male standard

Boys 1217 years ...
Girls 12-17 years.....

Standard error of the mean
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Table 11. Mean bone-specific skeletal ages for selected hand-wrist bones of youths by annual family income, chronological age at last birthday, and sex, with selected standard

errors: United States, 1966-1970—Con.

Metacarpal 1V Pisiform Adductor sesamoid Flexor sesamoid
Standard of reference,
sex, and chronological Less $5,000- $10,000 Less $5,000- $10,000 Less $5,000- $10,000 Less $5,000- $10,000
age at last birthday than $9.999 or than $9.999 or than $9.999 or than $9.999 or
$5,000 4 more $5,000 . more $5,000 . more $5,000 . more
Male standard Mean skeletal age in months
Boys:
12 years 138.4 137.2 140.7 1405 1405 141.0 158.4 160.6 159.3 162.9 165.2 165.6
13 years 154.7 1567.6 155.3 153.5 157.5 154.8 1639 165.6 164.8 167.9 170.0 167.1
14 years 172.2 171.8 1713 167.8 167.0 167.4 170.2 170.5 170.1 1716 171.9 172.0
15 years 179.6 181.7 1823 1731 173.7 174.7 1734 1756 174.4 174.0 175.8 1749
16 years 185.7 187.4 188.5 178.3 173.2 181.0 176.1 176.3 180.8 177.3 175.8 180.6
17 years. 191.8 193.3 196.6 187.2 183.8 190.4 1813 183.9 187.0 183.2 184.9 189.8
Girls:
12 years 172.4 171.0 1725 166.0 166.0 169.3 1705 168.7 169.3 1741 1721 1708
13 years 181.7 182.8 182.6 174.8 173.9 1756.6 175.2 173.8 1735 175.6 1753 176.0
14 years 192.7 190.8 194.3 181.2 180.4 184.8 1774 1775 183.2 179.0 1791 184.0
15 years. 198.6 196.3 197.3 180.0 189.3 181.9 1814 184.5 176.7 183.4 184.6 1779
16 years 201.2 200.0 199.2 192.0 188.4 189.9 184.3 184.6 175.6 191.4 184.4 179.2
17 years 200.1 202.7 188.3 192.0 192.0 192.0 162.7 187.0 186.9 186.0 188.2 189.6
Actual values:
Boys 12-17 years... 164.8 164.7 164.8 158.5 157.3 167.4 168.2 168.8 168.7 171.7 1721 1720
Girls 12-17 years... 183.6 183.1 184.0 1722 1723 1744 174.0 173.8 173.6 176.4 176.7 176.3
Expected values:
Boys 12-17 years... 165.7 164.6 164.3 159.3 167.3 1675 169.3 168.5 168.6 1726 178 1720
Girls 12-17 years ... 183.5 183.7 1835 1729 173.1 1726 173.6 173.8 1739 175.6 175.9 175.7
Female equivalent
Girls:
12 years 1404 139.0 140.5 135.0 135.0 137.3 1385 137.7 1373 1421 140.1 1388
13 years 149.7 150.8 150.6 1418 1409 1426 143.2 1418 1415 143.6 143.3 144.0
14 years 1624 159.8 164.3 149.2 1484 1528 145.4 1455 151.2 147.0 147.1 152.0
15 years 168.6 166.3 167.3 148.0 167.3 1499 149.4 1525 1447 1514 152.6 145.9
16 years 171.2 170.0 169.2 160.0 156.4 157.9 1523 152.6 143.6 160.4 152.4 147.2
17 years 170.1 173.4 169.3 160.0 160.0 160.0 132.7 155.0 154.9 154.0 157.2 168.5

Male standard

Boys 12-17 years.......
Girls 12-17 years..
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Table 11. Mean bone-specific skeletal ages for selected hand-wrist bones of youths by annual family income, chronological age at last birthday, and sex, with selected standard
errors: United States, 1966-1970—Con.

Proximal phalanx | Proximal phalanx 1} Proximal phalanx V Middle phalanx 11
Standard of reference,
sex. and chronological Less $5,000- $10,000 Less $5,000- $10,000 Less $5,000- $10,000 Less $5.000- $10,000
age at last birthday than $9.999 or than $9.999 or than $9.999 or than $9 999 or
$5,000 ’ more $5,000 ‘ more $5,000 more $5,000 . more
Male standard Mean skeietal age in months
Boys:
12 years 139.5 13941 1421 138.6 139.6 142.0 139.5 139.6 142.4 140.8 140.5 143.0
13 years 1559 158.8 157.1 156.5 159.3 167.5 156.7 159.6 157.4 155.8 159.4 157.7
14 years 1724 173.2 172.0 1724 17241 172.3 1728 1725 1721 1724 1721 1721
15 years 180.4 182.7 184.4 180.4 1821 184.2 180.6 181.6 184.2 179.6 181.8 183.4
16 years 1885 188.1 188.2 186.2 1879 187.4 185.6 187.9 186.6 186.3 187.7 188.1
17 years 195.7 200.2 201.8 193.3 195.8 2004 194,1 194.8 199.9 193.0 196.2 198.2
Girls:
12 years 178.7 173.6 175.7 175.3 174.3 175.2 176.4 174.8 176.8 176.3 1743 176.1
13 years 183.7 184.7 1856.7 1828 183.7 183.9 183.0 1843 1840 183.8 183.8 184.0
14 years 1942 1938 1978 192.6 190.4 195.2 193.1 190.7 1944 191.7 191.6 193.9
15 years, 203.1 203.4 204.0 200.8 198.8 198.5 202.3 199.3 199.7 199.7 199.5 199.6
16 years 207.5 207.0 204.9 202.6 202.4 2014 202.7 203.6 2023 202.6 203.2 201.8
17 years 204.5 208.7 207.6 2018 204.0 202.2 204.0 204.0 202.7 202.1 204.0 202.7
Actual values:
Boys 12-17 years.. 165.7 16564 165.5 164.6 164.7 165.2 164.9 164.5 165.0 165.0 165.2 165.3
Girls 12-17 years .. 185.0 185.5 18741 183.9 183.4 185.1 184.6 184.3 185.9 184.2 183.6 184.8
Expected values:
Boys 12-17 years. 166.8 165.2 165.0 165.9 164.6 164.5 165.9 164.5 164.4 166.2 165.1 164.6
Girls 12 17 years., 1855 186.2 186.2 184.1 184.1 1845 184.8 1849 185.4 184.2 184.2 184.3
Female equivalent
Girls:
12 years 142.7 140.6 1427 142.3 1413 1429 1444 142.8 1448 1443 1423 144.1
13 years 151.7 152.7 153.7 1650.4 150.8 150.9 151.0 152.3 152.0 151.8 151.8 152.0
14 years 164.2 163.8 167.8 162.2 1584 164.2 162.1 168.7 163.4 160.7 160.6 163.9
16 years 17441 1744 175.0 170.8 168.8 168.5 173.2 169.3 169.7 1704 170.2 1703
16 years 179.5 179.0 176.8 1726 1724 1714 1734 1738 173.2 173.2 1742 1718
17 years 176.0 181.4 179.6 1718 1740 172.2 174.0 174.0 1734 173.0 175.0 1734

Male standard

Boys 12-17 years ...
Girls 12-17 years....

Standard error of the mean

00 N
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Table 11. Mean bone-specific skeletal ages for selected hand-wrist bones of youths by annual family income, chronolagical age at last birthday, and sex, with selected standard
errors: United States, 1966-1970—Con.

Middle phalanx I} Middle phalanx IV Distal phalanx [ Distal phalanx Il
Standard of reference,
se:, and chropologlcal Less $5,000- $10,000 Less $5,000- $10,000 Less $5,000- $10,000 Less $5,000- $10,000
ge at last birthday than $9,999 or than $9,009 or than $9.999 or than $9.998 or
$5,000 more $5,000 more $5,000 more $5,000 more
Male standard Mean skeletal age in months
Boys:
12 years, 1409 140.5 1426 140.1 1400 1419 1394 138.5 1409 139.0 138.7 141.3
13 years, 156.0 159.3 158.0 1564 158.8 157.6 1528 1574 156.1 153.6 158.0 166.1
14 years. 1725 1723 1723 172.6 172.3 1718 168.8 168.0 167.9 168.3 168.6 168.8
15 years 180.1 1829 182.7 180.0 182.2 183.1 1733 175.3 1775 1735 175.6 1769
16 years, 186.8 187.3 188.3 186.6 186.9 188.2 1784 1798 180.7 178.0 178.8 181.7
17 years, 1935 196.8 108.2 194.0 196.1 197.6 185.56 185.2 190.6 185.4 186.3 190.56
Girls:
12 years. 1765 174.3 176.3 176.4 174.0 176.0 170.6 169.0 1734 170.2 169.2 173.6
13 years, 184.0 1838 184.7 184.0 1838 185.2 178.4 177.7 179.1 1789 178.0 179.3
14 years 193.2 1920 194.2 193.1 180.6 191.6 181.2 182.1 186.6 1818 182.8 186.3
16 years 1994 1991 1893 198.7 199.1 199.1 191.0 189.5 190.9 191.0 189.5 190.9
16 years 2021 201.6 2015 201.9 203.3 202.0 186.0 189.8 1809 186.0 187.6 191.0
17 years 201.9 204.0 202.7 2025 204.0 202.7 189.0 187.6 180.0 190.2 187.6 186.0
Actual values:
Boys 12-17 years... 165.6 165.7 165.3 165.2 165.2 165.0 1568.6 1589 169.8 158.6 169,56 160.3
Girls 12-17 years ... 185.0 184.0 185.2 1848 183.8 186.4 176.6 176.4 179.2 176.6 176.6 179.3
Expected values:
Boys 12-17 years... 166.7 165.5 164.9 166.3 165.1 164.6 159.9 159.0 169.2 160.1 169.6 169.6
Girls 12-17 years ..., 184.8 184.8 1845 184.7 184.6 184.6 176.9 1775 1773 177.0 177.7 1774
Female equivalent
Girls:
12 years 1445 1413 1443 144.4 141.0 1440 138.6 137.0 1414 138.2 137.2 141.6
13 years, 1520 1519 162.7 152.0 151.8 163.2 146.4 145.7 1471 1459 145.56 146.6
14 years 162.2 161.0 163.2 162.1 159.2 160.6 149.2 150.1 163.6 149.8 150.8 1643
15 years 1704 1701 170.3 169.4 170.1 1701 161.0 159.0 1609 161.0 167.5 160.7
16 years 173.1 1726 1725 1729 1743 173.0 153.0 159.6 1609 1640 165.6 161.0
17 years 1729 175.0 173.7 1735 175.0 173.7 168.0 155.8 148.0 158.6 166.6 1540

Male standard

Boys 12-17 years
Girls 12-17 years.
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Table 11. Mean bone-specific skeletal ages for selected hand-wrist bones of youths by annual family income, chronological age at last birthday, and sex, with selected standard
errors: United States, 1966-1970—Con,

Distal il Distal IV Distal V
Standard of reference,
sex, and ch ropologlcal Less $5,000- $10,000 Less $5.000- $10,000 Less $5,000- $10,000
age at last birthday than $9999 or than $9.000 or than $9.099 or
$5,000 9 more $5,000 more $5,000 4 more
Male standard Mean skeletal age in months
Boys:
12 years 139.0 138.8 141.2 139.1 139.0 1416 139.2 13898 141.4
13 years 153.6 157.9 155.5 153.6 168.8 166.0 163.3 168.0 156.1
14 years 168.3 168.4 168.8 168.3 168.6 168.9 1683 168.5 168.7
15 years 1734 175.3 176.4 173.2 1753 1761 173.0 176.3 176.3
16 years 177.7 178.0 181.3 1779 176.3 181.1 177.8 177.2 181.0
17 years 1868 185.0 180.7 181.8 1844 185.6 181.5 184.5 185.2
Girls:
12 years 169.7 168.9 1734 169.2 169.2 173.2 1700 169.0 173.2
13 years 178.6 177.6 179.0 1770 175.3 1770 1773 1753 1774
14 years 1818 1824 186.2 1799 179.8 183.2 179.8 180.0 183.2
16 years 191.0 189.56 190.8 186.0 185.8 185.7 186.0 185.7 186.5
16 years 186.0 187.8 191.0 186.0 186.0 186.0 186.0 186.0 186.0
17 years 190.2 1875 186.0 186.0 186.0 185.6 186.0 186.0 185.6
Actual values:
Boys 12-17 years 158.5 159.3 160.2 168.5 189.0 169.8 158.3 159.3 159.8
Girls 12-17 years 1764 176.2 1798.0 174.6 174.6 176.8 1748 174.5 177.0
Expected values:
Boys 12-17 years 159.8 169.2 159.6 159.8 169.0 159.1 169.8 159.1 159.2
Girls 12-17 years 176.8 1774 177.0 175.1 176.5 175.0 175.2 176.56 175.1
Female equivalent
Girls:
12 years 137.7 136.9 141.4 137.2 137.2 141.2 138.0 137.0 140.4
13 years 146.6 145.6 147.0 145.0 1433 145.0 1443 142.6 1444
14 years, 149.8 1504 153.4 147.9 147.8 161.2 147.6 148.0 151.2
15 years 161.0 158.5 160.6 153.0 1629 152.8 164.0 153.7 153.5
16 years 153.0 156.8 161.0 153.0 163.0 163.0 154.0 154.0 154.0
17 years 159.4 155.5 153.0 153.0 153.0 152.8 154.0 154.0 153.6
Male standard Standard error of the mean
Boys 12-17 years .. .
Gir||12.17yg'rg cee e . con ven o ce .
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Table 12. Selected percentiles in the distribution of the individual youth’s range in bone-specific skeletal ages for the radio-opaque (not
adult) bones in the hand-wrist for white and Negro youths by chronological age in years at last birthday and sex: United States,

1966-1970
Percentile points
Chronological age in years and sex White Negro
P75 | Pso | Pas | Prs| Pso| Pas

Bovs Bone-specific skeletal age range in months—

20ys male standard
12 years 204 | 159 | 123 | 205 | 15.0 12.1
13 years... 188 | 146 | 109 | 181 | 133 10.6
14 years... 168 | 123 891 182 | 138 89
15 years... 16.0 | 11.0 6.7 | 134 | 10.0 6.5
16 years... 149 8.7 3.7 | 153 9.2 4.2
17 years 11.5 4.9 09 ] 16.2 8.4 2.1

Girls
T2 Y BAIS suuerveersenererersneressessnensessssasssssossarssassesensesssssasssssssasaesessaransessornedenasessassnesssnnennarons 190 144 | 110 ]| 1798} 116 7.8
13 years... 189 | 128 87| 187 125 2.1
14 years... 185 | 108 501 185 10.0 4,0
15 years... 17.0 6.8 16 1] 129 46 0.8
16 years... 10.1 2.1 05} 139 3.2 0.7
17 years 14.5 1.7 05] 13.8 2.7 0.6

Table 13. Selected percentiles in the distribution of the individual youth’s range in bone-specific skeletal ages for the radio-opaque (not
aduit) bones in the hand-wrist for youths by geographic region, chronological age in years at last birthday, and sex: United States,

1966-1970

Percentile points

Chronological age in years and sex Northeast Midwest South West
Pss | Pso | Pas | P7s | Pso | Pas | P7s | Pso | Pas | P75 | Pso | Pas
Boys Bone-specific skeletal age range in months—male standard
12 years 204 | 16.0 | 121 | 204 | 15.7 | 123§ 203 | 15.0 | 123 ] 20.3 | 16.1 123
13 years 188 | 142 | 106} 186 | 144 { 120 | 17.7 | 142 | 10.1] 19.1 | 165 12.1
14 years 16.9 | 1241 881 16.2 | 124 86| 182 | 126 88| 16.7 | 125 9.4
15 years 16.7 | 10.6 6.1] 156 | 113 75 | 14.1 | 101 65| 164 | 12.0 6.4
16 years 14.7 8.8 50| 16.0 8.6 41 | 13.2 8.5 27| 164 | 10.3 3.9
17 years 13.0 3.8 0.7 ] 13.7 6.5 2.2 9.7 5.2 09| 129 5.1 0.9
Girls
12 years 184 | 142 | 106} 189 | 147 | 119 | 18.7 | 13.0 891 20.0 | 13.7 10.4
13 years 21.0| 128 83} 189 | 128 881 18.1 | 124 82| 20.1 | 129 9.8
14 years 204 | 10.8 6.21 18.1 | 10.5 4.1 ] 185 | 10.7 50} 184 | 106 5.3
15 years 18.9 6.5 141 18.7 6.7 23| 13.7 4.6 0.8 1] 16.0 9.5 24
16 years 13.8 4.6 0.7 8.7 1.0 0.5 8.2 0.9 0.5] 109 2.6 0.6
17 years 19.4 4.2 06| 16.9 3.0 0.6 6.9 0.9 05| 121 0.9 0.4
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Table 14. Selected percentiles in the distribution of the individual youth’s range in bone-specific skeletal ages for the radio-opaque {not
adult) bones in the hand-wrist for youths by annual family income, chronological age in years at last birthday, and sex: United
States, 1966-1970

Percentile points

Chronological age in years and sex Less than $5,000 $5,000-$9,999 $10,000 or more
Pss | Pso | Pas | P75 | Pso | Pas | P7s | Pso | Pas

Boys Bone-specific skeletal age range in months—male standard
12 years 20.0 | 163 122§ 20.7 | 161 1241 204 | 16.0 12.3
13 years..... 186 | 146 | 11.0| 199 | 148 1098} 180 | 140 10.6
14 years 183 | 128 90| 16.0 | 123 90| 17.7 | 12.2 8.7
15 VEAIS cvvrvrrerrrsrssnnsresessenesesssaseeeresssnaesens 1566 | 11.3 681 154 | 11.0 6.5| 15.1 10.6 6.7
16 years 141 8.6 38| 16.8 | 101 46| 13.7 7.3 2.6
17 years 13.1 6.7 16 1] 126 45 071 111 5.1 1.0

Girls
T2 VBAIS iiciviiririeiiniisnsesirstesnsnsesssnessssarassasssonsansesssansevassssensesossnses 184 | 13.6 { 10.0 | 193 130 103} 19.1 15.0 12.2
13 years .... 18.3 12.6 96 | 208 | 13.7 901 185 1| 124 7.9
14 years .... 18,5 | 104 60 ] 186 | 125 53] 183 9.8 4.8
156 years ... 16.1 6.8 10| 18.6 6.9 23| 199 6.5 1.0
16 years .... 12.9 2.3 05 ] 109 25 0.5 8.9 2.3 0.5
17 years 8.3 0.8 04| 169 53 06| 126 1.3 0.5

Table 15. Median (chronological} age of onset of ossification in selected hand-wrist bones for youths 12-17 years by race, region, annual
family income, and sex: United States, 1966-1970

Boys Girls
Race, region. and annual family income Adductor Elexor Flexor
sesamoid | sesamoid | sesamoid
Race Chronological age in years
124 14.2 13.0
12,7 14.5 13.1
12.5 14.0 13.1
125 13.3 13.0
12.5 14.4 13.0
12.5 14.4 13.0
LSS than $5,000 .......ccevemreeeisnrernerersnsmeinesesnseersosssssssesesssassssssssessessoserssssssessosssaessssessossesesserssssssessons 12,6 14.4 13.1
$5,000-89,999 ..cociruriirieeiraninnnrinieessssessteesssaeasaressssessssatssassssstesssssessaasssssssssassessnessssassnsessssnsesssesssare 124 1341 13.0
$10,000 or more 12.5 13.0 12.9
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Table 16. Median age in months at epiphyseal fusion for selected hand-wrist bones of white and Negro boys and girls 12-17 years of

chronological age at last birthday: United States, 1966-1970

Hand-wrist bone

White

Negro

Boys | Girls

Boys

Girls

Metacarpal Lo sissisessissnssesnassine reesssrensaissinenresetresaseesse

Metacarpal 1l ....
Metacarpal 111...
Metacarpal 1V...
IMELACATIPAl V cervrvvirreiererrsrvacreraresesererasmseennensesrnasassessnasssssssorsssosssssssssessisnsnssessnnnsoserass

Proximal phalanx | .....
Proximal phalanx {l....
Proximal phalanx !l!...
Proximal phalanx V...
Proximal phalanx V...

Middle PRAIANX 1] eeeereiirirereeierrenrreereseneessorensessssossesessssesssosssness sossnesssssassesssasssnsesesssssens snsnaues
Middle phalanx 1., .
Middle phalanx 1V .....eeeeeeerernenienennsanne
Middle PhalanX V ....ccereeeiieeeecerermrereeienesnsesnsssonsses

Distal phalanX | .cc.cocveeerevicncninmmnncneenennninn
Distal phalanx 1l .....
Distal phalanx itl....
Distal phalanx V..., .
Distal PhalanX V ittt cissstsrsasssessisssstsssssstssessessasasssssssatsssssrastossosssnass

Median age in months

* *
194

190 165
198 178
199 178
199 179
199 180
195 168
<M 168
193 169
193 169
190 168
193 167
196 169
196 169
195 168
188 162
189 162
189 162
187 161
188 161

194
199
198
198
199

198
194
196
196
196

197
199
198
198

188
188
188
187
188

192

167
176
175
174
175

170
171
171
in
171

17
17m
172
171

160
160
161
159
161

*Estimates of median age not possible or not sufficiently reliable for publication. The radius had reached the “adult” stage for only

26 percent of boys and 53 percent of girls and the ulna in only 51 percent of boys by 17.9 years.
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APPENDIX |

STATISTICAL NOTES

The Survey Design

The sample design for the first three pro-
grams of Cycles I-III of the Health Examination
Survey has been essentially similar in that each
has been a multistage, stratified probability sam-
ple of clusters of households in land-based seg-
ments. The successive elements for this sample
design are primary sampling units, census enu-
meration district, segment (a cluster of house-
holds), eligible persons, and finally, the sample
person.

The 40 sample areas and the segments util-
ized in the design of Cycle III were the same as
those in Cycle II. Previous reports describe in
detail the sample design used for Cycle II and, in
addition, discuss the problems and considera-
tions given to other types of sampling frames,
cluster versus random sampling, and whether or
not to control the selection of siblings.”»8

Requirements and limitations placed on the
design for Cycle III, similar to those for children
in Cycle II, were that:

1. The target population be defined as the
civilian noninstitutionalized population
of the United States, including Alaska
and Hawaii, between the ages of 12 and
17 years for Cycle III, with the special
exclusion of children residing on reserva-
tion lands of the American Indians. The
latter exclusion was due to operational
problems encountered on these lands in
Cycle I.

2. The time period of data collection be
limited to about 3 years for each cycle
and the length of the individual examina-

NOTE: A list of references follows the text.

20

tion within the specially constructed
mobile examination center be between
2 and 3 hours.

3. Ancillary data be collected on specially
designed household, medical history and
school questionnaires, and from birth
certificate copies.

4. Examination objectives be primarily re-
lated to factors of physical and intel-
lectual growth and development.

5. The sample be sufficiently large to yield
reliable findings within broad geographic
regions and population density groups as
well as age, sex, and limited socioeco-
nomic groups for the total sample.

The sample was drawn jointly with the U.S.
Bureau of the Census starting with the 1960
decennial census list of addresses and the nearly
1,900 primary sampling units (PSU’s) into which
the entire United States was divided. Each PSU
is either a standard metropolitan statistical area
(SMSA), a county, or a group of two or three
contiguous counties. These PSU’s were grouped
into 40 strata, each stratum having an average
size of about 4.5 million persons, in such a man-
ner as to maximize the degree of homogeneity
within strata with regard to the population size
of the PSU’s, degree of urbanization, geographic
proximity, and degree of industrialization. The
40 strata were then classified into 4 broad geo-
graphic regions of 10 strata each and then within
each region, cross-classified by four population
density classes and classes of rate of population
change from 1950 to 1960. Using a modified
Goodman-Kish controlled-selection technique,
one PSU was drawn from each of the 40 strata.



Further stages of sampling within PSU’s
required first the selection of census enumera-
tion districts (ED’s). The ED’s are small well-
defined areas of about 250 housing units into
which the entire Nation was divided for the
1960 population census. Each ED was assigned a
“measure of size” equal to the rounded whole
number resulting from a ‘“division by nine” of
the number of children, age 5-9, in the ED at the
time of the 1960 census. A sample of 20 ED’s in
the sample PSU was selected by systematic sam-
pling with each ED having a probability of selec-
tion proportional to the population of children
5-9 years at the time of the 1960 census date. A
further random selection by size of segments
(smaller clusters of housing units) within each
ED was then made.

Because of the 3-year time interval between
Cycle II and Cycle III, the Cycle III frame had
to be supplemented for new construction and to
compensate for segments where housing was par-
tially or totally demolished to make room for
highway construction or urban redevelopment.

Advanced planning for the examinations at
the various locations or stands provided for
about 17 days of examinations which limited
the number of examinees per location to ap-
proximately 200. When the number of eligible
youths in the sample drawn for a particular loca-
tion exceeded this number, subsampling was
done by deleting from the master list of eligible
youths (ordered by segment, household order
within segment, and age within household) every
nth name on the list starting with the yth name,
y being a number between I and n selected ran-
domly and n being the extent of oversampling in
the original draw.

In Cycle III, as in Cycle II, twins who were
deleted in the sample selection were also sched-
uled for examination, time permitting, as were
youths deleted from the Cycle III sample who
had been examined in Cycle II. The sample was
selected in Cycle III, as it had been for the chil-
dren in Cycle II, so as to contain the correct
proportion of youths from families having only
one eligible youth, two eligible youths, and so
on to be representative of the total target popu-
lation. However, since households were one of
the elements in the sample frame, the number of
related youths in the resultant sample is greater
than would come from a design which sampled

youths 12-17 years without regard to household.
The resultant estimated mean measurements or
rates should be unbiased but their sampling vari-
ability will be somewhat greater than those from
more costly, time-consuming systematic sample
design in which every kth youth would be
selected.

The total probability sample for Cycle III
included 7,514 youths representative of the
approximately 22.7 million noninstitutionalized
U.S. youths of 12-17 years. The sample con-
tained youths from 25 different States and
approximately 1,000 in each single year of age.

The response rate in Cycle III was 90 per-
cent, with 6,768 youths examined out of the
total sample. These examinees were closely
representative of those in the samples as well as
the population from which the samples were
drawn with respect to age, sex, race, region, pop-
ulation density, and population growth in area
of residence. Hence it appears unlikely that non-
response could bias the findings appreciably.

Measures used to control the quality of
the data from these surveys have been
cited;7-8,194,195 these additional measures
specifically related to skeletal age are outlined
earlier in this report.

Reliability

Although measurement processes in the sur-
veys were carefully standardized and closely
controlled, the correspondence between the real
world and survey results cannot be expected to
be exact. Survey data are imperfect for three
major reasons: (1) results are subject to sampling
error, (2) the actual conduct of a survey never
agrees perfectly with the design, and (3) the
measurement processes themselves are inexact
even though standardized and controlled.

The first report on Cycle III8 describes in
detail the faithfulness with which the sampling
design was carried out.

Data recorded for each sample youth are
inflated in the estimation process to characterize
the larger universe of which the sample youth is
representative. The weights used in this inflation
process are a product of the reciprocal of the
probability of selecting the youth, an adjust-
ment for nonresponse cases, and a poststratified
ratio adjustment which increases precision by
bringing survey results into closer alignment
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with known U.S. population figures by color
and sex within single years of age 12 through 17
for the youths’ survey.

_ In the third cycle of the Health Examination
Survey (as for the children in Cycle II) the sam-
ples were the result of three principal stages of
selection—the single PSU from each stratum, the
20 segments from each sample PSU, and the
sample youth from the eligible persons.196,197
The probability of selecting an individual youth
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
youths were examined in each of the sample
PSU’s, the sample design is essentially self-
weighting with respect to the target population;
that is, each youth 12 through 17 years had
about the same probability of being drawn into
the respective samples.

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 youths in a sample PSU having the
same age (in years) and sex as youths not ex-
amined in that sample PSU.

The poststratified ratio adjustment used in
the third cycle achieved most of the gains in
precision that would have been attained if the
sample had been drawn from a population strati-
fied by age, color, and sex and makes the final
sample estimates of population agree exactly
with independent controls prepared by the Bur-
eau of the Census for the U.S. noninstitu-
tionalized population as of March 9, 1968
(approximate midsurvey point for Cycle III) by
color and sex for each single year of age 12-17.
The weights of every responding sample youth
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 inde-
pendent population control for each survey.

In addition to youths not examined at all,
there were 32 for whom there was no radiograph
or else the radiograph could not be assessed. The
age and sex distribution for these 32 youths as
well as for the 6,736 for whom assessments were
made is shown in table I. The skeletal ages for
these youths without usable radiographs were
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Table 1. The number of youths whose radiographs were assessed;
the number not assessed refers to youths who were ex-
amined but whose radiographs were missing or of poor
quality: Health Examination Survey, 1966-1970

Assessed Not assessed
(6,736) (32)
Age
Boys Girls Boys | Girls
Number of youths

Total .ciereevereersnnessanes 3,634 | 3,202 1" 21
12 years 640 543 3 4
13 years 625 582 1 -
14 years 617 584 1 2
15 years 610 503 3 -
16 years 555 528 1 8
17 years 487 462 2 7

not estimated. It is assumed that the distribution
of their skeletal ages is similar to that for the
remaining 6,736. In other words, they were
treated as nonresponders.

Sampling and Measurement Error

In the present report, reference has been
made to efforts to minimize bias and variability
of measurement techniques.

The probability design of the survey makes
possible the calculation of sampling errors. The
sampling error is used here to determine how
imprecise the survey test results may be because
they come from a sample rather than from the
measurements of all elements in the universe,

The estimation of sampling errors for a
study of the type of the Health Examination
Survey is difficult for at least three reasons: (1)
measurement error and “pure’”’ sampling error
are confounded in the data—it is not easy to find
a procedure which will either completely include
both or treat one or the other separately, (2) the
survey design and estimation procedure are com-
plex and accordingly require computationally
involved techniques for the calculation of vari-
ances, and (3) from the survey are coming thou-
sands of statistics, many for subclasses of the
population for which there are a small number
of cases. Estimates of sampling error are ob-
tained 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



even occasionally when the number of cases is
substantial.

Estimates of approximate sampling variabil-
ity for selected statistics used in this report are
included 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 meas-
urement variance.

In accordance with usual practice, the inter-
val estimate for any statistic may be considered
the range within 1 standard error of the tabu-
lated statistic, with 68-percent confidence; or
the range within 2 standard errors of the tabu-
lated statistic, with 95-percent confidence. The
Iatter 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

Sy =(SE+s2)"

where S, and S, are the sampling errors, respec-
tively, of x and y. Of course, where the two
groups of measures are positively or negatively
correlated, this will give an overestimate or
underestimate, respectively, of the actual
standard error.

Expected Values

In the detailed tables both the actual and
expected mean skeletal ages are shown for chil-
dren 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-
cast), cstimates from the Health Examination
Survey show n; boys in the :th age group
(f=12,...,6; 3 n;=n)and the estimates of
mean skeletal age for all U.S. boys in the ¢th age
group to be X, then the expected mean skeletal
age for boys in that area is:

S |=

Zni
i

i

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 ex-
pected 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 be-
tween an actual and an expected mean value
may be approximated by the standard error of
the actual value.

Table II. Number of boys and girls for whom skeletal age assess-
ments were made on each of the 31 hand-wrist bones:
Health Examination Survey, 1966-1970

Radio-opaque,
not adult Adult
Bone
Boys Girls Boys Girls
Number
Radius coveevrricreeenieenernnncnens 3,445 | 2977 11 5
Ulna .. | 3,286 | 2,407 11 4
Capitate....ccceeneeccrerersereannnees 2,011 759 1 1
Hamate.....ccoeeveieenncrinnicnne 1,986 741 1 1
Triquetral ..ooveirecscccensrenacnns 2,007 752 2 1
Lunate...eeeernecsrerecrerecennnnnnes 2,000 756 3 1
Scaphoid ... e | 2,017 776 1 1
Trapezium.......ceeeeeereevenernes 2,007 780 2 1
Trapezoid.....cceeeersseasnenenns 1,995 768 2 1
Metacarpal | ..oueeeeemmmenirrennnns 2,448 | 1,128 1 1
Metacarpal 1 .... 2,759 | 1,590 1 1
Metacarpal {l1...........cou.c..... 2,738 | 1,560 1 1
Metacarpal 1V.....coavueereeenne 2,729 | 1577 1 1
Metacarpal V ....cccccereevereneen. 2,799 | 1,701 2 1
Proximal phalanx |............. 2,638 | 1,398 2 3
Proximal phalanx Il.... 2588 | 1,319 1 1
Proximal phalanx Ifl .. 2,591 | 1,346 1 1
Proximal phalanx IV ., 2,584 | 1,350 1 1
Proximal phalanx V............ 2,576 | 1,327 1 1
Middle phalanx II............... 2,618 | 1,316 1 1
Middle phalanx 1l1... 2,651 | 1,372 1 1
Middle phalanx IV... 2648 | 1,377 1 1
Middle phalanx V ............... 2,625 | 1,292 1 2
Distal phalanx | ....ccceceeeeenen 2,296 968 1 3
Distal phalanx l...... 2,339 982 2 1
Distal phalanx (11 .... 2,335 974 2 2
Distal phalanx 1V .... 2,298 893 1 1
Distal phalanx V...... 2,307 893 2 1
PiSIFOrM..ucevieecereeeeererreenanas 1,773 744 166 10
Adductor sesamoid.. e | 1,511 908 574 25
Flexor sesamoid ........cuueenens 1,095 746 1 1,052 264
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Small Numbers

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 in-
stances the statistic has no meaning in itself
except to indicate that the true quantity is
small. Such numbers, if shown, have been in-
cluded in the belief that they may help to con-

vey an impression of the overall story of the
table.

Among the 6,736 children with usable radio-
graphs, there were a few of inadequate quality
to permit assessment of all bones. In general,
these would have been bones that became radio-
opaque recently or bones near the margin of the
radiographic field. The number of youths for
whom bone-specific skeletal ages were assigned
and the numbers in which particular bones were
adult are shown in table II.

000
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APPENDIX Il
DEMOGRAPHIC AND SOCIOECONOMIC TERMS

Age.—The age recorded for each youth was
the age at last birthday on the date of examina-
tion. The age criterion for inclusion in the sam-
ple 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 17 years old at the time
of interview became 18 years old by the time of
examination. There were 23 such cases. In the
adjustment and weighting procedures used to
produce national estimates these 23 were in-
cluded in the 17-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 non-
white race. Negroes and persons of mixed Negro
and other parentage were recorded as “Negro.”

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 Hamp-
shire, Massachusetts, Connec-
ticut, Rhode Island, New
York, New Jersey, and Penn-
sylvania

Midwest. ...... Ohio, Illinois, Indiana, Michi-
gan, Wisconsin, Minnesota,
Iowa, and Missouri

Delaware, Maryland, District
of Columbia, West Virginia,
Virginia, Kentucky, Tennes-
see, North Carolina, South
Carolina, Georgia, Florida,
Alabama, Mississippi, Louisi-
ana, and Arkansas

Washington, Oregon, Califor-
nia, Nevada, New Mexico,
Arizona, Texas, Oklahoma,
Kansas, Nebraska, North Da-
kota, South Dakota, Idaho,
Utah, Colorado, 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
(a) places of 2,500 inhabitants or more incor-
porated as cities, boroughs, villages, and towns
(except towns in New England, New York, and
Wisconsin); (b) the densely settled urban fringe,
whether incorporated or unincorporated of
urbanized areas; (c) 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; (d) 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 per-
sons or more per square mile; and (e) unincor-
porated places of 2,500 inhabitants or more not
included in any urban fringe. The remaining
population was classified as rural.
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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 youth
attended at the time of interview was used here
and later verified against school records. The
grade of those youths 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 pri-
vate 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
youth.

Guardian.—A guardian was responsible for
the care and supervision of the youth. He (or
she) did not have to be the legal guardian to be
considered the guardian for this survey. A guard-
ianship could only exist when the parent(s) of
the youth 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.

(ONON®)
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APPENDIX 11i
RELIABILITY OF ASSESSMENTS

To provide the basis for determining the
level of reliability of the bone-specified skeletal
age ussessments made by the nine medical stu-
dents at Case Western Reserve University from
hand-wrist radiographs of the 12-17-year-old
youths examined in the Health Examination
Survey of 1966-1970, a randomly selected sam-
ple of 1 in 23 radiographs was reassessed by the
sume reader and approximately 1 in 20 inde-
pendently randomly selected radiographs were
reassessed by another reader, as described pre-
viously. All nine readers, before starting these
finul ussessments, had been trained by Dr. Pyle
in the Greulich-Pyle method using the “HES
Standard™ to the point that their assessments
were in close agreement with hers. In all, 351
self-replicate assessments and 301 cross-replicate
assessments were made. Each reader made
approximately the same number of self-replicate
and cross-replicate assessments.

All nine readers maintained a high level of
consistency in their own assessments throughout
all 40 examination stands of the survey. The
mean difference in self-replicate assessments for
all nine readers was 0.1 month for all 31 bones
as well as for the 28 bones from which those
that were late to ossify (the pisiform, adductor
sesamoid and flexor sesamoid) were excluded.
Considering data for all 31 bones, the mean dif-
ference per reader between original and self-
replicate assessments ranged from 0.2 to 1.7
months combining data from both sexes. For
the 28 bones that ossify relatively early, the
mean differences range from 0.2 to 1.6 months
among the nine readers (table III).

A consistently high level of agreement in
bone-specific skeletal age assessments was main-
tained among the nine readers but the level was,
as expected, somewhat lower than that for the
individual readers with themselves. The mean

Table Itl. Mean difference in cross- and self-replicate assessments of bone-specific skeletal ages from hand-wrists rediographs of examinees
12-17 years old at last birthday, by reader: Health Examination Survey, 1966-1970

Number
S I B
Reader replicated
31 28 31 28
bones | bones | bones | bones Self | Cross
Mean difference

All readers cvveeressiresieniseniminensiuncnnssersessssssasnennns -0.1 -0.1 0.2 -0.1] 351 301
1.6 1.6 0.7 0.8 36 32
-1.2 1.4 2.3 -2.1 36 30
1.7 -1.6 -1.7 -1.6 21 20
Reader 25...cvvieecninninnnen 0.5 0.4 26 24 66 56
Reader 26... 0.2 0.2 -0.8 -05 44 32
Reader 27,0, 0.3 -0.3 -1.5 -1.7 44 43
Reader 28 0.3 0.2 1.0 1.3 44 33
Reader 29 0.2 0.3 -1.0 0.8 30 27
ReBAEN B0uuiiiiriirsiiistiisininiseniineriesensssansesressnnsssscsssssonssssossassesoress assassssnes snssesssacssssnere -1.0 -1.0 1.3 1.0 30 28
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cross-replicate difference for all 31 hand-wrist
bones was 0.2 month. It ranged between 0.7 and
2.6 months for the readers. When only the 28
centers that are relatively early to ossify were
considered, the overall mean difference was
slightly less—0.1 month—and ranged from 0.8 to
2.4 months among the individual readers.

The aspects considered include consistency
within observers (intraobserver differences),
comparability between observers (interobserver
differences), and differences resulting from vari-
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 12-17 years.

Although it is impossible at present to deter-
mine the true maturity level of the bones visual-
ized in a radiograph, it is necessary to define the
reliability of assessments both within and be-
tween observers. As stated by Greulich and
Pyle:10 “Though the ability to duplicate assess-
ments 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 particular radiographic atlas on which
they purport to be based.” Unfortunately, the
suggestion by Moorel?6 that sets of duplicate
radiographs that have been assessed by recog-
nized experts be available to those who wish to
measure their level of comparability has not
been implemented.

Area Skeletal Age

It is not easy to compare reported findings
because workers have analyzed their data in dif-
ferent ways. For intraobserver differences,
95-percent confidence limits of 7.2 months1 97
and mean differences ranging from 1.2 to 6.6
months have been reported,28,198-201 ip addi-
tion to variable errors to 1.4 to 4.2

NOTE: A list of references follows the text.

g8

months.202,208 The median intraobserver dif-
ferences range from zero to 4 months.204.205 A
report of zero median differences seems surpris-
ing but it is possible because Moed and his co-
workers made overall assessments to the nearest
atlas standard.

Todd’s18 claim that interobserver differ-
ences less than 6 months could be achieved read-
ily appears justified. Reported mean interob-
server differences range from 1.3 to 4.2
months.200,206,207 Tpn addition, a root mean
square of 6.2 months and confidence limits of
7.4 months have been reported.197,201 Re-
ported incidences of particular interobserver dif-
ferences indicate that the medians were less than
3 months for the study by Hansman and
Maresh66 and less than 6 months for the study
by Moed et al.204

Bone-Specific Skeletal Ages

Moore! 96 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 repli-
cability is related to the differences between
chronological and skeletal ages.199:202 How-
ever, the range of maturity between the bones of
a hand-wrist influences the replicability of over-
all but not bone-specific assessments.199,200
The quality of the radiographs (exposure, posi-
tioning) has no effect on replicability within the
range that is common in research studies? 90 but
unusually poor radiographic quality does reduce
replicability.202 The method by which the
Greulich-Pyle Atlas is used has an effect.
Maresh?? reported a technical error of 3.0
months between overall assessments and those
obtained as the means of bone-specific skeletal
ages.
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