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SKELETAL MATURITY OF CHILDREN
6-11 YEARS

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

INTRODUCTION

This report presents national estimates of
the levels of skeletal maturity of the hand-wrist
for noninstitutionalized United States children
age 6-11 years based on findings from the Health
Examination Survey of 1963-65. This is the first
time that such estimates for a cross-section of
the population have been made for this or any
other country,

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

Three different types of survey programs are
used to carry out the intent of the National Health
Survey.! The Health Interview Survey, which col-
lects health information from samples of people
by household interview, is focused primarily on
the impact of illness and disability within various
population groups., The Health Resources pro-
grams obtain health data as well as health re-
source and utilization information through surveys
of hospitals, nursing homes and other resident
institutions, and the entire range of personnel in
the health occupations. The Health Examination
Survey, from which data in this report were ob-
tained, collects health data by direct physicalex-
amination, tests, and measurements performed
on samples of the population, The latter program
provides the best way of obtaining actual diagnostic
data on the prevalence of certain madically defined
illnesses. It is the only effective way to secure

information on unrecognized and undiagnosed con-
ditions and on a variety of physical, physiological,
and psychological measures within the population,
It also collects demographic and socioeconomic
data on the sample populationunder study towhich
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 duringthe first cycle,
the prevalence of certain chronic diseases and
the distribution of various physical and physio-
logical measures were determined on a cross-
section of the defined adult population as previ-
ously described,?:3

For the second cycle, the program on which
this report is based, a probability sample of the
noninstitutionalized children 6-11 years of age
in the United States was selected and examined.
The examination in this cross-sectional study
primarily assessed health factors related to
growth and development, It included an exami-
nation by a pediatrician and by a dentist, tests
administered by a psychologist, and a variety of
tests and measurements by a technician. The
survey plan, sample design, examinationcontent,
and operation of the survey have been described
in a previous report.*

Field collection operations for this cycle,
which started in July 1963, were completed in
December 1965, Of the 7,417 selected ir: the sam-
ple, 7,119 children, or 96 percent, were examined.
This national sample is closely representative
of the roughly 24 million noninstitutionalized



children 6-11 years of age in the United States
with respect to age, sex, race, region, size of
place of residence, and rate of change in size of
place of residence from 1950 to 1960. Of the chil-
dren examined, there were an additional 157 who
were not radiographed or whose radiograph, taken
at the time of the survey, was not suitable for
assessment, Thus the skeletal maturity estimates
for United States children 6-11 years of age are
based on the remaining 6,962 children or 94 per-
cent of the original sample,

During his single visit, each child was given
a standardized examination by the examining team
in the mobile units specially designed for use in
the survey. Prior to this examination, demo-
graphic and socioeconomic data on household
membYers as well as medical history, behavioral,
and related data on the child to be examined were
obtained from his parents, Ancillary data were
requested from the school attended by the child;
these included his grade placement, teacher's
ratings of his behavior and adjustment, and
health problems known to his teacher. A birth
certificate for each child was obtained for veri-
fication of his age and information related to his
condition at birth,

Some measure of skeletal age or maturation
was considered essential to this study of health
factors related to normal growth and development
of children, Advice of clinicians and directors of
long-term studies of skeletal development was
obtained about possible uses of skeletal maturity
levels and methods of assessing skeletalage from
radiographs, Drs., William Walter Greulich and
Harold C. Stuart——the directors of growth studies
conducted independently from 1929 to 1962 at the
Brush Foundation in Cleveland, Ohio, and the
Department of Maternal and Child Health at
Harvard University in Boston, Massachusetts—
recommended that Dr, S, ldell Pyle assemble a
standard for the assessment of skeletal maturity
from *heir film series and studies,® specifically
for ‘use in the National Health Examination Survey,

At the formal request of the National Center
for Health Statistics the 1964 manual-—a prelimi-
nary edition of the Radiographic Standard of Re-
ference for the Growing Hand and Wrist® —was
then prepared for this purpose by Dr, Pyle and
Dr, Greulich, in collaboration with Dr, Alice
Waterhouse, then Medical Advisor to the National

Center for Health Statistics. This manual will be
. referred to in this report as the HES Standard,
Bone-specific skeletal age assessments of the
hand-wrist radiographs were done by madical
students with special training in this method, at
Case Western Reserve University under the close
supervision of Dr, Pyle,
Statistical notes on the sample design, reli-
ability of the data, and sampling error are in
appendix I,

THE NATURE OF
SKELETAL MATURATION

It is difficult todescribe the nature of skeletal
maturation because knowledge of its recognizable
criteria is incomplete, A wealth of histological
detail has been reported concerning skeletal elon-
gation but there is a surprising lack of corre-
sponding knowledge concerning skeletal matura-
tion. Furthermore, some of the literature indi-
cates a failure to distinguish between elongation
and maturation of the skeleton at the histological
and radiographic levels. It is customary to con-
sider that the skeleton begins to mature when
skeletal rudiments can be recognized first in the
embryo and that maturation is complete when
comparative stability of skeletal form and function
is attained in young adulthood. During maturation,
the number of specialized cells increases and
biochemical mechanisms become more complex,
The skeletal changes after young adulthood, par-

~ticularly during senescence, include a reduction
in the number of specialized cells and therefore
can be described reasonably as a negative phase
of maturation,

Histological Changes

Maturation of a long bone commences when
soms embryonic connective tissue in a limb bud
condenses to form a model.” In the early models
of most. long bones, the parts that represent the
future diaphyses (shafts) are small relative tothe
epiphyseal parts although the junctions between
these parts cannot be identified precisely.® The
condensed connective tissue of the model is re-
placed by cartilage; this occurs first in the cen-
tral part of each model,’ The connective tissue



around this cartilage becomes a well-defined
layer called the- perichondrium, The outer layer
of this perichondrium differentiates to fibrous
tissue; the inner layer contains cells that can
mature into chondrocytes or osteocytes, The
cartilaginous models resemble in shape the adult
bones they precede.lo’“The models for two or
more adjacent bones are joined by connective
tissue in the regions of future joints; joint cavi-
ties form later.? The cartilaginous models en-
large by apposition from the perichondrium, from
the connective tissue related to their ends, and by
the division of chondrocytes within the model.?
The chondrocytes in the central parts of the
models hypertrophy and vacuolize at about the
gixth prenatal week(as shown in figure 1-A)}»12:13

Fibrous
tissue

Caleified
cartilage

D E F G

NOTE: F.um Rache, &, F.: The elongation of the mandible, Am. /. Orthod, 53:79.94,
1967,

The later calcification of this area 1415 consti-
tutes a phase of maturation. When this calcified
area is sufficiently large, it becomes radio-
opaque. This is the first stage of skeletal ma-
turatioa thar can be observed radiographically,
The area of hypertrophic chondrocytes and the
area of calcified cartilage enlarge more rapidly
than the model. This is shown by extension of
the hypertrophic and calcified areas along the
model (figure 1-B), Ossification begins when a
collar of bone forms deep to the perichondrium
around the central part of the cartilaginous model
(figure 1-B). Soon after this, ossification begins
in the central part of the model by replacement
of calcified cartilage (figure 1-C), This endo-
chondral ossification begins where cartilage first
Tormed,?-16-18

The early stages of endochondral and sub-
periosteal ossificarion cannot be distinguished
radiographically. Soon these areas unite; later
their interrelationships become more complex
as a result of remodeling that continues through-
out life,!® The ossified areas extend along the
cartilaginous model hoth centrally (endochondial)
and on its surface (subperiosteal), Endochondral
ossification occurs in areas where cartilage cells
have hypertrophied, the matrix has calcified, and
blood vessels, connective tissue cells, and osteo-
blasts are present.}® Subperiosteal ossification
extends along the cartilaginous model at about the
same rate as endochondral ossification, Both en-
dochondral and subperiosteal ossification extend
along the model until they reach the future epi-
physeal zones? (epiphyseo-diaphyseal junctions)
at each end of the model (figure 1-D), After this
stage of maturation has been reached, it is cus-
tomary to refer to the ossified area as the dia-
physis or shaft of the bone, Before this occurs,
a marrow cavity forms by resorption in the cen-
tral part of the ossified area. This stage of mat-
uration is not suitable for inclusion in a method
of assessment based on radiographs. For a con-
siderable period after the diaphysis reaches the
ephiphyseal zones,? the ossified area does not

Figure 1. A diagram of the maturation of a long bone in which
the length of the bone has been kept constant. The approxi-
mate age scale is: A, 6 weeks prenatal; B, 7 weeks prenatal;
C, 12 weeks prenatal; D, 16 weeks prenatal to 2 years; E, 2
to 6 years; F, 6 to 16 years; and G, aduithood. The clear area
in D-G represents the marrow cavity.

3The term epiphyseal zone refers to the partof the bone be-
tween the epiphysis and diaphysis. It is only applicable after the
epiphysis has begun to ossify—between the time when the epiph-
ysis has started to ossify to the time when the epiphysis has
fused to the diaphysis. A bone with an epiphysis at each end
has two such zones; some other bones have only one.



extend further in relation to the total length of
the bone but changes that are visible radio-
graphically occur in the shape of the end of the
diaphysis.

From the viewpoint of assessment, a most
important stage of maturation occurs when epi-
physeal centers of ossification form within the
cartilage near the end of the diaphysis (figure
1-E). This occurs near each end of the diaphysis
of every long bone and at one end of each short
bone, e.g., metacarpals and phalanges, Maturation
occurs at the nonepiphyseal ends of short bones
also, but, at these sites, it is difficult to divide
the process into stages that can be distinguished
radiographically,

The histological changes associated with en-
dochondral ossification are the sams, whether this
occurs in the central part of the model or in the
epiphyseal cartilage near the ends of the dia-
physis,® The ossified area in each epiphyseal
cartilage enlarges and, within a few ysars, the
cartilage is replaced completely, except for that
in contact with the end of the diaphysis and on
_the articular surface (figure 1-F), During this
phase, the replacement of cartilage by bone is
more rapid than the growth of cartilage,

At first, an epiphyseal ossification center
enlarges rapidly in all directions; later it en-
larges more rapidly in some directions than
others.,?2® Consequently, the shape of the center
gradually resembles that of the cartilaginous
end of the bone,?! These shape changes are very
important in assessmeant. The epiphyseal ossi-
fication center enlarges by the épposition of bone
to each aspect except where the center is in con-
tact with the cartilage of the epiphyseal zone??23

A transverse layer of cartilage remains be-
tween the diaphysis and the ossified epiphysis
after bone has replaced most of the epiphyseal
cartilage, This transverse layer, together with
the end of the diaphysis, is important not only in
diaphyseal elongation but in the radiographic as-
sessment of maturity, In this zone, chondrocytes
hypertrophy and vacuolize, and the cartilage cal-
cifies preparatory to its replacement by bone,
These changes are the same as those that oc-
curred earlier during endochondral ossification
in other parts of the cartilage model. These
changes are more regular in the epiphyseal
layer where there is a columnar arrangement of

chondrocytes and a corresponding arrangement of
matrix and blood vessels,

The aspect of the epiphyseal ossification
center in contact with the epiphyseal layer in-
creases in cross-sectional area more rapidly
than either the end of the diaphysis or the epi-
physeal zone cartilage. It has been claimed that
a collar of periosteal bone, extending from the
margin of the diaphysis around the edge of the
epiphyseal zone, limits the increase inthe cross-
sectional area of this zone, 2425 The opposite
view has been stuted also: that this collar is nec-
essary for the increase in the area of the zone?®
The evidence available indicates that this collar
is neither a mechanical barrier to the migration
of new chondrocytes nor a site of their for-
mation,?” Rather, the increase in th. cross-sec-
tional area of the epiphyseal zone is due to the
formation of new chondrocytes in the prolifer-
ative layer of the perichondrium and their sub-
sequent migration into the zone, ?7-3% The in-
creased cross-sectional area of this zone leads
to increases in the cross-sectional areas of the
diaphyseal aspect of the epiphysis and of the end
of the diaphysis (flaring). These changes are vis-
ible radiographically and are very important in
assessment,3!

After an epiphyseal zone is present, the ad-
jacent surfaces of the epiphyseal ossification
center and of the diaphysis gradually becomse re-
ciprocal in contour., The associated radiographic
changes are used to assess skeletal maturity,
Later, the diaphyseal aspect of the epiphyseal
center is covered by a thin densely radio-opaque
layer of bone which is used as a maturity indi-
cator. As adult levels of maturity are approached,
a thin undulating layer of bone covers the end of
the diaphysis and separates it from the calcified
cartilage of the epiphyseal zone,2? This layer of
bone and the adjoining calcified cartilage together
cause a dense radio-opaque line that is used in
assessment,

The changes as the end of the diaphysis
(metaphysis) is progressively transformed and
relocated to a relatively more central position3 3
cannot be graded radiographically, However, the
ridges that develop at the limits of some mus-
cular attachments cause radio-opaque lines that
are used in assessment, e.g., at thedistal portion
of the ulnar diaphysis.5



Cartilage

NOTE From Rechie, A, F . The slongation of the manchine, Am J Qrehed, 53:79-94, 1067.

Figure 2. A diagram of the maturation of a carpal bone in which
total size has been kept constant, The approximate age scale
is: A, prenatal; B, 1-3 years; C, 4-5 years; D, 6 years; E, 10
years; and F, aduithood.

The final phase of the maturation of a long
bone is fusion between the epiphysis and the
diaphysis. This is preceded by the cessation of
skeletal elongation and the formation of a thick
layer of calcified cartilage in the epipHyseal
zone, 3435 This calcified cartilage is replaced
slowly by bone and, progressively, the remaining
epiphyseal zone cartilage is calcified and replaced
by bone, There is little doubt that this process is
completed first in the central part of the zone,

despite some opposite views, 36,37 Ossification

of the peripheral part of an epiphyseal zone car-
tilage may remain incomplete for long periods
causing a groove on the surface of a bone that
may be visible radiographically, After bony
fusion between the epiphysis and diaphysis is
complete, the articular cartilage is the sole rem-
nant of the cartilaginous model, The bone has
now attained adult maturity (figure 1-G),

Subsequent to epiphyseo-diaphyseal fusion,
the layer of bone that joined the adjacent surfaces
of the epiphyseal center and the diaphysis is
resorbed. This resorption may be delayed for a
long time. When this layer persists, it is visible
radiographically,’®:3

Many corresponding stages occur during the
maturation of the carpal bones that are in the
wrist between the forearm bones and the short
bones of the hand. A major difference is that the
carpal bones do not develop epiphyseal zones or
epiphyseal ossification centers, Each carpal bone
first develops as a condensation of embryonic
connective tissue, Subsequently, cavitation occurs
in this connective tissue in the region of future

joints between the carpal and neighboring bones.
After this occurs, the cartilaginous model, now
resembling the future bone in shape, articulates
with its neighbors on adjacent surfaces and is
covered by a well-defined perichondrium on other
surfaces (figure 2-A), Ossification begins in this
cartilaginous model (figure 2-B, 2-C) with the
same histological processes as those described
for endochondral ossification of long bones.‘m
At first, the ossified area expands rapidly in all
directions; ° later growth is more rapid in some
directions than others. The changes as the os-
sified area gradually matures and matches more
closely the shape of the adult carpal (figure 2-D,
2-E, 2-F) are used in assessment of skeletal
maturity levels of children from their radio-
graphs.

Radiographic Changes

Studies preceding the introduction of radiog-
raphy drew attention to many macroscopic dif-
ferences between the skeletons of children and
adults, These studies were limited to postmortem
material; usually the medical history was un-
known and the techniques employed (e.g., dis-
section, histological section) did not allow serial
studies of individuals, Knowledge of skeletal
maturation increased rapidly after radiographic
techniques became available, Oaly a few studies
selected from a very large body of literature
will be mentioned. Rotch*! described 13 recog-
nizable stages in the development of the hand-
wrist, Later, stages of carpal maturation*? and of
epiphyseo-diaphyseal fusion were described,*344
These studies led to the elaboration of the
Todd inethod of assessment, 43

The radiographically visible changes used to
assess skeletal maturity are known as "maturity
indicators,' What can be seen in radiographs are
maturity indicators, not skeletal maturity. By
definition, these indicators appear in a fixed
sequence for each bone 54647 although the se-
quence is not fixed for an area, e.g., hand-wrist,
that includes many bones, *8-5% Each of these in-
dicators must appear during maturation in every
child to be useful in the assessmant of skeletal
maturity.“

The radiographic assessment of skeletal
maturity depends on the presence and relative
radiodensity of areas of calcification or ossi-



fication, These differences in radiodensity, al-
though observed in two-dimensional radiographs,
reflect three-dimensional shapes of radio-opaque
calcified or ossified areas, Parts of the surfaces
of these areas (especially the dense cortex of
bone) that are approximately parallel to the cen-
tral axis of the radiographic beam cause dense
white zones on a radiograph. If these zones are
long and narrow, they are referred to as "lines"
and are commonly called ""radio-opaque lines"
because the structures causing them are rela-
tively radio-opaque.

The changes in contour that occur during
maturation, as bones become more adult inshape
are important in the radiographic assessment
of maturity, These contour changes reflect dif-
ferent rates of bone apposition at various areas.
Changes in shape cannot occur without changes
in size, Thompson has indicated that form is de-
termined by the rates of growth in different
directions.’! However, all the elements of size
used in the assessment of maturity concern rel-
ative size (shape) not absolute size. As empha-
sized by Todd,*® the use of absolute size would
lead to the unacceptable conclusion that adults
differ in maturity because they differ in absolute
size. This would destroy one major advantage of
the present scale of maturity,

Scale of Maturity

The scale used in radiographic assessment
is based on the assumption that skeletal maturity
is absent at conception and that all individuals
reach the same level of complete maturity in
young adulthood. By this premise, each individ-
ual achieves the same amount of maturation be-
tween conception and adulthood, althoughthereare
individual differences in rates, In practice, the
origin of the scale is the onset of epiphyseal or
carpal ossification, as observedradiographically,
Bones that develop epiphyseal ossification centers
cannot be assessed reliably before this stage?z’ss
Similarly, carpal ''bones' cannot be assessed
until they are visible radiographically, Some
radio-opaque epiphyseal or carpal centers prob-
ably consist of calcified cartilage rather than
bone when assessors regard them as "ossified."”
The only convincing radiographic evidence that
bone is present is the recognition of trabeculae

and these may not be visible for a considerable
period after the center becomss radio-opaque.
The end point of the skeletal maturity scale is
the completion of epiphyseo-diaphyseal fusion
in bones that have epiphyses and the attainment
of final adult shape in carpal bones,

There are two scales that can be used to
make bone-specific skeletal age assessments of
the hand-wrist, The Tanner-Whitehouse method>*
is always used in a bone-specific way and the
Greulich-Pyle scale can be used to obtain either
overail or bone-specific skeletal ages, These
scales for individual bones are not divided into
intervals known to be equivalent to each other,
These ordinal scales do not measure skeletal
maturity but allow a maturation level to be as-
signed to a radiograph relative to standards, Like
other ordinal scales, they allow rank ordering,
in this case, of the degree of maturity. The stand-
ards that are used represent the central tendencies
of skeletal maturity level in healthy children
grouped by age and sex. The levels (assessments)
are recorded in years or months of skeletal age,
Typically, girls achieve adult levels of skeletal
maturity at younger chronological ages than do
boys. Consequently, girls mature more than boys
during a "skeletal age year." Furthermore, in-
dividual bones differ in the average chronological
ages at which they reach adult maturity levels,
Hence the percentage of adult maturity achieved
per skeletal age year must differ among bones,

It is known that a boy with a skeletal age of
2 years is more mature than a boy with a skeletal
age of 1 year, However, one cannot conclude that
he is twice as mature because of the lack of skel-
etal maturity units that are equivalent to each
other, Nevertheless, because all boys mature
until they reach the same adult level of maturity,
it follows that all boys at the same skeletal ma-
turity level have achieved the same percentage
of adult marturity, although the actual percentage
of skeletal maturity is unknown, This is the major
advantage of the ordinal scale of skeletal maturity
that is used, By contrast, many physical charac-
teristics of children, e.g., stature, are recorded
using a cardinal scale, With such scales, ratios
between measures can be calculated, e,g., a boy
weighing 70 kilograms is twice as heavy as a
boy weighing 35 kilograms. This advantage of
the cardinal scale is offset to soma extent by the



fact that adults differ in weight and, therefore,
one should not infer that two boys, each weighing
60 kilograms, have each achieved the same
percentage of their adult weights, The limitations
of some scales have not always been recognized,
For example, some dental maturity scales are
based on the assumption that incompletely de-
veloped roots of teeth can be classified as one-
fourth complete, one-third complete, etc, 55-36
These methods imply that root lengths are the
same in all adults,

The scale used to assess the Cycle II radio-
graphs is presented in the radiographic standard
of reference of Pyle et al,,® which is referred
to in this report as the HES Standard, This new
scale was derived principally from the Greulich-
Pyle Atlas, 5 which contains reproductions of
ordered sets of radiographs for each sex. Each
of these radiographic standardsbis‘accompanied
by skeletal age equivalents in months or years
for each bone,

THE HEALTH EXAMINATION
SURVEY STANDARD

As stated in the Introduction, a new radio-
graphic standard for the assessment of skeletal
maturity of the hand-wrist was developed by Drs.
Greulich and Pyle in collaboration with Dr, Water-
house at the request of and for specific use in
the U,S, National Health Examination Survey, The
major difference from the Greulich-Pyle Atlas
is that the HES Standard contains a single series
of plates by which the two sexes are assessed
and compared, The rationale is based on the
premises that the process of growth implies
maturation, that there are marked individual
differences in the timing and velocity of mat-
uration but not the sequence, and that the rate
of skeletal maturation in the hand-wrist is an
acceptable indicator, for the purposes of this
survey, of the rate of overall skeletal maturation
of a child, This standard further assumes that
selected transitional, ossifying features and artic-
ular facets in the cortices of growing bones are
maturity indicators identifiable on all children's
radiographs, and that they are generally the same

YThe method by which the standard radiographs were select-
ed is described by Greulich and Pyle® and Pyle et al.®

for both sexes and all races, and that the chrono-
logical intervals between these transitional fea-
tures of growing bones are not uniform, The proc~
ess of maturation occurs, on the average, more
slowly in males than in females, Consequently,
when a single series of standards is used for
both sexes, two sets of chronological age equiv-
alents are required,

The HES Standard for the hand-wrist has
been based on and in part abstracted from the
1959 Greulich and Pyle Radiographic Atlas,’
The Atlas was in turn based principally on the
research radiographs and other data from the
Brush Foundation Study of Human Growth and De-
velopmeuar of Cleveland, Ohio, which wasorga-
nized in 1929 and directed for the first 10 years
by Dr, T. Wingate Todd. The Greulich and Pyle
Atlas was designed for direct skeletal age read-
ings from 3 months to 18 years with radiographic
standards at intervals of 3 to approximately 12
months depending upon the modal rate of matura-
tion in the period, The Atlas contains one series
of standards (modal radiographs) and skeletal
ages for males and another series of standards
and skeletal ages for females,

Most of the radiographic plates used in pre-
paring the HES Standard were selected from the
male hand-wrist series, pages 80-123 in the
Greulich-Pyle Atlas,5 With appropriate modifi-
cation and supplementation, they provided a series
of typically occurring discernible features of
developing hand-wrist bones—a series spaced at
irregular intervals from 3.8 months to 228 months
of skeletal age, These features were related, as
accurately as possible, to the chronological age
level at which they typically appeared inthe modal
position for the Cleveland boys and girls who were
enrolled in the Brush study, To assign female
skeletal age equivalents to these male standards,
three sets of hand-wrist radiographs of girls
were assessed using the survey staidard of ref-
erence for the male hand and wrist,

Although each plate in the published HES
Standard shows the skeletal age equivalents for
both males and females, those who assessed the
survey radiographs were not told the sex (or
chronological age) of any child whose radiograph
was being assessed, The skeletal ages assigned

"were based on the male equivalents accompanying

each standard plate. In this report, the skeletal



age data for girls are shown both as directly
assessed on the basis of the male. standards and
after conversion by computer to the correspond-
ing skeletal ages for girls based on equivalents
in the manual, It was intended by means of this
national survey of children, and the subsequent
one of youth (12-17 years), to obtain more precise
estimates of the comparative levels of skeletal
maturation between the two sexes. In earlier
studies of sex-associated differences in skeletal
maturity levels, the sex of the children was
known by the assessors and this could have in-
fluenced the subjective judgments that were made,

METHODS

At each of the 40 selected locations through-
out the United States, the children were provided
with transportation te and from centrally located
mobile centers specially designed for an exami-
nation that lasted about 2% hours. Six children
were examined in the morning and six inthe after-
noon, When each child entered the mobile center,
his oral temperature was taken and a screening
for acute illness was made; if illness was datected,
he was sent home and reexamined later, Each
examinee next dressed in shorts, cotton stweat
socks, and a light sleeveless shirt and proceeded
to a designated but different station for the exami-
nation; the sequence of elements inthe examination
differed for each child so that the six could be
examined simultaneously during the half day, The
same examiners-—physician, dentist, psycholo-
gist, and specially trained technicians-—conducted
their parts of the examination in essentially the
same manner for each child, The time of each
examination was recorded, but there is noreason
to believe that diurnal or sequence effects would
be present in the composition or quality of the
radiographic data, The number of radiographs
assessed is given by year of age in appendix
table I,

Field Radiography

Each child was scheduled to have a 10"'x 12"
radiograph of the right hand and wrist taken at a
tube-film distance of 36 inches. However, due to
the shortage of radiographic film of this size
during part of the survey, 600 radiographs were

taken (at the same distance) using either larger
or smaller films. The positioning for radiography
was otherwise in accordance with the specifica-
tions in the Greulich-Pyle Atlas.? Because the
films were developed immediately in the field,
technically inadequate ones could be repeated.
Thus each child's record contains a single radio-
graph showing the dorso-palmar view of his en-
tire hand-wrist with its full complement of ossi-
fying parts, at his examination age. Ninety-eight
percent of the radiographs were technically satis-
factory for this report (94 percent of the total
sample).

The decision to radiograph the right hand-
wrist rather than the left, which is the more fre-
quent anthropometric practice, was made on the
advice of anthropologist consultants who were
interested also in the use of related measurement
data for equipment design in which right-side
measurements were preferred, The Greulich-
Pyle Atlas was designed for the assessment of
the left hand-wrist., When the Atlas standards
were reproduced in the HES Standard, they were
reversed photographically so that they could be
used im right-side assessmems, Previous re-
ported research on lateral differences in the
skeletal maturity of the hand-wrist, either for
the area as a whole or bone by bone, has shown

-that these are too small to be of practical im-

portance, ’°

Training of Assessors

The assessment of skeletal age from the hand-
wrist radiographs of children 6-11 years of age
in the Health Examination Survey of 1963-65
was made by six mzdical students at Case West-
ern Reserve University, including one who was
an instructor specializing in anatomy. This work
was done under contract, with Dr, C, Wesley
Dupertius as Project Director, for the National
Center for Health Statistics, Prior to the training
of these medical students, under the direction
and meticulous supervision of Dr, Pyle, each as~
sessor was required to demonstrate his famil-
iarity with the series of maturity indicators of
individual bones in the hand-wrist as described
on pages 185-228 of the Greulichand Pyle Atlas.’

The practice procedures used in training
were based on 30 contact-size prints of the hand-



wrist radiographs used with the 1959 edition of
the Radiographic Atlas and a validating test based
on another set of prints of hand-wrist radiographs
with which the preliminary version of the HES
Standard (showing only the male standard skeletal
ages for each plate and each bone) was used.

During the practice, each assessor first
arranged 30 prin:s in ascending skeletal maturity
order. The bone-specific skeletal ages for each
print were assessed according to the male stand-
awds in the Greulich and Pyle Atlas® andthe cor-
responding skeletal age of the hand-wrist for each
print was determined by averaging these skeletal
ages. Next, the 30 prints were rearranged accord-
ing to those hand-wrist skeletal ages and the new
array was assessed according to the female
standavds in the Greulich and Pyle Atlas, Then,
the first set of bone-specific skeletal ages, based
on the male standavds, were covered and a second
set of bone-specific skeletal age assessmeonts
was obtained using the male standards for the
second time, The first and second sets of assess-
ments were compared, and the assessor decidad
which he considered the better final rating for
each print, These ratings were reviewed to de-
termine whether the assessor needed additional
practice and training before proceeding to the
next phase, When the project director considered
that the assessments were sufficiently reliable,
the assessor was given the validating test in which
his assessments and the extent of variability in
his independent reassessments were compared
with those of Dr, Pyle. When the ratings and re-
liability for the new assessor were in good agree-
ment with those by Dr, Pyle--the majority of
differences within 4 months—the new assessor
started his assessmant of the survey radiographs,
Reported evidence 53 suggests that, at the end
of this training procedure, the interobserver and
intraobserver differences in skeletal maturity
ratings should have been similar to those for ex-
perienced assessors.

Assessment Procedure

All survey radiographs were assessed by
comparison with prints of the series of standards
for the male hand-wrist which appear onpages 80
through 123 of the Greulich-Pyle Atlas? asmodi-

fied for inclusion in the HES Standard but showing
the skeletal age equivalents for males only. The
readers did not have access to the chronological
age, the sex, or any other information about the
child, When it appeared appropriate, the assessors
interpolated between the standards to monthly
intervals,

As a quality control measure and to permiz:
determination of the level of reliability of the
assessments throughout this study, independent
replicate assessmeants were obtained on approxi-
mately one out of each 11 radiographs, One ran-
domly selected radiograph from each 23 was
rated indepzndently by another assessor for a
measure of interobserver variability and one
randomly selected radiograph among each 20 was
rated independently a second time by the same
reader to give a measure of intraobserver vari-
ability. At the second assessmeznt, there was no
indication to the assessor that it was a reassess-
ment and there was sufficient time lapse between
the two assessments that there was little likeli-
hood of recall., Information on the degree of
reliability of these assessments is coatained in
appendix II,

In skeletal age assessments using reference
standards, there are limits to the range of skele-
tal ages that can be applied to each bone, For
example, as shown in table A, the trapezoid is
not visible until plate 12 of the HES Standard,®
where the skeletal age (hand-wrist)is the equiv-
alent of 72 months and the trapezoid shadow
measures about 4,5 x 4,0 mm.; the trapezoid
would be smaller than this when first radio-
opaque. Thus it is reasonable to assign an age
slightly less than 72 months to some radiographs,
However, the assigned skeletal age must exceed
60 months because at that level (plate 11) the
trapezoid is not radio-opaque. Lower limits for
these assessments were arbitrarily set for each
bone that was midway in skeletal age between the
last standard in which the particular bone was
not radio-opaque and the first in which it was
radio-opaque, Three exceptions were made: for
the pisiform and the adductor and flexor sesa-
moids, minimum ages for 2 months above the
last non-radio-opaque plate were allowed. These
exceptions were made because the limits were
set after the assessments had been made and,
for many radiographs, the assigned ages for



Table A. Minimum and maximum acceptable
skeletal ages in months wusing the HES
male standards: Health Examination Sur-
vey, 1963-65

. Mini- | Maxi-
Hand -wrist bone mum?® mum
Skeletal age
in months
RadiuS-=nmommrmmmmm e e 15 228
Ulna--ememmccmm e e e 70 215
Capitate-memmecccmmacanaa- -——— 197
Hamate--=c-omcammmccnnaana -—- 197
Triquetral -emewe-—eemeeenaa- 17 197
Lunate-=~-==-e-semcmeomooo 35 197
Scaphoid-ce-mcamcmmnncaan- 68 197
Trapezium---vc-=ccmnmmnoan 51 197
Trapezoid-=--covmmamaconn 68 197
Metacarpal I------mcevea-- 25 191
Metacarpal II-=-c--emeaca- 17 215
Metacarpal IIf-------co--- 16 209
Metacarpal IV----ceammue-- 17 209
Metacarpal Ve----ceccmomnoa- 24 215
Proximal phalanx T--~----- 33 215
Proximal phalanx II-V-~--- 15 209
Middle phlanx II-IV------- 23 209
Middle phalanx V-----==--- 39 209
Distal phalanx I------~--- 15 191
Distal phalanx I1, Ve-~--- 39 191
Distal phalanx II1I-~-=~--- 22 191
Distal phalanx IV--------- 32 191
Pisiformme---m-ccmecmeaeen 110 197
Adductor sesamoid-----<--- 146 197
Flexor sesamoid------=w--~ 158 197

*Minimum age (according to standard) of
radio-opacity of epiphysis or carpal.
One month below "adult" age.

these three bones were slightly lower than the
"midway" limits,

There are limits also at the upper end of the
raige, when bones become adult, Oaly the desig-
nation "adult,” and not a skeletal age in months,
can be assigned to a bone in which maturation
is complete, The medianagesfrom the HES Stand-
ard, at which this occurs in boys, were used to
calculate skeletal ages in months for each bone
beyond which only the designation "adult’' can be
applied. The maximum values were assigned 1
month below the "adult" skeletal age as shown
in table A, In the assessments of the survey

10

radiographs, bone-specific male skeletal ages
were assigned to both boys and girls; the asses-
sor did not know the sex of the child,

As expected, within chronological age groups,
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 the same skeletal maturity stages, girls
tend to mature more rapidly than boys. The fe-
male equivalent skeletal ages, bone by bone,
corresponding to the male skeletal ages were
determined during the preparation of the HES
Standard but were not used in assessment of the
survey radiographs, The method by which these
female equivalent skeletal ages were obtained
is described in detail in Pyle et al.® These ages
were estimated using three sets of serial radio-
graphs of normal United States girls., The modal
radiograph (in maturity) for each chronological
age group in each set was assessed against the
female standards in the Greulich-Pyle Atlas?
and against the HES Standard (male), These se-
quential female equivalent skeletal ages were
then smoothed,

The skeletal age data for girls in this re-
port are given both in terms of the male stand-
ards as originally assessed and in terms of the
femsle equivalent skeletal ages. The later con-
version was done, bone by bone, using the equiv-
alency data in the HES Standard with interpola-
tion between the published values to monthly in-
tervals, The skeletal age (hand-wrist) values for
boys and girls in this report were determined
by computer from the original bone-specific as-
sessmants by averaging the ages assigned each
hand-wrist bone for the child,

FINDINGS
Skeletal Age (Hand-Wrist)

The mean skeletal age (hand-wrist) of boys
in the United States increases consistently with
chronological age from 6.3 years (75.5 months)
for those 6 years of age at their last birthday
(mean chronological age, 6.5 years or 78 months)
to 10.4 years (124.2 months) at chronological age
11 years (mean, 11.5 years or 138 months)
(table 1),
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Figure 3. Mean difference in months between skeletal age (hand-
wrist) and chronological age of boys, by chronological age in
years: United States, 1963-65.

The reader is reminded that the findings
shown in this report are national estimates de-
rived from data of the Health Examination Survey
collected in 1963-65, The hand-wrist radiograph
assessments of skeletal age were made using the
HES Standard,6 which is based on the Greulich-
Pyle Radiographic Atlas,® as previously de-
scribed, On the basis of these assessments, the
skeletal age (hand-wrist) of boys does not pro-
uress as fast as their chronological age does,
from a mean difference of 2,5 months at chrono-
logical age 6 years to nearly 14 monthsat chron-
ological age 11 years (figure 3). The mean
differences between chronological and skeletal
ages of boys are statistically significant at the
S-percent probability level (i.e., exceed the
95-percent confidence limits for these estimates)
or less throughout the age range in the study.

Among girls, when assessment is made
against the HES Standard for males by readers
not knowing the sex of the child, the mean skele-
tal age (hand-wrist) increases consistently from
7.5 years (90.0 months) at 6 years of chrono-
logical age (mean, 6.5 years or 78 months) to
13.1 years (156.5 months) at chronological age
11 years (mean, 11.5 years or 138 months). The
skeletal age ratings against the male standard
consistently exceeded the chronological age of
American girls by differences ranging on the
average from 12 months at age 6 years to 18,5
me.nths at age 11 years (figure 4), Although they
show no consistent linear trend with chronolog-
ical age, the differences tend to be smaller at
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Figure 4. Mean difference in months between skeletal age (hand-
wrist) on the male standard and chronological age of girls, by
chronological age in years: United States, 1963-65.

chronological ages 8 and 9 years than earlier or

later,

In terms of the femsale equivalent skeletal
ages corresponding to and derived from the male
skeletal ages, as described in the ""Methods' sec-
tion, the mean skeletal age (hand-wrist) of
American girls also increases consistently with
chronological age from 6.4 years (77.0 months)
among those 6 years of age at their last birthday
to 10.7 years (128.2 months) at chronological age
11 years. As in the case of boys, the skeletal age
of girls on the average lags consistently behind
their chronological age (figure5). The differences
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Figure 5. Mean dffference in months between skeletal age (hand-
wrist) and chronological age of boys and girls (female equiva-

lent values of skeletal age used for girls), by chronoclogical age
in years: United States, 1963-65.
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across chronological age are at a minimum of
1-2 months among 6- and 7-year-old girls, in-
crease to about 6 months at ages 8 and 9 years,
and reach a maximum between 9 and 10 months
at ages 10 and 11 years,

Amoag both boys and girls, the marked
tendency for skeletal age to be increasingly
lower than chronological age as chronological
age increases is clearly demonstrated in figures
3 and 5, where the findings are expressed as the
difference between the respective means for
skeletal age (female equivalent values for girls)
and chronological age.

Comparison of skeletal ages for boys with
those for girls (using the female equivalent values
for the latter) shows close agreement among those
8 years of age (at their last birthday), where the
mean skeletal age of boys exceeds that for girls
by less than 1 month (figure 5). Among other
younger children—at 6, 7, and 9 years——the mean
skeletal ages for girls are 1-2 months inadvance
of those for toys, while among the oldest chil-
dren—10 and 1l years—girls are substantially
more advanced than boys by mean values of 3-4
months, These latter differences are statistically
significant at the S-percent probability level.

The mean skeletal age (hand-wrist) at
6-month intervals of chronological age shows a
consistent pattern of increase with chronological
age for both boys and girls similar tothat at annual
chronological age intervals (tablel). However,
the actual rate of increase in skeletal age over
successive 6-month periods of chronological age
varies among both boys and girls but generally
tends to be somewhat slower among boys, Among
boys the mean increase in skeletal age between
the first and the last half of chronological age
11 years is slightly greater than for younger hoys
and girls, while for girls of chronological age
11 years the mean increase in skeletal age be-
tween the first and last half of the year is less
than for younger girls, Only among the oldest
children in this study (chronological age 11) is
the difference in the mean increase in skeletal
age between boys and girls large enough to be
statistically significant at the 5-percent prob-
ability level,

At single-month intervals of chronological
age, the mean skeletal ages show a similar but
less coasistent pattern (table 2), primarily be-
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cause the sample is too small to provide reliable
mean estimates within these brief intervals, How-
ever, the high level of association between skeletal
age (hand-wrist) and chronological age is readily
apparent. The rectilinear product-moment corre-
lation coefficient beiween the two measures of
age is slightly but not significantly (statisti-
cally) greater among girls than boys-—+.85 and
+.82, respectively,

The extent of variation in skeletal ages
among boys and girls, as measured by the stand-
ard deviations, does not increase consistently
with the mean values. Among boys, the standard
deviations in skeletal age ranged from a low of
9.9 months for those of chronological age 10
years (at their last birthday) to 12,5 months at
chronological age 11 years; among girls these
values range from 10.1 months of skeletal age
(female equivalent values) at chronological age
7 years to 13.8 months at chronological age 10
years (table 1). The variability in skeletal age
among girls, but not boys, was slightly greater
among older (9-11 years of chronological age)
than younger children (6-8 years). The relative
variability in relation to the mean, as measured
by the coefficient of variation (100 s, /%) is
greatest among the youngest boys and girls (14.8
and 13.6, respectively, at chronological age 6
years as shown in figure 6). Among boys, but
not girls, the coefficient decreases consistently
with chroaological age from 14.8 at age 6 years
to 8.7 at chronological age 10 years, Boys tended
to show slightly greater relative variability in
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Figure 6. Relative variability in skeletal age (hand-wrist) for
boys and girls, by chronological age in years: United States,
1963-65.



skeletal age than girls at four of the six chron-
ological years of age, the two exceptions being
at ages 9 and 10 years,

The distribution of skeletal age (hand-wrist)
for boys and girls in the United States is similar
and essentially normal at each chronological
year of age (tables 1 and3). Theapproximate chi-
square test of goodness of fit to the normal curve
indicates only chance differences that are not
significant at the 5-percent probability level
(xi4 =0.21-3.58, for the individual years of age
and for each p> 99), Consequently, the mean and
median skeletal age values are generally inclose
agreement, Only in four of the 12 age-sex groups
of boys and girls do the meanand median skeletal
ages differ by as much as 2-3 months, At chrono-
logical age 11 years for boys and 9 for girls
(female equivalent values) the median skeletal
ages are both lower than the mean by 2.6 months;
while at chronological age 7 years for girls and
9 years for boys the median values are greater
than the means by 2.0 and 1,8 months, respec-
tively.

The percentage distributions of skeletal age
(hand-wrist) among children within each chrono-
logical yearly and 6-month age interval are
shown in tables 3 and 4, The interquartile range

(B = Pyg) oOr the central half of the distribution
of the differences between chronological and
skeletal ages, as shown in figure 7, for boys is
lowest at age 10 years (range of 12 months),
while differences at the other ages vary between
15 and 18 months. Among girls (female equivalent
values) this measure of variability ranges from
a minimum of 11 months at chronological ages
8 and 11 years to a high of 19 months at age 6
years. The 90-percent range (Pyg - P, ) in the
distribution of differences between chronological
and skeletal age shows less variability with re-
spect to chronological age. For boys this 90-per-
cent range is at a minimam (35 months)at chron-
ological ages 9 and 10 years and for girls (female
equivalent values of skeletal age)at chronological
ages 8 and 11 years, while it reachesa maximum
of 42 months for boys at chronological age 11
and of 40 months for girls at chronological age
6 years,

Comparison with prvevious findings in the
United States.—~Comparison with findings from
previous studies has been restricted to those in-
cluding at least 25 boys or 25 girls at each age
interval. In most of these investigations, radio-
graphs were taken of the left hand-wrist, but the
possible small lateral differences in skeletal
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maturity have been disregarded in this review,
Means and standard deviations for skeletal
age have been reported within chronological
age groups by Simmons, >’ Greulich and Pyle, 5
Johnston, 38 and Fry;*Maresh%reported medians,
To  facilitate comparisons, the data re-
ported by various investigators have been ad-
justed to a common Greulich-Pyle baseline, To
achieve this adjustment for those reports, the
standard modal plates of Flory$! and Todd*?
have been assessed using the Greulich-Pyle
Atlas > to assign bone-specific ages, interpo-
lating when this appeared desirable, The maturity
levels assigned to the Flory and Todd plates re-
semble medians raher than means.

The Greulich-Pyle standards were selected
from radiographs of white children of upper
socioeconomic status living in Cleveland, These
children were born between 1917 and 1942 and
were radiographed close to their birthdays and
half birthdays. The method by which these stand-
ard plates were selected from the 100 radiographs
available for each sex at each age is described
in detail in the Atlas of Greulich and Pyle’

Mean level, —Howard *2 published standards
selected from radiographs of Atlanta public
school children born between 1917 and 1922,
These standards were selected from samples of
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Figure 8a. Differences between skeletal and chronological ages
of boys by chronological age in years in studies of Flory
{1936), Simmons (1944), and Todd (1937).
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50 radiographs for each annual interval in each
sex. Their maturity levels are about 2 years
below those of the Greulich-Pyle standards,
The data have not been included in figures 8a and
8b because neither ethnic origin nor socioeco-
nomic status of the sample was reported, Further-
more, the sample was too small for a reliable
selection of standards, considering that these
radiographs were taken at random chronological
ages,

A mixed longitudinal study of white Chicago
children of above average socioeconomic status
born between 1911 and 1923 was reported by
Flory,®! Radiographs taken within 2 weeks of
a birthday were available for 100 children of
each sex at each age except 6 and 7 years, when
at least 80 radiographs were available, The plates
selected by Flory as best representing the central
tendencies in his groups are about 1 skeletal age
year below the corresponding Greulich-Pyle
standards for each sex, This difference tends to
increase with age for the boys and to decrease
for the girls (figures 8a and 8b).

Simmons 37 reported mixed longitudinal data
from Cleveland children of above average socio-
economic status who were born between 1917 and
1942 and examined at or near their birthdays,
The number of radiographs assessed for each
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Figure 8b. Differences between skeletal and chronological ages
of girls {female equivalent values for former) by chronological
age in years in studies of Flory (1936), Simmons (1944), and
Todd (1937).



year of age varied from 154 to 206 in each sex.
After adjustment to compensate for the use of
the Todd Atlas, all the mean skeletal ages re-
ported by Simmons are within 0,5 year (skeletal
age) of the Greulich-Pyle standards. This close
correspondence is not surprising because the
radiographs used by Simmons formed part of
the sample used by Greulich and Pyle, In each
sex, there is a tendency for the means of Simmons
to be slightly higher than those of Greulich and
Pyle at 7-10 years for boys aad 8-10 years for
girls but not at 6 and 11 years for either sex,

Todd's Atlas*® was based on radiographs of
Cleveland children of all socioeconomiz levels
who were born between 1920 and 1930 and ex-
amined serially near each birthday or half birth-
day. The standard plates were selected from
samples of 35-94 children of each sex for each
6 months of age. The median levels of the Todd
Atlas are about 0.5 year (skeletal age) lower
than the Greulich-Pyle standards at most ages
in both boys and girls (figures 8a and 8b). Ex-
pectedly, the maturity levels of Todd *® are lower

than those of Simmons,’ Although there was

some overlap between the samples of radio-
graphs used by these two investigators, Simmons
used only those of children who were of high
socioeconomic status; Todd used radiographs of
children from all socioeconomic levels.

Mixed longitudinal data from the Harvard
Growth Study were reported by Greulich and
Pyle. 5 These radiographs were of white middle
class Boston children who were born between
1930 and 1939 and examined near each birthday.
The sample size varied from 63 to 67 at each
age in each sex, All the mean skeletal ages are
within 0.3 year of the correspoading Greulich-
Pyle standards.

Johnston 8 reported mixed longitudinal data
from middle and upper middle class Philadelphia
white children who were born between 1937 and
1955, The sample size varied from 23 to 51 for
each annual intervalineach sex. The examinations
were made at random chronological ages, Con-
sequently, the data relating to, for example, "9
years chronological age" were derived
children ranging in age from 8.5 to 9.49 years.
The mean skeletal ages for the boys gradually
advanced, with chronological age, relative to the
Greulich-Pyle standards, until the mean was

from .

advanced 0.65 year at the age of 11 years, The
means for the girls were within 0.3 year of the
Greulich-Pyle standards at all ages.

Skeletal age data from middle class white

children (including many twins) in Nebraska born
etween 1950 and 1960 and examined cross-sec-
tionally at random ages have been reported by
Fry.>® The sample for each annual interval in-
cluded 25 boys and 25 girls. The mean skeletal
ages for the boys were below the Greulich-Pyle
standards by amounts that exceeded 1 year
(skeletal age) at 6 and 7 years. These differences
for the boys decreased with increasing chron-
ological age., The mean skeletal ages for the
girls also were below the Greulich-Pyle stand-
ards at most ages by about 0.5 year (figures 9a
and 9b).

Mixed longitudinal data from middle class
white children living in Denver were obtained
from radiographs taken close to birthdays and
half birthdays. These children were born between
1915 and 1964, but most of the radiographs were
taken after 1947, The sample size varied from
39 to 57 for each 6-month age interval in each
sex.%0 The meadian skeletal ages for boys and
girls were about 0.6 year below the Greulich-
Pyle standards during the age range 6-11 years,

In general the data reported by those who
have applied the Greulich-Pyle Atlas 53860 jn.
dicate a trend to lesser retardation of skeletal
age with increasing chronological age in boys

(figure 9a). There are similar trends for girls

in the data of Johnston®® and Maresh®® (figure
9b). However, the data from the present national
survey show a definite tendency to increasing
retardation in both boys and girls,

It is of interest to consider these reported
means in relation to possible secular changes
in skeletal maturity levels, As far as can be
determined, all the samples considered in this
review were similar in ethnic origin, but only
those of Flory 6! and Simmons 57 were of upper
class children, The median birth dates for the
Flory sample are 13 years in advance of those
for the sample of Simmons, The skeletal maturity
levels reported by Flory are lower than those
reported by Simmons, indicating a possible sec-
ular trend, The approximate mediaa birth dates
for the samples of middle class children are:
Greulich and Pyle (Harvarddata), 1935;°Johnston,
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Figure 9a. Differences between skeletal and chronological ages
of boys by chronological age in years, in studies of Fry {1966),
Maresh (1971), Johnston (1952), and Greulich and Pyle
(1959) and for United States children (1963-65).

1944; 58 Maresh, 1955;63 and Fry, 1955.5° Gen-
eralizing across age and sex, the mean levels
reported by Greulich and Pyle and by Johnston
tend to be higher, while those reported by Maresh
and Fry tend to be lower, This suggestion of a
reverse secular trend could be due to the effects
of altitude (unlikely), imperfect comparability be~-
tween assessors, and variations in what is con-
sidered "middle class." It is not in agreement
with the present national survey findings, which
are based on a much larger and differently se-
lected probability sample representative of United
States children born between 1953 and 1958 who
were still alive at the time of the survey. In the
national survey sample, the earlier born (andthus
the older at the time of the survey) tend to have
skeletal ages that are further behind their chron-
ological ages,

Variability,——Means and standard deviations
of skeletal ages, within chronological age groups,
have been reported for most of the investigaticns
considered here, Hence it is possible to compare
the relative variability in skeletal age in relation
to the size of the mean values for children in
these studies., Greater variability might be ex-
pected for children in the present national study
since radiographs were taken throughout the year
rather than close to birthdays or half birthdays

{Female equivalent values)
= e = Greulich-Pyie {1959}
------ Johnston {1962)
- Fry (19664
= = = Maresh (1971}
= United States children (1963-65)

1.0~

05

SKELETAL LESS
CHRONOLOGICAL AGE {(YEARS)

CHRONOLOGICAL AGE IN YEARS

Figure 9b. Differences between skeletal and chronological ages
of girls, female equivalent values for the former, by chrono-
logical age in years in studies of Fry (1966}, Maresh (1971},
Johnston (1952), and Greulich and Pyle {1959) and for
United States children (1963-65).

as was done in most of the previous available
studies, This factor could be responsible for the
relatively greater variability at some of the
chronological ages among boys and girls studied
by Fry.5?

The relative variability in skeletal ages re-
ported by Simmons 57 among boys 6-10 years of
age and by Greulich and Pyle’ among girls 6-9
years tend to be smaller than that for the corre-
sponding age-sex group reported by others and
is smaller than that for the childreninthe present
national survey, when the latter are grouped into
annual age intervals, After consideration of these
reports, no clear picture ems=rges with regard
to possible sex-associated differences in the
variability of skeletal age, The relative vari-
ability in findings reported by Simmons 57 and
Johnston ®® tended to be slightly larger for girls
than for boys; an opposite and more marked tend-
ency is present in the data of Flory ! except at
8 years, Greulich and Pyle 5 through 10 years,
and Fry5Y at 8-11 years. The corresponding sex
differences in variability were small and incon~-
sistent in direction in the national estimates pro-
vided by the HES data (table B).

The size of the probability sample in the
national survey was larger than in the other re-
ported studies; furthermore, only such a national
survey can provide reliable estimates for the
United States population,



Table B. Relative variabilitya in skeletal ages among boys and girls within chronolog-
ical age groups from selected studies

. Greulich United
Flor Simmons Johnston Fry,
Sex and age b 7°2 | and Pyle, 58 2 ’59 | States,
1936 194 19508 1962 1966°" | 796365
Boys Coefficient of variation
6 yearSemmmmmcmcncccacnmnnau- 20,6 13.3 13.7 - 15.4 14.8
7 yearSmmmmmemuaan LT 21.0 10.7 12.5 10.4 14,0 12.9
8 yedrSe=wammeuwmmucucncanana-. 15.9 9.6 11.7 10.0 14.7 11.6
9 yearSwesm===macaccssnencnnns 13.5 8.2 10.6 11.4 15.9 10.3
10 yearsemmenmucecccncnuananan 11.1 8.1 9.7 8.9 15.9 8.7
1l yearsewemesasccancccncana. 10.4 7.7 8.0 6.8 11.1 10.0
Girls
6 yearSmessmmcecnmancccnncn~- 19.8 15.5 12.7 ——— 16.0 13.6
7 yearSememuenscscucnancunnue 13.4 11.8 10.1 10.7 18.1 11.5
8 yearsesemccmcuccmmccnnanaaa 15.3 10.6 9.4 10.8 14.0 10.8
9 yearsmesecscncncncaunanann~ 10.9 9.8 8.9 11.5 10.0 11.6
10 yearseemacccanccmcmacnameax 9.1 9.6 9.1 11.3 13.3 11.9
11 yearseeewaccanwencncnnneas 9.0 9.1 9.2 10.2 8.1 9.3

‘Coefficient of variation = 100 standard deviation/mean.

Onset on Ossification

In the Health Examination Survey radio-
graphs, the median age of onset of ossification
or the first observable stage in skeletal maturation
for each of the 31 hand-wrist bones was issumed
to be midway between the last plate in the HES
Standard in which the bone was not radio-opaque
and the first in which it was radio-opaque, As
shown in table A, slightly lower limits were
allowed for the pisiform and the adductor and
flexor sesamoids,

The madian number of radio-opaque hand-
wrist bones among boys increased from just
under 26 at chronological age 6 years to 29 at
chronological age 11 years, The girls were about
two bones advanced in this respect throughout
the age range in the national survey (table 5), As
previously discussed the term radio-opaque for
the shoxt bones, the radius, and the ulna refers
to the epiphysis rather than the shaft of the bones.
The proportion of boys with fewer than 24 radio-
opaque bones decreased rapidly from 9 percent
among those of chronological age 6 years to 3
percent at chronological age 7 yearsandtol per-
cent or less among those of chronological ages
8-11 years, For girls, less than 1 percent had

fewer than 24 radio-opaque bones at chronologi-
cal age 6 years, This again indicates that girls
are more advanced in skeletal maturity than boys,

None of the 31 hand-wrist boaes had reached
"adult" skeletal age among boys in the national
study, while among girls the proportion with at
least one or more assessed as "adult” increased
from 1 percent at chronological age 9 to 12 per-
cent at chronological age 11 years,

Information concerning the modal ages of
onset of ossification for some of the later-form-
ing bones available from previous smaller studies
is shown in table C, These previous studies in-
cluded three types of modal ages: median ages
at onset of ossification, mean ages at onset of
ossification, and the percentage incidence of os-
gified centers within age intervals, The latter
data allow the calculation of modal ages. Esti-
mates of modal age of onset of ossification from
the national survey are based on the chronologi~
cal age at which 50 percent of the children were
found to have the bone radio-opaque, To facilitate
comparison, it has been assumed that any sys-
tematic differences that are due to the method
of analysis between corresponding mean and
median ages and ages when the center is present
in 50 percent of children can be disregarded.
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Table C. Modal ages in years for onset of ossification in selected bones from various studies

MOD?L AGES United States,
Bone ] rom 1963-65
previous studies
Boys
Distal ulna  ..eeeeeenene 6.7,80 7.1,88 73189 7964 745 7.4 66 7.1
Trapezium ] 59,89 5981 6185 6206468 6366 6.2
Trapezold  .eeeeeeerecees 6.0,8  6.1,6461 2569 ¢366 6.4
Pisiform ..oeeeeeeseeenenes 105,53  11.0,54 112,88 11,79 11.3
Girls
Pisiform weeevvervenseens 8.4,5 8458 86,5 908 9788 8.8
Adductor sesamoid ....[10.5,54  10.7,8° 10.8,5 11.0,2° 11,268 10.7

NOTE:

Modal ages for studies of Greulich and Pyle® and Pyle et al. 20 have been increased by 0.5

to be more nearly comparable with assessment methods used in the other studies (see pages 18 and 19).

The report of Flory%! concerning onset of
ossification was based on the sample described
earlier in relation to skeletal age, Essentially
the sama sample of Boston children was studied
by Harding ¢4 and by Pyle et al.,2% and it has
been described in reference to the skeletal age
data of Bayley.%> The sample of Denver children
studied by Hansman % has been described in
relation to the report of Maresh.®® Skeletal age
has been studied in the Brush Foundation sample
by Simmons; 37 ages at onset of ossification in
these children have been reported by Greulich
and Pyle.5 Greulich and Pyle reported data

using both the whole Brush sample (more than
200 children of each sex) and also the subset of
100 boys and 100 girls whose radiographs had
been used to construct the Greulich and Pyle
Atlas, Because there are only slight differences
between corresponding mean ages for the two
Greulich-Pyle samples, table C contains single
references to both,

Lurie et al, 87 reported cross-sectional
data on 1,129 white children from Cinninnati
born between 1920 and 1940, approximately.
These children were examined at the Child
Guidance Home of the Jewish Hospital, While
not necessarily Jewish, they were referred be-
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cause of emotional disturbances, Although data
from children with endocrine disturbances or
marked nutritional deficiencies were excluded,
the normality of the remainder of the sample is
questionable, Consequently, these data have been
excluded from the present review. Baldwin et
al, ®  reported mixed longitudinal data from
upper middle class white children in lowa City,
born between 1901 and 1928, The sample size
varied from 29 to 49 in each annual interval for
each sex, The mixed longitudinal data of Garn
et al.®® were derived from middle socioeconomic
class white children in southwestern Chio who
were born between 1929 and 1966. The sample
size was about 180 for each sex in each 6-month
interval,

Considerable variation would be expected
between the findings from these reports because
the studies differ in many respects including
sampling and the methodology of radiography and
data analysis. Furthermore, most have reported
data relating to the age atwhicha center was seen
to be ossified; others %2° have recorded an age
for onset of ossification in each child that was
interpolated between the last radiograph in which
the center was not ossified and the first radio-
graph in which it was ossified, For this reason,



the means reported by Greulich and Pyle ° and
by Pyle et al. 20 are about 0.5 year in advance
of those that would have been reported had the
more common procedure been followed.,

The modal ages based on reported data in
table C should be interpreted with care because
of these methodological differences, The ages
in the table relating to the studies by Greulich
and Pyle ® and Pyle et al.?° have been increased
by 0.5 year to compensate for some of these
differences, The reported modal ages at which
the distal epiphysis of the ulna ossifies in boys
differ comparatively little between these studies,
This age is earliest for the Flory sample ¢! and
latest for the Hansman sample®® with a differ-
ence of 0,7 year between these extremes, The
modal ages for the onset of ossification in the
trapezium in boys differ by 0.4 year from the
earliest 6 to the latest, %® The modal ages for
the trapezoid in boys differ by 0.8 year from the
early age reported by Baldwin et al,88 to that
reported by Hansman, %6

All these reports indicate that the pisiform
tends to ossify later in boys than in girls. The
reported modal ages range from 10,5 to 11,7
years for the boys and from 8.4 to 9.7 years for
the girls with Greulich and Pyle > reporting
relatively early ages for each sex and relatively
late ages being reported for boys by Hansman®®
and for girls by Baldwin et al,68

It is of interest tocompare modalagesacross
studies (range 5.9 to 7.4 years) for the onset of
ossification in the distal ulnar epiphysis, the
trapezium, and trapezoid in boys,5:61:64.66,68,69
The methodological differences between these
studies would not be expected to cause systemuatic
differences between these modal ages. The ages
reported by Hansman ®® are the latest ones for
each bone, The associations between the modal
ages across bones are similar forthe five studies
except that the age reported by Hansman ¢ for
the trapezoid is later than one would expect from
*he ages she reported for other bones.

The modal ages repoxrted for the adductor
sesamoid and the pisiform in boys differed by
1.7 years in the data of Greulich and Pyle ® and
2.0 years in the data of Hansman, %6 indicating
satisfactory replicability. However, the differ-
ences between the modal ages for the onset of
ossification of the pisiform inboys and girls range

from 1.5 years in the sample of Baldwin et al, %8
to 3,1 years in the Denver children studied by
Hansman,%% The unusually large difference in
the data on Denver children would lead one to
expect that the boys would be skeletally retarded
compared with the girls; there is no such tendency
in the data for hand-wrist skeletal ages from
essentially the same sample.%°

The corresponding modal ages of onset of
ossification in the U.S. children from the present
survey tended to be within the range of the find-
ings from other studies of more limited groups
of children in this country., A review of some of
the survey radiographs indicated that they were
of unusually good quality and that even very small
areas of ossification in the cartilaginous model
of the pisiform had been recognized by the as-
sessors.,

Bone-Specific
Skeletal Ages

In the Greulich-Pyle mathod of assessmezat
as used in the national survey, bone-specific
skeletal ages are assigned each radio-opaque
hand-wrist bone. The skeletal age (hand-wrist)
is determined from these bone-specific ages.
Commonly within- children the hand-wrist bones
differ in their levels of skeletal maturity, The
means and standard deviations of the bone-specif-
ic skeletal ages for each of the 31 hand-wrist
bones of bhoys and girls 6-11 years of age in the
United States, as determined from ihe survey
male standard and for the girls also in terms
of the female equivalent values, are shown in
table 6 at l-year chronological age intervals and
in table 7 at 6-month chronological age intervals,
Selected percentiles in the distributions of these
bone-specific skeletal ages within single years
of chronological age are shown in table 8.

As may be seen infigure 10 andtable 6, there
is a -consistent increase in mean skeletal age
with chronological age for each of the 28 bones
for which the modal age of onset of ossification
was below the age range of the study, For the
remaining three—the pisiform and the adductor
and flexor sesamo.ds—where this age is near
or above the upper chronological age limit for
the children in the study, the numbker of children
in whom these centers had ossified is too few to
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pravide reliable estimates of their skeletal ma-
turity. Particular attention is directed to the
findings shown in figure 10; these findings are
similar for each bone, with a few exceptions to
which reference will be made later, The differ-
ences between the mean values for boys and girls
(female equivalent values) are small at all ages,
However, the differences between the mean skele-
tal ages for the boys and the mean skeletal ages
for the girls (when assessed as boys) increase
fairly regularly from about 15 munths at the
chronological age of 6 years to about 32 months
at chronological age 11 years, The exceptions
to the above pattern are bones that ossify rela-
tively late, For the latter, age ranges occur
during which the comparisons are between most
of the girls but only a few of the boys., The boys
included in these comparisons are those who are
skeletally advanced relative to chronologicalage.
Counsequently the sex differences between the
ma2ans are small, particularly a: younger chron-
ological ages, This effect is present for the ulna
(6-7 years), the pisiform, and the adductor and
the flexor sesamoids,

Mean bone-specific skeletal ages for girls

(female equivalent values) are generally higher
than the corresponding bone-specific skeletal
ages for boys, particularly among older
children—~of chronological ages 9-11 years (at
their last birthday), Among these older children,
about one-half of the 89 mean differences in
bone-specific skeletal age between boys andgirls
(for whom reliable national estimates are avail-
able from this survey) exceed the 93-percent
confidence limits for such estimates—are sta-
tistically significant at the S-percent probability
level, For three-fourths of these differences
which are statistically significant, the mean
bone-specific skeletal ages for the girls exceed
those for bhoys of corresponding chronological
ages, By chronological ages 10 and 11 bone-
specific skeletal age m=ans for girls are signif-
icantly (statistically) more advanced than those
for boys, with few exceptions, Of the 28 bones in
which the onset of ossification is relatively early
the mean differences in bone-specific skeletal
age between the sexes only for the radius, ulna,
trapezoid, triquetral, lunate, aad scaphoid are
negligible at chronological age 10 years; while
at chronological age 11 years there are three
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which are negligible—the triquetral, lunate, and
scaphoid.

Among younger children (chronological ages
6-8 years), there is no consistent pattern, About
one-third of the 86 m=2an differences in bone-
specific skeletal ages between boys and girls
(for which reliable national estimates are avail-
able from the survey) are large enough to be
statistically significant at the 5-percent prob-
ability level, and of these, the me=ans for girls
are as likely to exceed as be less than those for
boys. After the age of 9 years girls are more
likely to exceed boys in (bone-specific) skeletal
age. v
The variability of these bone-specific skele-
tal ages, as indicated by the standard deviations
and the interquartile range (P75— P25) tends to in-
crease irregularly with age (tables 6-8). The
skeletal maturity levels of the lunate for boys
and the proximal phalanx I for girls are more
variable than those of the other bones. A similar
tendency is not present for the triquetral de~
spite earlier reports that the levels of maturity
of this bone are very variable, 4570

When using the Greulich and Pyle Atlas,
many workers follow the instructions of the au-~
thors in assigning bone-specific skeletal ages
before combining these to obtain a single skele~
tal age for each hand-wrist area, This combina-
tion is necessary because, in almost every child,
hand-wrist bones differ in skeletal age. These
differences are partly genetically deter-
mined 487173 and are not eutirely due to the
effects  of illness and other emvironmental fac-
tors which were emphasized by Todd*3 Various
combinations of the same bone-specific skeletal
ages yield different area skeletal ages but it is
not known which method of combination is the
best, 74

Bone-specific skeletal ages are needed to
calibrate the Greulich-Pyle Atlas and to assist
recognition of clinical conditions in which ma-~
turation is dysharmonic, 7577 In these coadi-
tions, particular bones differ markedly in ma-
turity from the other bones of the same hand-
wrist. Despite this need, the only reported
bone-specific data for United States children are
those of Peritz and Sproul.”’® Their sample in-
cluded Ozkland children of slightly above average
socioeconomic status who were within 2,5 p=r-



centile points of age-specific and sex-specific
medians for stature. Adjusted mean bone-specif-
ic skeletal ages at the chronological age of 6.5

years were obtained from cross-sectional data -

between 5 and 9 years, Means were reported for
four selected bones in white children (80 boys
and 84 girls) and black children (33 boys and
36 girls). Neither the basis for selection of these
particular bones (triquetral, lunate, proximal
phalanx IlI, and distal phalanx III) nor the mean
skeletal ages for the hand-wrist areas were re-
ported, These data indicate a tendency for the
triquetral to be advanced in girls and for the
lunate to be retarded in all groups in relation
to the other bones selected, These findings for
the lunate among girls, but not those for the tri-
quetral, have been confirmed inthe present study.
Means and standard errors of differences be-
tween bhone-specific skeletal ages and the mean
skeletal ages for the same hand-wrists have
been reported for normal Australian children of
British ancestry. ’? These children were similar
to U.S, white children in many parameters of
growth, maturation, and illness experience 80
but they were 4 years old; consequently, these
data are not directly comparable with those of
Cycle 11,

Normative data have not been reported con-
cerning the spread of bone-specific skeletal ages
within the hand-wrist areas of individual children,
Possibly, the range from the least mature to the
most mature bone varies with the difference
between hand-wrist skeletal age and chronological
age. 7 Pyle et al.®! have suggested graphing
the most mature and the least mature bone-
specific skzletal ages in addition to the meat
skeletal age, and that the most mature age in-
dicates the child's potential rate of skeletal
maturation, This attitude agrees with Todd's*’
statement that the principle of assessment is
the utilization of the most advanced centers,
not the average of all, Few have followed the
suggestion of Pyle et al, 81 pecause normative
data are lacking and because the usefulness of
these graphs has not been demonstrated,

The survey findings are presented in table 9
as percentiles in the distributions of the ranges
of the bone-specific skeletal ages for boys and
girls at each year of chronological age for the
total group and also within approximate years

of skeletal age (hand-wrist), It should be noted
that these are the ranges of skeletal ages that
could be assigned. In some children a few indi-
vidual bones were already adult while in other
children some had not ossified. Consequently
these are not the complete ranges of skeletal
maturity but are the ranges of ages tha: could
be assigned. The interquartile ranges (Pys~Fhs)
for boys and girls at chronologicalages 6-8 years
differ by less than 1 month and are approximately
the same at chronological age 9 years, butamong
older children of chronological ages 10 and 11
years, they are smaller by 2to 3 months for boys.

Within chronological age groups, the median
ranges tend to decrease with chronological age
in boys but there is no apparent trend for girls,
In each sex, there is some skewness to the right.
These data are shown graphically in figure 7,
The data in table 9 show that the ranges are
independent of skeletal age within chronological
age groups,

The present national study is the first in
which the data allow a good estimate of the ex-
tent to which bone-specific skeletal ages vary
within individual hand-wrists, If the 95th per-
centile level may be accepted as the upper limit
of normal, then the normal range is greaier in
boys than in girls, In boys, the range of vari-
ation decreases with chronological age from &1
months at age 6 years to 39 months at age 11
years. In girls, there is no evidence of a trend
with age—the 95th percentiles are between 41
and 47 months for each age from 6 through 11
years,

DISCUSSION

Two subjects that will be emphasized in this
discussion are the nature of the sample and how
skeletal ages were obtained for each participant.
The 7,119 children who were examined duringthe
period July 1963 through December 1965 were
96 percent of the national probability sample of
7,417 noninstitutionalized children selected for
this survey. However, 157 of these examined
children were not radiographed or had unsatis-
factory radiographs. It was assumed that thedis-
tribution of skeletal ages for these 157 children
would be similar to that of the children whose
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radiographs were assessed, After inflation of the
sample findings to the population from which the
sample was drawn by differential weighting which
compensated for the 298 nonrespondents (appen-
dix 1), the data provided close estimates of skel-
etal maturity for the total noninstitutionalized
United States population aged 6-11 years in 1963-
65. The national sample was known to be repre-
sentative and the examined group was closely
representative of that group in the population with
respect to age, sex, race, geographic region,
size of place of residence, and mobility of place
of residence,

- Skeletal ages of the individual bones in the
right hand-wrist area were assessed by medical
students who had been trained and were care-
fully supervised by Dr, S.I. Pyle, Their reliabil-
ity is shown to be acceptable in comparison with
reported data (appendix II), Assessments were
made by comparison with the standards of Pyle
et al.5 This set of standards was derived pri-
marily from the Greulich and Pyle Atlas® and
was compiled for this national survey., The as-
sessors knew neither the sex nor the chronolog-
ical age of the child; consequently, a possible
source of bias was removed. All the children
were assessed using male standards, thus pro-
viding reliable estimates of sex differences in
maturity status, Later, the data for the girls were
adjusted, bone by bone, for the reported sex dif-
ferences in skeletal maturity.$

The Need for a Survey

Skeletal age is commonly assessed because
of the need for a measure of biological age when
appraising the progress of children in stature,
weight, or specialized dimensions such as those
of interest to orthodontists. Furthermore, a bio-
logical age measure is important in screening for
endocrinopathies, for example, hypothyroidism,
and in selecting ages for surgical induction of
epiphyseal fusion in children whose legs are un-
equal in length. Others use these assessments to
monitor intervention programs or the effects of
hormones or drugs, for example, in the manage-
ment of children with hypothyroidism or exces-
sive stature, Skeletal age assessments are used
also to predict the mature statures of individuals
from childhood parameters.
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These data from the natienal survey were
needed because the distribution of hand-wrist
skeletal ages was unknown for United States chil-
dren. The Greulich-Pyle Atlas® is satisfactory
for many purposes, but it is based on radiographs
of highly selected upper class white children who
lived in Cleveland and were born between 1917
and 1942, Clearly, this sample was not repre-
sentative of the total United States population, In
addition, possible differences in maturity status
reflecting racial and socioeconomic factors are
poorly documented; a subsequent report on the
present data will address these subjects,

It could be suggested that a single fixed scale
is adequate for all countries and for all time,
The difficulties that could arise from this can be
illustrated using age at menarche as an analogy.
In Norway, the mean age of menarche decreased
from 17.1 years in 1844 to 13,3 years in 1952,
If a scale developed a century ago for determin-
ing whether age at menarche was ''normal’ were
still in use today, almost all Norwegian girls
would be considered precocious, It would be nec-
essary for clinicians and others to adjust the
scale for the secular changes that had occurred.
This would involve knowing the extent of the
changes in the means and the distributions, A
national survey would be indicated to obtain the
necessary data. Apart from possible secular
changes, particular racial and socioeconomic
groups in the United States may have levels of
skeletal maturity different from those of the
Greulich-Pyle standards; such differences should
be documented and their causes sought,

Skeletal Age (Hand-Wrist)

The skeletal ages of the boys in the national
survey tended to lag behind their chronological
ages when assessed against the HES Standard.
The mean difference increased from 2.5 months
at age 6 years to 13.8 months at 11 years. When
the girls were assessed against the same male
standards, their mean skeletal ages were con-
sistently ahead of the chronological ages by dif-
ferences ranging from 12 months at 6 years to
18.5 months at 11 years, When skeletal ages for
the girls were adjusted to become approximately
equivalent to what they would have been if as-
sessed against female standards, the mean skel-



etal ages lagged behind the chronological ages.
The difference was only 1,0 month at 6 years but
increased to 9.8 months at 11 years,

The distributions of skeletal age were essen-
tially normal for each annual interval. The stand-
dard deviations ranged from 9.9 to 13.8 months and
tended to increase with chronological age for
girls but not for boys, Variability, measured by
the range from the 25th to the 75th percentile,
was lower at 10 years for boys and 8 and 11 years
for girls than at other ages. Modal radiographs
for boys and girls of these ages have similar
maturity characteristics, The 90-percent ranges
(5th to 95th percentiles) varied between 35 and
42 months for boys and 33 and 40 months for
girls, The lack of a clear-cut tendency for skel-
etal age to become more variable with increasing
chronological age is probably due to the nature
of the scale used to assess skeletal maturity,
This scale was derived from modal radiographs
for chronological age groups which would tend to
obscure the effects of variation between indi-
viduals in the timing of puberty.

The present data can be compared with pre-
viously reported data for various groups of United
States children. The standards of Flory®! for
upper class white Chicago children are about one
year below the Greulich-Pyle standards in each
sex, These differences tended to increase with
age for the boys and to decrease for the girls.
The close correspondence between the data of
Simmons%’ and the Greulich-Pyle standards helps
substantiate that the Greulich-Pyle standards
were modal because many radiographs wereused
in both these studies, In addition, the meanlevels
for the children in the Harvard Growth Study
closely matched the Greulich-Pyle standards,s
The accuracy of selection by Greulich and Pyleis
attested to by the fact that the Todd standards*®
are about 0,5 year below the Greulich-Pyle stand-
ards. This would be expected because Todd used
radiographs of children from all socioeconomic
levels,

The mean skeletal ages of upper and middie
class white boys in Philadelphia exceeded the
mean chronological ages by small amounts that
increased with age to 0.65 year at 11 years,%®
The mean skeletal ages for the girls inthis study
were closer toGreulich-Pyle standards, For mid-
dle class white boys in Nebraska, the mean skel~

etal ages were below the mean chronological ages
by more than one year at 6 and 7 years; subse-
quently the differences decreased with age.”® The
mean skeletal ages for the girls in this Nebraska
study were below the Greulich and Pyle standards
by about 0.5 year at most ages.

In other middle class white children, the me-
dian skeletal ages were about 0,6 year below the
Greulich-Pyle standards from 6 through 11
yeatrs.(’0 In general, the previous data show a
tendency for the skeletal ages of boys to be be-
low Greulich-Pyle standards which is in agree-
ment with the national survey findings, Neverthe-
less, the national survey data show an increasing
lag of skeletal age with advancing chronological
age that is the opposite of the trends reported
from smaller and less representative samples,

Comparisons between these studies of gen-
erally middle class children could indicate a pos~
sible reverse secular trend, but this conclusion
is very tenuous because sampling methods varied
between studies and comparability between as-
sessors was rarely established, This possible
trend is also inconsistent with the findings in the
present national survey data which show greater
retardation in skeletal maturity in the older, and
consequently, earlier born children,

The relative variability of the distributions
of skeletal age from the present national survey
is greater than that found in the groups studied
by Simmons®’ andGreulich and Pyle.’ This would
be expected because of differences in sampling
and in schedules for examination, The children
included in the earlier studies were relatively
homogeneous socioeconomically, Furthermore in
those previous studies there was anarrow spread
of chronological ages within each age group be-
cause children were examined within 2 weeks of
their birthdays. In contrast for children in the
present national study, chronological age was
essentially uniformly distributed throughout the
entire year. The effects of such differences in
schedules for examinations on recorded datahave
been discussed by Healy®® and Goldstein and
Carter, %

Onset of Ossification

National estimates of the median number of
bones ossified is slightly higher in girls than in
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boys at corresponding ages, Advancementofgirls
is apparent also in the percentages within chron-
ological age groups, with fewer than 24 bones os~
sified, Furthermore, in the girls 1 percent of
bones were "adult” at 9 years and this increased
to 12 percent at 11 years, while not a single bone
of any boy was judged adult, While these data are
cited to confirm the maturational advancement
of girls demonstrated by skeletal age, observa-
tions of onset of ossification alone (by combining
the number of centers ossified) can be an effec-
tive assessment technique in preschool children
only. %

The national study estimates modal ages
of onset of ossification among children in the
United States for the distal ulnar epiphysis,
trapezium, and trapezoid in boys, for the adductor
sesamoid in girls, and for the pisiform in each
sex., Earlier studies among selected groups of
children in this country were based on smaller,
less representative samples, yet the mean ages
from the national survey are within the range of
those previously reported "modal’’ ages. The na-
tional survey values were within 0.3 year ofthose
reported by Greulich and Pyle® with the excep-
tion of the pisiform. The modal ages for this bone
in the national survey children were later by 0.8
year in boys and 0.4 year in girls. The national
survey radiographs were of excellent quality and
an independent check showed that very small
areas of ossification in the pisiform were being
recognized, These comparisons with the onset
of ossification data of Greulich and Pyle are of
particular interest because the latter used many
of the same radiographs both in the construction
of the Greulich and Pyle Atlas and for their onset
of ossification data,

Bone-Specific
Skeletal Ages

The Health Examination Survey provides na-
tional estimates of means and standard deviations
for each of the 31 hand-wrist bones when both
sexes were assessed against male standards and
also after the values for the girls had been
changed to female equivalent values, The sex
differences between the means were small when
the latter values were used but there was a tend-
ency for the skeletal ages to be somewhatgreater
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in the girls than in the boys atlater chronological
ages,

The differences between means for the boys
and girls, when both were assessed as male, in-
creased fairly regularly with age from age 8
years except for bones that were relatively late
to ossify (ulna, pisiform, and adductor and flexor
sesamoids), The increase in themean differences
between the sexes was more rapid in the national
findings, both for skeletal age (hand-wrist) and
for the individual bomnes, than that reported by
Greulich and Pyle® (figures 11 and 12), These
comparisons between the two studies are based
on most of the girls but only therapidly maturing
boys (only the ones in whom the bones had os~
sified and therefore could be assessed), There
are no substantial data for bone-specific skeletal
ages in United States children with which the
present findings can be compared. They are im-
portant, however, for several reasons: they pro-
vide for a better description of clinical syndromes
in which skeletal maturation is dysharmonic,”’
they provide a better basis for comparison with
other methods of rating skeletal maturation, they
can be used as a basis for the development of
scoring systems of skeletal maturity, they allow
the identification of bones particularly sensitive
in maturation to environmental effects, and they
can identify possible racial or other genetic pat-
terns of maturation within hand-wrist areas,

Ranges of Bone-Specific
Skeletal Ages

Use of the range of skeletal ages from the
most mature to the least mature bone has been
suggested for monitoring the effects of illness
and malnutrition.’! The usefulness of this ap-
proach has not been satisfactorily demonstrated
and normative data were lacking. These national
survey data fulfill a real need in supplying re-
liable estimates of percentiles for the ranges of
bone-specific skeletal ages at eachyear of chron-
ological age for the United States child popula-
tion. It should be noted that these are the ranges
of skeletal ages that could be assigned. In some
children a few individual bones were already
adult while in others some had not ossified, Con-
sequently these are not the complete ranges of



skeletal maturity but are the ranges of ages that
could be assigned,

The sex differences in these ranges were
small, and these ranges were independent of
skeletal age within chronological age groups de-
spite a contrary suggestion based on data re-
lating to onset of ossification from the Ten-State
Nutrition Survey,

Sex-Associated Differences
in Skeletal Matuyrity

One major contribution to knowledge from
this national survey concerns sex differences,
This possibility resulted from the nature of the
sampling and from the fact that both sexes were
assessed against a single set of standards with-
out the assessors knowing the sex of the children,
In figure 11, sex differences in skeletal age in
months (male less female) are graphed against
chronological age. These graphs compare the
findings from the national survey with those re-
ported by Pyle et al.® The two reports are in
essential agreement until 8 years in the whole
hand-wrist; later the differences from the na-
tional survey exceed those reported by Pyle et
al. by increasing amounts,

These comparative findings for the whole
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Figure 11. Mean differences between boys and girls in skeletal
age (hand-wrist) on the male HES standard for United States
children from the national study (1963-65) and from the data

of Pyle et al.5 by chronological age.

hand-wrist are reflected in those for the bone-
specific skeletal ages. Only selected graphs of
the latter have been reproduced because of the
close similarity between the differences for some
bones (figure 12), The patterns for the radius
closely resembled those for the ulna; both sources
(national survey and Pyle et al,) are in general
agreement up to 9 years, after which the differ-
ences from the national survey become markedly
larger. The data for the capitate, hamate, and
triquetral are similar; the differences between
the present data and those of Pyle et al, are
small until 10 and 11 years, when those from
the present survey markedly exceed those of
Pyle et al, In the data of Pyle et al.,® the dif-
ferences for the lunate and trapezium were ir-
regular across age; this same irregularity is not
present in the national survey data. In the scaph-
oid and trapezoid, there were markeddifferences
in trends rather than in levels between the two
studies, The differences reported by Pyle et al.
were nearly constant across age; those from the
national survey increased gradually,

The patterns were similar for all the meta-
carpals both in the national survey data and in
those of Pyle et al. Data for metacarpal II have
been graphed as an example (figure 12), The two
reports agree until 9 years, after which the dif-
ferences between the sexes from the national sur-
vey markedly exceeded those reported by Pyle
et al. The proximal phalanges all followed sim-
ilar patterns, and the data for proximal phalanx
Il1 are shown. For this, the two studies were in
agreement until age 8 years; after that the sex
differences from the national survey exceeded
those reported by Pyle et al. by amounts that in-
creased with age.

The patterns of sex differences across age
for each middle phalanx and distal phalanx were
similar. The differences from the national sur-
vey resembled those reported by Pyle et al. until
age 9 years; later sex differences from the na-
tional survey became markedly larger. The find-
ings for middle phalanx IV are shown as an ex-
ample (figure 12), The data for the pisiform
showed slightly greater sex differences in the
national survey children, but the samples avail-
able for study were unrepresentative because
only early maturing boys have the pisiform os-
sified during the age range considered,
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Figure 12, Mean differences between boys and girls in selected bone-specific skeletal ages on male HES standard for United States
children from the national study {1963-65) and from data of Pyle et al.® by chronalogical age.

Other Measures of
Biological Age

Skeletal age can be applied over wider age
ranges than other possible measures of biolog-
ical age., Two common biological ages are re-
lated to menarche and peak height velocity (the
midpoint of the year with the largest increment
in stature during pubescence). These two bio-
logical ages can be applied only to children who
are near the end of growth and for whom serial
data are available, Consequently they are of
limited use in a clinical setting. Furthermore
age in relation to menarche is limited to girls,

Body shape does change during maturation
with perhaps the most obvious alterations being
the pubertal growth in the shoulder width of boys
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and the hip width of girls. These and other shape
measures are inappropriate as biological ages
because they differ widely even among people
who are clearly adult,

Secondary sex characteristics have received
much attention, Grading methods will be de-
scribed, but these are useful only during the age
ranges when they discriminate among individuals,
that is, about 9-16 years, Dental maturity can
be graded either by counting the number of teeth
erupted, recording which teeth are erupted, or
assessing the degree of root formation of indi-
vidual teeth, The latter provides anuninterrupted
scale over a wide age range but it requires spe-
cialized radiographic equipment and training.
There are also some difficulties in using dental
maturity as a biological age. Other biological age



scales agree in showing that girls are more
advanced than boys within chronological age
groups. However, sex differences in deciduous
dental development are not significant,3689 and
dental development has not previously been found
to be related closely to either stature or skel-
etal age in preschool children.®” Findings from
the Health »xamination Survey in 1963-65 among
6-11 year-old children in the United States show
that tooth eruption is more rapid in girls than
boys.”® Further assessment of sex differences
In the rate of maturation for permanent teeth
is complicated by the fact that these sex differ-
ences vary among teeth,*

For these reasons, skeletal age has been
used more commonly than other biological ages.
Its usefulness will be increased further by the
reliable estimates for the whole United States
population aged 6-11 years provided by this na-
tional survey,

SUMMARY

This report contains national estimates of
the skeletal maturity status of noninstitutionalized
children 6-11 years of age in the United States
based on assessments of radiographs of the right
hand-wrists of children examined in the Health
Examination Survey of 1963-65. A probability
sample of 7,417 children representative of the
nearly 24 million noninstitutionalized children
In the United States was selected, Of these, 7,119
children, or 96 percent, of the sample were ex-
amined, and radiographs suitable for assess-
ment were obtained from 6,962 (98 percent of
the examined group, or 94 percent of the total
sample),

These radiographs were assessed by spe-
cially trained medical students who knew neither
the age nor the sex of any child whose radio-
graph was assessed. This removed several
sources of bhias, All assessments were made
against male standards; later the skeletal ages
were adjusted, bone by bone, using the sex-as-
sociated differences in maturity reported by Pyle
et al.®

When assessed against the specially assem-
bled HES Standard, the skeletal ages of the boys
tend to be less than their chronological ages by
amounts that increased with chronological age

from a mean difference of 2.5 months at 6 years
to 13.8 months at 11 years. The differences be-
tween skeletal and chronological age in girls are
smaller than in boys but are in the same direc-
tion after the skeletal ages of the girls had been
adjusted for the reported sex differences. The
increase in these differences with chronological
age for girls is from 1.0 month at age 6 years
to 9.8 months at 11 years, These important find-
ings indicate that the Greulich and Pyle Atlas®
scale does not match the modal skeletal ages for
the total United States noninstitutionalized child
population because the Atlas was based on a study
group that was not representative of that total
United States population.

As expected, skeletal maturation tended to
be more advanced in girls than in boys when both
were assessed against the same male standards
or when the numbers of centers ossified were
compared,

The distribution of skeletal ages within chron-
ological age groups is close to normal with the
standard deviations tending to increase with age
for the girls but not the boys.

These national survey data provide means
and standard deviations for the skeletal age of
each of the 31 hand-wrist bones., For the first
time, there are reliable national estimates for
these levels in United Stateschildren(6-11years)
and the normal ranges of bone-specific skeletal
ages within the hand-wrists of individual chil-
dren are known,

A major advance inknowledge from the pres-
ent data relates to sex-associated differences
in skeletal maturity when radiographs of boys
and girls are assessed against a single set of
standards. These differences for the hand-wrist
as a whole and for most of the individual bones
match closely those reported by Pyle et al.,® up
to 8 years. The sex-associated differences es-
timated from the national survey data were con-
siderably larger at later ages.

Necessarily, comparisons with previous re-
ports from smaller less representative samples
have been made throughout this report, It should
not be overlooked, however, that the present data
allow reliable estimates of skeletal maturity for
the total population of the United States within
the age range considered, Such estimates are
not available for any other country,
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Table 1. Mean, standa=d deviation (8), and standard error of mean (S3) for skeletal age (hand-wrist)
of boys and girls, by chronologicai age in years at last birthday; mean and standard deviation for
skeletal age (hand-wrist) for boys and girls within 6-month chronological age intervals, and number
of boys and girls at each chronological year of age: United States, 1963-65

Boys (male Girls (male Girls (female .
standard) standard) equivalent value) Population
Chronological age
Mean 8y & Mean 8 5 Mean S, % S).( Boys | Girls
- . . Number in
Skeletal age (hand-wrist) in months thousands

6 years=-=---~mee—momem oo 75.5| 11,16 | 0.47| 90.0| 12,15 0.53| 77.0] 10,40 0.45} 2,082 ] 2,016
7 years—e---emmmscaccmmacaan 86.9 (11.21f 0.55| 101.2| 11,59 | 0,48 | 88,1 10.09 | 0,42 | 2,074 | 2,010
8 years~---ecmc-mmncmcacacaaao 96.9 | 11.25| 0,45 111,3| 11.97 [ 0,53 | 96.3| 10,36 | 0.46 | 2,026 | 1,960
9 years—=m—ec-cmoococnananan 105.8 | 10,91 | 0,43 | 122,7| 14,29 [ 0.68 | 107.7| 12,54 | 0,60 2,012} 1,945
10 years=---m--ecmenancnaeaa 113.4 | 9.87( 0.44| 137.7 | 16,25 (0,70 | 116.8' 13,78 { 0.59 | 1,963 | 1,904
11 yearsec-e-cemmceccmcncana 124,2112,53 ) 0.55| 156.5 | 14.45 | 0,61 | 128,2| 11,84 | 0.50 | 1,924 | 1,868

Age in 6-month intervals
6 years:

0~5 months~=~e~sc—caucaaaa 73.9 | 11.46 ~--1 88.1 11.58 ---| 75.1| 9.87 ——- -——- -

6-11 months~-c~wcmmaaacaun 78,110,833 | =---} 92,7112.62| ~--| 79,7]| 10,85 —-—- -—- ——-
7 years: : .

0-5 months==-scwemcumnmcan 84,4 110,77 ---1 99,1 12,29 ---| 86,1} 10,68 —— - -—-

6-11 months=-==-vmeceenmaaa- 90,3 | 11,62 ---|104,2)10.85| ---{ 90,2 9,39 -——- -—- ———
8 years:

0-5 months--ememmcamaeaon 94,6 { 11,47 | ---|[109.0( 12,97 ---| 95,0 11,30 | ~-- - ——

6-11 months=~-v-mcecanmu-- 99.9 111,94 ---1114,8 10,82 | =--~| 99.8| 9,41 | --- - -—-
9 years:

0-5 month§«e—-ve—enacnuaae 1u3,7 | 11.19 -=--1119,1] 13,19 === 1104,1| 11,53 -—— - -

6-11 months-=-ccommmaaucas 108.5 [ 10.66 --=1127,7 | 15,41 { ---|110,8] 13,36 .- - ———
1) years:

0-5 monthsewercescanananae 111.6 | 9.75 ~=-| 133,9 | 15,20 ==~ [ 14,9 13,04 | --- ——- -—

6-11 months-==-=c-caccuann 116.2 | 9.99 ---|142,7 (17.32 | ---]|119.8| 14,53 - - -
11 years:

0-5 months--m-wseccancaao 121,1 (11,29 --~|[153,9 [ 14,57 | ---|126.4| 11,93 | --- - ———

6-11 months===me-nsmcmoaoc 127.9 { 13.37 ~-~1159.8 | 14,66 ---(129.,9 | 11.91 -——- “— ——
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Table 2. Mean and standard deviation for skeletal age (hand-wrist)
by chronological age in months: United States, 1963-65

in months of boys and girls,

Sex and Month in chronological year of age
year of
chronolog -
ical age 0 1 2 3 4 5 6 7 8 9 10 11
Boys (male
standar Mean skeletal age (hand-wrist) in months
6 years----- 68,1 | 71.1] 75.3| 74.3 74,3 77.0 | 76.3| 77.4| 77.1} 79.3 ] 78.1 80.6
7 years-m--- 81.9 | 82.5| 85.6| 83.2 | 85.1| 87.6 | 88.4] 89.5 88.5]| 91.2 | 93.8 89.5
8 yearse--=-- 87.0| 95.1| 96,0f 97.3 | 92.5 97.1 | 98.9| 98.5]| 102,3|100.7 | 99.7 99.7
9 years----= 101.3 | 104.7 | 103.9{ 103,1 {102.7 | 106.8 | 105,7| 107.3 | 107.9 | 109.,9 |110,2 | 110.4
10 years---- |111.6 | 112.0| 109.8| 110.8 ;112,0 { 114.1 | 115.8| 114.4 | 115.9 | 116.9 [119.2 | 115.5
11 years---- [117:2 {121,2 | 118.8| 121.7 |124.0 [ 123.6 |124,3| 127.2| 129.8 | 128.1 [126.8 | 129.7
12 years---- [131,5 . ves cee o cos cee coe ces cee cee 0o
Girls (male
standar
6 years----- 90,1 | 83.3| 87.0)] 85.7 | 87.7| 94,1 | 91.2| 91.5| 90.4| 92.0{ 93.3 97.5
7 years----- 97.6{ 94.6| 97.6| 102.7 |103.3|100.8 | 104.4| 102,21 103.7 | 103,8 {105.4 | 105.7
8 yearse----- 108.7 ! 108.2|107.2 | 109.5 |110.1 | 110.6 | 114,4 | 114,2} 112.2 | 114.6 {116.1 | 118.6
9 years--=-=- 115.7 § 120.7 | 114.5| 120.6 |119.7 | 124.,8 | 128,2| 121.6| 125.3 | 128.0 } 131.4 | 131.5
10 years---- | 131,0 | 128.4 | 134,9 | 134,9 |137.3 | 139,2 | 134.8| 138.6| 141.5| 147.4 | 148.6 | 145.6
11l years---- |151,8 | 152,2 | 151,5| 152,0 |155,7 | 162.5 | 155.6| 156.5| 157.7 | 159.2 | 162.2 | 163.5
12 years---- |161.7 e coe vee see e e cee cee e ces coe
thZn gi}e Standard deviation of skeletal age in months
6 years----- 10.41 | 13,00 - 11,45 10.00 |11.69 | 11.17 {10.42| 9.67| 11.15| 9.41 |11.38| 12.50
7 years--=-- 11.98 { 10.55{ 11,01 | 10.48 |11.93| 9.01 |11,89| 11.33| 9.70| 11.61 |12.61 | 11.98
8 years----- 10.24 {11.54| 9.92| 11,79 | 13,68 | 11,47 |10.62 | 12.00| 10.60| 9.47 |12.26 } 10.93
9 years----- 12.08 |11.76 | 11,30} 11.97 | 9.57 | 9.36 | 9.19| 10.87| 11.17| 11.61 | 13.33 6.85
10 years---- | 8.67 | 9.67| 9.01| 12.24 | 8,53 | 9.41 |10.23| 11.42| 8.08| 10.43 [ 11.42 7.12
11 years---- | 9,53 |10.76| 13,50 10.83 |11.85 | 11.32 | 10,11 | 12.00| 16.06] 15.72 | 12.44 | 13.43
12 years---- | 15.46 e ces ces cee cee cee aes see ces ces ves
Girls (male
standaxrd
6 years----- 8.18 | 9.72| 9,01} 12.39 (13,16 | 13.25 | 10.85| 13.78{ 12.46 | 13.57 | 12,79 | 11.66
7 years----- | 12,88 | 11.75 | 10.84 12,55 | 14,66 | 11,73 | 9,17 10.57| 10.86 | 11.97 [ 11.57 | 10.34
8 years--=-- 9,43 | 16,37 13.10( 13.01 |12.48 | 10.63 | 9.92)12.42| 7.74| 9.87 |12.48| 12.05
9 years-~--- 12,77 | 13.82| 9.83( 12,36 |15.02 | 15.15 {17.28| 13.02| 14.03 | 14.09 | 16.57 | 16.74
10 years---- | 17,09 | 14,27 | 15.32 | 13.66 | 16.35 | 14.30 { 13.85| 18.22| 16.88 | 19.34 | 17.81 | 16.58
11 years---- | 14,79 | 15,23 | 16.20| 15.67 [ 11,90 | 14.22 [17.23| 14.55| 14.73 | 16.53 [ 13.53 | 10.38
12 years---- | 11,95 .o . ‘e cee cee . cee oo aee cee oo
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Table 3. Percent distribution and selected percentiles for skeletal age (hand-wrist)
in months of boys and girls by chronological age in years

States, 1963-65

at last birthday: United

Skeletal age (hand-wrist) in months

Boys=~chronological age in years

6 7 8 9 10 11
Percent distribution—male standard
0.2 - - - - -
0.3 - - - - -
2.1 - 0.2 - - -
5.8 1.0 - - - -
9.5 2,1 0.8 - - -
18.4 5.3 1.6 0.4 - -
21.6 13.2 3.8 0.4 - -
17.6 17.9 7.1 2.1 - -
14,7 21.5 12.9 5.4 1.4 0.3
5.3 15.8 16.8 11.2 3.5 -
3.0 10.2 16.1 11.3 5.1 1.3
0.9 7.5 20.7 21.0 13,2 2,2
0.3 4,7 15.6 23.4 29.0 14.8
- 0.8 3.7 17.5 22.6 26,0
0.3 - 0.2 4,3 14.8 18.7
- - 0.3 2.1 6.3 12,1
- - 0.2 0.3 2,1 8.2
- - - 0.1 1.3 5.8
- - - 0.2 0.1 4,2
150=155-aammmnan ————— cmme——ea amaman- - - - 0.2 0.6 4,2
156=16lomencccanncenennnananreamenn- - - - - - 1.6
162«167w=nmn=n R L N - - - - - 0.4
168=173wecmunannscncnna e anannun e - - - 0.1 - -
174%179mwm=wrcmnmnnaa e Sevmemw - - - - - 0.2
180=185ncnarcanccauana Y el - - - - - -
186%19lwanmcercncnccccccnnecnnnenn. - - - - - - -
192-195-mnnan= ~——————— cmesmmacecu—ceee - - - - - -
Percentile Skeletal age (hand-wrist) in months
Py ammmcmnaas ~mmmmmmana= L LT 94.7 | 108.2| 113.41{ 122,1| 131,0 150.8
Pyg =-vmmmmmmccncemncaenan mmmm————e 83.8 95.0| 107.1| 113.9| 120.1 131.6
Pl —mmemccameaanaa mmmmccmecameeana~- - 75.6 87.0 98.3 | 107.6 | 113.6 121.6
Pog ==mmcecaaa- cmemna e et bt ——— 68.5 79.1 89.5 98.8 | 108.3 115.5
Py meemmenecmcnnnnc e ————————. 57.2 69.6 75.5 87.4 96.1 108.9
Approximate test for normality

X2, e mcmeecceeccniamee 0.21| 0.24| 1.42| 0.42] 0.55| 3,58
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at last birthday: United

selected percentiles for skeletal age (hand-wrist)

girls by chronological age in years

Percent distribution and
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Table 4. Percent distribution for skeletal age (hand-wrist) in months of boys and girls by chronological age
at last birthday in 6-month intervals: United States, 1963-65

Skeletal age

Chronological age in months

(hand-wrist)
in months 72~ 78- 84- 90- 96~ 102- 108- | 114- | 120- 126~ 132- | 138- 144~
77 83 89 95 101 107 113 119 125 131 137 143 145
Boys Percent distribution of skeletal age—male standard

Below 42--==wnw= - 0.3 - - - - - - - - -
42-47--mmemmnm o 0.6 - - - - - - - - - -
48-53-mmmumanuun 3.8 0.3 - - 0.4 - - - - -
54-59----ccnuonn 7.6 3.9 1.2 0.8 - - - - - - - -
60-65--=-ceummnm 12.6 6.2 2.5 1.7 1.6 - - - - - - -
66-71l--mmecmnemn 19.3 | 17.6 8.4 2.3 2.0 1.2 0.5 0.3 - - - -
72-77mmmmemmemae 20.7 | 22.4) 17.6 8.9 5.6 2.2 1.0 - - - - - -
78-83--ccncnemn— 15.4 | 19.9! 20.7( 15.3 9.6 4.9 3.0 1.3 - - - - -
84-89---wmommmmn 12.9 | 16.6( 21.3( 21.7| 1é6.4 9.7 7.4 3.7 2.1 0.6 0.6 - -
90-95--wwmemmm—m 3.6 7.1 12.3| 19.2| 19.3| 14.6| 14.6 8.2 4.6 2.4 - -

96-10L--wmnmanean 2.6 3.4 9.2| 11.2} 15.0| 17.1| 14.2 8.7 6.4 3.8 2.6 - -
102-107~=wwmm=-m= 0.5 1.4 4.2 10.7} 14.4) 26.6| 19.4) 22.3| 17.3 9.2 3.0 1.7 -
108-113----==nun - 0.6 2.2 7.1( 13.8f 17.1| 23.8| 23.3| 32.9! 25.0] 18.9 1l.7 4.5
114-119~~wmmwmanm - - 0.4 1.1 2.0 5.3 12.1, 22.2| 18.3| 27.0| 29.8 | 22.3 27.3
120-125----==--~ 0.4 0.3 - - - 0.3 1.8 6.5 12.2| 17.5| 19.2 | 19.2 10.4
126-~131-===m-we- - - - - - 0.6 1.7 2.4 3.4 9.2 9.3 | 14.4 17.0
132-137=====m==~ - - - - 0.3 - 0.3 0.2 1.9 2.3 7.6 8.9 8.2
138-143-wnemmamm - - - - - - - 0.2 0.5 2.1 4.1 6.8 12.0
144-149---wwnmmmm - - - - - - 0.4 - 0.2 2.6 4.9 11.0
150-155-==cauuun - - - - - - - 0.3 0.4 0.7 1.2 7.0 5.9
156-161-------=~ - - - - - - - - - 1.1 2.2 -
162-167--~--=--- - - - - - - - - - - 0.9 -
168-173~~=mmmmum - - - - - - 0.2 - - - - -
174-179-===onnm- - - - - - - - - - - - 3.7
180-185-====m==n - - - - - - - - - - - - -
186-191-----=m--- - - - - - - - - - - -
192-195~m===m=== - - ~ - - - - - - - -

Percentile Skeletal age (hand-wrist) in months
F T i 81.6 | 85.2| 91.5| 98.4} 105.2]107.8] 112.0 | 115.2 | 117.0122.2] 126.3 |135.2 | 143.6
Pgg ——-mme - 73.8 | 77.7| 83.8] 89.9§ 94.7]102.0|104.8 |109.4 | 111.3|115.5{ 118.9 §124.3 | 128.6
R el 66.2 | 70.81 75.6| 82.5{ 86.21 92.3] 95.5[101.01107.0/110.21] 114.0 |117.2 | 116.5
Girls Percent distribution of skeletal age—~male standard

Below 42«wmmmm=m - - - - - - - - - - - -
42247 mmmemmman - - - - - - - - - - - - -
48-53-ccnnnennn- - 0.4 - - - - - - - - - - -
54-59-—c—ccnnnun - - - - - - - - - - - -
60=65--——=--mnun 2.2 1.6 - - - - - - 0.2 - - -
66-71---mnmmmmmm 5.8 3.7 1.4 0.9 - - - - - - - -
72277 === mm e 13.4 5.9 2.2 1.2 0.3 - - 0.4 - - - - -
78-83=--mmmmmmmm 20.3 ) l4.4 8.5 3.0 3.0 1.4 0.3 - - - - - -
84-89~mmwmmmmm 16.7 | 19.0| 15.1 8.2 3.0 0.6 2.2 - - - - - -
90-95---nnmmnmnn 17.1 | 13.5] 13.1| 13.6 5.8 3.4 2.7 0.4 0.2 0.3 - -

86-10L-=wm=mmmmm 12.0 | 15.8} 15.5 8.2 | 1L.4 4.9 3.0 1.0 0.4 - - - -
102-107~==n===== 6.2 | 14.7§ 15.0f 22.0( 15.5| 11.3 3.2 2.6 2.2 0.3 - -
108-113-------w- 3.3 7.6] 19.2¢{ 25.6| 29.0| 22.8} 20.0| 11.6 6.4 1.6 1.0 - -
114-119---cmounm 2.6 2.3 7.1{ 15.6| 19.7| 27.9| 29.1] 21.6| 1l4.8 7.8 0.7 1.0 -
120-125-~~mwmnmm— 0.4 0.8 1.9 2.0 5.9 15.8 15.7 17.2 10.1 12.1 4.0 2.3 -
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Table 4. Percent distribution for skeletal age (hand-wrist) in months of boys and girls by chronological age
at last birthday in 6-month intervals: United States, 1963-65—Con.

Skeletal age

Chronological age in months

(hand-wrist)
in months 72- 78- 84- 90- 96- 102- 108- | 114- 120- 126~ | 132- 138- | 1l44-
77 83 89 95 101 107 113 119 125 131 137 143 145

Girls—Con. Percent distribution of skeletal age-~male standard
126-13L--=ccnmwn - - 0.4 - 2.5 7.8] 11.3| 15.6] 16.3| 10.0 6.3 2.5 2.6
132-137-wmmweann - - 0.4 0.3 1. 1.3 4.9 6.0| 10.0| 12.1 5.2 3.3 -
L138-143==wwmn=== - 0.3 - 0.3 0.6 0.9 2.5 7.1 10.2 6.8 5.6 6.4 6.2
144-149-~memmmun - - - - - 1.1 2.2 4.0 9.5 7.3 8.3 6.9 10.2
150-155-~=m==-== - - 0.2 - 0.2 0.5 1.1 5.9 10.3 9.9 | 16.9| 12.6 4.5
156-16lewmmmmemm - - - - 0.2 0.3 0.7 3.0 6.7 | 15.7 | 19.7| 16.9 2z2.0
162-167~~=mcuuuw - - - - - 0.8 1.8 2.1} 10.3} 19.2| 19.3 29.2
168-173~-mem=ma= - - - - - - 0.3 1.8 0.3 4.2 7.1 16.4 9.8
174-179-~=mmmmmm - - - - - - 0.5 0.8 4.5 7.6 9.6
180-185-~-=-=mu- - - - 0.4 - - - 0.6 0.7 1.5 5.9
186-191-=-wm==n- - - - - - - - - - 0.8 2.5 -
192-195=~===~=-= - - - - - - - - - 0.8 -

Percentile Skeletal age (hand-wrist) in months
Pog =mmemmmmmmee 95.9 | 102.2| 108.9| 112.2] 115.6| 120.8| 125.1 | 136.4 | 147.2| 158.4 (164.0| 169.8 | 170.2
Pgg ~---mmna 87.2| 93.1| 99.8| 106.7 | 109.8| 114.8| 118.1 | 124.7 | 131.8| 143.1 (156.7 | 161.6 | 162.9
R aatatels 79.2| 83.6| 89.2) 95.5|102.3| 108.8} 112.6| 116.9| 120.7 | 128.0 | 145.0] 152.11 156.5

Girls Percent distribution of skeletal age— female equivalent

Below 42-------- - 0.4 - - - - - - - - - - -
42-47mmmem e 1.0 0.3 - - - - - - - - - -
48-53nmmmmannann 1.6 2.0 - - - - - 0.2 - -
5459~ -cmmemmenn 8.3 4.4 1.7 0.2 0.9 - - - - - - -
60-65==m=mmcmnun 16.3 6.7 5.3 1.0 1.2 - - 0.4 - - - -
66-7Lumr e 17.9) 13.8 8.2 5.2 2.4 1.4 0.3 - - - -
72=77mmcammmen 16.6 [ 19.1| 14.0 8.1 3.1 0.6 2.2 - - - -
78-83nemmmaenean 15.6 | 16.2| 15.7] 12.1 7.6 4.3 3.6 0.4 0.6 0.3 - -
84-89-cmmmencccnn 11.4| 16.3] 14.1| 13.7| 14.5 5.6 3.0 1.4 0.6 - - -
90~ 95« e mmemmmean 7.4% 13,51 21.2| 29.8| 24.7| 22.0( 11.0 7.2 2.7 1.2 0.2 - -
96-101l--=-cwumnm L.5 5.5| 15.0| 22.6| 26.2| 27.0| 26.1}{ 16.0! 11.8 5.0 1.0 0.2 -
102-107~=======- 2.4 1.1 3.2 5.8 10.8 22.2 24.2 18.2 13.2 9.5 2.2 2.3 -
108~113-amnmmuu- - 0.4 1.0 0.9 5.6| 13.1| 17.4| 28.5] 23.0( 18.9 9.6 3.3 2.6
114-119~-==cmummm - 0.3 0.4 0.6 2.1 1.8 6.3] 10.5| 16.8| 14.8 8.6 8.5 6.2
120-125-==nnmwen - - 0.2 - 0.2 1.1 3.3 8.5| 15.8| 12.6 | 17.4} 13.6 10.2
126-131-m=wmmnm- - - - 0.3 0.9 1.5 6.0 | 13.2| 25.9 | 33.0} 27.3 31.4
132-137-===cemu- - - - - - 1.1 1.6 1.8 8.0 | 18.7 | 20.3 24.3
138-143~wcnm=n-- - - - - - - 1.3 0.5 2.7 4.5( 13.3 16.9
144~ 149~ - - - - - - - - - - 0.3 3.6 6.4 5.2
150-155~ - - - - - - - - - - 0.6 0.4 1.8 3.2
156-161-- - - - - 0.4 - - - 0.8 2.5 -
162-167-=~===--= - - - - - - - - - - - 0.5 -
168~173wcwmnmnun - - - - - - - - - - - -
174-179=~=mwuan- - - - - - - - - - - - -
180-185~~mmwumm= - - - - - - - - - - - -
186-191~=memmm-m - - - - - - - - - - - - -
192-195-m==mm-== - - - - - - - - - - - -

Percentile Skeletal age (hand-wrist) in months .
;75 ------------ 82.9 88.6 94.9 97.2 | 100.6 | 105.8 | 109.1 | 116.2 | 122.6 | 129.2 [133.0 | 137.8 138.2

go =mmmmmmm==—- 74.2 1 80.1| 86.8{ 92.7| 95.4| 99.8}103.1}108.8|113.4|120.0 |128.4|130.8 | L3L.9

Pog mmmmmmm - 65.2 | 70.4| 76.2| 82.5| 88.6| 94.8) 97.6{101.9 |105.7 | 111.0 |121.0 |125.1 | 128.2
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Table 5, Percent of boys and girls showing the number of radio-opaque hand-wrist bones-—ossifying and
adult —by chronological age in years at last birthday: United States, 1963-65
Stage of Boys -—chronological age in years Girls-—chronological age imn years
maturation and
number of
hand-wrist bones 6 7 8 9 10 11 6 7 8 9 10 11
Percent of children
Total---w=--= 100.0( 100.0) 100.0 (100.0 |100.0 {100.0 |100,0 |[100.0 |100.0|100.0 |100.0| 100.0
Children with 1
or more bones
not yet adult--{ 100,0{ 100.0 | 100.0 |100,0 | 100.0 [ 100.0 {100.0 [ 100.0 { 99.8 | 99.0 | 96.7 88.0
10 or fewer------- - - - - - - - 0.2 0.2 - 0.2
15 or fewer------- 0.1 0.2 0.2 0.1 - - - - 0.2 0.2 - 0.5
20 or fewer------- 0.3 0.4 0.2 | 0.5 0.2 0.2 - 0.1 0.2 0.2 0.3 1.7
21 or fewer-=-mw-- 0.9 0.5 0.2 0.5 0.2 0.2 - 0.1 0.2 0.2 0.3 1.7
22 or fewer------- 3.0 0.7 0.4 0.5 0.2 0.2 0.2 0.1 0.2 0.2 0.3 2.3
23 or fewer-~=---= 9.4 3.1 1.0 0.8 0.2 0.2 0.8 0.1 0.2 0.2 0.9 2.7
24 or fewer-~-w--=- 27.9 9.6 2.4 1.2 0.2 0.2 3.0 0.3 0.7 0.4 1.2 4,6
25 or fewer------- 42,7 17.6 5.3 1.4 0.2 0.2 6.0 1.0 1.5 0.4 1.7 5.7
26 or fewer---=w-- 53.6 | 26.7 9.1 2.6 0.6 0.4 | 10.8 2.2 2.3 1.1 2.2 7.2
27 or fewer------- 79.7 | 48.5 24,9 6.5 1.5 1.1 30.4 | 12.3 3.9 2.4 3.4 8.4
28 or fewer------- 99.6 99.0 | 95.4 | 83.4 | 61.0 } 36.9 94,0 | 81.9 | 55.1} 26.6 12.8 11.6
29 or fewer------- 100.0 | 100.0 | 100.0 | 99.4 | 99.4 | 89.4 | 99.8 | 99.8 | 96.5 84.6 | 56.3 30.8
30 or fewer------- 100.0 { 100.0 [ 100.0 | 99.7 99.8 97.4 1100.0 99.9 | 98.9 | 95.3 83.3 65.1
31 or fewer------- 100.0 | 100.0 | 100.0 {100.0 (100.0 |100.0 {100.0 |100.0 99.8 | 99.0 1 96.7 88.0
Children with 1
or more
adult bones--- - - - - - - - - 0.2 1.0 3.3 12.0
Only lemeccccmmeoa - - - - - - - - - - 1.5 1.5
2 or fewer---~----- - - - - - - - - - 0.5 2,1 5.4
3 or fewer-------- - - - - - - - - - 0.5 2.3 6.2
4 or fewer-----—-- - - - - - - - - - 0.8 2.5 6.8
5 or fewer--=----- - - - - - - - - - 1.0 2.7 7.8
6 or fewer-------- - - - - - - - - - 1.0 2.9 8.9
7 or fewer---co--- - - - - - - - - - 1.0 3.3 10.1
8 or fewer---ee--- - - - - - - - - - 1.0 3.3 10.6
12 or fewer--~---- - - - - - - - - - 1.0 3.3 11.2
15 or fewer-~----- - - - - - - - - - 1.0 3.3 11.4
16 or fewer------- - - - - - - - - - 1.0 3.3 11.5
17 or fewer--we--- - - - - - - - - - 1.0 3.3 11.8
23 or fewer--~ew=-- - - - - - - - - - 1.0 3.3 12,0
28 or fewer-~----- - - - - - - - - 0.2 1.0 3.3 12.0
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Table 6. Mean, standard deviation (Q&), _
tal ages for the 31 individual hand-wrist bones

and standard error of mean (S3) of bone-specific skele-

of boys and girls and number of children, by

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

Boys —chronological age in years

Hand-wrist bone and value

6 7 8 9 10 11

Radius:

TIEAT) = = ot = = o e o ot 0 i s s o om0t e o e e 0 e Tt =t o

-t > o ot - o T " S o

- o 0 0 o et oty o oy e 0 O et e B o
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Bone-specific skeletal age in months —male

standard
75.0 85.6 95,7 106.2 113.7 124,2
13.26 12,75 12,88 12.26 11,22 13,32
0,66 0.53 0.56 0.48 0.53 0.49
85.8 91,2 97.3 105.4 112.7 123.4
9.08 10,09 10.77 11,87 11,22 12,92
0.73 0.53 0.45 0.42 0.42 0.55
76.1 86.4 96,2 105.3 114,2 124.6
12,79 12,21 12.72 12,10 11,38 14.27
0.55 0.57 0.50 0.49 0.56 0.63
75.9 85,8 95,6 104.9 114,5 125,9
12,46 11,21 12,06 11.75 11,78 14.34
0.54 0.47 0.51 0.45 0.59 0.62
73.8 86.1 97.1 106.6 114.3 124.1
17.78 15,76 14.85 11.44 10.47 12,89
0.86 0.57 0.51 0.35 0,50 0.50
70,2 82,7 94,7 105.5 114.5 125,1
17.76 18,36 18,03 15.18 12,64 12,96
1.02 0.81 0.62 0.60 0.50 0.61
83.5 91,0 99,2 106.9 114,.1 124.2
11,55 12,84 13.27 12,00 11,01 12,43
0.60 0.63 0.52 0.45 0.47 0.51
76.8 83.3 92,5 10L1,8 110.0 121.5
11,77 13,73 15.42 14,98 13.33 14.44
0.57 0.77 0.69 0.65 0.65 0.68
80.6 88.0 97.0 106.2 113.1 123.1
10,30 11.98 13.27 11,34 10,19 13.49
0.47 0.56 0.59 0.50 0.42 0.52
71.8 83,7 94.3 104.3 111.9 123.0
14.48 14.75 14,10 12,90 11.60 13,95
0.60 0.74 0.62 0.39 0.60 0.57
75.1 86.3 95,7 105.4 112,7 122,7
14.57 13.55 13.75 13,02 11.51 13.44
0.69 0.62 0.51 0.55 0.52 0.50
74.8 86.2 95,6 105.2 112.4 123.1
14.34 13,41 13.49 13.30°f 12,02 14.05
0,71 0.62 0.46 0.59 0.57 0,50
74.1 85.9 95.3 104.9 112.1 122.7
14,64 13,71 13.57 13,56 11,76 14,15
0.65 0.62 0.49 0.58 0.53 0.48
73.6 85.8 95.4 104,8 112,2 123.0
14,94 14.15 13.79 13.76 12,08 14,56
0.65 0.71 0.51 0.57 0.55 0.55
76.5 87.4 96,7 105.0 113.2 124.6
12,78 12.03 12.63 13.58 13.12 15.63
0.55 0,56 0.53 0.67 0.64 0.71




Table 6.
tal ages

Mean, standard deviation (Sy),
for the 31 individual hand-wrist bones
-chronological age in years at last birthday: United States, 1963-65—Con.

and standard error of m=an (8%) of bone-specific skele-

of boys and girls and number of children, by

Girls=—chronological age in years

Girls—chronological age in years

10

11

10

11

85.4
13,78
0.57

90,5
9.51
0.49

87.9
13,32
0.60

87.4
12,47
0.47

89.5
16,26
0.45

85.0
18.18
0.87

94,4
12,29
0.50

89,2
12,67
0.56

90,7
12,09
0.35

90.6
14,07
0.57

89.6
14,56
0.60

89.6
14,54
0.63

89.2
14.36
0,59
89,1

15,10
0.63

89.9
13.65
0.59

97.2
13.43
0.55

98.4
11.43
0.61

99.6
13.16
0.56

99.5
13,08
0.57

102.0
13,44
0.64

97.5
16.49
0.76

103,3
11,71
0.50

99.5
13.30
0.64

102,0
11.99
0.54

101.7
12,84
0.53

101.7
13.99
0.66

101.7
13,88
0,63

101,2
13.84
0.63

100,9
14,902
0,59

100,8
14.10
0.54

standard
108.2 119,1
13,12 15,68
0.40 0.63
107.2 119,1
12,55 13,92
0.52 0.69
110.1 120.9
12,42 15,56
0.53 0.75
110.2 122.5
12,55 15.56
0.59 0.76
111,.1 121.1
10,70 13.98
0.45 0.58
109.1 120,3
15.42 14,67
0.60 0.63
111.7 120.9
9.92 12,54
0.34 0.58
109.2 119.0
11.48 13.01
0,50 0.61
110.4 120.1
10.78 12.69
0.48 0.70
111.0 122,3
12,70 16.34
0.43 0.75
110.8 121.6
13.04 15,93
0.46 0,66
110.8 | 121.8
13.29 16.36
0.48 0.74
110.4 121.7
13,51 16.49
0.49 0.74
110.4 122.2
14,02 17.05
0.56 0.73
112.8 126.4
15.93 18.88
0.65 0.85

134.3
18.72
0.78

133.1
16.20
0.72

136.4
18.58
0.89

138.4
17.36
0.72

134.0
16,77
0.59

133,7
17.29
0.63

133.3
15.32
0.54

133,2
17.05
0.74

133.3
16.70
0.65

137.1
18.32
0.67

136.0
18,25
0.71

136.8
18,46
0.70

136.6
18.68
0.72

138.1
19.01
0.74

141.9
18.67
0.78

Bone-specific skeletal age in months—male

154.2
16.11
0.58

151,7
15.90
0.56

154.5
16,18
0.72

155.2
13,97
0.59

150,5
15.85
0.59

150,8
16.43
0.66

150.3
15.53
0.64

151.8
15.84
0.65

150,9
15.40
0.71

155.3
15.97
0.72

154,2

16.62
0.67

155,1
16,36
0,66

155.1
16.39
0.69

156.4
16.17
0.65

160,5
15.82
0.75

Bone-specific skeletal age in months —female

77.6
12,52
0,52

86.8
9.12
0,45

75.9
11,50
0.52

75.4
10,76
0.41

76.5
13.90
0.38

70.0
14.97
0.72

77.4
10.08
0.41

82,6
11,73
0.52

77.7
10.36
0.30

75.6
11,74
0.48

74.6
12,12
0.50

74.8
12,14
0.53

74,2
11.95
0.49

74,1
12,56
0.52

74.9
11,37
0,49

88.3
12,20
0.50

87.9
10.21
0.54

86,6
11.44
0.49

85.8
11,728
0.49

88.0
11,60
0.55

85.8
14,51
0.67

86,4
9.79
0.42

86,8
11,60
0.56

90,0
10.58
0.48

86,7
10,95
0.45

86.7
11.93
0,56

87.7
11,97
0.54

86.2
11.79
0.54

85,9
11.94
0.50

85.8
12,00
0.46

equivalent

95,1 104,1
11,53 | 13,71
0.35 0.55
93.2 1 104,1
10,91 | 12,17
0.45 0.60
96,0 | 105.9
10,83 | 13.63
0.46 0.66
96.2 | 107.2
10,96 | 13,62
0.51 0.67
96,1 | 105.6
9.26 | 12.19
0,39 0,51
98.4 | 105.3
13.91 | 12.84
0,54 0.55
96,7 | 105.4
8.59 | 10.93
0.29 0.51
95,21 104.0
10.01 | 11,37
0.44 0.53
95,7 | 105.1
9.34 | 11,10
0.42 0.61
97.0 | 107.2
11,10 | 14,32
0.38 0.66
95,8 | 106.6
11.27 | 13,96
0.40 0.59
96,8 | 106.8
11,61 | 14.35
0.42 0.65
95.4 | 106,7
11.67 | 14.46
0.42 0.65
95.4 | 106,6
12,12 | 14.87
0.48 0.64
98.8 | 109,7
13,95 | 16,39
0.57 0.74

115,2
16.06
0.67

113.6
13,83
0.61

116.4
15.86
0.76

117.4
14,73
0.61

115.0
14,39
0.51

114.7
14.83
0.54

113.6
13,06
0.46

114.1
14.61
0.63

114,3
14,31
0.56

116.6
15,58
0.57

116.0
15.57
0,61

116.4
15,71
0.60

116,3
15.90
0.61

117.1
16.12
0.63

119.4
15,71
0.66

127.2
13.29
0,48

125,7
13,17
0.46

127.5
13.35
0.59

128.1
11.53
0.49

124,8
13,14
0.49

124.9
13.61
0.55

124.6
12.87
0.53

125.4
13.09
0.54

124,9
13,57
0.59

128,2
13,18
0.59

127.6
13,75
0.55

128,0
13,50
0.54

128,0
13.53
0.57

128,7
13,31
0.53

130.8

12,89
0.61
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Table 6.
tal ages

Mean, standard deviation (s,
for the 31 individual haﬁﬁ—wrlst bones

and standard error of mean (§g)

of bone-specific skele-
of boys and girls and number of children, by

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

Boys=—Chronological age in years

Hand -wrist bone and value

Proximal phalanx II:

> o b ot e o 00 R g Y B P O e

- i T o o 0 e (ot e oy e A e

. - o > > 2 ) 0 > Aoy W A Ty o O 0 e B o

- >t 2 i o g o Pt o e O O oy g B B o Y D e o B B8 (o o

6 7 8 9 10 11
Bone -specific skeletal age in months--male
standard

78.8 89.8 98.9 | 106,8 | 114,2 125, 1
12,39 | 12,86 | 12,48 | 12,56 | 1l.,41 14,50
0,55 0.57 0,48 0.47 0.51 0.63
78.1 89.1 98,5 | 106.6 | 114.3 125.1
12,24 | 13.18 | 12,92 | 12,92 { 11.79 14,64
0.56 0.54 0.50 0.50 0.52 0.66
77,2 88,9 98,5 | 106,7 | 115.,0 125,7
12,66 | 13,41 12,94 | 13,23 | 12,07 14,62
0.58 0.55 0.53 0,53 0.48 0.65
77.8 89,5 99.1 | 106.9 | 115.0 125.,9
13,03 | 13,32 12,79 | 13.12 | 11,76 14,44
0.58 0.57 0,52 0.52 0.45 0.61
80,8 91.3 1 100.3 | 108.2 | 115.5 126.7
12,25 | 12,57 ) 12,55 | 12,70 | 11,96 14,16
0.47 0.62 0.54 0.55 0.43 0.56
79.1 89.7 99.2 | 107.5 | 115.0 126.4
12,57 | 12,64 | 12,80 | 12,97 | 12.14 14,32
0.48 0.59 0.51 0.53 0.47 0.59
79.6 90,6 99.7 | 107.4 | 114.5 125,4
12,92 | 12,93 | 12,61l | 12.46 | 11,60 13.95
0.50 0.64 0.56 0.52 0.47 0,60
78.9 90,2 99.8 107.7 114.8 126.0
14,00 13,93 13.52 12.85 12,09 14,38
0.51 0,70 0.56 0.55 0.46 0.63
74,2 87.1 99,1 | 107.6 | 114.8 125.8
14,08 | 14,48 | 13,79 | 12,73 | 11.88 14,71
0.58 0,63 0.64 0.52 0.57 0.63
77.0 89,7 | 100,5}| 108.3 | 115,2 125,3
12,65 | 13.50 | 12,99} 11.18 { 10,35 14,12
0.56 0.74 0.54 0.40 0.47 0.60
76.3 89,4 | 100,2 | 108,21} 115,3 125.4
13.08 | 14,02 | 13,04 | 11.48 | 10,22 14,16
0.53 0.80 0.54 0.39 0,48 0.61
75.8 89.3 | 100.2 | 108.3 | 115,2 125,6
13.56 14,31 13.37 11.83 10.34 14,34
0.58 0,78 0.55 0.44 0,48 0,62
76,2 89,1 99.9 | 108.,2 | 115.1 125.9
13,34 | 14,18 | 13.38 ( 12,00 | 10.59 14,51
0.58 0.75 0.55 0.48 0.50 0.62
* | 112,7 | 115.4 | 117.5| 119.0 126.8
- 2,10 | 13,12 7.53 8. 24 13.69
* 1.65 1,11 0.84 0.57 0.67
- - - * * 15.66
- - - * * 5.87
- * % 0.78
- - * * 161.0
- - - * * 6.11
- - - * * 1.04




Table 6.

Mean, standard deviation (sx),
tal ages for the 31 individual hand-wrist bones

of boys and girls an
chronological age in years at last birthday: United States, 1963-65—Con.

and standard error of mean (8 ) of bone-specific skele-
number of children, by

Girls~—chronological age in years

Girls-—chronological age in years

6 7 8 9 10 11 6 7 8 9 10 11
Bone-specific skeletal age in months~-male Bone-specific skeletal age in months—female
standard equivalent

92,4 | 103.4 | 113,8 | 125,8 | 141,7 | 160.,4 77.4 88.4 98.8 | 108.,8 | 119,7 130.7
14,70 | 13.48 | 14,12 | 17,60 18,40 [ 15,74 | 12,31 | 11,52 | 12,26 | 15.22 | 15.54 12.83
0,64 0,48 0.60 0.81 0.83 0.71 | 0.54 0.41 0,52 0.70 0.70 0.58
91,9 | 103,0 | 113,7 | 125,8 | 141.9 | 160.6 76.9 88.0 98.7 | 109.4 | 119.4 132,6
14,97 | 13.85 | 14.25 | 17.85 | 18.80 | 16,01 { 12,53 | 11,83 | 12,37 | 15,52 | 15,82 13,22
0.65 0,51 0.64 0.82 0,80 0,70 0,54 0.44 0,56 0.71 0.67 0,58
91,7 | 103.1 | 114,0 | 126,1 | 142,0 | 160.8 76,7 88.1 99.0 | 109.6 | 119.,5 132.8
15,10 | 14,14 | 14,69 | 17.61 | 18.37 | 16.15| 12,63 | 12,08 | 12,76 | 15.3L | 15.46 13.34
0.67 0.49 0.73 0.80 0.75 0.75 0.56 0.42 0.63 0.70 0.63 0.62
92,2 | 103.2 | 114.4 | 126,4 | 142,2 | 160,9 77.2 88.2 | 100.4 | 109,7 | 119.6 131.4
15,02 | 13.89 | 14,61 | 17.55} 18.19 | 15.82 | 12,58 | 11.87 | 12,82 | 15,23 | 15,30 12,92
0.69 0.46 0.70 0.82 0,76 0.71 0.58 0.39 0.61 0.71 0.64 0.58
93,7 | 103,5 | 114.4 | 126.4 | 141,7 | 160.2 78.7 89.5 | 100.1 | 109.7 | 119.4 131,1
14,12 | 13,43 | 14,22 | 16,90 18,19 | 15,91} 11.86 | 11,61 | 12,44 | 14.67 | 15.33 13.02
0.67 0.40 0.60 0.70 0.81 0.75 0.56 0.35 0,52 0.61 0.68 0.61
92.4 1 102.6 | 113,5| 125,9 ! 141.,4 | 160,2 77.7 88,6 98.8 | 109.4 | 119,2 131.1
14,36 | 13.94 | 14,52 | 17,29 i 18,49 | 16,30 | 12,08 | 12,04 | 12,64 | 15,02 | 15,59 13.34
0.64 0.39 0.68 0.76 { 0.80 0.73 0.54 0.34 0.59 0,66 0.67 0,60
93,0 { 102,8 [ 113,1 | 125,1 | 140,3 | 159.6 78,0 88,8 98,2 | 109.0 | 118.,6 130.8
14,42 | 13,49 | 13,87 | 16,96 | 18.62 | 16,87 | 12,09 | 11,65 | 12,04 | 14.78 | 15.74 13,83
0.63 0.42 0,66 0,72 0.83 0.77 0.53 0.36 0.57 0.63 0.70 0.63
93,3 | 102,9 | 113,4 | 125.5| 140.8 | 160.2 74,6 88.8 98,4 | 108,5 | 118.8 130,7
14,50 | 13,97 | 14.00 | 17.39 | 18,97 | 16.55} 11,59 | 12,06 | 12,15} 15.03 | 16.01 13.50
0.66 0.43 0.62 0.72 0.89 0.76 0.53 0.37 0.54 0,62 0.75 0.62
91,0 | 102,1 j 113,0 | 125,0| 139,9 | 158,7 75.0 87.1 98.0 | 108,0 | 117.9 130.4
15.32 | 13,96 | 14,15 | 17,88 19.21 | 15,14 | 12,63 | 11.91 | 12,27 | 15,45 ! 16,19 12,44
0,65 0,52 0.54 0.81 0.84 0.64 0.54 0.44 0.47 0,70 0.71 0.53
93,5 { 104,0 | 112,9 | 124,0} 138,1 | 157.1 78.5 89.0 97.9 | 108,0 | 117,1 129.1
13.88 | 12,33 { 11.84 | 16,07 | 18.47 | 16,23 | 11,65 | 10.55| 10.27 { 14,00 | 15,66 13,34
0.61 0.40 0.49 0,70 0.80 0.76 0.51 0.34 0.42 0.61 0.68 0.62
93,0 | 103,7 | 112,7 | 124,01} 138.5 | 157.4 79.0 90,0 98.7 | 108,0 | 117.,5 129.4
14,19 | 12,83 | 12,29 | 16,24 | 18.64 | 15,96 | 12,05 | 11,14 | 10.76 | 14.14 | 15,81l 13,12
0.65 0.45 0,51 0.73 0.78 0.72 0.55 0.39 0.45 0.64 0.66 0,59
92,9 | 103,7 | 112,7 | 124,0| 138,8 | 157.8 78.9 90.0 93.7 | 108,0 | 117.8 129.8
14.44 | 12,92 | 12,42 | 16.44 | 18.81 | 16,22 | 12,26 | 11,21 | 10,88 | 14.32 | 15.96 13.34
0.70 0.47 0.51 0.73 0.78 0.74 ] 0.59 0.41 0.45 0.64 0.66 0,61
92,9 | 103,5 | 112,5| 123,9 | 138,9 | 158,2 77.9 88.5 97.5 | 107,9 | 117,9 130,2
14,20 13,03 | 12,32 | 16.79 ] 19.06 { 16,16 | 11.91 | 11,14 | 10.68 | 14,62 | 16,18 13.30
0,64 0.51 0.53] 0.74 0,80 0.71 0,54 0,44 0.46 0.64 0.68 0,58
116,6 | 117.0 { 120.1 | 126,1 | 138,4 | 153,9 | 102,8 | 103,0 | 105.1 | 110.0 | 117.4 126.9
6.87 6,36 8.63 | 12,40 | 15.99 { 15.90 6.06 5.60 7.55 | 19.82 | 13,56 13,11
1,79 0,72 0.53 0.64 0.68 0,72 1,58 0.63 0.46 0.56 0.58 0.59
* *¥ | 154,6 | 156,8 | 158,5 | 162.,9 * * | 127.6 | 128.9 | 130,2 132.9
* * 6,93 6.42 6.73 8.21 * * 5.72 5.28 5.53 6.70
* * 1.94 0.64 0.38 0.30 * * 1.60 0.53 0.31 0,24
- * *| 161,31 162,4 | 165.9 - * * | 131,6 | 132.4 134.4
- * * 7.10 7.38 8.65 - * * 5.79 6.02 7.01
- * * 0,70 0.51 0.44 - * * 0,57 0.42 0.36
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Table 6. Mean, standard deviation (S, ), and standard error of mean (Sy) of bone-specific skele-
of boys and girls and number of children, by
chronological age in years at last birthday: United States, 1963-65—Con.

tal ages for the 31 individual hand-wrist bones

Hand-wrist bone

Boys —chronological age in years

6 7 8 9 10 11
Number of children in thousands
Radiugm-=roscammm e e e e e s s e e 1,999 { 2,007 | 1,968 | 1,937 { 1,935 1,903
LR T R e 562 | 1,232 | 1,681 | 1,871} 1,932 1,903
Capitate-==wmmmmemcmcsemneeemae o cconcmn e 1,999 | 2,007 { 1,965 | 1,942 1,935 1,903
Hamate ~-==~=ccemmmem e memnec e m e oo 1,999 | 2,007} 1,965 | 1,942 | 1,935 1,903
Triquetral--=--ccmurmccmmmmrmmm e m e e 1,936 | 1,996 | 1,964 | 1,938 | 1,931 1,903
LUNALE == — == o= m e e m e m e e e 1,792 | 1,924 | 1,940} 1,932 | 1,931 1,903
Scaphoid-mmmemmmcme e cm e e 1,166 | 1,645 | 1,821 | 1,927 | 1,931 1,903
Trapezium----meccummcen e crec e e e ——————— 1,079 | 1,510 | 1,751 1,896 | 1,919 1,899
Trapezoid--c=eecmccncmcscnaccc e ncrccc e 1,187 | 1,671 | 1,880 | 1,925 | 1,935 1,899
Metacarpal I-----s-eecmccmcmcmcmcc e n . 1,995 | 2,004 { 1,965 | 1,942 | 1,935 1,903
Metacarpal Il-=--=--me-cc-mmemcmmccmmcec e aan- 1,999 | 2,007 | 1,968 | 1,942 | 1,932 1,906
Metacarpal IIll-e-cem~cccocmccnemcacnre e e 1,999 | 2,007 | 1,968 | 1,942 1,935 1,906
Metacarpal IV--s-wseomemcccecccaccomucnaemmnaaan 1,999 | 2,007 | 1,968 | 1,942 | 1,935 1,906
Metacarpal Vesessmswcocccmccmccrmmcommcc o e nnean 1,999 | 2,007 | 1,968 | 1,942} 1,935 1,906
Proximal phalamx [--c---cccccommmmmecacccccncunx 1,996 | 2,006 | 1,961 1,940 | 1,935 1,906
Proximal phalank IIe~-ceesmcmccaccrconconnenacnenx" 2,002 | 2,008 | 1,964 | 1,940 | 1,935 1,906
Proximal phalanx III------s-~-cemmemmcmcacannane 2,002 [ 2,008 | 1,964 | 1,944 | 1,935 1,906
Proximal phalanx IV--wc-cesecccmcoccccnmcencenax 2,002 | 2,008 | 1,964 | 1,944 | 1,935 1,906
Proximal phalanx V---c-eccccmcncmmncnamacnacnaaa 2,002 | 2,008 | 1,964 { 1,944 | 1,935 1,906
Middle phalanx Il-w-=-vscemccomcummccnononenanon 2,002 | 2,003 | 1,964 | 1,934 ] 1,931 1,906
Middle phalanx IlI-ee-=-sccceccmmucmcnnamennnaaa. 1,998 | 2,003 | 1,964 | 1,931 | 1,931 1,906
Middle phalanx IV-=r=w=ereccmoomocccemccccmaaa—an 1,998 | 2,003 | 1,964 1,937 | 1,931 1,906
Middle phalanx Veeseccmocccccmmmenmamoncnnmaneax 1,992 | 1,999 §{ 1,939 | 1,933 | 1,931 1,897
Distal phalanx I---s=mcvmccoccccmcmcecennamanaa— 1,996 [ 1,996 | 1,958 | 1,936 | 1,931 1,906
Distal phalanX Il-w=~-=cwecccccceccmarenneaaaa——on 1,993 ] 2,001 1,961 | 1,931 | 1,931 1,906
Distal phalanx IIIl~c~cmecucceccrcoecerecnnnana— 1,989 | 2,001 | 1,961 | 1,934 | 1,931 1,903
Distal phalanx IV-s--~e--ccmcacmoocmcmnccacncaan 1,989 | 2,001 | 1,961 | 1,937 | 1,931 1,903
Distal phalank Vewersecocrcmccmeorecnnneannaanaan 1,989 | 1,997 | 1,961} 1,937 | 1,931 1,906
Pisiformecececrasomuccanccarcncc e n e ocanan 7 23 91 329 749 1,176
Adductor sesamoide==-ssccucccacmmuincccn e - - - 11 15 228
Flexor sesamold-~-----cerccucccnmncccnreccnncn=nn - - - 6 2 52
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Table 6. Mean, standard deviation (gﬁ), and standard error of mean (Sg) of bone-specific skele-
tal ages for the 31 individual hand-wrist bones of boys and girls and number of children, by
chronological age in years at last birthday: United States, 1963-65-—Con.

Girls —chronological age in years Girls—chronological age in years
6 7 8 9 10 11 6 7 8 9 10 11
Number of children in thousands

1,962 | 1,986 | 1,918 | 1,885 | 1,872 | 1,844 e een e e ees e
1,419 | 1,796 | 1,883 | 1,878 | 1,870 | 1,844 . .es cee e e -
1,962 | 1,986} 1,918 | 1,881 | 1,840 | 1,744 vee e o e .o .
1,962 | 1,986 | 1,914 1,881 | 1,845 | 1,777 . .o cen e . cee
1,955 | 1,986 | 1,908 | 1,860 | 1,823} 1,64l v ves . ces cos een
1,927 | 1,982 | 1,911 1,871 1,827 | 1,769 e . . . ven ves
1,830 | 1,966 | 1,903 | 1,835 | 1,856 | 1,734 ees ees ces . e ees
1,809 ! 1,957 | 1,903 { 1,873} 1,844 | 1,730 cen . ees cee cee e
1,869 | 1,969 | 1,914 { 1,876 | 1,842 | 1,730 . oo . e e cee
1,962 | 1,986 | 1,914} 1,881 | 1,870 1,828 cen ces veo vos oo vor
1,962 1,983 | 1,914 1,881 | 1,872 1,834 ces ‘e . ces .o ces
1,962 | 1,983 | 1,914 | 1,881 | 1,872 | 1,834 eee cee o e . .
1,962 | 1,983} 1,914, 1,881 | 1,872 | 1,834 . oo P N . .
1,957 | 1,983 1,914 | 1,881 | 1,872} 1,834 e oo e cee .o .
1,962 1,986 1,908 1,881 1,870 1,828 . cee e e e o
1,962} 1,984 | 1,914 | 1,881 | 1,869 | 1,835 ces . .o ‘oo . .o
1,962 | 1,984 | 1,914 1,881 | 1,869 | 1,835 oo . e . oo ees
1,958 | 1,986 | 1,914 { 1,881 | 1,869 | 1,823 . oo v ves coe .
1,962 1,986 1,914 1,881 1,869 1,820 e e e e . .o
1,962 1,980 1,902 1,878 1,866 1,835 e e e e e e
1,962 { 1,984 | 1,914 | 1,881 | 1,866 | 1,842 ves . ces . oo ces
1,958 | 1,984} 1,914 | 1,881 1,866 | 1,842 e een e . cen .
1,949 | 1,976 | 1,908 { 1,863 1,856 | 1,822 cee con vee . - eee
1,956 | 1,976 ; 1,896 | 1,871} 1,859 | 1,752 . e cee . e .o
1,957 1,977 | 1,897 | 1,875 | 1,862 | 1,767 - . vee .o .o ces
1,957 | 1,980 1,902 | 1,878 | 1,864 | 1,760 .ee cen cew - . ver
1,954 | 1,984} 1,904 | 1,878 | 1,866 | 1,769 vee . ceo eee .o -
1,962 | 1,977} 1,905 | 1,872 | 1,861 1,769 vee e en ves ves ‘e cee
120 370 862 1,382 1,618 1,568 en cee .en e e cee
3 4 67 316 872 1,516 ves cee cee .o oo eee
- 2 16 89 290 648 oo e cos ces N .o
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Table 7, Mean and standard deviation (SX) of bone-specific skeletal ages for selected
hand -wrist bones of boys and girls, by chronological age in 6-month intervals: United

States, 1963-65

Radius Ulna Scaphoid
Sex and chronological age
Mean 8y Mean Sy Mean Sy
Boys —male standard Bone-specific skeletal age in months

6 years:

0-5 months-=-~mmccrmoccannnao 72,4 13.34 84.8 9.79 82.5 12,14

6-11 monthS=rmrwmamaronamcnno 77.6 12.62 86.6 8.47 84,4 11,02
7 years:

0-5 months-=~-w-cvcmmcnacaaoo 82.5 11.91 88.9 9.40 88.3 13.06

6-11 months=r-w-ommeenmm e 88.6 12.83 93.0 10,60 93.4 12.65
8 years:

0-~5 months -w-=-cmemrcacacaaa. 92,7 13,09 94.3 10,89 96.4 13,57

6-11 months~=-w-ecmrmemmeean 98.3 12.08 99.7 10.66 101.5 13.01
9 years:

0-5 months —~=e--ecomamae e 104.,5 12,69 102.7 12.38 104.9 12.88

6-11 months~-~-rmeemmmcnnewan 107.7 11.66 107.6 11.40 108.6 11.18
10 years:

0-5 months-~--=cevomocmcmnea. 111.6 11,07 110.4 11,21 112.2 11,10

6-11 monthS=-o-mmccmemm e 115.9 10.96 115.1 11.24 116.1 10,93
11l years:

0-5 months-wemrcemcne e 121,0 11.80 119.8 11.97 120.7 11.58

6-11 months~---c=mmmoccanocax 126.8 13,72 126.1 13.59 126.8 13,02
12 years:

0-1 monthe-~-ecamemcmcc e ccnae 130.3 15,20 131.5 14.74 131.9 14,52

Girls-—female equivalent

6 years:

0-5 monthsg~~----wmcmacccmcna. 76,0 11.60 86,0 8.21 75.4 10.01

6-11 monthS-me~eceenmecamm e 79.6 13,12 87.1 9.69 79.1 10,13
7 years:

0-5 months---mecemmmcm e 86.0 12.78 87.7 9.99 83.6 10.52

6-11 monthS~=-w-eremecmcmcnna 91.2 10.97 88.2 10.41 90.4 9.12
8 years:

0-5 months—---w-memmcaoena-a 93,6 12.23 91.6 11,17 95,4 8.62

6-11 monthS~~-~-cmucamaar—ax 96,3 10.09 94.9 10,65 98.6 8.61
9 years:

0-5 monthg===-ce—aumanomman 100, 2 11.93 99.8 11,47 102.9 9.9

6-11 months—=wsmeacmcencarax 107.4 14.42 107.5 12.76 108.6 11.97
10 years:

0-5 months ~wmevmmmmecmm e 111.8 14,67 110.8 13.46 112.0 12.24

6-11 months-~-wceommccmconana 118.2 16,24 116,6 14,22 117.1 14,03
11 years:

0-5 months--weveommmmcacee e 124.9 12,98 123.6 12,67 122.9 13.04

6-11 months -~-v--wcrcnmm e 128.8 13.61 127.3 13.84 125,6 12.98
12 years:

0-1 month-eecco e 132.4 7.88 128.4 11.84 127.7 10.70
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Table 7.

Mean and standard deviation (S8,) of bone-specific skeletal ages for selected

hand-wrist bones of boys and girls,by chronological age in 6-month intervals: United

States, 1963-65—Con.

Metacarpal I

Proximal phalanx II

Middle phalanx II

Distal phalanx II

Mean sx Mean 8y Mean SX Mean <
Bone-specific skeletal age in months
69.6 14.43 76.9 12,38 78.8 12,13 74.9 12.19
74,2 14,15 80.7 12,09 83.0 12,00 79.2 12,74
80.6 13,34 87.2 12,44 88.6 12.11 86.4 12.99
86.7 15.43 92.3 12,75 93.9 12,44 92. 13,19
91.0 13.98 96.4 12,80 97.6 12.82 97.8 13.67
97.3 13.54 101.1 11.76 102.7 11,79 102.9 11.84
101.4 13.46 103.8 12,69 105.3 12,07 106.0 11.34
106.8 11,82 109.5 11.81 110.8 12,69 110.3 10.66
109.6 11.49 112.0 11.06 112.7 11.45 113.2 9.86
114.2 11.23 116.5 11,31 118.2 11.83 117.2 10.42
119.4 12.22 121.3 12,34 123.3 13.08 121.9 12,36
125.9 14,41 128,2 15.16 129.5 14,15 128.1 14,72
129.8 15.77 131.5 17.30 133.1 15.76 130.9 16.01
73.0 11.41 74.8 11.94 77.4 11.60 76.1 11.52
77.8 11.70 79.8 12,31 80.4 11.98 80.6 11.47
83.7 11.34 86,2 12,09 87.2 12.24 86.7 11.32
90.6 9.99 90.7 10.58 91.4 10,54 91,3 9.30
95,1 11,54 95.5 12,19 96.6 12,48 95.1 10.50
99.5 10.04 101.6 11,49 102.3 11.69 100.7 9.41
103.0 12,91 105.7 14,04 106.9 13.51 105.2 12.42
110.0 14,41 112.4 15,32 113.4 14,78 110.5 14,67
113.8 14.13 116.8 14,49 116.8 14,27 115.0 14,42
120.3 16.08 121.9 15.73 122.0 15.55 120.5 16.22
126.5 13.42 129.2 12,77 128.8 12,59 127.9 13.53
129,8 12.87 131.9 12,63 131.9 12,84 130.4 13.02
130.6 10.45 134.2 11,19 134.9 11.83 132.4 11,95
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Table 8, Selected percentiles in the distribution of bone-specific skeletal ages for each of the
at last birthday: United

31 hand-wrist bones of boys and girls, by chronological age in years

States, 1963-65

Hand-wrist bone and percentile

Boys—chronological age in years

8

9

10

11

- e . 0 o S T o o O T O O D o o
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Bone-specific skeletal age in months—male

83.7
75.3
68.4

89.6
85,2
80.4

84,7
78.1
69.8

84.3
78.4
68.9

86.3
77.3
63.4

84.8
70.8
54.9

92.5
82.4
73.5

85.7
'76.6
68.9

88.9
78.8
72.3

81.9
72,2
63.7

84.8
78.1
66,1

84.8
77.9
66.0

84,6
76,7
64,2

84,5
74.9
62.8

134.8
134.1
115.6

94.4
85.3
77.8

98.8
90.7
84,2

93.8
86,5
79.3

92,9
86.0
79.2

©©
Fh

71.

[e R Y]
~ P

5
8
6
5
4
3
8
2
6
8
6
78.9
1
0
7
1
9
4
8
9
5
9
9

0 \O
W

73.

WO
A
.

78.

86,

standard

106.0
95.0
89.2

106.8
97.3
88,0

108.3
94,5
88.6

105.8
94,1
88.3

110,2
99,2
88.4

110,2
98,4
83,6

110.8
102,7
90.3

108, 2
93.1
81.5

110.3
96,7
88.6

107.0

115.2
108,8
98.3

114.7
197,0
96.9

114.0
108.4
96.5

114.1
106.5
94.9

113,7
110,3
101.1

116.6
110.4
98.4

114.6
110.8
101.6

113.4
106.7
92.1

114.3
110.6
96.7

112.8
108.1
96.8

114,5
110,1
94.9

114,0
109.6
94,7

113,8
109,2
94,3

113.8
108,.8
94,6

120.3
116.2
113.1

120.1
114.8
108.1

118.6
114,7
106,9

120.6
114.1
108,9

120.5
114.8
108.4

119.8
114,2
110,2

120,3
116.5
110.6

120.7
114.5
110.4

117.7
112,9
105,.6

118.1
113,9
110.3

117.9
112.6
106,6

118.4
113.8
110.1

118,1
114,0
108.6

117.9
113,6
108.6

117.8

113.4
108.3

122.8
117.7
113.7

114.1
130,3

116.6




Table 8, Selected percentiles in the distribution of bone-specific skeletal ages for each of the
by chronological age in years

31 hand-vrist bones of boys and girls,
States, 1963-65—Con.

at last birthday: United

Girls-—chronological age in years

Girls —chronological age in years

6 7 8 1 9 10 11 6 7 8 9 10 11
Bone-specific skeletal age in months--male Bone-specific skeletal age in months-~female
standard equivalent
94.6 | 108,3 | 116,2| 125.9| 151,3| 164.5 86.6 95.2 | 101,2 | 109.4 | 125,3 134,2
86.1 96,7 | 111,5| 117,0| 130.7 | 156.7 78.6 87.8 96.5 | 102,0 | 112,7 128.8
76.0 89,2 | 100.8 | 112,5{ 118,7 | 148.4 70.0 81.2 91.4 97.5 | 103,7 123,7
96,2 | 108.0 | 115.6 | 125.5| 148,1| 163.0 87.6 94,0 99,9 | 108,8 | 123,1 132.5
88.9 98.7 | 108.,5| 117,5]| 132.4 | 152.9 85.4 87.9 94,2 | 102.,5 | 113.2 126.9
84.6 88.5 98,5 | 112,1| 118.5 ] 142.8 79.6 84.8 98.9 97.1 | 103.5 119.8
94,9 ( 112,2 | 116.7 | 126.8 | 156,1 | 164.9 82,9 97.3 | 102,4 | 109.,9 | 128,6 134,4
87.6 98.7 | 112.4 | 118.4 | 132,9 | 159.4 75.6 85,7 97.6 | 103.4 | 113,9 131,2
80.0 90.3 | 104,7 | 112,9| 122,0| 148.8 68.0 78.3 90.7 98.4 | 107.0 123.9
94.4 | 112,5 | 117.2 | 129.6 | 154.7 | 163.9 81.6 97.8 | 102,2 | 111.8 | 127,7 133.9
87.6 98,7 | 112,9 | 118.8 | 140,2 | 157.9 75.6 85.4 97.9 | 103.8 | 118.6 129.9
80.1 90,1 | 103,0 | 114,01 122,41} 152,3 67.2 78.1 89.0 99.0 | 107.2 126,2
103,11 112,7 | 116,7 | 126.9 | 148.7 | 1l64.9 89.1 97.7 | 101.7 | 109.9 | 123.7 134.4
89,6 | 197.7 | 112,9} 118.,8 | 132,2| 152.6 76,6 93,7 97.9 | 103.8 | 113.6 125.8
80.4 92,7 | 108.,8 | 113,5] 121.1| 142,1 68.4 79.7 94.4 98.5 | 105,6 119.6
96.7 | 112,5 | 118,5| 126.9| 152,1| 162.7 84,7 99,2 | 103,5| 110.3 { 126.0 132,7
87.1! 100.3 | 114,9 | 119.6 | 129.4 | 154,9 72,1 90.4 99.3 | 104,6 | 112,2 127.9
75.2 86,7 | 104.,3 | 115.4| 120.4} 140.5 64,1 71,7 97.1 | 100.4 | 105.4 118,8
104,4 | 112,8 | 117.8 ] 126,5| 150.2| 161.6 88.1 97.8 | 102,8 | 110.2 | 124,6 131.8
94,3 | 108,4 | 113,3| 119,2| 128.8| 152.9 77.3 9%4.4 98.3 | 103.6 | 111,8 125.9
85.1 94,4 | 109,2 ) 114,3| 121.4| 140.6 68.2 77.4 95.1 99.3 | 106.2 119,2
98.7 | 112,0 | 116.2 | 123.3| 150.3 | 164.4 86.4 97.5 | 101.2 | 107.3 | 124.6 | " 133,7
87.5| 102,8 | 112,7 | 116.8| 128.9 | 156.7 81,5 89.8 98.6 | 101,8 | 111.4 128,.8
82.0 89.0  104.7 | 113.4| 118.4 | 141.5 71,0 82.5 90.8 99,2 | 103.4 119.2
98.8 | 112,7 | 116.,6 | 124,5| 150.3 | 164.2 87.7 97.7 | 101.6 | 108.,5 | 124.6 133.6
90,8 | 105.3 | 113,2 | 117.6{ 129.6 | 154,2 77.8 91.6 93.2 | 102,6 | 112,3 127.6
81.7 93.0 | 106,5| 114.1} 118,1 | 140.8 68.7 81,0 92,5 99.1 | 103.1 118.8
102,1 | 112,4 | 117.2| 128.7| 154.3| 168.4 87.1 98,4 | 102,2 | 110.8 | 127.6 136,7
89.4 | 106.3 | 112,5 | 118,8 ] 132.,9 | 158.8 4.4 92,3 98.5 | 103.8 | 113,9 130.4
80,7 92,0 | 105.8 | 113.8 | 123,7 | 147.7 65.7 77.0 91.8 99.4 | 107.8 122.8
98.1 | 113,2 | 117.2| 127.7 | 152.8 | 166.2 84,6 98.2 | 102,2 | 110,7 | 126.8 135.2
88.8 | 108,1; 113,1] 118,7| 130.8| 158.2 73.8 93.6 98.1 | 103,7 | 112.,9 130,1
80,8 90,4 | 108.0( 114,2| 122,0| 146.6 65,8 75.4 93.5 99,2 | 107.0 122,3
96,9 | 113,3 | 117.4 | 128,2| 153,2| 166.8 82,8 99.3 | 103.4 | 111,2; 127.1 135.4
89.0( 108.0 | 112.,8 | 118.8 | 132,6 | 158.8 74,5 94,0 98.8 | 104.4 | 113.8 130.4
80,7 90.4 | 107.,8 | 114,2| 121,8 | 148.1 65,7 75.6 93,8 | 100.2 | 106.8 123,6
96,8 | 112.8 | 117.0| 127.6| 154.1| 166.9 82,7 97.8 | 102,0 | 110.6 | 127.6 135.9
88.5| 106,7 | 112,7 | 118.6| 132.4| 159.4 73.5 91,8 97.7 | 103,6 | 113,7 130,7
80.8 90,2 | 105.5| 113,7| 121,2| 148.3 65.8 75.2 91.2 98.7 | 106.2 123,3
96,9 | 112,6 | 117.3 | 128.7; 156.4 | 168.1 82.9 97.6 | 102,3| 110.8 | 128.4 136.1
89,0 | 106,2 | 112,5| 118.8} 135.8 | 160.6 74,0 91,2 97.5 | 103.8 | 115.4 131.8
80.2 90.2 | 105.5| 113.4| 122,8| 149,0 65.2 75.2 90.5 93.4 | 106.9 124.0
120.2 | 120.3 | 124,7 | 132,5| 153.0| 168.7 105.2 | 105.3 | 108,7 | 113.8 | 126.5 136.7
115,01 116,1 | 118,4| 123,4| 136,5| 158.,8 102,0 { 102,6 | 104,2 | 107,7 | 116,2 130.4
111,01 113,0 | 114.8 | 117,3| 124,9 | 144.6 99.0 | 100,5 | 101.8 | 103.3 | 108.9 121.3
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Table 8.
31 hand-wrist bones of boys and girls,
States, 1963-55--Con.

Selected percentiles in the distribution of bone-specific skeletal ages for each of the

by chronological age in years at last birthday: United

Hand-wrist bone and percentile

Boys-—chronological age in years

11

Adductor sesamoid:

S e e e e e e e et e e s

Flexor sesamoid:

J -------------------------------------
JP:§

5 o - 0 Ty o D S e R Gt D O e T et

----------------- Y e I UL L L 2

Midgie phalanx V:

- e e S TS 2 e G e L R S

5 S e e e e R 2 S T S T e

D%ﬁp&l phalanx V:

- Y Dk S O e T - . - o e e ve W

6 7 8 9 10
Bone-specific skeletal age in months-male
standard

- 154.8 161.6

- - - 154.1 157,0

- - 152.5 151, 2

- - 155.4 150,8

- - - 153.7 150.5

- 153.4 150,2
84.9 94.3 106,5 114,2 122,1
76,8 87.3 96.6 106.1 113,0
68.9 80,2 88,7 94,9 105,7
86.6 99.0 110,1 115.2 119.8
78,6 89.3 100,6 109,9 114.8
72,6 81,3 90,6 98.6 109.0
84,6 96.9 110.1 115.1 120.4
78.3 88.6 100, 4 109.3 114.5
72,2 80.7 90,1 97.0 108.9
84,7 96.8 109,8 115.6 122,2
77.0 88.5 100.6 109,0 115,3
69.7 80,7 90.0 96.8 110,0
86,3 97.7 110,6 115.4 121.2
78,2 89,2 101.0 110,2 115.1
70,2 80,9 90,4 97.0 110,2
88.8 101.3 109.4 116,1 123.2
'80.6 90,9 105,0 108.9 115.5
74,3 83,6 92.3 100, 4 108.5
86,7 99.5 108.7 116,2 123.1
78.9 90,2 102.5 108, 3 115.5
71.5 81,6 91..3 99,2 108,1
87.4 100,5 109,2 115.9 121.0
79.1 91.6 103,5 108,5 115,0
72,2 81.8 92,7 100,0 108.3
88.3 102,2 109.5 116.0 121.8
80.0 91.0 104.5 108,5 114.8
70,6 8L,3 92,6 100.6 107.8
82,8 96.3 110.8 116.0 120.9
4.4 87.3 102,8 110,6 115.1
64,5 78.9 90.3 100,6 110.3
85.8 99.9 110.9 115,3 120,0
76,4 89.4 104,5 110.9 114,6
69.0 80.8 92,2 104.2 110.8
84,7 100.0 110.9 115.4 120,1°
76,2 88,8 104,3 110,9 114,5
68.3 80,5 92,1 103.5 110,9
84.5 100.2 111,0 115.3 120.3
75.8 89.0 104.3 111.2 114.8
66,8 80.3 92,1 103.0 110.7
84.7 100,3 110.8 115.8 120.0
76.4 89. 104, 1 110.9 114.8
67.6 80.2 90,3 103.4 110.7

160.4
157,1
152,6

164,2
160,2
156.3

132,7
123.3
114,7
132.7
122,0
115.6
132.9

115.3




Table 8. Selected percentiles in the distribution of bone-specific skeletal ages for each of the
31.hand -wrist bones of boys and girls, by chronological age in years at last birthday: United
States, 1963-65-=Con.

Girls-—chronological age in years Girls—chronological age in years
6 7 8 9 10 11 6 7 8 9 10 11
Bone~-specific skeletal age in months—male Bone-specific skeletal age in months-—female
standard equivalent
152,8 | 154.6 160,21 162.3| 162,7| 166.9 125.8 127.2 | 131,2( 132.3 132.7 134,9
152,5 150.9 153,4 | 156.9 159.4 1 163.0 125.5 | 124.9 126.4 | 128.9 130.7 133.0
152,21 150.5 150.6 152,5| 154,0| 159.1 125.2 | 124.5 124.6 125.8 127.0 130.6
-] 160.8 171,5| 165,0| 164.8 171.3 -| 131,41} 139.,2| 134,0| 133.9 139.2
-1 160,5| 152,8 158,1| 160.7) 164.5 -1 131,2} 125,9 130,0 | 131.4 133,8
-| 160.2| 150,7 | 152,1( 153.6 160.3 -1 131,14 124,7| 125.6 126.6 131.2
99,8 112,1 | 120.9 137,0| 158.4} 172.3 84,8 98.1 [ 105.9 116.0 129,7 139.3
88.9 102.8 | 112,9 124,5| 142,2) 164,2 74,8 87.8 98,9 108.5 119.6 133,6
80,8 90.5 104,7 | 114,81 127.6 153,0 65.9 75.5 89.7 100.4 | 110.6 127.0
106,0 | 114,11} 119.9 136.3 | 156.9 171.3 91,0 99.1 1 104.9 115.6 128.9 138.3
92,1} 107.3| 114,3| 121.9 141,41} 164,1 77.1 92.4 99,3 105.9 | 119.4 133.1
81.5 92,7 | 108.,8 | 115,3( 128.1} 152.8 66.5 77.7 94,7 | 100.3| 110.6 126.4
105,7 | 114,0| 120,2| 136,1| 158.,1} 172.2 90,7 99.0 | 105.2| 115.6 131.0 141.2
91,0 107.6 114,2 | 122,1( 142,71} 164.1 76.0 92.9 99.2 | 106.6 119.8 134.4
80.8 92,3 | 108.5| 115.4{ 127.1} 152,9 65.8 77.3 94,2} 100,41 110,0 126.9
104,6 | 114,21 120,7 | 136.5| 156.5 172.9 89.6 99,2 | 105.7| 115.8 | 128.8 141.9
91.6 | 106.4 | 114,7 | 123.6 141,04} 164.4 76.6 91.4 99,7 | 107.6 119.0 134,5
80.9 92,4 | 108,1| 116,0| 128.4} 152.4 65.9 77.4 93.6 101.0 | 110.7 126.4
105,3 ] 114,1; 122,11 137.8 156.,4 | 172,7 90.3} 100.1 | 107.0| 116.9 128.7 140,7
91.5 106,7 | 114,5| 124,4 | 141,3 164,.3 76.5 91.7 | 100.5 108.4 | 119.4 133,86
8L,3 92,7 | 108.9 115.6 129.0| 152.4 66.3 77.7 94,8 | 101.6 112.0 126.4
105.6 | 114,11} 122,71 136.5 156.5 170.9 91.3 99.6 107.4 | 116.2 | 128.8 137.9
92,6 106.6 | 114, 9 124,5] 142,1| 163,1 77.8 91.8 100.8 108.5 119.6 132,1
84,3 93.9 107,3 | 115,81 128.4| 151.2 71,6 78.9 92,3 | 101.4 | 111,4 125,1
103,0 | 113.6 122,31 135.,5 156.9 171.0 89.0 98.9 107.2§ 115.8 | 128.9 138.0
91,5 105.2 | 114.5 1244} 140,8 163.4 77.2 91,1 | 100,27 108.4 | 118. 9 132.4
82.5 92.3| 106.0 | 115.9 128,21 151.5 70.2 77.6 91.5 101.4 | 111.2 125.2
105.2 | 113,1| 120,6 134.6 156,11 170.,9 9L.1 98.2 105.6 115.3 128,11 137.9
92,7 | 106.0 | 114,3( 123,0| 140,2| 163.3 77.8 91,5 100,0 | 107,5 (| 118.6 132,3
82.5 94,0 106,3 | 115,3( 126.7| 150.5 70.2 79.0 91.6 101.2 | 109.8 124.8
105.9 113,6 | 120,7 | 136.8| 156.,3| 172.2 91.4 98.6 105.7 | 115.9 128.3 140, 2
92.9 106,0 | 114.2 | 122,8 | 140,7| 163.3 74.8 91.5 99,2 | 106.8 118.7 133,2
82,3 92,8 106,5 | 114.8 | 128,2| 150,38 63.3 74,7 91.8 99.8 110.6 124,9
104,3 | 113.5 119.0 | 134.9 157.2} 170,9 89,3 98.5 104,0 | 115.4 | 129,2 138.9
90.6 106,2 | 113.8 | 120.8 | 138.9 163.0 74.6 91,2 98.8 | 105.8 | 117.4 133,0
80.5 92,5 107,0 | 114,1| 125,3 152.6 66.5 76,5 92,0 99.1| 108.3 125,8
105,31 113,9 118.4 | 132,3} 154,41 170.5 90.3 98,9 103.4 | 113,31 127.7 138,2
93,6 108,1 | 114,1} 118.,8 | 136,5] 161,9 78.6 93,6 99.1 | 103.8 | 116,2 131,9
84,1 95,5 108.9 114,4 | 122.9 148,1 69.1 80,5 94,8 99.4 | 107.4 123.1
104,7 | 114,14 118,51} 132,5)| 154.9 170.6 91,6 100.1 | 103.8 113.8 | 127.9 138,6
92,9 107.8 | 114,2 | 118.9 137.4 | 162.3 78.8 93.8 100.2 | 103.9 116.7 132.3
82,9 94,51 108.7 | 114,6 123.4 | 148.6 67.9 80.5 94.7 | 100,6 107.7 123.6
104,4 | 114,01 118,5 | 132,41} 156,1]| 170,9 91,1} 100.0 | 103.8 { 113,7 | 128.6 138.9
93,0 | 108,0 | 114.,2 | 119.0| 137.6 162.6 79.0 94,0 | 100.2 | 104,0 | 116.8 132,6
82.8 94,4 | 108.6 114.4 | 123,5 148.8 67.8 80.4 94,6 100.4 | 107.8 123.8
104,8 | 113.,8 ¢ 118,3 | 132,8| 156.4 | 171,0 89.8 98,8 | 103.3 | 113.9 128.8 138.0
92,9 { 107.2}{ 114,1 | 118.9 137.8 | 162.4 77.9 92.3 99,1 | 103,9 116.9 133,2
82.6 94,6 108.2 } 114.,2 | 123,2 | 150.7 67.6 79.6 93.8 99.2 | 107.6 124,8
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Table 9. Selected percentiles in the distribution of the individual child's range in
bone-specific skeletal ages for the radio-opaque (not adult) bones in the hand-wrist
for boys and girls, by chronological age in years at last birthday: United States,
1963 -65

Percentile points
Sex and chronological age in years
}Ls 1%5 110 }25 };
B Bone-specific skeletal age in months —
oys male standard
6 years--m—c—m-mmceee e 50.6 37.3 29.4 22.5 12.0
7 JEArSe—me-mmmm e e me e 50.1 36.1 28.3 20.6 12.1
8 yearSememco—mmc e 46.6 34,3 26.4 19.1 10.3
9 year§-mmmmemme e 43.4 29.9 22,2 14.8 8.1
10 yearS-=--m---msccosectr e 38.5 26.6 20.1 13,9 8.1
1] yearsSeem-am-mmccm e crr e 38.8 26.4 19.2 13.9 7.6
Girls
6 years---—--mm—memmmemecm e 46,7 34,5 27.3 20.6 11.5
7 yeArS-m-----mcsuccmemccmnccccn e 44,5 31.9 23.9 15.5 8.2
8 years-=-—ammmcm e eae 41.9 29,2 21,5 14,5 7.0
9 yearSeeme=-memmmmmccmcmmc e e e 40,9 30.4 22,1 15.4 7.4
10 years-=--s=--mmmmsmcecmcc e c— e ——— e 44,2 32.1 24,6 17.6 7.5
11 years----memmccm e e 43,3 32.8 24,5 17.3 7.4
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APPENDIX |

STATISTICAL NOTES

The Survey Design

The sample design for the second cycle of the Health
Examination Survey, similar to the one used for the
first cycle, was that of a multi-stage, stratified prob-
ability sample of logse clusters of persons inland-based
segments, Successive elements dealt with in the proc-
ess of sampling are primary sampling unit (PSU),
census enumeration district (ED), segment, household,
eligible child (EC), and finally, the sample child (SC).

At the first stage, thenearly 2,000 PSU's into which
the United States (including Hawaii and Alaska) has been
divided and then grouped into 357 strata for use in the
Current Population Survey and the Health Interview
Survey were further grouped into 40 superstrata for
use in Cycle II of the Health Examination Survey, The
average size of each Cycle II stratum was 4.5 million
persons, and all fell between the limits of 3.5 and 5.5
million, Grouping into 40 strata was done in a way that
maximized homogeneity of the PSU’s included in each
stratum, particularly with regard to degree of urban-
ization, geographic proximity, and degree of industri-
alization, The 40 strata were classified into four broad
geographic regions (each with 10 strata) of approxi-
mately equal population and cross-classified into four
broad population density groups (each having 10 strata).
Each of the 16 cells contained either two or three
strata, A single stratum might include only one PSU
( or only part of a PSU, as for example New York City,
which represented two strata) or several score PSU's.

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

One PSU was then selected from each of the 40
strata, A controlled selection technique was used in
which the probability of selection of a particular PSU
was proportlonal to its 1960 population. In the controlled
selection an attempt was also made to maximize the
spread of the PSU's among the States. While not every
one of the 64 cells in the 4x4x4 grid contributes a PSU

to the sample of 40 PSU's, the controlled selection
technique ensured the sample's matching the marginal
distributions in all three dimensions and being closely
representative of all cross-classifications,

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

The total sample thus selected for the examination
included 7,417 children from 25 different States in the
age group 6-11 years with approximately 1,000 in each
of the single years of age.

Reliability

Measurement and assessment processes employed
in the survey were highly standardized and closely con-
trolled, Of course this does not mean that the corre-
spondence between the real world and the survey re-
sults is exact, Data from the survey are imperfect for
three major reasons: (1) results are subject to sam-
pling error, (2) the actual conduct of a survey never
agrees perfectly with the design, and (3) the measure-
ment or assessment processes themselves are inexact
even though standardized and controlled,

The first report on Cycle 11* describes in detail
the faithfulness with which the sampling design was
carried out. It notes that 7,119 out of the 7,417 sample
children were examined, This is a response rate of 96
percent, The examined children were a highly repre-
sentative sample of this age in the noninstitutional pop~
ulation of the United States. The response levels for
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the various demographic subgroups, including those
for age, sex, race, geographic region, population den-
sity, parent's educational level, and family income
show no marked differentials. Hence it appears un-
likely that nonresponse could have biased the findings
markedly in these respects. Further description of the
sample design and estimation procedures are contained
in a subsequent report.”?

The general measures used to control the quality
of data from this surveyhave been cited previously; %4
those relating specifically to the assessment of skel-
etal age are outlined in this report.

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

In the second cycle of the Health Examination Sur-
vey the sample was the result of three stages of se-
lection—the single PSU from each stratum, the 20 seg-
ments from each sample PSU, and the sample children
from the eligible children. The probability of selecting
an individual child is the product of the probability of
selection at each stage,

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

The adjustment upward for nonresponse is in-
tended to minimize the impact of nonresponse on final
estimates by imputing to nonrespondents the charac-
teristics of ''similar" respondents. Here 'similar"
respondents were judged to be examined children in a
sample PSU having the same age in years and sex as
children not examined in that sample PSU,

The poststratified ratio adjustment used in the
second cycle achieved most of the gains in precision
that would have been attained if the sample had been
drawn from a population stratified by age, color, and
sex and made the final sample estimates of population

agree exactly with independent controls prepared by

the Bureau of the Census for the noninstitutionalized
population of the United States as of August 1, 1964
(approximately midsurvey point), by color and sex for
each single year of age 6~11, The weights of every re-
sponding sample child in each of the 24 age, color, and
sex classes is adjusted upward or downward so that
the weighted total within the class equals the independ-
ent population control.

In addition to children not examined at all, there
were 157 for whom the radiograph could not be as~
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Table I. Number of examined children whose hand-
wrist radiographs were assessed and those that
were not assessed for skeletal age by chrono-
logical age in years and sex: Health Examina-
tion Survey, 1963-65

Radiographs | Radiographs
Chronological assessed not assessed
age at last
birthday
Boys Girls | Boys Girls
Number of children
Total------- 3,545| 3,417 87 70
554 521 21 15
615 602 17 7
602 600 16 13
582 562 21 19
570 576 6 8
11 years 622 556 6 8

sessed, The age and sex distribution for these 157
children as well as for the 6,962 for whom assessments
were made is shown in table I. No attempt was-made
to estimate the skeletal age for the group of children
without usable radiographs. Hence it is assumed that
the distribution of their skeletal ages is similar to that
for theremaining 6,962, In other words they were treated
as if they were nonrespondents,

Among the 6,962 children with usable radiographs,
there were a few for which the film quality was not
good enough to permit assessment of all ossifying or
ossified bones. In general these would have been bones
that had become radio-opaque recently. The numbers
of children for whom bone-specific skeletal ages were
assessed and in which the bone was considered as os-
sifying or completely ossified (adult) are shownintable
1.

Sampling and
Measurement Error

In the present report, reference has been made to
efforts to minimize bias and variability of measure-
ment techniques,

The probability design of the survey makes pos-
sible the calculation of sampling errors. The sampling
error is used here to determine how imprecise the sur-
vey test results may be because they come from a sam-
ple 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 thedata—itis
not easy to find a procedure which will either com-



Table IT. Number of boys and girls for whom
skeletal age assessments were made on each of
the 31 hand-wrist bones: Health Examination
Survey, 1963-65

Radio=-opaque
not adElta ’ Adult
Bone
Boys Girls | Boys | Girls
Number of children
Radiugmecmwurmmeeaa | 3,540 | 3,417 - -
Ulnaswamens cmemm——— 2,806} 3,201 - -
Capitat@e~emcavnua= 3,540 3,375 - 26
Hamatewsm=cuaa --===~1 3,540 | 3,387 - 24
Triquetralecececaw-| 3,518 3,322 - 62
Lunateewas=w cmeme—- 3,448 3,363 - 25
Scaphoidevacmcanaca 3,151 3,352 - 19
TrapeziumMes=sm~eceon 3,046 | 3,311 - 32
Trapezoide-eemen=mu 3,180 | 3,338 - 32
Metacarpal Tewewe-= 3,538 3,409 - 6
Metacarpal IIe=ww-=--! 3,541 | 3,411 - 3
Metacarpal III---=--| 3,542 | 3,411 - 3
Metacarpal IVeswe--| 3,542 | 3,411 - 3
Metacarpal Veeew-aa 3,542 | 3,410 - 3
Proximal phalanx I-| 3,539 3,407 - 6
Proximal
phalant Ilesww=-==| 3,542 3,410 - 4
Proximal
phalanx IIlm==cw-- 3,543 3,410 - 4
Proximal
phalanx IVemawanaa| 3,543 | 3,406 - 7
Proximal phalanx V| 3,543 | 3,406 - 8
Middle phalanx IL--| 3,538 | 3,405 - 4
Middle phalanx IIT-| 3,536 3,411 - 2
Middle phalanx IV--| 3,538 3,410 - 2
Middle phalanx V=== | 3,526 | 3,388 - 6
Distal phalanx I---] 3,533 | 3,371 - 18
Distal phalanx II--| 3,532 3,380 - 19
Distal phalanx III-| 3,531} 3,383 - 20
Distal phalanx IV--| 3,532 | 3,387 - 18
Distal phalanx Ve--| 3,532 | 3,382 - 17
Pisiformemeeesnmncun 746 | 1,789 - 56
Adductor sesamoid==- 88 837 - 9
Flexor sesamoidw=-- 21 321 - 6

“In long and short bones, radio-opaque
refers to the epiphyses.

pletely include both or treat one or the other sepa-
rately, (2) the survey design and estimation procedure
are complex and accordingly require computationally
involved techniques for the calculation of variances,
and (3) thousands of statistics come from the survey,
many for subclasses of the population for which there
are few cases, Estimates of sampling error are ob-
tained from the sample data and are themselves sub-
ject to sampling error which may be large when the
number of cases in a cell is small or occasionally even
when the number of cases is substantial.

Estimates of approximate sampling variability for
selected statistics used in this report are presented
in the detailed tables. These estimates have been pre-
pared by a replication technique that yields overall
variability through observation of variability among
random subsamples of the total sample. The method
reflects both "pure' sampling variance and a part of
the measurement variance,

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

An approximation of the standard error of a dif-
ference d=x-y of two st;atistics x and y is given by
the formula S,= (sz+ Syz) % where S, and S, are the
sampling errors, respectively of x and y.

Small Categories

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

000
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APPENDIX 1I

RELIABILITY OF ASSESSMENT

To provide the basis for determining the level of . All six readers maintained a high level of con-
reliability of the bone-specific skeletal age assess- sistency in their own assessments throughout all 40
ments made by the six medical students at Case West- stands of examinations in the survey. The mean dif-
ern Reserve University from hand-wrist radiographs ference in self-replicate assessments for all six readers
of the children 6-11 years old who were examined in combined was 0.8 month for all 31 bones and just
the Health Examination Survey of 1963-1965, a randomly slightly less—0.7 month—if the bones that are late to
selected sample of one in 24 films was reassessed by ossify (the pisiform, adductor sesamoid, and flexor
the same reader and approximately one in 24 independ- sesamoid) are excluded. Considering data from all 31
ently randomly selected films was reassessed by an- bones the mean difference per reader betweenhisorig-
other. Before starting these final assessments, all six inal and self-replicate assessments ranged from 0,0 to
readers were trained by Dr. Pyle in the Greulich-Pyle 1.4 months (combining data for the two sexes). For the
method using the HES Standard to the point that their 28 bones that ossify relatively early, the mean differ-
ratings were in close agreement with hers, In all, 297 ences ranged from 0,0 to 1.5 months among the six
self-replicate assessments and 288 cross-replicate readers (table III),
assessments were obtained. Thus each reader made A consistently high level of agreement in bone-
approximately the same number of self-replicate and specific skeletal age assessments was also maintained
cross-replicate assessments, among the six readers, but as expected, the level was

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

Self-replicates Cross-replicates
Type
L of
Range in mean Average mean Range in mean Average mean replication
Assessor differences diffgrence di%ferences diffgrence P
31 bones | 28 bones®| 31 bones | 28 bones® | 31 bones |28 bones® | 31 bones | 28 bones® Cross| Self
B Number of
Both sexes Months of skeletal age bones assessed
Assessor l==-}{ 0.0-1.8] 0.0-1.8 0.0 0.01 0,7-10.7| 0.7-10.7 3.6 3.7 724 758
Assessor 2--~| 0,0-7.0( 0.0-2.5 0.3 9.3 10.04-10.510.04~7.5 2,9 2.91 1,771 | 1,69
Assessor 3---| 0.1-3.0| 0.1-2.1 0.7 0.7 [0,03-5.6 [0.03-5.6 =2.2 =2.2{ 2,130 ] 1,869
Assessor 4=-w| 0.1=2.4| 0.1-2.4 0.6 0.6 1 0.1-13.1] 0.1-7.7 -1.2 -1.3 970 936
Assessor S==~| 0.1-4,7 1 0.1-4.7 0.7 0.7 0.1-7.0 | 0.1-6.3 -3.3 =3.21 1,395 | 1,293
Assessor 6--~! 0.6-3.6| 0.6=3.6 1.4 1.5} 0.2-5,1 | 0.2-5.1 1.4 1.5 ,415 | 1,597
Boys
Assessor l--~| 0.1-1.8| 0.1-1.8 0.2 0.2 ] 0.6-10.7} 0.6-10.7 3.8 3.9 360 384
AssSessor 2=~ 0.0-7.0| 0.0-2.,5 0.3 0.1 0,03-7.5 [0.03-7.5 2.8 2.6 932 869
Assessor 3w--~| 0.1-3.0{ 0.1-2.1 0.3 0.7 ] 0.3-5.5 | 0.3-5.5 2.5 ~2.5] 1,063 889
Lssessor 4==--| 0.0-2,1] 0.0-2.1 0.4 0.8 1 0.1-6.7 | 0.1-6.7 -1.0 -l.4 461 477
Assessor Se-~ i 0.1-4.7| 0.1-4.7 1.0 0.9 0.1-6.5 | 0.1-6.3 -3.6 =3.0 502 710
Assessor 6--- | 0.1-3,5{ 0.1-3.5 1.6 1.2 | 0.7-5.1 | 0.7-5.1 1.7 2.0 863 612
Girls
Assessor l---]| 0,0-1.0} 0,0-0.9 0.0 0.0 | 0.2-5.5 | 0.2-5.5 3.3 3.5 364 374
Assessor 2e==| 0.03«1.7 | 0.03-1.7 0.3 0.4 0.6-10.5/ 0.6-5.5 2.9 3.3 839 825
Assessor 3we-| 0.1-1.6| 0.1-1.6 0.8 0.6 | 0.3-5.6 | 0.3-5.6 -2.0 2.0} 1,067 980
Assessor 4=-- | 0.1-2.4| 0.1-2.4 0.8 0.4} 1.6-13.1| 1.6-7.7 =1.4 ~1.2 50 459
Assessor 5e«-- | 0.1-2,7| 0.1-2.7 0.5 0.6 | 0.2-7.0 | 0.2-5.6 -3.9 -3.9 893 583
Assessor 6---] 0.6-3.6| 0.6-3.6 0.8 1.7} 1.0-3.8 | 1.0-3.8 1.2 1.1 552 985
aExcluding the pisiform, adductor sesamoid, and flexor sesamoid.
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somewhat lower than that for the individual readers
with themselves, On all 31 hand-wrist bones, the mean
cross-replicate differences between the original and
the replicate assessment by another reader was 0,0
months, It ranged between +1.4 and +3.6 months for
three of the readers and -1,2 to -3.3 for the other three
readers, When only the 28 centers that ossify rela-
tively early are considered, the overall meandifference
was nearly identical to that for all 31 bones (table IV),

A further independent test of the validity and re-
liability of the skeletal age assessments in this study
was made on a randomly selected group of 50 hand-
wrist radiographs among the 1ll-year-old boys in the
national study. These 50 films were reassessed in-
dependently by an assessor at Fels Research Institute
who was proficient in the use of the Greulich-Pyle
method but had not been trained by Dr, Pyle, The as-
sessor at Fels Institute was not told the age or sex of
the children nor did she have access to the previous

Table IV. Mean differences
ments of bone-specific skeletal ages

among six assessors in cross- and
from hand-wrist radiographs

skeletal age assessments, Her mean skeletal age (hand-
wrist) for the 50 radiographs was 0,7 month lower than
the original assessment for them in the national study,
Her mean bone-specific skeletal ages ranged from 3,6
months greater on the scaphoid to 2.9 months less on
the ulna than the original assessments (table V).

The aspects considered include consistency within
observers (intraobserver differences), comparability
between observers (interobserver differences), and
differences resulting from variations in the way the
Greulich-Pyle Atlas was used, This review is restric-
ted to reports based on samples of at least 10 ra-
diographs and in the chronological age range 6-11
years.

While it is impossible to determine the true ma-
turity level of the bones visualized in a radiograph,
the reliability of assessments should be defined both
within and between observers. Greulich and Pyle5 con-
tend that though the ability to duplicate assessments

self-replicate assess-
of examinees 6-11

years old at last birthday, by bone: Health Examination Survey, 1963-65

Hand-wrist bone

Self-replicates Cross-replicates

Total || Boys {Girls |Total || Boys | Girls

Hamate@emecwmmmmmnacamma e eee e
Triquetral ceeeemmccce e e eccemcaccnoen
LUNateemmccmm e mmm e c e ce o
Scaphoide-mcmremc e e mm e
Trapeziumeeemcc e cmmcmc o cmccmccmemccecan
Trapezoid-—---cem e e

Metacarpalle=-rmemececom e e o
Metacarpal Il=es-crccecmcemcacmcccrance e
Metacarpal IIl--==scccmmmmcccccancacncaaoa
Metacarpal IV-~-s-cceomcmmcmcccmmncccaceaee
Metacarpal Ve---crecmccmama i ccrcracmem e

Proximal phalank Teweccomeaccccmaocnenes
Proximal phalanx Il--=wec-mecomcccmoaaonaaan
Proximal phalanx ITT---wecmeeocmcccmaccanas
Proximal phalan® IVece-ececcmaccmmanaunas
Proximal phalank Ve--eccmmmooomommcaeoo

Middle phalanx Il----c-ccmecaccmmcoccncanon
Middle phalanx TIIl-=-c-e-ceccmcmccaccmaaaan
Middle phalanx IVe-eermcmmamocmmcmacamecano
Middle phalanxX Veeeeemececcmoccmcmocmaccaas

Digtal phalanx I--------mrcemcmmmccccaeeeo
Distal phalanx II-=-c--cmmmccomcmmecmana o
Distal phalanx ITI--=wme-ecoemccccccccmmcaas
Distal phalang IV-c-erccmmecmme i ccccmeeeaem
Distal phalanx Vee-ermcemcmcm e

Pislformmmmem oo e
Adductor sesamoid~-~e--cecmmcammna o
Flexor sesamoide-e------coccmcmmcmconmacnan

Months of skeletal age
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Table V. Mean difference on 50 radiographs of
1ll-yzar-old boys between original assessment
at Western Reserve University and reassessment
atﬁ‘r;els Institute: Health Examination Survey,
1963-65

s Mean
Hand=-wrist bone difference
In months

Totale=ecmmcen- SR LLEEELE L - ~0.7
Radiugewrmaaree—cew--= cmcuemece———— -0.1
Ulnameecesaruccama-ax e neeeu—— -2.9
Capitatess-cecaccnncaucunas ——————— -2.8
Hamateswmwmcecm-cmnmemnaac~nee oo -1.6
Triquetralececcecccacccncccnccnnas +0.9
Lunates==mo-ceumcracemccnercnmnea= +1.0
Scaphoide-wacaccmaman —————— ~—mmem— 43,6
TrapeziuMesscsmcrccecrcrecacanceae - +1.7
Trapezoidese-mrsmmacumcccanaaccna- +0.9
Metacarpal Ie--e-occmmccccranmnna- +1.4
Metacarpal II=cemececccmcrcmccn ——- +0.3
Metacarpal Ill-cececcuanmcncnnnnce +0.5
Metacarpal IVeesmcacsuemmcus e - 0.0
Metacarpal Veescccmacuccas S -0.3
Proximal phalanx I=e=-e-ccacca= ~—— 1.3
Proximal phalanx IIe-==--s cmmmca—n 2.6
Proximal phalanx ITT-w-wamwucax - 1.2
Proximal phalanx IVe-aw--- camremm- -1.5
Proximal phalanX Ve=smseaecucacenns 1.5
Middle phalanx Ile-w-cw-acecaa- - 4+0.9
Middle phalanx III=s==nmeccesacccnan -0.3
Middle phalanx IVewe=ma-m-cmacua- - -1.7
Middle phalanX Veme=cecemacecccaua -0.7
Distal phalanX Ie-e-=acem-awcca= _—— 4+1.2
Distal phalan® Il«--e«cewracemmceocan 1.6
Distal phalanx Ill=-e-e-conconccwces -1.9
Distal phalanX IVeesa-ceerecneceeea -1.6
Distal phalanx Veec-ceacceacccacan -—— «2.0
Pisiformeewecerecnnn cmenmmeana————— -2.6
Adductor sesamoid----acecarecocn- - -0.5
Flexor sesamoide--meca-emmcccneneow -

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 Moore® that sets of duplicate ra-
diographs which have been assessed by recognized
experts be available to those who wishto measure their
level of comparability has not been implemented,

Area Skeletal Ages

It is not easy to compare reported findings be-
cause workers have analysed their data in different
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ways. For intraobserver differences, 95-percent con-
fidence limits of 7.2 months®® and mean differences
ranging fromi 1.2 to 6.6 months have been re-
ported, 5397100 in addition to variable errors of 1.4
to 4.2 months.!®%'%2 The median intracbserver dif-
ferences range from zero to 4 months, 103105 A re.
port of zero median differences seems surprising at
first, but it is possible because Moed and his coworkers
made overall assessments tothenearestatlas standard,
The reliability of the HES data compares favorably with
the preceding studies. Todd's claim® that interob-
server differences of less than 6 months could be
achieved readily appears justified. Reported mean
interobserver differences range from 1.3 to 4.2
months 53196197 1 addition, a root mean square of 6,2
months and confidence limits of 7.4 months have been
reported,’!% Reported incidences of particular in-
terobserver differences indicate that the medians were
less than 3 months for the study by Hansman and
Maresh'® and less than 6 months for the study by
Moed et al,'® The mean interobserver differences
among readers in the Health Examination Survey are
toward the lower end of the sample values reported
by others,

Bone-Specific
Skeletal Ages

Few have reported relevantdata. The intraobserver
differences were almost all less than 3 months in the
study of Sproul and Peritz,!”® Moore”® reported in-
terobserver differences that were less than 12 months
in 94 percent of bones,

Factors Influencing
Replicability

There is no indication that the level of replicability
is related to the difference between chronological and
skeletal age.”®® However, the range of maturity
between the bones of a hand-wrist influences the rep-
licability of overall but not bone-specific assess-
ments,3»9%8 The quality of the radiographs (exposure,
positioning) has no effect on replicability within the
range usual in research studies,53 but unusually poor
radiographic quality does reduce replicability.!® The
method by which theGreulich-Pyle Atlas® is used has
an effect, Maresh® reported a technical error of 3.0
months between overall assessments and those ob-
tained as the means of bone-specific skeletal ages. The
direction of these differences was not reported. Sproul
and Peritz’® considered assessment more difficult in
short or tall children and in the hamate and second
metacarpal than in other hand-wrist bones, The latter
statement has not been confirmed in the Health Exam-
ination Survey on either self- or cross-replication
data,
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VITAL AND HEALTH STATISTICS PUBLICATION SERIES

Originally Public Health Service Publication No. 1000

Programs and collection procedures.— Reports which describe the general programs of the National
Center for Health Statistics and its offices and divisions, data collection methods used, definitions,
and other material necessary for understanding the data,

Data evaluation and methods research.—Studies of new statistical methodology including: experi-
mental tests of new survey methods, studies of vital statistics collection methods, new analytical
techniques, objective evaluations of reliability of collecteddata, contributions to statistical theory,

Analvytical studies.—Reports presenting analytical or interpretive studies basedon vital and health
statistics, carrying the analysis further than the expository types of reports in the other series,

Documents and committee reports.—Final reports of major committees concerned with vital and
health statistics, and documents such as recommended model vital registration laws and revised
birth and death certificates,

Data from the Health Interview Survev.—Statistics on illness, accidental injuries, disability, use
of hospital, medical, dental, and other services, and other health-related topics, based on data
collected in a continuing national household interview survey.

Data from the Health Examination Survey,—Data from direct examination, testing, and measure-
ment of national samples of the civilian, noninstitutional population provide the basis for two types
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